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ABSTRACT
This dissertation used qualitative methodologies, specifically phenomenological research,
to investigate what contributes to the development of pedagogical content knowledge (PCK) of
physics and physical science teachers who participate in a content-specific continuous
professional development program. There were five participants in this study. The researcher
conducted participant observations and interviews, rated participants degree of reformed
teaching practices using the Reformed Teaching Observation Protocol, surveyed participants’
self-efficacy beliefs using the Science Teacher Efficacy Belief Instrument “A,” and rated
participants’’ level of PCK using the PCK Rubrics.
All data were analyzed, and a composite description of what contributes to physics and
physical science teachers’ PCK development through a continuous professional development
program emerged. A theory also emerged from the participants’ experiences pertaining to how
teachers’ assimilate new conditions into their existing teaching schema, how conditions change
teachers’ perceptions of their practice, and outcomes of teachers’ new ideas towards their
practice. This study contributed to the literature by suggesting emergent themes and a theory on
the development of physics and physical science teachers’ PCK. PCK development is theorized
to be a spiral process incorporating new conditions into the spiral as teachers employ new
science content knowledge and pedagogical practices in their individual classroom contexts.
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CHAPTER 1
INTRODUCTION
On international comparisons of developed and developing countries, the trend over the
past two decades in the United States is an overall decline in science scores (Congressional
Research Service, 2008; National Center for Education Statistics, 2008). As a result, student
learning and teacher preparation are both under heavy scrutiny. The Congressional Research
Service (2008) reported the following:
There is growing concern that the United States is not preparing a sufficient number of
students, teachers, and professionals in the areas of science, technology, engineering, and
mathematics (STEM). Although the most recent National Assessment of Educational
Progress (NAEP) results show improvement in U.S. pupils’ knowledge of math and
science, the large majority of students still fail to reach adequate levels of proficiency.
When compared to other nations, the achievement of U.S. pupils appears inconsistent
with the nation’s role as a world leader in scientific innovation. For example, among the
40 countries participating in the 2003 Program for International Student Assessment
(PISA), the U.S. ranked 28th in math literacy and 24th in science literacy. (p. 1)
The concern of science education, as reported by national and international assessments
of students, in the United States is two-fold: (1) students score on average lower in science on
international comparisons than students in other developed countries, and (2) students are not as
prepared for science careers as our international competitors. Out of 29 developed countries, the
National Academies ranked the United States 27th in number of college students graduating with
science and engineering degrees. The World Economic Forum considered the quality of
mathematics and science instruction in the United States as only worth a ranking of 48th out of
133 nations (“48th is not a good place,” 2010).
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The Condition of Education 2010 reported indicators that are meant to “monitor the
progress of education in the United States” (National Center for Education Statistics, 2010).
Indicator 16 related to science education. Indicator 16 presented information from the Trends in
International Mathematics and Science Study (TIMSS), which assessed mathematics and science
at Grades 4 and 8, most recently in 2007.
Scores from the 2007 TIMSS assessment of eighth grade science were compared across
the 48 participating countries. Trends in International Mathematics and Science Study results
indicated that U.S. eighth graders scored 520 in science, which was higher than the average score
of 500. The average U.S. eighth grade score was 10th out of the 48 countries (National Center
for Education Statistics, 2009). When the scores were broken down into the science content
areas of biology, chemistry, physics, and earth science, U.S. eighth-graders “outperformed more
countries in biology and earth science than they did in chemistry and physics” (National Center
for Education Statistics, 2010).
As indicated in national trends, physics has become a more peripheral science content
area in schools in comparison to life science, earth science, and chemistry. In the United States,
there are approximately 23,000 teachers of physics and physical science, but there is concern for
teacher preparation and effectiveness with only one-third of these teachers majoring in physics or
physics education (National Task Force on Teacher Education in Physics, 2010).
In sum, several concerns have been brought to the forefront about the status of science
education in the United States. There is a deficit of students, teachers, and professionals being
prepared for STEM careers. National reports indicate the trend of declining science scores on
international assessments. The quality of science education provided by teachers appears to be
inconsistent with the nation’s role as a world leader in innovation.
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Background
The key to improving the status of science education in the United States relies on
research developments in the area of science teacher knowledge (Abell, 2008). Research on
science teacher knowledge should be specifically situated in the content area of physical science,
as this area is an identified weakness for students and teachers alike (National Center for
Education Statistics, 2009, 2010; National Task Force on Teacher Education in Physics, 2010).
With this in mind, professional development programs in physics and physical science should
improve teachers’ practice and knowledge of content through the development of a specific type
of teacher knowledge, pedagogical content knowledge (PCK).

Pedagogical Content Knowledge (PCK)
Pedagogical content knowledge was first identified by Lee Shulman (Shulman, 1986).
Shulman’s definition of PCK explains that teachers must merge their knowledge of content and
pedagogy creating a new type of professional knowledge designed to teach science knowledge to
diverse learners (Shulman, 1987). Understanding teachers’ acquisition of content knowledge,
pedagogical knowledge, and PCK has been a focus of educational research since the 1980s. As
the name PCK implies, it consists of both content and pedagogical knowledge. Content
knowledge refers to the quantity and quality of teachers’ knowledge of concepts and processes,
and the organization of this information relevant to a particular discipline area (Zeidler, 2002).
Knowledge of teaching methods, strategies, and classroom variables such as classroom
management, organization, and curricular pacing defines the level of pedagogical expertise a
teacher imposes during subject-specific content knowledge (Shulman, 1987; Zeidler, 2002). By
consciously being aware of both subject-specific content and pedagogical knowledge during
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instruction, teachers can meaningfully enhance their teaching and student learning. Since
Shulman’s original work, many science education researchers utilized the PCK framework to
better understand science teacher knowledge (Abell, 2008; Lee, Brown, Luft, & Roehrig, 2007;
Lesniak, 2003; Loughran, Gunstone, Berry, Philippa, & Mulhall, 2000; Veal, 2010). Science
education researchers used the PCK construct as a means to identify, document, quantify, assess,
and describe the knowledge responsible for teacher decision-making.

Documenting and identifying Pedagogical Content Knowledge. To explore the
development of PCK, Loughran, Mulhall, and Berry (2003) created the Content Representation
(CoRe) and Pedagogical and Professional-experience Repertoires (PaP-eRs), as a means for
identifying and documenting PCK with 11 experienced science teachers. Upon completion of
identifying and documenting PCK, Loughran, Mulhall, and Berry (2008) next studied the effects
of using the CoRe and

PaP-eRs instrument with 27 pre-service science teachers. Their purpose

was to have the pre-service science teachers conduct a self-study using CoRe and PaP-eRs to
enlighten them of their own science PCK. The researchers found that PCK could be described
and documented. Furthermore, they found that doing so facilitated an increase of the pre-service
science teachers’ PCK, which more quickly enabled them to become effective as science
teachers.

Uncovering factors influencing Pedagogical Content Knowledge. To show how PCK
could be key to understanding “teachers as professionals,” Park and Oliver (2007) conducted a
study on three experienced chemistry teachers. Through their multiple case studies and in-depth
analysis of PCK, Park and Oliver found a highly chemistry-specific form of confidence. They

4

identified this form of confidence as teacher efficacy. Teacher efficacy emerged unexpectedly as
an associate of PCK. The researchers also found that classroom interactions with students had an
important impact on their teacher’s PCK. Additionally, the ability to identify students’
misconceptions was significant in the shaping of their teacher’s PCK.
Other researchers, such as Johnston and Ahtee (2006), also noted confidence as a factor
influencing PCK. The purpose of their research was to explore and compare elementary science
interns’ attitudes, subject matter knowledge, and PCK in physics at two different teacher
preparation institutions. They found that the teaching of physics was “unpopular” while
identifying a link between the interns’ attitudes and confidence with physics teaching. Good
subject matter knowledge and PCK were found to positively influence the interns’ confidence
and attitudes toward teaching physics.

Pedagogical Content Knowledge Growth through Continuous Professional Development
The development of PCK in the context of a professional development program was
studied by Veal (2010). Veal used a continuous professional development setting to allow a
group of eight science teachers to learn science content and implement a pedagogical approach.
Change in PCK was evidenced in the professional development setting by conducting
observations and using an instrument that quantified areas of PCK into categories. Although the
main goal of the study was to determine if the PCK Evidence Reporting Table (ERT) instrument
Veal developed would effectively measure aspects of PCK, he found that PCK development
required extended time, sustained contact between trainers and participants, and focus on teacher
classroom practices. The researcher provided an opportunity for teacher to have training
immersion experiences through the continuous professional development program. The PCK
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ERT instrument was effective, but Veal realized that multiple methods were necessary to
evaluate PCK.
To better understand science teacher knowledge development, Taitelbaum, MamlockNaaman, Carmeli, and Hofstein (2008) studied 14 novice chemistry teachers while focusing on
two at a more in-depth level. To achieve their goal of understanding science teacher knowledge
development, the researchers developed a three-phased continuous professional development
model: (1) development of learning materials; (2) summer induction course, workshops, and web
forum; and (3) teacher observations and evidence-based portfolio development. The researchers
utilized several qualitative research tools to determine whether the continuous professional
development program resulted in changes to teachers’ practice. Videotaped observations,
interviews, teacher portfolios, and workshop artifacts were analyzed to study change in the
teachers’ PCK. As a result of this program, the chemistry teachers became more self-aware and
reflective and they increased their PCK.
Pedagogical content knowledge is a complex construct in which many factors of content
and pedagogy, some known and some unknown, unite to produce a multi-faceted science teacher
capable of delivering appropriate instruction to students. Unfortunately, this type of science
teacher is rare; most science teachers need additional professional development opportunities to
further develop their science PCK. For this reason, continuous professional development
programs have proven to be a successful context for furthering the development of science
teachers’ PCK.
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Problem Statement
With an increased need for better-prepared physics and physical science teachers, the
current literature base on the development of physical science and physics teachers’ PCK is
insufficient. Researchers still call attention to a need for the development of teachers’ PCK
(Abell, 2008) while using effective continuous professional development as a setting in which to
do so (Borko, 2004). Research on PCK in education has generally been conducted with preservice or beginning science teachers, or in regard to specific science concepts (Lee et al., 2007;
Loughran et al., 2000; Loughran et al., 2003; Loughran et al., 2008; Van der Valk & Broekman,
1999), but little research has been conducted on the PCK of in-service teachers of physics and
physical science. Therefore, the overarching problem this study addressed was to investigate
factors influencing the PCK development of physics and physical science teachers participating
in a physical science continuous development program (PS/CPD) program.

Rationale and Significance of the Study
Over the past 20 years, there has been increased research on the PCK construct. Gaps in
the science PCK literature base still exist, indicating a need for research to further explore and
explain the construct that many researchers believe will lead to changes in how students learn
science (Abell, 2008; Lee et al., 2007; Lesniak, 2003; Loughran et al., 2000; Veal, 2010).
Educational researchers know that PCK is fundamental for effective science teaching (Loughran
et al., 2008). Current science PCK research addresses science educators at a particular level,
such as pre-service, novice, and experienced, or only in the context of one particular science
teaching concept, such as evolution or atomic structure (Abell, 2008). This study reached across
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teacher experience levels ranging from novice to veteran and covered multiple concepts in
physics and physical science.
In a significant review of research on PCK, Abell (2008) also recognized the gap in
research on science teacher knowledge and asked, “What is the relation of PCK (in terms of
quality and quantity) to teacher practice?” Using this question as a starting point, this research
study addressed Abell’s above concern in a continuous professional development context aimed
at enhancing expertise of in-service teachers by focusing on exploring the impact of professional
development on teachers of the physical sciences.

Purpose
The goal of this study was to gain insight into what factors effect physical science
teachers’ PCK development within the context of a professional development program. The
research literature reported that a professional development program should be continuous and
specific to the physical sciences. Based on the existing literature, a professional development
program could have an effect on several areas of teacher practice as they incorporate new content
and instruction in their existing classroom practices (Figure 1).
Through a physical science professional development program experience, the study
explored: (a) change in physical science content knowledge, (b) change in science efficacy
beliefs about teaching and learning, (c) change in implementation of teaching practice and
student learning experiences, and (d) change in PCK. However, through the research process,
themes emerged and suggested factors or interactions between factors.
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Science Teacher
Efficacy Beliefs
about Teaching
and Learning

Change in
Content
Knowledge

Implementation
of Classroom
Teaching and
Learning
Experiences

PS/CPD
Experience
for Physical
Science
Teacher

Change in PCK

Figure 1. Change in teachers’ practice through PS/CPD
PS/CPD.

Research Question
The problem investigated in this study was to investigate what factors influenced
influence physics
and physical science teachers exhibited when participating in a Physical Science
cience Continuous
Professional Development program. Those participants were involved in a continuous
professional development program that focused on enhancing their PCK in science teaching.
teac
Based on the problem and purpose for this study, the overarching research
esearch question was: What
contributes to the development of pedagogical content knowledge in teaching the physical
sciences? From this main question, ffour sub-questions
questions were identified to explore indicators that
would support the overarching research question:
1. How do professional learning opportunities an
and
d years of experience influence science
s
teacher’s pedagogical content knowledge
knowledge?
2. In what ways does
oes the physical classroom environment and student context influence
a science teacher’s pedagogical content knowledge
knowledge?

9

3. To what degree does active participation in a continuous professional development
program influence a science teachers’ pedagogical content knowledge?
4. To what degree does a science teacher’s self-efficacy science beliefs influence
pedagogical content knowledge development during classroom teaching?

Overview of Research Design and Methodology
Qualitative research methodology was used for this study because the researcher wanted
to discover variables rather than test them. Specifically, phenomenological research, one type of
qualitative research, allowed the researcher to investigate a phenomenon and discover a theory at
the conclusion of a study (Creswell, 2007). Through phenomenological research, themes were
generated using the constant comparative method of data analysis called coding as the researcher
sought to understand the themes within the views and experiences of the participants.
In phenomenological research, the researcher is considered the main research instrument.
A researcher must become a participant-observer in order to view and record experiences of the
participants (Creswell, 2007). The researcher collected qualitative data through (a) observations
of classroom teaching, (b) interviews about teaching decisions, (c) discussion board postings,
and (d) reflections from professional development workshops. Limited amounts of quantitative
data were collected for triangulation purposes (Denzin, 1978) through (a) PCK Rubrics scoring
(Ogletree, 2007), (b) pre- and post-Physical Science Knowledge Instrument (PSKI) assessments,
(c) classroom observation scores, and (d) efficacy survey scores. The purpose of triangulating
the qualitative and quantitative data was to look for discords during data analysis.
This phenomenological study relied on the emergence of themes through thematic
analysis; the researcher coded and used the constant comparative method for data analysis to
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categorize the data. Constant comparisons allowed the researcher to compare data and classify
similar instances continually. As described by Van Manen (1990), “thematic analysis refers then
to the process of recovering the theme or themes that are embodied and dramatized in the
evolving meanings and imagery of the work (p. 78).” He continued describing the act of
“seeing” meaning by saying, “grasping and formulating a thematic understanding is not a rulebound process but a free act of seeing meaning. However, the researcher chose to use an
organized approach for “seeing” themes; themes were identified through three levels of coding:
open coding, axial coding, and selective coding. Open coding requires the formation of
categories. Then, through axial coding, the researcher substantiates a central phenomenon from
which to generate related categories. Lastly, selective coding derives interrelationships within
the categories (Corbin & Strauss, 2008).

Assumptions
This study was conducted based on the following assumptions:
1. Science teacher participation in the research study was voluntary.
2. All science teachers participating in the continuous professional development program
received the same learning opportunities.
3. All science teachers participating in the continuous professional development program
were treated fairly and respectfully, whether they agreed to participate in the research study or
not.
4. Science teachers who participated in the study consisted of a typical sample of science
teachers from the one southeastern state in which the research study was conducted.
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5. Science teachers’ privacy and confidentiality was protected during the research study
and during presentation of the study’s findings.
6. Pedagogical content knowledge can be documented (Halim & Meerah, 2002; Lee et
al., 2007; Lee & Luft, 2008; Loughran et al., 2000; Ogletree, 2007; Van der Valk & Broekman,
1999; Veal, 2010).
7. Science teachers who participated in this research study were able to teach as they
would every other day, but with an observer present.
8. Science teachers participating in this research study made a conscious effort to answer
questions, reflect, and make assessments as they expressed themselves through a variety of
means.

Limitations
The findings of the future study may be limited by the following:
1. The small size of the study population from which the sample was derived.
2. The context was specific to each teacher’s individual classroom.
3. The continuous professional development program was specific to physics and
physical science.
4. The inability to determine the extent to which participants’ PCK developed through
the study.

Definitions
Content knowledge (CK) refers to the amount of teachers’ knowledge of concepts and
processes and the organization of this information.
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Continuous professional development (CPD) program is a professional development
program lasting for an extended period of time, such as one school year (Borko, 2004). A CPD
program meets on a scheduled basis for the purpose of teacher education and training.
Direct instruction is a description of traditional teaching practices in which the teacher
uses predominantly lecture style instruction to deliver the content knowledge to students.
Experienced teacher describes a teacher with adequate teaching experience needed to
productively manage instruction, planning, organization, students, and classroom interactions.
Novice teacher refers to a teacher with a limited amount of teaching experience.
Pedagogical content knowledge (PCK), as described by Shulman (1987), is the intersect
between content and pedagogy. It is the “capacity of a teacher to transform the content
knowledge he or she possesses into forms that are pedagogically powerful and yet adaptive to the
variations in ability and background presented by the students” (p.15).
Pedagogical knowledge (PK) is the knowledge of teaching methods, strategies, and
classroom teaching variables such as classroom management, organization, or curricular pacing
(Shulman, 1987; Zeidler, 2002).
Physical science, as described in this study, refers to the science content areas of physical
science and physics at the secondary level.
Physical Science Continuous Professional Development (PS/CPD) was the pseudonym
chosen for the actual name of the professional development that this research studied. A
complete account of PS/CPD is detailed in chapter 3.
Observation protocol, as described by Creswell and Plano Clark (2011), is a template or
form used to collect qualitative data. On this form, the researcher can record events, processes,
and reflective notes that occur during the observation
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Science teaching efficacy beliefs are outcome expectancy beliefs and self-efficacy beliefs
that teachers have about teaching science concepts.
Teacher knowledge is a special “amalgam of content and pedagogy that is uniquely the
providence of teachers” (Shulman, 1987, p. 8).
Teacher self-efficacy belief is a teacher’s confidence in their own teaching abilities
(Gibson & Dembo, 1984).
Wiki is a website that allows for collaboration and content editing by users.
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CHAPTER 2
REVIEW OF LITERATURE
Introduction
This chapter reviews the research literature applicable to teaching and learning in physics
and physical science. The organization of the review of literature is as follows: (a) status of
science teaching and learning in the United States, (b) teaching and learning physical science in
the United States, (c) teacher knowledge constructs, (d) the PCK construct as a theoretical
framework, (e) teachers’ efficacy beliefs about teaching and learning, (f) continuous professional
development programs as a context for changing teachers’ PCK, and (g) a summary of the
review and a table organizing the supporting literature (see Appendix A).

Status of Science Teaching and Learning in the United States
The National Science Education Standards (NSES) recommends inquiry teaching and
learning as the research supported pedagogical method for teaching science in K-12 classrooms
(National Research Council, 1996). The Standards state:
Inquiry into authentic questions generated from student experiences is the central strategy
for teaching science. Teachers focus inquiry predominantly on real phenomena, in
classrooms, outdoors, or in laboratory settings, where students are given investigations or
guided toward fashioning investigations that are demanding but within their capabilities.
(p. 31)
The recommendation for inquiry teaching and learning as a preferred pedagogical method is in
alignment with what cognitive scientists support as a constructivist approach, the Constructivist
Learning Model (CLM) (Yager, 2000).
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Inquiry teaching and the Constructivist Learning Model both rely on student-centered
teaching strategies. A few examples of the many characteristics of inquiry teaching and the
model are (a) “encouraging students to test their own ideas;” (b) “using student questions and
ideas to guide lessons and whole instruction;” (c) “encouraging students to suggest causes for
events and situations, and encouraging them to predict consequences;” and (d) “encouraging
self-analysis, collection of real evidence to support ideas, and reformulation of ideas in light of
new experiences” (Lord, 1998; National Research Council, 1996; Perkins-Gough, 2006; Yager,
2000).
From the 1980s until the present, reforming science education became increasingly
necessary. Schools in the United States have had to respond to demands such as preparing
students for a global economy and 21st-century workforce, implementing high-stakes tests, and
closing achievement gaps. The current classroom approach to teaching science focuses too much
on transmission of science knowledge or science activities for activity sake and not enough on
mastery of science concepts and scientific inquiry (Bybee & Van Scotter, 2006). The National
Science Education Standards, reform efforts, and a growing research base encourage inquiry
pedagogy in the science classroom, but many teachers fail to implement inquiry instruction
(American Association for the Advancement of Science, 1990, 1993; National Research Council,
1996, 2000; National Science Teachers Association, 2004). Although the inquiry method is
strongly recommended and preferred, the predominant method of teaching and learning in
science is still teacher-centered, relying predominantly on lectures and “cook book” labs (Lord,
1998; Perkins-Gough, 2006). Consequently, students from the United States are not scoring on
average as well as their international competitors on international assessments.
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The Program for International Student Assessment (PISA) is an international assessment
that compares 15-year-old students’ reading, mathematics, and science literacy in 3-year
intervals (National Center for Education Statistics, 2008). Since the establishment of the PISA in
2000, the assessment was administered in 2000, 2003, and 2006. The 2006 assessment was
specifically administered to obtain an in-depth focus on scientific literacy; those results were
published in 2008. The Organization for Economic Cooperation and Development (OECD),
which sponsors PISA, is comprised of 30 countries. These 30 countries, along with 27 nonOECD, countries participated in the 2006 assessment.
The PISA measures science literacy as a combined scale and as three individual subscales: “identifying scientific issues,” “explaining phenomena scientifically,” and “using
scientific evidence.” The combined score is reported on a scale of 0 to 1000 with a mean of 500
and standard deviation of 100. On the 2006 assessment, 15-year-old U.S. students had a
combined average score of 489, which is below average, and ranked 35th out of the 57
participating countries (National Center for Education Statistics, 2008). The combined average
score for science literacy has declined from previous assessments, as the combined average score
for science literacy on the initial assessment in 2000 was 500 and in 2003 the score was 491.
In 2006, students from the United States also had lower average scores on two of the
subscales: explaining phenomena scientifically and using scientific evidence. There was no
measureable difference between the U.S. and other OECD participating countries on the subscale
“identifying scientific issues.” The U.S. students also had a higher than average incidence of
scoring at (17%) or below (8%), which is the lowest proficiency level. The average of the 30
OECD participating countries incidence of scoring at the lowest level of proficiency was 14%,
with 5% still lower than that. The lowest proficiency level description states “students have such
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a limited scientific knowledge that it can only be applied to a few familiar situations. They
[students] should be able to present scientific explanations that are obvious and follow concretely
from given evidence” (National Center for Education Statistics, 2008).

State of Physical Science Education in the United States
The physical sciences, specifically physics and physical science, are becoming more
peripheral due to the lack of teachers prepared to teach them. The National Task Force on
Teacher Education in Physics (2010) identified explicit concerns in the future preparation of U.S.
students: physics teacher preparation, deficit in number of physics teachers with a major in
physics, declining achievement trends in science education before students reach high-school,
unequally distributed access to adequate science preparation due to race or ethnicity, and
decrease of U.S. students on a track that will enable them to fulfill the science job market. There
are approximately 23,000 teachers of physics, but there is concern about their teaching
preparation because only one-third of these teachers majored in physics or physics education
(National Task Force on Teacher Education in Physics, 2010).
International assessments indicated that U.S. students are not as prepared for high school
physics as are their foreign competitors. This weakness in students’ physics education places
them at a disadvantage when competing in a global market because their foreign competitors are
better prepared. Students of races other than Caucasian and students living in poverty in the
United States scored lower on international assessments and have less access to physics
instruction. The National Task Force made 13 recommendations addressing commitment to
support of programs, improving the quality of teacher preparation and the instruction students
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receive, and a greater effort toward increasing the capacity of in-service and pre-service physics
teachers to fulfill the physics and physical science teacher deficit.
Once practicing in the field, physics teachers need to further their knowledge of physics
education research. Bat-Sheva and Bagno (2006) created a “research-design model” for the
professional development of physics teachers (p. 176). The purpose of their professional
development and empirical study was to determine how to expose teachers to physics education
research and develop their knowledge of how to use it. The authors developed a three-stage
model to advance physics teachers’ knowledge. The purpose of stage one was for teachers to
determine needs of physics students based on teaching and learning goals and their prior
knowledge. In stage two, teachers designed lessons to meet the needs established through stage
one. Last, stage three implemented a small-scale research study. After each stage, teachers
presented their information through a mini-conference. One goal of Bat-Sheva and Bagno’s
study was for teachers to advance “their content knowledge, pedagogical content knowledge, and
pedagogical knowledge” (p. 187). The authors presented several artifacts to support their claim
that these knowledge types were advanced: teacher-created concept maps, teachers’ reviews of
literature, and lessons reflecting best-practices in physics education research. The teachers
involved in this study reported “satisfaction regarding the opportunity to learn more physics and
the teaching of physics” and the benefit of submitting a paper to a national journal based on their
study results (p. 187). Bat-Sheva and Bagno also found that the teachers were able to better
diagnose and discuss students’ “deficiencies in understanding” (p. 187).
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Pedagogical Needs in High-Need, Rural Schools
In a study of 147 rural secondary science teachers from Missouri, Barrow and Burchett
(2000) reported areas of concern and need. The study found that 95 % of the teachers had three
or more preparations daily and approximately 30% were teaching outside of their certification
area. In rural areas, teachers need to be prepared to teach students with a wide variety of skill
levels in the same classroom. Rural teachers expressed a lack of “collegial interaction” and felt
that the number of preparations was a problem. In fact, Monk (2007) also found that teachers of
mathematics and science were more likely to have multiple preparations than other content areas.
A critical finding of Barrow’s and Burchett’s (2000) study was that science teachers reported 10
pedagogical areas of highest need:
motivate students to want to learn science, identify sources of free and inexpensive
material, use computers to deliver science instructions, use of hands-on science teaching
methods, use an inquiry science teaching strategy, evaluate own effectiveness as a
science teacher, update knowledge of uses of science/technology, learn more about
science careers for students, learn more about science-related science issues, and prepare
teacher-made instructional materials. (p. 16)

Successful Pedagogical Practices
In a study of mathematics and science learning of rural Canadian students, Li, Moorman,
and Dyjur (2010) tried to make learning math and science more relevant and engaging for
students. To do so, they applied a research supported strategy, inquiry-based teaching and
learning, in conjunction with a system of ongoing mentorship. Being that students were in a
rural area, e-mentoring was crucial to the program because students faced challenges like
“limited access to higher education, less variety of courses offered, narrowed school curricula,
and a lack of work-related experts as role models” (p. 732). The researchers created a model
called inquiry-based learning with e-mentoring (IBLE). It is difficult for rural teachers to move
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from lecture style instruction to inquiry-based instruction because they are separated by distance
from individuals who provide pedagogical support and mentorship (Lord & Orkwiszewski, 2006;
Quing et al., 2010). The IBLE program allowed teachers, e-mentors, researchers, and
educational consultants to collaboratively develop inquiry lessons with authentic problems.
In an attempt to counteract pre-service teachers’ view that poverty and diversity issues
would not affect their teaching, professors at a southeastern U.S. elementary teacher preparation
program explored culture and poverty to identify pedagogical strategies that best served students
living in poverty (Cuthrell, Stapleton, & Ledford, 2010). The research conducted by Monk
(2007) also noted that teachers need to possess the skills necessary to instruct students from a
variety of skill levels, including students with special needs and English Language Learners.
Numerous strategies for building relationships with students in poverty in the community and in
the classroom were given. Most importantly, Cuthrell et al. (2010) suggested that new teachers
should learn how to build a strong network of support within a community and a positive
classroom environment to meet the needs of the whole child.

A Need for Opportunity
Teachers in rural areas have less opportunity to take college science courses and science
methods courses. Science teachers in rural areas also have fewer advanced degrees than nonrural science teachers (Barrow & Burchett, 2000). In a study on recruiting and retaining highquality teachers in rural areas, Monk (2007) also found that teachers in rural areas were more
likely to have only a Bachelor’s degree with more coursework in education than science or
mathematics. In further support of these issues, Barley and Brigham (2008) asked program
representatives from nine central U.S. universities about their courses and about opportunities for
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students to obtain credentials in the areas that are of critical shortage for rural schools. They
found that of the nine universities, only 45.5 % offered mathematics teaching credentials and
only 42.5 % offered physical science teaching credentials.

Teacher Knowledge Constructs
The teaching of science requires a knowledge base including complex skills and
processes (Sunal, Wright, & Sunal, 2006). Lee Shulman (1986, 1987) was the first to propose
that teaching required competence in separate knowledge domains: content knowledge,
pedagogical knowledge, and knowledge of pedagogy best suited to teach certain content; the
latter of which, Shulman called PCK. Content knowledge for science refers to the amount of
teachers’ knowledge of science concepts and processes and the organization of this information.
The science knowledge could be in specialized content areas such as biology, chemistry,
physical science, or physics. Pedagogical knowledge involves knowledge of the most effective
ways of representing science concepts, most effective teaching methods, best student learning
resources, most appropriate assessment strategies, and other classroom teaching variables like
classroom management or curricular pacing (Zeidler, 2002). Pedagogical content knowledge is
the pivotal construct that unites the pedagogy and content.
Pedagogical content knowledge distinguishes teachers of content from those who simply
know the content. Shulman (1987) said,
We expect a math major to understand mathematics or a history specialist to comprehend
history. But the key to distinguishing the knowledge base of teaching lies at the
intersection of content and pedagogy, in the capacity of a teacher to transform the content
knowledge he or she possesses into forms that are pedagogically powerful and yet
adaptive to the variations in ability and background presented by the students. (p. 15)

22

This quotation speaks volumes about the differences between a teacher of science content and an
individual who knows science. Not only does a science teacher need to be a content area
specialist, but s/he must respond appropriately, and in a timely manner, to the variables of
diverse student needs, curricular organization, and classroom context and should know what
instructional methods are better suited for teaching a specific science concept to multiple and
unique groups of students (Grossman, 1990; Shulman, 1987).
A heuristic mechanism was developed by Loughran et al. (2008) that allowed pre-service
science teachers to learn about the construct of PCK by learning from in-service teachers’
experiences and thinking. The study used PCK as a conceptual framework to assist its’ preservice teachers in understanding and building a scaffold of how to teach science. This study
used Content Representations (CoRes) and Pedagogical and Professional-experience
Repertoires (PaP-eRs) instruments to teach pre-service teachers about PCK and make them
aware of the development of their own PCK. Through developing and PaP-eRs, the pre-service
teachers saw immediate benefits in their teaching and had higher confidence in their teaching.
Teachers exposed to the idea of PCK considered content matter and pedagogy simultaneously so
that they could better facilitate learning of the content.
A different approach to studying the development of PCK arose as Lee and Luft (2008)
studied the development of PCK from the perspective of the experienced secondary science
teachers who served as mentors to beginning science teachers. The researchers believed that
experienced science teachers who discussed instruction would be more able to describe the
development of the construct because it is field based. This study used case study methodology
to describe how the experienced mentor teachers “conceptualized their own PCK that impacted
their teaching practice.” The researchers observed the teachers’ lessons and conducted a
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post-interview with the teachers. As the researchers analyzed their data, they used constantcomparative analysis because qualitative research is open-ended. Through their analysis and the
teachers’ feedback, seven components of PCK emerged: knowledge of science, knowledge of
goals, knowledge of students, knowledge of curriculum organization, knowledge of teaching,
knowledge of assessment, and knowledge of resources. This study found that PCK is difficult to
articulate, but coincided with other studies on what PCK consists of. The teachers in this study
actively participated in constructing their representations of PCK and the researchers concluded
that this indicated that teachers’ PCK could take on different positions on different topics. The
researchers and teachers involved in this study identified an area of PCK unique to their study,
knowledge of resources. The researchers suggested that knowledge of resources should be
explored as a component of PCK.

The Pedagogical Content Knowledge Construct as the Theoretical Framework
As a distinct domain, the PCK construct is a recognized theoretical frame and a very
useful construct for understanding teaching knowledge (Abell, 2008). The National Research
Council (1996) and The American Association for the Advancement of Science (1993)
recognized PCK in reform documents as a foundation of knowledge teachers should possess
(Hagevik et al., 2010).
Shulman (1986) perceived the depth of teacher knowledge when he identified the
construct he originally called subject-matter content knowledge; he later renamed the construct
PCK (Shulman, 1987). Shulman originally identified three domains of teacher knowledge:
subject-matter knowledge, subject-matter pedagogical knowledge, and curricular knowledge
(1986). According to Shulman, a teacher with established PCK recognizes student needs and is
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able to apply teaching strategies that facilitate learning of subject matter knowledge, while
overcoming learning barriers. Grossman (1990) expanded on Shulman’s original ideas by
adding “knowledge of context” as a distinct domain, but PCK researchers rely on Shulman’s
original construct for theoretical support (Gess-Newsome, 1999; Loughran et al., 2000;
Loughran, Mulhall, & Berry, 2004; Loughran et al., 2008; Sunal et al., 2006; Van der Valk &
Broekman, 1999).

Teachers’ Efficacy Beliefs about Teaching and Learning
In 1977, Albert Bandura introduced the research community to the self-efficacy
mechanism through his social cognitive theory. Bandura’s social cognitive theory explains that
individuals learn and assimilate new knowledge through social interactions and experiences. In
other words, people learn social, not necessarily through trial and error, but watching the
outcome experiences of others. Bandura defined efficacy beliefs as a person’s perceived abilities
to follow through with actions, which lead successfully to a specific goal. In addition, he
proposed that self-efficacy was a strong predictor of behavior. Bandura (1982) explained that
people with high efficacy tended to be more resilient in adverse situations, put forth more effort,
and were more effective. This is especially important when examining teachers’ behavior.
Teacher efficacy beliefs originated from Bandura’s theory of self-efficacy. Bandura
(1997) said that self-efficacy is “a belief in one’s personal capabilities.” Gibson and Dembo
(1984) applied Bandura’s theory of self-efficacy to teachers and developed “teacher efficacy.”
There are two parts to teacher efficacy: outcome expectancy and self-efficacy beliefs. Outcome
expectancy reflects “the degree to which teachers believed the environment could be controlled,”
that is, the extent to which students can be taught given such factors such as family background,
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IQ, and school conditions. Self-efficacy beliefs “indicate teachers’ evaluation of their abilities to
bring about positive change” (Gibson & Dembo, 1984, p. 570).
Teachers’ efficacy beliefs about teaching and learning influence their pedagogical
decisions and the content students learn. Ramey-Gassert, Shroyer, and Staver (1996) conducted
a qualitative study to explore factors influencing personal science teaching efficacy (PSTE) and
science teaching outcome expectancy (STOE). Both the PSTE and STOE are measured as
subscales on the Science Teaching Efficacy Beliefs Instrument (STEBI-A). The researchers
administered STEBI-A to 23 elementary science teachers and then purposely selected 10 of these
teachers to interview. The interviews asked questions regarding the science teachers’
experiences with teacher preparation, professional development, and science-related antecedent
experiences. The researchers analyzed their data using the constant-comparative method,
clustering, and triangulation. The researchers identified several factors in their findings that
influenced participants’ science teaching self-efficacy: antecedent science-related experiences,
internal factors, and external factors. Antecedent science-related experiences included
interactions with the natural world, understanding of science, pre-service teacher preparation
experiences, in-service teacher professional development experiences, and science teaching
experiences. Internal factors were teacher characteristics such as interest in science and science
teaching, image of self/role definition, desire for change/improvement, personal/professional
growth, and collegiality. Science teaching outcome expectancy beliefs were felt to be external
factors and outside the teacher’s control. External factors included school/workplace
environment variables, perception of students’ academic abilities, and family/community factors.
This study only attempted to determine factors influencing science-teaching self-efficacy of
elementary teachers.
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In conjunction with a national study, Lardy (2011) quantitatively and qualitatively sought
to determine relationships between teachers’ personal science teaching efficacy and actual
science teaching practices of elementary science teachers. There was a national sample of 38
teachers participating in the study. Lardy observed teachers’ instruction for reform, surveyed
their efficacy beliefs, and interviewed participants concerning their beliefs. In her findings,
Lardy cautioned researchers in making “blanket assumptions about the benefits of increasing
elementary teachers’ self-efficacy.” She found that teachers’ efficacy could improve, it could
not guarantee reformed teaching practices. Lardy did find a positive correlation between
teachers’ beliefs about “giving students more control over their own science learning,” but she
also said that she did not see these beliefs in action as she observed teachers’ practice.

Continuous Professional Development Programs Changing Teachers’ Knowledge
To better understand science teacher knowledge development, Taitelbaum, MamlockNaaman, Carmeli, and Hofstein (2008) studied 14 novice chemistry teachers; two teaches were
studied at a more in-depth level. A continuous professional development program was created to
serve as a model to deliver inquiry laboratory training. The training was intended to further
develop teachers’ content knowledge and pedagogical knowledge. The continuous professional
development model consisted of three phases: (1) development of learning materials; (2) summer
induction course, workshops, and web forum; and (3) teacher observations and evidence-based
portfolio development. The researchers wanted to determine whether the continuous
professional development program resulted in changes to teachers’ practice. Qualitative methods
such as observations, interviews, portfolio analysis, and workshop documentation were used to
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evidence change in teachers’ practice. As a result of this program, the chemistry teachers
became more self-aware and reflective, and they increased their PCK.
A mixed-methods study with eight participating science teachers was conducted by Veal
(2010). Findings from the study suggested that PCK development required extended time,
sustained contact with participants, and focus on teacher practices, including immersion
experiences. A professional development setting was appropriate to allow science teachers to
learn science content and practice the teaching of this science content. The participants
developed lessons using the science content they learned in professional development, they
modeled the activities to their peers in professional development before teaching the new science
concept in a real classroom setting. The researcher documented change in PCK in the
professional development setting by conducting observations and using an instrument that
quantified areas of PCK into categories. This comprehensive study exemplified the use of
modeling assignments, reflection, and planning for the addition of new teaching ideas into
existing teaching strategies.
A case study of three teachers was conducted by Bialer, Bat-Sheva, and Scherz (2010) to
determine how to document changes in teachers’ practices resulting from a continuous
professional development (CPD) program. In addition, the researchers examined effective
integration of reflective activities into CPD programs. The authors conducted the study in a
“Learning Skills for Science” (LSS) CPD program. The researchers indicated that their
evidenced-based CPD was a useful framework for professional development, reflection
integration was a meaningful process, and the LSS-CPD program created changes in teachers’
practices. Although, this program did not focus on PCK development, the aspects it did focus on
were components of PCK. Moreover, the authors indicated successful integration of reflection
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into their design and ultimately produced a change in how teachers taught; reflections were used
in this researcher’s study to see teachers’ thoughts of incorporating new content into their present
schema and instructional routines.
In a study comparing core features of professional development, Garet, Porter, and
Desimone (2001) identified activities that have significant effects on teachers’ classroom
practice. The study consisted of a national sample of 1,027 math and science teachers. All data
were self-reported by teachers, and the researchers performed least squares regression, which
identified three features having “significant, positive effects on teachers’ self-reported increases
in knowledge and skills and changes in classroom practice: (a) focus on content knowledge; (b)
opportunities for active learning; and (c) coherence with other learning activities” (p. 916).
Specifically, the researchers determined three structural features that had the greatest effect: “(a)
the form of the activity (e.g. workshop vs. study group); (b) collective participation of teachers
from the same school, grade, or subject; and (c) the duration of the activity” (p. 916).
In a review of effective professional development programs and their impact on teacher
learning, Borko (2004) presented a three-phase professional development review system, which
she suggested to future researchers as a way of “providing high-quality professional
development.” Research in Phase I should strive to “provide evidence that a professional
development program can have a positive impact on teacher learning.” Phase I studies are
described as being small in participant size, but “labor intensive.” She described participants of
Phase I studies as “motivated volunteers” who are studied as individuals and as a group. Phase I
studies should gain insight on how teachers “deepen their knowledge and transform their
teaching.” Phase 2 research seeks to determine whether a professional development program can
be put into practice in different settings or by different providers. Professional development
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programs of Phase 2 research include activities and materials for teachers, descriptions of
facilitator roles, and teacher outcome measures. Phase 2 consists of field-testing, per se, of
professional development programs. Borko found very few Phase 2 research programs during
her extensive search. Examples of Phase 2 professional development programs are the National
Writing Project, Developing Mathematical ideas, and Video Cases for Mathematics Professional
Development. Phase 3 research studies provide a substantial volume of research on multiple
professional development programs. The intent of Phase 3 research is to study “comparative
information about the implementation, effects, and resource requirements of well-defined
professional development programs, as they are enacted by multiple facilitators at multiple sites”
(p. 11). At the time of the article, Borko stated that no Phase 3 research programs had been
conducted or were underway to her knowledge.

Summary
In this chapter, relevant research was presented to provide a context for developing a
research direction and design as well as a methodological approach to collecting and analyzing
data on PCK development for this study. A chart is provided to summarize and overview the
reviewed research literature (see Appendix A). The research question developed in response to a
lack of conclusive studies as to what factors contribute to the development of PCK of physical
science teachers. Pedagogical content knowledge has been researched most extensively with
pre-service teachers, beginning teachers, and in specific science concepts. In-service science
teachers also have opportunities to further their PCK through professional development.
Researchers have found that professional development programs were successful at increasing
teachers PCK. However, it is not yet known what contributes to the development of physical
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science teachers’ PCK during a professional development program. Much research is needed in
the area of PCK development (Abell, 2008). Therefore, the purpose of this study is to explore
what contributes to the development of physical science teachers’ PCK during a professional
development program.
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CHAPTER 3
METHODOLOGY
As discussed in the previous chapter, the literature on the pedagogical content knowledge
of physics and physical science teachers does not sufficiently explore its development. Research
has primarily been concerned with pre-service science teachers, beginning science teachers, or
specific science concepts (Lee et al., 2007; Loughran et al., 2000; Loughran et al., 2003;
Loughran et al., 2008; Van der Valk & Broekman, 1999). Little research was found on the
development of PCK by in-service teachers of physics and physical science. In order to fill this
void in the literature, this study used phenomenological research to explore the development of
PCK in physics and physical science teachers through their participation in a Physical Science
Continuous Professional Development program.
This chapter describes the qualitative research design and methodology used to
investigate the research question in this study: What contributes to the development of
pedagogical content knowledge in teaching the physical sciences? This chapter details
researcher positionality, participants, setting in context, professional development and classroom
experiences, research design, instruments, data collection process and timeline, and data analysis
procedures.

Researcher Positionality
The researcher’s interest in science education professional development originated during
her tenure as a public school science teacher. As a novice science teacher, she taught middle and
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high school courses in physical and life sciences. During this time of growth, I found few
opportunities for content-focused professional development in the sciences.
After my career as a public school science teacher, I worked with a physical science
professional development program as a doctoral student. My role as a doctoral student was to
assist in the organization and planning of each professional development institute day. The
objectives set forth by the project principle investigator were for participating science teachers to
(1) acquire and demonstrate deeper 21st century content knowledge on key focus concept themes
in the physical sciences found in national and state standards; (2) acquire, demonstrate, and
implement effective instructional pedagogy aimed at facilitating students’ meaningful
understanding of physics and physical science; (3) use laboratories and interactive physics
approaches in computer-based graphing, sensors, and related 21st century technology; and (4)
continue professional development of both content and pedagogy during the school year via four
1-day, face-to-face workshops accompanied by online training and resources to acquire and
maintain their practice as highly qualified professionals (Sunal, Sunal, Harrell, & Jones, 2010). I
found the objectives of this content-focused professional development to be ideal for me to study
the changes in science teachers’ knowledge. At the first institute day, I asked for volunteers
from this professional development to participate in her study.

Setting
Participants’ Classrooms
There were two primary settings in this study. One setting was in the context of the
participants’ classrooms, as they taught physics or physical science. These participants were
involved in a PS/CPD program in this study. Physical Science Continuous Professional
Development (PS/CPD) program was the pseudonym for the actual professional development
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program and was the second setting in this study. The PS/CPD program took place within one
school year, 2010-2011.

Physical Science Continuous Professional Development (PS/CPD)
PS/CPD was a content-specific professional development program housed and conducted
through a large state research university. The program consisted of two elements, the workshop
meetings and an online web page with digital resources and virtual communication. The
workshops occurred four times during the school year (see Appendix B). At each full-day
workshop a specific agenda was followed (see Appendix C). Physics content specialists and
science educators, who were all university professors, delivered instruction on physics and
physical science content and the appropriate pedagogy through interactive lecture, discussion,
and teacher conducted labs.
The content instruction was intended to help teachers explore their content knowledge,
and make evident their alternative conceptions, reconstruct their concepts, and so, deepen their
understanding of the content (see Appendix D). The labs were intended to assist teachers with
incorporating the content into their current instructional practices (see Appendix E). Technology
to facilitate learning, such as hand-held data collection devices and probes, were used in the
workshops and in the classrooms. During each institute day, the specific content addressed three
to four major principles found within the state courses of study in physical science and physics
and in the National Science Education Standards (National Research Council, 1996).
The first institute day for this study was held September 17, 2010. The content covered
included density, Archimedes Principle, and Boyle’s Law. Participants received instruction from
physics professors and conducted inquiry laboratory investigations on ideal gases, density,
buoyancy, and pressure (see Appendix E). The second institute day was held on October 22,
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2010, and covered thermal energy content. Participants received instruction from physics
professors on heat energy, heat capacity, conduction, and convection. They used Pasco GLX
devices and sensors to conduct laboratory investigations and to analyze data on thermal energy
transfers. The third institute day was held on February 25, 2011. Physics professors instructed
participants on Newton’s Second Law of Gravity, air resistance, and acceleration of gravity.
Participants conducted laboratory investigations on Newton’s Second Law and air resistance.
The fourth and final institute day was held on March 25, 2011. Participants learned about
circular motion and rotational inertia through demonstrations, interactive lecture, and laboratory
investigations. Participants reflected at the end of each workshop on how they would potentially
use the content and labs in their own classrooms.
The second element of the PS/CPD program was the on-line, private web page called a
Wiki. The main goal of the Wiki was to provide (a) an on-line medium for teachers to have
access to assistance in addressing the content taught in each workshop and (b) any additional
resources useful to their classroom teaching. The Wiki consisted of media resources, digital
documents containing content and labs from each workshop day, an “ask a physics teacher about
planning for specific concepts” web link, a discussion board, and the workshop schedule with
agendas. The teachers were, and still are, able to log on to the Wiki at any time to access the
resources, post questions, or suggest instructional ideas to one another on the discussion board,
download labs to use in their own classroom, or e-mail the content specialists for assistance. The
Wiki was the primary means of participation and communication during the interim breaks that
occurred between each workshop (see Appendix B).
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Participants
The researcher identified a population of 19 teachers of physical sciences who were
enrolled in a PS/CPD occurring in one southeastern U.S. state. The teachers self-selected to
participate in the PS/CPD program, although the researcher purposefully invited them all to
participate in this research study.
Many of the science teachers were teaching in rural or small city schools spread throughout
a large geographic range in the state. Two-thirds of the teachers in the available study
population were employed in school districts classified by the state as high need districts. The
federal government defines a high need district by the No Child Left Behind Act (NCLB, 2001),
which established that a high-need Local Education Agency (LEA) must meet the following
criteria:
(A) (i) that serves not fewer than 10,000 children from families with incomes below the
poverty line; or
(ii) for which not less than 20 percent of the children served by the agency are from
families with incomes below the poverty line; and
(B) (i) for which there is a high percentage of teachers not teaching in the academic
subjects or grade levels that the teachers were trained to teach; or (ii) for which
there is a high percentage of teachers with emergency, provisional, or temporary
certification or licensing. (P.L. 107-110, Title II, Section 2012(3) and U.S.
Department of Education Non- Regulatory Guidance. (Section F-5)
From discussions with potential participants, the researcher learned that teachers in the
PS/CPD program were participating for various reasons: (a) they have general science
certification with only 8 hours (two courses) of physics coursework, (b) they have biology
certification with 0 to 4 hours in physics, (c) they identified a personal need for further physics
content development, or (d) they wanted to participate in one of the only two physics and
physical science content professional development programs in the state. The physics and
physical science teachers participating in the PS/CPD program were the only population
available to study in this southeastern state. The PS/CPD program was the only continuous
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professional development program in the state in which teachers could gain content instruction
and lab experiences specific to the physics and physical science content areas.
Science teachers participating in the PS/CPD and giving their consent to participate
became the purposive sample for this study (Patton, 1990). An approved Internal Review Board
procedure was followed to gain participant consent and to conduct this qualitative research study.

Qualitative Research Design
Qualitative research does not boast a fixed definition. A description well-suited to the
researcher’s perspective on qualitative research was best explained by Denzin and Lincoln
(2005):
Qualitative research is a situated activity that locates the observer in the world. It consists
of a set of interpretive, material practices that make the world visible. These practices
transform the world. They turn the world into a series of representations, including field
notes, interviews, conversations, photographs, recordings, and memos to the self. At this
level, qualitative research involves an interpretive, naturalistic approach to the world.
This means that qualitative researchers study things in their natural settings, attempting to
make sense of, or interpret, phenomena in terms of the meanings people bring to them.
(p. 3)
The researcher’s approach to qualitative research is also interpretive, as described in the
quotation. Qualitative research was appropriate for this study because of the researcher’s intent
to explore a particular group of people in their natural setting: physics and physical science
teachers participating in professional development activities while at the same time practicing
application of the activities in their own classrooms.
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Phenomenological Research
This study used phenomenological research to describe the lived experiences of study
participants who were involved in a phenomenon central to science education research. This
study focused on commonalities between participants to describe a phenomenon. Without a
specific set of rules or methods, Van Manen’s (1990) hermeneutical phenomenology focuses on
lived experiences and interpreting “the ‘texts’ of life” (p. 4). Though there are no specific rules
or methods, hermeneutical phenomenology consists of six research activities:
1) turning to a phenomenon which seriously interests us and commits us to the world;
2) investigating experiences as we live it rather than as we conceptualize it;
3) reflecting on the essential themes which characterize the phenomenon;
4) describing the phenomenon through the art of writing and rewriting;
5) maintaining a strong oriented pedagogical relation to the phenomenon;
6) balancing the research context by considering parts of the whole. (Van Manen, 1990,
pp. 30-31)

Research Instruments
In qualitative research, the researcher must become the primary instrument of data
collection. The researcher must be involved in the research to understand and record an account
of the participants’ experiences (Creswell, 2007). The researcher positionality was that of a
participant-observer, a commonly recognized method of qualitative fieldwork (DeWalt &
DeWalt, 2002; Spradley, 1980). The researcher became a participant-observer to gain greater
understanding and insights of how teachers utilized their science PCK during instruction. A
general observation protocol was used (see Appendix F).
It is common for qualitative researchers to use multiple sources of data. In addition to
common qualitative research practices, this study used research instruments designed to focus on
specific variables to obtain additional data for the purpose of triangulation (Denzin, 1978): (1)
Demographic Background Questionnaire (2) Content Representations & Pedagogical and
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Professional-experience Repertoire (Loughran et al., 2004); (3) Pedagogical Content Knowledge
Rubrics (Ogletree, 2007); (4) Reformed Teaching Observation Protocol (Pilburn et al., 2000); (5)
Physical Science Knowledge Instrument pre- and post- assessments; and (6) Science Teaching
Efficacy Belief Instrument Part A (Enochs & Riggs, 1990). The triangulation of multiple
instruments and data allowed the researcher to identify areas of discord through data analysis.
The Demographic Background Questionnaire consisted of nine questions. The
questionnaire not only informed the researcher of participants’ backgrounds, but also was used as
data analyzed through the PCK Rubrics. Six questions inquired into the participants’ science
teaching experience, and three questions assessed the participants’ current science teaching role.
The questions were as follows:
1. How many students do you teach in the 2010-2011 school year?
2. What is your highest-level teaching certification?
3. What is your highest degree earned?
4. What grades are you currently teaching?
5. Circle the year range of teaching experience you have.
6. Is your school system identified as county, city or private?
7. What undergraduate and graduate a) science courses, b) science education courses,
and c) science methods courses have you taken?
8. What subjects and grade levels have you taught previously?
9. Have you participated in professional development for improving your science
teaching? Describe briefly.
The Content Representation (CoRe) and Pedagogical and Professional-experience
Repertoires (PaP-eR) were developed by Loughran et al. (2000) and utilized by Loughran et al.
(2004) to ascertain science teachers’ PCK. The CoRe and PaP-eR (see Appendix G) portions
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both rely on qualitative data. The CoRe interview attempted to access the participants’
knowledge of how they make decisions to teach a particular science concept. The PaP-eR
portion detailed the classroom observation combined with the CoRe interview to get a more
holistic understanding of a science teacher’s PCK. To determine the validity of the CoRe and
PaP-eR instrument, each researcher should discern whether the context is relevant (Loughran et
al., 2003). Loughran et al. (2003) utilized the CoRe and PaP-eR to allow teacher participants to
see immediate benefits in their teaching and develop higher confidence in their teaching. The
authors believed that teachers exposed to the idea of PCK considered content matter and
pedagogy simultaneously so that they could better facilitate students’ learning of the content
being taught.
The PCK Rubrics (see Appendix H) were used to quantitatively assess the results of the
CoRe and PaP-eR instrument (Ogletree, 2007). A content panel established the validity of the
PCK Rubrics. The four PCK Rubrics assessed the following: (1) teachers’ content knowledge of
the science concept(s) taught in the lesson; (2) teachers’ knowledge or understanding of student
thinking related to the science concept(s) taught in the lesson; and (3) teachers’ knowledge of
how to represent the teaching of science concept(s) taught in the lesson, and teachers’
professional development in teaching science concept(s) taught in the lesson, collaboration with
other faculty/teachers, and leadership roles in teaching of science at their level (Ogletree, 2007).
The Reformed Teaching Observation Protocol (RTOP) is a dual method instrument; it
required a qualitative observation that became categorized numerically (see Appendix I).
Pilburn et al. (2000) designed, field-tested, and validated RTOP in research to measure
quantitative characterization through observation of the degree to which a science classroom is
reformed in relation to national standards. The RTOP was created by drawing from reform
documents published by the National Research Council, American Association for the
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Advancement of Science, Project 2061, and the National Council for the Teaching of
Mathematics. For this instrument, the characteristics of reformed teaching practices were based
on national standards for education.
An observer using the RTOP instrument must take extensive field notes and then rate a
list of classroom characteristics and occurrences on a continuum. RTOP is divided into the
following sections: (1) lesson design and implementation, (2) content with subcategories of
propositional knowledge and procedural knowledge, and (3) classroom culture with
subcategories of communicative interaction and student/teacher relationships. Each section has
itemized descriptions to be rated by the observer on a 0 to 4 scale with 0 being never occurred
and 4 being very descriptive.
The RTOP construct validity was based on the first principles of the Arizona
Collaborative for Excellence in the Preparation of Teachers (ACEPT) reform, standards-based
and inquiry oriented. The face validity of RTOP was established through the credibility of these
consulted sources:
•
•

•
•

The Horizon Research Group 1997-1998 Local Systemic Change Revised
Classroom Observation Protocol
The “standards” in science and mathematics education [NCTM’s Curriculum and
Evaluation Standards (1989), Professional Teaching Standards (1991), Assessment
Standards (1995), and NRC’s National Science Standards (1996)]
The principles of reform underlying the ACEPT project
The work of ACEPT Co-Principle Investigators, particularly that of Tony Lawson and
the ASU Mathematics Education group led by Marilyn Carlson
Members of Evaluation Facilitation Group (EFG) (Pilburn, et al., 2000)
To establish reliability, Pilburn et al. (2000) performed a correlation analysis on the

subscales with high R-squared values supporting their hypothesis that the structure of RTOP was
highly “inquiry-orientated.” The overall reliability estimate of the instrument was 0.954 and was
measured on math and physics observations.
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The RTOP was used in the present study to evidence the extent to which teachers are
reforming their classroom teaching. For this study, the researcher completed a training module
(see Appendix J), developed by the authors, prior to use of the RTOP instrument. In an effort to
increase the reliability of the present study, the researcher conducted practice observations with a
second observer. A measure of reliability was calculated by using a simple linear regression.
The inter-rater reliability was found to be in high agreement R2 = 0.984.
The Science Teaching Efficacy Belief Instrument Part A (STEBI-A) was created by Riggs
(1988). STEBI-A was utilized to measure in-service science teachers’ personal self-efficacy
belief and science teaching outcome expectancy. STEBI-A (see Appendix K) consists of 25
statements with 13 written in positive language and 12 written in negative language. STEBI-A is
composed of two scales: (1) Personal Science Teaching Efficacy Belief Scale (α = 0.92) and (2)
Science Teaching Outcome Expectancy Scale (α = 0.77). Riggs (1988) designed STEBI-A for
use with elementary science teachers. In order to use STEBI-A with secondary science teachers,
items were reworded to eliminate the elementary words. Two science education specialists
reviewed the reworded questions for content validation and found that the few words removed
did not change the content of the question.
A Physical Science Knowledge Instrument (PSKI) was administered during each PS/CPD
workshop as a pre- and post-assessment of science concepts being taught. Four separate PSKI
pre- and post-assessments were administered: (1) PSKI: Density, Archimedes Principle, and
Boyle’s Law; (2) PSKI: Heat Energy, Heat Capacity, Conduction, and Convection; (3) PSKI:
Newton’s 2nd Law of Motion, Acceleration of Gravity, and Air Resistance; and (4) PSKI:
Rotational Motion, Uniform Circular Motion, and Conservation of Energy.
The content specialists, who were university physics professors and science educators
delivering instruction at each workshop, constructed and administered each PSKI. The PSKI
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assessment structure was patterned in form and purpose after the Force Concept Inventory (FCI)
(Hestenes, Wells, & Swackhamer, 1992). The authors of FCI created it to improve upon an
earlier assessment, Mechanics Diagnostic Test. The authors reported the reliability of the FCI by
their pre-/post-test average scores when compared to the Diagnostic, which were 52/63 for the
FCI and 51/64 for the Diagnostic. They also had posttest averages of 60 and 63 from two other
professors. The authors claimed that they had “nearly identical post-test scores for seven
different professors (with more than a thousand students).”
Each PSKI was administered before new content was taught to gain a pre-test measure
and the identical post-test was administered at least one month later at the beginning of the next
workshop to avoid giveaway repetition. The measure of pre- and post-PSKI scores was used as
evidence to indicate the extent to which content knowledge was increased through the PS/CPD
program. The PSKI was administered anonymously to alleviate pressure on the PS/CPD
participants. This created a problem for reporting PSKI results, because participants could not be
separated from the other teachers in the PS/CPD.

Procedures for Data Collection
Throughout the 2010-2011 school year, the participants were asked to schedule five
observations each. The researcher contacted the participants by e-mail and phone to arrange
observation dates with at least 2 weeks of advance notice. The researcher and science teachers
were mindful of not scheduling observations during testing, field trips, videos, or school
meetings involving all students in the class. The researcher requested that the teachers schedule
an observation during a lesson topic covered in the PS/CPD program. Due to state testing and
teaching schedules, this was not possible for one participant. That participant had to review
materials from the previous year of PS/CPD. A second observer was present at one observation
in the series of five observations with each teacher in an effort to increase researcher reliability.
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On the day of an observation, the researcher interviewed the participant and collected
observational data. The researcher conducted interviews before or after the observation,
depending on the science teachers’ schedules. The interview (see Appendix G) consisted of
eight structured questions and was also a component of the CoRe and PaP-eR instrument
(Loughran et al., 2003). The interviewer asked questions about the lesson and the teacher’s
decision-making regarding pedagogy. The observation consisted of extensive field notes, which
detailed the following: (a) the lesson observed; (b) the school and classroom setting; (c) the
learning climate; (d) the number, gender, and ethnicity of students; (e) teacher and student
attitudes toward learning; (f) classroom management strategies; (g) cooperative grouping
strategies; and (h) any other relevant or salient information observed. During the interview, the
researcher asked questions from a scripted document (see Appendix G), and the science teacher
responded with an answer or explanation. The researcher used an audio recorder on her laptop
computer to record the interview, which assisted in the development of complete and accurate
interview notes. The researcher reflected and expanded field notes within the same day of the
observation. Expanded field notes from observation were used to complete the other
observational instruments being utilized, RTOP and CoRe and PaP-eRs.
The RTOP instrument was utilized to measure the extent of a science teachers’ reform in
teaching in regard to the national standards. To collect data for the RTOP, questions or
statements about the observation are assigned a score based on observational data and were
analyzed to determine the degree to which a science-teaching event is reformed. The RTOP
instrument was divided in the following sections: (1) lesson design and implementation, (2)
content with subcategories of propositional knowledge and procedural knowledge, and (3)
classroom culture with subcategories of communicative interaction and student/teacher
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relationships. Each section had itemized descriptions to be rated by the observer on a 0 to 4
Likert format scale with 0 being never occurred and 4 being very descriptive.
All observational data collected were expanded and both instruments used were
completed the same day as the observation. A second observer was scheduled to be present at
one of the observations to check observer agreement, and reliability of observations using a
simple linear regression, which gave more validity to the researcher’s observations (Calfee &
Sperling, 2010). Investigator triangulation, meaning more than one observer of an event, can
expose observer biases and test the reliability of the observations (Denzin, 1978).
The researcher also requested permission from the participants and from the content
specialist to have access to data obtained during the PS/CPD program at face-to-face meetings
and from the on-line web page. As part of the PS/CPD program, teachers completed a
demographic questionnaire, four reflections, four assessments, PSKI pre- and post-tests, and
discussions from the on-line web page discussion board.

Data Analysis
In qualitative research, data collection, data analysis, and writing of results occurs
simultaneously, not in distinct steps like in quantitative research (Creswell, 2007). Creswell
(2007) described the process of data analysis and representation. This process begins with
managing the data, and Creswell (2007) suggested creating and organizing files for data. Next,
during the reading and memoing level of analysis, the researcher reads through the data, creating
notes and beginning to form codes. As the researcher describes the data, s/he should “describe
the essence of the phenomenon” (p. 156). When classifying the data, the researcher must take
significant statements and group those into themes to make meaning. Then, the researcher
interprets the data to describe “what” happened, “how” the participants experienced the
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phenomenon, and develops the “essence” through text (p. 156). Lastly, the researcher must
represent the interpretations, or “essence,” through narrative form and create visualizations such
as tables, figures, or discussions.
Because there are no rules or methods for how to analyze the data in phenomenological
research, the researcher analyzed the interview, observational, and PS/CPD artifact data through
the process of coding. Coding is the process of taking “raw data and raising it to the conceptual
level” (Corbin & Strauss, 2008).
Coding, as described by Corbin and Strauss (2008),
involves interacting with data (analysis) using techniques such as asking questions about
the data, making comparisons between the data, and so on, and in doing so, deriving
concepts to stand for those data, the developing those concepts in terms of their
properties and dimensions. A researcher can think of coding as “mining” the data,
digging beneath the surface to discover the hidden treasures contained within the data. (p.
66)
Coding occurred at three levels: open, selective, and axial (Creswell, 2007). During open
coding, the researcher sorted information into categories by comparing each piece of data. The
researcher initially developed several categories and narrowed them down to themes during axial
coding. Axial coding entailed relating the categories identified in open coding to the
development of pedagogical content knowledge (PCK), the central phenomenon being
investigated. The researcher ultimately identified interrelationships through selective coding
between the development of PCK and the emerging themes revealed during the coding process
(Creswell, 2007).
Additional instruments were utilized in this study for triangulation. These were not
traditional qualitative instruments, but were the equivalent of “prefigured codes” (Creswell,
2007). These played a secondary role to the phenomenological research, which described
emergent themes. They were important as the research was meant to explore factors contributing
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to the development of physical science teachers’ Pedagogical Content Knowledge over the
course of the physical science continuous professional development program.
The CoRe and PaP-eR was constructed from the interview questions and from the
observations. To analyze the CoRe and PaP-eR, the researcher applied PCK Rubrics (Ogletree,
2007) and assigned each one a PCK score. Comparisons were made between individual science
teacher’s PCK. Graphic comparisons were used to identify the existence of a relationship
between (a) PCK score and science teacher efficacy beliefs score and (b) the extent to which
science teachers’ instruction is reformed (measured by RTOP) and PCK score.
A completed RTOP has a score between 0 and 100. The higher the RTOP score, in
theory, means an increased use of inquiry-oriented instructional practices. The researcher also
examined the individual subcategory scores to look for strengths and weaknesses among the
participants. This score was used in descriptive comparisons with STEBI-A score, PCK Rubrics
score, and content test scores.
PSKI pre- and post-test scores on each of the four tests were analyzed to identify change
in content knowledge among the entire group of participants. The researcher graphed the data to
identify the change in content knowledge. The amount of change in content knowledge was also
compared to teacher efficacy, change in PCK, and the extent to which their instruction is
reformed.
In this phenomenological study, the constant comparative method, which entailed crosscomparing all of the data and themes generated through coding, was the predominant data
analysis technique. The analysis of data from multiple sources, RTOP, STEBI-A, PCK Rubrics,
and CoRe and PaP-eRs strengthened the qualitative study. Data triangulation occurred among
the traditional qualitative data from observations, interviews, and PS/CPD artifacts.
Additionally, those data sources were compared to data generated from the supplementary
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research instruments, PCK Rubrics scores, RTOP scores, STEBI-A scores, and PSKI scores. As
stated by Sieber (1973, in Denzin, 1978), “No research method is without bias.” Sieber
suggested crosschecking analysis and results with other techniques, which supports Denzin’s
purpose for triangulation. Creswell (2007) said that triangulation provides “corroborating
evidence from different sources to shed light on a theme or perspective.”
In order to validate the information produced through the analysis process, the researcher
obtained feedback from the participants through member checking. This entailed “taking the
data, analyses, interpretations, and conclusions back to the participants so that they could judge
the accuracy and the credibility of the account. Peer review, also called debriefing, provided an
external check of the research and “keeps the researcher honest” (Creswell, 2007).

Summary
In sum, this study was conducted using a qualitative research methodology,
phenomenological research. The research positionality in the study was that of participantobserver, and the nature of this phenomenological research was interpretive. The research took
place in two settings: (1) the teachers’ classrooms and (2) the physical science continuous
professional development program. All participants were invited to voluntarily participate in the
research study. Data collection occurred through interviews, observation, and artifact collection.
Data analysis occurred through reading, memoing, describing, coding and classifying, and
interpreting the data. Results are presented in chapters 4 and 5.
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CHAPTER 4
RESULTS
Introduction
The purpose of this chapter is to describe the results of the analysis of the data collected
in relation to the research question of the study: What contributes to the development of
pedagogical content knowledge in teaching the physical sciences? Sub-questions included the
following:
1. How do professional learning opportunities and years of experience influence science
teacher’s pedagogical content knowledge?
2. In what ways does the physical classroom environment and student context influence
a science teacher’s pedagogical content knowledge?
3. To what degree does active participation in a continuous professional development
program influence a science teachers’ pedagogical content knowledge?
4. To what degree does a science teacher’s self-efficacy science beliefs influence
pedagogical content knowledge development during classroom teaching?
The goal of this research investigation was to explore changes in physics and physical science
teachers’ PCK throughout the experience of a continual professional development program. This
chapter contains an introduction to the findings from this study, an overview of the analysis
conducted, and findings related to each participant presented as cases.
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Research Design
This study explored the phenomenon of what factors contributed to the development of
physical science teachers’ PCK over the course of the PS/CPD program. The researcher
conducted the study with the qualitative method, phenomenological research. This research
process led to the emergence of themes through data analysis. The study described the lived
experiences of participants through a phenomenon at the conclusion of the study.
Due to the exploratory nature of qualitative research, additional methods were utilized
during this study in order to investigate phenomena related to PCK identified in the research
literature. As a participant observer, the researcher was the main research instrument, in order to
view and record lived experiences of the participants. The researcher collected qualitative data
through (a) observations of classroom teaching, (b) interviews about teaching decisions and
experiences, (c) discussion board postings, (d) reflections from professional development
workshops, and (e) discussions and observations during the Physical Science Continuous
Professional Development. Limited amounts of quantitative data were collected for triangulation
purposes through (a) PCK Rubrics scoring, (b) pre- and post-Physical Science Knowledge
Instrument (PSKI) assessments, (c) classroom observation scores, and (d) efficacy survey scores.
The purpose of triangulation of qualitative and quantitative data was to look for existing overlaps
and discords during data analysis to formulate theories in respect to each participant.

Overview of Analysis
This phenomenological study required thorough analysis of participants’ lived
experiences as they participated in the PS/CPD program and implemented science content and
resources into their existing teaching practices. As the researcher read and memoed data from
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observations and interviews, notes were created and codes began to form. The researcher coded
the data through three levels: open, axial, and selective. The coding and classifying process, led
the researcher to group data into themes (Table 1) to make meaning from the participants’ lived
experiences, which are discussed later in each of the case presentations. A summary of
overarching themes is presented at the end of this chapter.

Table 1
Themes Generated through Coding
Participant
Sharon

•
•
•
•
•

Michael

•
•
•
•

Observations
Teacher-centered
instruction
Student confusion
Rapport
Use of workshop
materials
Conducting traditional
laboratory exercises
Using relevant examples.
Rapport and student
issues
Varied instruction
Effect

•
•
•
•

•
•
•
•

Sandy

•
•
•

Karen

•
•
•
•
•

Christy

•
•
•

Traditional instruction
Rapport between teacher
and students
Incorporation of PS/CPD
materials
Student-centered
instruction
Rapport
Student engagement
Use of technology
Lack of use of PS/CPD
materials
Teaching decisions
Student-centered
instruction
Teacher-centered
instruction

51

•
•
•
•
•
•
•

•
•

Interviews
Student needs
Emphasis on relevant
examples
Lack of noticing
instructional faults
Emphasis on math skills

Emphasis on relevant
examples
Student skill deficiencies
Lacks knowledge of
students
Feels no connections
with students
Knowledge of students
Environmental
limitations
Desire to improve
Shy, nervous teacher
Knowledge of how
students learn
Emphasis on relevant
examples
Inquiry teaching and
learning
Emphasis on student
misconceptions
Discovery learning

Then, the researcher interpreted the data and described participants’ experiences with case
organization. Lastly, the researcher represented interpretations through narrative from and
created visualizations such as tables, figures, and discussion through chapters 4, 5, and 6.
The participants’ background experience was gathered through the Demographic
Background Questionnaire, which consisted of nine questions. Six questions inquired into the
participants’ science teaching experience, and three questions assessed the participants’ current
science teaching role. For each participant, the researcher analyzed the responses in a narrative
form to give meaning of context to the participants’ background experience and school setting
(Table 2).

Table 2
Snapshot of Participants’ Background

Participant
Sharon

Years of
experience
range
21-25

Michael

21-25

Sandy

16-20

Karen

11-15

Master’s in science education;
Education Specialist in
Administration

Christy

1-5

Master’s in science education

Highest Degree
Master’s in science education
Bachelor’s, add-on teaching
certificate
Master’s in science education

Professional Development
Some in-state science
curriculum PD
Some in-state science
curriculum PD
Some in-state science
curriculum PD
National curriculum
training with research
emphasis; in-state science
curriculum PD
Reformed in-state
curriculum training,
University provided science
curriculum PD

Several data sources were consulted to describe the environment of each case. The
school setting was determined from the data from the National Center of Educational Statistics,
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and through participant-observation while the researcher was in the schools. The classroom
context was determined from the Demographic Background Questionnaire and classroom
observations. The researcher determined the student context through classroom observations and
discussions with the classroom teacher.
The CoRe and PaP-eRs were constructed from the interview questions and from the
observations. To analyze the CoRe and PaP-eR, the researcher coded the interviews and
observations. In addition, the researcher applied PCK Rubrics (Ogletree, 2007) and assigned
each one a PCK score. Comparisons were made between individual science teacher’s PCK.
Graphic comparisons were used to identify the existence of a relationship between (a) PCK score
and science teacher efficacy beliefs score and (b) the extent to which science teachers’
instruction is reformed (measured by RTOP and PCK score).
The STEBI-A data were given to participants on three separate occasions throughout the
PS/CPD program. The data were analyzed comparatively and are reported in tables. STEBI-A
data were also compared to RTOP scores and PCK Rubrics scores for triangulation purposes.
Interesting results were revealed.
The RTOP instrument contained several sections: (a) general lesson information about
the topic, location, and time of the lesson; (b) contextual background information; (c) salient
observations; and (d) the Likert-type scale rating the observation based on characteristics of
reformed teaching practices. The Likert-type scale data are reported in tables and figures, while
the classroom observation and contextual background information was analyzed through coding
and comparison; these results are reported narratively.
The PCK Rubrics assessed the following: (1) teachers’ content knowledge of the science
concept(s) taught in the lesson; (2 ) teachers’ knowledge or understanding of student thinking
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related to the science concept(s) taught in the lesson; (3) teachers’ knowledge of how to
represent the teaching of science concept(s) taught in the lesson, and teachers’ professional
development in teaching science concept(s) taught in the lesson, collaboration with other
faculty/teachers, and leadership roles in teaching of science at their level (Ogletree, 2007). The
PCK Rubrics were administered to three main data sources: (1) classroom observations, (2)
interviews, and (3) demographic background information. The artifacts were analyzed through
coding, and conclusions were drawn through the scoring of the rubric. The PCK Rubrics scores
are reported narratively.
The Physical Science Knowledge Instruments were analyzed for purposes of the PS/CPD
program, but results cannot be reported. The data were collected anonymously from the entire
population of PS/CPD teachers. Instead, content knowledge gains were noted through
participants’ self-reporting during CoRe interviews.
The data analysis results are presented below. Participants are described below as
individual cases, including all relevant characteristics, qualities, and events. Participants’
confidentiality is maintained through the use of pseudonyms: Sharon, Michael, Sandy, Karen,
and Christy.

Cases
Sharon
Background experience. Sharon has taught for 21 years. She has both Bachelors and a
Master’s degree in general science education from a Master’s level state institution. Throughout
her career as a science teacher, she taught biology, anatomy, physics, chemistry, environmental
science, and marine biology. At the time of observation, she taught physics and conceptual
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physics. She completed several graduate science classes and engaged in professional
development to stay current in her teaching. Her graduate coursework consisted of a science
methods course, marine science, biogeography, chemistry, and environmental science. She also
participated in three lab-training types of professional development provided by the state
department, specific to physics, chemistry, and biology.

School setting. Sharon taught in a county school system that was approximately three
hours south of the university. The National Center for Educational Statistics classified Sharon’s
school as a rural high school with a student enrollment of 402. During the school year, Sharon
reported that she taught approximately 280 students in Grades 9-12. The student demographic
breakdown for this school was 55.7 % African American, 44.0 % Caucasian, and less than 1 %
Hispanic. The gender ratio was almost equal with 48.5% of students being male and 51.5%
being female. The State Department of Education reported that 95.7% of students qualified for
free or reduced lunch, which indicated a high level of poverty in this area.
The researcher explored the school building during her observation visits. The building
was very nice. There was a plaque that said the school was built and dedicated in 2005. There
were many sitting areas throughout the hallways. The classrooms were organized by content
areas (i.e., all of the science classrooms were grouped together). Although doors were kept
closed, the teachers’ voices carried into the hallway as they instructed. There were few students
in the hallways.

Classroom context. Sharon’s classroom was on the backside of the school in a pod with
the other science classrooms. Her classroom had an obvious front where an interactive white
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board, laptop with projector system, and a dry-erase white board were positioned. Student desks
were placed to face the front and were arranged in five rows with about seven desks in each row.
Sharon’s desk was on the right side of the classroom and was covered in papers. There were two
student computers in the back of the classroom. Although the classroom looked very
institutional, Sharon decorated it with science posters, models, and student pictures, because she
was the school photographer.
Due to the layout and desk arrangement, Sharon’s classroom was not conducive to
collaborative student groups. When Sharon wanted students to work in groups or to conduct a
laboratory investigation, she used a laboratory classroom in the science pod that was shared with
the other science teacher. The laboratory classroom was square and contained seven lab stations.
The lab stations were peninsulas off three of the classroom walls. Each lab station had its own
glassware cabinet and supply drawers. The center of the laboratory was open, which allowed
Sharon easy access to students at lab stations.

Student context. There were 32 students in Sharon’s conceptual physics class. There
were 9 African American females, 12 African American males, 5 Caucasian females, and 6
Caucasian males. Students were dressed alike following a school wide dress code. They wore
polo style shirts tucked into their pants with a belt. Sharon reported nine students with
Individualized Education Plans in this class. The students were curious about the researcher in
the room. During the observation week, there was a fight in the classroom between two male
students. The students required a lot of encouragement from the teacher to become motivated.
In Sharon’s general physics class, there were 18 students. Of those 18 students, 5 were
African American males, 2 were Caucasian males, 4 were African American females, and 7 were
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Caucasian females. Sharon reported that the senior class valedictorian and salutatorian were in
this class. These students worked hard all week, but needed a lot of attention from Sharon.
Sharon thought their need for attention was from “senioritis,” because it was the spring semester
of their senior year. This physics class consisted of more math and problem solving than the
conceptual physics course.

Physical Science Continuous Professional Development (PS/CPD) Institutes. The
PS/CPD Institutes took place in the fall and spring semesters of the 2010-2011 school year.
They were offered on two Fridays each semester. The content covered through the 2010-2011
school PS/CPD institutes included density, Archimedes Principle, Boyles Law, thermal energy,
Newton’s Second Law of Gravity, air resistance, acceleration of gravity, circular motion, and
rotational inertia. The participants participated in interactive lectures, demonstrations, laboratory
investigations, and collaborative learning. Participants received professional development credit
and science technology to use in their classroom for participation in the PS/CPD program.

Attendance and participation. Sharon was in attendance at all four PS/CPD Institute days
throughout the school year. Sharon was very engaged in the interactive lectures, demonstrations,
and laboratory investigations during each PS/CPD Institute. She worked collaboratively with her
partners and in lab stations. She was very interested in all mathematical calculations associated
with science content. She asked the physics professors questions about the content and how she
could modify the laboratory investigations to meet her specific students’ needs. On several
occasions, Sharon already had a similar lab investigation, but wanted to update and modify the
old ones based on the new activities. Sharon seemed to really like and learn the science content,
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but was disinterested and annoyed by the technology integration. Throughout the PS/CPD
institute days Sharon had a very negative attitude toward incorporating the new technologies into
her classroom. She verbalized a variety of reasons, including the lack of technology support in
her school system, available time in the curriculum, and student technology abilities. On one
occasion she argued with a guest presenter, who was a technology specialist from the regional inservice center, and told him that these ideas would not work in her classroom. He told her that
technology incorporation would not work in her classroom as long as she was not open to trying
it.

Classroom observations. Sharon was observed during six class meetings of senior level
conceptual physics. Each class was approximately 50 minutes long. Five of the classes took
place in the classroom, and one class took place in the laboratory. During this week of
classroom observations, Sharon was teaching thermal energy. She placed the most emphasis on
calculating specific heats during each lesson. During the classroom observations, six major
themes emerged through the coding of observation notes: teacher-centered instruction, student
confusion, rapport, use of workshop materials, conducting laboratory exercises, and the use of
relevant examples.

Teacher-centered instruction. Sharon used a very teacher-centered method of instruction.
She was the giver of information, and students were passive learners. At the beginning of class
each day, Sharon called roll and gave students an overview of what they would be learning and
doing. She gave her students note sheets full of information and reviewed this information
through questioning. She only gave students notes once, but each day she taught through
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working problems, discussing what occurred, and what the results meant. Sharon gave students
problem sheets on specific heat each day. She gave them formulas and reviewed how to
manipulate the variables to solve the problems. She worked a few problems with students before
allowing them to work independently. As Sharon worked problems on the interactive white
board, she modeled how she wanted students to work the problems. After students worked
independently, Sharon reviewed the problems on the interactive white board. At the end of class
one day, Sharon told students they would have a test soon. She reminded them of what would be
on the test. She then proceeded to tell her students about something she learned at a recent
faculty meeting. She said, “The experts say that it takes students 24 times of repetition to master
something.”

Student confusion. Students often exhibited confusion toward what Sharon was teaching
them through working problems. On one occasion, Sharon added additional formulas to the
board. Students did not understand what formula was appropriate for each problem. The
confusion occurred because students were calculating the amount of heat needed to change
phases instead of calculating specific heat. Sharon’s students had a difficulty with math. With
this knowledge in mind, Sharon instructed her students on the correct, algebraic methods, but
also shared shortcuts or tricks with her students, like moving the decimal instead of multiplying
to get scientific notation. Another difficulty students exhibited was confusion created by the way
Sharon was teaching. Sharon would bounce from one topic to the other without providing an
explanation of how the content was connected. A group of females confronted Sharon about this
during group work. The female students explained that they had a difficult time following what
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she was saying. Sharon went back and explained the connections to those students, but not to the
entire class.

Rapport. There was definitely a rapport built between Sharon and her students.
Observations indicated that she knew her students very well. Students were respectful, but
friendly. On several occasions, students called Sharon by her first name instead of addressing
her with an appropriate title and her last name. When she allowed students to work
independently, she circulated around the room to provide assistance. Some students were
discouraged. One said he was tired; Sharon encouraged him to keep working. Another student
asked Sharon to review his sheet to see if he was doing it correctly. She made a few suggestions
about how to work the problems. At the beginning of a class, Sharon offered graduation exam
tutoring and materials for free during her planning period. She encouraged her students to set
aside time daily to study for the graduation exam. During downtime in class, a student told
Sharon that he was building her a doghouse in his carpentry class.

Use of workshop materials. During the observation week, Sharon taught a topic covered
during the PS/CPD program. She taught lessons on thermodynamics including thermal energy,
specific heat, and the transfer of heat. Although Sharon used the calorimeters from the PS/CPD
program, she used her own lab and not the one from the institute day focusing on thermal energy.

Conducting laboratory exercises. When Sharon taught using a laboratory investigation,
she taught the same way she did in her regular class. Sharon was the giver of information. The
lab was a “cookbook” type, meaning it had prescribed instructions for students to follow. This
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type of laboratory investigation does not require much thought on the students’ behalf; they just
followed directions and answered questions about what they observed. This particular laboratory
required students to calculate heat lost by hot water and heat gained by cold water. Students then
had to explain why the cold-water gain was the same as the heat lost. Sharon had to work a lot
of problems with students and help them answer the laboratory questions.

Relevant examples. Sharon knew that she had many students pursuing a vocational track.
With this in mind, she incorporated relevant examples into her lessons when possible. She
discussed how car radiators work in cooling and how a thermostat with metal strips and specific
heats triggered the air condition system to turn on and off.

CoRe interviews. The CoRe interview was administered each day Sharon was observed,
in an attempt to capture her thoughts about each day’s lesson. After the interviews were
completed, Sharon had the opportunity to review them and offer any additional explanations,
although she did not make any changes.

Question 1. The first question sought to find what Sharon intended for her students to
learn from the concept she taught each day. Through her lessons on thermal energy, Sharon
intended for her students to learn that different substances have different heat capacities. In
addition, she wanted students to understand the equilibrium of temperature change through a lab
showing temperature loss and gain using calorimeters.
Sharon had concerns about her students’ math skills. She wanted them to be able to
calculate mass, temperature, and specific heat. Sharon hoped the students would master “the
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task of manipulating their equations and simulating their information, putting it together and tie
one topic to another.” She continuously reinforced math skills as a weakness during our
interview.

Question 2. The second question addressed the importance of the content to students.
Sharon continually stressed how the content was relevant to students’ daily lives. She said,
In everyday life, I try to make my class, you know we’re talking about the construction
jobs, you know and the importance of expansion bars and things along that line, uhm.
They never know what they are going to do in life, and I just think as a teacher of
chemistry and physics, especially, we need to make it relevant to their lives.
Sharon felt very strongly about the importance of the science content being relevant to students’
lives. All of her responses implied this concern. She continued saying,
I think it [thermal energy science content] applies to weather, it applies to cooking, and it
lets them know that different objects do have heat capacities and you know why do we
make certain things out of certain materials like cookware . . . why we use a cast iron
skillet versus an aluminum skillet. I think they realize that one more than anything else
because it [cast iron skillet] maintains that heat for such a long period of time.
Sharon believed her job was to prepare students for life beyond high school. She said,
Our job in high school is to move these students to the next stage in their life. Whether it
be a mechanic, whether it be going on to college, you know, being some kind of
professional. That to me is my job, and I do take that very serious. I do.
Sharon was very passionate about her belief that the science content would be important
throughout her students’ lives.

Question 3. The third question asked what additional information Sharon knew about
thermal energy that she might not have taught her students. This was a difficult question for
Sharon. Her responses involved taking the content “deeper” or “to a higher level.” Although she
taught her students to calculate the change in temperature, she said she did not teach them “the
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amount heat of energy needed to change the phases [states of matter].” Sharon also related what
she taught to her students’ abilities. She said,
I don’t know, I guess take it to a higher level, and you can’t always take it to that higher
level because of the abilities of your students. As with class, it’s an inclusion class, and
what I would expect out of my other students to convert energy to heat. I can’t hardly do
that in this class. I’m doing good to get the Q=mC change in T for all of them to
understand that.

Question 4. This question asked what difficulties or limitations were associated with
teaching thermal energy. Most of what Sharon reported as difficulties of limitations was on the
students’ behalf. Sharon first cited the difficulty of physics and students’ negative feelings
toward physics. In addition, her seniors were a motley group. Some had what she described as
“senioritis” and others would not bring their calculators to class. She felt that her students “don’t
see the importance of that right now.” Sharon also said that her students lacked motivation and
that they “just do enough to get by.” She felt that she could not compete with her technology;
she said, “I can’t compete with their cell phones and I can’t compete with play station. I’m not
as entertaining as a play station.” Math skills, especially order of operations, were a major
concern for Sharon. She said, “Our school, the last subject a lot of times for them to pass on the
grad[uation] exam is basic math and I think physics, that’s the one thing I try to emphasize in
here is trying to do the math.” Sharon thought her students’ struggles came from the push to
incorporate technology. She said,
I think we are making life so simple and everything like that and not saying that
calculators are bad. I do depend on one and I do believe that we are being so pushed and
shoved to do technology. Even our science and motion labs are taking so much thought
out. GLXs, they [students] can’t read a thermometer.
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Sharon was very passionate about her teaching and because she was, she became frustrated. She
said, “It’s very frustrating! We have to have some math in physics . . . we’ve got to have some
math!”

Question 5. The fifth question asked what Sharon knew about her students’ knowledge
that influenced her teaching of thermal energy. Each time Sharon answered this question, she
referred to what she knew about the students and not necessarily what she knew about their
knowledge. Although Sharon misinterpreted the question the first time, she kept hearing it and
responding the same way after some discussion with the researcher.
Sharon felt that she knew her students very well. She knew their strengths, weaknesses,
and limitations. She said, “I’m fortunate, I teach in a 2A high school. I’ve taught some of these
kids three years. I know what their limitations are, and I also know whether or not I can expect
more out of them.” She was familiar with students’ Individualized Education Plans (IEPs), math
and reading abilities, ACT scores, plans after high school, and which students had not passed the
graduation exam. Sharon attributed this awareness to be a benefit of teaching in a small school.
From this knowledge, she recognized when students needed motivation and how high she could
raise the achievement bar in her classroom.

Question 6. This question inquired if there were any other relevant factors that
influenced Sharon’s teaching of thermal energy. Sharon used the state course of study as her
guide for planning purposes. She planned her lesson with two groups of students in mind:
college preparatory and vocational track. She mentioned again that she used real life examples
to capture students’ interest. Also, Sharon preferred to use supplemental resources from the
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Internet in replacement of the science textbook. She thought the students liked that better
because they put more effort into their work.

Question 7. The seventh question asked if Sharon used any specific teaching strategies to
teach thermal energy and why she chose to use those strategies. Sharon stressed that she was a
“firm believer in problem-solving strategies.” By problem-solving strategies she meant working
math equations such as calculating specific heat. She said she always tried to incorporate the
minimum math. Sharon said she used guided practice and worksheets. Sharon had trouble
naming her teaching strategies besides problem-solving strategies and asking open-ended
questions. She said, “I thought I used them yesterday, I mean I thought that doing the work with
them, putting the problems on the board, uhm, discussing the variables and the problems,
manipulating the equations.”

Question 8. The final question sought to find out how Sharon ascertained students’
understandings or confusion surrounding thermal energy. Sharon asked students questions every
day and had her students apply the concepts in a laboratory investigation. She said,
I think when you ask them everyday questions, I do, and you know like tomorrow when
we do our lab I’m hoping that they are going to grasp the concepts that I have two
substances and I mix a hot one with a cold one and you know I’m going to heat the
system up.
Sharon also mentioned that she gives quizzes and tests. Additionally, she observed whether they
understood the concept during lab, she said,
I think that when we talk to them because I did use the probes that we used in our
PS/CPD program (pseudonym) and when you ask them which one heats up the fastest,
they’re ok, they’ll tell you. If you ask them then to quantify, they have difficulty in that,
and then there again that goes back to math.
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Science Teacher Efficacy and Belief Instrument-A (STEBI-A). Sharon took the STEBI-A
questionnaire on three occasions: at the first PS/CPD institute day, during the week of classroom
observations, and at the last PS/CPD institute day. STEBI-A included two scales: Personal
Science Teaching Efficacy (PSTE) and Science Teaching Outcome Expectance (STOE). The
PSTE scale possible score ranged from 12 to 60, and the STOE scale possible score ranged from
13 to 65. Both Sharon’s PSTE and STOE scores rose slightly from the beginning to the end of
the PS/CPD program. Both scores reached their low on the middle measurement. Her PSTE
scores were very high: she scored 61 on the first measurement, 57 on the second, and 63 on the
third. Her STOE scores were not as high, but more mid-range: she scored 41 on the first
measurement, 39 on the second, and 42 on the third.

Reformed Teaching Observation Protocol (RTOP). The RTOP instrument contains
several sections: (a) general lesson information about the topic, location, and time of the lesson;
(b) contextual background information; (c) salient observations; and (d) the Likert-type scale
rating the observation based on characteristics of reformed teaching practices. Only the Likerttype scale is reported in this section, as the classroom observation and contextual background
information was reported above. Sharon was observed with the RTOP instrument while teaching
six classes of physics: three classes were conceptual physics and three classes were advanced
physics. Sharon scored higher in the advanced physics class because she used a more studentcentered lab. On days 1 and 3, Sharon used more teacher-centered and traditional teaching
methods. She gave notes, worked guided problems on the board, and assigned seatwork to
students. The conceptual physics course was more teacher-centered, as indicated in the RTOP
scores in Table 3, than the advanced physics course.
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Table 3
Breakdown of Sharon’ss RTOP Scores per Section

Advanced Physics
Lesson Design and Implementation
Content- Propositional Knowledge
Content- Procedural Knowledge
Classroom Culture- Communicative Interactions
Classroom Culture- Student/Teacher Relationships
Total
Conceptual Physics
Lesson Design and Implementation
Content- Propositional Knowledge
Content- Procedural Knowledge
Classroom Culture- Communicative Interactions
Classroom Culture- Student/Teacher Relationships
Total

Day 1

Day 2

Day 3

6
12
4
6
6
34

8
14
8
9
11
50

6
12
4
6
6
34

4
11
5
6
11
37

7
12
5
5
6
35

4
9
2
1
6
22

Students completed seatwork most of the time with Sha
Sharon
ron circulating to help them work thermal
energy problems.
oblems. Additionally, Figures 2 and 3 visually show Sharon’ss stronger and weaker
areas per day in each class.
Lesson Design and
Implementation

16
14

Content- Propositional
Knowledge

12
10

Content- Procedural
Knowledge

8
6
4
2
0

Day 1
Total 34

Day 2
Total 50

Day 3
Total 34

Sharon’s advanced physics class.
Figure 2. RTOP scores in Sharon
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Classroom CultureCulture
Communicative
Interactions
Classroom CultureCulture
Student/Teacher
Relationships

16

Lesson Design and
Implementation

14
12

Content- Propositional
Knowledge

10
8

Content- Procedural
Knowledge

6
4
2

Classroom CultureCulture
Communicative Interactions

0

Day 1
Total 37

Day 2
Total 35

Day 3
Total 22

Classroom CultureCulture
Student/Teacher
Relationships

Figure 3. RTOP scores in Sharon
Sharon’s conceptual physics class.

nowledge (PCK) Rubrics. The PCK Rubrics instrument was
Pedagogical content knowledge
composed of four sections: (1) content knowledge, (2) student thinking, (3) science teaching
knowledge, and (4) professional development, collaboration, and leadership roles. The rubric
was applied to data from the interview CoRe matrix, observation, and the Demographic
Background Questionnaire.. The overall rubric score ranged from 4 to 16.. Overall, Sharon
scored a 9 out of 16 on the rubric
rubric, indicating that her PCK level was emergent.
In the content knowledge category, Sharon scored a 3,, or “competent.” Her “responses
and actions show
w a solid content knowledge of the science concept
concept,”” and the “language used was
scientifically accurate, descriptive, purposeful, and useful.” During observations, Sharon was
very competent in her instruction of the content. She taught the content accura
accurately,
tely, worked
mathematical problems for students, and provided useful experiences to help students grasp the
content. In the student-thinking category, Sharon scored a 2 or “emergent.” The “emergent”
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label was applied because she showed “a partial understanding of the way students think.” She
set “some appropriate learning goals for the students.” Although Sharon tried to connect the
science content to students’ interest through relevant examples, she did not design her lessons to
help students scaffold new knowledge on their prior knowledge or address student
misconceptions around the content. In the science teaching knowledge category, Sharon scored a
2 or “emergent.” As described, she “showed a partial understanding and knowledge of a way to
represent the teaching of a specific science topic that led to student understanding.” Sharon
taught in a very traditional style. Sharon did not use contemporary, research-based teaching
strategies. She lectured, used repetition in working specific heat problems, and selected
cookbook style labs for students to complete. In the professional development, collaboration,
and leadership roles category, Sharon scored a 2 or “emergent.” Although, Sharon participated
in several professional developments opportunities, there was not enough information to indicate
collaboration or leadership roles. In addition, the other part of the description was found to be
accurate; “the teacher’s responses and actions indicated limited reflective practice by trying to
improve the quality of the students’ learning experiences.”

Michael
Background experience. After completing his Bachelor’s degree at a research university
and his teaching certification in general science at a baccalaureate college, Michael taught for 20
years. Although Michael went through a university teaching certification program, he did not
recall taking a science methods course. He recalled completing several undergraduate science
courses in biology, chemistry, physics, and earth science. Additionally, Michael took a few
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Master’s level courses in science teaching methods, marine science, and chemistry, but he chose
not to complete the Master’s degree.
Even though Michael had the lowest degree, he participated in the most professional
development among the sample teachers. He participated in a state science training initiative for
7 years, a chemistry and physics university program for 4 years, a physical science program for 2
years, a sea lab course, and the NASA space camp. During his 20 years of teaching, Michael
taught physics, physical science, biology, chemistry, and anatomy. He taught in both middle and
high school. Michael taught physical science and participated in the PS/CPD program during the
2010-2011 school year.

School setting. Michael taught in a county school located approximately an hour south of
the university. The school was classified as a rural high school with an enrollment of
approximately 388 (NCES, 2011). Out of 388 students, 96.1% were African American, 2.8%
were Caucasian, and 1% were Hispanic. About 51% of students were male and 49% were
female. Michael’s school was located in a low-income area, with 86.5% of students qualifying
for the state’s free and reduced lunch program.
During the observation week, the researcher explored the school building to get a better
idea of the school setting. The building was older and very institutional looking. The fixtures
were older, mismatched, and in need of repair. The school was very spread out with wings, most
of which were add-ons. The classrooms were organized by content area. Michael had a science
teacher colleague across the hall from him. There were indoor and outdoor hallways between
and around the wings. There were some sitting areas, snack machines, and drink machines
outdoors. The machines had bars and padlocks around them. Still, the school felt safe.
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The school system went through reorganization a few years prior ago; two high schools
were combined in this building. The classrooms seemed adequate in size for the number of
students enrolled. The hallways were filled with sound escaping the classrooms. Michael added
that administrators had asked teachers to keep their classes quiet because sounds traveled so well
through the halls. Specifically, they asked Michael to not conduct lab activities.

Classroom context. Michael’s classroom was organized with half of the desks on each
side of the room facing the center. Michael had a desk in the front and the back of the
classroom. He had an area of the room designated as the front with a whiteboard and a lecture
podium. There was no lab space in the classroom. The floors were tile and the walls cinder
block. Michael decorated the classroom walls with science posters.
Because Michael did not have any lab tables, students had to move their desks to get into
collaborative groups. If Michael needed to, he could take his students to another classroom that
had a lab in it. There was not much science equipment in Michael’s classroom, but he had his
own collection of items from the different professional development classes in which he had
participated.

Student context. There were 19 students enrolled in Michael’s physical science class, but
no more than 17 were present each day. Most students were in the 10th grade, but Michael noted
a few were repeaters and most had not passed the graduation exam. All of Michael’s students
were African American, with 10 students being male and 9 being female. Michael’s students
had a very low work ethic. They required a lot of encouragement and coaching during individual
and collaborative learning activities.
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Physical Science Continuous Professional Development (PS/CPD) Institutes. The
PS/CPD Institutes took place in the fall and spring semesters of the 2010-2011 school year.
Institutes were offered on two Fridays each semester. The content covered through the 20102011 school PS/CPD institutes included density, Archimedes Principle, Boyles Law, thermal
energy, Newton’s Second Law of Gravity, air resistance, acceleration of gravity, circular motion,
and rotational inertia. Teachers participated in interactive lectures, demonstrations, laboratory
investigations, and collaborative learning. Participants received professional development credit
and science technology to use in their classroom for their participation in the PS/CPD program.

Attendance and participation. Michael was in the PS/CPD program for the third
consecutive year. In year three, he attended all four professional development institute days.
Michael actively engaged in all activities, taking the lead in collaborative group investigations.
As he worked through each experiment, he asked questions of the physics professors to get a
deeper understanding of the concepts. In talking with the physics professors, Michael discussed
how he could make modifications to use the labs in his class context. Michael had plenty of
experiences with the content due to his time in the classroom, but he formed new ideas of how to
teach the content by incorporating technology and the idea of teaching for conceptual change.

Classroom observations. Michael was observed during four classes of sophomore level
physical science. Each class was approximately 80 minutes long. Michael kept the students in
his traditional classroom and did not use the laboratory space across the hall. During the week of
classroom observations, Michael taught electricity. Although electricity was not one of the
topics covered in the third year of the PS/CPD program, Michael had experienced this in year
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two of the program. Due to the scheduling of observations, this topic was what Michael needed
to teach at the time. Michael taught electricity in the context of electronic devices and
completing circuits. He used his own materials and methods for teaching electricity, but brought
in several analogies and ideas from the PS/CPD program. Three major themes emerged through
the coding of observation data: rapport and student issues, varied instruction, and effect.

Rapport and student issues. Michael taught with excitement and passion in his voice,
although his students were difficult to engage. Respect for Michael’s authority was evident, but
not between the students or for the students toward themselves. Students slept, acted in defiance,
were confrontational with one another, and were apathetic toward learning. Michael commented
that many students stayed in school until they were old enough to drop out or simply so they
could collect government assistance for their family.
Students did not always exhibit these behaviors. When they were engaged in problem
solving, troubleshooting, and collaborative activities, behaviors and attitudes improved. This is a
consistent finding with using inquiry instruction as behavior management; teachers use “nondiscipline,” meaning students are so engaged in their learning they do not act out (BouwmaGearhart, 2012).

Varied instruction. Michael used multiple teaching strategies and best practices each
day. Michael began lessons by providing students with a purpose and/or a review through
questioning. He informally related new ideas to prior knowledge through the use of relevant,
historical, and practical examples. Michael helped his students see the importance of learning by
exposing them to real-life instances and demonstrations such as power plants, smoke detectors,
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batteries, doorbells, and reliance on electricity. Michael talked to students about misconceptions
they held and tried to help them change their ideas. He provided students with analogies and
models to scaffold their learning.
Michael employed both teacher-centered and student-centered instruction. Michael
lectured, but he made it interactive. He demonstrated concepts and asked students questions
while talking about the science content. Michael used what he called “hands-on activities” that
were more student-centered, and he acted as a facilitator. Examples of hands-on activities
observed include constructing simple circuits, exploring pathways of electricity, and constructing
series and parallel circuits on circuit boards. While students were working collaboratively,
Michael would move between groups asking questions. When students asked Michael how to do
something, he returned their inquiry with questions that led them to figuring out their original
question. Students were somewhat frustrated by the leading from Michael and thinking on their
own, but they were very excited when they were correct. Michael positively reinforced his
students’ excitement by celebrating the small gains in knowledge with the students.

Effect. Although Michael employed a variety of teaching strategies and best practices,
his teaching was not as effective as it could have been. This could be attributed to three
possibilities. First, when Michael provided relevant examples of the attraction of opposite
charges and the repulsion of like charges during the introductory lesson, he used non-parallel
examples. He showed students attraction and repulsion with static electricity and magnets.
When Michael tried to use an analogy, he may have lost or offended some students. He
compared the attraction and repulsion to gender relationships. He asked, “Do boys like girls? Do
boys like boys? Do girls like girls?”
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Second, Michael taught many ideas about electricity in one day and proceeded to review
this information each day and then apply the concepts through lab activities on subsequent days.
This could contribute to the ineffectiveness of the lesson Michael designed. He seemed to have
the correct conceptions and PCK about how to teach electricity, but the design of the lessons did
not lead to conceptual change in the minds of students. Although students explored, problem
solved, and learned through collaborative, hands-on activities, the formal presentation of ideas
by Michael still exceeded the power of students’ investigations.
Third, there seemed to be a wall between Michael and the students. There was respect,
but still a barrier of sorts. The barrier seemed to be racial tension or a generation gap. Michael
was a middle-aged, White authority figure and his students were all young African Americans.
As much as Michael tried to build rapport with his students through interactions, they never
seemed to warm-up to him.

CoRe Interviews. The CoRe interview was used each day after Michael was observed to
capture his thoughts about the lesson he had just taught. The researcher asked Michael to review
and add explanation to the interview when needed. Michael did not make any changes.

Question 1. The first question asked what Michael what he wanted students to learn from
what he taught each day. Michael taught lessons on electricity during the week of observations
and interviews. He had a main content goal each day, but sequenced the content to build on the
students’ previous understandings. Initially, Michael’s main goal was for students to understand
the interactions of electrical charges, like charges repel and opposite charges attract. This
understanding of electrical charges led to students’ understanding the flow of electricity, the
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inner workings of dry and wet cells, and Ohm’s Law. Once students understood those ideas,
Michael wanted students to understand how to complete an electrical circuit. Michael described
the process of progressing students understandings by saying, “This was sort of a culmination of
the little demos, trying to make dry cells, so that they could pull it all together where they could
see where we can make circuits.”

Question 2. This question asked about the importance for students of knowing about
electricity. Michael believed that knowing about electricity could keep students safe, lead to a
career, understand how games work, or simply lead to understanding the content for his class.
Michael thought it was important for his student to learn problem-solving skills. He said, “Well,
when we start doing the little circuit boards, they are going to need to be able to trace the current
flow so, if the light doesn’t come on they can figure out where their problem is.” Michael placed
the most emphasis on making the science of electricity relevant to the students. Michael
elaborated, “I think it’s important for them to know this because it relates to the real world. They
use dry cells in all their little games; uh, we have batteries in cars. They need a working
knowledge of it.” Michael also thought it was important for students to understand safety
hazards; he said, “You get a storm and there is a power line down, you don’t need to go up there
and grab it. They need to realize that there is still current flowing through it.”

Question 3. Question 3 asked what else Michael knew about electricity that he might not
have taught his students. Michael struggled to articulate an answer to this question, although, it
was evident through his shared wisdoms and experiences that he knew more about electricity
than what he was teaching. Also, Michael interpreted this question to mean he was “hiding
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things from them” by admitting he did not teach his students everything he knows. Each day,
Michael answered this question the same, but in different phrasing. For example, Michael said,
I try to . . . I try to tell ‘em all I know whether they remember it or not. Like, I was trying
to get them to understand, where does electricity come from? Do we pile it in the wall
and it comes out as we use it? But they have no idea. Um, no, I try to teach them
everything I know as far as I think they can handle it.
Michael considered one area he did not discuss with students. He replied,
I’ve hidden so many things from them, that’s it . . . [Michael laughs briefly]. The only
thing I can really think about could be electronics, and I haven’t gone into electronics
with them because they are having trouble with this. So, I mean, not that it’s that much
more complicated, I just wouldn’t want to get to it until they had some mastery of this,
and the electronics this is the only think I can think of.

Question 4. This question asked about the difficulties or limitations to teaching
electricity. Michael cited several difficulties or limitations. Through coding the data, the
following themes emerged: students’ difficulty visualizing and connecting models to science
content, students’ low reading comprehension and math skills, students’ lack of confidence, and
students’ lack of hands-on science skills. Michael explained,
Really I think the limitations, the difficulty is coming from the students lack of
confidence, lack of not having done anything physically with their hands. Something
simple like this wiring, measuring, they just don’t have any hands-on skills. That holds
them back. They won’t try anything. I heard some of them over there saying I quit, I
quit. You know, well ok. I can’t make you do anything. All I can do is grade your sheet
when you give it to me. I can’t make you learn it. They have low or no expectations, no
hands-on skills, and their math skills are very limited.
Michael had many frustrations to express concerning teaching his students; however, he did not
consider any difficulties or limitations on his side as their teacher.

Question 5. Question 5 asked what Michael knew about the students’ knowledge that
influenced his teaching of electricity. Michael admitted that he did not know much about their
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content knowledge, and that he had not tried to find out by looking at records. Michael
discussed his assumptions:
I basically assume that they know nothing, that they are blank slates. I start from the
ground up and build on it. Tomorrow, we will go back over some of what we did today
and move on to the next thing. [I’m] gradually just trying to build on it.

Michael did make general observations about his students: “They don’t have a lot of motivation.
Their reading skills are poor, and you saw that some of them don’t even really care to be here.”
Michael pondered more about his knowledge of his students and their past; he said,
I really know very little, but I assume that they have done nothing as far as in the manner
of labs, have had very little hands-on experiences, just little activities. So, I assume that
they know nothing like a blank tablet and I can start writing on it. You know, I don’t
know what they do when they go home. They go walk up and down the street, play video
games, what is their life like? I don’t know, and I don’t know where they live.
Michael felt justified in his claims based on his observations of the students. He explained,
Really, by watching them do this little thing (wiring a battery a light bulb activity) today,
it sort of validates what I’ve been thinking that they really don’t know anything. You
know, along the lines of this concept, they don’t know anything. Nobody has done
anything. They are just flabbergasted by stuff. I think that is really what influences the
way I teach, to dummy it down, break it down, and start trying to put it back together.
That’s what influences me, like when they made the one light come on, they got excited
about it. I’m thinking, let’s move on to the next one that is a little harder, and they are
just happy to look at that one little light bulb burn.

Question 6. This question aimed to find out if Michael identified any other relevant
factors that influenced his teaching of electricity. Michael talked a lot about the many
professional development workshops of which he had been a part. He claimed that those
professional development workshops helped build his science knowledge and that he learned
from them how the science was taught. He meant that he modeled his instruction after what he
had seen in workshops. Michael referenced several teaching practices that he had observed
through the PS/CPD program. Michael said,
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Yeah, PS/CPD, really . . . it has helped out. In fact, one of the things I was working from,
Dr. Sunal gave us. You know about what students bring to class with them, the barriers,
and their prior knowledge. Somebody told them something and it was wrong, but they
believed it.
Michael also referenced models such as the fluid analogy model he was exposed to through
PS/CPD. Michael used this model teaching the flow of electricity to his students.

Question 7. Question 7 asked if Michael planned to use any specific teaching strategies
and what reasons he had for using those strategies. Michael emphasized the use of hands-on
activities, models, and relevant connections. He felt that “students are more involved with
activities than other methods like lecture and discussion.” Prior to letting students attempt a
hands-on activity, Michael shared models with them and asked them to create a schematic
diagram first. To make connections between the content discussed in class and the content used
in the real world, Michael brought in a disassembled smoke detector; he said, “I was trying to
show them what we were talking about, what we looked at is out there in the real world.

Question 8. Question 8 asked if Michael used any specific way of ascertaining students’
understandings or confusions surrounding electricity. Michael did not reference any formative
or summative assessments, but stated he could tell if students “got it” from their verbal responses
to his questions, discussions in groups, and the looks on their faces. Michael also said that the
successful creation of a circuit was evidence of their understandings. He said, “To me, their
understandings came from when they wired it correctly and the light came on. That gave them a
visual reinforcement--hey I did it right!” Michael vaguely mentioned that he only knew if they
were confused if they asked for help.
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Science Teacher Efficacy and Belief Instrument-A (STEBI-A). Michael took the STEBIA questionnaire on three occasions: at the first PS/CPD institute day, during the week of
classroom observations, and at the last PS/CPD institute day. STEBI-A included two scales:
Personal Science Teaching Efficacy (PSTE) and Science Teaching Outcome Expectance
(STOE). The PSTE scale possible score ranged from 12 to 60, and the STOE scale possible
score ranged from 13 to 65. Michael’s PSTE score was high; he scored 56 on the first
measurement, 60 on the second, and 55 on the third. Both Michaels’s PSTE and STOE scores
fluctuated. As the PSTE rose on the middle measurement, the STOE declined. His STOE scores
fluctuated from 44, to 42, and to 45, respectively.

Reformed Teaching Observation Protocol (RTOP). Michael’s RTOP scores were lower,
as shown in Table 4.

Table 4
Breakdown of Michael’s RTOP Scores per Section

Conceptual Physics
Lesson Design and Implementation
Content- Propositional Knowledge
Content- Procedural Knowledge
Classroom CultureCommunicative Interactions
Classroom CultureStudent/Teacher Relationships
Total

Day 1

Day 2

Day 3

Day 4

5
10
7

6
8
3

6
8
3

6
11
6

4

6

6

9

7

5

5

5

33

28

28

38

Out of the four days he was observed, days 1 and 4 were slightly higher. This was due to the
small amount of student discovery learning Michael built into the lessons. On day 1 students
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were to discover how to make a bulb light up with connectors, battery, and a light bulb. Then,
on day 4,, students had to construct parallel and series circuits.
Generally speaking, Michael
Michael’s “Content- Propositional Knowledge” was the highest
score and “Content-Procedural
Procedural Knowledge” was the lowe
lowest
st score, as shown in Figure 4.
4

16

Lesson Design and
Implementation

14
12

Content- Propositional
Knowledge

10
8

Content- Procedural
Knowledge

6
4

Classroom CultureCommunicative Interactions

2
0

Day 1
Total 33

Day 2
Total 28

Day 3
Day 4
Total 28 Total 38

Classroom CultureStudent/Teacher Relationships

Figure 4. RTOP scores for Michael
Michael’s conceptual physics class.

Michael struggled to select appropriate pedagogical strategies, although, he understood the
science content. On days 2 and 33, when students were not working in collaborative groups, the
th
“Classroom Culture-Communicative
Communicative Interactions” scores were low. Even though Michael
attempted to show rapport between him and his students, there still seemed to be a classroom
culture divide, which can be seen in the low “Classroom Culture
Culture-Student/Teacher
Student/Teacher Relationships”
score. Day 1 was a little higher, but students were excited to be engag
engaged
ed in the discovery
activity.
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Pedagogical content knowledge (PCK) Rubrics. The PCK Rubrics instrument was
composed of four sections: (1) content knowledge, (2) student thinking, (3) science teaching
knowledge, and (4) professional development, collaboration, and leadership roles. The rubric
was applied to data from the interview CoRe matrix, observation, and the Demographic
Background Questionnaire. Overall, Michael scored 9 of 16 possible points, which indicated
that his PCK level was emergent.
In the content knowledge category, Michael scored a 3, or “competent.” His “responses
and actions show a solid content knowledge of the science concept,” and the “language used was
scientifically accurate, descriptive, purposeful, and useful.” Michael’s instruction was reflective
of his content knowledge being adequate. His explanations of content were accurate during
observation. In the student thinking category, Michael scored a 2, or “emergent,” meaning “the
teacher’s responses and actions show a partial understanding of the way students think. Some
appropriate learning goals were set for the students.” Michael tried to teach in a way that his
students could understand, but what he knew about student thinking was general. During an
interview, Michael said he knew very little about his students or their content background and
abilities. In the science teaching knowledge category, Michael scored a 2, or “emergent,”
meaning his “responses and actions showed a partial understanding and knowledge of a way to
represent the teaching of a specific science topic that leads to student understanding.” As
discussed previously, Michael had an idea of how students thought and how students should
learn science, but his ideas were not specific to his students and their needs. During
observations, Michael was incorporating many teaching strategies he learned through
professional developments, which evidenced that he is emergent in his thinking about science
teaching knowledge. In the professional development, collaboration, and leadership roles
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category, Michael also scored a 2, or “emergent,” meaning “the teacher’s responses and actions
indicate limited professional development, collaboration or leadership roles. The teacher’s
responses and actions indicate limited reflective practice by trying to improve the quality of their
students’ learning experiences.” Although Michael participated in many types of professional
development, he was not a teacher-leader and he did not collaborate with other teachers. His
reflection on his practice was limited to only what he could control. Michael had a sizeable
deficiency in knowledge about his students’ learning needs.

Sandy
Background experience. Sandy taught science for 17 years. She completed both
Bachelors and Master’s degrees in general science from a public, Master’s level university.
Sandy took several undergraduate and graduate science courses in biology, physics, and
chemistry. Sandy also took a science teaching methods course in her Master’s program. She
taught both middle and high school courses such as chemistry, physics, life science, physical
science, and environmental science. At the time of observation, Sandy taught eighth grade
physical science. Through her years of teaching, Sandy participated in only one type of
professional development, which was a state program that provided curricular training and
supplied classroom materials in chemistry and physics.

School setting. Sandy’s school was approximately three hours southeast of the
university. The school was part of a county system and housed preschool through 12th grade.
The school was classified as rural (NCES, 2011). The grounds were fairly interesting. The
building was positioned right on a highway and built on the site of a historic college.
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Additionally, there was a large fighter jet on the front lawn of the school. The school building
housed over 800 students. It was older, but had additions from student body growth. Sandy
noted that students would transfer in from a nearby, urban county. The school building was in
working order, but Sandy added that there had been problems with leaks and floods in the past.
A flood had ruined a classroom; this put the class in her lab room and limited her use of the lab.
She also mentioned that technology was very outdated and limited throughout the school.
The reported population for the 2010-2011 school year was 839 students. There were
435 male students and 404 female students. The majority of students were Caucasian (71%) or
African American (28%). Less than 1% of the student population was Hispanic or Asian.
Although the demographic percentages were different at this school, most of the student
population (95.7%) qualified for the state’s free or reduced lunch program, indicating a high
level of poverty in this rural area.

Classroom context. Sandy’s classroom was a typical rectangular classroom with cinder
block walls and tile floors. The room was not decorated with science posters and most areas
were being used for storage of supplies. There were student desks, but no lab tables. Sandy had
a separate lab space, but another teacher was assigned to the room. The student desks were
facing the front of the classroom where the whiteboards were. Sandy had gathered several
makeshift storage compartments, but the room had a great need for storage. Sandy’s desk was
on the left side of the classroom near the door. Her desk had the only computer in the room,
which was very old and slow.
Sandy’s classroom was not conducive to collaborative group work or conducting
laboratory investigations. Sandy noted that she had not had access to her lab space in a long time
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because of water damage to another classroom. The teacher whose room was flooded was using
Sandy’s lab room. Any science activities or labs she conducted were done through
demonstration, outside, or at student desks pulled together.

Student context. Sandy taught approximately 125 students during the 2010-2011 school
year. The 31 students in Sandy’s eighth grade physical science class were very active. She had
14 Caucasian females, 5 African American females, 9 Caucasian males, and 3 African American
males. Many of the students played sports, and Sandy used this knowledge of her students when
she was teaching. The students required moderate demand by Sandy before they would get to a
task, which tested her classroom management and discipline.

Physical Science Continuous Professional Development (PS/CPD) Institutes. The
PS/CPD Institutes took place in the fall and spring semesters of the 2010-2011 school year.
They were offered on two Fridays each semester. The content covered through the 2010-2011
school PS/CPD institutes included density, Archimedes Principle, Boyles Law, thermal energy,
Newton’s Second Law of Gravity, air resistance, acceleration of gravity, circular motion, and
rotational inertia. The participants participated in interactive lectures, demonstrations, laboratory
investigations, and collaborative learning. Participants received professional development credit
and science technology to use in their classroom for participation in the PS/CPD program.

Attendance and participation. Sandy attended three out of four professional development
institutes. Due to inclement weather, she was not able to travel to one of the institutes. Sandy
accessed the materials from the institute she missed from the PS/CPD website.
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At the three institutes she attended, Sandy was very involved in the learning activities.
She worked alongside other science teachers, not necessarily as a leader, but as a problem solver.
She had a stronger physics background as a general science major in comparison to the others,
who were biology majors, but she still wanted to improve her physics content knowledge. Much
of the content was more in-depth than what she would teach in her eighth grade physical science
class, but she utilized a lab activity, a demonstration, and some of the examples from the institute
during class discussions. Being that Sandy had to conduct lab activities in her small classroom
space with regular desks, she mainly used the institute materials to supplement her usual regimen
of traditional instruction in teaching Newton’s second law.

Classroom observations. Sandy was observed during four, 55-minute physical science
classes. Sandy conducted science activities in her traditional classroom; although, she had a
laboratory classroom, another teacher occupied it. Sandy taught lessons on Newton’s Second
Law of motion at the time of observation. She began this content the week prior to observation.
Students took notes from a slideshow presentation the week prior, and they participated in
activities, demonstrations, vocabulary foldables, and mastery worksheets during the week of
observation. Three themes emerged from observational data in Sandy’s classroom: traditional
instruction, rapport between teacher and students, and incorporation of PS/CPD materials.

Traditional instruction. Over the four class days, Sandy used predominantly teachercentered instruction. She emphasized vocabulary to students and had them individually
construct a foldable to write their words and definitions in. She used mastery worksheets,
vocabulary puzzles, and “book work” for students to apply their knowledge of Newton’s Second

86

Law. Sandy lectured and gave slideshow notes to students prior to the observations, but she held
review discussions each day of observation, before having students complete seatwork. The
seatwork was not only about Newton’s Second Law, but included ideas from the first and third
laws as well. Students were a little confused by this, but Sandy reassured the students they could
find the answers in their textbooks.

Rapport. Sandy’s students were chatty, and she was concerned about their behavior
while having a researcher present. Her students were actually well-behaved when she asked
them to be, but were just typical eighth graders. During instruction, Sandy made reference to
students’ interests such as sports and amusement parks and connected them with her instruction
of Newton’s Second Law.

Incorporation of PS/CPD materials. Even though Sandy instructed predominately with
traditional methods, she incorporated new ideas she gained through the PS/CPD institutes. Her
students generally struggled with algebraic equations, but Sandy taught them how to calculate
force and to solve for each variable. She used an activity from the PS/CPD program that
consisted of dropping a ball down approximately 30 feet in the stairwell to calculate acceleration
due to gravity and velocity. Sandy used this investigation to teach her students the importance of
conducting multiple trials, experimental design, and calculating velocity and acceleration.

CoRe interviews. The CoRe interview was used each day after Sandy was observed to
capture her thoughts about the lesson she taught. Sandy was consulted to review and add
explanation to the interview. She did not need to make changes.
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Question 1. The first question asked Sandy to explain what she intended for her students
to learn from her lessons on Newton’s Laws of Motion. As Sandy began the interview process,
she had difficulty explaining and providing rationales for her decisions. As she grew
accustomed to talking and being recorded, this improved. On the first day, Sandy explained that
she intended students learn what the state course of study required and what the textbook
discussed. She said,
The course of study has students identify Newton’s three Laws of Motion including
inertia, acceleration, momentum, friction, action, reaction, uhm, last chapter and I know
most folks don’t do chapters, but uhm you have momentum and acceleration. So, they
want them, different authors, different ways. This is part of the reason that we are doing
this. These children are never going to have to take the graduation exam and the
graduation exam has changed. So that’s not a reason, but uhm the concept today- trying
to get just through this first. Uhm, the fact that we don’t have to be constantly pushing
something to be moving.
For the remainder of the week, Sandy directed the lesson to teach Newton’s Second Law of
Gravity. She specifically wanted students to understand gravity and its value. She said, “I hope
we come up with a good value for gravity and the idea of that’s what controls the ball. I want to
use the distance formula we used at the [PS/CPD] workshop.” She also wanted students to see
the relationship between force, mass, and acceleration, specifically that “constant force produces
a different acceleration of mass.”

Question 2. The second question asked why Sandy thought it was important for her
students to know Newton’s Law of Gravity. At first Sandy jokingly commented, “I don’t guess
just the course of study is an adequate answer there.” She proceeded to explain, “It builds . . .
other things come from this. This particular group . . . is going to have this as seniors and they
will be taking physics.” Sandy gave these two examples each time she was asked the importance
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of knowing the content. She did not express any other relationships of why the content was
important.

Question 3. This question asked what else Sandy knew about Newton’s Laws of Gravity
that she might not teach her students. Compared to other participants, Sandy had a much better
idea of what content she would and would not teach her middle school students concerning
Newton’s Laws. She explained that there was no need to teach satellite motion, other
fundamental forces, planetary motion, Newton’s accelerated kilogram, or any of the calculusbased physics she experienced in college. Sandy also felt as though this question had a negative
connotation like she was keeping information from her students; she said,
This question is always difficult. It sounds like I would keep from sharing something
from them. I mean I did tell them about the Newton’s accelerated kilogram, but I don’t
expect them to remember it very long. Dimensional analysis was touched on, but I won’t
assess that.
Sandy also gauged how much math the students could handle. She felt that she could push one
class further than the others.

Question 4. This question concerned difficulties and limitations to teaching Newton’s
Laws of Gravity. Sandy had multiple difficulties and limitations, most of which she attributed to
acquiring materials or lab space. Sandy was also humble in her reply, explaining that it could be
her PCK that was lacking. Sandy replied with a long list:
Not having enough examples, not feeling like I understand it well enough I guess. Uhm,
but I stand in front of a group; I forget what I wanted to say. Uhm, forget what I knew on
a piece of paper. You know, the multiple-choice thing, It’s easy, but trying to get them all
the background you know they haven’t had all the same teachers all the way through,
Uhm, I think they will really like the activity on the stairs because we don’t really get to
do a lot of activities. Our lab is just a room with some tables. Right this minute because
of the upstairs flood, uhm, the math teacher is over there. Space is a problem.
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Question 5. Question 5 asked what knowledge Sandy had of her students’ knowledge
that influenced her teaching of Newton’s Laws. Sandy discussed many attributes that she knew
about her students, but did not connect them to actual evidence or data, only what she observed
in class. She knew what her students’ interests were, and she used that information when
describing examples of content (e.g., relating to sports). Sandy also thought that gender related
to her students’ interests in science; she stated, “I think those girls think this is a boys subject,
they think they are supposed to be girly and frilly and don’t see it as pertinent to them.” Sandy
also was aware of her students’ math background based on who their teacher was. She
explained,
I know who they have for math. I know what they should be able to do as far as
manipulating variables and their algebra background here. They are not very old, but
over half the class feels comfortable moving the variables around.
Sandy displayed confidence in her knowledge of her students saying, “I know my students--I
know who plays what sports.” However, Sandy did not detail whether or not she had
investigated students’ abilities through data or evidence, just her observations and conclusions.

Question 6. The sixth question asked if there were any other relevant factors that
influenced Sandy’s teaching of Newton’s Laws. Sandy explained that there were other factors
that influenced her teaching, including the layout of her textbook, students having fun, and
students gaining hands-on experiences. Sandy liked to follow the textbook, she said: “Well, I’m,
the way them book is set up. They feel comfortable; they want to know where we are going.
This is the next thing.” Sandy also understood that students did not enjoy learning from the
textbook all of the time; she said,
I would like for them to have some fun. I realize that it’s not terribly interesting to be in
the book all the time. I am older than most people on this campus, and I was probably
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bored at some point, but I mean that’s how we did it. We sat down and we listened and
took notes. If we got to do a lab, we were grateful.
Sandy also noted the importance of hands-on activities, but the difficulty of finding supplies to
do so. She explained, “The push to do something hands-on comes from the lack of doing it
before, but every time we have started a new topic, I have scrambled to get things.”

Question 7. This question asked what specific teaching strategies and what reasons
Sandy had to use them when teaching lessons on Newton’s Laws. Sandy used very traditional,
teacher-centered teaching strategies. Although Sandy did not lecture during the week of
observations, she explained that she had already covered all three of Newton’s Laws through a
PowerPoint and lecture. For the week of observations, Sandy said that “now we are going back
to do the written work in the chapter.” Sandy relied heavily on worksheets and resources that
came with her textbook. She explained,
I’m not going to lecture, they’ve had the majority of the lecture. I’m going to remind
them, and question them, but not much because they’ve had the PowerPoint. This time
they took notes where they usually do the note-taking worksheet.
She did plan to focus on vocabulary and have her students construct a foldable. Sandy expressed
her desire to incorporate more hands-on activities, but never had enough materials. When she
tried to incorporate an activity, she explained,
Well it is going to be fairly guided and some hands-on. I don’t think we can do discovery
with one set up of it. They are going to do worksheets. I’m hoping it will be satisfactory,
that if I give them something that they will give me something back.

Question 8. Question 8 asked if Sandy had any specific ways to ascertain students’
understandings or confusion surrounding the science concept. For the most part, Sandy said she
would check the work her students submitted for completeness and accuracy. She also
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mentioned that she would listen to their discussions. Sandy explained that grading was her
primary method of checking student comprehension:
Well, I grade everything, so we’ll see what they come up with. I’m using this one, but it
won’t be on today’s concept. If they do the questions from yesterday on the 1st law and
this, I don’t think there’s going to be time for that one [shows a variety of textbook
worksheets]. I don’t know until we get into the middle of it and see how bumfuzzled
they are.
Although Sandy claimed that she received feedback “mostly” through listening to her students,
she did not really ask them any questions. Questions were actually mostly on paper worksheets
that she graded, but Sandy explained,
Mostly listening to them, I may get them to turn those in for a participation grade. If,
depending on how long we work with the numbers [from the ball drop activity in
stairwell], if they get through with the section review questions, I will give a grade for
that. They may not, it just depends. They’ve already taken the notes for the chapter. I
went through with a PowerPoint and highlighted what they should take down.
It was not obvious whether students actually understood that Sandy’s grades were meant as
feedback on their learning. Through Sandy’s explanation that seemed to be what she intended
her grading for.

Science Teacher Efficacy and Belief Instrument-A (STEBI-A). Sandy took the STEBI-A
questionnaire on three occasions: at the first PS/CPD institute day, during the week of classroom
observations, and at the last PS/CPD institute day. STEBI-A included two scales: Personal
Science Teaching Efficacy (PSTE) and Science Teaching Outcome Expectance (STOE). The
PSTE scale possible score ranged from 12 to 60, and the STOE scale possible score ranged from
13 to 65. Sandy had the lowest PSTE, but her STOE scores were similar to three of the other
participants. Sandy’s PSTE fluctuated across the PS/CPD program. She scored 41 on the first
measurement, 46 on the second, and 43 and the last.
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Reformed Teaching Observation Protocol (RTOP). Sandy received the second lowest
RTOP scores out of the five participants. As seen in Table 5, days 2 and 4 showed slightly more
reform than days 1 and 3.

Table 5
Breakdown of Sandy’s RTOP Scores per Section

Physical Science
Lesson Design and Implementation
Content- Propositional Knowledge
Content- Procedural Knowledge
Classroom CultureCommunicative Interactions
Classroom CultureStudent/Teacher Relationships
Total

Day 1

Day 2

Day 3

Day 4

4
7
1

6
10
5

3
7
8

11
8
5

6

9

4

7

10

7

9

9

28

37

31

40

On days 2 and 4, Sandy planned an interactive demonstration and a lab activity where students
collected and analyzed data. On the other hand, students worked on vocabulary words and
worksheets on days 1 and 2.
As seen in Figure 5, Sandy’s score on the RTOP subcategories fluctuated depending on
what and how she taught each day.
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Figure 5. RTOP scores Sandy’s physical science class.

Sandy weakest
Sandy’ss most reformed lesson occurred on day 4. During days 1 through 3,, Sandy’s
areas were “Lesson Design and Implementation” and “Content
“Content- Procedural Knowledge.”

nowledge (PCK) Rubrics. The PCK Rubrics instrument was
Pedagogical content knowledge
composed of four sections: (1) content knowledge, (2) student thinking, (3) science teaching
knowledge, and (4) professional development, collaboration, and leadership roles. The rubric
was applied
pplied to data from the interview CoRe matrix, observation, and the Demographic
Background Questionnaire. Overall, Sandy had the lowest PCK rubric score, which was 8 out of
16.. Through observing her teach and interviewing her about her teaching decision, she seemed
to have a decent grasp of the content, but not pedagogical strategies to teach the content.
Sandy’ss PCK level was emergent.

94

In all four sections of the rubric, Sandy scored a 2, or “emergent.” In the content
knowledge category, she was classified as emergent because she had difficulty answering student
questions about the content with clarity and explaining the content to students. Although Sandy
may have understood the content herself, she struggled to express her knowledge in a way that
students could comprehend. As indicated on the rubric, her “responses and actions show a
partial content knowledge of the science concept. Language used has some scientifically
inaccuracies, is not always descriptive, and lacks a clear purpose.” In the student thinking
category, Sandy scored “emergent.” Her lesson designs were very traditional and teachercentered. She incorporated an activity from the PS/CPD that engaged students in thinking and
analyzing data. As indicated on the rubric, Sandy’s “responses and actions show a partial
understanding of the way students think. Some appropriate learning goals were set for the
students.” Sandy’s content knowledge was difficult to judge through observation and interview.
She seemed to understand the content, but could not express what she knew so that others could
comprehend it. Sandy’s content knowledge was labeled as “emergent” because her “responses
and actions show a partial understanding and knowledge of a way to represent the teaching of a
specific science topic that leads to student understanding.” This was also the case with Sandy’s
science teaching knowledge. She was rated as “emergent” in this category due to her teachercentered teaching decisions. Students completed seatwork, such as worksheets, writing
vocabulary words, and working math problems, during observations. On one occasion, Sandy
used a lab activity from the PS/CPD program, which was very engaging to the students. As
indicated on the rubric, Sandy’s responses and actions showed a partial understanding and
knowledge of a way to represent the teaching of a specific science topic that “leads to student
understanding.” Sandy participated in some professional development, but did not collaborate or
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hold leadership roles. Due to this, Sandy was rated as emergent in the professional development,
collaboration, and leadership role category.

Karen
Background experience. Karen first received her Bachelors of Science degree in biology
from a research level university. She did not teach immediately after college, but began teaching
before getting her education degree several years later. She went back to school to obtain her
Master of Arts in Education degree and became certified in general science. In her 12 years of
teaching, Karen taught Grades 7 through 12 in physical science, life science, physics, biology,
and chemistry. At the time of observation, Karen taught physics.
To further her knowledge, Karen participated in several professional development
opportunities through the U.S. Department of Energy, the state’s chemistry and physics program,
a university training program in physical science, and marine science classes at a sea lab. In
Karen’s Master’s program, she took several graduate level science content courses and a science
teaching methods course. Karen also noted that she participated in several national discussion
boards with the National Science Teachers Association and that she stayed current with research
in science teaching.

School setting. Karen’s school was located approximately two hours south of the
university. The school was very rural and small with an enrollment of 279. The school held
Grades 6 through 12. All students were African American.
The brick building was older, but it in good condition. It was a one-story school with two
wings, a cafeteria, and a gym. There was a lot of green space around the school and a gravel
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parking lot for the teachers and buses. There were multiple bulletin boards displaying students’
work and aspirations through the halls.

Classroom context. The classroom had an interesting arrangement. There was not a
perceived front of the room, but there were different areas. Student desks were grouped in small
pods facing the center of the room. There was a demonstration lab bench along the back wall
with dry-erase boards behind it. There was an interactive whiteboard on the front wall. There
was not much other visible technology besides Karen’s computer and webcam. Karen had a
teacher desk, materials, and file drawer area in the front, right corner of the room. The other wall
had windows. Although there was not any true lab space, the classroom was designed for
collaborative group work instead of lecturing. Additionally, Karen had a prep room and a shared
lab room that she used as needed.

Student context. Karen taught approximately 180 students during the school year. All
students were African American. The students observed were in the 11th grade. There were 14
students in the class, but 2 were absent each day. Karen had a great rapport with her students as
the facilitator of learning, and she had taught them that it was their responsibility to learn. Being
such a small school, Karen taught most of the students in three separate science classes.

Physical Science Continuous Professional Development (PS/CPD) Institutes. The
PS/CPD Institutes took place in the fall and spring semesters of the 2010-2011 school year.
They were offered on two Fridays each semester. The content covered through the 2010-2011
school PS/CPD Institutes included density, Archimedes Principle, Boyles Law, thermal energy,
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Newton’s Second Law of Gravity, air resistance, acceleration of gravity, circular motion, and
rotational inertia. The participants participated in interactive lectures, demonstrations, laboratory
investigations, and collaborative learning. Participants received professional development credit
and science technology to use in their classroom for participation in the PS/CPD program.

Attendance and participation. Karen attended all four PS/CPD institutes. Out of all
participants, she expressed the most interest in understanding and being able to teach the physics
and physical science content. This was likely attributed to her degrees and background being in
the life sciences. Karen metacognitively reflected on her new understanding and incorporated it
into her existing schemata. She participated actively during the laboratory investigations and
pictured how she could use each one in her own classroom.

Classroom observations. Karen was observed during four, 52-minute class periods of
junior level physics. During the week of observations, Karen taught the concept of pressure.
She was very creative in the design of her lesson by being conscious of how students learn, how
they are engaged, and understanding their prior knowledge of pressure. Through coding the
observation data, five themes emerged: student-centered instruction, rapport, student
engagement, use of technology, and lack of use of PS/CPD materials.

Student-centered instruction. Karen guided students through an inquiry cycle of learning
to develop their understandings of pressure. Karen essentially taught one inquiry lesson on
pressure over the 4 days of observation. Karen began the lesson on pressure by asking students
to complete a pretest. Once they completed the pretest she asked them to free write about
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pressure. Free writing allowed students to connect the word pressure to meanings they already
associated with the word. Most students understood pressure outside of the science context to
mean stress, anxiety, or peer pressure. Karen’s students partnered up with a class in Mississippi,
who were also studying pressure, and students from each school shared their understandings of
pressure through the live webcasting.
After the activity of connecting students’ understandings of pressure, she explained and
discussed with students how pressure was different in the context of science. Karen offered
several engaging examples such as, bed of nails, barometric pressure in the weather, and highheeled shoes. Karen designed an exploratory lab for students to investigate the pressure exerted
by their feet or shoes on the ground. Students engaged in drawing their feet on graph paper and
calculating their pressure per square inch. Through their investigation, students were able to
determine the pressure exerted by their weight on to the bottom of their feet. After discussions
with Karen, students were able to transfer this understanding to calculate the pressure on a car’s
tires to determine its weight. Students designed their procedures and conducted the investigation
on Karen’s car.

Rapport. Behavior and discipline issues were minimal in Karen’s classroom. She had
one student who wanted to sleep and text on his cell phone. After a private conversation with
him, he participated. Behavior and discipline issues were probably minimal due to the level of
engagement in the class. Students actively participated and seemed to enjoy their investigations.
Karen applied a democratic management style, but did not have reason to discipline. It was
evident that Karen established a respectful rapport between herself and the students and among
the students.
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Student engagement. Students were very engaged and interested in learning about
pressure through Karen’s lesson. Students enjoyed meeting students in another class learning
about pressure and discussing their thoughts about pressure over the live webcast. Students
actively and collaboratively designed procedures, collected data, organized data, drew
conclusions, and discussed their results and implications. Students related to and found interest
in examples that Karen provided about pressure distribution such as laying on a bed of nails,
walking on eggshells, and wearing high-heeled shoes.

Use of technology. Karen used Google’s video chat program to connect her class with a
similar class in Mississippi. Students were able to talk about their ideas about pressure through
this experience. Students were highly engaged in meeting these peers and finding out their
thoughts. This was a great use of technology, but one of the only technologies used.

Lack of use of PS/CPD materials. Karen was present at the PS/CPD institute day where
pressure and Boyle’s Law were the main topics. However, she did not use any of the activities
or technologies from that institute. This was due to the context in which pressure was taught at
the institute and in her classroom. Karen’s focus was more of the applied physics focus, and the
institute activities dealt with ideal gas and Boyle’s Law. Karen received an Ideal Gas Apparatus
that connects with her Pasco GLX to investigate changes in temperature and volume of a gas
when the pressure is manipulated, but she did not use it.

CoRe interviews. Karen was by far the most thoughtful participant. Her replies to the
questions indicated a more sophisticated level of teacher knowledge, or PCK. During the time of
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interviews, Karen taught lessons on pressure. Karen was the only participant to respond with
changes, further explanations, and edits to her interview responses.

Question 1. This question asked what Karen intended her students learn each day about
pressure. On the first day, she planned to pre-assess students’ prior knowledge though
discussion and to introduce the vocabulary associated with pressure. Karen said this about her
introductory lesson on pressure:
Today I wanted students to get introduced to our unit on pressure. To give me an idea of
what they already know, determine prior knowledge, and to understand how they already
use some of the terms associated with physics in everyday life. Hopefully, they will see
that sometimes the words we use every day don’t mean the same thing in science and to
know the difference.
On the second day of her lessons on pressure, Karen wanted her students to “gain some
experiential knowledge of how their weight transfers to pressure.” Students essentially
continued to explore the concept of pressure through a lab calculating the pressure their weight
placed on their feet. On the third day, Karen wanted students to analyze their data from the lab
activity conducted the day before. She explained,
They figured out how much pressure they exert while walking from the two surfaces of
their feet. We put the data in a column on the board. Next class meeting we will see if
they are interested in correlating their pressure with their weight, if they are interested in
putting up their weight. A lot of people say, “well she’s light on her feet” or “you can
hear him walking a mile away” and we may discuss that and see if there is any kind of
correlation.
Karen elaborated to explain how students would transfer this new knowledge and apply it to a
second object:
We continued what we did and tried to transfer weight and pressure of the car. And to
get that, we took the air pressure using a gauge of the four tires and also by inserting
graph paper under each tire and rolling the car forward we got a footprint for the car
using the four tires. So, we are working on transferring that. We’re going to check and
see what that is because I do know the weight of the car by looking in the car door. I have
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that and we’ll see. Any additional weight should come from additional baggage in the
car.
On the final day, Karen explained that she would conduct a discussion with students to talk about
the scientific processes of science and also how the concept of pressure is extendable to other
objects; she explained, “I wanted them to be able to apply the variables in the relationship
between pressure, force, and area to calculate, um, different quantities and to see how it’s
transferable, and to see how you can use that information.”

Question 2. Question 2 asked why it was important for Karen’s students to know about
pressure. Karen felt that knowing about pressure would help students be better educated
members of society and to make science-based decisions. She explained with a very thoughtful
reply:
It’s important because to be well-educated community members, this will be very helpful
and important. We will never know what the future will bring. So, if they need to make
decisions that are based upon science, then they need to understand science.
Furthermore, everyday life includes this concept, how we behave and how things behave
in pressure, under pressure, and how we use pressure.
She continued providing examples of how knowing about pressure would make her students
better citizens:
Pressure is something that they can use in daily life. For example, if they understand how
pressure can affect their tires, which will either increase or decrease the life of the tire,
how much mileage for the gas. Then they’ll be better citizens; they can use the
economics of it. They can understand, for example, why ears hurt when they fly. It just
helps them understand what is going on around them, make better decisions, and prepare
better.
She also thought it was important for students to understand pressure based on everyday
engagements and decisions; she said,
It’s important that they, uhm, get to understand the concept of pressure and how pressure
is related to area as well, and if they start with themselves as a focal point then that is
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personally engaging. Then, hopefully, this will make them wonder about other things
that aren’t so personal. And to translate that their weight is directed through their foot
and this is the weight of their body causing pressure on the surface of the bottom of their
foot. Then, we can start talking about how things like that could relate to leg problems,
foot problems, ankle problems and the whole concept of high heels. And to understand
the mysteries and tricks that people play like how someone can maybe stretch out on a
bed of nails and have someone pound you and it not penetrate, so how does that work?
How does that happen? Are they faking it? How is it possible?

Question 3. Question 3 inquired as to what more Karen knows about pressure that she
might not have taught her students. Karen considered this question to mean something more like
how the content builds upon concepts, which was evident through her responses. Karen had
really studied how she was going to teach the concept of pressure; she explained her approach by
saying,
In looking at what professors do who teach conceptually, like Hewitt, for example. He’s
that other person that I try to look at and figure out how to teach these concepts. He
suggest to make sure that they . . . I’m distracted--hold on a second [teacher goes and tells
students in hall to move the noise away from her door] So, Hewitt suggests that before
we start this unit, that we really review conceptually what we might have learned in
chemistry, and maybe we didn’t. The concepts of states of matter: what we are looking,
we call it air, but it is really individual molecules. Individual atoms that contribute and to
make sure, I think is his intent, to make sure they have this understood so that they
understand that air is not this big one thing up there, but individual molecules or atoms
that come together to cause pressure. So, I think in one morning as a bell ringer, I’m
going to do one of the experiments or observations and demos where you just swab some
alcohol on a desk and then I’m going to have them gray-in a rectangle with a pencil and
then I’m going to have them erase a section of the rectangle as it evaporates. That’s used
to demonstrate the particulate nature of matter. Did it leave all at once? No it didn’t, it
left in sections or strips, so that means it is all not one thing.
Karen knew what she needed to teach, but like other participants, she struggled to answer the
question. However, her responses showed how mindful she was of the content that students
needed to know. She evidently knew more than what she taught the students, but was not
explaining her thoughts in that way. She still had a lot of teaching left to complete her lessons on
pressure, she concluded,
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Well, we still have a lot to go. From the beginning of the unit we looked at the various
units of pressure so that they would have a better idea of all the units of pressure. So we
do have a ways to go yet. Right now we are looking at pounds per square inch or
kilopascals and so we’ve got to explain that principle and Archimedes, so we’re still
moving.

Question 4. This question asked what difficulties or limitations were associated with
teaching students about pressure. Karen noted there were difficulties with the abstract nature of
the concept. She also humbly explained that she worried her content knowledge and
understandings of pressure were inadequate. Karen said this about the abstractness nature of
pressure:
The difficulties or limitations deal with what you can’t see. So, we are talking about the
presence of molecules that they can’t see, they can’t really feel it, they don’t know that
they can feel it and touch it. Uh, and that it affects them. So, they may have the
knowledge that it does, but they may not have the belief yet.
Although Karen described the understanding of pressure as “mind-boggling” she was very
resourceful and proactive in finding way to make pressure more concrete for students to
comprehend. Karen explained,
So the difficulties in teaching this concept, meaning the tires and pressure and what we
actually did today, is finding accessible means to teach this because pressure and air
pressure, is that pressure is illusive, it’s not something you see. You don’t even realize
that you can feel it because we grew up with it and our bodies have grown up under
almost 14 pounds of pressure. And, so, yesterday I went and got 14 pound weights that I
can bring in and I can show them that this is what we walk under each day per square
inch. That’s mind boggling. So, I can’t wait to actually do that and I’m going to do that
with the paper demonstration. The more I look at it with the resources we have now,
with our science in motion teachers, NSTA and other professionals who are interested in
finding fun, engaging, and interesting ways to teach this stuff. In fact, limitations would
be decreased because there are a lot of resources. Between the efforts of our state that
has supported, [state science initiative], [PS/CPD], all of these things really make me
excited to learn to teach physical sciences. And of course the benefit is that it rolls over
into my life science.
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Karen also discussed how her understandings could be a limitation. She was the only participant
to consider her knowledge a limitation; she explained,
My understanding is the greatest limitation that I see. So, that’s why I’m working with
this project [PS/CPD] and use NSTA, they have great resources. I use the effort that
others have gone through to produce materials so that I only need to find simple
materials. I can come up with pen, meter stick, chalk markers. I can do that. Scissors.

Question 5. Question 5 asked what knowledge Karen had of her students’ knowledge
that influenced her teaching of pressure. Karen knew that her students had very little experiences
with scientific practices. She also knew that they came to her class with prior conceptions,
sometimes misconceptions. Karen said this about her students:
Well, I know that they have very little science experience when I get them in high school.
Very little. It’s rare that they ever measured anything, rarely. So, uhm, but I do know that
they have a lot of strange ideas, otherwise called misconceptions. That’s where I
generally start. I count it lucky and a blessing if they happen to know more about a
particular concept and so that’s where I start from.
Like her, her students were fearful of physics; she explained,
It’s easy for me to empathize with my students cause I said don’t let me teach physics
because I’m not trained to teach physics with as much physics as I’ve had. So, it’s easy
for me to understand where they are coming from. On the other hand, sometimes I also
think they’ll have as much fun as I do, but sometimes they don’t have as much fun as I do
so I have to balance that, but we can all enjoy the discovery together.
She also knew that students confused the scientific vocabulary of pressure with the use of
pressure in daily life, like anxiety or peer pressure. Karen said this about the prior conceptions on
vocabulary:
I know that my students’ knowledge is weak in terms of actual manipulation, measuring,
units, and of course pressure is so foreign, but that is part of what makes it fun and
exciting for me as a teacher to bring this idea to them, but they are limited in their
knowledge of pressure because they have used that term in everyday language in
laymen’s speech in terms of anxiety and stress. So, they know that pressure exists, but
where and how it works and context [aren’t clear].

105

Question 6. This question asked if Karen had any other relevant factors that influenced
her teaching of pressure. Besides everything Karen had already discussed, she only had one
relevant factor that she contemplated; she explained,
Not that I can think of other than the concept of space and outer space. That is in the
back of my mind in terms of how do we explain pressure. Is it there, is it not there? How
does it vary on the different planets and how does this knowledge impact the building of
satellites, space shuttles, and things like that.

Question 7. Question 7 asked if Karen planned to use any specific teaching strategies and
what reason she had for using those. Karen wanted to engage her students with the vocabulary
surrounding pressure. She did this at the beginning and end of the week to help them understand
it and to show them their successes; Karen explained,
This is a topic that they might consider hard, but uh, so I try to engage them by giving
them some idea of what was coming, like give them these very strange words like torr,
and you know, millibars of mercury and things like that so they can say it’s so weird and
what is this. So, in the end they can really see how far they have come.
Karen continued discussing how she planned student activities to transfer their new knowledge
from one context to another. She explained,
I did plan certain teaching strategies, such as having them use their own data to use in the
development, so they would be able to compare each pressure the student has based on
their weight. So, maybe there is a big range or maybe not. And, as we finish up this
particular part to use the high heel as an example, I think that could bring home a
connection so that I’m guaranteed to have the understanding of this concept, and then we
will look at the tire. So here, they are using their weight and area to come up with the
pressure. For the next part, they are going to use the pressure of the car’s tires and the
area that the four tires hit the ground to determine the cars weight. So here with the
unknown with their bodies was pressure and the unknown for the car is weight. So now
they are mixing up those variables and they are discovering it still works and you can find
the one [missing variable]. So again, they are using units they haven’t used and you saw
that was hilarious. And square inches…that doesn’t translate. [quoting as if a student
says/thinks this] “When I leave math, I have no idea what square inches is all about.”
Also, Karen designed her teaching strategies to be in the lab activity, as she explained,
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Teaching strategies are part of the lab. They are embedded in the sequence. Matter fact
in this particular lab, the way the data is laid out in the table forces the students to think
through their answers. I like the way it happened to fall, and they got to take the data
table home and complete the computations and have time to think through what
happened. So, they could understand, and that would work if they do their part of the
task. It doesn’t work so well if they don’t look at it again. So yeah, but those are the
strategies. To find labs that have those embedded strategies that I’m looking for, the use
of hands-on, the use of the math, the terminology, and to force them to go through a
logical thought process.
The most important explanation Karen gave related to her ideas on the use of inquiry. She said
she gained this knowledge through a program she participated in called “4MAT.” Karen
explained her ideas of inquiry as follows:
So, each time I plan a lesson and teach I try to go back and forth. I don’t say it out loud.
And actually, I think I may be the only person at this school who has even heard of this
program called “4MAT” where you think about right brain/left brain teaching strategies.
You try to gauge the social aspect with the wow factor--which is right side--with the left
side, which is the more logical/analytical/reasoning side. Then you go back and forth.
The 5 E’s are always there and then there was a guy that came up with the 7 E’s, so we
are required to use the 5 E’s, but the format system actually incorporates all of that. So,
that is the underlying strategy that I use just subliminally. But, to do the Q & A and give
time for realistic responses, to give them time to, they will correct and monitor each other
superbly. All I have to do is just give them time to do it. And so, that wait time is key to
how I work with, to give them time to come up with answers. I’ve had this group since--I
did teach them physical science--so I’ve had a chance to watch them change how they
behave and react in the classroom. They are doing really well.
Karen attributed her students’ success through modifying how they learned. They acclimated to
her teaching style after having her for multiple classes, being that she was one of only two
science teachers in her K-12 school.

Question 8. This question asked if Karen had any specific ways of ascertaining her
students’ understandings or confusion surrounding the science concept, pressure. Karen checked
students’ prior knowledge through a pretest and then a discussion concerning the pressure
vocabulary. She explained,
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I started with the pretest so that we all have an idea of where we are starting. How they
use the words in everyday conversations or daily life. How they don’t use those words
and from experience we know that there are lots of misconceptions around air pressure,
buoyancy, and a lack of understanding. But on the other hand there are things that they
want to understand- like why do I float in water? Or why does a balloon rise? And what’s
the difference between a balloon blown up with your air versus helium? And things like
that.
Karen also listened to students’ responses during collaborative group discussions. She
responded,
Oh, absolutely, by doing the group discussion and then spot checking, I can see where
their understanding is or isn’t. Um, as we calculate the air pressure and bring in what
we’ve already discussed, prior equations such as p = f over A [area]. Uh, hopefully this
is one of those things that will help decrease the confusion and help them understand that
just because we’ve done it, it doesn’t mean we’ve left it behind, we are still pulling it
forward. So, uh, yep, by going through and giving them time to answer the questions,
they can always check with each other. Sometimes, I am surprised that they don’t make
use of their own resources. They just sit and not look back. That’s just part of trying to
undo years of not doing science and not engaging in discussions. We’ve come a long
way in these three or four years. It’s looking good, but we are still working on it.
Karen also used questioning to ascertain students’ understandings and confusions surrounding
pressure. She said,
Well, you know, using, when you do the questioning and the higher-level questioning
you are always keeping inquiry in mind, so uhm, would you rephrase the question again?
[researcher repeats question] The questions that you ask and give them time. Give them
time to digest the question, give their answers, you can find out if for example, they are
not getting it, and by this time they are engaged now since we had a lot of logical/rational
process of collecting data and analyzing it. Now looking to see what information it gives
us, what kind of conclusions we can come to. So, if you follow that process, you can tell
who is not quiet with it, like one young man’s calculations disagreed with everyone
else’s. So, you can track their thinking. I also monitor quietness, if they are not
responding. That’s a sign that their mind is somewhere else or otherwise not engaged, so
I have to key in on that as well. Using groups--learning groups--until they are actually
tested, this is an open learning section. One of the things I preach from day one
throughout. I will say- who is responsible for your learning. When I first got here it was
one answer, that the teacher was responsible. Now, they know that they are responsible
for their own learning. It is my job to make it as easy, exciting, and as engaging as
possible, but they have to engage and take care of their end.
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Karen taught her students that the person ultimately responsibility for their learning was
themselves. Karen had an excellent rapport with her students, as demonstrated through her
responses.

Science Teacher Efficacy and Belief Instrument-A (STEBI-A). Karen took the STEBI-A
questionnaire on three occasions: at the first PS/CPD institute day, during the week of classroom
observations, and at the last PS/CPD institute day. STEBI-A included two scales: Personal
Science Teaching Efficacy (PSTE) and Science Teaching Outcome Expectance (STOE). The
PSTE scale possible score ranged from 12 to 60, and the STOE scale possible score ranged from
13 to 65. Karen’s PSTE and STOE responses were extremely consistent across the PS/CPD
program. Her responses indicated both high efficacy and high outcome expectancy.

Reformed Teaching Observation Protocol (RTOP). Karen had the highest RTOP scores
out of all five participants, as seen in Table 6.

Table 6
Breakdown of Karen’s RTOP Scores per Section

General Physics
Lesson Design and Implementation
Content- Propositional Knowledge
Content- Procedural Knowledge
Classroom Culture- Communicative Interactions
Classroom Culture- Student/Teacher Relationships
Total
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Day 1

Day 2

Day 3

Day 4

9
15
4
11
8
47

10
11
9
7
11
48

9
15
9
6
11
50

10
15
9
10
9
53

Although they were the highest of the group, the score indicated only a moderate level of reform.
Karen applied reformed teaching strategies more consistently than the other participants.
Karen’ss lesson designs were student
student-centered and set up for student inquiry, but only at a lower
level of inquiry. Karen did particularly well in the “content
“content- propositional knowledge
knowledg category,”
as seen in Figure 6.

16

Lesson Design and
Implementation

14
12

Content- Propositional
Knowledge

10
8

Content- Procedural
Knowledge

6
4

Classroom CultureCulture
Communicative Interactions

2
0
Day 1
Total 47

Day 2
Total 48

Day 3
Total 50

Day 4
Total 53

Classroom CultureCulture
Student/Teacher
Relationships

Figure 6.. RTOP scores Karen’s physics class.
Her student-centered
centered lessons focused on the content and allowed students to explore the content
through inquiry.

nowledge (PCK) Rubrics. The PCK Rubrics instrument was
Pedagogical content knowledge
composed of four sections: (1) content knowledge, (2) student thinking, (3) science teaching
knowledge, and (4) professional development, collaboration, and leadership roles. The rubric
was applied to data from the interview CoRe matrix, observation, and the Demographic
Background Questionnaire. Over
Overall, Karen had the highest PCK Rubrics score, 11 out of 16.
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In the content knowledge category, Karen scored a 3, which meant she was competent.
Although Karen was humble during the interview and expressed a concern that her content
knowledge was inadequate, the opposite was true. Karen was very competent in her content
knowledge on pressure. As the description suggests, her “responses and actions show a solid
content knowledge of the science concept. Language used is scientifically accurate, descriptive,
purposeful, and useful.” Karen also scored a 3, or competent, in the student thinking category.
Through talking with Karen and observing her instruction, it was obvious that Karen knew a lot
about how her students thought. She had studied this on her own, through pursuing advanced
degrees, participating in professional developments, and her own research. As described on the
PCK Rubrics, her “responses and actions show a solid understanding of the way students think.
Appropriate learning goals were set for the students. Karen’s science teaching knowledge was
still emerging. Over time, it will be much stronger, but for now she is still determining the best
pedagogical strategies to use for specific content. Karen scored a 2, or emerging, in the science
teaching knowledge category. As described on the rubric, Karen’s responses and actions show a
solid understanding of the way students think. Appropriate learning goals were set for the
students. Karen pursued an educational specialist degree in administration, collaborated with
teachers in other states, and participated in several professional development programs, including
one with the U.S. Department of Energy. For those reasons, Karen scored a 3, or competent, in
the professional development, collaboration, and leadership roles category.

Christy
Background experience. Christy holds a Bachelors and Master’s in secondary science
education with certification in general science. She obtained both of her education degrees from
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a Master’s level college (Carnegie). Being that Christy’s degrees were so recent, she had a
science education methods course in both programs. Christy also had completed several
undergraduate and graduate level content courses and completed a teaching practicum. In her 5
years of experience, Christy taught physical science, physics, chemistry, and earth science.
Christy happened to be teaching in the school that she attended as a student.
Christy made an effort to participate in professional development as a new teacher. She
participated in a state university program for 2 years called “Impact Seed,” which focused on
both chemistry and physics. She also participated in a state curriculum-training program in
chemistry and physics that provided classroom materials to her.

School setting. Christy taught in a rural, county school located approximately three hours
northeast of the university. Christy’s school housed 531 students in Grades 9 through 12. The
school building was older with many wings added on through the years. There was a new
building that housed most of the high school, but Christy and the other science teachers were
housed in an old wing. There was a separate middle school on the property.
Although Christy’s school was rural, the student diversity was different. Out of 531
students, 85.3% were Caucasian, 13.2 % were Hispanic, and less than 2% were African
American or Native American. There were 283 male students and 248 female students.

Classroom context. Christy’s classroom was brightly painted, organized, and inviting.
There were science posters displayed on the walls. The classroom held both student desks and
lab tables. There was a separate, but shared lab room across the hall. There were student
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computers available in the classroom. Christy had an interactive whiteboard system with a
projector and a document camera.

Student context. Christy taught about 160 students in the school year. Christy’s physics
class, which was the class observed, had a very small enrollment of 8 students. There were 4
Caucasian males and 4 Caucasian females. These students were all seniors. Christy had good
rapport with the students. Being such a small class, they were able to accomplish a lot.

Physical Science Continuous Professional Development (PS/CPD) Institutes. The
PS/CPD Institutes took place in the fall and spring semesters of the 2010-2011 school year.
They were offered on two Fridays each semester. The content covered through the 2010-2011
school PS/CPD institutes included density, Archimedes Principle, Boyles Law, thermal energy,
Newton’s Second Law of Gravity, air resistance, acceleration of gravity, circular motion, and
rotational inertia. The participants participated in interactive lectures, demonstrations, laboratory
investigations, and collaborative learning. Participants received professional development credit
and science technology to use in their classroom for participation in the PS/CPD program.

Attendance and participation. Christy attended three out of four PS/CPD institutes.
Christy was very thoughtful while at the institutes. The content and investigations presented by
the physics professors were perfect for Christy’s grade level. Instead of having to determine
modifications for use in her class, Christy focused more on determining how to nest these new
ideas in her physics curriculum. With this being Christy’s first year in the PS/CPD program and
being a fairly new teacher, she was also very interested in content taught at previous workshops
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based on her areas of need. She often discussed ideas for her physics class with the physics
professors and science educators.

Classroom observations. Christy was observed during four, 64-minute senior physics
classes. Due to the timing of the observation in the semester, she was teaching about the
electromagnetic spectrum and visible light. Although, these topics were not a part of the
PS/CPD program during the year Christy participated, the resources were still made available to
her from the previous year. Christy combined the new materials with her existing resources to
essentially strengthen her lesson design. She also applied teaching strategies she learned through
the PS/CPD program she participated in such as confronting student misconceptions, planning
instruction based on students’ prior knowledge, using discrepant event demonstrations, and using
pre- and post-tests to diagnose and formatively assess students learning. Through coding the
observational data, one main theme emerged, teaching decisions. Through further coding,
teaching decisions were categorized into student-centered and teacher-centered instruction. It
seemed as though Christy was a teacher in transition. She was becoming an inquiry-minded
teacher, but her lesson design still reflected some novice, or direct-instruction, strategies.

Teacher-centered instruction. For the most part, Christy designed her lessons to be
student-centered. On one occasion, she used a video for an entire class period to explain the
wave-particle duality theory and to show the photoelectric effect. Students watched the video,
Christy paused it to discuss and reteach confusing concepts, and Christy reviewed the answers
with students at the end. The video essentially took the place of lecture and demonstrations,
which Christy did not have the technology for. Christy also used a traditional, “cookbook” style
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lab for students to investigate the shapes of lenses and the mixing of colors. The lab described
directed all procedures, leaving no ideas or decisions for students to develop.

Student-centered instruction. Christy’s lesson designs were better, however, when she
incorporated resources and practices that were student-centered from the PS/CPD program.
Through the modeling of best practices at the PS/CPD institutes, Christy learned to assess
students’ prior knowledge, incorporate discrepant events as demonstrations, correct student
misconceptions, and to assess with pre- and post-tests. Christy gave a pretest to assess students’
prior knowledge. She then made teaching decisions based on the results. She chose to use
several demonstrations to confront students’ misconceptions and to instill the correct ideas.

CoRe interviews: Question 1. This question asked what Christy intended her students
learn from what she taught each day. Christy taught lessons on the electromagnetic spectrum,
specifically visible light, during the week she was observed. The first day, she wanted her
students to understand that light had characteristics of both waves and particles, that light
traveled in straight lines, and that they saw everything through the reflection of light. The
second day, Christy again focused on the idea that light possessed characteristics of both waves
and particles. The third day, she was more excited to explain what she intended for students to
learn because of how she planned the student-centered instruction. Christy explained,
I didn’t actually so to say, want them to learn something today; I wanted them actually to
discover some things today that we actually didn’t get to speak about. Um, I’m not really
sure what they have learned from today’s lesson at this moment. I will have to wait ‘til
tomorrow. They were mixing colors with different light shining on them. They should
have been seeing that you know green (whatever colored paper they have) is absorbing
all the colors except for the one color they have it’s reflecting. And when you have
another light shining on it, it of course does different things because um you know say
green light with a green light shining is going to reflect green, but green paper with a red
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light shining on it should reflect something like a black looking color because it is
absorbing all colors. But I know that they probably have not got all that information
today yet because we’ve got to go over it.”
On the final day, Christy continued on with her student-centered lab activity. Students learned
about the concepts of color, including absorption and reflection.

Question 2. This question asked why it was important for Christy’s students to know
about visible light. She explained that she identified several student misconceptions from the
pretest on light she gave at the beginning of the week. Christy believed that students should
understand why they see color around them in their daily lives. She did not allude to any
connections with the state course of study or to understanding other concepts in physics. She
mainly did not want students to go through life with perpetuating misconceptions of visible light.
Christy explained,
Um, as I said, color is all around us. They see the color, but they don’t fully understand
why they see different colors. I just think it is important. Plus, correcting any
misconceptions, which some did miss on the pretest.

Question 3. Question 3 asked what Christy knew about visible light that she might not
have taught her students. She had a difficult time articulating what she actually knew beyond
what she taught, but mentioned that she could “broaden” or “expand” what she taught. Although
Christy was unable to explain any particular concepts, she admittedly stuck to the state course of
study and only taught what was required by it. She explained,
Well there’s several things about light you know, um, that we could have went into in
more depth. Um, I do plan on touching on different sections. And of course, there’s
some things that I remember from college that really is out of my course of study.
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Question 4. This question asked what difficulties or limitations were associated with
teaching about visible light. Christy discussed how students’ prerequisite physics knowledge
was always a challenge. She said that her school did not have any issues providing supplies for
science labs. Christy thought that difficulties were on how students understood the science
concept. She explained,
I would say just because they think of it in such a simple way. It is hard for them to think
of it in the actual scientific term as in the student was saying, she gets frustrated because
she sees green and says its green, but she really doesn’t know why. I think that’s the only
difficulty in it is knowing why that wall is green, not just knowing it is green.
She also thought that student misconceptions were a limiting factor. She said,
I think there are still going to be misunderstandings and that’s what we have to try to
overcome, but if we overcome that um just the misunderstanding or the misconceptions,
once we get over that, we have enough equipment to cover it.

Question 5. Question 5 asked what knowledge Christy had of her students’ knowledge
that influenced her teaching on visible light. Because Christy administered a pretest on light, she
had an idea of what concepts to place more emphasis on to target students’ misconceptions. She
also knew that her students preferred hands-on, or inquiry style, lab activities, but had trouble
with overly complicated procedures. She explained,
I did the pretest and as they were finishing it I was looking over their answers. So, I kind
of knew who had chosen what answer and a lot of them had done really well actually. I
was surprised. Um, so I kind of knew which ones to target on more. They do like handson activities as long as they are simple hands on activities. I’ve noticed that some of the
science in motion labs stuff they get a little more advanced, I start losing them. They just
become not interested in it anymore. So, as long as I do little demos things, maybe a
larger amount of smaller demos, to get a concept across, it seems to be better. Or more
plainly draw at lab and I don’t want to water down their information by no means, but I
feel like they stay with me better. They do definitely like learning from hands-on
inquiry.
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Christy also noticed that her students had difficulty understanding the vocabulary dealing with
light. She noted,
Um, I think mainly the wording, the words, the long words were confusing them today,
but once we stopped and talked about it and they realized oh that is all that means. They
were fine, but vocabulary has a lot to do with today’s lesson.

Question 6. This question asked if Christy had any other relevant factors that influenced
her teaching of visible light. Christy referred to the misconceptions she learned about through
the PS/CPD program. She had not realized how important it was to pre-assess students’ prior
knowledge. Christy also referred to several interruptions she had during the week. Her senior
students were involved in meetings, and there were several calls and interruptions. Additionally,
Christy’s teaching schedule was a little behind where she thought she would be at the time of
observation. She explained,
The electromagnetic spectrum, yes, because light does act as waves. Before we were
starting the chapter on waves. We had just gotten to, actually it was simple harmonic
motion, so we actually had not got into the vocabulary that actually deals with waves as
far as refraction, reflection, diffraction that’s section 2 and we had to stop at section 1.
So I think we need to go back to that before we actually get back to light.
Being that her schedule was a bit jumbled up, she thought that could be why students were
having difficulty with vocabulary associated with visible light.

Question 7. Question 7 asked if Christy had any specific teaching strategies planned to
teach visible light and what reasons she had for choosing those strategies. She explained that she
planned to use hands-on, inquiry strategies. Christy, like other participants, associated the words
hands-on and inquiry to have similar meanings. Although she planned to have students
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“discover,” the lab activity was still a prescribed, or cookbook type of lab. Christy tried to
explain why she planned to use these strategies, but did not formulate a clear answer. She said,
Um, just the inquiry, hands-on types strategies were what I was going for today. And I
was wanting to use those to prove the answer to the questions, well not to prove, but to
discover the answers to the questions. I didn’t want to just give them the answers; I
wanted them to actually discover the answers themselves today.
On a separate day, Christy explained her choice for showing a video and using a graphic
organizer to cover content:
I guess today I really used like a, so to say, graphic organizer I guess is what you could
call it, which was the video. Um, and yes I had reason for using it because um I thought it
was very knowledge filled, it was exactly what I wanted them to know. Like I said, I
don’t have the materials, but you know they didn’t show the photoelectric affect, but I
thought would be able to go back to the actual demonstration, but um, I thought it was
very good information and to the point.
Christy was moving her teaching strategies in a reformed direction, but she could not explain
why she made these teaching decisions.

Question 8. This question asked if Christy had any specific ways of ascertaining
students’ understanding or confusion about visible light. Christy planned to use worksheets, lab
activities, and reviews to ascertain students’ understanding of visible light. She said if she could
not clear up confusions through those assessments, that she would be there to answer any
questions prior to the posttest and chapter test. She explained her plan for assessment this week:
Um, my posttest. I’m going to do a posttest again to see if their answers have changed
and of course the big chapter test at the end, worksheets along the way to make sure they
are still hanging with me. Always, when I move on to another section, I always have
some questions or a quick review on the sections before to make sure we are all still
together.
Since Christy had students complete the lab activities and demonstrations prior to taking notes,
she also hoped that notes would help students clear up any confusion. She explained,
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I plan to do it with the posttest again. I mean after we review the notes, I think they have
a better understanding of it when they take the posttest we will see if we have taken care
of those problems.

Science Teacher Efficacy and Belief Instrument-A (STEBI-A). Christy took the STEBI-A
questionnaire on three occasions: at the first PS/CPD institute day, during the week of classroom
observations, and at the last PS/CPD institute day. STEBI-A included two scales: Personal
Science Teaching Efficacy (PSTE) and Science Teaching Outcome Expectance (STOE). The
PSTE scale possible score ranged from 12 to 60, and the STOE scale possible score ranged from
13 to 65. Christy’s PSTE remained a constant 51 across the PS/CPD program, but her STOE
fluctuated from 40 on the first measurement, to 35 on the second, and to 36 on the third.

Reformed Teaching Observation Protocol (RTOP). Christy’s RTOP scores, shown in
Table 7, indicated a small amount of reform to her instruction.

Table 7
Breakdown of Christy’s RTOP Scores per Section

General Physics
Lesson Design and Implementation
Content- Propositional Knowledge
Content- Procedural Knowledge
Classroom CultureCommunicative Interactions
Classroom CultureStudent/Teacher Relationships
Total

Day 1

Day 2

Day 3

Day 4

10
14
7

4
5
1

11
12
6

11
12
6

7

8

7

7

9

7

12

12

47

25

48

48

120

Through observations, the researcher noted that Christy was trying out pedagogical strategies she
had seen modeled through the PS/CPD program, such as assessing for prior knowledge,
presenting students with discrepant events and demonstrations to change students’
students
misconceptions, and designing labs for student discovery. Christy utilized these strategies on
Days 1, 3, and 4 of observation, but oon day 2 showed a video on the science content and made
students answer questions on a worksheet. The day 2 score was much lower. As seen in Figure
7, Christy’s “Content- Procedural Knowledge” suffered the most due to her teaching decision on
day 2.
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Lesson Design and
Implementation

14
12

Content- Propositional
Knowledge

10
8

Content- Procedural
Knowledge

6
4

Classroom CultureCulture
Communicative Interactions

2
0
Day 1
Total 47

Day 2
Total 25

Day 3
Total 48

Day 4
Total 48

Classroom CultureCulture
Student/Teacher
Relationships

Figure 7. RTOP scores for Christy’s physics class.

Two categories on the RTOP document were consistently lower than the others: “Content“Content
Procedural Knowledge” and “Classroom
“Classroom- Communicative Interactions.”
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Pedagogical content knowledge (PCK) Rubrics. The PCK Rubrics instrument was
composed of four sections: (1) content knowledge, (2) student thinking, (3) science teaching
knowledge, and (4) professional development, collaboration, and leadership roles. The rubric
was applied to data from the interview CoRe matrix, observation, and the Demographic
Background Questionnaire. Overall, Christy scored a 10 on the PCK Rubrics, which placed her
in between the emergent and competent levels. She was considered the only beginning science
teacher, but evidenced knowledge skills showing development of her PCK.
In the content knowledge category, Christy scored a 3, or competent, meaning her
“responses and actions show a solid content knowledge of the science concept. Language used is
scientifically accurate, descriptive, purposeful, and useful.” The researcher found no
inaccuracies in content. Christy seemed to have had few, but good, physics classes through her
undergraduate and graduate degrees. Christy did not have the equipment necessary to
demonstrate the photoelectric effect; so, she relied on a video lecture and demonstration to teach
this concept. After the video, her discussion of the effect with students solidified their
understanding, as shown through a posttest. In the student thinking category, Christy scored a 3,
or competent, meaning her “responses and actions show a solid understanding of the way
students think. Appropriate learning goals were set for the students.” Christy’s lessons were
designed for student thinking. She assessed for prior knowledge, demonstrated discrepant events
and corrected misconceptions, designed discovery lab experiences, and assessed for student
understanding. Her knowledge of student thinking did not necessarily translate into executing
her science teaching knowledge. In the science teaching knowledge category, Christy scored a 2,
or emergent, meaning her “responses and actions showed a partial understanding and knowledge
of a way to represent the teaching of a specific science topic that leads to student understanding.”
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Christy did many things right, when teaching, to execute her science teaching knowledge, but
she struggled on summarizing what the students learned through the lessons. Students would
participate and learn independently through discovery, but Christy sometimes would neglect to
reinforce and summarize what students learned. She did not bring meaning to the activities. In
the professional development, collaboration, and leadership roles category, Christy scored a 2,
or emergent. As a beginning teacher, Christy has not had as much time to develop her skills.
She had participated in some professional development, but did not collaborate or take teacherleader roles. Scoring emergent in this category means that Christy’s “responses and actions
indicate limited professional development, collaboration, or leadership roles. The teachers’
responses and actions indicate limited reflective practice by trying to improve the quality of their
students’ learning experiences.”

Overarching Themes
Pedagogical Content Knowledge
The first theme identified was PCK. This theme included instructional methods and
decisions suitable to the content. The theme emerged through the amalgam of teaching
experiences observed and explained through interview. Two participants, Karen and Christy,
demonstrated further developed PCK. However, they had the least amount of teaching
experience out of the group, but more quality professional learning experiences. Karen was in
the 11-15 year range for teaching experience, and Christy was in the 1-5 year range. Karen and
Christy both participated in professional learning experiences, such as advanced degrees and
professional development, which fostered inquiry practices instead of traditional instructional
practices. Second, they both employed inquiry-based instructional practices in their lessons
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successfully. Sandy and Michael also attempted to incorporate inquiry-based instructional
practices in their lessons, but were not as successful due to lack of student experience with
inquiry. Sharon continued to incorporate traditional instructional practices into her teaching.

Environmental Factors
This theme included participants’ unique contexts and environments. Each participant
reported different needs for teaching resources and classroom supplies, knowledge of how to
teach their students, and rapport with students. Christy probably had the most optimal teaching
environment because there was less poverty, less student diversity, and more funding for
technology and classroom supplies in her area; however, she still taught in a high-need, rural
school in terms of resources. Karen’s school was rural and high need, and her students were all
African American students living in poverty. Karen mentioned having problems finding
resources in the past, but now she has found ways around that. Also, being one of two science
teachers from Grades 6 through 12, she taught the same students several times. Karen reported
she had a strong rapport with her students and they learned self-reliance with her instruction;
meaning students understood that learning was their responsibility.
Sharon, Michael, and Sandy each described multiple environmental and contextual
factors that inhibited their instruction. Sharon and Michael both described their students as the
biggest limitation to their instruction. Sharon said her students’ had very weak math skills,
“senioritis,” difficulty with physics, and an overreliance on technology to think for them.
Michael said students’ characteristics, such as apathetic attitudes, low reading comprehension,
weak math skills, no hands-on experiences, and lack of ability to troubleshoot were his biggest
limitations. Michael had rapport issue with his students, which resulted in a difference in race
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and age. Sandy lacked laboratory space, materials, and equipment to conduct labs. Sandy had a
very shy and nervous demeanor when teaching, which inhibited her rapport with her students, to
an extent.

Professional Development Supplemented Participants’ Instruction
Participation in PS/CPD supplemented participants’ content knowledge and pedagogical
practices. Not only did participants experience laboratory activities addressing multiple science
concepts, but they also participated in interactive discussions of the science concepts. All
participants’ reported their use and appreciation for many theoretical practices and classroom
activities they gained through the PS/CPD program. Through the PS/CPD institutes, participants
gained an increased level of understanding of content-appropriate pedagogical strategies. The
participants slowly incorporated these into their existing practices.

Summary
The purpose of this chapter was to describe the results of the analysis of the data
collected in relation to the research question of the study: What contributes to the development
of secondary science teacher’s PCK in the physical sciences? The goal of this research project
was to explore changes in physics and physical science teachers’ PCK throughout the experience
of a continual professional development program. This chapter contained an introduction to the
findings from this study, an overview of the analysis conducted, and findings related to each
participant presented as cases. Overarching themes were presented. Data are compared across
the cases in the following chapter, and relationships of what contributes to physics and physical
science teachers’ PCK are also presented.
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CHAPTER 5
ANALYSIS OF CASE DATA
Introduction
This part of the study further analyzed the phenomenon of pedagogical content
knowledge development by asking: What contributes to the development of pedagogical content
knowledge in teaching the physical sciences? Central to this was the exploration of activities in
a continuous professional development program that had bearing on teachers’ PCK. In
particular, facets explored were participants’ professional (1) backgrounds and professional
development experiences, (2) environment and context, (3) content knowledge, (4) pedagogical
knowledge, (5) efficacy, and (6) reformed teaching practices.

Participants’ Professional Backgrounds and Professional Development Experiences
Initially, the researcher hypothesized the level of education, extent of professional
development, and years of experience would contribute to the continued formation of
participants’ pedagogical content knowledge; in particular, the researcher predicted the teacher
with the greatest amount of professional development and years of experience would have the
highest PCK Rubrics score and most reformed instructional practices. After a comparison of the
participants’ experiences with the PCK Rubrics scores and RTOP ratings, this was not the case.
In this study, the two teachers with the least years of experience, Karen and Christy, evidenced
further development of their PCK and reformed instructional practices over the course of the
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PS/CPD program. As seen in Table 8, Sharon, Michael, and Sandy had the most years of
teaching experiences, but the least developed PCK and the least reformed instructional practices.

Table 8
A Comparison of Participants’ Background and RTOP Ratings and PCK Rubrics Ratings
Years of
Participant experience
range

Sharon

Michael

Sandy

Karen

Christy

Highest
Degree

Professional
Development

21-25

Master’s in
science
education

Some in-state
science
curriculum PD

21-25

Bachelor’s,
add-on
teaching
certificate

Some in-state
science
curriculum PD

16-20

Master’s in
science
education

Some in-state
science
curriculum PD

11-15

Master’s in
science
education;
Education
Specialist in
Administration

1-5

Master’s in
science
education

National
curriculum
training with
research
emphasis; instate science
curriculum PD
Reformed instate
curriculum
training,
University
provided
science
curriculum PD
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Average
RTOP
Ratings
(Out of 100)
Little
reformed
instruction
39
Very little
reformed
instruction
33
Very little
reformed
instruction
34

PCK Rubric
Rating
9
“Emergent”
Level
9
“Emergent”
Level
8
“Emergent”
Level

Some
reformed
instruction
49.5

11
“Competent”
Level

Some
reformed
instruction
42

10
In between
“Emergent”
and
“Competent”
Levels

The influence of degrees and professional development on continued progression of
pedagogical knowledge and reformed instructional practices was most evident through Karen.
She completed both a master’s and bachelor’s degree in general science education with teaching
certification, and, in addition, an education specialist degree in education administration. The
classroom observations and PCK Rubrics scores indicated the additional professional
development experience provided Karen with a knowledge base for understanding how students
learn. In addition to coursework, Karen participated in national and statewide professional
development and multiple professional development experiences along with the PS/CPD
program. Karen participated in professional development as a teacher in residence, conducting
research with the U.S. Department of Energy; four years of the PS/CPD program; in statecurriculum professional development on both physics and chemistry content and laboratory
activities; and university-led chemistry and physics training.
All of the research participants took part in a state-curriculum professional development
program that covered basic chemistry and physics science content with emphasis on traditional
laboratory activities. However, Christy participated in the same professional development after
it was reformed from traditional laboratory investigations to inquiry-based laboratory
investigations. Christy applied the inquiry lesson design from PS/CPD and the state-curriculum
training to her daily planning, which resulted in higher PCK and level of instructional reform
indicated on both the PCK Rubrics and RTOP rating.
Although Karen and Christy had the least years of teaching experience, both had more
extensive professional development beyond their bachelor’s and master’s degrees, in comparison
to Sharon, Michael, and Sandy. Thus based on differences in the participants’ professional
backgrounds and professional development experiences it appears that taking part in professional
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learning experiences such as advanced degrees and professional development contributed to
further developed PCK in participants, as indicated on the PCK Rubrics.

Environment: Classroom Context and School Setting
The researcher also hypothesized the environment in which participants implemented
their new teaching ideas may be a factor in their PCK development. The participants explained
during their interviews that several factors from their environment played a role in how they
taught. Classroom observations and participants’ efficacy belief scores from STEBI-A supported
participants’ descriptions (see following paragraphs). All participants rated their efficacy beliefs
highly, meaning they had confidence in their teaching practices. However, researcher
observations of Sharon, Michael, and Sandy revealed that each could have done more to
overcome environmental barriers.
Sharon’s school was very rural. She was one of only two science teachers at her school.
Her students were diverse in ethnicity, and most were from low-income families. However,
Sharon said she knew her students. She taught many she described as having weak math skills
and several students with Individualized Education Plans. Sharon explained,
I am from a small high school. I know my students personally. I pretty much know
which ones have not passed the grad exam. So, therefore, I know if they are already
weak in math. Then I need to put extra emphasis on that. Uh, with the inclusion that we
have, I’ve seen the IEPs, whether they are non-readers, and that’s hard to teacher if
they’re a non-reader. Uhm, and math may be their area of weakness, so therefore they
will never have to pass them math on the grad exam. Yet, we have them in a regular
classroom, but it’s not just my OD [Occupational Diploma] kids, it’s the regular
population kids don’t like math. They just, they just don’t like it.
In addition, she had several vocational track students, which were students who were not college
bound, but wanted to work in a vocation such as woodworking, auto repair, or welding. Sharon
discussed her knowledge of these students as well:
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I know I’ve already mentioned that like the guys with construction, the metal beams and
building, you know why do there need to be constraints [referencing an in-class
discussion]. I know I don’t cover everything there, but these young guys that are more
hands-on, they understand that. The smarter kids, they don’t have a clue, so you
approach it with different ways because of students that you are teaching and you kind of
know whether or not these kids are going to college and whether or not they are going to
get trade and go down to [the] mill and get big money and they need to know this.
There’s a reason for the steal rigidity that it needs and the expansion and the fractures.
You don’t want a building to collapse on you because you didn’t do what you were
supposed to do. They understand motors and just because we did our curriculum the way
we did. We teach chemistry and physics across the board, but just because we teach it
doesn’t mean I expect the same across the board [between advanced and general level
courses] I think you saw that, my worksheets were very different you know ahh and like
there again I will expect things out of the other class.
One other issue faced by Sharon was her students were rowdy: for example, a fistfight
broke out at the beginning of a class that was observed. Sharon considered each of these
attributes as she planned her physics lessons.
Sharon felt as though her students’ abilities were the biggest limitation to her instruction.
Sharon described her students as having “senioritis” and not being prepared for class with
materials such as a calculator or pencil. She said they struggled with the difficulty of physics.
She also thought her students relied too much on technology to think for themselves. Sharon
explained,
I think in physics, that’s one thing I do try to emphasize in here is trying to do the math.
Uhm, letting them know that just because they put it in the calculator that it doesn’t mean
it is the right answer. Because that calculator doesn’t understand, like I mentioned
earlier, you know that when you are dividing and you have multiplication on the bottom
it doesn’t always- it can’t function always with a ten-dollar calculator. Their math skills
are weak. The thing that really amazes me is that they can put the x in their formula, they
can see multiply and divide. When you ask them to isolate the variable, then put the
numbers in the equation, they can’t do it.
From her comments during interviews, Sharon’s expressed view of teaching and learning
indicated a limited view of the importance of her impact on student learning. Sharon’s efficacy
belief scores indicated high teacher-efficacy beliefs, meaning she felts confidence in her
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instructional practices, but those practices were not necessarily what U.S. science education
reform efforts suggested.
Michael’s school was very rural and old. His school lacked ethnic diversity, in that all
students were African American. Most students at Michael’s school came from low-income
families. Michael’s classroom walls were not soundproofed. An administrator actually asked
him not to conduct lab activities because students were noisier during lab. He did not have any
lab space in his classroom, and his supplies were limited. Michael had no technology in his
classroom. Michael’s students probably had content-area weaknesses, but he admitted that he
did not know very much about his students besides their apathy toward school. Michael said his
students’ weaknesses were more evident in their ability to complete hands-on activities in class.
He found that they had no hands-on experiences, and they could not troubleshoot. Michael
explained his thoughts:
Really, I think the limitations, the difficulty, is coming from the students’ lack of
confidence, lack of not having done anything like physically with their hands. Something
simple like this little wiring, measuring, they just don’t have any hands-on skills. That
holds them back. They don’t know how to trouble shoot, they don’t know how to say ok
well what can I do to make them work. Because how many times have I told them that
there is a no shock hazard to this thing. Its not going to hurt you. You are going to get
hurt more by somebody taking an alligator clip and putting it on your earlobe. You know
talk to them. They won’t try anything. I heard some of them over there saying I quit, I
quit. You know, well ok, I can’t make you do anything. All I can do is grade your sheet
when you give it to me. I can’t make you learn it. They have low or no expectations.
Uhm, no hands-on skills and their math skills are very limited- extremely limited math
skills. And I think that is my barriers to trying to teach it from their perspective.
Michael planned his instruction to meet goals such as teaching the content and giving
students hands-on experiences. He tried to scaffold students’ knowledge through inquiry
teaching methods, but his students were not accustomed to this and easily gave up. For example,
Michael asked students to make simple, series, and parallel circuits after only a simple
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explanation of each. Students became quickly frustrated and gave up when the light bulb would
not light up because they had not wired the circuits properly.
There were several environmental factors affecting Sandy’s instructional decisions. Her
school was rural and older. Her students were mostly Caucasian and from low-income families.
Sandy’s classroom was not conducive to any type of lab activities, and another teacher occupied
her science lab. Sandy said she knew her students’ abilities based on her school’s method of
grouping students in class tracts (i.e., each class was homogenously grouped). Sandy’s largest
environmental factors, in her opinion, were her lack of resources and lab space and her own lack
of content knowledge. She nervously explained her lack of content knowledge in broken
thoughts:
Not having enough examples, not feeling like I understand it well enough I guess. Uhm,
but when I stand in front of a group, I forget what I wanted to say. Uhm, forget what I
knew on a piece of paper. You know the multiple choice thing- it’s easy, but trying to get
them all the background you know, they haven’t had all the same teachers all the way
through.
When Sandy was asked what her greatest limitations to instruction were, resources such as lab
space and lab materials were identified as her greatest need. Based on classroom observation,
the researcher suspected that Sandy’s need for lab supplies and lab space were not as inhibiting
to her instruction as her need for further PCK development. Her use of chapter worksheets for
student application of science knowledge was extensive.
Karen taught in a small, rural school. Her students were all African American and from
low-income families. The school was older, but Karen had set-up a very functional classroom.
She also had access to a lab space through her storage area, although, it was shared with one
other science teacher. Karen was very familiar with her students and their abilities. Being a
science teacher in a very small school allowed her to teach the same student three to four times in
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different science content areas. She also explained that she had to teach her students
responsibility for their own learning. When Karen first taught students, they thought she was
responsible for what they learned. She instilled ownership and a sense of responsibility for
learning in her students. Karen also knew how her students learned. Typically, teachers
complain about their limited resources, but Karen said this,
My understanding is the greatest [limitation] understanding that I see. So, that is why
I’m working with this project and use NSTA; they have great resources. The effort that
others have gone through to produce materials. I can come up with some materials. I can
come up with pen, meter stick, chalk, markers and scissors. I can do that.
Christy probably had the most optimal teaching environment. She taught in a rural
school, but with a higher income in the area. About two-thirds of her students were on free or
reduced lunch in comparison to almost all of the other participants’ students being in this
program. Christy’s classroom had lab space, desk space, and technology. She also had very
small class sizes. Christy had enough supplies and lab equipment available. If she did not have
what she needed, she was resourceful enough to find another way of teaching the content.
Environmental factors influenced participants’ instructional decisions, which, in turn,
influenced what new pedagogical approaches participants incorporated into their repertoire of
practices for selection from their PCK. All of the schools were small and rural. Student
populations were mostly from low-income areas. Participants had limited resources for
instruction. However, one characteristic associated with the environment stood out the most:
participants could choose to let their environment inhibit their instruction, or they could design
effective lessons taking their environment into consideration. All participants rated their efficacy
beliefs highly, meaning they had confidence in how they taught. Based on researcher
observations, Sharon, Michael, and Sandy each could have done more to overcome
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environmental barriers. Karen and Christy were both resourceful. They did not have all that
much in the way of materials, but they were able to do more with what they had.

Physical Science Continuous Professional Development Program
The PS/CPD program consisted of two elements, the workshop meetings and an online
web page with digital resources and virtual communication. The workshops occurred four times
during the school year (see Appendix B). At each full-day workshop a specific agenda was
followed (see Appendix C). Physics content specialists and science educators, who were all
university professors, delivered instruction on physics and physical science content and the
appropriate pedagogy through interactive lecture, discussion, and teacher conducted labs.
The content instruction was intended to help teachers explore their content knowledge,
and make evident their alternative conceptions, reconstruct their concepts, and so deepen their
understanding of the content. The labs were intended to assist teachers with incorporating the
content into their current instructional practices. Technology to facilitate learning, such as handheld data collection devices and probes, were used in the workshops and in the classrooms.
During each institute day, the specific content addressed three to four major principles found
within the state courses of study in physical science and physics and in the National Science
Education Standards (National Research Council, 1996).
The first institute day was held September 17, 2010. The content covered included
density, Archimedes Principle, and Boyles Law. Participants received instruction from physics
professors and conducted inquiry laboratory investigations on ideal gases, density, buoyancy,
and pressure. The second institute day was held on October 22, 2010, and covered thermal
energy content. Participants received instruction from physics professors on heat energy, heat
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capacity, conduction, and convection. They used Pasco GLX devices and sensors to conduct
laboratory investigations and to analyze data on thermal energy transfers. The third institute day
was held on February 25, 2011. Physics professors instructed participants on Newton’s Second
Law of Gravity, air resistance, and acceleration of gravity. Participants conducted laboratory
investigations on Newton’s Second Law and air resistance. The fourth and final institute day
was held on March 25, 2011. Participants learned about circular motion and rotational inertia
through demonstrations, interactive lectures, and laboratory investigations.
The second element of the PS/CPD program was the on-line, private web page called a
Wiki. The main goal of the Wiki was to provide (a) an on-line medium for teachers to have
access to assistance in addressing the content taught in each workshop and (b) any additional
resources useful to their classroom teaching. The Wiki consisted of media resources, digital
documents containing content and labs from each workshop day, an “ask a physics teacher about
planning for specific concepts” web link, a discussion board, and the workshop schedule with
agendas. The teachers were and still are able to log on to the Wiki at any time to access the
resources, post questions or suggest instructional ideas to one another on the discussion board,
download labs to use in their own classroom, or e-mail the content specialists for assistance. The
Wiki was meant to be the primary means of participation and communication during the interim
breaks that occurred between each workshop (see Appendix B). Although participants were
encouraged to use the Wiki page, very little discussion was held on the discussion board.
Participants reported during the PS/CPD institute that their main use of the Wiki was to access
resources such as laboratory activities, PowerPoint, and demonstration activities.
The researcher hypothesized that being present and participating in the PS/CPD program
would foster development of participants’ PCK in some way. Based on researcher observations
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at PS/CPD institutes, each participant engaged in the professional development, but they each
engaged in different ways. Michael was more of a collaborative group work leader; he took
charge of his group and worked hard. Sharon participated while analyzing what labs and ideas
would and would not work in her teaching environment; she was more critical toward the new
ideas, especially technology. Sandy worked collaboratively and worked through the labs to build
her content knowledge. She invited the challenge; she truly seemed to desire to improve her
instruction. Karen really grappled with the content during the institutes. She worked in and with
her group, but she processed the new ideas at her own pace. She talked with the PS/CPD
institute physics professors about her ideas for incorporating the content in her physics class.
She was really excited to try the new content and pedagogy in her own context. Christy also
pictured how she could teach the same content with these labs in her classroom. Karen, Michael,
and Sharon attended all four institutes throughout the 2010-2011 school year, but Sandy and
Christy both missed one institute each.
Based on the researchers’ observations of participants’ attendance, active participation in
the institutes, application of institute resources and content into their classroom teaching, and
interviews on participants’ teaching decisions, the PS/CPD program contributed to the
participants’ PCK development. The participants learned new content and pedagogy, decided
how to incorporate this in their own classrooms, and had the opportunity to talk with other
teachers and professors about this new information. Through attending and participating in the
PS/CPD institutes, participants assimilated this new knowledge into their existing knowledge to
strengthen their PCK.
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Content Knowledge
The administration of the Physical Science Knowledge Instruments did not allow for a
quantitative analysis of participants’ content knowledge growth. Participants’ pre- and post-test
could not be separated from the entire group’s because of a lack of identifying data, although
teachers self-reported their content knowledge to have been improved after the PS/CPD program.
This finding is further supported through observations. When teaching specific content that was
learned during the PS/CPD program, participants’ content descriptions and language emulated
what was taught during the PS/CPD program. However, when they were teaching content not
covered through the PS/CPD program, their content descriptions and language were not as rich.
The following paragraphs provide evidence for the finding that participants’ content knowledge
was improved during the PS/CPD program.
Sharon, Michael, Sandy, Karen, and Christy each represented knowledge of the science
concepts differently when teaching their students. Karen took a different approach to teaching
the content, which involved inquiry learning with a practical application of the content.
Sharon presented the content covered during PS/CPD, but used her own, traditional
methods to do so. When asked what she intended for students to learn from her instruction,
Sharon replied,
[In general physics] to be able to calculate mass, temperature, heat specific heat. To
improve their math skills. The advanced physics class, hopefully to see that there is an
equilibrium temperature and that you know you are never going to get hotter than you
were you’re always going to cool off and uhm hands on just put ‘em some, re ah
reemphasize what we have done in the classroom, but in a lab. But I’d like to do it a little
more elaborate, but today just to do the water was, you know. It was for them to use the
calorimeters.
Sharon seemed more concerned with providing students with a hands-on experience to “use the
calorimeters,” without necessarily allowing students the opportunity to think about, or design, an
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experiment to test the use of calorimeters. When students had difficulty understanding the
science concepts, Sharon did not really know why. She explained,
I mean I thought that doing the work with them, putting the problems on the board, uhm,
discussing the variables and the problems, manipulating the equations. I thought, but
there again that goes back to teaching, what you thought might work blows up in your
face the next day. You know we will go back, we won’t drop this because we had
difficulty today. You know maybe I will go back and find a different worksheet. More
than likely we will work this same task again. We can’t leave it at the level it is right
now. It’s just not acceptable to leave them in the middle of this without them having,
feeling some success in themselves, I believe that is important, they have to feel some
success. And uh, I don’t think they did, so maybe I didn’t pick the right test. I mean
maybe my test wasn’t the right test, so we’ll go back to the drawing board and redo.
Michael required his students to experiment with electrical circuits and form their own
thoughts about the flow of electricity prior to discussing what actually happened. Michael also
used a model he learned through the PS/CPD program to represent the flow of electricity. In
class, Michael explained how the flow of water through pipes was analogous to the flow of
electricity through wires, resistors, and bulbs. During the interview, Michael explained the
difficulty of making models, but also the helpfulness of using models:
That goes back to the models, being able to visualize. I really agree with [institute
instructors]. The models do help so much. Uhm, but getting the models, I tried it with
another class and they just . . . the model idea about blew their mind. They were worried
more about this model and how it related over here. It’s the model business. Making
models. Coming up with enough models to get it across to them if it’s something we
can’t see like radiation you know. How do you do enough models to get it across?
That’s one of the things I’m trying to work on, and I thank [institute instructor] for the
fluid analogy. Because it has really helped me, and I think it will help some of the kids.
I think they’ll remember some of it. And, I think it’ll help. Students don’t read well.
Michael also addressed students’ content misconceptions. He asked students’ questions to make
their knowledge public, and then he explained and demonstrated, when appropriate, correct
conceptions to students. Michael explained how students used schematic diagrams to think and
plan their designs:
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This was sort of a culmination of the little demos, trying to make dry cells, so that they
could put it all together where they could see where we can make circuits. And this
doesn’t, I mean this does relate to the real world, not little board circuits, but the concept.
I was trying to get them to see that they could do a schematic diagram. They can
understand what it says and they can wire from their plans and make the light come on.
That’s really all I was trying to do.
Sandy tried to teach experimental design and the acceleration of gravity through a lab
activity conducted at a PS/CPD institute. Sandy replicated the lab in which a ball was dropped
from several stories up and students timed and calculated the acceleration due to gravity by the
distance traveled each second. Sandy understood the concept and the calculation, but struggled
to re-present this to her students and to guide students’ inquiry. Sandy also struggled with the
environmental constraints of finding an appropriate location to conduct this lab. The content
ended up being overshadowed by the chaos of the lab. Sandy described the lab chaos: “Well,
um, it sounds like we are going to be learning an awful lot about variables and errors. I hope that
they can come up with something close to the measure of gravity, so we can use it in a few years
[in physics class].” She tried to undo the damage from the chaos the next day. She said, “We
are finishing up, I hope with Newton’s second law. We are going to talk through the lab we tried
to do yesterday--point out the errors and what a perfect setup should look like.” Sandy was more
successful in teaching the acceleration of gravity when she used the distance formula during the
next class period. Although her incorporation of the new content did not go smoothly, she still
learned from her attempt and incorporated this new knowledge into her PCK.
Christy found that she had misconceptions about the content through the PS/CPD
program, which made a strong impact on her instruction. Christy focused her new content
knowledge ideas on determining students’ prior knowledge and misconceptions and then
planning her content instruction based on this information. Christy chose demonstrations that
would challenge students’ preconceptions, such as seeing light (or not seeing light) reflected

139

from an apple in a dark room, showing how light travels in a straight line with a laser and chalk
dust, and showing how light reflects from smooth and rough surfaces. When Christy’s students
had questions about light, she gave very thorough explanations. Her students seemed frustrated
sometimes. They understood that they saw light reflected as color, but struggled with the fact
that light traveled as waves. Christy explained how difficult it was to teach this concept:
Um, difficulties, I would say just because they think of it in such a simple way, it is hard
for them to think of it in the actual scientific term as in [student] was saying, she gets
frustrated because she sees green and says its green, but she really doesn’t know why. I
think that’s the only difficulty in it is [to] know why that wall is green, not just knowing
it is green.
As students asked questions, Christy explained the wave-particle duality theory of light,
photoelectric effect, and additive and subtractive colors with coherency.
In addition to observation data, RTOP ratings from two categories, content-propositional
knowledge and content- procedural knowledge, indicated that when participants taught content
and utilized pedagogy covered during the PS/CPD institutes, their teacher practice, including
content knowledge, was more reformed. A comparison between participants’ application of
content knowledge gained through the PS/CPD program is found in Table 9.
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Table 9
A Comparison of Participants’ Application of Content Knowledge Gained through PS/CPD

Participant

Content knowledge utilized from
PS/CPD

Sharon

•

Michael

•

•
•

Sandy

•

•

Karen

Christy

•

•

•

Used her own “cook
book” lab on thermal
energy
Students experimenting
with circuits to
determine the flow of
electricity.
Fluid analogy model for
the flow of electricity.
Utilized demonstrations
with electrical devices to
correct student
misconceptions about
electricity.
Ball drop lab in stair
case with experimental
design and student roles
Calculating the value of
gravity using the
distance formula
Used her own “inquiry”
lab on pressure

Awareness of content
misconceptions leading
to specific content
instruction and
demonstrations
Ability to explain the
abstract nature of light to
students using content
explanations and
demonstrations

141

RTOP ContentPropositional
Knowledge Score
(out of 20)
RTOP ContentProcedural
Knowledge Score
(out of 20)
Sharon used her own
lab instead of the one
from PS/CPD.

10

Scores when not
using content
knowledge from
PS/CPD

12
5

8

7

3

7

7

8

1

Karen used her own
inquiry lab on
pressure, which
taught the same
concepts in a real-life
context.

15

9

14

5

7

1

Through attending and participating in the PS/CPD institutes, participants assimilated new
knowledge of science concepts into their existing knowledge. Once in their own classroom
environments and teaching their unique groups of students, participants utilized the new
knowledge of science concepts and tailored their instruction to fit their students’ needs.
Ultimately, participation in PS/CPD supplemented participants’ content knowledge, which, in
turn, advanced their PCK.

Pedagogical Knowledge
As shown through the CoRe interviews, science lesson observations, RTOP scores, and
PCK Rubrics scores (see Tables 3 through 7; see Figures 2 through 7), pedagogical knowledge
was a weak area for most of the participants. Participants struggled to choose the most
appropriate teaching strategies for the specific content they were teaching. On many occasions,
participants selected traditional, teacher-centered strategies to “deliver” the content, including
lecture, “cookbook” labs, and worksheets.
Sharon, Michael, Sandy, and Christy each incorporated at least one new pedagogical
strategy they were not previously using. Sharon and Sandy both incorporated labs they had not
used previously. Sharon used a calorimeter lab she modified from the PS/CPD program, which
required students to predict, formulate, and test their hypothesis; collect and analyze data; and
form conclusions. However, when Sharon modified the lab from the PS/CPD program, she
guided it to the point of transforming it back into a “cookbook” lab. Sandy asked students to
design the “ball drop in the stairwell” lab. Students democratically assisted in the design of the
experiment, deciding how to collect the data, analyze it, and form conclusions. She assigned
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group roles to students such as data collectors and timer keepers. This was the only activity
students did during a week of observations.
Michael and Christy both placed special emphasis on confronting students’
misconceptions, but they approached it differently. Michael used one hands-on, inquiry activity
for students to “see to believe” as they completed electrical circuits. During that particular lab
activity, Michael circulated between the collaborative groups and questioned students about their
new understandings. Christy utilized a more direct method of diagnosing students’
preconceptions, misconceptions, and new understandings; she gave a pre- and post-test. Christy
based her teaching strategies on how students performed on the pretest. Christy used
demonstrations to show students the correct ideas; specifically, she would address student
misconceptions with her demonstrations.
Karen was a bit different from the other participants. She began with a stronger
knowledge base of best practices. On her own time, she studied pedagogical strategies through
journals and national science organizations, coursework, and professional development, which
strengthened her repertoire of skills. When she prepared to teach pressure, she studied how to
teach it. Karen explained,
So, uhm, in looking at what professors who teach conceptually, like Hewitt for example.
He’s that other person that I try to look at and figure out how to teach these concepts. He
suggests to make sure that they . . . I’m distracted--hold on a second [teacher goes and
tells students in hall to move the noise away from her door] So, Hewitt suggests that
before we start this unit, that we really review conceptually what we might have learned
in chemistry, and maybe we didn’t. The concepts of states of matter: what we are
looking, we call it air, but it is really individual molecules. Individual atoms that
contribute and to make sure, I think is his intent, to make sure they have this understood
so that they understand that air is not this big one thing up there, but individual molecules
or atoms that come together to cause pressure. So, I think in one morning as a bell ringer,
I’m going to do one of the experiments or observations and demos where you just swab
some alcohol on a desk and then I’m going to have them gray-in a rectangle with a pencil
and then I’m going to have them erase a section of the rectangle as it evaporates. That’s
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used to demonstrate the particulate nature of matter. Did it leave all at once? No it didn’t,
it left in sections or strips, so that means it is all not one thing.
Also, Karen used brain-based and inquiry-based teaching strategies the entire week of
classroom observation. Karen explained how she incorporated both strategies in her lesson
design,
Yes, So, each time I plan a lesson and teach, I try to go back and forth. I don’t say it out
loud. And actually, I think I may be the only person at this school who has even heard of
this program called “4MAT” where you think about right brain/left brain teaching
strategies. You try to gauge the social aspect with the wow factor--which is right side-with the left side, which is the more logical/analytical/reasoning side. Then you go back
and forth. The 5 E’s are always there. And then there was a guy that came up with the 7
E’s, so we are required to use the 5 E’s, but the format system actually incorporates all of
that. So, that is the underlying strategy that I use just subliminally. But, to do the Q & A
and give time for realistic responses, to give them time to, they will correct and monitor
each other superbly. All I have to do is just give them time to do it. And, so, that wait
time is key to how I work to give them time to come up with answers. I’ve had this group
since--I did teach them physical science--so I’ve had a chance to watch them change how
they behave and react in the classroom. They are doing really well.
Karen also assessed students for prior knowledge, but she took a very creative approach.
She was the only participant to incorporate technology from the PS/CPD program. She Skyped
with a classroom in a different state, and students from both classrooms discussed their ideas
about pressure. Students introduced themselves across Skype and explained what pressure
meant to them in their daily lives. Some students had scientific ideas, and others held more lifeoriented ideas about pressure.
When participants utilized teaching strategies modeled during the PS/CPD program, their
students were more engaged and the participants gained a greater understanding of their
students’ knowledge. Participants replicated best practices from the PS/CPD institutes in their
own classrooms such as, assessing students’ prior knowledge, revealing students’ prior content
conceptions and misconceptions, using demonstrations and discrepant events to confront and
change students’ misconceptions, using more inquiry-oriented pedagogy instead of traditional
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methods, and questioning students to check their comprehension during lab activities instead of
“spoon-feeding” them facts. The PS/CPD institutes gave participants a better understanding of
content-appropriate pedagogical strategies. The participants slowly incorporated these into the
existing practices, increasing their PCK.

Teacher Efficacy Beliefs
The STEBI-A questionnaire was utilized to survey teachers’ efficacy beliefs on three
occasions. The questionnaire was administered at the first PS/CPD institute day, during the
week of classroom observations, and at the last PS/CPD institute day. The researcher
hypothesized that teacher efficacy beliefs could influence the extent to which participants’ PCK
developed. As participants engaged in the PS/CPD program they learned new content and new
pedagogical approaches, which strengthened their content knowledge and pedagogical
knowledge. As participants went through the process of incorporating these new ideas and
understandings into their daily classroom practice, their efficacy beliefs changed. Sharon’s
PSTE score was high to begin with, but it was highest on the last measurement. Through her
20+ years of teaching experiences, Sharon developed many routines, which could contribute to
her high efficacy beliefs. Michael’s PSTE score peaked on the second measurement, which was
while the researcher was present to observe him. Michael taught a topic he learned through the
previous year of PS/CPD institutes. He had a longer amount of time to practice his new ideas
and understanding, which could be why his highest PSTE score was on the middle measurement.
However, his final PSTE score was the lowest, but only one point below his initial score.
Sandy’s PSTE scores were low, but like Michael her score peaked on the middle measurement.
The researcher was present, observing Sandy while she was teaching Newton’s Laws of Motion.

145

The fact that Sandy attended the institute on Newton’s Laws of motions a few weeks prior to
teaching the concept could have influenced this peaked score on the middle measurement.
Karen’s PSTE was consistently high. She did not have a peak or drop in her PSTE score. This
could be attributed to the fact that she taught her own lessons during the week of observations.
Although, she experienced content and lab activities on pressure at a PS/CPD institute, she still
taught her version of the lesson without incorporating the institute activities with the content.
She did try new pedagogical approaches, which seemed to keep her efficacy beliefs high.
Christy’s PSTE score was also very consistent. It was not as high as Sharon’s or Karen’s, but it
was high for someone considered a novice teacher based on her years of teaching experience.
The researcher observed Christy’s enthusiasm and positive attitude toward learning and
incorporating new content knowledge and teaching strategies, which likely led to her strong
efficacy beliefs.
As participants assimilated new practices and understandings into their existing
knowledge, their efficacy fluctuated over time. Each participant experienced the institutes as
individuals, thus reacting independently and having different efficacy beliefs regarding their own
instruction. Through observation, the researcher recorded participants’ reactions to the
incorporation of the new ideas and understandings. Evidence was found to determine that
successes and failures associated with the incorporation of the new ideas and understandings
influenced the participants’ efficacy beliefs, facilitating development of their PCK.

Comparison of Pedagogical Content Knowledge, Teaching Expertise, and Teaching Efficacy
In an ideal situation, the researcher would propose that participants’ PCK Rubrics score,
RTOP rating, and PSTE score would be in-line with one another (and higher, preferably). This
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alignment would mean that the researcher
researcher’s perception of the participants’ PCK and instructional
practices were comparable to par
participants’ efficacy beliefs. In this study, that was not the case.
As seen in Figure 8, participants
participants’ efficacy beliefs were strong in what they were doing.
So strong, in fact, that it would appear that they were confident in using successful and
unsuccessful
ssful teaching practices, based on classroom observation data and PCK Rubrics ratings

Scores scaled to 100

that are considerably lower than the efficacy belief scores of each participant.

100
95
90
85
80
75
70
65
60
55
50
45
40
35
30
25
20
15
10
5
0

Sharon
Michael
Sandy
Karen
Christy

PCK Rubric
Score

Average RTOP
Score

Efficacy
Average Self-Efficacy
Score

Figure 8. Comparisons of particpants scores of PCK, RTOP, and efficacy.
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In contrast to the efficacy belief score, was the RTOP rating, which indicated that participants’
pedagogical practices ranged from not reformed to moderately reformed. The researcher
predicted that the PCK Rubrics score and the RTOP rating score would be more accurate
indicators of participants’ instruction and knowledge base. Initially, the researcher was surprised
at the high-efficacy scores, but in relation to the years of experiences these participants have, one
would think they would be efficacious in their teaching routines.

Summary
Multiple connections were identified among participants’ content knowledge,
pedagogical knowledge, PCK, professional learning experiences, environmental factors, and
efficacy beliefs through further examination of participants’ responses and researchers’
observations. As is expected, participants who took part in professional learning experiences,
such as advanced degrees and professional development, had more advanced PCK, as indicated
on the PCK Rubrics; simply years of classroom teaching was not the dominant influence on
participants’ PCK. Professional learning experiences were valuable in restructuring participants’
knowledge of appropriate pedagogy for specific science concepts. While each participant had a
unique environment and context in which they taught, teachers with higher PCK Rubrics scores
did not use the local context as a justification for less than optimal teaching strategies. The
researcher determined that environmental factors were not as constraining on the participants’
instruction, rather, the participants had a choice; participants could choose to let their
environment and context inhibit their instruction, or they could put forth the effort to design
effective lessons taking their environmental factors and context into consideration. Participation
in PS/CPD supplemented participants’ content knowledge, in turn, advancing their PCK. The
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PS/CPD institutes gave participants an increased level of understanding of content-appropriate
pedagogical strategies. The participants slowly incorporated these into the existing practices,
developing their PCK. Through attending and participating in the PS/CPD institutes, participants
assimilated new knowledge into their existing knowledge and ultimately strengthened their PCK.
In addition, successes and failures associated with the incorporation of the new ideas and
understandings influenced the participant’s efficacy beliefs and facilitated development of their
PCK.
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CHAPTER 6
SUMMARY OF FINDINGS, CONCLUSIONS, IMPLICATIONS,
AND RECOMMENDATIONS
Introduction
This dissertation examined important connections between teachers’ professional
learning experiences, instructional practices, content knowledge, and environmental and
contextual factors as they relate to physics and physical science teachers’ pedagogical content
knowledge development. The intent of this final chapter is to summarize and discuss the
conclusions of this research study and how they relate to present and future studies of in-service
science teacher education for physics and physical science teachers.
Chapter 6 includes a summary of the findings presented in chapters 4 and 5 in relation to
the research question, “What contributes to the development of pedagogical content knowledge
in teaching the physical sciences?” Four sub-questions also were considered in relation to the
main research question:
1. How do professional learning opportunities and years of experience influence science
teacher’s pedagogical content knowledge?
2. In what ways does the physical classroom environment and student context influence
a science teacher’s pedagogical content knowledge?
3. To what degree does active participation in a continuous professional development
program influence a science teachers’ pedagogical content knowledge?
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4. To what degree does a science teacher’s self-efficacy science beliefs influence
pedagogical content knowledge development during classroom teaching?
A brief review of the purpose, methods, and analysis are included to remind the reader of the
study procedures. The phenomenon of PCK development and supporting themes are discussed
with conclusions. Implications are made for those in education with similar contexts. The
reader should examine the context of this study prior to determining application of the results to
their own context. Additionally, recommendations for future research are made based on the
phenomenon researched in this study.

Study Overview
This study utilized phenomenological research to explore what contributed to physics and
physical science teachers’ PCK development. The researcher utilized qualitative methodologies
to research and analyze participants’ lived experiences in and application of knowledge learned
through the Physical Science Continuous Professional Development Program (pseudonym).
There were five participants in this study, Sharon, Michael, Sandy, Karen, and Christy
(pseudonyms). Two physics professors and a science education professor developed and
presented the content and activities for the PS/CPD program. Data were collected in conjunction
with this professional development program, which was funded by a state grant.
The researcher collected data through participant demographic questionnaires, CoRe
interviews, participant-observations, RTOP observations, and STEBI-A surveys. Qualitative
analysis occurred through the constant-comparative method, which involved analysis such as
coding and triangulating the data. Coding results were presented as discussion in the observation
section of each case in chapter 4, along with descriptive results from each method. Member
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checking was completed with participants at two points: (1) after interviewing participants, the
researcher asked them to verify the content and coherency of their responses; and (2) after the
researcher made meaning from and triangulated the data. A summary of the results from
chapters 4 and 5 follows.
Summary of Findings
This section reports the findings in relation to the research question of this study: What
contributes to the development of pedagogical content knowledge in teaching the physical
sciences? Several connections to PCK were revealed through participants’ experiences. Those
findings are presented below organized by the sub-questions of the main research question.

Sub-question 1
How do professional learning opportunities and years of experience influence science
teacher’s pedagogical content knowledge?
Two participants, Karen and Christy, had higher pedagogical content knowledge, as rated
by the PCK Rubrics and supported through descriptive data from interviews and observations,
than the other three participants. Several characteristics differentiated Karen and Christy from
Sharon, Sandy, and Michael. First, Karen and Christy had the least amount of teaching
experience out of the group, but they had more quality professional learning experiences. Karen
was in the 11-15 year range for teaching experience, and Christy was in the 1-5 year range.
Karen and Christy both participated in professional learning experiences, such as advanced
degrees and professional development, which fostered inquiry practices instead of traditional
instructional practices. Second, they both employed inquiry-based instructional practices in their
lessons successfully. Sandy and Michael also attempted to incorporate inquiry-based
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instructional practices in their lessons, but it was their first attempt to do so and not very
successful. Both Sandy’s and Michael’s student were not prepared to take on the learning
responsibilities associated with inquiry learning, which produced frustration, chaos, and apathy
on the students’ behalf. Sharon continued to incorporate traditional instructional practices into
her teaching. Professional learning experiences, such as the PS/CPD, proved to be valuable in
enhancing participants’ knowledge of appropriate pedagogy for specific science content.

Sub-question 2
In what ways does the physical classroom environment and student context influence a
science teacher’s pedagogical content knowledge?
Participants had unique contexts and environments. Each participant reported different
needs for teaching resources and knowledge of how to teach their students. For Karen and
Christy this was not a big issue, but not all participants were able to design effective instruction
with the resources they had. Christy probably had the most optimal teaching environment
because there was less poverty, less student diversity, and more funding for technology and
classroom supplies in her area; however, she still taught in a high-need, rural school in terms of
resources. Karen mentioned having problems finding resources in the past, but now she has
found ways around that. She said,
So, that’s why I’m working with this project and use NSTA, they have great resources. I
use the effort that others have gone through to produce materials so that I only need to
find simple materials. I can come up with pen, meter stick, chalk, and markers. I can do
that.
Karen had the highest PCK Rubrics score, but likely the most demanding teaching context and
environment. Karen’s school was rural and high-need, and her students were all African
American students living in poverty. Also, being one of two science teachers from Grades 6
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through 12, she taught the same students several times. Karen reported that students learned
self-reliance with her instruction, meaning students understood that learning was their
responsibility.
Sharon, Michael, and Sandy each described multiple environmental and contextual
factors that inhibited their instruction. Sharon and Michael both described their students as the
biggest limitation to their instruction. Sharon said students’ had very weak math skills,
“senioritis,” difficulty with physics, and an overreliance on technology to think for them.
Michael said students’ characteristics, such as apathetic attitudes, low reading comprehension,
weak math skills, no hands-on experiences, and lack of ability to troubleshoot were his biggest
limitations. Sandy lacked laboratory space and materials and equipment to conduct labs;
therefore, she used this as a justification for relying on worksheets.
While each participant had a unique environment and context in which they taught,
teachers with higher PCK Rubrics scores and higher RTOP ratings did not use their teaching
environment and student context as reasoning for less than optimal teaching strategies.
Participants could choose to let their environment and context inhibit their instruction, or they
could put forth the effort to design effective lessons, taking their environmental factors and
context into consideration.

Sub-question 3
To what degree does active participation in a continuous professional development
program influence a science teachers’ pedagogical content knowledge?
Participation in PS/CPD supplemented participants’ content knowledge, in turn,
advancing their PCK. Not only did participants experience laboratory activities addressing
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multiple science concepts, but they also participated in interactive discussions of the science
concepts. Through the PS/CPD institutes, participants gained an increased level of
understanding of content-appropriate pedagogical strategies. The participants slowly
incorporated these into the existing practices. Through attending, participating in the PS/CPD
institutes, and implementing content-specific pedagogical approaches, participants assimilated
new science concept knowledge into their existing schema and ultimately strengthened their
PCK.

Sub-question 4
To what degree does a science teacher’s self-efficacy science beliefs influence
pedagogical content knowledge development during classroom teaching?
As participants engaged in the PS/CPD program they learned new content and new
pedagogical approaches, extending their existing content knowledge and pedagogical
knowledge. As participants incorporated these new ideas and understandings into their daily
classroom practice, their efficacy beliefs changed. Although there was some fluctuation in
participants’ efficacy scores, the scores were relatively high. Overall, without considering the
researcher’s observations of their teaching practices, this group of teachers was efficacious.
The small amount of fluctuation in participants’ efficacy belief scores could be attributed
to how they dealt with the successes and failures of incorporating new knowledge of science
concepts and pedagogy into their existing schema. In addition, each participant experienced the
institute activities in different ways, which caused them to react independently and have different
efficacy beliefs regarding their own instruction. Through observation, the researcher recorded
participants’ reactions to the incorporation of the new ideas and understandings. Evidence was
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found to determine that successes and failures associated with the incorporation of the new ideas
and understandings influenced the participants’ efficacy beliefs, facilitating development of their
PCK.

Emerging Conclusions
Being qualitative research, the interest here was generating a plausible hypothesis; the
generalizability was not a concern of this study. However, the insights into the phenomenon of
the development of in-service teachers’ PCK in physic and physical science through continuous
professional development could have a broader impact on the training of in-service teachers with
similar contexts and new designs of effective professional development.

Emerging Conclusion 1
Based on triangulations between PCK Rubrics scores, participant background
questionnaires, and science teaching observations, taking part in professional learning
experiences such as the PS/CPD contributed to further developed PCK in participants. The
participants with the most advanced PCK were Karen (11; Competent Level) and Christy (10; in
between Emerging and Competent Levels), who had the least amount of teaching experience of
the group (less than 15 years) and the greatest amount of quality science professional
development. Furthermore, Karen and Christy’s efficacy beliefs were more aligned with their
observed teaching behaviors than other participants’ (Figure 8). In addition, both Karen and
Christy exhibited more reformed teaching practices during classroom observations, as shown by
RTOP ratings (Figures 6, 7, and 8). Christy taught science concepts using pedagogical practices
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she learned through PS/CPD, but Karen, on the other hand, designed her own inquiry-based
lessons to teach her science concept.
The participants with the least advanced PCK, which were Sharon (9; Emergent Level),
Michael (9; Emergent Level), and Sandy (8; Emergent Level), varied in their use of PS/CPD
resources. Sharon simply did not apply anything from PS/CPD during her science lesson
observations. She covered the same content from the second PS/CPD Institute and taught the
formula to calculate specific heat and a lab using calorimeters, but she used her lab activities and
worksheets without trying anything new. Michael exhibited some reformed practices in his
instruction that he gained through the PS/CPD program like the use of analogies, addressing
student misconceptions, and some inquiry-learning activities. But as discussed in chapter 4, he
did not have good rapport with his students. Michael’s poor classroom rapport, which he
reported in a conversation with the researcher, was created by the age, race, and socioeconomic
differences between him and his students. This likely led to many of the limitations he described
during interviews about his students as barriers to his instruction. Sandy strayed away from her
normal routine of using textbook worksheets and notes to attempt to use resources from PS/CPD.
It was challenging for her students to transition from seatwork to inquiry laboratory activities
with roles and responsibilities because they had no prior instruction and preparation for inquiry
practices. Sandy’s efficacy in her abilities was high (mean score = 43 out of 65), but it was the
lowest out of the five participants (Figure 8). In this case of lower efficacy and a chaotic
experience, Sandy may be less likely to try this type of inquiry experience again, or on the other
hand, she may incorporate this knowledge of the trial into her existing PCK and try again.
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Emerging Conclusion 2
Environmental factors, such as classroom context and school setting, do not inhibit
instruction as much as teachers’ PCK. Triangulation between science lesson observations,
participant interviews, and PCK Rubrics scores led the researcher to see an increased need in
PCK development, which exceeded the participants’ expressed need for laboratory equipment
and supplies. It is a fact in this region of the United States that economically times are tough;
funding for schools and supplies have been cut. The school settings and classroom contexts of
most of the participants were rural in setting and science teaching supplies and equipment were
dismal. In this study, the researcher found that the need for further PCK development for inservice physics and physical science teachers surpassed the constraints placed on instruction by
the classroom context.
In science lesson observations, the researcher observed both reformed and traditional
instructional practices occurring with the equally limited resources in each participant’s
classroom context. This was the first indication that limited resources were not the biggest
factor. During interviews, a second indication was noted; two participants, Karen and Christy
who also had the highest PCK Rubrics scores, did not describe the need for laboratory equipment
or supplies as a limitation. A third indication occurred when participants talked about how they
interacted with students during interviews. Sharon, Michael, and Sandy all found barriers in
their student context that inhibited their instruction; while Karen and Christy both noted that their
students took responsibility in their learning by being engaged, asking questions, and working
collaboratively.
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Emerging Conclusion 3
Teachers must actively engage in professional development activities, apply new
knowledge of science concepts and concept-specific pedagogies, and assimilate the results of this
trial into their existing PCK to further develop their PCK. This emerging conclusion
materialized through the triangulation of data from science lesson observations, participant
interviews, PS/CPD institute observations, RTOP ratings, teacher-efficacy beliefs, and PCK
Rubrics ratings and is evident in each participant case as discussed in chapter 5. Through each
participant’s experiences, trends were reported and observed that led to further development of
their PCK. Those with more developed PCK and more reformed instruction actively engaged in
professional development activities, applied new knowledge of science concepts and conceptspecific pedagogies in the science lessons, and assimilated the results of their attempt into their
existing PCK. In some cases, efficacy beliefs were high in participants without the most
reformed instruction or highest PCK Rubrics ratings.

Emerging Theory
A theory, based on participants’ lived experiences, emerged through this study. As
teachers assimilated new conditions about teaching and learning they gained through a PS/CPD
program into their existing ideas and beliefs, or schema, several factors affected the outcome of
their instructional practice. Teachers in general utilized new instructional practices in their own
environment and context prior to forming conclusions on the effectiveness of the new practices.
Teachers’ efficacy in their abilities of applying the new practices may not be accurate during the
initial attempt of using them in the classroom, although, the new instructional practices could be
more successful with students.
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Several outcomes could occur as teachers employ new instructional practices: (a) these
new conditions of instruction affect teachers’ efficacy, (b) student engagement with new
instructional practices affects teachers’ efficacy, and (c) the incorporation of new content
knowledge and pedagogical knowledge changes teachers’ PCK, making their instructional
decisions better thus making their lesson designs stronger. However, these conditions seem to
occur and be processed by the participants simultaneously from the start of PS/CPD to the end.
Therefore, evidence from this research study suggests that PCK development is not a linear
process as Gusky (1986) suggested and Van Driel and Berry (2012) also refuted, but more of a
spiral including the incorporation of new content and pedagogical knowledge, all instructional
experiences in the classroom with students, and teachers’ efficacy beliefs based on the successes
and failures of these instructional experiences. Although a general spiral for PCK development
might be imaginable, the researcher hypothesized that a spiral of PCK development would look
different for each individual depending on their focus while partaking in professional
development. The complexity of the spiral would differ based on copious individual differences
of a teacher.

Implications
A Need of Quality Physics and Physical Science Professional Development
Based on participants’ professional backgrounds, researcher observations of classroom
practices, and participants’ reported efficacy beliefs, teachers of physics and physical science
need more content-, pedagogy-, and context-specific professional development. Often, as in this
study, physics and physical science teachers major in science education with an emphasis in
biology or general science, neither of which offers an emphasis in physics. Only in more recent
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years were teachers in this state required to take a science methods course in their undergraduate
and graduate degrees. So, not only do teachers of physics and physical science not get adequate
content background through their degree programs, they also lack in content-specific instruction.
This is a major concern, being that all teachers in this study taught in a rural location, four out of
five taught in high-poverty areas, and three out of five taught in high-poverty areas with
predominantly African American students. One way to supplement teachers’ degree program
shortcomings would be to provide high-quality content and pedagogy specific professional
development opportunities such as the PS/CPD program. Professional development hours are
required by the state, but physics and physical science professional development is rarely
offered.

How Science Should Be Taught
Participants in this study knew the buzzwords of science education that have been around
for quite some time, such as inquiry, hands-on, discovery learning, misconceptions, and wait
time. From participants’ interviews and efficacy beliefs, it was evident that they thought they
were applying these in their instructional practices; however, researcher observations revealed
more traditional practices such as worksheets, cookbook labs, and demonstrations guiding
students to memorize science concepts.
The National Science Education Standards (NSES) recommends inquiry teaching and
learning as the research supported pedagogical method for teaching science in K-12 classrooms
(National Research Council, 1996). The Standards state:
Inquiry into authentic questions generated from student experiences is the central strategy
for teaching science. Teachers focus inquiry predominantly on real phenomena, in
classrooms, outdoors, or in laboratory settings, where students are given investigations or
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guided toward fashioning investigations that are demanding but within their capabilities.
(p. 31)
On the heels of the development of the Next Generation Science Standards (due out in 2013), A
Framework for K-12 Science Education builds on existing ideas in the NSES (National Research
Council, 2012). Because the creators of the NGSS felt science educators interpreted the term
“inquiry” too loosely or widely, “practices” was articulated as a word that indicated more
realistic student engagement than the word “inquiry.” The Framework states, “Students cannot
comprehend scientific practices, nor fully appreciate the nature of scientific knowledge itself,
without directly experiencing those practices for themselves.” This indicates to science
educators that students should “engage in practices and not merely learn about them
secondhand” (National Research Council, 2012, p. 30). As drafts of the NGSS continue to be
published, researchers will learn more about how teachers are expected to teach.

How Professional Development Can Further the Development of In-service Physics and
Physical Science teachers’ Pedagogical Content Knowledge
This study and the growing body of research on PCK have suggested that the
development of teachers’ PCK is a multifaceted process. The development of PCK is specific to
the teacher, the environment, and the student context (Abell, 2008; Lee et al., 2007; Lesniak,
2003; Loughran et al., 2000; Veal, 2010, Van Driel & Berry, 2012). This suggests that
professional development aimed at developing in-service physics and physical science teachers’
PCK must meet teachers’ needs for context-specific pedagogical practices, deepened content
knowledge, and content-specific pedagogical practices.
Traditional professional development programs are criticized in the literature for meeting
outside of teachers’ classrooms at scheduled times and not providing “sufficient time, activities,
and content” to change teachers’ classroom practices (Garet, Porter, & Desimone, 2001, p. 920).
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This study suggests that reformed professional development institutes, like the PS/CPD, still may
be the most efficient and effective way to reach rural teachers (who teach 1 to 4 hours away)
with a high need for physics and physical science content and pedagogical practices specific to
their content and context. In fact, rural physics and physical science teachers need more
opportunities for professional development. Based on the findings of this study and others in the
literature, the researcher suggests components for a future PS/CPD program.
The PS/CPD program attracts teachers with four main needs: (1) content and pedagogy in
physics or physical science designed to meet state and national standards, (2) context specific
pedagogy, (3) learning experiences with 21st century science education technology tools, and (4)
a central location to travel to from rural schools. Through the previous years of the PS/CPD
program, the core elements have focused on the following:
•

Physics and physical science content.

•

Reformed instructional practices.

•

Planning of how new science concepts and teaching practices will be used in
teachers’ classrooms.

•

Facilitated communication between science teachers and between science teachers
and institute instructors.

•

Provided instructional resources for teachers to try in their classrooms, such as 21st
century technologies like computer-based lab devices and probes.

•

Facilitated the development of teachers’ science concept specific PCK.

In future PS/CPD programs, the core features should continue to include those listed above. In
addition, teachers would benefit from the following:
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•

Go beyond having teachers plan how they will integrate new science concepts and
teaching strategies into their practice. Create accountability between teachers to
integrate new practices and report back to one another (Garet et al., 2001).

•

Align the pedagogical approaches with the NGSS “practices” as they become
available. Due to the fact that the NGSS are focused on science and engineering
practices, focus on incorporating engineering activities in relation to physics instead
of technology devices (National Research Council, 2012).

•

Try to recruit multiple teachers from each school site or system to (a) foster the
development of Professional Learning Communities (Richmond & Manokore, 2011)
and (b) facilitate a change in science teaching practices over time (Garet et al., 2001).

•

Recruit a current, exemplary, physics/physical science teacher to advise the
development of institute activities and resources.

Future Research
The findings of this dissertation point to a few areas worth further examination in the
future as they relate to the phenomenon of PCK development in physics and physical science
teachers. First, educational researchers should investigate the viability and effects of
professional learning communities on PCK development. Specifically, research should be
conducted on how a learning community of teachers could facilitate incorporation of PS/CPD
resources. In addition, it would also be worthwhile to investigate barriers that prevent teachers
from incorporating new pedagogical strategies and science content into their existing teaching
practice.
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Another area of concern for the researcher was student and teacher rapport. There
seemed to be several rapport issues between participants and their students that should be
explored in future research, such as teachers’ behavior and classroom management, age and
racial differences, student responsibility for learning, and teachers’ understanding of what
students are capable of developmentally.
A third area for future investigation could be teachers’ beliefs of inquiry practices. Some
participants in the present study thought they were “doing” inquiry, discovery, hands-on, and
problem solving, but many times observations revealed more traditional practices. A study
comparing what teachers believe they do in the classroom in comparison of what they actually
do would be of interest. This could also inform professional development for in-service science
teachers in that it would allow one to see examples of both what they believe they do and what
they actually do.
Last, this study was limited on speaking to the extent to which participants’ PCK was
developed. It would be an improvement to be able to say to what extent teachers’ PCK was
developed. Also, having participants’ input on what they thought about their PCK, once they
were made aware of it, would give further insight in to the phenomenon of PCK development.
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Author (date)
Bialer, BatSheva, and
Scherz (2010)

Borko (2004)

Bybee & Van
Scotter (2006)

Title
How to change
science teachers’
practice? An
evidence-based
approach in a
continuous
professional
development
(CPD)
program.
Professional
development and
teacher learning:
Mapping the
terrain.

Research Questions
1. how to integrate
effectively reflective
activities into professional
development programs?
2. how to document the
changes in teachers’
practice (process and
product) that take place as
a result of reflective CPD
programs?
1.What do we know about
professional development
programs and their impact
on teacher learning?
2. What are important
directions and strategies for
extending our knowledge?

Methodology
3 participants

Reinventing the
science
curriculum

The purpose of this article
was to identify
constructivist teaching as a
better method than the
current teacher-centered
methods.

Editorial, not a
research study

The purpose of this study
was to create an instrument
to measure teacher
efficacy, validate the
instrument, and use it

90 participants

Gibson and
Teacher efficacy:
Dembo (1984) A construct
validation

Portfolio and
artifact analysis,
interviews,
diagnostic tool that
assessed teachers’
proficiency in LSS
practice on six
categories
Review of effective
professional
development
programs

53 item instrument
was revised to a 30
item Likert format
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Results/Conclusions
The CPD induced
changes in teachers’
practice.

Comments
A continuous
professional
development
(CPD) will be a
context of my
study

Researchers should
conduct a longitudinal
field study of many
professional
development programs.
She states that this will
likely require methods
that do not exist yet.
The authors state a
good science
curriculum should be
rigours and clear.
Teaching practice such
as inquiry should be
used to take into
account how students
learn.
Instrument was created
and validated.
Teachers with low
efficacy and high
efficacy were different

My research
context aligns
with what she
calls a Phase 1
research study in
a professional
development
context.
Constructivism

observe teacher behaviors.

Hagevik, et.
al. (2010)

Lee and Luft
(2008)

Lord (1998)

Pedagogical
content
knowledge and
the 2003 science
teacher
preparation
standards for
NCATE
accreditation or
state approval
Experience
secondary science
teachers’
representation of
pedagogical
content
knowledge

The purpose of this article
is to assist science teacher
educators in meeting
competencies for teacher
preparation.

How to build a
better mousetrap:
Changing the way
science is taught
through
constructivism

The purpose of this article
was to provide rationale for
a student-centered and
constructivist based
science education

scale.
Factor analysis,
multi-trait and
multi-method
analysis, classroom
observations
Not an empirical
study

Case study
1. What are the
components and specific
5 teachers
Interviews,
elements of PCK according
observations, lesson
to experienced secondary
plans, reflections
science teachers?
over a two-year
2. How do experienced
period
teachers organise these
components and specific
elements in their
conceptualisation of PCK?
Editorial, not a
research study
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in instruction, criticism,
lack of persistence in
failure.

Science pre-service
teacher should develop
PCK through “new
application of
knowledge, and
reflection on the uses
of that knowledge
embedded in practice”
(p.11)
Knowledge of
resources was
identified as an
unmentioned area in
PCK research.
Knowledge of
resources impacted
teachers organization,
selection of teaching
strategies, and
assessments.
Student-centered and
constructivist based
science education is
more aligned with how
students learn science.

New area
revealed

Constructivism

Loughran et.
al. (2000)

Loughran, et.
al. (2008)

Loughran,
Mulhall, and
Berry (2003)

RameyGassert, L.,
Shroyer,
M.G., &
Staver, J.R.
1996

Science cases in
action:
Developing an
understanding of
science teachers’
pedagogical
content
knowledge
Exploring
pedagogical
content
knowledge in
science teacher
education

The purpose of the study
was to develop an
understanding of science
teachers’ pedagogical
content knowledge

11 participants

The purpose of this study
was to make pre-service
teachers aware f their PCK
and used it to aid in their
knowledge development

27 preservice
teachers

Interviews
Observations

PaP-eR instrument
usable to represent
elements of PCK

PaP-eR
instrument used

Becoming sensitized to
PCK, pre-service
teacher attempted to
align the content with
the pedagogy, which
resulted in a better
understanding of PCK
In search of
The study looks at different Longitudinal study The research offers a
pedagogical
ways of documenting PCK High school science new way of
content
teachers
“articulating,
knowledge in
50 science teachers uncovering, and
science:
over a 2-year
documenting science
Developing ways
periods
teachers’ PCK”
of articulating and
CoRe & PaP-eR
documenting
instrument
professional
practice
A Qualitative
1. How can the concept of
23 participants
Personal science
STEBI-A will be
study of factors
science teaching efficacy
STEBI-A,
teaching efficacy is
used in my study.
influencing
be more clearly
Interviews,
related to teacher
science teaching
understood?
Spearman’s rho
characteristics such as
self-efficacy of
2. How do science teaching
correlation
interest in science and
elementary
efficacy beliefs develop?
science teaching, image
teachers.
3. How are the components
of self/role definition,
of science teaching selfdesire for

175

efficacy, personal science
teaching efficacy and outcome expectancy related?

Veal, W.R.
(2010)

Assessing
components of
pedagogical
content
knowledge
through
observational
methods

Yager, R.E.
(2000)

The constructivist
learning model

change/improvement,
personal/professional
growth, and
collegiality.
Science teaching
outcome expectancy
beliefs are felt to be
outside the teacher’s
control, such as
school/workplace
environment variables,
perception of students’
academic abilities, and
family/community
factors.

The purpose of the study is
to determine if the PCK
ERT can be used to
effectively evaluate the
level of PCK of in-service
teachers while they learn
science content in a
professional development
setting.
The purpose of the article
was to re-present
information on the
promising new model
know as the constructivist
learning model
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8 participants
PCK Evidence
Reporting Table
(ERT)

PCK is a construct that
must be evaluated
using multiple methods
and that PCK ERT is
an effective instrument
to quantify many
aspects of PCK.

Veal used a
similar
professional
development
setting.

Editorial, not a
research study

Constructivist learning
model should used for
instruction in science.

Aligns with goals
of inquiry
teaching and the
Standards (1996)
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PS/CPD
assessment
PS/CPD Session 1
September 17, 2010
“Density, Archimedes
Principle, & Boyle’s
Law”

Reflection
Data collection:

PSKI pre and
posttest 2
Demographic
Information
PS/CPD
assessment

PS/CPD Session 2
October 22
22, 2010
“Heat Energy, Capacity,
Conduction &
Convection”

Data collection:

Reflection

PSKI pre and
posttest 2

PS/CPD Interim 1
October 25,, 2010 to
February 33, 2011

Data Collection
Set 1

Observations in
classroom setting
(RTOP, PaP-eR)
Interviews about
lesson (CoRe)

Reflection
PS/CPD Session 3
Febuary 44, 2011
“Newton’s 22nd Law,
Acceleration of
Gravity, Air
Resistance”

PS/CPD
assessment
Data collection:
PSKI pre and
posttest 3
STEBI (1st
collection)
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PS/CPD Interim 2
February 7, 2011 to
April 7, 2010

Observations in
classroom setting
(RTOP, PaP-eR)
Data Collection
Set 2
Interviews about lesson
(CoRe)

Reflection

PS/CPD assessment
PS/CPD Session 4
April 8, 2010
“Rotational Motion, Uniform Circular
Motion, Conservatoin of Energy”

Data collection:
PSKI pre and posttest 4

STEBI (2nd Collection)

Observations in
classroom setting
(RTOP, PaP-eR)
PS/CPD Interim 3
April 11, 2011-May 30, 2011
Data collection of third set of
observations and interviews in
classroom setting

Data Collection of
second set of
observations and
interviews in classroom
setting

Interviews about lesson
(CoRe)

STEBI
(3rd/final Collection)

179

APPENDIX C
PS/CPD AGENDAS

180

First Institute Day 2010- 2011:
Friday, Sept. 17, 2010 Focus: Density, Buoyancy, Pressure









8:30 am: Registration, Coffee, Agenda, Institute surveys, and Nicenet, Concept Pre-test
9:10-10:30: Concept – 1) Measurement, Mass, Volume, and Density
10:30 – 10:45: Break
10:45 – 11:40: Concept – 2) Buoyancy1
11:40 – 1:00: Lunch
1:00-2:30: Concept –2) Buoyancy2
2:30 – 2:45: Break
2:45 – 4:15: Concept – 3) Pressure, measurement and relating pressure temperature and
volume
 4:15 – 4:45: Wrap up, Institute surveys, Feedback, PS/CPD Institute 2010-11 planning,
dates & science topic updates
Second Institute Day 2010- 2011:
Friday, Oct. 22, 2010 Focus: Heat Energy
 8:30 am: Registration, Coffee, Agenda, Institute surveys, WIKI update, and Concept Pretest
 9:00-10:15: Concepts – 1) Heat Energy, Heat Capacity with teaching & measuring
strategies
 10:15 – 10:30: Break
 10:30 – 12:00: Concept – 2) Latent Heat and Radiation
 12:00 – 1:00: Lunch
 1:00-2:00: Concept –3) Conduction
 2:00 – 2:15: Break
 2:15 – 3:45: Concept – 4) Convection, Thermal Energy, Energy Transfer, & Energy
Efficiency
 3:45 – 4:15: Wrap up, Concept Post-test, Feedback, PS/CPD Institute 2010-2011
planning, dates, & science topic updates

Third Institute Day 2010- 2011:
Friday, Feb. 4, 2011 Focus: Motion,
Acceleration of gravity, Air resistance
 8:30 am: Registration, Coffee, Agenda, Institute surveys, WIKI update, and Concept Pretest
 9:00-10:15: Concepts – 1) Acceleration due to Gravity with teaching & measuring
strategies
 10:15 – 10:30: Break
 10:30 – 12:00: Concepts– 2) Newton’s 2nd Law -impact force and air resistance
 12:00 – 1:00: Lunch
 1:00-2:00: Concept –3) Newton’s 2nd Law – force, mass , and acceleration
 2:00 – 2:15: Break
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 2:15 – 3:45: Concept – 4) Teaching physical science with Web 2.0 tools and Skype
 3:45 – 4:15: Wrap up, Concept Post-test, Feedback, PS -21 Institute 2010-2011 planning,
dates & science topic updates

Second Institute Day 2010- 2011:
Friday, March 25, 2011 Focus: Rotational Motion,
Conservation of Energy
 8:30 am: Registration, Coffee, Agenda, Institute surveys, WIKI update, and Concept Pretest
 9:00-10:15: Concepts–1) Circular Motion - Teaching with Hands-on Strategies
 10:15 – 10:30: Break
 10:30 – 12:00: Concepts–2) Rotational Inertia - Teaching with Hands-on Strategies
 12:00 – 1:00: Lunch
 1:00-1:45: Concept–3) Additional Lab Measuring Activities Using Computers or Sharing
Effective Teaching Activity (Split Activity)
 1:45 – 3:00: Concept – 4) Teaching Physical Science with Web 2.0 tools and a PS Skype
Example
 3:00– 3:15: Break
 3:15- 4:00: Using PS-21 Effectively in Your Classroom - Feedback and Sharing of
Teaching
 4:00– 4:45: Wrap up, Concept Post-test, PS -21 Institute 2010-2011 planning & dates
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Ideal Gases and Boyle’s Law

In this experiment, we will use the Ideal Gas Apparatus to investigate the way the temperature
and volume of a gas change when the pressure is changed. There are quite a few investigations
that are possible with this apparatus. We will look at some only briefly, and then do a
quantitative exploration of the relation between the pressure (P) and volume (V) of a gas when
the temperature is held constant. This relation is known as Boyle’s Law.
We will measure the pressure of a gas (air) confined in a plastic syringe. The measuring device,
a pressure sensor (naturally), will feed the pressure data directly to the GLX. The temperature
will also go directly to the GLX. You will read the volume off the scale on the syringe and enter
this by hand.

Preliminary Questions:
1. The ideal gas law is the relation PV = nRT. What do the 5 variables in this equation
represent? That is, what are P, V, n, R and T?

2. What is the difference between the absolute temperature of a gas and the temperature in
Celsius degrees?

3. We will plot a graph of P vs. V in this experiment, for fixed temperature. What do you expect
this graph to look like?
P

V
4. We will also look at the relation between pressure and temperature when the volume is fixed.
What do you expect a graph of P vs. T to look like when V is constant?

P

T
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Procedure

1. Pressure
Pressure is defined as force divided by the area A over which that force is applied. If we place a
mass m on top of the syringe plunger, then the additional pressure applied to the air trapped
inside the syringe will be mg/A. Before doing this, we need to know what the atmospheric
pressure is today.
Connect the pressure sensor to the GLX, but do not connect the other end to anything. The
sensor will then be measuring the pressure due to the atmosphere. Choose a digital display and
record the atmospheric pressure. Then connect the pressure sensor to the Ideal Gas Law
apparatus.
Orient the apparatus so the plunger is vertical, and place a one kg mass on top of the plunger.
Observe the new pressure value. The change is called the gauge pressure, and it should be equal
to mg/A. Measure A, and calculate the pressure due to the 1 kg mass. Does the value you obtain
agree with the readings of the pressure sensor?
2. Pressure and temperature.
With the syringe roughly half full, connect it to the pressure sensor. The amount of gas in the
system will now be approximately constant. Configure the GLX so that graphs of both
temperature and pressure are shown on the screen. Now press “start” and then quickly compress
the gas and hold the plunger at the new volume. Observe what happens to the pressure and
temperature of the gas, and watch how these two quantities change as the gas cools down.
Describe what you see. Wait until the gas has returned to its original temperature before going to
the next step.
Question: Why does the temperature of the gas decrease over time?
Now pull the plunger out rapidly and hold it steady at the new larger volume. Again describe
what you observe for the temperature and pressure.
Question: When the gas is at a higher temperature, it has more energy. Where did this energy
come from?
Question: While the volume is being held fixed, do the temperature and pressure seem to agree
with your prediction in preliminary question 4?
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2. Pressure and volume
In this experiment we will observe the pressure for different values of the volume, holding the
temperature fixed. You have seen that the temperature does change when the volume is changed
rapidly, so you will need to go slowly, and wait for the temperature to return to room
temperature before recording the pressure. Start with the syringe at 40 ml and measure the
pressure. Change the volume in 5 ml increments, wait for the temperature to return to room
temperature, and record the pressure. You can take data for volumes less than as well as greater
than 40 ml. Take about 6 sets of data.
To analyze your data, first make a graph of P vs. V. Does your data look like your prediction
above?
Next get your calculator out and multiply P times V for each data set. Do you find that the
values are constant? What is the average value of PV?
The units we are using are not SI units. Convert your average PV to SI units and find out how
many moles of air you have in your syringe. The value of R in SI units is 8.3.

Check this calculation of “n” by using the value of the volume of your sample at atmospheric
pressure to figure out how many moles you have (hint: one mole at standard temperature and
pressure occupies a volume of 22.4 liters).
Final Questions:
1. If you wanted to get a straight-line graph in this experiment, which we frequently do,
what variables would you plot on each axis (e.g., P vs. V?, P vs. V2?, …)?

2. What sources of error are there in this experiment? How can they be minimized?
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Density
Density is defined as mass per unit volume:
Density = mass/volume
In the metric system, the unit for density would be either kg/m3 or g/cm3. The density of water,
for example, is about 1 g/cm3 or 1000 kg/m3.
In this activity we will determine the density of several objects by measuring their mass with a
balance and by measuring their volume. For regularly shaped objects, the volume can be
determined by measuring the dimensions of the object.
Rectangular block: V = L ⋅W ⋅ H
Cylinder: V = L ⋅ π ⋅ R 2
Sphere: V = 4 ⋅ π ⋅ R3
3

(L = length, W = width, H = height, R = radius)
For irregularly shaped objects, the volume can be determined by immersing the object in water
and determining the volume of the displaced water.
Preliminary Questions:
1. Which has the greatest density – a sheet of aluminum foil with mass 2 grams or a
rectangular aluminum block with mass 500 g?
2. The density of copper is 8.96 g/cm3. What would be the mass of a copper block 10 cm x
10 cm x 10 cm? What would be its weight?

Vernier Calipers
A vernier caliper is a useful device for accurately measuring small dimensions. A nice
simulation of the vernier caliper can be found at
http://www.stefanelli.eng.br/webpage/en-vernier-caliper-pachymeter-calliper-simulatormillimeter-05-mm.html
An instruction sheet for using a vernier caliper similar to the one you will use is attached. Also
attached is a practice sheet taken from the Alabama Science Motion web site. Write down the
caliper settings on the practice sheet.
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Density of Aluminum
Determine the density of four different pieces of aluminum. Measure the mass and volume of
each and calculate the density. In addition, make a graph of mass versus density and determine
the density from the slope of the curve.
Object

Mass
(g)

Length
(cm)

Width/diameter
(cm)

Height
(cm)

Volume
(cm3)

Density
(g/cm3)

Wire
Cylinder
Block
Irregular
Average density (from table) = ____________ g/cm3
Density from slope of curve = _____________ g/cm3
“Accepted” value of density of aluminum = ___________ g/cm3

Questions:
1. Which of the individually measured densities do you think are most accurate? Least
accurate? Why?
2. Which do you think gives the more accurate result – the average of the four measured
densities or the slope of the curve? Explain.

Density of spheres
We don’t have an aluminum sphere, but we do have a couple of spheres made of other
substances. Determine the density of each of the spheres. Can you guess the type of metal the
sphere is made of based on its density?
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Date:

Course Observed:

Grade Level:

Participant Code:

Description of Physical Environment:

Observable Student demographics:

Temporal Account:

Salient Observations:
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APPENDIX G
CORE AND PAPER INSTRUMENT
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Interview Questions
Participant Code:

Date:

Lesson:

1. What did you intend the students learn from the concept taught today?
Teacher:
2. Why is it important for students to know this?
Teacher:
3. What else do you know about this idea that you might not have taught the students?
Teacher:
4. What are difficulties or limitations to teaching this science concept?
Teacher:
5. What knowledge do you have of students’ knowledge that influences your teaching of this
concept?
Teacher:
6. Any other relevant factors that influence your teaching of this idea?
Teacher:
7. Did you plan to use any specific teaching strategies and what reasons did you have to use
those strategies?
Teacher:
8. Are there any specific ways of ascertaining students’ understandings or confusion
surrounding this science concept.
Teacher:
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Matrix
Code Number________________________
Science Lesson Title/topic:

Date ______________

Grade/year ______Institution/school_______________Class/course ___________________

IMPORTANT SCIENCE IDEAS/CONCEPTS
What you intend the
students to learn about
this idea
Why it is important for
students to know this
What else you know
about this idea (that
you don’t intend
students to know yet).
Difficulties/limitations
connected with
teaching this idea
Knowledge about
students’ thinking that
influences your
teaching of this idea
Other factors that
influence your
teaching of this idea
Teaching procedures
(and particular
reasons for using these
to engage with this
idea)
Specific ways of
ascertaining students’
understanding or
confusion around this
idea (include likely
range of responses)
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Content Knowledge
4
Expert

3

Competent

2

Emergent

1

Novice

The teacher’s responses and actions show in-depth content
knowledge of the science concept. Language used is scientifically
accurate, descriptive, purposeful, and useful.
The teacher’s responses and actions show a solid content knowledge
of the science concept. Language used is scientifically accurate,
descriptive, purposeful, and useful.
The teacher’s responses and actions show a partial content
knowledge of the science concept. Language used has some
scientifically inaccuracies, is not always descriptive, and lacks a
clear purpose.
The teacher’s responses and actions show a very limited content
knowledge of the science concept. Language used has many
scientific inaccuracies, is not descriptive, and lacks a clear purpose.

Student Thinking
4
Expert

The teacher’s responses and actions show an in-depth understanding
of the way students think. Appropriate learning goals were set for
the students.
3
Competent
The teacher’s responses and actions show a solid understanding of
the way students think. Appropriate learning goals were set for the
students.
2
Emergent
The teacher’s responses and actions show a partial understanding of
the way students think. Some appropriate learning goals were set for
the students.
1
Novice
The teacher’s responses and actions show a very limited
understanding of the way students think. Inappropriate or limited
learning goals were set for the students.
Science Teaching Knowledge
4
Expert
The teacher’s responses and actions show an in-depth understanding
and knowledge of a way to represent the teaching of a specific
science topic that leads to student understanding.
3
Competent
The teacher’s responses and actions show a solid understanding and
knowledge of a way to represent the teaching of a specific science
topic that leads to student understanding.
2
Emergent
The teacher’s responses and actions show a partial understanding
and knowledge of a way to represent the teaching of a specific
science topic that leads to student understanding.
1
Novice
The teacher’s responses and actions show a very limited
understanding and knowledge of a way to represent the teaching of a
specific science topic that leads to student understanding.
Professional Development, Collaboration, and Leadership Roles
4
Expert
The teachers’ responses and actions indicate extensive professional
development, collaboration, and leadership roles. The teachers’
responses and actions indicate extensive reflective practice by trying
to improve the quality of their students’ learning experiences.
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3

Competent

2

Emergent

1

Novice

The teachers’ responses and actions indicate strong professional
development, collaboration, and leadership roles. The teachers;
responses and actions indicate strong reflective practice by trying to
improve the quality of their students’ learning experiences.
The teachers’ responses and actions indicate limited professional
development, collaboration or leadership roles. The teachers’
responses and actions indicate limited reflective practice by trying to
improve the quality of their students’ learning experiences.
The teachers’ responses and actions indicate very little or no
professional development, collaboration, and leadership roles. The
teachers’ responses and actions indicate no reflective practice.
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RTOP
Reformed Teaching Observation Protocol

RTOP Composite Instrument (Group Consensus)
I. BACKGROUND INFORMATION
Instructor/teacher Code #

Announced Observation?
(yes or no, or explain)

Location of class
(university, building, room/school district, school, room)

Lesson Observed

Year/Grade Level

Observer

Date of Observation

Start time

End time

II. CONTEXTUAL BACKGROUND ACTIVITIES
In the space provided below please give a brief description of the lesson observed, the classroom setting (space,
seating arrangements, etc), and learning climate in which the lesson took place (cooperative groups, teacher &
student attitudes toward learning, classroom management strategies used etc), and any relevant details about the
students (number, gender, ethnicity), teacher, building climate, administrative constraints, and other factors
not covered in RTOP that you think are important for RTOP and other qualitative analysis that will lead to
completion of the final report for the site visit. Use diagrams and more pages if they seem appropriate and are
needed.
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Record salient events observed here that you will use in completing RTOP.
Time

Description of Events
Lesson Begins
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Record salient events observed here that you will use in completing RTOP.
Time

Description of Events

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 often
involved the critical assessment of procedures.

0

1

2

3

4

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
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V. CLASSROOM CULTURE
Never
Occurred

Very
Descriptive

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

*Adapted from Turley, J., Piburn, M., & Sawada, D. (2001).

Additional comments you may wish to make about this lesson.
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Reformed Teaching Observation Protocol (RTOP) TRAINING GUIDE
Daiyo Sawada Michael Piburn External Evaluator Internal Evaluator
and
Jeff Turley, Kathleen Falconer, Russell Benford, Irene Bloom, and Eugene Judson
The Evaluation Facilitation Group

Arizona Collaborative for Excellence in the Preparation of Teachers Arizona State University
ACEPT Technical Report No. IN00-2
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 2000 Arizona Board of Regents 1 All Rights Reserved
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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.
comments:

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.
comments:

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.
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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.
comments:

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.”
comments:

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
comments:
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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.
comments:

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 can not 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.
comments:

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.
comments:
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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.
comments:

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 grade-level at which the lesson was
directed should be taken into consideration when evaluating this item.
comments:

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.
comments:

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.
comments:
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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.
comments:

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.
comments:

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.
comments:
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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.
comments:

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.
comments:

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.
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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.
comments:

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.
comments:

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.
comments:

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.
comments:
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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.
comments:

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 “handson.”
comments:

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.
comments:
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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.
comments:

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.
comments:

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.
comments:

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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APPENDIX K
STEBI-A
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Science Teaching Efficacy Belief Instrument (STEBI) A
Please indicate the degree to which you agree or disagree with each statement below by circling
the appropriate letters to the right of each statement.
SA = STRONGLY AGREE
A = AGREE
UN = UNCERTAIN
D=DISAGREE
SD=STRONGLY DISAGREE
1. When a student does better than usual in science,
it is often because the teacher exerted a little
extra effort.

SA

A

UN

D

SD

2. I am continually finding better ways to teach
science.

SA

A

UN

D

SD

3. Even when I try very hard, I don’t teach science
well.

SA

A

UN

D

SD

4. When the science grades of student improve it is
most often die to their teacher having found a
more effective teaching approach.

SA

A

UN

D

SD

5. I know the steps necessary to teach science
concepts effectively.

SA

A

UN

D

SD

6. I am not very effective in monitoring science
experiments.

SA

A

UN

D

SD

7. If students are underachieving in science, it is
most likely due to ineffective science teaching.

SA

A

UN

D

SD

8. I generally teach science ineffectively.

SA

A

UN

D

SD

9. The inadequacy of a student’s science
background can be overcome by good teaching.

SA

A

UN

D

SD

10. The low science achievement of some students
cannot generally be blamed on their teachers.

SA

A

UN

D

SD

11. When a low-achieving student progresses in
in science, it is usually due to extra attention
given by the teacher.

SA

A

UN

D

SD
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12. I understand science concepts well enough to
be effective in teaching secondary science.

SA

A

UN

D

SD

13. Increased effort in science teaching produces
SA
little change in some students’ science achievement.

A

UN

D

SD

14. The teacher is generally responsible for the
achievement of students in science.

SA

A

UN

D

SD

15. Students’ achievement in science is directly
related to their teacher’s effectiveness in
science teaching.

SA

A

UN

D

SD

16. If parents comment that their child is showing
more interest in science at school, it is probably
due to the performance of the child’s teacher.

SA

A

UN

D

SD

17. I find it difficult to explain to students why
science experiments work.

SA

A

UN

D

SD

18. I am typically able to answer students’ science
questions.

SA

A

UN

D

SD

19. I wonder if I have the necessary skills to teach
science.

SA

A

UN

D

SD

20. Effectiveness in science teaching has little
influence on the achievement of students
with low motivation.

SA

A

UN

D

SD

21. Given a choice, I would not invite the principal
to evaluate my science teaching.

SA

A

UN

D

SD

22. When a student has difficulty understanding a
science concept, I am usually at a loss as to how
to help the student understand it better.

SA

A

UN

D

SD

23. When teaching science, I usually welcome
student questions.

SA

A

UN

D

SD

24. I don’t know what to do to turn students on
to science.

SA

A

UN

D

SD

25. Even teachers with good science teaching
abilities cannot help some kids learn science.

SA

A

UN

D

SD
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IRB APPROVAL
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