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ABSTRACT

ACTIVATING RESOURCES FOR SCIENCE AND DEVELOPING THE SCIENCE
TEACHER IDENTITIES OF ELEMENTARY TEACHERS THROUGH
SCHOOL-BASED PROFESSIONAL DEVELOPMENT

Jessica Lee Chen

Efforts to increase time and opportunity to learn science in urban, underserved
elementary schools have focused on improving teachers’ science instruction through
school-based professional development. This dissertation examined how the social justice
science teacher identities of two co-teachers of color developed and shaped while
participating in a yearlong, school-based professional development in science. It also
examined how two teachers of color and one White teacher activated the human and
nonhuman resources provided by the science professional development to transform or
maintain their science teaching practices and understandings. The theoretical frameworks
included situated perspective of learning, social justice science teacher identity, social
structures as schemas and resources, and the relationship between structure, agency, and

science teacher identity. Data collection methods included interviews, teacher
questionnaires, researcher field notes, and teacher-created documents, such as science
slides and student handouts. Data analysis methods are drawn from grounded theory and
multiple case study. The findings suggest that teachers’ experiences, orientations, views,
existing identities as teachers and in relation to science, as well as their philosophies of
students and learning all influenced how they participated in the science professional
development, the meanings they constructed through participation, and the ways their
teaching practices changed. Teachers at different phases in their careers also wanted and
needed different kinds of PD supports. The findings suggest that science teacher
educators who are developing science professional development models and workshops
should be cognizant of all of these influencing factors on teacher learning and provide
differentiated PD activities to support the various learning needs, identities, and personal
and professional goals of elementary teachers.
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Chapter I
INTRODUCTION
Rationale for the Study
The fields of science education and education policy have focused discussions on
how to advance the quality and effectiveness of science, technology, engineering, and
mathematics (STEM) education of all students. A report by the National Research
Council (NRC) (2011) identified three goals for K-12 STEM education. The first goal
was to increase and broaden the participation and preparation of students, specifically
women and students of color (SOCs), in STEM fields. The second goal was to increase
and broaden the people who are prepared and capable of participating in the STEM
workplace to include more women and people of color. The third goal was to increase
STEM literacy for all students regardless of their career choices. One way to reach these
goals for improving STEM education is to ensure that elementary school-aged students
are provided appropriate learning opportunities and foundational knowledge and skills in
STEM fields in elementary schools. Learning science at an early age is important for
students to the build interest, confidence, and motivation in science that will carry them
into the later years. Elementary science curricula also provide students with opportunities
to apply skills developed in English Language Arts (ELA) and mathematics and to
appreciate learning that is related to real-world questions, phenomena, and issues (Blank,
2013).
These goals to broaden the preparation and participation of SOCs in STEM fields
lie in opposition to the current climate of public education where high-stakes testing
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accountability systems dictate every major educational initiative including school
curricula and instruction. Because ELA and mathematics are the only tested subjects tied
to elementary school funding, rewards or sanctions, underserved elementary schools with
predominantly low-income, culturally and linguistically diverse SOCs consequently tend
to narrow the curriculum to primarily these tested subjects and neglect, replace, or
eliminate other subjects, such as science in order to improve student proficiency on highstakes tests (Au, 2016; Berg & Mensah, 2014; Leonardo & Grubb, 2014; Mensah, 2010,
Rivera Maulucci, 2010; Tate, 2001). Though differences in school performance are
heavily influenced by inequitable non-school conditions, such as access to health care,
family socioeconomic status, parental education levels, and community conditions, lowincome SOCs attending these schools have qualitatively different and less enriching
educational experiences than their White, more affluent peers (Au, 2016; Leonardo &
Grubb, 2014). Thus, science education in urban, underserved elementary schools is an
issue of equity and social justice because of unequal the access and opportunity to learn
science (Mensah, 2010; Tate, 2001).
Inequity in science classrooms can be identified in the acquisition, allocation,
coordination, and use of nonhuman and human resources for science (Rivera Maulucci,
2010; Spillane, Diamond, Walker, Halverson, & Jita, 2001; Varelas, 2018). Oftentimes,
nonhuman, or material, resources necessary to teach and learn science, such as science
equipment, space for labs, science curriculum, science texts, and time for science are
scarce, as the majority of funding for these resources in urban, underserved elementary
schools are placed towards ELA and mathematics (Lee, Hart, Cuevas, & Enders, 2004;
Rivera Maulucci, 2010). Human resources include the science content knowledge,
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pedagogical content knowledge (PCK), experiences, dispositions, networks, and
identities of teachers needed to teach science effectively to SOCs. Elementary teachers,
however, prepare and teach all subject areas. They have limited time to prepare for
teaching science and tend to have limited science content knowledge and PCK. They also
tend to shy away from teaching science, unless required or encouraged by their principal,
and are most likely uncomfortable and under-confident in teaching science (Appleton,
2008; Appleton & Kindt, 2002; Rivera Maulucci; 2010). As a result, they may address
the challenge of teaching science by relying too heavily on textbooks, overusing outside
experts, adopting more traditional teaching practices, or ignoring science altogether
(Goodnough, 2016).
Additionally, in thinking of the kinds of teachers teaching science, teachers of
color (TOC) bring cultural experiences, perspectives, and commitments to the teacher
workforce that is advantageous for advancing educational outcomes for our SOCs
(Achinstein, Ogawa, Sexton, & Freitas, 2010). Teachers at different phases in their career
also bring different views, perspectives, beliefs, attitudes, and experiences to teaching
science (Berg & Mensah, 2014; Rinke, 2009). They bring different and multiple science
teacher identities to teaching science in classrooms. In this dissertation, beginning
elementary teachers (BETs) were teachers in their first three years of teaching. Veteran
elementary teachers (VETs) were teachers who taught for 15 or more years.
School-based science professional development (PD) can make available and help
teachers activate nonhuman and human resources at the classroom level in order to
promote equity in elementary science (Rivera Maulucci, 2010). Science PD can induce
development or change in elementary teachers’ science teacher identities and pedagogical
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beliefs, as well as deepen content knowledge and support them in feeling more confident
in science teaching. Science PD can also provide supportive environments for teachers to
productively collaborate and co-construct concrete ways to teach science to their diverse
learners (Appleton & Kindt, 2002; Banilower, Trygstad, & Smith, 2015). Science PD is
also necessary to ensure that the kind of science teaching practices that reflect the
research on constructivism and inquiry-based science, as well as culturally relevant
teaching and humanizing pedagogy, are practiced in schools with predominantly lowincome, culturally and linguistically diverse SOCs.
In designing effective school-based science PD for elementary teachers, it is
important to acknowledge and understand the diversity of teachers in the workforce in
order to support their individual needs. In this sense, science PD should be differentiated
based on each elementary teacher’s backgrounds and experiences, as well as personal and
professional goals, desires, and needs (Berg & Mensah, 2014; Moore, 2008). Using the
2012 National Survey of Science and Mathematics Education (2012 NSSME), Trygstad
(2013) found that the overwhelming majority of elementary teachers (grades K-5)
surveyed were female (94%) and White (91%). Only about 8% of the teachers identified
as Hispanic or Latinx, and 5% as Black or African American. The majority of the
teachers were over 40 years old and only about one-third of them had five or fewer years
of teaching experience.
The elementary teachers who participated in this research either had less than five
years of experience or over 15 years of experience. All the participating teachers were
female and all of them except one identified as a teacher of color. Though the majority of
elementary teachers, according to the 2012 NSSME, have more than five years of
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teaching experience, the teacher and science teacher education literature focuses heavily
on BETs teaching science during the induction period (first three years of teaching) and
very little on teachers after exiting the induction period and VETs’ experiences in
teaching science. Additionally, with the elementary teaching workforce consisting of
mostly White women, it is important to share and represent the stories and experiences of
TOC, as an underrepresented group, so that the field can learn from their voices,
approaches to teaching, and insights (Mensah, 2016; Mensah & Jackson, 2018). Thus, the
goal of my research is to add to the literature on providing science PD to support BETs’
science teacher identity development, as well as to address the literature gap in research
on teachers just beyond the induction phase, VETs. The study also contributes to research
on TOC and their experiences in participating in school-based science PD and teaching
science.
The purpose of the research presented in this dissertation consisted of two parts.
First, this study examined of how the science teacher identities of two fourth-grade
teachers of color, one BET and one VET, developed and shaped through their
participation in a school-based, yearlong science PD with the researcher. Second, this
study examined how three teachers, two TOC and one White teacher, activated and
mobilized the school resources of school-based science PD to transform or maintain their
science teaching understandings and practices for their SOCs in a high-stakes testing
school environment. I present two multiple case studies in this dissertation to answer the
research questions.
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Research Questions
Multiple Case Study 1
The first multiple case study includes two TOC, one BET with two years of
teaching experience and one VET with 19 years of teaching experience who co-taught in
the same classroom.
1. What were the BET and VET’s experiences, beliefs, and perspectives of science
and science teaching in the beginning of a yearlong science PD program?
2. In what ways did participating in the PD activities influence the BET and VET’s
science teacher identities, perceptions of science, and science teaching practices?
3. How did the BET and the VET’s social justice science teacher identity and
agency to teach science develop and shape through the yearlong science PD
program?
Multiple Case Study 2
The second multiple case study includes three elementary teachers, two TOC and
one White teacher, who were in various phases in their teaching careers.
1. What were the teachers’ schemas to interpret and enact nonhuman and human
resources provided by the science PD?
2. How did teachers use their agency to activate and mobilize nonhuman and human
resources provided by the science PD to transform their science understandings,
practices, and instruction?
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Structure of Dissertation
This section outlines the following chapters of this dissertation. Chapter II
includes the literature review on the characteristics and nature of teachers who are early
in their careers and veteran teachers, and the value TOC bring to teaching. Then, I present
literature on the challenges to teaching science in elementary schools and school-based
science PD as a way to address these challenges. The theoretical frameworks for this
study were also described in Chapter II, which included developing a science teacher
identity as integral to learning to teach science, the relationship between structure,
agency, and social justice science teacher identity, and humanizing pedagogy as a way to
counter deficit orientations towards SOC.
In Chapter III, I first discuss how I came to Simpson Elementary School
(pseudonym) and developed the science PD model I used for this study. Then, I describe
the multiple case study methodology used for the study, along with data collection and
analysis and elements of rigor. Lastly, I describe my dual role as the science teacher
educator and researcher and researcher reflexivity.
Chapter IV and Chapter V are two stand-alone papers in a publishable format.
Chapter IV presents the findings to answer the research questions of Multiple Case Study
1. Chapter V presents the findings for the Multiple Case Study 2 research questions.
Lastly, Chapter VI discusses conclusions drawn across both Chapter IV and V. I include
implications for teacher education and next steps for further research.
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Chapter II
LITERATURE REVIEW
Literature Review
In the first section of this chapter, I present the existing literature relevant to this
study. To examine the diversity of elementary teachers and the need for differentiated PD
supports, I first describe the specific nature of BETs and VETs, as well as the strengths
and value TOC bring to the teacher workforce. Then, I present challenges to teaching
science in elementary schools through the marginalization of available school resources
for teaching science. Lastly, I summarize effective elements of science PD that are
appropriate for elementary teachers in various points of their teaching careers as a way to
address the challenges of teaching science. In the second section of this chapter, I
provided the theoretical frameworks that guided and framed this study.
The Nature and Needs of Teachers During the Induction Period
The induction period, defined as the first three years of a teacher’s career, is often
framed as a phase in learning to teach, where beginning teachers are transitioning from
pre-service preparation to practice (Feiman-Nemser, 2001; Ingersoll & Strong, 2011;
Luft, Firestone, Wong, Ortega, Adams, & Bang, 2011). They are given the same
responsibilities as experienced teachers and are expected to perform and be just as
effective. However, most aspects of teaching are unfamiliar, and they have very little
practical knowledge. During the induction period, beginning teachers are placed in a
vulnerable position where they must demonstrate skills and abilities they do not yet have
and can only gain by teaching, which they do not yet understand. Though pre-service
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programs can provide strong foundations for beginning teachers, essential aspects to
learning to teach occurs on the job (Feiman-Nemser, 2001, 2010).
Thus, learning to teach during the induction period requires an epistemological
shift from knowing about teaching through formal coursework to knowing how to teach
through everyday practice. Induction, in this view, is ongoing, job-embedded teacher
development where beginning teachers learn “to interpret classroom phenomena, discern
important events, use routines, make predictions, judge typical and atypical events, and
evaluate performance” (Feiman-Nemser, 2010, p. 17). Therefore, becoming a teacher
also involves developing a professional teacher identity and constructing a set of
professional practices (Feiman-Nemser, 2001, 2010).
Induction into teaching occurs with or without a formal program. However, the
induction years are formative years for beginning teachers in learning to teach and
developing dispositions and beliefs around teaching and learning. The experiences and
discourses they are exposed to and participate in, intentionally or unintentionally,
influence whether they remain teaching, and they determine what kind of teacher they
become (Feiman-Nemser, 2001; Webb, 2015). Along these lines, the induction period is
when beginning teachers develop their teacher and science teacher identities, as they
become part of a community of practice. Beginning teachers interact and learn with other
members of the community and through this process, they take up the dominant
language, values, norms, and knowledge of the teaching field within the particular
context of their school. Through their everyday experiences with teaching and interacting
with colleagues and students, beginning teachers learn their school’s expectations of
teaching and form dispositions toward their work (Feiman-Nemser, 2010). As they
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engage in practices, they negotiate and renegotiate the meanings of their experiences.
Through negotiation of meaning, they hold the potential to produce new meanings and
confirm, reject, reinterpret or modify historically defined meanings of teacher, science,
teacher, teaching, and science teaching. Therefore, induction support as a process of
teacher and science teacher identity development involves helping beginning teachers
adapt and fit into their schools as well as expecting them to become change agents and
transform their schools (Feiman-Nemser, 2010; Webb, 2015).
The dominant culture of teaching and social organization of schooling
traditionally promote an individualistic view of teaching and learning and make it
difficult for beginning and experienced teachers to collaborate in productive ways.
Oftentimes, induction is an isolating and lonely process where beginning teachers are left
to succeed or fail within the confines of their classrooms with little support for
collaboration and inquiry of their classroom practices. In addition, schools with poor
facilities, inadequate resources, low morale, emphasis on test scores, scripted teaching,
and prescribed curriculum and instruction can undermine efforts to teach and learn. All
these factors result in teacher turnover (Cochran-Smith, Villegas, Abrams, ChavezMoreno, Mills, & Stern, 2015; Feiman-Nemser, 2001, 2010; Flores & Day, 2006;
Ingersoll & Strong, 2011; Pillen, Beijaard, & den Brok, 2013)
Additionally, school policies can contradict constructivist views of learning that
beginning teachers learned in their pre-service teacher education. They can feel pressured
by school policies and yearly evaluations to succumb to traditional school culture.
Challenges with school factors and culture and feelings of isolation can cause beginning
teachers to revert to seemingly safer, less complex and more traditional teaching practices
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and learning activities. Consistently, research studies on beginning teachers found that
they tended to abandon transformative ideals, constructivist views, and reform-minded
orientations and to lower their expectations to conform to the organizational realities and
high-stakes testing environments of their schools (Cochran-Smith et al., 2015; FeimanNemser, 2010; Flores & Day, 2006; Hong, 2010; Pillen et al., 2013; Upadhyay, 2009).
However, other studies that examined supportive school factors and structures
during the induction period show that formal and informal mentors, relations with
colleagues, collaboration with more experienced colleagues, and support from principals
or administrators with regards to curriculum, classroom instruction, and student
achievement were all salient aspects for shaping beginning teachers’ learning and
development of knowledge to improve their instruction and teaching (Hopkins &
Spillane, 2014; Smith & Ingersoll, 2004; Webb, 2015). The studies also suggest that
formal induction programs should create time and space for beginning teachers to
collaborate and reflect on teaching with each other, mentors, and teacher educators.
Making the induction period a time of intentional learning, rather than incidental
learning, is particularly important for schools and teacher educators to help beginning
teachers adapt standards-based, reform-minded teaching practices to their students and
local contexts (Feiman-Nemser, 2000, 2010; Luft et al., 2011).
Veteran Teacher Experiences
Within the limited amount of research on veteran teachers, there is no consensus
on the length of experience that qualifies a teacher to be a “veteran” teacher. Oftentimes
“experienced” teacher and “veteran” teacher is used interchangeably, though teachers
with six or seven years of teaching and those with 20 or more years of teaching have
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distinctly different levels of experience and professional identities (Day & Gu, 2009).
Huberman (1989), who studied the lifecycles of teachers, considered the older, or veteran
teachers, to include 15-20 years and more than 30 years of teaching. Day and Gu (2009)
considered veteran teachers to have more than 24 years of teaching, while Meister and
Ahrens (2011) considered teachers having at least 20 years of experience as veterans.
Because three of the teachers in my dissertation had 19 or more years of teaching
experience, I followed Huberman’s (1989) definition of a veteran teacher as a teacher
having more than 15 years of experience.
Throughout their professional lives, veteran teachers, teachers with a substantial
amount of teaching experience, have confronted professional, situational, and personal
pressures and tensions that have challenged and changed their values, beliefs, practice,
and identities as teachers (Day & Gu, 2009). Yet, they continue to teach. Some veteran
teachers willingly continue to teach while others plateau. Plateauing refers to “the
frustration and disillusionment some teachers may experience over the course of their
tenure in the classroom” (Meister & Ahrens, 2011, p. 770). Over time, the stability
achieved as a teacher can lead to feelings of routine and stagnation and the work is
perceived as repetitive. However, much less research focuses on the nature of and
challenges that veteran teachers face and how and why they continue to teach (Day & Gu,
2009). Day and Gu suggest that understanding ways in which commitment and capacity
to teach effectively may become eroded in teachers can lead to insights into ways to
provide supports and conditions that sustain teachers’ commitment to high quality
teaching into the later phase of their careers. Understanding their character, perspectives,
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insights, understandings, and experiences is valuable in keeping their knowledge and
stories in the teaching field.
In studying veteran teachers that avoided plateauing and maintained their
commitment to teaching, student affirmation that they could make a difference in their
students’ lives strongly influenced their willingness to improve their teaching and be
resilient in difficult teaching conditions (Day & Gu, 2009; Meister & Ahrens, 2011).
Leadership that recognized and honored veteran teachers’ abilities, strengths,
experiences, and wisdom also encouraged their commitment and enthusiasm for teaching.
Knowing cultural norms, having clear boundaries to operate within, and believing they
had a voice within the school leadership also promoted feelings of security and autonomy
for veteran teachers, which pushed them to take more risks leading to growth and
creativity (Alvy, 2005; Meister & Ahrens, 2011). Lastly, veteran teachers that exhibited
resiliency and avoided plateauing by building their own support systems with colleagues
and their families to share ideas, ask advice, and feel less isolated (Meister & Ahrens,
2011). It is also important to note that throughout a teacher’s career, their sense of
commitment and resiliency changes in response to personal and organizational
experiences and events. School leaders should become aware of and knowledgeable
about their veteran teachers and provide differentiated PD to meet the needs of teachers,
prevent stagnation, and help teachers overcome plateauing (Alvy, 2005; Day & Gu, 2009;
Meister & Ahrens, 2011).
Diversifying the Teaching Force: The Value of Teachers of Color
Teachers that have a cultural and experiential match with urban SOC have
firsthand experiences with and knowledge of social injustice, which can lead to increased
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educational success for SOC. In this section, I review the literature on arguments for
recruiting and retaining TOC, and the strengths and value they bring to classrooms. I
recognize that discussing teachers of color as a group and as subgroups labeled African
American and Latinx runs the risk of overgeneralizing. However, examining patterns
across this group and subgroups can be informative. I recognize that the experiences,
attitudes, and dispositions of individuals within this group and subgroups are not uniform
and differences arise from class, gender, national origin, geographic location, language,
etc. It is not my intention to treat these groups as homogenous.
Villegas and Irvine (2010) found that TOC are more committed to teaching SOC
and more capable of persisting in hard-to-staff urban schools. Several studies suggest that
TOC have stronger humanistic commitments and desires to improve the educational
opportunities and lives of SOC. They also identify teaching as “giving back” and
remaining connected to their own communities (Achinstein et al., 2010; Liou & Rojas,
2016; Moore, 2008; Villegas & Irvine, 2010). For instance, García-Nevarez, Stafford,
and Arias (2005) found in their study of general education, English as Second Language
(ESL), and bilingual elementary teachers’ attitudes towards English Language Learners
(ELL) that bilingual-certified teachers had the highest and most positive attitude towards
ELL students’ native language, and they were the only group that believed that Spanish
helped elevate students’ self-esteem. Bilingual teachers related to their ELL students’
struggle because of their similar childhoods and struggle with language. They
acknowledged the economic, social, personal, intellectual, and educational benefits of
bilingualism and saw the need for their students to learn Spanish and English
simultaneously.
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In another study examining the connections between positional identity and
teaching, learning, and professional development of three African American veteran
science teachers, Moore (2008) found that the teachers in her study felt that teaching
African American students was a privilege and an opportunity to share knowledge and
experiences with their students. Their sense of commitment to teaching was tied to their
strong roots in the school and the community, and their obligation and privilege as
teachers of African American students.
Liou and Rojas (2016) examined the academic expectations of a Chicano teacher
teaching Latinx youth and found that this teacher’s expectations of students were
informed by his lived experiences with a raced and classed struggle as a Chicano male
and his institutional experiences with Chicana/o activism and ethnic studies in college.
His sense of accountability to his students stemmed from their race and class struggles
and he viewed teaching and learning as a way to prepare them to address social injustices.
These three studies highlight the humanistic commitments and community-oriented
perspectives TOC have to teach in their own communities or teach students of similar
cultures and backgrounds.
TOC also have the potential to improve academic outcomes for SOC because of
the ways they approach teaching and the teaching practices they use (Sleeter & Milner,
2011; Villegas & Irvine, 2010). TOC bring a deep understanding and awareness of the
cultural experiences of their SOC to their work as teachers and are able to establish
cultural links between home and school for their students (Villegas & Irvine, 2010). In
her historiography of African American teachers educating African American children in
a Jim Crow society in the South between 1940-1960, Vanessa Siddle Walker (2001)
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synthesized five general principles captured the beliefs African American teachers held
about their role as teachers: (1) teachers should develop a relationship with the
community they teach; (2) teachers should be committed to professional ideas; (3)
teachers should care about students; (4) teachers should adapt and relate curriculum to
students’ needs; and (5) teachers receive community and school forms of support.
These principles are similar to the qualities and practices of successful TOC that
Villegas and Irvine (2010) more recently identified, which include: “(a) having high
expectations of students; (b) using culturally relevant teaching; (c) developing caring and
trusting relationships with students; (d) confronting issues of racism through teaching;
and (e) serving as advocates and cultural brokers” (p. 180). These qualities and practices
are also reiterated in several qualitative studies that investigate what TOC do and believe
as teachers to produce positive results for mostly African American and Latinx students
of color (e.g. Achinstein et al., 2010; Liou & Rojas, 2016; Moore, 2008). These qualities
and practices have also been identified in the literature on culturally relevant teaching,
humanizing pedagogy, and social justice teaching for teachers to acquire to teach diverse
SOC successfully (Bartolomé, 1994; Grant & Gibson, 2011).
Though strong evidence exists for diversifying the workforce by recruiting and
retaining TOC, a teacher’s race or ethnicity does not guarantee success in teaching SOC
(Achinstein & Aguirre, 2008). Though TOC may have the experiences, dispositions, and
desires to teach students who are cultural matches, they might not have the critical
consciousness and language to engage in teaching practices to uplift and effectively teach
them. They also may struggle with implementing curricular and pedagogical strategies
that could more appropriately meet the needs of their students. Systemic and institutional
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barriers, such as low expectations or negative attitudes about SOC, lack of support in
culturally relevant teaching, and limited dialogue about race and equity, can discourage
TOCs’ desires to transform the curriculum (Achinstein et al., 2010; Sleeter & Milner,
2011). Additionally, “a teacher’s racial or ethnic background does not determine a
teacher’s ideology, shared background with a particular group or students, or ability to
teach” (Sleeter & Milner, 2011, p. 84). In order to support TOC in teaching science in
diverse classrooms, science PD should provide space for them to reflect on their
positionality and issues of race and racism.
Challenges to Teaching Science in Elementary Schools
Though science assessments are given in schools, they are not considered highstakes standardized tests; thus, science in elementary schools is less valued and
prioritized as a core subject (Berg & Mensah, 2014; Lee et al., 2004). Opportunities to
learn science in elementary schools are dependent on the school resources that are made
available for teaching and learning science. In order to promote equity and social justice
in science, students must be provided with adequate resources to learn science and
teachers must have long-term, school-based science PD with diverse groups of students
(Lee, Llosa, Jiang, O’Connor, & Haas, 2016). Oftentimes, however, urban elementary
schools with predominantly low-income SOC have very little resources for science
instruction, which creates several challenges and barriers to teaching science. Lee and her
colleagues (2016) identify three categories of resources within schools that are essential
for science: material, human, and social resources.
First, elementary classrooms often lack the appropriate material resources to
engage in hands-on, inquiry-based science (Lee et al., 2004; Rivera Maulucci, 2010).
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Material resources include science equipment, tables, sinks, consumable supplies,
computer technology, science curriculum, texts, and time to teach science (Lee et al.,
2016; Rivera Maulucci, 2010). According to the 2012 National Survey of Science and
Mathematics Education (2012 NSSME), Trygstad (2013) reported that only about onethird of elementary teachers rated the availability of equipment, instructional technology,
consumable supplies, and facilities for science instruction as adequate in their schools.
The majority of the teachers (62%) reported that they skipped activities included in
science curricula, pacing guides, or state standards because they did not have the
equipment and materials needed to implement them. From these statistics, acquiring
material resources necessary for meaningful, hands-on science learning is a major
constraint at the school level and leads to the marginalization of science.
Class time for science instruction and learning is another material resource
constraint on science (Berg & Mensah, 2014; Blank, 2013; Buxton, 2006; Carlone, HaunFrank, & Kimmel, 2010; Mensah, 2010; Rodriguez, 2010; Tate, 2001). For instance,
Buxton (2006) reported in his two and a half year study on developing contextually
authentic science in a predominantly African American, low-income elementary schools
that science was rarely taught, and was taught in the form of reading and answering
questions when science instruction occurred. In Berg and Mensah’s (2014) study of the
work of a science coach with three elementary teachers teaching science, they reported
that the teachers often felt a tension between spending time on science and time on other
core subjects which were a higher priority in the school. Lastly, the teacher in
Rodriguez’s (2010) study had improved his science teaching through science PD and was
committed to teaching reform-oriented science with his deepened knowledge of science
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content and practices. However, due to a new school district policy to improve ELA test
scores, time for science instruction reduced to almost half of the original time for science.
As a result, only two of his 23 students received a score above 50% on the unit test,
which was demoralizing for the teacher and his students because they did not have
enough time to complete the planned activities and projects. In all three studies,
principals did not push their teachers to teach science, or actively reduced science time,
and placed more pressure, emphasis, and instructional support on improving reading,
writing, and mathematics scores.
Blank’s (2013) study, using the 2007-08 Schools and Staffing Survey and the
2009 National Assessment of Educational Progress (NAEP) surveys of elementary
teachers and students, supported the findings of these qualitative studies. Blank (2013)
found that more instructional time on science improved student achievement on the
NAEP assessment in science across all categories of family income. However, time spent
on science instruction declined from 2000 to 2008, and elementary classes were spending
28 minutes a week on average on science in 2008. Additionally, low-income schools,
measured by the percentage of students eligible for free or reduced-price lunch, spent on
average less amount of time on science, and students scored lower on the NAEP fourth
grade science test than their wealthier peers. Blank argued that schools with higher
percentages of low-income students strategically focused more on ELA and mathematics
instruction in order to meet annual performance targets based on standardized test scores,
which resulted in less time and effort on science education. Narrowing the curriculum as
a consequence of high-stakes, standardized testing in schools serving predominantly lowincome SOC is well documented in the literature (Au, 2016; Berg & Mensah, 2014;
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Leonardo & Grubb, 2014). Though not the only factor, Blank’s study shows the
importance of class time for science instruction at the elementary level.
Second, as human resources, teaching science requires elementary teachers to
acquire a specialized set of content-specific teaching practices and dispositions (Luft et
al., 2011). However, the majority of elementary teachers are generalists and they have
limited knowledge in the science content knowledge and pedagogical content knowledge
(PCK). They tend to be underprepared in terms of the skills, experiences, and dispositions
necessary to teach science effectively to diverse SOC within their teaching context and
culture of the school and community (Lee et al., 2016; Rivera Maulucci, 2010). They
tend to approach science teaching with the idea that science lessons should be based on a
specific activity and plan their lessons around that activity. They also tend to implement
isolated features of inquiry-based practices, such as encouraging students to ask
questions, but are less likely to assist students in their meaning making of collected data,
offer evidence-based explanations, or analyze students’ misconceptions (Appleton, 2008;
Lee et al., 2004). Additionally, Appleton (2008) concluded from his work with mentoring
elementary teachers in science that as they increase their content knowledge and PCK,
they develop these types of knowledge only for specific topics, rather than for multiple
science topics. To implement hands-on, inquiry-based science activities in their
classrooms, elementary teachers also need to experience these activities for themselves
beforehand to develop an adequate understanding of the approach and activity for their
students (Zhang, Parker, Eberhardt, & Passalacqua, 2011). As a result of being
underprepared, elementary teachers often do not feel comfortable or confident to teach
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science or adapt science curricula, especially to culturally and linguistically diverse SOC
(Banilower et al., 2015; Goodnough, 2016; Lee et al., 2016).
Lastly, social resources become available through social relationships among
individuals, networks, or group memberships. Science PD is one way to develop social
resources for science by structuring PD activities that create and promote social norms
such as trust, solidarity, collaboration, common values, shared responsibility, sense of
obligation, and collective decision-making towards science teaching and learning (Lee et
al., 2016; Rivera Maulucci, 2010). Through developing resources, science PD can help
address equity issues in elementary science education and encourage elementary teachers
to view and teach science as social justice. However, because science is devalued in
elementary schools, schools often provide elementary teachers with few opportunities for
high-quality school-based PD in science.
In Trygstad’s (2013) study, though the majority of teachers surveyed had received
science PD within the last three years, only four percent had sustained science PD (more
than 35 hours). Only about one-third of the teachers who participated in science PD
experienced science PD with characteristics of effective professional development (e.g.
working closely with other teachers, examining student and classroom artifacts, and
opportunities to teach and discuss science). Though school-based science PD is necessary
for improving teachers’ confidence, knowledge, and practices for teaching science, it is
often not a priority in urban, underserved elementary schools.
School-Based Science Professional Development
Science PD programs can provide, generate, activate, and mobilize material,
human, and social resources that are often scarce or missing in urban, underserved
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elementary schools (Lee et al., 2004, 2016). Science PD programs can provide
curriculum, instructional materials, and science supplies, as well as create time in
teachers’ schedules dedicated specifically to science teaching and learning (Lee et al.,
2016; Rivera Maulucci, 2010). Science PD programs can provide elementary teachers
with opportunities to develop science content knowledge, science-specific teaching
strategies, and can promote inquiry-based practices and skills to support culturally and
linguistically diverse SOCs (Lee et al., 2004). Through structuring PD around working
and problem solving with other teachers, science PD programs can develop social
resources of trust, collaboration, and mutual obligation to science teaching amongst
elementary teachers. These resources can be leveraged to develop and improve science
teaching in schools (Appleton, 2008; Rivera Maulucci, 2010; Spillane et al., 2001).
Science may also be elevated to a higher status through science PD with a universityschool partnership in science because of the privileged status the university researcher
and science teacher educator brings to the school (Appleton, 2008; Buxton, 2006).
The literature has identified five critical features of effective science PD that are
critical for creating change in teacher knowledge and practices (Lee & Buxton, 2013;
Desmoine, 2009). First, science PD should focus on science content and the language
used to communicate science, and PD should include activities that focus on increasing
teacher science content knowledge and skills, and teacher practices that promote
students’ scientific understandings and scientific inquiry. The second feature is active
learning. Because many elementary teachers do not have a theoretical understanding of
inquiry-based science teaching, PD activities should create active learning opportunities
for teachers to engage in inquiry activities as the student and teacher. Other learning
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activities include observing or being observed, followed by feedback and discussion,
reviewing and analyzing student work, and leading discussions. These active, experiential
learning activities are essential for elementary teachers to build their repertoire of science
teaching practices and content knowledge.
Third, there should be coherence between teacher learning and teacher knowledge
and beliefs, as well as coherence between the goals of the PD, curriculum, and school,
district, and state reforms (Lee & Buxton, 2013). Sufficient duration, as the fourth
feature, is an important structural feature of PD, as it takes time for teachers to learn to
effectively implement new instructional strategies. The fifth feature is collective
participation involving teachers from the same school, department, or grade level
collaborating and providing different pedagogical perspectives on teaching science.
Creating spaces for interaction and discourse among teachers is a powerful form of
teacher learning (Desmoine, 2009; Lee & Buxton, 2013).
With these five critical features of science PD in mind, there are differences in the
kinds of PD activities BETs value and VETs value because of the phases in their career,
their teacher identities and dispositions, and teaching experiences. For BETs, teaching
science can be especially challenging because they are still learning to teach multiple
subjects simultaneously and are responsible for teaching multiple areas within science
(e.g. life science, physical science, and earth science) through engagement in authentic
scientific practice (Davis & Smithey, 2009). BETs tend to have unsophisticated
knowledge of science topics and the nature of science. They tend to use hands-on science
activities to promote student interest and motivation, instead of to engage students in
authentic scientific practices and experiences. Though they recognize that student
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backgrounds and ideas are important, they do not yet know how to use them to inform
and shape their instruction. BETs often fear the behavioral problems associated with
hands-on activities and their abilities to manage them effectively, resulting in relying on
manageable and predictable science activities. Though they can have sophisticated ideas
about instruction and science instruction, they often struggle implementing them in
practice, thus needing science-specific induction support (Appleton & Kindt, 2002; Davis
& Smithey, 2009; Gustafson, Guilbert, & MacDonald, 2002; Merk, Baird, Brandt,
Greisen, Jackson, & Reid, 2015).
Looking across four studies on science induction and PD programs for BETs
(Bang, 2013; Gustafson et al., 2002; Kane & Varelas, 2016; Merk et al., 2015),
collaborating with experienced teachers, teacher educators, and other BETs was most
influential in developing their own professional knowledge and confidence in science
teaching. Group meetings and mentoring activities, such as observing experienced
science teachers, and planning, teaching, and discussing science lessons, helped BETs
develop ways to create positive learning environments in their classrooms, increase PCK,
integrate of science with other subjects, and improve questioning and assessment skills.
As they developed in these skills and knowledge in their classrooms and saw how their
classrooms evolved through their science teaching, they became more confident in their
science teaching abilities (Kane & Varelas, 2016; Merk et al., 2015).
Bang (2013) and Merk et al. (2015) both found that BETs valued providing
students with authentic science experiences, but they did not necessarily have the skills or
knowledge to construct these types of lessons. Bang found that the mentors and mentees
in his study grounded their conversations around lesson planning and instruction around
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the 5E model for inquiry-based teaching. Merk and colleagues had teachers use the Next
Generation Science Standards (NGSS) and the Common Core State Standards (CCSS) as
a framework for lesson plan development. These findings suggest that BETs need a
science instructional framework or model to guide the design of their science lessons and
to evaluate whether their lessons are authentic and inquiry-based.
Though very little research focuses on science PD for VETs specifically,
Appleton (2008) found that his role as a science mentor to VETs with more than 10 years
of experience were being an expert to bridge the confidence gap for VETs, providing
support when they were taking risks in science teaching, being a second pair of hands in
the classroom, presenting alternative views of teaching and learning for VETs to
consider, challenging their current science teaching practices, and extending their
thinking of how children learn. VETs had some science content knowledge, yet they had
difficulty making the science content relevant and available to children. When Appleton
mentored the VETs, he described that developing mutual care, respect and trust with
VETs, as well as mutual understanding of the mentoring process and classroom support
was essential for VETs to participate in science PD and make lasting changes to their
science teaching practices. In addition, discussions about whether VETs’ needs were
being met and how Appleton, as the mentor, was benefitting from working with them in
the classroom were a regular part of the mentoring relationship. In comparison to BETs,
VETs already have established ways of teaching, teaching philosophies and beliefs, and
well-developed teacher identities. Developing a mutually trusting, respectful, caring, and
horizontal relationship seemed to be valued by VETs and important for VETs to be open
to new ideas, to take risks, and to make changes to their science teaching practices.
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Conceptual Framework
This section provided the conceptual frameworks that guided this study. The
frameworks included science teacher learning and science teacher identity, the
relationships between structure, agency, and social justice science teacher identity, and
humanizing pedagogy.
Situated Learning and Science Teacher Identity
From a situated perspective, learning to teach science and meaning making of
science teaching takes place in and through activity, discourse, and participation in a
community of practice of teaching science as one works towards becoming a full member
of the community. Wenger (1998) outlines the process of learning as entailing four
interconnected elements of social participation: community of practice, practice,
meaning, and identity. Lave and Wenger (1991) describe a community of practice as “a
set of relations among persons, activity, and world, over time and in relation with other
tangential and overlapping communities of practice” (p. 98). A community is defined by
participation in an activity system where participants share understandings of what they
are doing and what it means for their lives and community. The coherence of a
community relies on mutual engagement in joint enterprise using a shared repertoire
(Wenger, 1998). Therefore, practice is what a community has explicitly and tacitly
developed in order to do what the community does within its historical and social
context.
Meaning, as a way of individually and collectively talking about our changing
ability to experience our lives and world, is negotiated and renegotiated within and by the
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community through the experiences and insights of individuals as they participate in
science teaching (Wenger, 1998). Participation is “a complex process that combines
doing, talking, thinking, feeling, and belonging. It involves our whole person, including
our bodies, minds, emotions, and social relations” (p. 56). As members authentically
participate within a community, they develop a collective sense of meaning. Meaning
making, then, is the process in making sense of their science teaching engagements and
experiences. Participation and meaning making enables individuals to function and
influence the communities in which they belong (Kane & Varelas, 2016).
Lave and Wenger (1991) describe legitimate peripheral participation as the
learning process in which those new to a community of practice (newcomers) develop
understanding, knowledge, and the culture of practice of the community through
participation and meaning making. As newcomers legitimately participate in ways that
are characteristic of the community and are accepted by members of the community, they
develop deeper, broader and more complete understanding and knowledge of the
community of practice. As their understanding of practice evolves through changing
participation, changing perspectives and locations, and changing relations to the
community of practice, they become part of the community. Legitimate peripheral
participation, however, is implicated in social structures of power. Peripherality is an
empowering position as a place where one moves toward fully participation, and it is a
disempowering position when one is kept from participating more fully (Lave & Wenger,
1991).
Learning is also a process of personal transformation or changing of identities:
learning shapes and is shaped by how one participates and shapes and is shaped by the
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knowledge and skills she acquires (Kane & Varelas, 2016). Learning requires “deciding
what kind of person you are and want to be and engaging in those activities that make
one a part of relevant communities” (Brickhouse, 2001, p. 286). Thus, social
membership, meaning making, knowledge, and identity construction are inseparable
(Battey & Franke, 2008; Kane & Varelas, 2016; Wenger, 1998). Because identity arises
out of participation and negotiation, teachers constantly construct and reconstruct who
they are, who they become, and who they want to be as a science teacher, as a teacher in
a particular school, and as a teacher in the broader professional community as they
participate in science teaching (Wenger, 1998). Identities lie at the intersection of one’s
personal history, individual psychology, and one’s cultural history and community of
practice. They are constructed in relation to a particular context, with a particular history,
with others, and the broader contexts in which we participate (Battey & Franke, 2008;
Enyedy, Goldberg, & Welsh, 2005).
Science teacher identities are multifaceted and intertwined with teachers’ life
histories and experiences with science (Avraamidou, 2018). However, elementary
teachers often do not have strong relations to or identify with science as a subject matter.
Many elementary teachers dislike, fear, and are intimidated by science. They developed
negative, stereotypical views of science and science teaching from their past experiences
with learning science. Consequently, being a science teacher is not the kind of teacher
they would like to be (Mensah, 2011, 2016). Science PD for elementary teachers must
support them in constructing and reconstructing their science teacher identities by
scaffolding opportunities to participate in positive, collaborative science teaching and
learning experiences to build their self-confidence and comfort with teaching science.
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Science PDs also need to provide teachers with space for self-reflection and reexamination of who they are and are becoming as science teachers and developing a
sense of agency to teach science (Avraamidou, 2018).
Structure, Agency, and Social Justice Science Teacher Identity
Science learning and science teacher identities are constructed and negotiated
within the social structures of practice, power relations, and conditions for legitimacy
(Lave & Wenger, 1991). Structures have a dual nature: they consist of schemas, or
cultural rules, which have a virtual existence, and resources, which are the effect of
schemas and have actual physical, mental, or embodied existence (Rivera Maulucci,
Brotman, & Sprague Faine, 2015; Sewell, 1992). Structures come in physical, material,
symbolic, discursive, social, or curricular forms and have power as they shape and
regulate one’s actions (Varelas, 2018). Resources, as nonhuman (e.g. time for science,
science equipment, science curriculum, texts, lab equipment, and lab space) and human
(e.g. science content knowledge, science teaching practices, commitment to teaching
science, trusting relationships, and science teaching network), are unevenly distributed
amongst schools, classrooms, and teachers (Sewell, 1992). Though these structures,
actualized as resources, often constrain and exclude low-income SOCs from science in
schools and constrain elementary teachers from teaching science, they can enable science
teaching as well (Varelas, 2018). As Hays (1994) describes, “But structures not only limit
us, they also lend us to our sense of self and the tools for creative and transformative
action” (p. 61).
As structures shape and regulate people’s thoughts and practices, people’s
thoughts and practices simultaneously shape and regulate structures through their agency.
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Varelas, Settlage, and Mensah (2015) define agency as “a person’s capacity to engage
with cultural schemas and mobilize resources in ways that did not exist before, creating
new contexts and practices” (p. 439). By exercising their agency to activate and mobilize
resources, teachers are able to transform structures for teaching science. Moore (2008)
defines agency in science education as “individuals or groups reflecting, acting,
modifying, and giving significance to the teaching of science in purposeful ways, with
the aim of empowering and transforming themselves and/or the conditions of their lives,
students and others” (p. 591). In efforts to transform school structures that promote
science inequity in elementary science classrooms, science PD should encourage teachers
to develop social justice orientations towards science and agency to teach science in
reform-minded ways consistently in their classrooms. Ideally, elementary teachers need
to construct a social justice science teacher identity to teach science.
Deficit Orientations Towards SOC and Humanizing Pedagogy
With the current focus on high-stakes testing and accountability measures in U.S.
public schools, teachers’ pedagogical practices favor high-stakes test-taking skills,
memorization and conformity, decontextualized and fragmented curriculum, and
approaches to teaching that are disconnected from students’ needs and promote one-sizefits-all practices (Salazar, 2013). This way of teaching and learning robs culturally and
linguistically diverse SOC of their culture, language, history, and values. It denies them
of their humanity (Bartolomé, 1994; Salazar, 2013). Freire (2000) describes this
dehumanizing pedagogy as the banking model of education, where students are
depositories of knowledge and the teacher, as the depositor, transmits the knowledge to
students. With the banking model, teachers constantly tell students what to do, learn, and
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think, and rarely ask them to think for themselves or seek out their input, suggestions, or
feedback about their education. This kind of pedagogy is oppressive and dehumanizing
because it silences students, leading to feelings of failure and self-contempt (Freire, 2000;
Salazar, 2013). Teachers who consciously or unconsciously subscribe to the banking
model assume that children who experience academic difficulties with generic
instructional conditions, particularly children from culturally and linguistically low-status
groups, are deficient and in need of fixing and special instruction (Bartolomé, 1994).
Education where students’ home language and cultural life experiences are ignored,
dismissed, or devalued prevents real, positive, and meaningful learning and perpetuates
cultural replacement and assimilation through schooling (Salazar, 2013).
Bartolomé (1994) asserts that a teacher’s strategies and approaches to teaching
arise from her perceptions and philosophical orientation towards learning and learners.
Both elements are influential in creating learning environments and experiences for
students that are oppressive or liberating. Teachers must create humanizing learning
environments where students are viewed as visible, active, and capable of their own
learning. Humanizing pedagogy “ceases to be an instrument by which teachers can
manipulate students, because it expresses the consciousness of the students themselves”
(Freire, 2000, p. 69). Teachers engage students in problem-posing education, where
teachers and students are co-investigators in dialogue in the process of developing a
critical consciousness and becoming more human. To develop a critical consciousness,
Freire (2000) stresses the need to engage in praxis, or “reflection and action upon the
world in order to transform it” (p. 51). Through simultaneous reflection and action,
teachers and students can transform constraining structures to liberating structures. In
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order to engage in humanizing pedagogy in science classrooms, science PD should create
time and space for teachers to engage in problem-posing dialogue and praxis to transform
their science teaching perspectives and practices into ones that respect and value their
diverse learners’ cultural and linguistic lived experiences and knowledge as well as
challenges them in learning science.
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Chapter III
METHODS

Introduction to the Study: Recruitment and Consent Procedures
My research focused on examining the social justice science teacher identity
development of a team of fourth-grade teachers and how they were activating and
mobilizing resources to teach science through a yearlong, school-based science PD that I
designed and facilitated. The fourth-grade team consisted of five teachers, Ayanna, Lana,
Remy, Stefanie, and Marciella (all pseudonyms), who will be presented in more detailed
later. Prior to this study, I was a colleague of Ayanna’s for two and a half years, as we
both attended the same university and met in a pre-service elementary science methods
course. I was beginning my doctoral program and Ayanna had just entered the first year
of her pre-service teacher preparation Master’s program.
After graduating, Ayanna started teaching at Simpson Elementary School, where
this study took place, as a special education teacher. At this time, before the study began,
each fourth-grade teacher planned the lessons for one subject and shared them with all the
other teachers. Ayanna volunteered to teach science, as this was a subject she grew to
love through her teacher preparation program (Chen & Mensah, 2018). She reached out
to me for support in planning and teaching science. From here, I received permission
from the principal at Simpson to work with Ayanna and the rest of the fourth-grade
teachers on their science teaching and to provide them with professional development.
Hence, I worked with Ayanna, Lana, Stefanie, and Marciella as a science teacher
educator for four months prior to this study and developed a professional relationship
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with each of them. Remy was assigned by the principal to teach in the fourth grade at the
start of this study and was eager to participate in the study and receive science PD with
the other teachers.
While working with the fourth-grade team prior to the study, I developed the
science PD model, which I describe later in this chapter, to address teacher-identified
issues of time to prepare and teach, science equipment, science curriculum, and
knowledge of teaching hands-on labs. I also included time and space for individual and
collaborative teacher reflection, an important practice for teacher learning and identity
development that I did not observe occurring amongst the team. I decided to implement
this science PD model and study how the teachers were using resources provided by the
PD, interpreting hands-on, inquiry-based science, changing their teaching practices, and
developing science teacher identities and agency to teach science for my dissertation.
To begin this study, I first obtained IRB approval from Teachers College,
Columbia University and the New York City Department of Education to conduct this
research. I then held a meeting with the fourth-grade team at Simpson in September 2017,
the beginning of the academic year, to describe the science PD model, nature of the study
and data collection, and confidentiality procedures. I invited them to participate in the
study and asked for their signed consent. All five teachers agreed to participate in the
study and science PD. The teachers’ participation in the study was completely voluntary.
All the fourth-grade students took the state science exam, which included a hands-on
component, at the end of the year. Increasing students’ test scores on this test was a major
influence on the teachers’ desire to participate in the science PD.
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Throughout the study, I played a dual role as the science teacher educator and
researcher. However, my responsibility in providing science PD support to the teachers as
the science teacher educator took precedence over closely observing each teacher in the
field as a researcher. I also updated the principal four times throughout the year on what I
was working on with the teachers and how the teachers were developing their science
teaching practices. During these meetings, the principal also provided feedback in what
the fourth-grade teachers were saying about the science PD program and my support, and
conveyed any goals or expectations she had for science in the fourth grade. Her main goal
was to increase students’ test scores on the state science test and to prepare students
better for the hands-on component of the test.
To support the science PD and my work with the teachers, the principal purchased
two Full Option Science System (FOSS) kits, Water and Climate and Energy, for each
teacher to provide them with science equipment and materials. For this science PD and
study, Ayanna, as the teacher planning for science for the team, and I co-wrote the
science curriculum and used the equipment and materials from the FOSS kits for the labs
and hands-on activities we designed. We did not follow the FOSS curriculum, as it did
not cover all the fourth-grade units, but we adapted a few of the labs from this curriculum
for the curriculum we wrote. In the following sections of this chapter, I describe the
design, setting and participants of the study, as well as the data collection and analysis
methods used for this study.
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Study Design
I used qualitative, multiple case study methodology (Merriam, 2009) for this
dissertation to capture the development of social justice science teacher identities and
agency to teach science, and to examine how resources were activated and mobilized to
transform science teaching of a team of fourth-grade teachers who participated in a
yearlong science PD with me, as the science teacher educator and researcher. The
teachers taught together in an urban, underserved elementary school with a high-stakes
testing environment. Because my research questions required examining the complexities
of day-to-day interactions, learning experiences, and meaning making a within in
particular school context, the in-depth, holistic, and exploratory nature of case study
methodology was an appropriate choice for my study (Merriam, 2009). In characterizing
the case study, Merriam describes this methodology as “an in-depth description and
analysis of a bounded system,” where a bounded system, or case, is “a single entity, a unit
around which there are boundaries” (p. 40). Each fourth-grade teacher was considered a
single case and their participation in the science PD and science teaching in their
classrooms was considered the bounded system. As a multiple case study, their
participation in the science PD as members of a fourth-grade team was the binding
category, or “quintain,” for the study (Stake, 2006, p. 6).
Setting
This study was carried out at a pre-kindergarten through fifth grade school, which
will be named Simpson Elementary School (pseudonym). The school was located in a
low-income predominantly Latinx community of a large, urban city in the Northeast.
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Around 641 students attended Simpson for the 2017-2018 academic year, with 90% of
the students as qualified recipients of free lunch. Within the student body, 12.6% were
limited English proficient and 18.7% were students with disabilities (SWD). Considering
the racial and ethnic origins of the students, 71.0% were Hispanic or Latinx; 26.2%,
Black or African American; 2.5%, White; and 0.9%, Asian or Native Hawaiian/Pacific
Islander (New York City Department of Education, 2018). The demographics of the
fourth-grade students reflected the entire school’s student demographics. Additionally,
the majority of the school’s teaching faculty was TOC and most of the teachers had more
than three years of experience. Of about 30 teachers, only 6.52% of them (about 2
teachers) had fewer than three years of teaching.
Participant Descriptions
The participants for this study included the five fourth-grade teachers at Simpson
Elementary School and varied in years of teaching experience. The fourth-grade team
consisted of one special education teacher, Ayanna (African American/Jamaican), in her
second year of teaching; one English as Second Language (ESL) teacher, Remy
(Indian/Guyanese), with four years of teaching experience; two general education
teachers, Lana (Latina/Ecuadorian) and Stefanie (White/Italian/Puerto Rican), with 19
years of teaching experience; and one general education teacher, Marciella (Puerto
Rican/Latina), with 29 years of teaching experience. Though Stefanie could be
considered as a TOC, she self-identified as White. All of the teachers, except Remy spent
their entire teaching careers teaching elementary-age students at Simpson. Remy taught
exclusively elementary English Language Learners (ELLs) at the school. Starting her
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fourth year of teaching, Remy was just exiting the induction phase at the beginning of the
study. Ayanna was a BET and Lana, Stefanie, and Marciella were all VETs.
Along with varying years of teaching experience, the teachers taught different
student populations. Ayanna and Lana co-taught in an Integrated Co-Teaching (ICT)
classroom where 12 SWD were taught alongside 15 general education peers and received
instructional support and modifications from Ayanna. Ayanna and Lana, as co-teachers,
shared the responsibility of teaching the core subjects. Ayanna was responsible for
science, writing, and instructional modifications for SWD. Lana was responsible for
mathematics, reading, and social studies. Remy’s classroom consisted of all ELLs. Remy,
Stefanie, and Marciella taught all of the core subjects, which included reading, writing,
mathematics, social studies, and science. Stefanie and Marciella both taught in general
education classrooms. Table 1 summarizes the self-identified race/ethnicity, number of
years teaching, and type of classroom for each teacher.
Table 1
Summary of Participants’ Self-Identified Race/Ethnicity, Number of Years Teaching, and
Type of Classroom
Teacher

Race/Ethnicity

Number Years

Type of Classroom

Teaching
Ayanna

African American/Jamaican

2

ICT

Lana

Latina/Ecuadorian

19

ICT

Remy

Indian/Guyanese

4

ELL

Stefanie

White/Italian/Puerto Rican

19

General

Marciella

Latina/Puerto Rican

29

General
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Science Professional Development Model
The science PD model described in this section was used for each of the four
science units taught by the teachers during the 2017-18 school year: Matter and
Measurement (10 days), Plants (8 days), Animals (11 days), and Energy (9 days). The
school schedule was determined by the administration and the last period of the teaching
day was designated for social studies or science. Throughout the year, the teachers taught
one unit of social studies, then one unit of science, and alternated between teaching units
of social studies and science during the last period. Each science period was 50 minutes
long; however, this time also included cleaning up, writing down homework, listening to
announcements, and completing other end-of-the-day tasks the students needed to do
before dismissal. As a result, the time to teach science was usually shortened to about 30
minutes. Teachers also had 40 minutes of common planning time scheduled into their
workday every Tuesday afterschool. I used the common planning time to hold team
meetings as part of the science PD model. Prior to this study, the fourth-grade team never
received science-specific PD or a science curriculum, equipment, and instructional
materials to teach science. They never collaborated as a team or collectively discussed
science instruction. The science PD model I developed and implemented for the study is
shown in Figure 1.
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Figure 1. Diagram of Science Professional Development Model
Table 2
Summary of BSBC 5E Instructional Model
Phase

Summary

Engage

Pique students’ interest and access their prior knowledge of concept,
process, or skill through short activities that promote curiosity.

Explore

Provide students with hands-on opportunities to examine and build their
own understandings of the concept, process, or skill. Students may ask
questions, design and conduct preliminary investigations, and generate new
ideas.

Explain

Provide students with opportunities to communicate or demonstrate their
new knowledge and understandings. Teachers may directly introduce or
explain a concept, process, or skill to guide students toward a deeper
understanding.

Elaborate

Challenge and extend students’ understanding and skills by applying
learned concept, process, or skill to new experiences and activities.

Evaluate

Encourage students to assess their understanding and abilities. Teachers
assess evaluate student progress towards achieving lesson objectives.

Note. Adapted from “The BSCS 5E Instructional Model: Origins and Effectiveness,” by
Bybee, Taylor, Gardner, Van Scotter, Powell, Westbrook, and Landes, 2006, BSCS
Science Learning, p. 2. Copyright 2006 by BSCS.
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The science PD model started with the Science Planning Meeting. During this
part of the PD, Ayanna and I collaborated afterschool or during her free periods during
the day to determine the science content, possible activities and labs, and lesson sequence
for each unit before it was taught by all the fourth-grade teachers. Ayanna created and
drafted science instructional SMARTboard slides and handouts the other teachers would
use to guide their lessons. I provided feedback on the lessons to her for her to share with
the team. I supported her efforts by creating lesson plans, teacher notes, and any
additional handouts that were needed. When these instructional materials were finalized,
Ayanna and I distributed them to teachers to review. The units all followed the BCBS 5E
instructional model (Table 2) for science (Bybee, 2014).
Second, the Science PD Meeting was held with all the teachers during their
Tuesday afterschool common planning time (40 minutes) the week before teachers were
scheduled to teach the science unit. I facilitated discussions with teachers to outline the
general progression of the lessons, perform the labs together, ask questions, and make
modifications to the labs and curriculum. This meeting was intended for the teachers to
gain a better sense of how the labs were connected to the content; to understand what the
students should learn from the labs; to think about how to implement the labs in their
classrooms; and to be able anticipate areas in the lab that might be challenging for
students.
Third, after the Science PD Meeting, all the teachers taught the science unit
during the Science Lessons Teaching part of the science PD model. I provided individual
classroom support, such as preparing lab equipment, co-teaching, assisting, and observing
and giving feedback, as the teachers taught the science unit.
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Lastly, the Science Debrief Meeting part of the science PD model was held with
the entire team time after everyone finished teaching the unit during the Tuesday
afterschool common planning time, which lasted about 40 minutes. During this meeting,
we discussed the successes and challenges of the unit and reflected on the teachers’
individual and team science teaching.
Data Collection Procedures
Several types of data were collected for this study, including three semi-structured
interviews with each teacher, teacher questionnaires, researcher field notes, and teachercreated science teaching artifacts.
Interviews
Three semi-structured interviews were conducted, audio-recorded and transcribed.
Each interview lasted for 20-50 minutes. The first interview (Appendix A) was conducted
in November (2017) after teaching the first unit. The second interview (Appendix B) was
conducted in March (2018) after teaching three units, and the third interview was
conducted after the students took the state science test in late May (2018) or early June
(2018) (Appendix C). The interviews asked teachers about their science teaching, science
PD participation and experiences, reactions to student learning and engagement in
science, changing perspectives and practices to teaching science, science teacher
identities, and teaching science to their SOCs as an equity issue.
Teacher Questionnaires
Teachers were asked to complete a two-part, reflection-based Teacher
Questionnaire (Appendix D) after the Science PD Meeting and after the Science Lessons
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Teaching parts of the science PD model for each unit. In total, the teachers completed
four teacher questionnaires. For the first part of the questionnaire, teachers were asked
three questions on describing the skills and/or knowledge they learned from the Science
PD Meeting and how they were going to use it to teach the science lessons. For the
second part of the questionnaire, teachers were asked four more questions after they
taught the science unit (Science Lessons Teaching) to reflect on how they taught the
science unit, what modifications they made to the science unit, what additional resources
they needed, and whether their perspectives and views of science and science teaching
had changed. The Teacher Questionnaires provided insight into how teachers were
activating and mobilizing resources of the science PD and how their practices and views
of science were changing.
Researcher Field Notes
I wrote a field note after each visit to Simpson Elementary School. These notes
included observations, interactions, and conversations I had with the participating
teachers with regards to science and science teaching. They were also used to record my
reflections, reactions, interpretations and questions about occurrences in the field. The
field notes provided insights into how the teachers were participating in the science PD
activities and science teaching practices; the meanings of science and science teacher
identity construction; the shifting philosophies and orientations teachers held towards
science teaching and learning; and how teachers were using or disregarding the available
resources for teaching science.
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Teacher-Created Science Teaching Artifacts
Because the other participating teachers made several modifications to each
science unit that Ayanna and I co-created, I collected teacher-created handouts, slides,
activities, or instructional materials that reflected the extra supports their students needed
and their approaches to teaching science. Table 3 summarizes the methods used to
address each research question.
Table 3
Summary of Data Collection Methods
Research Question
Multiple Case Study 1

Method

1. What were the BET and VET’s experiences, beliefs, and
perspectives of science and science teaching in the beginning
of a yearlong science PD program?

TI, TQ

2. In what ways did participating in the PD activities influence
the BET and VET’s science teacher identities, perceptions of
science, and science teaching practices?

TI, TQ, FN,
TA

3. How did the BET and the VET’s social justice science teacher
identity and agency to teach science develop and shape
TI, TQ, FN,
through the yearlong science PD program?
TA
Multiple Case Study 2
1. What were the teachers’ schemas to interpret and enact
nonhuman and human resources provided by the science PD?

TI, FN

2. How did teachers use their agency to activate and mobilize
nonhuman and human resources provided by the science PD
to transform their science understandings, practices, and
instruction?

TI, TQ, FN

Note. TI = teacher interviews; TQ = teacher questionnaires; FN = Field Notes; TA =
teacher-created science teaching artifacts
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Data Management and Organization
This section describes how all recorded data was stored and organized. First, a
folder on my password-protected laptop was created for each data method: Interviews,
Teacher Questionnaires, Field Notes, and Teacher Artifacts. The interview recordings
were saved on my laptop. After they were transcribed, they were saved as Microsoft
Word documents in the “Interview” folder.
During data collection, I wrote all field notes for all teachers for each science unit
as a running log in a Word document and dated and titled each field note in the
document. This Word document for each unit was saved in the “Field Notes” folder.
After the field notes were written for each unit, I cut and pasted all the field notes for
each teacher for each unit into a new Word document so that all the field notes for each
teacher for each unit were on separate documents. I saved all these documents in the
“Field Notes” folder.
I asked teachers to use Google Docs to answer the Teacher Questionnaires. I
created and shared a Google folder with each teacher and placed the questionnaire, as a
Google Doc, in her folder before the Science PD Meeting. Each teacher filled in the
questionnaire after this meeting and after Science Lessons Teaching. Teachers were asked
to record the dates they filled in the questionnaire and the Google Docs program also
recorded the date that the teachers edited the questionnaire document. At the end of the
study, each questionnaire was exported as a Word document and saved in the “Teacher
Questionnaire” folder. All of the data were backed up on a Dropbox account, which was
also password-protected.
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Figure 2. Screen shot of data organization in NVivo 11
NVivo 11 was the qualitative analysis software program used to conduct data
analysis. Figure 2 shows a screen shot of how the data was organized for data analysis in
NVivo 11. First, all of the data folders were imported as Word documents from my
laptop into NVivo 11, as seen in the left column of Figure 2 under “Sources.” Then,
folders for memos for each teacher were created and kept under “Sources” in NVivo 11.
Under the “Nodes” section, I created a node for each teacher and kept my codes and
categories for each teacher’s data source under the corresponding node. In Figure 2, the
right column shows an example of the nodes for each teacher. Remy’s node is expanded
to show each data method for her case. Each data method, when expanded, contained all
of its codes and categories.
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Data Analysis
I analyzed the data using grounded theory and multiple case study methods
(Charmaz, 2014; Merriam, 2009; Stake 2006). I initiated the coding process with ideas of
how teachers talked about their views and perspectives of science and children,
themselves as teachers and science teachers, and their participation in the science PD to
guide the analysis. Starting with within-case analysis, I first did an open reading and
initial coding of Ayanna’s first interview (Merriam, 2009). For the initial coding phase, I
conducted line-by-line coding to remain close to the data and coded using gerunds and in
vivo codes. Then, I performed focused coding, where I grouped similar initial codes
together to create focused codes. After focused coding, I wrote an analytical memo to
describe the meaning and rationale of focused codes I created and possible emerging
categories from the data (Charmaz, 2014). I repeated this cycle of initial and focused
coding for each teacher’s first and second interviews. Then I repeated cycles of coding
for all the field notes and the third interview for each teacher. Through these cycles of
coding, salient emerging categories were confirmed, strengthened and refined, while
others were dropped or regrouped from the data for each teacher as a single case.
Afterwards, I coded the Teacher Questionnaires to see if the emergent categories
and my characterizations and interpretations were further supported or challenged.
Throughout the coding process, I used constant comparative methods where I compared
codes and categories within the same data, across different data, and data over time for
each teacher. I also wrote analytical memos after analyzing each piece of data to record,
explore, and describe the focused codes and emerging categories (Charmaz, 2014). An
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example of my coding process for Ayanna’s second interview in March (2018) is shown
in Appendix E. The emergent categories for each teacher are shown in Appendix F.
For cross-case analysis, the memos for each piece of data for each teacher were
combined to create a case description of each teacher. I used the case descriptions to
compare the emergent categories of each case, guided by my research questions, to find
points of comparison and explanations across all the cases (Merriam, 2009; Stake, 2006).
When I was comparing the cases, I noticed that the teachers’ existing teacher identity,
schemas, experiences, beliefs, and views of their students, learning, and science all
influenced how they made sense of the science PD activities, the ways they participated
in the science PD, how they taught science, and whether they changed their science
teaching approaches and practices. This overarching concept framed and guided the rest
of my cross-case analysis. Ayanna and Lana were much more reflective in their practice
than Remy, Stefanie, and Marciella, so I was able to get a deeper, richer sense of how
their science teacher identities were developing and shifting through the science PD. As
co-teachers, their growth in science teaching, perceptions of science and children, and
agency to teach science were also synergistic. Therefore, I decided to group them
together as one multiple case study, which is presented in Chapter IV. The categories
emerging from comparing Ayanna and Lana’s cases were Existing and Shifting
Experiences, Beliefs, and Perspectives of Science Teaching; Developing Practices and
Understanding of Science through Participation in Science PD; and Developing Social
Justice Science Teacher Identity and Agency. My grouping of each teacher’s categories
for cross-case analysis is presented in Appendix G.
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Remy, Stefanie, and Marciella each taught on their own and frequently mentioned
time to prepare and teach science, science equipment and curriculum, hands-on science
labs, and standardized testing throughout all of the data. I decided to group these three
teachers as the other multiple case study and compare their relationship to and meaningmaking of these resources and the science PD activities I provided over the school year. I
also compared the ways their agency was being exercised to transform (or reproduce)
these constraining structures into enabling structures to improve, deepen, or transform
their science teaching approaches and practices. The emerging categories from cross-case
analysis of these three teachers were Science Teaching Orientations, Experiences, and
Practices, Using Agency to Incorporate Science Equipment, Curriculum, and Time to
Teach Science, and Shifting, Evolving, or Reinforcing Understandings of Science
Teaching. The grouping of the teachers’ categories to create these cross-case categories is
shown in Appendix H. This multiple case study is presented in Chapter V.
Several elements of rigor were used to ensure the validity and reliability of the
study. I had a prolonged engagement in the field, as the length of this study was one
academic year. I also persistently observed each teacher throughout the year and visited
her classroom at least 20 times. I also triangulated the data through constant comparison
of codes and categories from different data methods and data collected at different points
in time to corroborate the findings. I used member checking throughout data collection
and the third interview by asking teachers to explain or elaborate on something they had
said or done and by asking them to confirm my interpretations of their actions and
answers to interview and questionnaire questions. Lastly, I provided rich, thick
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descriptions of the findings to facilitate in transferability for the reader (Guba & Lincoln,
1989; Merriam, 2009).
Role of Researcher in Mentoring and Facilitating the Science PD Model
Because I had the dual role as the science teacher educator and the researcher in
this study, I was a participant-as-observer in the field. In this role, my responsibility in
providing PD support to the teachers in their classrooms and during team meetings took
precedence over closely observing each teacher (Merriam, 2009). My role as a mentor to
Ayanna, as well as the facilitator of the science PD, involved carefully preparing and
planning out teaching and learning activities for teachers to participate in throughout all
parts of the science PD. I describe the actions I took for each of the parts of the science
PD in this section. Appendix I provides a more detailed outline of how I prepared for and
enacted the science PD model. It also provides an example of my actions and teachers’
actions during the science PD model for the Energy unit, which covered topics of kinetic
energy, potential energy, forms of energy, and energy transfer. The Energy unit was
different than the other units in that teachers volunteered to have two Science Planning
Meetings to cover all three of the labs of the unit.
Science Planning Meeting
Two-to-three weeks before each science unit was scheduled to be taught, I would
review the state standards for the unit to develop an sense of what topics should be
covered in the unit. I then would inform Ayanna of the unit to be taught and provide her
with the topics to cover. We would discuss the number of days of the unit and determine
a date to meet. Before meeting, both of us would brainstorm lesson ideas and find
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instructional activities and labs independently. Ayanna would create a SMARTboard
slide skeleton of the topics of the lesson and fill in the slides with any information,
videos, activities, labs, or other instructional resources she found and wanted to include.
During the Science Planning Meeting, I first had Ayanna share and explain her
slides to me, which gave me a sense of how she understood the science concepts and how
to present them to students. She often identified areas of content or the lesson sequence
that she was unsure of or needed more development. Listening and building on her slides,
I provided her positive feedback on her slides and lesson ideas, and then provided
suggestions for changing, adding, removing, or re-ordering slides based on her concerns,
areas that needed more content development, and making the lesson sequence fit the
inquiry-based 5E model. I provided my reasoning, based on science pedagogy, science
content, and science practices, underlying any suggestions for improving and further
developing the lesson sequence. We often had in-depth discussions around my reasoning
and her rationale for constructing the slide skeleton, which led to deepening content
knowledge, knowledge of the scientific and engineering practice, and knowledge of the
nature of science. When Ayanna felt strongly about specific aspects of the lesson that I
disagreed with, I always deferred to her so that she could try out her ideas in the
classroom. There were also times where she asked me to make a pedagogical decision
that I believed she could make. During these times, I would not give her my opinion to
encourage her to develop independence and confidence in her science teaching decisions.
Ayanna would record notes and make changes to the slides as we lesson planned.
I always ended the meeting with determining the deliverables (e.g. lesson plans, student
handouts, instructional SMARTboard slides, lab sheets, etc.) each of us would create and
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determined a date with which to complete them. I usually wrote the lesson plans and
curriculum guides and Ayanna usually created the slides and handouts. We would take
turns with creating lab sheets. Once everything was finalized, either Ayanna or I would
email all the instructional materials to the teachers to review. I would also provide paper
copies of all the lesson plans, curriculum guides, and handouts to teachers.
Science PD Meeting
Before the Science PD Meetings, I would gather all the equipment and materials
needed for the labs of the unit. Ayanna would usually join me in this preparation. For the
first three units, we assembled one lab set up for the teachers to use while running
through the labs. For the three labs in the Energy unit, I decided to have the teachers set
up one student lab together, and then do the lab following the written lab procedure.
During the Science PD Meetings, I started with presenting a brief overview of the lesson
sequence and described how the lessons built on each other. Ayanna would add to my
presentation and highlight aspects of the lesson that she wanted to emphasize to the
teachers. Then, I would ask teachers if they had any questions about the curriculum,
lesson plans, or lesson activities. Lastly, I would distribute copies of the student lab
sheets for the unit to each teacher and ask them to do through the lab together. During
this time, Ayanna and I would observe the teachers interactions and conversations and let
them struggle and problem-solve through the lab procedure, data collection, and
conclusion questions. I would intervene when they needed to be shown how to use
specific science equipment or when they asked me a content or instructional question to
which no one knew the answer. I would also ask probing questions to guide the teachers
to think deeper and more critically about the conclusion questions and their data. When
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the teachers discussed parts of the lab sheet that would confuse the students, I would
make changes to the lab sheet based on the their suggestions. Ayanna usually observed,
but occasionally added to these conversations. I ended the meeting with asking teachers if
they had any lingering questions about the lab or lessons, and made appointments to meet
with them individually.
Science Lessons Teaching
During this part of the science PD model, I would meet with teachers during the
free periods and visit their classrooms while they taught the science unit. I let teachers
guide the individual meetings, as they usually had specific concerns or questions they
wanted to discuss with me. Individual meetings usually involved going over the
instructional slides, content, and ordering of activities, as well as preparing for the labs.
They would also discuss modifications they made to the lesson plans that they believed
would suit their students better with me during this time. If teachers wanted to discuss the
upcoming lessons, I would answer their questions and expand on the related science
content and pedagogical decisions to deepen their knowledge of science and science
teaching. I would also explain the rationale for presenting science content in a particular
way or placing activities and content in specific places of the lesson sequence to deepen
their understanding of inquiry-based science teaching. If teachers needed help with
preparing lab set ups for students, I would show them how to use the lab sheet to gather
equipment and identify pieces of equipment that were unfamiliar to them. Then, I would
ask the teacher to list the specific equipment that went in one student lab setup from the
lab sheet, and model identifying and putting equipment into a lab bin for one group of
students. Then we would switch roles. When teachers were comfortable enough with
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using the lab sheet to put together lab setups for students, we would divide up the
equipment to place into the lab bins. Through these interactions, discussions of how to
teach students to use the equipment or parts of the procedure, how the procedure
produced the data collected, and how the lab was connected to the science content usually
emerged.
When I visited classrooms, I co-taught, assisted, or observed based on what each
teacher needed and wanted me to do. When I co-taught, I followed the teacher’s lead and
taught when they asked me to explain or teach part of the lesson or lab. I would also add
to a teacher’s instruction when there was an appropriate place for me to deepen students’
understanding of a concept or clarify an aspect of a procedure or lab. I would also model
lab procedures with the teacher so students could see how to do each step and see how to
work together. When I assisted, I helped distribute and collect lab equipment or handouts
and worked with small groups of students. When I was observing, I took field notes on
teacher and student actions, contributions, and interactions. I gave teachers informal
positive feedback and areas for growth after each time I was in their classrooms.
Science Debrief Meeting
During the Science Debrief Meeting, I asked teachers a series of reflection
questions that were similar to the ones in the second part of the teacher questionnaires.
The questions centered around their evaluation of their science teaching and student
learning during the science unit, what aspects of their teaching and the unit were
successful and challenging, what areas of science teaching they would like to further
develop, and ways I could support them more during the next unit. The teachers usually
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had brief answers to these questions and directed the conversation to the next science
unit, scheduling for science, or other topics that were unrelated to science.
Researcher Reflexivity
Given my secondary science teaching and higher education experiences, I
recognized the power and privilege I brought to Simpson and the possible intimidation
teachers may have initially felt working with me science teaching. I initially hoped to use
my presence and the science PD to elevate the status of science at Simpson and make
science more accessible for teachers. I brought my theoretical lenses of constructivism
and inquiry-based science, and social justice teaching with me to guide my interactions
and conversations with the teachers and students. I recognized that not all the teachers
held the same philosophical orientations to teaching.
I also recognized that my age might have influenced how teachers perceived and
interacted with me. I was a few years older and had a few more years of science teaching
experience than Ayanna and Remy. They viewed me as an experienced other to learn
from and as a colleague. Lana, Stefanie, and Marciella were older than I and had at least
10 more years of teaching experience than me. I perceived their interactions as less
collegial and more professional within my role as a consultant to the school.
As an Asian American woman who grew up in a predominantly White, uppermiddle class suburb, my life experiences and understandings of the world were different
than the teachers in this study, who all grew up in similar neighborhoods in the same city
as Simpson Elementary School. Ayanna, Lana and Stefanie attended Catholic school and
Remy and Marciella attended public school. Their language and ways of communicating
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were different than mine. I often observed and listened to figure out how to communicate
and become part of a member of the fourth grade and school community.
Chapters IV and V included the findings as two stand-alone papers in a
publishable, journal article format. Chapter IV is the multiple case study of Ayanna and
Lana. Chapter V is the multiple case study of Remy, Stefanie, and Marciella.
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Chapter IV
DEVELOPING THE SCEINCE TEACHER IDENTITIES AND AGENCY THROUGH
PROFESSIONAL DEVELOPMENT: A MLTIPLE CASE STUDY OF TWO
ELEMENTARY TEACHERS OF COLOR

Abstract
This study examined the how the science teacher identity and agency to teach science, as
well as the practices and perspectives of science teaching, developed and shaped as two
co-teachers of color participated in yearlong, school-based science professional
development. The conceptual frameworks included science teacher identity development
and learning as situated in a community of practice, and agency to teach science in
humanizing ways to promote social justice in science. Grounded theory and multiple case
study methods were used to analyze the data. The findings show that elementary teachers
are beginning science teachers and need multiple, low-risk science teaching opportunities
in order to develop their science teacher identities, and confidence and agency to teach
science. Beginning and veteran teachers valued teacher collaboration and discourse, but
for different reasons based on the phase of their careers. The teachers of color in this
study were highly motivated to grow in their science teaching in order to provide their
students of color opportunities to learn science in an accessible and enjoyable way that
they never experienced as a child. This study has implications for science teacher
educators interested in developing spaces for ongoing, school-based professional
development in urban, underserved elementary schools.
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professional development, social justice science education, teachers of color in science.
Introduction
Since the implementation of No Child Left Behind (NCLB), urban, underserved
elementary schools have increasingly felt pressure to improve test scores on high-stakes
tested subjects of English Language Arts (ELA), and mathematics. As an unintended
consequence, elementary schools have placed the majority of human and nonhuman
resources towards those subjects and neglected or eliminated non-tested subjects, such as
science (Leonardo & Grubb, 2014). Particularly in urban schools with high proportions of
low-income, African American and Latinx students, recent immigrants, and English
Language Learners (ELLs), science education in elementary schools is rarely taught and
not included as an important part of the curriculum (Buxton, 2006; Carlone et al., 2010;
Leonardo & Grubb, 2014; Berg & Mensah).
Challenges of Teaching Elementary Science
Beginning elementary teachers (BETs), teachers who are in the induction period
(first three years of teaching), and veteran elementary teachers (VETs), who have taught
for more than 15 years, prepare and teach all subject areas, resulting in limited time to
prepare for teaching science in hands-on, inquiry-based ways (Goodnough, 2016). When
they do teach science, they rely heavily on the textbook and use traditional, teachercentered practices, rather than using more authentic hands-on, inquiry-based approaches
that support students with limited science experiences and ELLs (Buxton, 2006; Lee,
Llosa, Jiang, O’Connor, & Hass, 2016). Because the majority of elementary teachers are
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not science specialists, they tend to have limited understandings of science content,
scientific practices, science pedagogical content knowledge (PCK), and the nature of
science as a discipline (Appleton, 2008; Banilower, Trygstad, & Smith, 2015; Lee, Hart,
Cuevas, & Enders, 2004). Thus, elementary teachers need science professional
development (PD) to support them in interpreting reform-oriented science curricula and
using the associated materials to implement the intended science practices, instruction,
and student learning experiences (Appleton, 2008; Lee et al., 2004; Mikeska, Anderson,
& Schwarz, 2009).
Another challenge in teaching elementary science is that BETs and VETs may
hold negative, traditional, and stereotypical conceptions of science and science teaching
because of their own experiences with learning science as being boring, lecture-driven,
and involving the continuous memorization of facts. The image of the science teacher
they constructed through these experiences is not the kind of teacher they want to be as
teachers (Mensah, 2011). Consequently, elementary teachers’ negative views and
attitudes towards science, along with their under-preparation to teach science, leads to
teachers feeling under-confident and uncomfortable to teach science. Even further, they
may fear, avoid, and be too intimidated to teach science (Appleton, 2008; Appleton &
Kindt, 2002; Mensah, 2011, 2016). With the combination of negative associations with
science; the little preparation and PD offered to support science teaching; and the low
status and priority of science in elementary schools, science teaching becomes
inaccessible to elementary teachers.
BETs, in particular, face additional challenges to teaching science because they
are transitioning into the teaching profession and still forming their identities as both
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teachers and science teachers amongst competing images of their role and responsibilities
in the classroom. They are learning the culture and expectations of their school, learning
to elicit and interpret students’ ideas and how to respond to them, developing classroom
management strategies, and juggling multiple new subject curricula and school
responsibilities (Feiman-Nemser, 2001, 2010). Thus, providing school-based science PD
that engages active learning of content knowledge and PCK, fosters collective
participation, and offers ongoing support based on teacher needs can act as induction
support for BETs and energizing PD for VETs. Science PD is also important for
improving the quality of science teaching and elevating the status of science schools
(Appleton & Kindt, 2008; Buxton, 2006; Goodnough, 2016; Feiman-Nemser, 2001).
Teachers of Color in Urban Spaces
There are compelling arguments for teachers of color (TOC) teaching ethnically,
racially, and linguistically marginalized and culturally underserved children, who are
often viewed as deficient and excluded from science. Grant and Gibson (2011) argue that
the best predictors of teacher success in urban schools are a teacher’s experiences,
attitudes, dispositions towards inequality and difference, and reasons for teaching. These
factors influence the interactions they have with groups or individual students, and the
kinds of learning opportunities and experiences their students have (Liou & Rojas, 2016).
Thus, teachers that have a cultural and experiential match with urban students of color
(SOC) have firsthand experiences with and knowledge of social injustice, which can lead
to increased educational success for SOC. Experiencing inequality and alienation from
their own schooling, and their own experiences with racism and oppression, they can
relate to SOC in ways that White teachers cannot. They tend to hold more positive
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perceptions of SOC’s academic potential and ability and tend hold SOC to high
expectations and rigor (Huerta, 2011; Foster, 1993; Ladson-Billings, 2009; Liou & Rojas,
2016; Villegas & Irvine, 2010).
In studies of successful African American teachers and teachers with diverse
backgrounds who teach African American and Latinx children (e.g. García-Nevarez,
Stafford, & Arias, 2015; Liou & Rojas, 2016; Moore, 2008), TOC used humanizing
pedagogy and culturally relevant teaching that incorporated classroom activities and
communicated with students in ways that were based in their home and community
cultures. They created stimulating, collaborative, and constructivist classroom
environments and developed caring and trusting relationships with their students. They
also served as advocates and cultural brokers for their students (Huerta, 2011; Foster,
1993; Ladson-Billings, 2009; Liou & Rojas, 2016; Villegas & Irvine, 2010). Using these
more humanizing approaches and practices made critical differences in school outcomes
and school experiences of SOC.
Effective School-Based Science Professional Development
In order to better prepare our elementary teachers to teach science in reformoriented ways, school-based science PD should aim to expand and improve learning
opportunities for teachers that change or shift their beliefs and perspectives of teaching
science and enable them to engage in reform-oriented instructional practices. Hence,
through meaningful learning activities, reflection, and dialogue, science PD should
promote and support the developing and shaping of elementary teachers’ science teacher
identity.
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The literature on science PD in schools suggest that because of elementary
teachers’ limited knowledge in science content and teaching strategies, supporting the
development of teachers’ science identities, understandings, and practices of science and
science teaching is a difficult and complex activity. The substance, experiences, and ways
of participation in PD activities have the greatest impact on teachers’ beliefs, practices,
and science teacher identities, and consequently student learning outcomes (Avraamidou
& Zembal-Saul, 2010; Buxton, 2006; Lee et al., 2004; Lee, Luykx, Buxton, & Shaver,
2007). For example, elementary teachers need PD opportunities to carry out science
inquiry themselves in order to teach and foster student engagement and initiative in
science inquiry. Because elementary teachers tend to focus on the scientific practices of
asking questions, carrying out investigations, or data collecting and are less likely to
assist students in making meaning of their data or to construct explanations based on
evidence, they also need to learn how to enable students to share and negotiate ideas and
explanations and construct collective meanings of science through PD (Lee et al., 2004).
Science teacher educators providing PD in schools also need to create time and space for
teachers to dialogue about problems of practice encountered in the classrooms. Creating a
dialogical problem-posing space can help teachers develop deeper more multifaceted
understandings as propose and explore multiple solutions to the identified problems
(Mikeska et al., 2009).
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Conceptual Frameworks
Identity Construction in Learning to Teach Science
In viewing learning as situated in social contexts, learning to teach science not
only involves an accumulation of knowledge and skills, but it is a process of becoming a
certain kind of person in a community of practice (Wenger, 1998). As one participates
and engages in science teaching, she constructs and reconstructs who she is through her
experiences and social interpretations (Kane & Varelas, 2016). Lave and Wenger (1991)
view identity, knowledge, and social membership in a community of practice as
intertwined. Considering science teaching as a process of becoming a member of a
defined group of practitioners with particular skills, identity shapes how one participates
and the knowledge and skills she acquires. Identity is also shaped by how one participates
and the knowledge and skills one seeks to acquire (Battey & Franke, 2008).
Lave and Wenger (1991) describe legitimate peripheral participation as “a way of
learning – of both absorbing and being absorbed in – the ‘culture of practice’” (p. 95). As
newcomers to science teaching participate peripherally in legitimate ways, or ways that
take on a defining characteristic way of belonging, they simultaneously create an idea of
what constitutes the practices and culture of the community of science teaching. As
newcomers’ practices and sense making evolve through changing peripheral participation
and changing relations in the community, they move towards becoming part of the
community and develop an increasing sense of identity with the community (Lave &
Wenger, 1991). Legitimate peripherality, however, is “implicated in social structures
involving relations of power” (p. 36), where one can participate from an empowering or
disempowering position.
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Structure, Agency, and Social Justice Science Teacher Identity
Science teacher identities are constructed and negotiated within social contexts
where material, symbolic, social, cultural, and political structures, or cultural rules, shape
and are shaped by social practices. Structures have power: they regulate one’s actions
within settings and are maintained and reproduced by one’s actions within settings
(Varelas, 2018; Varelas, Settlage, & Mensah, 2015). In elementary science education,
inequity lies in constraining structures, reflected as resources, in schools that exclude
students from science, such as lacking textbooks and science equipment, hierarchical
teacher-student interactional patterns, ineffective instructional approaches, high-stakes
testing as the dominant form of assessment, and low status of science as a subject
(Richmond, 2016; Rivera-Maulucci, 2010; Varelas, 2018). However, teachers have
agency to act upon their world in ways that transforms structures so that science is more
accessible to their students. Agency, in science education, is seen in the ways that
teachers use their power and influence to give significance to science teaching and
learning in their classroom and to bring about positive social change in science (Moore,
2008).
To transform school structures that lead to inequity in science education,
elementary teachers must develop social justice orientations to teaching that engages their
agency and enables them to work collaboratively with students, teachers, and community
members towards a more just society. Developing a social justice science teacher identity
involves teachers understanding and identifying inequities in science that impact
underserved students; reflecting in productive ways about the issues of injustice; and
acting in response to these identified issues (Rivera Maulucci, 2013). Because elementary
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teachers, in particular, tend to view themselves as generalists not subject matter-specific
teachers, science PD must also provide activities and support that help teachers
understand the equity issues of science and use their positional power to enact change,
while improving science teaching practices and their confidence to teach science in ways
that promote the construction of a social justice science teacher identity.
Humanizing Pedagogy and Social Justice Teaching
In becoming social justice science teachers, elementary teachers must gain a level
of critical consciousness and political clarity through critical dialogue and praxis, or the
reflection and action to transform reality (Freire, 2000). Drawing from Paulo Freire’s
(2000) work, humanizing pedagogy is a process of becoming more fully human for
teachers and students, where they are co-investigators engaging in dialogue with each
other to develop their power to critically perceive the way they exist in the world and to
come to feel like masters of their thinking of the world. Dialogue to develop and deepen
critical consciousness “is grounded in one’s lived experiences, reflects social and political
conditions that reproduce inequity and oppression, and fosters action to interrupt and
disrupt oppression” (Salazar, 2013). Liou and Rojas (2016) describe dialogical education
as including
teachers’ critical reflections of the lived experiences and institutional memories of
events, situations, and societal factors that led to their position in life, sense of
purpose for teaching, and clarity in their own contradictions, resistance, and
participation in the system of oppression along and across the spectrums of social
status and other forms of affiliations and identities. (p. 385)
Thus, as teachers gain a level of critical consciousness, they are able to enact their
personal beliefs as humanizing and social justice-oriented practices. They become able to
“effectively create, adopt, and modify teaching strategies that simultaneously respect and
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challenge learners from diverse cultural groups in a variety of learning environments”
(Bartolomé, 1994, p. 178).
Research Questions
This study examined the developing and shaping of the science teacher identities
of two TOC, one BET and one VET, who co-taught in the same classroom as they
participated in a yearlong science PD with three other fourth-grade teachers in their grade
team. The team of fourth-grade teachers was considered as a community of practice. One
goal of the science PD was to improve and deepen the teachers’ understandings and
practices of science and science teaching. The science PD also aimed to support teachers
in developing and shaping their social justice science teacher identities as they
participated in the science PD activities and made sense of their science teaching
experiences with urban SOCs within a high-stakes testing school culture and context. The
research questions for this study were:
1. What were the BET and VET’s experiences, beliefs, and perspectives of science
and science teaching in the beginning of a yearlong science PD program?
2. In what ways did participating in the PD activities influence the BET and VET’s
science teacher identities, perceptions of science, and science teaching practices?
3. How did the BET and the VET’s social justice science teacher identity and
agency to teach science develop and shape through the yearlong science PD
program?
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Methods

I used multiple qualitative case study to explore the complexities and dynamic
nature of the development and shaping of the science teacher identities of two elementary
TOC as they participated in a yearlong science PD and science teaching in their
classroom (Merriam, 2009). The unit of analysis was each teacher and the bounded
system was their participation in the science PD and science teaching in their classroom.
Using qualitative case study enabled me to capture the interactions, discussions,
experiences, beliefs systems, knowledge, and interpretations that led to new
understandings and practices of science and science teaching and the development and
shaping of the teachers’ science teacher identity over the period of one school year.
School Setting
This study took place at Simpson Elementary School (pseudonym), located in a
large, urban city in the Northeast. The school served students from pre-kindergarten to
fifth grade, and its student population was reflective of its local community. The student
population of 641 students included 49% female students and 51% male students. In
terms of race/ethnicity, 71.0% of the students were Hispanic or Latino/a; 26.2%, Black or
African America; 2.5%, White; and 0.9%, Native Hawaiian/Other Pacific Islander. Of the
student population, 12.6% of the students were students with limited English proficiency
and 18.7% of the students were students with disabilities (SWD). With 90% of the
students qualifying for free lunch, the majority of the students lived below the poverty
line. The fourth-grade students reflected the student population of the school.
Additionally, the teaching faculty (about 30 teachers) mostly consisted of TOC and
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6.52% of them, around 2 teachers, had fewer than three years of teaching experience,
indicating that the majority of teachers were beyond the induction period (New York City
Department of Education, 2018).
Participants
This study focused on two elementary teachers (all names are pseudonyms),
Ayanna and Lana, who were part of a team of five fourth-grade teachers at Simpson.
They co-taught in a fourth-grade, Integrated Co-Teaching (ICT) classroom. In their ICT
classroom, 12 students with disabilities (SWDs) were taught alongside 15 general
education peers and one ELL. The SWDs received support and instructional
modifications from, Ayanna, who was certified in special education. Lana was the
general education teacher. Ayanna, a Jamaican, African American woman, was in her
second year of teaching. Lana, an Ecuadorian, Latina woman, had 19 years of teaching
experience.
As co-teachers, Ayanna and Lana divided planning and teaching of the subjects
taught during the year. Ayanna planned and taught writing and science, and provided
instructional modifications and learning supports for SWD for all the subjects, while
Lana planned and taught reading, mathematics, and social studies. When one teacher was
teaching, and the other teacher assisted and took on a supporting teacher role in the
classroom. Table 4 provides the self-identified race/ethnicity, years of teaching
experience, teacher certification area, and subjects taught for Ayanna and Lana.
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Table 4
Teachers’ Self-Identified Race/Ethnicity, Years Taught, Teacher Certification, and
Subjects Taught
Race/Ethnicity
Ayanna

African American/
Jamaican

Lana

Latina/Ecuadorian

Years
Taught
2

Teacher
Certification
Special Education

Subjects Taught

19

General Education

Writing,
Mathematics
Social Studies

Reading, Science
Special Education

Ayanna and Lana had a collaborative relationship and were in constant
communication with each other about their classroom. They made joint decisions about
how to use their classroom space, shared observations and insights about their students
with each other, found solutions to problems of practice and student issues that arose in
their classroom together, and always presented a united front when speaking to their
students and parents. They held views and teaching approaches aligned with humanizing
pedagogy and social justice teaching. They both strived to create a nurturing and caring
learning environment where students were treated as individuals with a voice and choice
in their learning.

Science Professional Development Model
The science PD model was designed and facilitated by the researcher and took
place during the 2017-2018 academic school year. Prior to implementing the PD for this
study, I worked with the fourth-grade team for four months as a science teacher educator.
At this time, each teacher planned one subject for the entire team. Because she loved
science, Ayanna volunteered to plan for science. I developed the science PD model to
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provide more time to prepare and teach, science equipment, science curriculum, and
knowledge of teaching hands-on labs, all issues teachers identified as barriers to teaching
science. Because the teachers never collaborated on science instruction or engaged in
reflection as a teacher practice, I included time and space for teacher collaboration and
reflection. Though the principal did not mandate teacher participation in this science PD,
she supported it by purchasing science equipment and supplies for each teacher. All of
the fourth-grade teachers voluntarily participated in the science PD and this study.
Additionally, science was taught during the last period of the school day and this
time was shared with social studies. During this period throughout the year, the teachers
alternated between teaching one unit of social studies, then one unit of science. Because
of the various end-of-day tasks students need to complete before dismissal, time to teach
science was reduced to about 30 minutes. Every Tuesday afternoon was common
planning time (40 minutes) for the fourth-grade teachers, which I used to hold team
meetings for the science PD.
The science PD consisted of four parts: (1) Science Planning Meeting; (2) Science
PD Meeting; (3) Science Lessons Teaching; (4) Science Debrief Meeting. The Science
Planning Meetings took place a few weeks before the unit was taught during Ayanna’s
free periods or afterschool. Ayanna and I collaborated on lesson ideas and sequencing, as
well as content and scientific practices to cover. After the Science Planning Meeting,
Ayanna created SMARTboard instructional slides for the unit, which included
instructions for labs and activities, videos, interactive games, content, and other
instructional materials, and I provided feedback to these slides. To support her in science
planning, I created lesson plans and any other lab and activity handouts. Then these
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lessons and instructional materials were sent to the rest of the fourth-grade teachers. The
lessons in each unit followed the BSCS 5E instructional model for science, which was
grounded in the constructivist view of learning (Bybee, 2014). The 5Es included Engage,
Explore, Explain, Elaborate, and Evaluate phases of an inquiry-based lesson sequence.
The Science PD Meeting was held about a week before the teachers taught each
unit during the Tuesday afterschool common planning time. Since the labs were the most
unfamiliar aspect of the new curriculum, the teachers would do the lab and answer the lab
conclusion questions together. Questions, anticipated pitfalls, and logistical or equipment
issues were discussed and teachers problem-solved together with me to find solutions.
After the Science PD Meeting, each teacher would prepare and teach the unit in her
classroom. During this time, for Science Lessons Teaching, I offered one-on-one
meetings during teachers’ free periods, co-teaching, observation and feedback, and
assistance in the classroom as individual supports to all the teachers. Teachers chose
which of these PD activities they felt they needed and wanted to participate in. Finally,
the team came together after everyone finished teaching the unit. During the Tuesday
afterschool common planning time, we would debrief and discuss their science teaching
for the Science Debrief Meeting. This PD cycle was used for each of the four science
units taught during the year. The units were Matter and Measurement (10 days), Plants (8
days), Animals (11 days), and Energy (9 days). Figure 3 shows the Science PD Model.
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Figure 3. Diagram of Science Professional Development Model
Data Collection
Several sources of data were used for this multiple case study. Three semistructured interviews, lasting about 20-50 minutes each, were conducted with each
teacher in either the teacher’s classroom or the teachers’ lounge. The interviews were
recorded and transcribed. The first interview was conducted in November (2017) after
teaching the first science unit; the second, in March (2018) after teaching three units; and
the third, in June (2018) after the fourth-grade students took the state science test. The
interview protocols are located in Appendix A, B, and C, respectively. The interviews
asked questions about the teachers’ evolving science teacher identities and their science
teaching and PD experiences. They also asked teachers about any changes in their views
and approaches to teaching science, as well as their views of science as an issue of equity
and social justice.
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Teachers completed a two-part questionnaire (Appendix D) through Google Docs
for each unit. The first part was completed after each Science PD Meeting. These
questions asked teachers to reflect on what skills or knowledge they learned and how they
would apply them to their science teaching practice. After teaching the science unit,
teachers completed the second part of the questionnaire. For this part, they were asked
what they learned and noticed about teaching science to their students and whether the
science PD model had changed their views or perspectives of science.
After each visit to Simpson, I wrote a field note that captured my observations,
conversations, interactions, insights, reflections, and questions I had as I was working
with the teachers. Lastly, I collected teacher artifacts, which included instructional slides
from Ayanna and any teacher-produced handouts or instructional materials the teachers
used.
Data Analysis and Rigor
Constructivist grounded theory and multiple case study methods were used to
analyze the data (Charmaz, 2014; Merriam, 2009). I entered the coding process with my
research questions in mind. I performed an open reading, then initial coding, using
process and in vivo codes, for each teacher’s first interview. Then, I performed focused
coding, where I created focused codes by grouping initial codes together. I repeated
cycles of initial and focused coding with the rest of the interviews, all of my field notes,
and questionnaires for each teacher. Through constant comparison of codes between and
across data, categories emerged for each teacher. Appendix E shows an example of a
cycle of coding for Ayanna’s second interview. Appendix F shows the emergent
categories for each teacher as a single case.
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Throughout the coding process, I wrote an analytical memo after coding each
piece of data to capture the emerging categories, my reasoning, and my reflections on the
data. I used these memos to create a case description of each teacher. These memos were
also used to perform cross-case analysis to find similarities and differences, and points of
comparison between Ayanna and Lana (Charmaz, 2014; Merriam, 2009). Through crosscase analysis (Appendix G) the emergent categories across Ayanna and Lana were
Existing and Shifting Experiences, Beliefs, and Perspectives of Science Teaching,
Developing Practices and Understanding of Science through Participation in Science
PD, and Developing Social Justice Science Teacher Identity and Agency. NVivo 11,
qualitative data analysis computer software, was used to organize and analyze all the
data.
I used several elements of rigor for this study. I worked with all the teachers four
months prior to the study and for one school year as a science teacher educator and
researcher of this study. I observed and assisted in the classroom and facilitated PDs or a
one-on-one meeting at least 20 times or more with each teacher during the study. This
prolonged engagement and persistent observation in the field enabled me to fully capture
the teachers’ teaching; issues arising from the classroom, science, or elsewhere; and their
interactions with students, each other and with myself (Guba & Lincoln, 1989). I
triangulated the data and to ensure that my conclusions and interpretations of the data
were consistent and reliable (Merriam, 2009). I also used member checking to ensure that
my interpretations reflected the teachers’ realities and intentions. To facilitate
transferability for the reader, I provided thick, rich case descriptions (Guba & Lincoln,
1989; Merriam, 2009).
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Researcher Reflexivity
As a high school science teacher for eight years, I brought my practice-based
experiences and knowledge of science teaching to the science PD. As a doctoral
candidate, my theoretical lenses of constructivism and inquiry in science, identity
development, humanizing pedagogy, and social justice teaching framed the science PD
activities and my interactions and conversations with teachers and students. I was aware
of my privilege as a researcher and science teacher educator from a reputable university,
as well as the intimidation elementary teachers may feel from working with an “expert”
in science as a privileged subject (Buxton, 2006). I also recognized that the teachers had
existing science teaching experiences, were very knowledgeable at teaching and
communicating with young children, and able to modify science lessons and activities for
their students and classrooms.
I approached this science PD as dialogical, establishing horizontal relationships
with teachers built on mutual trust, commitment to teaching science, and communication
(Freire, 2000). Though the teachers often looked to me to make teaching decisions for
them in science, I often flipped their questions back to them and provided a few
suggestions for guidance. I took their lead in the classroom and often followed their ideas
for teaching and modifying science lessons and units. During formal and informal
debriefs and conversations, we would reflect on their science teaching, student reactions
and behavior, and how to change teaching practices for the next lesson. As the science
teacher educator, I tried to make the science PD as teacher-driven as possible so that the
teaches would be able to engage in praxis, make sense of their science teaching, have a
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sense of ownership and commitment to teaching science, and be able to make their own
decisions after this science PD experience was over.
Findings
Existing and Shifting Experiences, Beliefs, and Perspectives of Science Teaching
This section describes Ayanna and Lana’s previous experiences with science and
how their views of science and science teaching were shifting as they started teaching
hands-on, inquiry-based science unit in their classroom. It also describes their individual
teaching beliefs, perspectives, orientations to teaching and learning, and their
connectedness to their SOC.
Ayanna. Ayanna, a Jamaican, African American woman in her second year of
teaching had a strong science teacher identity and love for science. Growing up, however,
she learned science through the textbook and had very few hands-on experiences in
school, which she thought made science so fun and memorable. As she described: “It
[science] was never my favorite subject, because although my teachers were great, they
didn’t present it in a way that it could be such a fun subject” (Ayanna Interview,
11/30/17). She discovered her love for science in graduate school while completing her
pre-service teacher preparation program. Ayanna’s pre-service science teaching methods
course showed her that science was interesting. She continued teaching science at a youth
science summer camp the following summers and grew to love science through these
teaching experiences. She realized that science could be highly engaging, interactive, and
interdisciplinary. Her science content knowledge and practices were strengthened through
these experiences. Ayanna explained:
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It’s [science camp] been very helpful because it taught me a lot about the
benefits of STEM/STEAM and how helpful it is when it comes to learning,
because science isn’t just science. You incorporate math, technology, engineering,
arts. Because it really is learning, but it incorporates a lot of fun, then I know how
to incorporate that in the classroom. It’s not just textbook-based. (Ayanna
Interview, 11/30/17)
Because of Ayanna’s own boring experiences with school science and her journey
to loving science in graduate school, having her fourth-graders develop an affinity for
science and have fun learning science in a hands-on way was a priority for her. From her
experiences in the science methods course and student teaching, she was aware of the
constraining school structures on science in elementary schools and developed a social
justice stance towards science. Carrying her social justice science teacher identity into her
classroom, Ayanna started realizing that her students’ science experiences until the fourth
grade were minimal. They were used to learning science by reading the textbook and
lecturing. For example, she described her observations of her students reactions when she
showed them how to plant the seedlings they grew from their seed germination lab using
a moist paper towel and plastic bag:
Having their [students’] own seeds grow, something as simple as that to some
people is exciting to them, because they’ve never done that before. Scooping out
the soil and putting it in the cup and watching me insert their plant and seeing all
the roots, for them that’s amazing because they haven’t really experienced that.
It’s just textbook that they’re used to. (Ayanna Interview, 11/30/17)
With this observation and other similar observations of her students, she insisted
throughout the year that science was taught regularly in a hands-on and engaging way in
her classroom. Thus, providing her students with an opportunity to learn science through
a hands-on way was a strong part of her science teacher identity.
Ayanna was also aware of the dominant discourse of science and the dominant
images of scientists as White, middle- and upper-class, heterosexual, able-bodied males
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that her students typically associated with science. She was aware that the lack of
representation of scientists of color made it difficult for SOC to imagine science as a
space for them. She described:
Where are the scientists of color?... I think that their [students’] exposure to
scientists, maybe they don’t really view themselves as a scientist because they’re
thinking a scientist is White. A scientist doesn’t grow up in the hood, a scientist
has two parents, they’re rich, they live in a mansion. A lot of times it’s hard for
them to see themselves as a scientist. (Ayanna Interview, 11/30/17)
To resist and challenge the dominant discourse of science, she called her students
scientists so that they would see themselves as scientists and develop a science identity.
She wanted her students to embrace science, love science, and feel empowered in
science, as she described:
Of course, they’re [students] enjoying science, but when I say, “You are a
scientist,” kind of flipping the narrative, it’s like, “Oh, I am?” Maybe they’ve
never been told that before. If they embrace that then they’ll start to feel it. If they
love science enough, who knows when they get older, then they’ll pursue it.
(Ayanna Interview, 11/30/17)
Ayanna, as an African American teacher, also saw herself as a role model for her
African American and Latinx students. She knew that she had to present science as fun
and exciting so that her students would be engaged and motivated, as she described: “I try
to be enthusiastic about it and kind of ... umm ... allow the students to feel that energy, in
terms of just the positive aspects of science and that it’s not meant to be a bore” (Ayanna
Interview, 3/23/18). Her students responding to her with enthusiasm as a result of her
science teaching affirmed her science teacher identity and encouraged her to keep
growing as a science teacher: “Seeing their enthusiasm has led me to develop that love
for science even more” (Ayanna Interview, 11/30/17).
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Ayanna also believed that learning science through hands-on activities made
science more accessible, and consequently more enjoyable, engaging, and motivating, for
her SOC with learning disabilities and low reading levels. She explained:
A lot of students, many of them, overall are hypersensitive. They’re struggling
readers, learners. They’re trying, but they’re just met with that obstacle. They
need the kind of learning that involves hands-on, visual. Different things like that.
Not every student learns in the same way anyway. (Ayanna Interview, 11/30/17)
Aligned with Ayanna’s views that students learn in different ways, she viewed science as
a subject that supported her students’ various learning styles as kinestheic, audio, and
visual learners.
Lana. Throughout her teaching career, Lana, an Ecuadorian, Latina woman with
19 years of teaching experience, was scared of science and avoided teaching it. For most
of her career, Lana co-taught in an ICT classroom as the general education teacher. She
avoided teaching science by always splitting the subjects she planned and taught with her
special education co-teacher. This year, Lana was able to observe and assist in teaching
science because Ayanna happily took the responsibility and lead in planning and teaching
science for their students.
Lana described her fear of science as stemming from her childhood experiences
with learning science. She was born in Ecuador and lived there until she was ten years
old. She described her schooling in Ecuador as the banking system (Freire, 2000). Lana
described:
And so my first ten years was in Ecuador. And in Ecuador it was very, very
traditional…And it was always [sitting] in straight rows, and the teachers, your
mom, your dad, you respect them, and you can’t question anything. There’s no
questioning, there’s no thinking. It’s what’s in the book and what the teacher says,
and that’s it, and get it together, and that’s it. (Lana Interview, 11/29/17)
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When Lana migrated to the United States, she did not receive support in learning English,
which made understanding science especially difficult. Her experience with learning
science in school was associated with anxiety around memorizing of facts and
vocabulary, as she described:
And I think that’s what made it a fear, that I had this like, oh God, science, oh
God, I won’t understand this word. When I was ten years old here, I didn’t know
English. I don’t even know how I made it because I didn’t get anything, and there
was no bilingual education for me back then. So, I was just like, the language, the
vocabulary, I have to memorize it, and I don’t even know what I’m memorizing.
But I have to do good on this test, so let me memorize it and put it on this paper,
and now I got a hundred. Great. Do I know anything about science? No. (Lana
Interview, 11/29/17)
Memorizing science content was how Lana coped and navigated the school system when
she came to the United States. She developed a view of science as boring, frustrating, and
overwhelmingly full of facts because she did not understand the content as a bilingual
child. Whenever Lana talked about her school science experiences, she became frustrated
and irritated about the lack of language support she received and how poorly science was
taught to her.
Lana shared that she carried her anxiety and frustration around science into her
teaching life, as she feared teaching science and was very intimidated by hands-on
science. Though she attended one science methods course during her pre-service teacher
education program, she never knew how to implement the hands-on activities and labs
she learned from the course into her classroom. Aware of her low levels of science
content knowledge, Lana feared that her students would ask questions that required her to
understand deeper levels of science content to answer. She worried about being unable to
answer those questions and looking unknowledgeable in front of her students, as she
explained: “I’m scared that…they [students] ask me such high-order thinking questions
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all at one time, and I may not look as knowledgeable” (Lana Interview, 11/29/17). Lana
also feared that integrating lab activities would be a failure because her students would
neither follow instructions nor use the science equipment appropriately, and she would
lose control of the classroom. She described her vision of science teaching as:
But that’s always been my fear that I always envision science being a big
disaster…with things flying in the air, and then just a hundred questions, and I
can’t answer them. That’s how I pictured it. (Lana Interview, 11/29/17)
Though Lana feared science and science teaching, she started noticing as she
assisted Ayanna in teaching the first science unit that the hands-on science labs and
activities supported students in learning the vocabulary and developing social skills by
talking and sharing their thoughts about science through the activities. Lana was happily
surprised that students enjoyed learning science, as she described:
I think they’re [students] excited, they’re learning more. And it’s [hands-on
science] what they need. This is an ICT classroom, and sometimes they’re not all
the same reading level as fourth-graders should be. And so things like that [handson activities] will help them get the language and get the concept that they can’t
always get on the textbook that’s a fourth-grade textbook. (Lana Interview,
11/29/17)
Relating to her students as a bilingual child, Lana saw how accessible and engaging
science became for her students through teaching the first hands-on, inquiry-based unit,
as she explained: “And I feel like doing it [science] this way would’ve helped me a lot as
a child….It would’ve helped me because it would’ve been less boring for me” (Lana
Interview, 11/29/17). As she observed and assisted Ayanna in teaching science, she
started seeing the value and necessity of teaching science as inquiry, activity, and
discourse to all her students. Because she saw the positive impact hands-on, inquirybased science had on students’ motivation and engagement, Lana became motivated to
confront her fear of science and to learn to teach science during the first science unit.
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Lastly, Lana held a similar humanizing, student-centered, constructivist
philosophy of teaching that Ayanna also held. In her questionnaire responses, she always
used phrases, such as “assisting students,” “help students,” “modifying,” and “bringing in
visuals,” that indicated her desire to support and facilitate her students’ learning and
encourage them to develop ownership over their learning. For example, Lana wrote:
Also, helping students read and re-read each step with them will be helpful. I
am possibly thinking of separating the steps for them in index cards so they can
attack each step at a time. Sometimes Ss [students] get overwhelmed with multistep directions so separating them can help them. (Lana, Questionnaire, 11/8/17)
The few times that Lana was observed leading discussions during science, she
grounded the discussions in what her students were saying and doing. She asked students
to build on each other’s responses and asked students guiding questions to make
connections between the lab, science content, vocabulary, and each other’s thoughts and
ideas (Researcher Field Notes). This humanizing method of teaching brought her
students’ voices to the front of the discussion and let students know that they were valued
members of the learning community.
As Ayanna and Lana taught science and participated more in the science PD, they
became more comfortable and confident in science teaching. They consequently became
more motivated to teach and grow in their science teaching because their students were
becoming so excited and eager to learn during science periods.
Developing Practices and Understanding of Science Through Science PD
Despite a nearly 20-year difference in teaching experience, both Ayanna and Lana
shared similar struggles in their roles as elementary science teachers. They both proved to
have gaps in their knowledge of science content and science teaching practices. Ayanna
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and Lana engaged in and utilized the science PD to improve their science teaching
practices; however, different PD activities were most salient to each teacher’s sensemaking of science and science teaching.
Ayanna. As a BET with only 2 years of teaching experience, Ayanna shared
several struggles that BETs often experience in teaching science. She exhibited difficulty
in translating and applying the state science standards to appropriate and dynamic science
lessons. When creating the instructional slides, she often presented topics out of
sequence, indicating that she did not fully understand the content deeply enough to plan a
fluid and connected lesson sequence. Though she could articulate a conceptual
understanding of constructivist learning, she grappled with the 5E instructional model
(Bybee, 2014) where science content was learned through scientific practices. She had
difficulty trusting that students would construct knowledge and understanding of science
content unless they were directly instructed through lecture. Though she shared social
justice, humanizing pedagogy orientations to teaching, she had difficulty implementing
hands-on activities and teaching strategies in inquiry-based ways (Researcher Field
Notes).
The one-on-one Science Planning Meetings played a critical role for Ayanna’s
growth as a science teacher. With multiple teaching responsibilities, these meetings
provided Ayanna a time and space to focus and reflect on only her science teaching. She
shared her thoughts about the Science Planning Meetings: “The opportunity to reflect on
my science teaching practice is very helpful for me because I am able to ‘slow down’ and
think more strategically about the next unit” (Ayanna Questionnaire, 10/15/17). The
meetings enabled her to think about and verbalize her ideas and to receive feedback and
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guidance from me in her science planning. These meetings also were learning
opportunities for Ayanna to problem-pose with me and create deeper understandings of
science content, the nature of science, and inquiry-based teaching. The meetings also
provided understanding of how scientific practices were integrated into science learning,
how lab activities were connected to and reinforced the content, and how these activities
could be integrated and implemented in the classroom.
As a familiar teaching practice introduced from her teacher preparation program,
Ayanna often invited me to co-teach with her, and observe and provide feedback to her
teaching in the classroom. As Ayanna taught more science throughout the year with my
assistance and guidance, she began to develop a better understanding of the 5E model and
inquiry-based science teaching. She embraced the scientific practices as critical to
students’ science learning experiences to understand and retain content. She also saw
science as a discipline that incorporated every other subject, as she explained:
Science is fun...But science, it’s content of inquiry, and it’s just an opportunity
for the kids to get their hands dirty sometimes...But science, there’s so many
possibilities. To me it’s very different because there’s so much you can do and so
much you can learn about. The possibilities are endless. You can incorporate
every other content area in science. That’s really really fun. (Ayanna Interview,
3/23/18)
Through praxis and her students’ positive response to her science teaching, she developed
more confidence as a science teacher and started taking more risks with her teaching.
Ayanna became more independent in planning, preparing, and teaching science. She was
able to anticipate issues that would arise, and she trusted her own teaching judgements.
She was also able to better identify why particular activities or presentations of
information worked in her classroom. She incorporated other teachers’ and my
suggestions, but she did not blindly follow them. We also co-taught less frequently,
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showing that her confidence and independence in teaching science was growing
(Researcher Field Notes).
Ayanna’s practices also improved through the year of teaching and participating
in the science PD. She introduced lessons and units by telling her students the context and
purpose of learning content and activities. She modeled lab activity procedures with the
equipment so that students could see what to do. She improved in her classroom
management, being more concise with giving instructions and mediating disruptive
student behavior during science periods. In preparing for lab activities, she developed
strategic student groupings, and routines for getting students to assemble into groups and
to distribute science equipment. Ayanna’s inclusive, student-centered approach to
teaching was also seen in her emerging practice. She created space for her students to
discuss concepts and questions in small groups, invited students to critique and challenge
each other’s work and ideas, discussed questions students posed, and nurtured and valued
student voice in the classroom (Researcher Field Notes).
Despite Ayanna’s improvements to her science teaching, science content
knowledge always remained a hurdle in her science instruction. She focused on
developing the science practices of asking questions, making predictions, observing,
carrying out investigations, and collecting data. She gravitated towards activities that
asked students to explore science phenomena through observations. For example, one
activity involved students exploring the conductivity of different materials using a simple
circuit. Students were asked to test their hypothesis of what types of materials were
conductors through observation. She explained:
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I like the electricity unit. Just watching them [students] with the simple circuits
and their fascination with it, and conductors, insulators, and them exploring the
materials to test their hypothesis. (Ayanna Interview, 6/1/18)
However, Ayanna spent less time with her students to make meaning from their data,
construct arguments from evidence, or communicate their findings. Though I encouraged
her to discuss lab findings, these practices required a deeper level of scientific
understanding of the content in which she did not yet have mastery. Oftentimes during
class discussions after labs and activities, she would rely on me to ask questions that had
students connect their data and observations to science concepts and construct deeper
scientific meanings of their data and lab experiments (Researcher Field Notes).
Ayanna valued the Science PD Meetings as the only time the fourth-grade team
met and collaborated. She described, “Science has brought the team together. If it wasn’t
for what you’ve been doing, we wouldn’t have really had the opportunity to come
together” (Ayanna Interview, 3/23/18). Though Ayanna and Lana collaborated and
shared instructional ideas and materials regularly, Ayanna believed that she would benefit
more from collaborating and hearing the ideas and opinions of all the members of the
fourth-grade team, especially because she was planning science with all of the fourthgrade students in mind. She also believed that she had valuable contributions to make to
their instruction and for their students. Ayanna explained:
It’s [Science PD Meetings] helped because we’re able to all communicate
honestly, and then it helps me because if I have any questions, we’re all able to
talk to each other and…figure it out together. So I don’t feel like even though I’m
the one giving out the science lessons because I’m not always the one with the
answer, so we’re able to help each other out. (Ayanna Interview, 6/1/18)
Lana. Because Lana, as a VET, did not plan or take the lead in science
instruction, she took up a supporting teacher role in her and Ayanna’s ICT classroom
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during science class. Before science class, she helped prepare lab equipment and
collaborated with Ayanna and me to figure out the best ways to implement labs and
science activities. During science class, she co-taught with Ayanna and me by assisting
with classroom management, modeling lab procedures and note taking skills with
Ayanna, and working with small groups. When I was co-teaching as the science teacher
educator, I usually took Ayanna and Lana’s direction in the lesson and added to the
lesson when they asked me to or when I believed students needed more clarification. As
Lana participated in these legitimately peripheral practices in science teaching, she
started confronting her fear of science and became more comfortable and confident with
teaching science. She attributed working and teaching with Ayanna and me, as science
enthusiasts, as a major influence in helping her confront and overcome her fear of science
teaching as chaos. She explained:
You. And my co-teacher who is a science fanatic. She [Ayanna] has done a lot
of fun things. Sometimes it gets a little messy in here and stuff like that. It
[experiencing the mess] has made me overcome that. Overcome the fear that
things are going to go wrong. Yeah things are going to go wrong sometimes. Yes,
it’s going to get messy in here. The kids are probably going to take some tool and
break it, that’s fine. It’s going to be chaotic and that’s okay, but are the kids
learning? Are they having fun with it? And that’s more important. (Lana
Interview, 3/22/18)
As Lana experienced teaching science at the periphery, she was able to observe
the students developing problem solving and collaboration skills through inquiry-based
science labs. She explained her observations of students during labs:
The students are learning how to think for themselves, how to communicate
with each other, how to question each other’s ideas and thoughts, and they’re
learning how to problem solve...And they’re learning how to work as a group
because they have to do this [lab] together…Because instead of us [teachers]
telling them what to do they’re telling each other what to do. I think that’s more
interesting, that stays with them. (Lana Interview, 3/22/18)
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Through legitimate peripheral participation in teaching the hands-on, inquiry-based
science curriculum, Lana developed the understanding of science labs as opportunities for
students to use and apply scientific concepts and vocabulary, and as opportunities for
teachers to assess student learning, as she wrote:
These activities in collaboration with the lessons helps students retain the
information intrinsically. It gives opportunities for discussing with their peers and
to then transfer the information learned into a project. This helps assess their
learning and understanding and provide for further support in areas of need. (Lana
Questionnaire, 3/14/18)
Most significantly, Lana’s understanding and view of science were evolving, as she
explained: “I think now I see it [science] not as memorizing facts. I think it is getting
information and using it. Like using to explain in a scientific way” (Lana Interview,
3/22/18).
Like Ayanna, Lana began to recognize science as interdisciplinary and science
teaching as very similar to teaching every other subject. Drawing from her teaching
expertise, she realized that the scientific practices enacted by students during science
periods overlapped with skills students were learning and doing in reading and
mathematics, the subjects she taught. She explained:
They [students] still have to do observations, still have to make inferences, they
still have to use whatever text or whatever information they got from the videos or
whatever and use it to then come out with some kind of inference as a group about
what they’re talking about…So it’s kind of like all the same ideas that I’ve been
teaching in ELA and in math, but now it’s science. Whereas before I used to
think, “Science, ahh! That’s 10 miles away for me. Put it somewhere else.” And I
don’t see it like that [now]. (Lana Interview, 3/22/18)
Lana also realized that teaching students how to use science equipment was
similar to teaching students how to use manipulatives and measuring tools in
mathematics class. This teaching connection helped Lana understand that her students’
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reactions and behavior during science labs that she initially feared and interpreted as
chaotic were actually normal and manageable. She compared her experience introducing
a protractor during mathematics lessons to introducing new equipment in science:
You have to let them play with it [science equipment], investigate it, look at it.
So I have to be able to accept that in science. I take it too personal like, “It’s me.
It’s me. I’m not a good teacher. They’re [students] acting crazy.” When I give
them the protractor [during mathematics lessons] they’re like, “Whoa,” like
they’ve never seen this before. So I had to cool off and let them look at it, play
with it, go, “ooh, ahh,” whatever. When it was over, now we can do the lesson.
(Lana Interview, 3/22/18)
Drawing on her teaching experiences of students’ reactions and behavior to new
measuring tools in mathematics helped Lana realize that her students were reacting with
curiosity in the same way with the science equipment, rather than misbehaving as she
initially interpreted. She realized that she had to teach students how to use the science
equipment, just like she did with tools in mathematics class, and provide time for them to
explore and play with the new equipment.
Through Lana’s realization that science was interdisciplinary and similar to
teaching other subjects, she became more confident in teaching science and less fearful of
students’ higher-level science questions. She started integrating more science content into
her reading lessons to address student questions and curiosities. She explained:
If there’s something, a question that they [students] have in science or
something that they’re curious about that, then we still going to ReadWorks
[online article database], or we going to whatever guided reading books that
connect the topic and make them learn more about that. (Lana Interview, 3/22/18)
As Lana came to see science as interdisciplinary and overlapping in skills and content
with reading, she integrated the two subjects more.
The Science PD Meetings were the most salient part of the science PD for Lana.
Doing the lab activities with the other fourth-grade teachers and me, discussing how they
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could be structured in other teachers’ classrooms, hearing about potential pitfalls other
teachers identified, and reviewing how students should fill in data tables and answer
conclusion questions made her feel more knowledgeable about science content and
teaching. Thus, she felt more confident and prepared to set up and guide students through
the labs with Ayanna during science periods. Lana reflected on the Science PD Meeting
for the Plants unit:
Analyzing the data sheets and doing the actual activity helped us run through
the possible questions students may have as well as the problems our students
may face. As a group we came up with possible alternatives and solutions. (Lana
Questionnaire, 11/8/17)
Lana appreciated being able to experience the science labs and lessons from the
perspective of the students. She expressed that she valued understanding the student
experience to inform her teaching: “We could get some sense of how the kids might feel
when they’re learning a particular lesson…From the input [viewpoint] of the students,
not the teacher” (Lana Interview, 3/22/18). Lana was aware that to be able to effectively
teach science, she needed more experience doing hands-on, inquiry-based science herself.
Developing Social Justice Science Teacher Identity and Agency
Throughout the year of teaching science and participating in the science PD,
Ayanna and Lana’s social justice science teacher identity developed, grew, and shaped
within the constraining school context of high-stakes standardized testing, limited
funding for material science resources, and the low status of science. Their agency in
teaching science in their classroom was seen through their efforts to teach inquiry-based
science, to create time and space for science, to find material resources for science, and
be strategic in prioritizing science while meeting school mandates for other subjects.
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Ayanna. Ayanna came to Simpson Elementary School with a strongly identifying
as a social justice science teacher. Because of Ayanna’s enthusiasm for science and
because she volunteered to write and plan the science curriculum for the fourth-grade
team, other fourth-grade teachers, students, and the principal recognized her as “The
Science Teacher.” Though she loved being recognized as “The Science Teacher” and
found it a source of motivation and encouragement in her growth and science teaching
abilities, the label as “The Science Teacher” also proved to be a source of pressure and
stress at times. In particular, Ayanna felt added anxiety to demonstrate mastery in science
content because her students were highly interested and curious during in science
instruction. She explained:
It makes me really happy, but additional pressure because they’re [students] so
interested in it, and I know a lot of the information is sticking because of that
interest. I wouldn’t want to provide the wrong information and that wrong
information stick. You know what I mean? That pressure. (Ayanna Interview,
11/30/17)
Ayanna was aware of her limited science content knowledge and apprehensive
about teaching her students incorrect information in science, especially as the assumed
expert in science. However, as she continued to teach science, she observed that her
students were motivated, interested, engaged, and excited to learn science. Observing that
they were learning and retaining science content and practices as a result of her teaching
increased her confidence in her science teaching abilities. She became less worried about
having to know everything. She also described feeling more comfortable with science
questions after teaching science all year:
My feelings [about science] haven’t necessarily changed. It’s still positive, but I
feel more comfortable. I’m not holding my breath, “Okay, what question is she
[student] going to ask me?” I just answer it the best way that I can. (Ayanna
Interview, 6/1/18)
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Amidst the high-stakes testing, data-driven culture of the school, Ayanna still held
a humanizing view that good teaching involved recognizing that when students were
learning things for the first time, teachers must adapt their practices and approach to
accommodate where students start. To her, being a “good teacher” was “just a matter of
you’re learning with the child essentially” (Ayanna Interview, 6/1/18). She viewed a
“good science teacher” as additionally having “…to be willing to get messy because
science is…it's filled with spills and accidents and you have to just be patient” (Ayanna
Interview, 6/1/18).
Ayanna also encountered challenges to her social justice science teacher identity
by other fourth-grade teachers, particularly the two VETs who taught general education
classrooms and taught in more traditional, teacher-centered, lecture-driven ways. She felt
she had to prove herself as a teacher and science teacher because she was a BET, young
in age, and held more progressive, humanizing, social justice orientations and practices to
teaching SOC. She often resisted and challenged the traditional, deficit teaching
orientations and practices of her veteran colleagues. These two VETs often skipped the
more creative, arts- and engineering-based activities Ayanna planned for the science
units. She shared her frustration when the VETs skipped these activities because they
conveyed the message that they thought there was no educational value to doing these
kinds of activities. However, Ayanna believed the activities were critical for students to
engage in because they involved more creative, interactive, and collaborative ways for
students to express themselves and develop their science knowledge. She took a strong
stance on providing these kinds of science opportunities for her students, explaining:
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I know it’s beneficial. Our hands-on activities, that may seem like fluff in the
unit because I’m confident that they [students] will benefit from it if there’s time
obviously…But if I go based off of other people’s opinions or what they do…if
I’m influenced by that then I’ll never do any related to STEM, STEAM. (Ayanna
Interview, 3/23/18)
In moments when Ayanna became frustrated by her more experienced colleagues’
views and opinions of science teaching, she appreciated Lana more because Lana was
open to new teaching ideas and willing to try anything that would help students learn and
retain science content and vocabulary. Ayanna explained:
That’s why I appreciate Lana so much because she’s expressed to me that she
appreciates the young mind, the fresh minds. But some [teachers] are so stuck in
their ways that they don’t even want to bother with anything new. (Ayanna
Interview, 3/23/18)
Ayanna’s agency in teaching science was seen throughout the year in resisting the
marginalization of science. She created time during the week to teach science when
science periods were replaced by special schedules, field trips, testing, student data
collection, and other school priorities. By holding small group make-up sessions during
lunch or other subject periods, she ensured that students who were absent from science
labs or activities were not left behind. She was very intentional in reflecting and
improving on her science teaching so that it was engaging and motivating for students.
Ayanna often relied on external resources, such as Teachers-Pay-Teachers, a website that
enabled teachers to share teaching materials with other teachers for a small nominal fee,
to find activities and readings for her low-level readers and English Language Learner
(ELL) so they could access and understand the science content and vocabulary.
Most notably, Ayanna was determined to take the lead on science, continue the
Science PD Meetings regularly the following year, and continue her role as the Science
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Teacher. She valued collaboration and discourse with colleagues as an integral part of her
and other teachers’ development and growth, as she shared:
In terms of planning, I can apply what I learned by making it a point to having
more science-related discussions with my grade team. This can help us grasp the
4th graders’ thinking and science understanding as a whole, rather than solely
focusing on our individual classes. (Ayanna Questionnaire, 4/10/18)
Despite her novice positioning amongst the fourth-grade team, she thought it was
worthwhile for her take on this leadership role because she valued the Science PD
Meetings as the only time in the school schedule that prioritized science instruction.
However, Ayanna was concerned about the future commitment to science of all of the
fourth-grade teachers. She expressed: “So I can only hope that the rest of us kind of like
unite or something because we are a team and teams ... we need to work together
regardless” (Ayanna Interview, 6/1/18). To her, continuing the joint effort, collaboration,
and discourse developed this year in science would also help maintain the elevated status
of science in the fourth grade that was developed through the science PD.
Lana. Lana was hesitant to consider herself a science teacher by the end of year’s
science PD, but she showed agency in science by wanting to develop and transform her
own science teaching to make science accessible and enjoyable for her students.
Developing a social justice view of science teaching, she came to understand a science
teacher as a teacher who facilitated student learning, as she described:
A science teacher, I think it means to be open-minded. I think it’s to be a little
bit of a facilitator, step back a little bit and like not have to, not to be in control of
everything because you have to let the kids take the lead. Still have some
structure, but they’re going to take the lead. They’re going to do the thinking. You
have to let go. (Lana Interview, 6/5/18).
For Lana, in order to become a science teacher, she believed that she needed to work on
two things: Letting go of control and developing her own science teaching style. Lana
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explained that for almost 20 years of teaching, her conception of successful science
teaching was based on a teacher-centered model with students seated, reading the
textbook and answering questions about the readings. Thus, enabling students to work
with the lab equipment in groups was a difficult but necessary change. She worked on
letting go of control throughout the year, as she described:
I had to change a little bit because I wanted to be in control...It [science
teaching] had to be completely structured…It took me changing a little bit and
understanding that I have to let go. I have to let go. They’re [students] going to
get into groups and they’re going to do some observations and they’re going to do
things on their own and it might get messy. Things might break. Things might get
noisy. It’s not always, “Shh, be quiet,” or “Be silent,” because with science they
can’t. They have to talk to each other and have conversations about it. (Lana
Interview, 6/5/18)
Inspired by her science teaching experiences through the science PD, Lana
became motivated to become confident and comfortable enough to take the lead in
science. She expressed desire to attend other science teaching PD workshops over the
summer so that she could become more knowledgeable and comfortable with science.
She explained: “But I figure I still needed more PD and I think that the more knowledge I
get in this area, the more comfortable I’ll be…” (Lana Interview, 6/5/18). She wanted to
be exposed to fresh ideas and learn updated ways to teach science and bring them back to
the classroom to try out herself. She wanted to find “something that I liked and that I
enjoyed and what I feel comfortable teaching” in science (Lana Interview, 6/5/18). By
attending more PD workshops, Lana believed that she would be able to identify science
ideas and teaching strategies that would work for her and incorporate them into her
practice. She wanted to develop “My own style and my own ideas of what I like about the
science” and make contributions to the science curriculum the following year (Lana
Interview, 6/5/18). Though Lana did not consider herself a science teacher because she
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felt that she had yet to develop her own style of teaching science, she developed an
inquiry-based, humanizing, social justice orientation towards becoming a science teacher.
Her old practices were being replaced by new practices, and she recognized the
importance of teaching and seeking more science PD to become a science teacher.
Another way Lana showed agency to teach science was by collaborating with
Ayanna and shortening her lessons for reading and mathematics to fit in science when it
was removed from the teaching schedule. Lana also showed agency by finding ways to
increase material resources for science in her classroom. Aware of Simpson’s limited
science budget, she wrote proposals for science equipment that students needed for labs
and submitted them to DonorsChoose.org, a website for teachers to request funding for
classroom projects for donors to support (www.donorschoose.org). In preparation for the
following year, Lana created a list of science materials that her and Ayanna would need
to replenish or items they wished to purchase, as she explained: “Any other science
materials that we need, I’m going to put it in there [DonorsChoose.org] and hopefully
people will actually donate” (Lana Interview, 6/5/18).
Discussion
Science Teacher Learning and Identity Development
The findings show that elementary teachers’ past schooling experiences with
learning science heavily influence their conceptions of science and their desires and
willingness to teach science in their classrooms. Both Ayanna and Lana had traditional
experiences with school science as children themselves, leading them to believe that
science was boring and not a subject they could or wanted to teach. These findings are
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similar to findings of other studies examining the multifacted and historical nature of
elementary teachers’ science teacher identities, dispositions, and views of science
(Avraamidou, 2014, 2018; Mensah, 2011, 2016). These studies focused on BETs;
however, Lana’s case shows that VETs, like BETs, also carry undesirable images and
fears of science teaching constructed from their childhood into their classrooms. These
long lasting, powerful images and ideas of science teaching inhibit and prevent VETs
from teaching science effectively throughout their careers.
The findings also confirm that elementary teachers can construct views of
themselves as capable of teaching science confidently and successfully when provided
opportunities to participate in encouraging, low-risk, practice-based science teaching
spaces during teacher preparation programs (Chen & Mensah, 2018) and in-service PD
(Kane & Varelas, 2016; Lee et al., 2004). Ayanna’s teacher preparation program
provided multiple, low-risk, positive science teaching experiences, which inspired her to
become a social justice science teacher. Lana’s desire to overcome her fears of science,
and to develop more confidence and her own science teaching style also came from being
in a low-risk, supportive setting through the science PD and being able to move from
peripheral to full particiption in science teaching activities. She had agency to participate
more fully on her own terms while Ayanna taught science. Thus, elementary teachers’
fears and negative conceptions of science can be alleviated, overcome, and transformed
through prolonged and consistent science PD that provides affirming and positive
experiences.
Ayanna and Lana’s process of learning to teach science was a social activity that
occured over time and involved the construction of a science teacher identity through
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consistent practice and participation in science teaching as members of a science teaching
community (Kane & Varelas, 2016; Wenger, 1998). They became more capable science
teachers and developed stronger science teacher identities from where they each started in
the beginning of the year. This process required prolonged, consistent support, dialogue,
and interaction with a science teacher educator and each other (Appleton, 2008; Lee &
Buxton, 2013; Lee et al., 2004). Ayanna’s science teacher identity took several years of
affirming science teaching experiences through her teacher preparation program and this
yearlong, school-based science PD to develop. Despite Lana’s new, less fearful view of
science and science teaching, she still did not feel confident enough to teach an entire
science lesson on her own. The science PD provided Lana access and opportunity to learn
science and helped her see science as a subject she could eventually teach and wanted to
teach with continued support. The findings show that the science PD provided space for
her to begin creating a science teacher identity and sense of future science teacher self.
Differentiating Science PD for BETs and VETs
Ayanna and Lana were beginning science teachers. Because they were at different
stages in their careers, they gravitated towards different PD activities. Ayanna, a BET,
came to the classroom enthusiastic, willing, and sufficiently prepared to teach science as
a social justice teacher, which is unusual. However, she faced several challenges and
problems of practice that BETs typically face, as identified in the literature. She
experienced disconnects between her teacher preparation program and school with
regards to norms, culture, values, and philosophies of the teaching profession. She had
difficulty connecting constructivist theory to the practices of inquiry-based teaching in
her classroom. Like most elementary teachers, Ayanna’s low science content knowledge
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and PCK was a limitation to guiding students in their own meaning-making of data and
lab outcomes, despite her strong science teacher identity (Avraamidou, & Zembal-Saul,
2010; Feiman-Nemser, 2010; Mikeska et al., 2009; Zeichner, 2010). Thus, the science PD
served as an induction program for Ayanna, and I served as her induction mentor, as a
connection between the familiar practices and culture of her teacher preparation program
and the unfamiliar practices, constraints, and culture of her school. Aligned with the
research on induction, BETs, like Ayanna, are still learning to teach and need
meaningful, job-embedded learning experiences to develop skills, competence and
expertise in science teaching (Feiman-Nemser, 2010). School-university partnerships that
provide induction support or PD, such as the one described in this study, are one way to
create learning settings and experiences with experienced practitioners to contine BETs’
science teacher identity development, as well as skills, practices, and knowledge of
science teaching as they enter the profession (Avraamidou, 2018; Feiman-Nemser, 2010;
Zeichner 2010).
With the common challenges and problems of practice, Ayanna, as a BET,
frequently wanted and needed many more supports than Lana. Similarly to the science
supports BETs most frequently requested and needed in Gustafson and her colleagues’
(2002) study, Ayanna wanted supports such as dialoguing with an experienced other,
observing and being observed by experienced others, receiving feedback on planning and
teaching from an experienced other. Gustafson and colleagues argued that for BETs,
these PD activities introduced them to science teaching strategies they were unaware of,
to meet immediate practical needs of their classroom, and to increase their confidence in
teaching science by affirming their own teaching practices. Additionally, Ayanna highly
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valued her collegial relationships with me and Lana to improve and deepen her
understanding and practices of science teaching and student behavior, another
characteristic of BETs (Avraamidou, 2014; Davis, Petish, & Smithey, 2006; Gustafson et
al., 2002). Ayanna found each science PD activity beneficial and participated in all of
them fully and actively.
Though Lana was a VET, she was a beginning teacher of science. She fit the
description of the more extreme prototypical elementary teacher who feared and avoided
teaching science and was under-prepared and under-confident in her science teaching.
However, as a VET, she already had an established sense of self as a teacher and knew
how to work within the school culture and climate. Through her several years of teaching,
she established her own teaching and classroom management style, knew how to interpret
student behaviors and discourse, and knew which teacher actions to take to create
desirable learning environments and student outcomes for all the core subjects except for
science. Though Lana would have benefited from the one-on-one mentoring supports that
Ayanna gravitated towards, she chose to only participate in the Science PD Meetings and
assist in teaching science in the classroom.
For Lana, observing and holding a peripheral position enabled her to visualize and
interpret how the science content and labs were connected. The most helpful and salient
PD activity for Lana was the Science PD Meetings, where she was able to be the student
and collaborate and problem-solve with other teachers, a valuable learning experience
Ayanna had during her pre-service science methods course. Doing and discussing the lab
activities in this particular way enabled her to internalize how to teach the labs and
identify the connections her students should be making between content and labs.

101
Because Lana had no formal training in science, except one uninfluential science
methods class during her teacher education program almost 20 years ago, she drew
mostly from her depth of teaching experience and knowledge. Thus, the PD activities that
were more grounded in practice and addressed what to do in the classroom were much
more useful to her because she was able to make sense of science as a teaching practice
within her own practice-based interpretive framework of teaching SOC, SWDs, and
ELLs. Lana did not need to explicitly learn the theoretical underpinnings of inquiry-based
science, as her existing teaching beliefs, approaches, and practices were already formed
and aligned to this kind of teaching and learning in other subjects. Thus, she was able to
interpret the 5E instructional model as grounded in constructivism and science teaching
as similar to teaching other subjects.
For Ayanna and Lana, collaborating and discussing science lessons, teaching,
student responses were most beneficial, indicating and further confirming that learning to
teach science through discourse and activity with other members of a community is most
influential for teacher learning and developing a science teacher identity (Avraamidou,
2018; Kane & Varelas, 2016). However, they valued collaborating with other teachers for
different reasons. Ayanna valued collaboration as a time to learn from more experienced
others and to expose herself to different classrooms, kinds of students, and ways of
teaching so that she could try them out in her classroom and see if they worked for her as
she was still figuring out her teaching style and practices that fit her identity as a teacher
and science teacher. Lana valued collaborating with other teachers as a way to share
ideas, instructional materials, and to ask general questions related science content and lab
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implementation. Lana valued collaborating with others as a way for her to gain more
content knowledge and discuss best practices for teaching the labs.
Considering the PD activities and the kind of dialogue both Ayanna and Lana
valued and participated in suggest that BETs, as recent graduates of their teacher
preparation programs where they were immersed in learning theories, need instructional
support that helps them make sense of how certain teaching practices and ways to present
and organize lessons reflect the theories they learned in their programs. VETs’
sensemaking, however, is mostly grounded in practice because they had more time and
experiences to establish their own interpretive frameworks for teaching. The supports
they need should be grounded in their practice and developing more practical knowledge
of teaching. Thus, the differences in the ways Ayanna and Lana participated and made
sense of hands-on, inquiry-based science teaching, suggest that elementary teachers at
different career stages need different kinds of PD supports and draw from different
experiences and resources to interpret new ways of teaching and learning (Berg &
Mensah, 2014; Day & Gu, 2009; Rinke, 2009).
Co-Teaching and Co-Learning
Ayanna and Lana were uniquely compatible as co-teachers and learned from each
other in their Integrated Co-Teaching (ICT) classroom setting. Though the ICT classroom
is common in the city in which they taught, it is often a forced partnership as teachers are
assigned to work together (Scruggs, Mastropieri, & McDuffie, 2007). Ayanna and Lana
developed the ideal co-teaching partnership. They respected each other’s expertise and
opinions, shared responsibility over all their students, volunteered their time to
collaborate, and discussed specific adaptations to provide their SWD, all markers of a
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sucessful co-teaching partnership (Friend, Cook, Hurley-Chamberlain, & Shamberger,
2010; Mastropieri, Scruggs, Graetz, Norland, Gardizi, & McDuffie, 2005).
The most important characteristic of their partnership was that they held equitable
teaching roles. Oftentimes in ICT classrooms, the special education teacher assumes a
subordinate role because the general education teacher is considered to have greater
content knowledge, even at the elementary level (Scruggs et al., 2007). However, Lana
insisted that Ayanna had an equal share in the teaching responsiblities in the beginning of
the school year and ensured that their students saw and treated her as a teacher, not an
assistant teacher. Having equal status and being recognized as a teacher and science
teacher enabled Ayanna to further develop her science teacher identity and science
teaching practices as the science teacher in the classroom. She also peripherally
participated in half the core subjects to develop deeper understandings and practices in
those subjects. With equal status and shared responsibility, Lana was able to peripherally
participate in science, the only core subject she feared teaching, which enabled her to
overcome her fear and feel more comfortable with teaching the subject.
Similarly to Scruggs and his colleagues’ (2007) findings on benefits of coteaching, Ayanna and Lana’s co-teaching experience during the science PD also served
as professional development, as they each benefitted professionally from teaching with
each other. Lana’s beginning science teacher identity trajectory and agency in science
was strongly influenced by her ability to participate as though she were a student teacher
in science as Ayanna led science instruction. Lana supported Ayanna’s growth as a
teacher and science teacher by assisting with classroom management and modeling
humanizing ways to talk and interact with SOC for Ayanna to observe and incorporate
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into her practice. Lana also established effective routines, procedures, and general
teaching practices in other subjects that Ayanna carried into science periods. Using her
years of teaching experience, Lana always offered Ayanna solutions and rationales to
pedagogical, instructional, and behavioral issues that arose during science periods and
throughout the day so that Ayanna could gain a deeper understanding of teaching SOC
and the school culture and climate. As compatible co-teachers, Ayanna and Lana cotaught and co-learned with each other throughout the school year to provide their SOC
with opportunties to learn science and improve their science teaching.
Transforming Science in the Classroom
Lastly, both Ayanna and Lana, as TOC, related to their SOC and were aware of
the social injustices their students faced in schools and the inaccessibility of science.
They articulated their own limitations as teachers and the limited school resources
available for science. They, themselves, experienced these similar injustices in their
schooling (Grant & Gibson, 2011; Liou & Rojas, 2016). Because they did not have the
opportunity to learn science as children in a way that made pursuing science a career or
interest or possibility, providing science learning experiences to their SOC in a different,
more accessible, understandable, and enjoyable way was the major source of motivation
of the two teachers to continue learning and growing in hands-on, inquiry-based science
teaching through the science PD. Despite the challenges, time, and stress of teaching
science in this way within the context of their school and the other members of the
fourth-grade team, Ayanna and Lana believed teaching science was still worth the effort
(Huerta, 2011; Liou & Rojas, 2016).
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They saw the meaningfulness of the hands-on, inquiry-based way of teaching
science for their students and saw their students thinking, co-investigating, problemsolving, dialoguing, understanding, and retaining science concepts and vocabulary.
Science became meaningful and important to students through their science teaching as
problem-posing (Freire, 2000). Students were engaging in the kind of constructivist
learning in science that Ayanna and Lana wanted their students to engage in across all
subjects. Thus, both teachers used their agency to work within the school structures and
adapt themselves to ensure that their students had opportunities to learn science in
humanizing, problem-posing, and meaningful ways.
Limitation
One limitation to this study was interrogating more deeply the ways race
influenced Ayanna and Lana’s developing science teacher identity, practices, and agency
to teach science. The conceptual frameworks for this study, though analyze and examine
ways that teachers and teacher education can resist marginalization and take actions
towards equity and social justice that stem from structural racism, they do not analyze
and examine how race and racism directly impacted TOCs’ past and present science,
science PD, and science teaching experiences, as well as dispositions and attitudes
towards science. From the emerging literature on TOC, Mensah and Jackson (2018)
extend the conept of “Whitenes as property” from Critical Race Theory to “Science as
White property” and “Science Teacher Education as White property.” These theoretical
frameworks examine the ways in which structural racism and the culture of power in
science leads to the perpetuating cycle of alienation, exclusion, and inaccessibility to
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science for students of color and consequently their opportunity to participate in teaching
science as TOC. Future studies could intergrate these frameworks to examine the ways
TOC were excluded from science, and how science PD provided them access to (or
further alienate them from) Science as White property so that they can enjoy and develop
a relationship with science and science teaching and provide future generations of SOC
access and opportunity to equitable learning experiences in science (Mensah & Jackson,
2018).
Conclusions and Recommendations for Future Research
The science PD model implemented in this study supported both a BET and VET.
It created time and space for individual support and group collaboration, which enabled
each teacher to engage in the PD activities they felt were most beneficial to their
profesisonal growth in science teaching. As the science teacher educator, I
accommodated Ayanna and Lana’s needs as beginning science teachers and created
encouraging learning spaces where they could collaborate and take risks in their science
teaching. Ayanna and Lana both grew in their understandings and practices of science, as
well as their science teacher identities and agency to teach science. Consequently,
Ayanna’s science teacher identity strengthened and Lana developed a desire to teach
science.
Because an important teacher practice is planning science lessons, it would be
worthwhile to examine whether Lana actualizes her desire to teach science as the lead
teacher, and how her understandings, practices, and science teacher identity develops if
she starts planning and teaching science the year following this science PD. Because
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Ayanna and Lana collaborate frequently, it would also be worthwhile to examine how the
two teachers collaborate on plannning and teaching science on their own. This would
provide insight into their agency to teach science and their science teacher identity
trajectories. These future investigations would provide science teacher educators more
insights into constructing school-based science PD activities and structures that promote
and support the science teacher identities of elementary teachers at various phases of their
careers.
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Chapter V
ACTIVATING RESOURCES TO TEACH SCIENCE THROUGH
SCHOOL-BASED, ELEMENTARY SCIENCE PROFESSIONAL DEVELOPMENT

Abstract
This study examined the ways three fourth-grade teachers at different career phases
activated and mobilized human and nonhuman resources to transform their science
teaching practices and understandings through a yearlong, school-based science
professional development program. The conceptual frameworks for this study included
structures, as composed of schemas and resources, and agency to teach science.
Grounded theory and multiple case study methods were used to analyze the data.
Findings showed that teachers’ schemas, orientations, experiences, and existing teaching
practices influenced the ways they interpreted and enacted a hands-on, inquiry-based
science curriculum and used their agency to create learning opportunities in science for
their students. The findings also suggest that teachers early in their careers may be more
willing to try new teaching methods and gravitate towards collaborative co-planning and
co-teaching supports. In contrast, teachers who are well into their careers and near
retirement may experience a plateau in their teaching and need supports that energize and
revitalize their commitments to teaching. This study has implications for science teacher
educators interested in designing school-based professional development programs at the
elementary level.
Key words: science professional development, elementary science teachers, equity in
science education, science teacher education
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Introduction
Since the rise of No Child Left Behind and high-stakes accountability systems,
urban, underserved elementary schools with disproportionately greater numbers of lowincome, culturally and linguistically diverse students of color (SOCs) have experienced
the narrowing of the curriculum to mainly the tested subjects of English Language Arts
(ELA) and mathematics (Leonardo & Grubb, 2014). School resources and efforts are also
placed towards higher priority tested subjects, leaving very little time and resources for
other subjects such as science. As a result, science tends to be neglected or excluded from
the curriculum, and culturally relevant and humanizing pedagogies and instruction that
support SOCs’ learning tend to be replaced by less engaging, teacher-centered test
preparation in schools (Au, 2016; Leonardo & Grubb, 2014; Mensah, 2010; RiveraMaulucci, 2010; Tate, 2001). Through the persistent and visible “underachievement” and
“failures” of SOCs, high-stakes testing also reproduces and perpetuates the narrative that
SOCs, particularly African American and Latinx students, are deficient in intelligence,
capability, language, and culture. This deficit orientation towards SOCs leads to
discriminatory, unequal school and classroom practices (Au, 2016).
In viewing science education in elementary schools as an equity issue, the
distribution of human and nonhuman resources across subjects is often unequal (Lee,
Llosa, Jiang, O’Connor, & Hass, 2016; Spillane, Diamond, Walker, Halverson, & Jita,
2001). Rivera Maulucci (2010) breaks down human and nonhuman resources identified
to promote science reform into four categories: material (nonhuman), and cultural, social,
and symbolic (human) resources. Material resources include science equipment, science
curricula, instructional materials, and time for science. Cultural resources include
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knowledge of science, pedagogical content knowledge (PCK), and knowledge of teaching
groups of students in the cultural context of the school. Social resources include resources
that are available through relationships or group memberships, such as trust, solidarity,
and collaboration around science teaching. Symbolic resources in science arises when its
status is elevated in the curriculum or when teachers are recognized for their efforts in
teaching science.
Though these resources are often limited and constrain the access and
opportunities to learn science, teachers and science professional development (PD)
programs can identify, make available, and activate these resources in elementary
classrooms to promote science reform and learning opportunities for underserved SOCs.
This study examined the ways three fourth-grade teachers at various phases in their
careers interpreted, activated, and mobilized nonhuman (e.g. time, science equipment,
and science curriculum) and human (e.g. science content knowledge, PCK, science
teaching support, and science network) resources provided by a yearlong science PD to
improve and deepen their science teaching understandings and practices.
Conceptual Framework
Structure and Agency to Teach Science
Structures have a dual nature in that they shape people’s practices and
simultaneously people’s practices constitute and reproduce structures (Sewell, 1992).
Thus, structures are “the creation of human beings as well as the mold they fit” (Hays,
1994, p. 61). They enable as well as constrain people to act in certain ways, and they
provide people with a sense of identity and position in the world.
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Sewell (1992) defines structures as being composed of schemas and resources. He
defines schemas as society’s various fundamental tools of thought as well as the
conventions, principles of action, and habits of speech and gesture that are developed
with these tools. Schemas are virtual and are transposable onto new situations and
contexts of interaction. Resources are the actual effect of structures: they are “the media
animated and shaped by structures, that is, by cultural schemas” (p. 11). Resources are
unevenly distributed amongst members of society and can be used to gain, retain,
maintain, or enhance power. They come in two types, human (e.g. knowledge, emotional
commitments, physical strength, and dexterity) and nonhuman (e.g. animate or inanimate
objects). Human resources are manifestations and consequences of the enactment of
schemas. Schemas inform the activation of nonhuman resources, which determines their
value and social power. Schemas and resources are dialectical: They mutually implicate
and sustain each other over time to constitute structures (Varelas, 2018).
It is difficult to discuss structures as constraining or enabling science education in
elementary schools without discussing the agency of teachers, as human agents “capable
of exerting some degree of control over social relations in which one is enmeshed”
(Sewell, 1992, p. 20). Structures are maintained through the interactions, activities, and
identities people develop to govern and regulate themselves, yet they also provide the
sense of self and tools for transformative action and the possibility for human freedom
(Hays, 1994). Agency then, “is made possible by the enabling features of social structures
at the same time as it is limited within the bounds of structural constraint” (p. 62).
Agency also differs between and within social contexts based on one’s social position,
which gives rise to differing knowledge of schemas and access to different kinds and
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amounts of resources, hence gives rise to different possibilities for transformative action
(Sewell, 1992).
In science education, structures are actualized as resources such as textbooks, lab
space and equipment, racial, ethno-linguistic, and gender diversity, teacher-student
interactional patterns, instructional approaches to science, and types of assessment. These
structures often constrain and prevent SOC from learning science in schools (Varelas,
2018). However, teachers have agency to transform these structures into enabling
structures that provide SOC access and opportunity to learn science. Agency to teach
science involves teachers’
reflecting, acting, modifying, and giving significance to the teaching of science in
purposeful ways, with the aim of empowering and transforming themselves
and/or the conditions of their lives, students and others. (Moore, 2008, p. 591)
Thus, teachers’ agency to teach science is seen in the ways in which they engage with
schemas and activate and mobilize resources to create new practices and contexts for
learning science in equitable, empowering ways (Varelas et al., 2015).
Research Questions
The research questions for this study were:
1. What were the teachers’ schemas to interpret and enact nonhuman and human
resources provided by school-based science PD?
2. How did teachers use their agency to activate and mobilize nonhuman and human
resources provided by the school-based science PD to transform their science
understandings, practices, and instruction?
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Methods
Multiple qualitative case study methodology was used to capture in-depth,
nuanced descriptions of teachers’ existing teaching schemas and how they informed their
activation and mobilization of human and nonhuman resources through their participation
in a science PD program that spanned one academic year. Each teacher was considered a
single case within the multiple case study. The category binding the cases together was
the teachers’ participation in the school-based PD and classroom science teaching
(Merriam, 2009; Stake, 2006).
School Setting
This study took place during the 2017-2018 school year at Simpson Elementary
School (all proper names in this study are pseudonyms), which served students in prekindergarten through fifth grade. The school was located in a large, urban city (The City)
in the Northeast and served mostly low-income Latinx students. Reflective of its local
community, the racial/ethnic breakdown of the student population of 641 students was
71.0% Hispanic or Latinx, 26.2% Black or African American, 2.5% White, 0.9% Native
Hawaiian/other Pacific Islander. The student population by gender was 49% female
students and 51% male students. Considering the kinds of learners in the school, 12.6%
were English Language Learners (ELLs) and 18.7% were students with disabilities. With
90% of students eligible for free lunch, the majority of the students lived below the
poverty line (New York City Department of Education, 2018). Within the teaching
faculty of about 30 teachers, only about 2 teachers (6.52%) had less than three years of
teaching experience. Most of the teachers at Simpson were more experienced teachers.
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Participants
This study focused on three of the five fourth-grade teachers at Simpson
Elementary School. Remy, an Indian, Guyanese woman was in her fourth year of
teaching and taught all ELL students. Stefanie self-identified as a White woman, half
Italian and half Puerto Rican, and was in her 19th year of teaching. Marciella, a Latina,
Puerto Rican woman, was in her 29th year of teaching. Both Stefanie and Marciella taught
in classrooms with general education students. Table 5 summarizes the self-identified
race/ethnicity, years of teaching, and type of classroom for each teacher.
Table 5
Teachers’ Self-Identified Race/Ethnicity, Years Taught, and Type of Classroom
Race/Ethnicity

Years Taught

Type of Classroom

Remy

Indian/Guyanese

4

Self-Contained ELL

Stefanie

White/Italian/Puerto Rican

19

General Education

Marciella

Latina/Puerto Rican

29

General Education

Science Professional Development Model
For four months prior to this study, I worked with the fourth-grade team as the
science teacher educator. During this time, the team identified time to prepare and teach
science, science equipment and instructional materials, and science curriculum, and
knowledge of teaching hands-on science as resources they lacked and needed in order to
teach science. I designed and facilitated the science PD model, described later, to provide
these resources and ongoing PD on teaching science in a reform-oriented, inquiry-based
way. This science PD was also designed to be teacher-driven and to create time and space
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for teachers to discuss, collaborate, and problem-solve with each other around science
teaching.
Though the principal supported this science PD and purchased science equipment
for each teacher, participation in the science PD and study was voluntary. One major
incentive for participating was that all the fourth-grade students were required to take the
state science test at the end of the school year. The state science test included a written
part (e.g. multiple choice and short answer questions) and a hands-on part that tested
students’ ability to make measurements, record data, and draw conclusions. To better
prepare students for this test, all the fourth-grade teachers participated in the science PD
with varying levels of commitment.
Additionally, the fourth-grade team shared planning responsibilities for all the
core subjects. Each teacher planned one subject to share with the other teachers. Ayanna,
the second-year teacher on the team enthusiastically volunteered to plan science. She was
not included in this study; however, I collaborated with her to write the science
curriculum the teachers taught for this study. Though the teachers did not plan the science
curriculum, they modified the lessons for their students and classrooms using their
professional judgments and experiences and my guidance.
The science PD model, shown in Figure 4, was enacted for all of the units taught
during the year. It provided individual and group PD activities, which took place during
teachers’ free periods (40 minutes) and during their common planning time (40 minutes).

116

Figure 4. Diagram of Science Professional Development Model
First, during the Science Planning Meeting, I collaborated with Ayanna in writing a
hands-on, inquiry-based science curriculum during her free periods. The units followed
the BSCS 5E instructional model for science (Table 6) and were grounded in
constructivist views of learning (Bybee, 2014). The units were distributed to all the
teachers to review. Second, during the Science PD Meeting, the entire team did the labs
and activities, discussed the lesson sequence and potential issues, and answered science
content and teaching questions during their common planning time before the unit
started. Third, during Science Lessons Teaching, teachers prepared and taught the unit in
their classrooms and I provided individual PD (e.g. co-teaching, assisting, preparing labs
with teachers during free periods, and providing observation and feedback). Fourth, after
all the teachers finished teaching the unit, we met during their common planning time and
debriefed the unit for the Science Debrief Meeting part. The units taught during the year
included Matter and Measurement (10 days, taught in October 2017), Plants (8 days,

117
taught in November 2017), Animals (11 days, taught in February 2018), and Energy (9
days, taught in April 2018).
Table 6
Summary of BSBC 5E Instructional Model
Phase

Summary

Engage

Pique students’ interest and access their prior knowledge of concept,
process, or skill through short activities that promote curiosity.

Explore

Provide students with hands-on opportunities to examine and build their
own understandings of the concept, process, or skill. Students may ask
questions, design and conduct preliminary investigations, and generate new
ideas.

Explain

Provide students with opportunities to communicate or demonstrate their
new knowledge and understandings. Teachers may directly introduce or
explain a concept, process, or skill to guide students toward a deeper
understanding.

Elaborate

Challenge and extend students’ understanding and skills by applying
learned concept, process, or skill to new experiences and activities.

Evaluate

Encourage students to assess their understanding and abilities and teachers
to assess evaluate student progress towards achieving lesson objectives.

Note. Adapted from “The BSCS 5E Instructional Model: Origins and Effectiveness,” by
Bybee, Taylor, Gardner, Van Scotter, Powell, Westbrook, and Landes, 2006, BSCS
Science Learning, p. 2. Copyright 2006 by BSCS.
Data Collection and Analysis
Data collection. Sources of data for this study included individual interviews,
teacher questionnaires, and researcher field notes. First, three, 20-50 minute, semistructured interviews were conducted, audio-recorded, and transcribed with each teacher.
The interviews focused on the teachers’ past and present experiences with science
teaching and learning; their experience with the science PD; changing beliefs,
perspectives, and views of self in relation to science and science teaching; and SOC
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engagement and learning of science in the classroom. The first interview (Appendix A)
took place after teaching the Matter and Measurement Unit (November 2017). The
second interview (Appendix B) took place after teachers taught three units (March 2018).
The last interview (Appendix C) took place after students took the state science test
(May/June 2018). At this time, all the units had been taught.
For each unit, the teachers answered a two-part teacher questionnaire (Appendix
D). The first part of the questionnaire asked teachers to reflect on their learning after
participating in the Science PD Meeting and to create an action plan that included two
specific examples of how they would apply what they learned into their teaching practice.
The action plan was collected as part of the questionnaire. The second part asked teachers
to reflect on what they learned from implementing their action plan and student learning,
as well as whether their views or perspectives of science changed after teaching the each
of the units. Teachers were also asked to provide additional supports or resources they
felt they still needed to teach science. The second part was answered after Science
Lessons Teaching.
As the researcher, field notes were written after each visit to the school. They
included the purpose of my visit, and any occurrences, interactions, conversations, and
observations of the teachers’ science teaching. The field notes also captured my
reflections, insights and questions from the visits.
Data analysis. I used constructivist grounded theory and multiple case study
methods to analyze the data (Charmaz, 2014; Merriam, 2009). The qualitative data
analysis software, NVivo 11, was used to organize and analyze all the data. Starting with
the first two interviews for each teacher, I did an open reading of each interview and then
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initial coding. Then, I performed focused coding for each interview to group initial codes
together to create focused codes for each individual teacher, as a single case. I used the
focused codes (Table 7) from the first two interviews to guide cycles of initial and
focused coding for my field notes, questionnaires, and the third interview for each
teacher. Through constant comparison of codes, categories for each teacher emerged
from the coding process. Appendix F shows the emergent categories for each teacher.
Table 7
Selected Focused Codes from November 2017 and March 2018 Interviews
Focused Codes
Remy

Science is not important focus in schools, so no experience teaching it
Applying constructivist view of learning to all subjects
Not knowing how to use equipment, students not collaborating during labs
I’m a science teacher in training- its uncomfortable
Science PD meetings helping with visualizing and anticipating issues in lab
Becoming more confident and comfortable with teaching science

Stefanie

Finding science interesting through reading
PD making her see self as science teacher, doing what a science teacher
should do
Test scores are a reflection of self as teacher
Eager to provide students science opportunities but also believing they
cannot learn
Wanting to try out hands-on science but not wanting to change teaching
practices
Right and wrong way to do things and be students

Marciella

Teaching science is driven by the state test
Deep content knowledge and lecturing
I’m an apprentice in science
Not acting on ideas to improve teaching
Science team meetings used to talk about logistical things
Time and teaching schedule are major constraints

I wrote an analytical memo after coding each piece of data to capture the categories,
analysis, interpretations, and questions (Charmaz, 2014). These memos were used to
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create a case description for each teacher. Then, I performed cross-case analysis using the
case descriptions (Stake, 2006). I noticed that the three teachers frequently mentioned
time for science, science equipment, hands-on science labs, and standardized testing.
With this observation, I compared the cases with regards to these aspects of their science
teaching and science PD (Merriam, 2009). Appendix H includes the grouping of case
categories for the findings of this study, which are Science Teaching Orientations,
Experiences, and Practices, Using Agency to Incorporate Science Equipment,
Curriculum, and Time to Teach Science, and Shifting, Evolving, or Reinforcing
Understandings of Science Teaching.
Several elements of rigor were considered for this study. First, the teachers and I
developed a working relationship four months prior to this study and I visited each
teacher 20 times or more during the academic year. The prolonged engagement and
persistent observation of each teacher enabled me to further develop rapport and trust
with each teacher, as well as to capture the teachers’ science teaching practices,
orientations, approaches, and views. Consistency and reliability in my analysis were
addressed by triangulating the data across data sources and over time. I performed
member checking by asking the teachers clarifying questions and asking them to confirm
my interpretations of the data. For readers to transfer the findings to other similar cases
and contexts, I provided rich, thick descriptions of the findings (Guba & Lincoln, 1989;
Merriam, 2009).
Researcher Reflexivity
I recognized my privilege as a doctoral student from a reputable school of
education while working with the teachers at Simpson Elementary School. I was aware
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that science is a privileged subject and that working with me to teach science may have
intimidated teachers initially. With my privilege, I was hoping to elevate the status of
science in Simpson with the science PD. I was also aware of my age of 33 and that
Stefanie and Marciella were much older and more experienced than I as teachers and had
different life experiences than me. Thus, their beliefs, views, life and teaching
experiences were different than mine. My theoretical lenses of constructivism, inquiry in
science, and social justice teaching guided the science PD activities and interactions and
conversations in the field. I was aware that my lenses were not necessarily aligned with
all the teachers’ interpretive frameworks for teaching and learning.
Findings
For the findings, I first described each teacher’s schemas, or interpretive
frameworks for teaching, that guided and informed her activation of nonhuman and
human resources provided by the science PD. Then, I shared how each agentically or
unagentically teacher used the nonhuman resources of time to prepare and teach science,
science equipment, and the science curriculum to teach science guided by their schemas.
Finally, I identified how each teacher’s science teaching understandings and practices
evolved or transformed, or were maintained and reproduced, through their participation
in the science PD and science teaching.
Science Teaching Orientations, Experiences, and Practices
Each teacher’s schemas, or interpretive frameworks for teaching and science
teaching, stemmed from their own experiences with learning and teaching science, their
existing practices, and their views and beliefs of teaching SOC.
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Remy. Remy, a Guyanese, Indian, woman with four years of teaching experience
with ELL student populations, had very little science teaching experience and knowledge
prior to the PD. From her own science experiences in school, she described her view of
science as very boring. During her teacher preparation program, Remy took a science
methods course that introduced her to many hands-on labs; however, she was unable to
transfer the labs done in her university classroom into her student teaching classroom.
Additionally, Remy taught very little science during her first three years of teaching: “It’s
not really a push for it [science] because when it comes to academic testing, content go to
the side” (Remy Interview, 12/7/18). Remy was very uncomfortable and under-confident
in science and she had no conception or examples of hands-on, inquiry-based science
teaching prior to the science PD.
Though Remy had little understanding of inquiry-based science, she held a
constructivist orientation of teaching and learning. She used student-centered,
constructivist teaching practices in her classroom, as she believed that this was the most
effective way to teach ELLs. Because her students’ reading levels widely varied, Remy
believed that her students learned the best through group work, discourse, and activities.
She created learning environments where they could construct knowledge and use
vocabulary and concepts in contexts. Remy was constantly modifying and supplementing
all subject curricula with videos, songs, and reading and writing activities that involved
students seeing, hearing, and using vocabulary terms. Though Remy was uncomfortable
and under-confident in her own science content knowledge and ability to teach science,
she was eager and willing to learn to teach science in a hands-on, inquiry-based way
because she saw no other way to teach science effectively for her ELL students.
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Remy was born in the United States and grew up in a single parent, immigrant
home. She related to the challenges of her ELL students, who were mostly immigrants or
had immigrant parents whose families were split between their home countries and the
United States, as she described: “But I understand what it means to pretty much have a
family of immigrants, and I’m like [to my students], ‘Everybody’s different, and that’s
okay’” (Remy Interview, 12/7/17). Remy viewed herself as an example of success and a
role model for her students. She explained: “They [students] can relate to that well. I’ve
been there, done that. I was born in [The City]. I went to school in [The City]” (Remy
Interview, 12/7/17). Remy held high expectations for her students to learn and succeed in
school, and she used her own childhood experiences as motivation for her students that
they could be successful as well.
Remy was aware of the gender norms in science and mathematics, as well as the
gendered cultural expectations of her immigrant girl students, which led to their low selfconfidence. She explained:
Well, science in general, it’s seen as more of a male dominated area. The girls
usually feel like they’re not capable of doing science or anything even related to
science or math. (Remy Interview, 12/7/17)
Remy believed that encouraging her students to learn science and feel confident in
doing science challenged their cultural and familial gender norm of women being less
than and subservient to men. She stated: “My job is just to push them to better
themselves…You [girl students] can do anything you wanna do” (Remy Interview,
12/7/17).
Stefanie. Stefanie spent her entire teaching career at Simpson and was in her 19th
year of teaching elementary-age students. She described herself as a White, half Italian
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and half Puerto Rican woman. She identified more with her White, Italian side. Stefanie’s
own formative science experiences were more traditional, as she learned science as a
child through readings and worksheets. Her teacher preparation program also did not
provide a course in teaching science. Because she taught fourth-grade students for the
majority of her career and prepared them for the state science test each year, she learned
the science content she taught by reading the textbook and finding online resources. She
was very familiar with the question types for the written part of the state science test, but
she was unfamiliar with and never prepared her students for the hands-on part.
Consequently, she developed deep science content knowledge of the tested topics but had
very little knowledge or PCK of the scientific practices, inquiry, or the nature of science.
Stefanie’s espoused teaching philosophy embraced an interactive, hands-on way
of teaching. She described herself as a student-centered, project-based teacher: “I’ve
always been a project-based person. I love just leaving them [students] in control and just
facilitating” (Stefanie Interview, 5/29/18). However, she taught science more
traditionally, following the banking model (Freire, 2000), through lecturing from
instructional slides, readings, and teacher-led class discussion. Confident and comfortable
in her content knowledge and science teaching, Stefanie was able to hold class
discussions, answer students’ deeper-level content questions, and help them make
connections between vocabulary, content, and their prior knowledge. She usually
introduced science lessons by asking students for their prior knowledge or review of the
prior lesson and building on it. Instead of having students explore and construct their own
definitions and ideas of scientific concepts, she would give students definitions of terms
and have them provide her with examples of those terms. She expected students to sit
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quietly, take notes, and answer questions or ask questions only when permitted by her.
She assumed that if students discussed the content, then they knew the content and should
be able to recall it.
Though Stefanie wanted to make science more hands-on, she never had the
knowledge or opportunity to learn how to teach it in this way. Aware of her limitation in
teaching hands-on science, she explained how the PD assisted her in seeing science
teaching in a new way:
It [science teaching] was more reading-based than hands-on. And that’s not
what science should be. It’s exploring, making mistakes…I think that’s how I’ve
developed now and it’s because you’ve given me that opportunity [to learn to
teach science]. And you’re breaking up the topics in a way that I would never
have thought to do it. (Stefanie Interview, 11/29/17)
Stefanie viewed the science PD as an opportunity to learn how to teach science in a
hands-on way, the way that was more aligned with her teaching philosophy.
Though the science PD provided time, material resources, and human resources to
learn and grow in science teaching, teaching hands-on, inquiry-based science required
Stefanie to change the traditional way she was used to teaching science and view her
students as actors who constructed knowledge, not as receptacles of knowledge. She
often resisted change and believed that she did not need to change, as she described:
“Cause I’ve done this grade so many years that I already know what I’ve done for each
unit…So I know what to pick and choose to compliment the lessons” (Stefanie Interview,
5/29/18).
Stefanie was aware of the inequities and social injustices her students faced, as
she faced them herself as a child growing up in a similar neighborhood, she explained: “I
think growing up in [neighboring community], which is a neighborhood like this, that I
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can connect with them [students] more” (Stefanie Interview, 11/29/17). However,
without a critical consciousness she took a colorblind approach to teaching her SOC
(Leonardo & Grubb, 2014). She explained, “I don’t see them [students] for their races
and I think most teachers in here don’t. And that’s what I like,” and believed that
“everyone deserves a dedicated teacher” (Stefanie Interview, 11/29/17). She also held a
colorblind view of science as an equity issue, explaining: “Any kid deserves to have that
opportunity [to do science]. I’m glad we give it to them” (Stefanie Interview, 11/29/17).
She minimized and disregarded race-specific issues and marginalization that her SOCs
faced.
Stefanie’s colorblind, meritocratic view of children and learning led to differential
treatment of her SOC based on their behavior. Particularly with hands-on activities in
science, Stefanie believed that some students worked hard and behaved well, and
therefore could do science. Other students, she believed, did not put forth effort in their
education, misbehaved, and could not do science. She viewed her students through a
deficit lens, as she was only willing to provide opportunity to students who she believed
could “handle” science, consequently creating inequities in her science teaching:
I just anticipated so much chaos with all of those objects [lab equipment and
materials]. And I know that with the other activities there was always a kink in it
we didn’t foresee. So I was like, you know what, we just give it to kids who can
handle anything. (Stefanie Interview, 3/20/18)
Stefanie blamed her students for any challenges she faced in her science teaching of labs
and hands-on activities. Doing science was privileged in her classroom.
Marciella. Marciella, a Latina, Puerto Rican woman born in The City, was in her
29th year of teaching. Like Stefanie, she also spent her entire teaching career at Simpson.
Science was neither memorable for her as a child nor during her formal teacher
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preparation. Until this science PD, Marciella never had any in-school training or taught a
unified curriculum for science. Teaching the hands-on, inquiry-based science curriculum
was challenging and uncomfortable, and she attributed these feelings to her own
traditional science learning experience, as she explained:
It’s [science] been mostly informative, taking notes, and that’s why I feel
probably that at the beginning it’s a little bit uncomfortable for me doing the labs
with them [students] because I don’t have experience with doing that as a child.
(Marciella Interview, 12/7/17)
For Marciella, time and standardized testing often dictated what subject she taught
and how she taught it. Of all the fourth-grade teachers, she felt the most rushed in
teaching content and covering the entire unit because of high-stakes testing. She
explained:
I was always behind in science because we have all this preparation for ELA
and math. Then I switched to science [to prepare for the state test] and that’s all
we’ve been doing the last three weeks. (Marciella Interview, 6/1/18)
Like Stefanie, Marciella taught fourth grade for the majority of her career and had deep
content knowledge of the topics on the state science test. She also had very little
knowledge of and experience with the scientific practices, inquiry, or the nature of
science. She taught science mostly through lectures and questioning, as this method was
the most efficient way to pass on the science content to her students for the test (Freire,
2000). She often read off the instructional slides that were prepared for the teachers. She
added real-life examples in attempt to make the content more relatable to her students.
She asked students surface-level questions that had definitive, factual answers, such as
asking students to recall information, share prior knowledge, or provide examples of
terms. Her students struggled with answering more open-ended questions requiring them
to connect concepts, vocabulary, and labs together (Researcher Field Notes).
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Marciella taught science as static, factual, and science discovery as following
specific steps of the scientific method. However, she wanted students to be able connect
lab activities to the appropriate scientific content and understand how concepts linked
together. She wanted students to know that science was about discovering and wanted
them to engage in the scientific process. She stated:
…on your data sheets, it brings it back to using those words in their explanations
and their conclusions, and using those science words. What were your results and
what does it prove, and what questions do you have? If it’s just the experiment
and it’s just like a game to them, it has to be pulled back to something in science.
(Marciella Interview, 6/1/18)
Because of her desire for students to understand how the lab procedures and data were
connected to the lab questions and science content, she often spent significant time on
making meaning of lab data and answering conclusion questions. However, because of
her traditional teaching practices of giving information to students, she drew conclusions
for her students during class discussions and explained the lab purpose, question, and
procedure in context of the unit topic for her students.
For example, during the Animals unit, students simulated picking up different
materials (toothpicks, marbles, water beads, and rice) using tools (chopsticks, tweezers,
spoons, and clothespins) that represented different bird beaks to determine the type of
material (food) each tool (beak) was best adapted to pick up. During the discussion after
students completed this lab activity, Marciella held up each tool and asked students which
material they were able to pick up the most using that tool. Students identified the
material based on their lab data. Marciella confirmed their answers, and then she
explained for students why the structure of the tool was best adapted for picking up the
material students identified from their data. She continued the discussion by showing
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students pictures of the actual bird beaks and food the birds ate and explaining why each
tool and food represented the corresponding beak and food, rather than having students
explain the analogy using their knowledge of adaptations and data from the lab activity
(Researcher Field Notes). Marciella’s teacher-centered science teaching practices
contradicted her desires for her students to draw their own conclusions and see the
connectedness of science concepts, labs, vocabulary, and their lives. Thus, she did not
implement the curriculum as inquiry, but viewed and presented the hands-on activities
and labs as additions to her science lectures.
Marciella was aware of how science was marginalized in urban schools and that
science was more accessible to students living in suburban areas than the city. She
attributed the unequal access to science education as an issue of money and standardized
testing. She explained:
They [suburbs] have the all the money to do all that stuff, have labs. They
[Simpson] used to have a science lab, with a science teacher who did stuff, and
then the first thing that gets cut is science. (Marciella Interview, 12/7/17)
The school had a science lab room and a science teacher when she started teaching
almost 30 years ago. Unfortunately, the science lab was converted into a regular
classroom and the science teacher position was removed from the school faculty.
Marciella also assumed that science was more observable and accessible in the
suburban settings than urban settings:
I’m sure in suburbs, it’s much more prevalent for them to be doing these labs,
and in the city, we just do what we need to do. We don’t have the luxury of like,
let’s go out there, and let’s do nature, and walk outside the door and there’s trees,
and you can actually observe the plant. (Marciella Interview, 12/7/17)
However, there was a park in walking distance to Simpson that her students visited and
planted vegetables through a community-based school partnership program. Perhaps
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because growing this garden was in the context of community building, not science, she
did not make the connection between this urban green space initiative and student
learning during the Plants and Animals units. Marciella appreciated teaching science and
receiving science PD, but because science was not a priority of the school or state, she
was less committed to teaching science as an equity issue.
Using Agency to Incorporate Science Equipment, Curriculum, and Time to Teach
Science
The science PD provided teacher-identified resources of science equipment and
an inquiry-based science curriculum, as well as designated times to prepare, learn, and
collaborate on science teaching. This section describes how Remy, Stefanie, and
Marciella used or did not use agency towards science to activate and incorporate these
nonhuman resources into their science teaching through the science PD.
Remy. In the beginning of the year, Remy often used time needed to prepare her
students for high-stakes testing and the mathematics and ELA curriculum pacing as an
excuse for not teaching science during science periods. Her ELL students often needed
more time than was allocated in her teaching schedule to cover mathematics and ELA
lessons; thus, instruction in these subjects often extended into science periods. Remy also
noted that scheduling constraints and shared classroom space prevented her from
preparing for science:
But it’s hard to prep for that [science] just because third period is their
[students’] brunch. This [period before science] is supposed to be prep, but we
[teachers] take our lunch now. And it’s not like I can leave things out the day
before…things will just start disappearing [from afterschool activities in her
classroom]. (Remy Interview, 12/7/17)
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Remy also placed all of her science equipment above her classroom closet where it could
not be reached without a ladder. Placing her science equipment in an inaccessible part of
her classroom reflected her discomfort with and avoidance of teaching science. The
inability to immediately and easily gather her science equipment also reflected the low
priority and marginalization of science as a core subject. Since there was little
expectation within the school prior to this science PD to teach hands-on science regularly,
Remy seemingly had no intention of doing hands-on science with her students at the start
of the science PD.
As Remy taught the first science unit, Matter and Measurement, with my support
in co-teaching, modeling lab procedures, and preparing labs for her students, she was
very surprised that her students expressed excitement and interest in simple scientific
investigations. Her students were also very engaged, on task, and collaborated with each
other during science lessons and labs, which made her feel competent and successful as a
science teacher. Remy began seeing that the labs and hands-on activities created more
accessibility to the science content for her students who usually struggled with
understanding subjects where information was obtained only through reading and
writing. Remy explained:
But doing the labs, having it embedded into the lessons, it’s kinda better,
because they [students] know how to correlate whatever concept they’re covering
with the lab that they’re going to do. (Remy Interview, 3/19/18)
She started believing that learning to teach science was worthwhile because it fit with her
constructivist teaching schema of having her students learn through collaborating,
problem solving, and making decisions. After teaching and seeing her students engaging
and learning from the first few labs and lessons, Remy developed agency to teach science
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by actively learning and preparing herself for science and creating more time in the
schedule for science.
Motivated by her students’ interest and success in learning science, as well as the
alignment of the inquiry-based science curriculum to her constructivist teaching
orientation, Remy realized that she needed to take the time to learn to use the science
equipment, practice labs on her own, and think more critically about how to teach science
to her ELL students. Remy wrote: “In order to implement future labs, I would have to
perform them beforehand” and that “I need to familiarize myself with the curriculum
along with the materials that the students will be using” (Remy Plants Questionnaire,
11/15/17). With her new commitment to and agency for teaching science, she
consistently and voluntarily met with me individually the period before she taught
science, her free period, to review upcoming science lesson or lab activities.
Though state testing and test preparation frequently replaced science periods,
Remy started committing to teaching science regularly. She explained how she addressed
the time constraint on science instruction:
Doubling up with science and everything. Gotta give or take because science is
so late in the day. You kind of only have twenty minutes to teach science. So far,
I’ve been doing either ELA and science, math or science [everyday]. (Remy
Interview, 5/29/18)
During periods of intense test preparation, Remy strategically integrated science by
capitalizing on her students’ interest and motivation in science. Her students eagerly
discussed, debated, and worked together to complete science activities, which enabled
Remy to use these activities as a break from the monotony of ELA and mathematics test
preparation (Researcher Field Notes).
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Another way Remy used her agency to provide learning opportunities in science
to her ELLs was through modifying the science curriculum provided by the science PD.
Though Ayanna, the fourth-grade teacher planning for science, and I wrote the science
curriculum with the various learning needs of all of the fourth-grade students in mind, a
challenge we encountered was addressing the varied English language abilities of Remy’s
ELL students. To create more access to our science curriculum, Remy began modifying
the unit lessons for her ELLs by using online resources, like Teachers-Pay-Teachers, a
website that enabled teachers to share lessons, units, and teaching materials with other
teachers for a small nominal fee. She found supplementary or replacement activities and
readings for her ELL students so that they could better access and understand the science
content and vocabulary. Towards the end of the year, she incorporated several
engineering design challenges to engage her students in collaboration and problem
solving in groups.
Stefanie. In the beginning of the year, Stefanie was seemingly very agentic in
teaching science. She was the most excited and eager to participate in the science PD and
was highly motivated to teach the hands-on science curriculum. She identified not having
ideas for teaching hands-on science and science equipment as two major barriers for not
teaching hands-on science prior to the science PD, as she wrote:
I always believed science instruction should be like this. We just never had the
right resources and assistance so it was harder and more time consuming, which
led to a lack of hands-on science instruction. (Stefanie Matter Questionnaire,
10/17/17)
With the equipment and curriculum provided, Stefanie eagerly spent her free periods and
afterschool time gathering science materials, tinkering with the equipment, trying to
visualize how to implement labs, and reading and modifying lesson plans and
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instructional materials. She always prepared for science independently and only reached
out to me when she had specific questions about lab activities.
Because of Stefanie’s content-heavy, teacher-centered, banking model approach
to teaching and understanding science, she had difficulty interpreting the 5E model and
the scientific practices. She oftentimes did not understand the purpose or educational
value of creative and collaborative stereotypically non-scientific activities or projects.
Though she wanted her students to have the experience of doing science labs and develop
independence in their learning, which required her to teach differently, she often fell back
on her traditional teaching schema and experience to modify, merge, add and remove
lessons of each unit she believed were “unnecessary” for her students’ success.
For example, Stefanie replaced an engineering design project on animal
adaptations for a play from the Reading curriculum that students role-played. Though the
engineering design project required students to creatively and collaboratively apply their
scientific knowledge of adaptations and habitats to designing an insect adaptation for a
particular habitat, Stefanie believed that her students would learn more from participating
in a role-play on animal adaptations, where she assigned the roles and students read from
a script. The time to gather materials for the project was also a deterrent (Researcher
Field Notes).
Though Stefanie taught science consistently, she had little agency to change the
way she viewed and taught science. Consequently, Stefanie incorporated the curriculum
Ayanna and I developed as a collection of science ideas to supplement her existing way
of teaching. She viewed the science PD as a space to provide her with the material
resources she needed and was never given, as she explained: “Giving me newer ideas on
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how to do the kits. It’s saved me a lot of time putting those together,” and added, “…
who has that energy to…you know...it was funny I had great ideas to do, but there’s no
way I’m going to go buy clothespins and this and that (Stefanie Interview, 3/20/18). The
curriculum helped her develop knowledge in using the “kits,” or equipment and supplies
provided by the principal, to teach science, but not knowledge of inquiry-based, studentcentered science teaching.
As Stefanie taught the science labs, and I assisted in teaching them, she
interpreted her students’ excitement and interactive behavior as chaos resulting from not
following instructions or procedures. Despite my efforts to explain student behavior as
normal, making mistakes as a natural part of learning to do science, Stefanie strongly
believed that her students were off-task and misbehaving during the labs, as she
explained: “Yeah like I can trust them [higher-level students] that they aren’t going to act
crazy. Like, I know some of them [lower-level students] probably would have eaten those
beads” (Stefanie Interview, 3/20/18).
Because of Stefanie’s deficit view of her students, she lost the agency she had in
the beginning of the year to teach hands-on science. She became disappointed and
unmotivated to spend the extra time to prepare and teach the curriculum. She explained:
This year and last year has been my worst where I’ve lost my motivation to do
anything because I’m doing most of the prep-work and then it’s thrown in my
face. Like who stole a magnet, like c’mon. (Stefanie Interview, 5/29/18)
Stefanie believed that the time and effort she spent on “prep-work” to gather and organize
the equipment and materials for students to do hands-on labs and activities was not
worthwhile because her students did not show appreciation for these learning experiences
by behaving in “disruptive” ways. When science labs did not go as she planned, instead
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of reflecting on her teaching and adjusting her approaches and practices to meet her
students’ needs, she blamed her students for their “bad” behavior and inability to do
science. Over the school year, Stefanie’s agency and motivation to prepare and teach
hands-on science decreased, as she believed her students did not deserve her time and
effort. Rather, she adapted the science curriculum to fit her traditional way of teaching
science through lectures and readings.
Interestingly, Stefanie started taking more risks and experimenting with teaching
labs in more open-ended, student-centered, collaborative ways only after the state science
test. She engaged students in engineering design activities, unlike the majority of the
year. It was possible that because of the stress and content-heavy nature of the state
science test, Stefanie was discouraged from taking risks in her teaching approaches to
teach science to her students in a more engaging and humanizing way. It was also
possible that she had difficulty interpreting the science curriculum activities Ayanna and I
developed because she did not create them herself.
Marciella. Science was not a school priority and Marciella had very little agency
to teach hands-on, inquiry-based science. She infrequently volunteered extra time and
effort to prepare and teach science in a hands-on, inquiry-based way and often used
limited time as a reason for being unprepared for science. Marciella never took the time
to gather science equipment from her classroom or prepare for the labs independently or
with me. Rather, she always relied on me to prepare and organize the lab equipment for
students during science instructional time while she was introducing the lab question and
purpose. Though she oftentimes stated that she would prepare the necessary lab
equipment, she consistently used the lack of time for not being fully prepared for science
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class. Relying on what she learned from the Science PD Meetings, she would describe the
lab purpose, question, and procedure and connections to science content in a very
traditional, lecture format. Then, she would ask me to show students how to use new
science equipment (Researcher Field Notes).
In terms of the curriculum, Marciella often did not spend time reviewing the
instructional slides ahead of time and usually made adjustments and modifications to the
slides while she was teaching, again spending very little time to prepare to teach science.
She did not appear to develop an understanding of teaching scientific inquiry through
teaching the science curriculum. She often taught labs and activities at the end of the unit,
rather than teaching new concepts in the sequence of the 5E model outlined in the
curriculum so that students could construct their own scientific understandings. Even
with her strong desire for students to follow “the scientific method” during labs, she often
skipped over parts of the lab where students were hypothesizing and asking questions.
Instead she told students the lab question and purpose and then went straight to the lab
procedure (Researcher Field Notes). Marciella relied on her traditional science teaching
schema and experience to make modifications of the curriculum, as she explained: “The
way I teach ... usually with experience, have a way, you know you get into a rhythm of
teaching certain things, even if the programs change” (Marciella Interview, 6/1/18).
However, Marciella found that the instructional materials and lesson plans developed by
Ayanna and me to be very useful, as she described:
Yeah, yeah, the teacher guides are very helpful. Everything, the lesson plans,
the slides are helpful. I think they’re very comprehensive, breaks everything down
better for the kids. (Marciella Interview, 12/7/17)
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Nevertheless, by the end of the year, Marciella never exhibited agency in teaching
hands-on, inquiry-based science and did not make significant changes in her
understanding of science teaching. Consequently, she made no significant changes to her
teaching practices or commitments to science. By the end of the science PD, she still
believed that time was a major barrier to teaching science. She explained:
The only challenge I’ve realized, you know is the timing of the days. I don’t feel
like I get to do as much and that’s why I’m so behind. So behind. Because I don’t
like to do a chop up job, I wanted to really cover it thoroughly so it takes me
forever … By the time I get upstairs…if I don’t get to pack up and write
homework, that takes time away from that [science]. So by the time to actually do
it, it leaves less time. I mean, it has nothing to do with science curriculum, it’s just
that the time ... and it’s really the only time of the day we can actually do it.
That’s the only challenge, especially when you’re doing labs that you really need
the time. (Marciella Interview, 6/1/18)
Throughout the year, the fourth-grade team discussed ways to maximize time for science
during the Science PD Meetings and Science Debrief Meetings. I offered to work with her
during her free period before the science period so that she could be more prepared for
the science lessons. She neither attempted to adapt her own routines and practices to
create more time for science, try out the strategies other teachers used, or take the support
I offered her.
Shifting, Evolving, or Reinforcing Understandings of Science Teaching
The teachers in this study had little knowledge of the scientific practices and the
5E inquiry-based model (Bybee, 2014). They also were under-confident in teaching the
labs and were nervous about classroom management during labs. The science PD served
as a human resource because the teachers worked together and with me to improve and
deepen their science practices, commitments, and understanding of science and science
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teaching. This section describes how each teacher’s understandings of science teaching
evolved or shifted or remained the same through the science PD and science teaching.
Remy. Though Remy attended every Science PD Meeting and Science Debrief
Meeting, she found the one-to-one meetings with me while she was preparing and
teaching science the most beneficial to deepening and improving her science
understandings and teaching practices. Because the labs were the most challenging aspect
of science teaching for Remy, we spent the majority of the one-on-one meeting times
gathering and preparing lab equipment together, reviewing lab procedures, and discussing
the best way to teach the labs to ELLs. In the beginning of the year, Remy relied on me to
model teaching lab procedures and explaining vocabulary and content. However,
whenever she asked me to step in to teach, she would add, rephrase, or repeat what I said
as a form of practicing science teaching (Researcher Field Notes). As she taught, she
would look to me for head nods and approval of what she was teaching. I provided Remy
with assurance and comfort in science, as she described: “And you would co-teach with
me…Because if I was [messing] up somewhere and I was like I need some help, you
would help me out. By myself, it’s a different story” (Remy Interview, 5/29/18).
Remy had anxiety around messing up the lab instruction and losing control of the
classroom during labs and hands-on activities. With my encouragement and informally
debriefing after teaching labs, she learned to interpret when her students were positively
collaborating, engaging in the labs, and arguing and questioning each other during the
labs, instead of viewing all student interactions during labs as off-task and chaotic. She
described my support as:
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I guess you here kind of giving me, saying okay it’s okay to mess things up
instead of trying to perfect everything and just trying to work with what the kids
already know to like gear my instructions. (Remy Interview, 5/29/18)
As Remy taught more science, she developed an understanding of inquiry-based
science teaching through her constructivist schema of teaching ELLs and described her
teaching of science topics as such: “I kind of expose them [students] to everything first
and have them explore it. And then we go over it and then they go back into groups and
then we go over it again” (Remy Interview, 5/29/18). She was unaware that her
developing approach to teaching a science topic followed the 5E model of science
instruction. She drew on her constructivist teaching approach and experience as a teacher
of ELLs to elicit prior knowledge and frontload vocabulary and concepts first through
Engage and Explore phases of the 5E model. Then, she returned to them again in more
depth and through another hands-on activity (Explain and Elaborate phases) to reinforce
and solidify concepts and teach science in a way that was accessible to her ELL students.
By the end of the year, Remy spent very little time talking in front of the
classroom and used the majority of class time for group work, readings, videos, and
learning activities. As Remy developed her own inquiry-based understanding and style of
teaching science, she also became more confident and comfortable with preparing and
teaching science on her own, as she explained: “I feel like I’m confident enough to teach
science, like by myself, without like you pushing in...I’m confident to do it by myself”
(Remy Interview, 5/29/18).
Remy also felt successful at teaching science to ELLs when she saw her ELLs
learning science and becoming confident and engaged during science lessons. They were
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using the appropriate vocabulary to debate each other, which boosted her confidence and
comfort to teach science in a hands-on way. She explained:
They help one another out. So I feel like they’re confident to do certain things
and then when you hear them in discussions, they actually know what they’re
talking about. They’re not just throwing words out there. So I feel like they’ve
gotten a lot more comfortable in science. (Remy Interview, 5/29/18)
As a reflection of Remy’s teaching, seeing her students become more comfortable and
confident in learning and doing science made her more comfortable and confident in
teaching science.
Stefanie. Stefanie, though confident in her science content and teaching, was
uncomfortable in teaching science labs and hands-on activities. Stefanie was in her
comfort zone when she taught science traditionally. She was consistently happy, warm,
enthusiastic, funny, and encouraging towards her students. When Stefanie was out of her
comfort zone, like while attempting to teach labs, her temperament was different. She
became noticeably impatient, angry, irritated, frustrated, and made quick judgments about
her students’ ability to do the labs. Like Remy, she had anxiety about teaching labs and
was always nervous that her students would not follow instructions and the classroom
would erupt into pure chaos. With these assumptions, she interpreted her students’
exploring the lab equipment, genuinely making mistakes, and being curious about the lab
and equipment as being deviant, not following procedures, and losing control of the
students. Though I encouraged Stefanie to model for students how to use the equipment
and the lab procedures, she rarely did this. At times when I stepped in to model
procedures and add to her instructions, she would interrupt me and have students start the
lab. Then she became irritated when they made mistakes in the procedure (Researcher
Field Notes).
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Stefanie expected students to know exactly what to do by reading the procedure.
When students made mistakes, she yelled and blamed them for their missteps. Stefanie
had difficulty conceptualizing labs, instructing students so that they would follow
procedures, managing classroom behavior, and drawing conclusions from the lab.
Though these were common struggles for teachers learning to teach science labs, she was
unwilling to ask for help or take my suggestions. She masked her struggles by blaming
students as being immature (Researcher Field Notes). She described:
You know, like they’re so babyish that even if I grouped them better and I put
one “bad” kid with a good group, they just, they would destroy the group too,
because then the “smarter” kids won’t want to help them and that starts a fight,
and it’s just, I can’t handle it. (Stefanie Interview, 3/20/18)
Despite Stefanie’s continued struggle to teach science labs, she expressed that the
Science PD Meetings were the most useful and helpful of all the science PD activities.
She described the meetings as: “It just made me focus and get things organized
beforehand, cause it’s a lot of prep-work. It gives me the background knowledge I
need…to foresee any problems” (Stefanie Interview, 5/29/18). Although Stefanie usually
expressed that she was able to implement the science labs after these meetings, she had
me teach students labs towards the end of the school year and leading into the state
science test. She explained her reasoning for this, blaming the students as unmotivated,
as:
I used to do more hands-on when the kids were more manageable. But
they…with all the prep-work and the money involved, it’s…I’m not motivated.
So when I see kids motivated that makes me motivated. (Stefanie Interview,
5/29/18)
She also attributed her motivation as a teacher changing since she initially started
teaching because of her age and increasing responsibilities of being a parent: “Yeah. I
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think it’s because of my age too, there some things I just can’t do it anymore” (Stefanie
Interview, 5/29/18).
Despite Stefanie’s negative, deficit views of her students, she started noticing
after teaching the third unit, Animals, in March that her students were making more
connections between science and other subjects, particularly to reading. She also
observed that they were more interested and engaged in science. She surprisingly
expressed loving teaching science because it supported students’ reading skills in
preparation for the ELA state standardized test: “I love teaching it [science]. I love them
learning the new words. I think they [students] have done better with technical texts, like
on [ELA] practice tests” (Stefanie Interview, 3/20/18). Having students make connections
between science and other subjects was an affirming sign to Stefanie that her students
were learning the science content more deeply than in previous years because of her
teaching, as she described:
And I see them making connections now when they are reading the literature
and go like “oh we talked about this [in science].” So that is amazing. So I feel
like they’re learning more. (Stefanie Interview, 5/29/18)
However, she hands-on science was still a privilege by the end of the year, as she
described her approach to students doing engineering design activities in her classroom
after taking the state science test: “So I’m gonna be more vigilant for the rest of the year,
and those kids would do paperwork and the other ones would do [science] projects”
(Stefanie Interview, 5/29/18). Though Stefanie was seeing the learning benefits of handson science, only certain students were allowed to do science in her classroom.
Despite Stefanie’s discouragement to teach hands-on science towards the end of
the year, she expressed feeling more capable with teaching hands-on science because of
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the science PD, as she described: “Well I have adapted in fixing problems and
anticipating the problems. So I think I’m better that way” (Stefanie Interview, 5/29/18).
She felt like she prepared her students better for the state science test this year, which
validated her feelings of being more capable in teaching science.
Marciella. Because Marciella had been teaching for almost 30 years in a highstakes testing environment and was close to retiring, she was used to having to teach
school-mandated curricula and having those curricula change every few years to improve
student performance, as she described: “In 30 years, I’ve seen so many programs come
and go, and come back. Repackaged as something else, when it was the same as when we
did it 15 years ago. It’s crazy” (Marciella Interview, 6/1/18). From her teaching
experience, she viewed herself as a lifetime learner out of necessity for survival as a
teacher in a high-stakes testing environment: “I’m a lifetime learner so I roll with the
punches. Whatever it is I can do. You have to in this environment. Without change, you
stay stuck in one thing you’ll never survive” (Marciella Interview, 6/1/18). Thus,
Marciella viewed the new science curriculum Ayanna and I developed as another
curriculum change that she had to follow. She participated minimally in the science PD
activities as part of what was expected of her as a teacher when a new curriculum was
introduced. Although she believed that science PD was needed, she described her
participation as such: “I feel like I didn’t participate as much as I should have, again with
timing and just whatever, I feel bad about that, it’s just, you know, timing” (Marciella
Interview, 12/7/17).
The only science PD activities Marciella participated in were the Science PD
Meetings and Science Debrief Meetings. She felt that running through the labs with other
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teachers helped her, as she explained: “Definitely bouncing ideas back and forth about
what we should cover, what we shouldn’t cover. The pacing, the materials we’re using,
all of that is helpful” (Marciella Interview, 6/1/18). She found that the science PD in
general provided her with “direction”, explaining: “[The science PD] gives me directions,
preparation, organization, all of that” (Marciella Interview, 3/27/18).
Marciella was used to teaching in isolation and modifying and adapting all
curricula, including the science curriculum, to her classroom and teaching style, as she
explained: “…I mean we work as a grade, but I feel free to like amend, change, move,
you know, ahead whatever” (Marciella Interview, 6/1/18). Instead of viewing the one-onone classroom support as an opportunity to learn and improve her science teaching and
classroom management, she viewed it as a time for me to prepare science equipment and
materials for her, and to guide her and the students through the lab.
Marciella, however, did see the benefit of teaching the hands-on, inquiry-based
curriculum in her students’ learning and curiosity of science. Marciella believed that the
fourth-grade teachers collectively improved in their science teaching and that her students
retained science content much better because of their yearlong participation in the science
PD. She explained: “They [students] didn’t retain half as much as what they’ve been
retaining now through hands-on work, through the videos, through just questioning”
(Marciella Interview, 6/1/18). She also recognized that students were becoming more
curious in science, leading them to develop critical thinking skills:
Definitely the kids are more curious to discover for themselves the answers to a
certain question, instead of us feeding it to them all the time. And that’s exciting,
they’re doing something hands on. (Marciella Interview, 3/27/18)
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Though she never fully prepared for or took the lead in teaching hands-on science for the
academic year, she felt much more comfortable in teaching science, as she explained: “I
mean I have a lot more to learn. And I definitely feel more comfortable teaching science
than I did before” (Marciella Interview, 6/1/18). Marciella may not have participated
fully in the science PD or taught science entirely, but she felt more capable and
comfortable to teach science (with support) in a hands-on way through the science PD.
Discussion
All three teachers’ existing schemas of teaching and science teaching informed
and determined the activation and mobilization of nonhuman and human resources of the
science PD. Their schemas influenced how they taught science; interpreted the inquirybased science curriculum; developed knowledge of science equipment; and created time
and commitment to teaching science. Differences in years of experience teaching in a
high-stakes testing environment seemed to influence how teachers interpreted and used
their agency to enact the new science curriculum and science PD. Remy, as a fourth-year
teacher, was the most agentic and willing to try out the new science curriculum and
transform her teaching so that all her ELLs could access science. As science became
important and meaningful to her students, it became meaningful and important to her.
Berg and Mensah (2014) also found that the teacher in their study who was just exiting
the induction phase (first three years of teaching), like Remy, was more intrinsically
motivated than novice or veteran teachers to try out new teaching. Their suggestion that
co-planning and co-teaching for teachers at this phase may be more effective was
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confirmed in this study, as Remy found this type of support most beneficial to learning
and growing in science teaching.
Stefanie and Marciella, though given the opportunity to transform their science
teaching, did not change their views of science teaching and learning, or their science
teaching practices or approaches significantly. With the combined teaching of almost 50
years, they both seemed to have lost their agency to teach in new, reform-oriented,
research-based ways and relied on their established teaching schemas to inform their
teaching decisions. Stefanie’s her desire to teach in a hands-on, student-centered way was
in tension with her perception that only some of her students could learn in this way. In
her almost 20 years of teaching science in a lecture-driven way, she strongly believed that
her well-established traditional methods were effective. She believed that her lower
performing students performed poorly because of their “bad” behavior and lack of
motivation and work ethic, not because of her teaching or classroom environment.
Because changing her science teaching practices to become more inquiry-based posed
challenges in classroom management and lab preparation, she decided that teaching the
way she was comfortable teaching was easier and more manageable for her by the end of
the year.
Stefanie’s phase in her teaching career fits the “Serenity” phase of Huberman’s
(1989) professional life cycle of teachers. In this phase, teachers’ “gradual loss in energy
and enthusiasm is compensated for by a greater sense of confidence and self-acceptance”
(p. 35). In this phase, teachers, usually beyond 12-15 years of experience, teach more
mechanically and less passionately, and they have accepted that their teaching is good
enough for them and their students. Stefanie’s complacency in her teaching and deficit
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orientations towards her students stifled her agency to be the “project-based” teacher she
wanted to be.
Marciella, who was near retirement, believed her science teaching was already
“perfected” through her years of experience and knowledge of teaching. She viewed
teacher learning as a necessity to keep up with the demands of constantly changing
educational policies. The new science curriculum and science PD were just another
educational change with which to adapt. Though she wanted her students to genuinely
learn and understand science concepts, her teaching was reduced to lecturing and
memorizing for the state science test.
Marciella was similar to the veteran teachers with more than 24 years of teaching
experience in Day and Gu’s (2009) study, where they associated reform with the need to
change existing attitudes, values, and practices, and regarded reform as “denying their
values, status, experience and expertise which they have nurtured and honed throughout
their professional lives” (p. 453). Marciella was undergoing a life phase transition from
teaching into retirement. Thus, her commitment, motivation, and effectiveness as a
teacher, accompanied by the demands to change and adjust her science teaching, was in
tension with her intention to retire in the next two years and start a new phase of her life.
Remy valued collaboration, discourse, and teacher inquiry in learning
communities, whereas Stefanie and Marciella viewed teaching as a private and isolated
endeavor, reflecting a generational difference in perspectives of teaching (Rinke, 2009).
Despite my efforts in asking problem-posing questions to the team to discuss, the
discussions during the Science Team Meetings and Science Debrief Meetings were more
procedural and logistical. The conversations centered around becoming familiar with the
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labs and adjusting the science pacing calendar, rather than problem-solving and shared
teacher inquiry and reflection on classroom or curriculum challenges. The veteran
teachers often drove these discussions, as they held more power amongst the fourth-grade
teachers due to their many years of experience teaching in the school and the fourth
grade. Remy, however, used the Science Lessons Teaching part of the science PD model
to collaborate with me and consistently collaborated with the other two fourth-grade
teachers who were not in this study.
These findings support other studies that suggest that teachers at different phases
of their careers need individualized kinds of professional development because of their
differing personal and professional needs and perspectives on teaching (Berg & Mensah;
Day & Gu, 2009; Johnson & Kardos, 2005; Moore, 2008). Professional development
should not only consider student learning, but also the personal and professional goals of
individual teachers (Moore, 2008). For teachers earlier in their careers, like Remy, it is
important to support them in managing professional and personal tensions and
establishing their professional identities. With teachers later in their careers, like Stefanie
and Marciella, science PD should energize and revitalize their commitment and
effectiveness in the profession may that may have eroded by a combination of workplace
and personal influences (Day & Gu, 2009).
Conclusion and Implications for Research
Teachers are practitioners and without science PD, they will not receive the
theoretical underpinnings necessary to understand the logic, sequence, and approaches of
a new, reform-oriented science curriculum. Explicitly providing the theoretical
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underpinnings and rationale for the construction of particular reform-oriented science
instructional models through full-day science teacher workshops may help veteran
teachers whose teaching are heavily informed by their practice-based knowledge of
teaching to develop schema to interpret, understand, and implement the curriculum closer
to how it was intended. Having a deeper understanding of the rationale behind teaching
reform-oriented science curricula may change or add to their teaching schemas.
Another way this study could have deepened the teachers’ understanding of
reform-oriented science teaching and learning was to involve all of them in planning the
science curriculum, rather than embedding the Science Planning Meetings into the
existing fourth-grade planning structure of having only one teacher plan for one subject.
Because planning reform-oriented science lessons involve applying the constructivist,
inquiry-based theories to create lessons, it is a formative and reflective teacher practice.
Though Remy did not participate in creating the science curriculum, she heavily modified
it for her ELL students, which required her to develop deeper knowledge and
understanding of the 5E inquiry-based instructional model through the science PD.
If the science PD model were implemented again, or in another grade at the
school, or in another elementary school, further research could examine how teachers’
understandings and practices of science teaching evolve with the addition of teacher
collaboration in planning science lessons and all-day workshops on the purposes and
rationale of the science curriculum and instruction. These findings would provide richer
feedback for science teacher educators interested in designing school-based science PD
for elementary teachers.
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Chapter VI
DISCUSSION, IMPLICATIONS, AND CONCLUSION

This dissertation examined how the science teaching practices and understandings
of a team of five fourth-grade teachers developed, shifted, and evolved as they
participated in a school-based science PD program during the 2017-18 academic year.
More specifically, the dissertation first examined how the science teacher identities and
agency to teach science of two co-teachers, Ayanna (Jamican/African American) and
Lana (Ecuadorian/Latina), developed and shaped through the science PD and as they
taught science. It also examined how the other three teachers in the team, Remy
(Indian/Guyanese), Stefanie (Italian/Puerto Rican/White), and Marciella (Puerto
Rican/Latina) interpreted, utilized, and incorporated the resources that were created and
provided by the PD to change, shift, or transform their science teaching. The human and
nonhuman resources included a science curriculum, science equipment, collaboration,
individual assistance, co-teaching, and time to teach science. The fourth-grade team of
teachers also included two teachers who were early career teachers and three teachers
who were well into their careers. As early career teachers, Ayanna (BET) had two years
of teaching experience and Remy had four years of teaching experience at the beginning
of the study. The three veteran teachers (VETs) were Lana and Stefanie, both with 19
years of teaching experience, and Marciella, with 29 years of teaching experience. All of
the teachers identified as TOC, except Stefanie who identified as White.
Before this science PD and study, all five teachers had only traditional schooling
experiences in learning science, with the exception of Ayanna. Though all of the teachers
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knew science was learned and done through experimenting and discovering, not through
reading and writing, they did not know how to teach the subject in any other way because
they never experienced doing science themselves. Ayanna came to experience science as
hands-on, as doing and creating, during her teacher preparation program and while
teaching at a science summer camp. The science PD provided teachers an opportunity to
experience and teach science in a more reform-oriented, engaging way that was aligned
with the way they conceptualized science should be taught. In doing this, the science PD
invited and asked teachers to change the way they approached teaching science.
There were many influencing factors to how teachers individually participated in
the science PD, and viewed, incorporated, and made sense of the new science curriculum
and equipment, and new approaches and practices to teaching science. These factors
included their existing teacher identities and schemas, their views, opinions, and beliefs
of students and learning, and their teaching experiences and training prior to this study
(Battey & Franke, 2008; Meister & Ahrens, 2011; Mensah, 2016; Rinke, 2009).
Synthesis of Findings Across Chapters IV and V
Looking across all five teachers, the findings from Chapters IV and V show that
teachers at different phases in their careers engaged with the science PD in different ways
and constructed different meanings of teaching hands-on, inquiry-based science (Berg &
Mensah, 2014; Rinke, 2009). This point is discussed in the following sections.
Learning to Teach Science as Early Career Teachers
The induction literature identifies the kind of professional development that best
supports early career teachers’ professional growth as situated in the practice of science
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teaching (e.g. planning, enacting instruction, and reflecting on teaching), and provides
regular opportunities for critical and thoughtful conversations that analyze and challenge
teachers’ ideas, pedagogy, and conceptions of science within a community of practice
(COP). Time to meet and collaborate with other teachers, particularly experienced
teachers, on science teaching and instruction was the most salient support for early career
teachers (e.g. Feiman-Nemser, 2000; Hopkins & Spillane, 2014; Merk et al., 2015; Smith
& Ingersoll, 2004; Webb, 2015). Collaborating with other teachers came in various
individual and group forms, such as mentoring, common planning time, and professional
learning community meetings. Regardless of the form of collaboration, these were times
and spaces where early career teachers sought advice and information important to
developing teaching knowledge, made sense of new instructional strategies and particular
curricula, and learned organizational routines and school culture. Being part of a COP,
whether amongst colleagues in the same grade level or school or in an external network,
provided a space to learn science teaching with others, reflect on practices, and engage in
conversations about being a new science teacher. This meaningful dialogue supported
early career teachers’ science teacher identities and feeling a sense of belonging and
membership in the teaching profession (Merk et al., 2015; Kane & Varelas, 2016; Webb,
2015).
Informed by the literature on COPs and effective professional development
models, the science PD model designed and implemented in this study was situated in the
teachers’ practice and provided several opportunities for the teachers to collaborate as a
group (Science PD Meetings and Science Debrief Meetings) and through individual
mentoring with me (Science Planning Meetings and Science Lessons Teaching), with the
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intention of forming a COP of science teaching within the fourth-grade team. In viewing
learning as situated in a COP, as Ayanna and Remy participated in the science PD and
taught the science curriculum, they were developing understandings of what it meant to
teach hands-on science and forming science teacher identities.
Like early career teachers described in the literature (Gustafson et al., 2002;
Feiman-Nemser, 2010; Merk et al., 2015), collaborating with me and other teachers and
sharing ideas and materials was most valuable to Ayanna and Remy in their learning to
teach science and science identity construction. Because they were trained through their
teacher preparation with more recent research on teaching and learning, collaboration was
part of their practice and how they viewed the profession. For them, being a “good
teacher” involved being part of a COP and creating learning environments for students to
collaborate and construct knowledge through activity and discourse. Because they taught
SWD and ELL student populations that needed varied and multiple teaching strategies to
access content and develop skills, they were used to sharing, discussing, and trying out
different teaching approaches and learning activities to determine what worked best for
their students. As teachers early in their careers, their sense of science teacher self and
practices were still forming, developing, and shaping.
For both Ayanna and Remy, the one-on-one mentoring and classroom support
were the most beneficial and effective for their development as science teachers, rather
than the team meetings. This finding suggests that the direct, science-specific support
from a science specialist helped them build deeper science content knowledge and PCK
for science than the team meetings with their veteran colleagues who were generalists.
Hopkins and Spillane (2010) also found that of all the formal and informal school
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supports, subject-specific instructional coaches played an essential role in providing early
career teachers with opportunities to learn how to implement new curricular materials and
develop PCK. However, the individual science support that I provided was meaningful to
the two teachers for different reasons.
For Ayanna, with only two years of teaching experience, the one-on-one space
was used for deep discussions about science content and lesson planning, interpreting
student reactions and teacher actions, and making sense of the teaching disconnects she
experienced. This space was induction support for Ayanna, and I acted as her mentor
trying to help her figure out her teaching style and determine who she was and wanted to
be as a teacher and science teacher. In the classroom, I was positioned as the experienced
other and took on the role as a student teacher supervisor. I was one of Ayanna’s
significant narrators, having an influential voice in her science learning and teaching
perspectives and actions (Sfard & Prusak 2005). Thus, my recognition of her as a science
teacher was highly influential and affirming to her science teacher identity development
(Luehmann, 2007).
In contrast, Remy, with four years of teaching experience, already established her
teaching style and practices and developed her teacher voice. Through her teaching
experience, Remy already understood her students’ reactions and behavior, the school
culture, and negotiated tensions in disconnects between her view of teaching and the
school context. As Berg and Mensah (2014) found that teachers who are exiting the
induction phase might feel ready to expand and refine their teaching repertoire, Remy
was also motivated to expand her teaching to include science. Therefore, the one-on-one
space was used for practical and logistical discussions, such as how to set up lab
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equipment and discussing Remy’s ideas, modifications, and supplements to the science
curriculum. As Remy practiced teaching science, she became more able and confident to
teach science, and her understanding of teaching inquiry-based science deepened. In the
classroom, I was positioned as a co-teacher for science. Though Remy often looked to me
for affirmation in her science teaching, my role for Remy’s science teacher development
and growth was to give her encouragement and guidance to try out new science ideas and
practices and to step in during lessons when necessary.
In comparing Ayanna and Remy’s experience in the science PD, early career
teachers are still growing, learning, and honing their practices as teachers and science
teachers as part of the professional learning continuum (Feiman-Nemser, 2010). Their
conceptions of teaching and teaching science are still shaping and malleable and the oneon-one support was influential and critical for their development and growth (FeimanNemser, 2000, 2010; Merk et al., 2015). Having a significant narrator to affirm and
recognize their teaching as legitimate science teaching was very influential in developing
their science teacher identities, as well as their confidence, comfort, and agency to teach
science (Avraamidou, 2014; Luehmann, 2007; Webb, 2015).
The findings show that as teachers in the early phase of their careers gain more
teaching experience and develop a more stable identity in teaching, the interactions,
positioning, and role of the science teacher educator changes from mentoring to coteacher. The consistent support by a science teacher educator was necessary for Ayanna
and Remy’s growth as science teachers through the science PD model implemented in
this study. However, science teacher educators working in universities may not be able to
spend the time in schools necessary for this science PD model. To replicate this model in
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other schools, the continued school-level support may be better suited for science
instructional coaches that are available regularly at the school (Berg & Mensah, 2014).
The Multiple Ways VETs Participate and Learn Through Science PD
In the city where this study took place, teachers are required to remain in the
profession for 30 years in order to receive retirement benefits (New York State Teachers
Retirement System, 2018). Considering this length of time, Lana and Stefanie were far
into their teaching careers, but still had several years of teaching before they were eligible
for retirement. Both having 19 years of teaching experience, they were further removed
from their teacher education programs and relied mostly on their years of teaching
experience to inform their approaches, practices, and understandings of how students
learn. They both had deeply formed teacher identities (but not science teacher identities),
and they had very different perspectives, orientations, and beliefs of teaching and
learning, which guided their pedagogical perspectives, and their teaching decisions and
actions to motivate student learning (Grant & Gibson, 2011; Huerta, 2011). The findings
in this study showed that the ways Lana and Stefanie participated in the science PD and
the way their views of science and science teaching changed or remained the same were
influenced by their experiences, orientations, and identities as teachers.
Lana, co-teaching in an ICT classroom with wide range of student abilities and
learning needs for the majority of her career, recognized the need for differentiation and
having to adjust her teaching practices to support her students’ learning constantly. Lana
also saw herself in her SOC, as a bilingual, Latina child herself sharing similar struggles
and social injustices in school. Similar to findings of studies on Latinx teachers teaching
Latinx and/or bilingual students (e.g. Garcia-Nevarez et al., 2005; Huerta, 2011; Liou &
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Roja, 2016), she cared deeply about her students and held humanizing perspectives
towards teaching them because of their shared experiences. Through seeing her students
learning and growing from hands-on science, she became motivated to develop her
science teaching so that she could provide students with positive experiences and
opportunities to learn science that she did not have in her childhood. Science became
more important to her as it became more important to her students. Thus, her experience
through the science PD was transformative and placed her on a trajectory to develop her
science teaching identity and practices.
Stefanie always taught in a general education classroom and believed that
students in her classroom should all learn the same way and through traditional teaching
practices since they did not have defined, specific learning needs. She held a deficit
perspective towards her students and often viewed her disruptive students as problems,
rather than recognizing the need to adapt and tailor her instruction to their learning needs
(Bartolomé, 1994; Leonardo & Grubb, 2014). Before the science PD, Stefanie was
comfortable and confident in her science teaching and believed that her science teaching
only needed the addition of a hands-on lab component.
For Stefanie, the science PD provided her with ideas and equipment to teach
science, however, it was not as transformative for her as it was for Lana. She subscribed
to the Traditional Schooling Discourse that Carlone and colleagues (2010) describe as
“the teacher as authority, students as recipients of knowledge, and science as a body of
knowledge” (p. 943). Though Stefanie saw improvements in her students’ science
learning through hands-on experiences, she questioned whether all her students could
“handle it.” Her students’ normal reactions and behaviors in science seemed to confirm
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her deficit views of students, leading her to believe that she needed more “mature
students” for the hands-on activities to be successful. Consequently, she reverted back to
lecturing and having students passively learn science by the end of the year. Because of
her deficit perspectives of her students, she further excluded her SOC from doing science
and marginalized science in her classroom. By limiting the access SOC had to
meaningful and engaging science learning experiences, she reinforced and perpetuated
the dominant narrative that science was a privileged subject rather than a subject
everyone could learn and had access to learning (Carlone et al., 2010).
Despite their differences in pedagogical perspectives of SOC, Lana and Stefanie
found that the Science PD Meetings were most useful form of support because it provided
an opportunity to run through labs and experience them. They were able to talk to each
other about the lab and how to teach it. For teachers well into their teaching careers, like
Lana and Stefanie, designing group PD activities for teachers to participate in and make
shared meaning seemed to work well. Teachers in this phase already have their own
sense of teaching and what works. Once they internalize the new lessons, they have
enough experience, foresight, and problem-solving skills to anticipate and determine the
most effective way to teach and conduct the lesson (Berg & Mensah, 2014).
Marciella, at the end of her career, with 29 years of teaching, was more focused
on finishing out her last years of teaching and transitioning into her retirement life than
genuinely improving and changing her science teaching practices. In her last years of
teaching, she had seemed to plateau, where “the stability achieved during one’s tenure
can be rewarding, but over time can lead to a sense of routine and stagnation” (Meister &
Ahrens, 2011, p. 770). She viewed the new curricula and PD as part of the constantly
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changing demands of public school teaching. Though she recognized the need for science
PD and the benefits of the new science curriculum and equipment, she also talked about
the science curriculum as something for other teachers to grapple with and incorporate
more genuinely. Though she attended the team meetings and followed the new
curriculum, she rarely actively and authentically participated in ways that would lead to
change in views, perspectives, and approaches to her science teaching. Despite her
actions, she believed that the co-teaching and guidance from me were extremely helpful
in implementing and teaching the updated science curriculum. Still, Marciella had
plateaued, perceiving little or no challenge left in her job, and was coasting into
retirement (Meister & Ahrens, 2011).
Similarly to this study’s findings on Marciella’s minimal participation and growth
in science teaching, Day and Gu (2009) found that almost half of the 52 teachers in their
study with 24-30 years of experience demonstrated a “holding on but losing motivation”
(p. 45). In designing science PD for teachers to promote personal and professional
growth, Moore (2008) argued that the age of teachers is important to consider, as this
factor is “very significant in how the teachers plan and discuss their personal and
professional goals” (p. 704). Thus, science PD programs should be aligned with the
individual needs and goals of teachers at various phases in their career. Teacher educators
and school leaders should be cognizant that VETs who are close to retirement, like
Marciella, have lived through and experienced decades of changes in educational
policies, societal values, and school initiatives. They need PD that honors their values,
experience, expertise, views, and point in their lives, but also supports them in adjusting
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to new curricula or initiatives in a way that helps them find a renewed sense of enjoyment
of teaching (Day & Gu, 2009; Moore, 2008).
Teachers of Color Learning to Teach Science
All of the teachers identified as teachers of color (TOC) except Stefanie, who selfidentified as White though she was half Puerto Rican. From their own narratives of
learning science as children, they all experienced exclusion and alienation from science
in their school and never had the opportunity to learn or teach science in enjoyable,
pleasurable ways, except Ayanna, until the science PD. Consequently, Lana and Remy
avoided teaching science and Stefanie and Marciella taught science they way they
experienced it in their own schooling, through the banking model, prior to the science
PD. All four of them unintentionally reinforced and perpetuated the cycle of exclusion
and alienation from science of SOC. This example illustrates the structural racism that
maintains inequity in science for SOC in urban, underserved schools (Mensah & Jackson,
2018). In viewing science as White property, Mensah and Jackson claim that
If the cycle is not broken, then Teachers of Color are unjustly positioned such that
claims to science as White property are not realized for them or their students.
They may not posses it, seek claim to it, nor benefit from the privileges, benefits,
or use and enjoyment that science holds from them. (p. 12)
Focusing on pre-service teachers of color (PTOC), Mensah and Jackson (2018)
argue that science teacher education must rethink curriculum, structure, pedagogy and
underlying philosophies in ways that provide PTOC access to science learning
opportunities that enable them to see themselves as belonging in the field of science and
claiming science. Extending this argument to in-service TOC, school-based science PD
should also design PD supports that welcomes and embraces TOC as science leaners and
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teachers, and disrupts the notion of science as White property, a space in which TOC do
not belong.
With the exception of Ayanna, the science PD was the first opportunity the
fourth-grade teachers at Simpson had to learn science in a non-traditional, lecture-based
format. Through practice, collaboration, discourse, and reflection around science
teaching, the teachers were provided more equitable learning opportunities that valued
their voice in science. Though all the teachers had positive experiences participating in
the science PD, it was most transformative for Ayanna, Remy, and Lana. However of the
three, only Ayanna and Remy taught science by the end of the year in ways that broke the
perpetual cycle exclusion and alienation of science for their SOC. Lana was still figuring
out how she wanted to be a science teacher. Stefanie and Marciella were not empowered
to transform their science teaching orientations, views, and practices to break the cycle.
Supporting the findings already discussed, TOC earlier in their careers may be more
malleable and open to engage in science PD that opens new possibilities in science for
their SOC and themselves. From many years of experiencing institutional racism in highstakes testing environments and perpetual exclusion from science, TOC later in their
careers may have more stable, hardened, and fully formed teacher identities that do not
include science and that are much more difficult to shift and transform.
Summary of Key Findings
With both Chapters 4 and 5, it becomes clear that science teacher educators
providing school-based PD must consider who teachers are and where they are in their
career phases (Berg & Mensah, 2014; Day & Gu, 2009; Moore, 2008). Having a variety
of supports available for teachers to participate in is important to support teachers in
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learning and implementing reform-oriented curricula and practices. Additionally, teachers
may not have the desire or agency to change and transform their practices in authentic
and lasting ways, particularly later in their careers like Stefanie and Marciella. With the
pressure of high-stakes testing that promotes and reinforces traditional ways of teaching,
teaching in more progressive, successful ways for their students may not be enough of a
motivation to change. Thus, making science a priority and having the administration set
the focus on science is necessary for inducing teacher effort and change.
Implications and Future Research
Implications for Science Education and Policy
Simpson Elementary School was a typical underserved public elementary school
facing multiple competing factors for school resources and time, mostly driven by the
need to improve high-stakes test scores in ELA and mathematics (Berg & Mensah, 2014;
Blank 2013; Lee et al., 2007). Though the principal fully supported this science PD
program and recognized the need for teachers to build capacity for teaching science,
participation was not mandatory and science was not at the forefront of the school’s
teaching and learning initiatives. Though science was regularly scheduled into the
teaching day, it was scheduled at the end of the day and teaching science during this
period was not as strictly enforced as reading, writing, and mathematics periods.
As the science teacher educator, I strategically found times in the teachers’
schedules where we could come together collectively for science PD meetings. Because
of the state science test at the end of the school year, the fourth-grade teachers had a
major motivation to teach science content that teachers in other grades did not. Though
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students were receiving science instruction, it was clear that teachers were cramming in
years of content that the test assumed students learned over several years of schooling.
Given the structural constraints on science and that the state science test tested mostly for
content, the VETs had little reason to change content-heavy, teacher-centered practices
that were effective and efficient for preparing students for this test, but not for
meaningful, engaging science learning. Ayanna and Remy already taught in studentcentered, humanizing, constructivist ways that were aligned with the science curriculum.
The fourth-grade teachers at Simpson also fit the mold of the typical public
elementary school science teacher: they ranged from having very little content
knowledge, PCK, and confidence to teach science to teaching very specific units in
content-heavy ways (Appleton, 2008; Davis et al., 2006; Lee et al., 2004). They also
taught multiple subjects and were often tasked with many teaching responsibilities and
pulled in different directions. If more time were carved out of the schedule for science PD
and science preparation, teachers would have been able to focus more on developing their
science teaching understandings and practices. Because the teachers were essentially
beginners to hands-on, inquiry-based teaching, they would need several years of
consistent, school-based science PD to develop their teaching styles, practices, and
knowledge of science. Finding time to include all-day workshops that provided more PD
on the theory and rationale of science teaching and learning would also help to frame the
PD and how to teach science in a reform-oriented way. However, as Lee and colleagues
(2007) mention, the intensity of science PD activities become compromised in urban,
underserved schools because the consequences for not meeting accountability measures
in ELA and mathematics are very serious. Until statewide assessment for science is more
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seriously implemented, time to develop elementary teachers’ science teaching knowledge
and practices will always be limited (Berg & Mensah, 2014; Blank, 2013; Lee et al.,
2004).
From these findings, the ways teachers teach and the status of science as a core
subject is ultimately driven by the nature and importance of the state assessment. It
becomes clear that the state assessments in science must change to assess learning
outcomes from the kinds of teaching methods and ways of learning we hope and train
teachers to use. The Next Generation Science Standards (NGSS), which the state has
currently adopted, necessitates students to learn science in a way that is grounded in realworld contexts and actively engages students in using Science and Engineering Practices
(SEPs) to learn the Disciplinary Core Ideas (DCIs) and Crosscutting Concepts (CCCs)
(National Science Teachers Association, 2018). This integrated, constructivist, inquirybased approach to learning science, or three-dimensional learning, requires significant
changes to state assessments of student learning (Sondergeld, Peters-Burton, & Johnson,
2016; Wertheim et al., 2016). With the NGSS, student proficiency of scientific concepts
requires students to demonstrate their application of knowledge of concepts (DCIs)
through the SEPs to solve real world problems and to reflect on the common themes that
cross all science disciplines (CCCs). Thus, science assessments must support this threedimensional learning in a way that assesses proficiency in each strand through formative
and summative assessments.
Recommendations for NGSS-aligned assessments include using multiple tasks
that enable students to show their understanding and probe more deeply into students’
reasoning and ability to draw on their knowledge and skills to solve problems. Examples
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of assessment tasks include open-ended essay or short answer items, performance
assessments, and rubrics to evaluate these assessment items (Sondergeld et al., 2016;
Wertheim et al., 2016). With new NGSS-aligned science standards, administrators will
need to create a school-wide plan and goals for teachers to adopt new teaching practices,
approaches, and science curriculum into their classrooms that reflect three-dimensional
teaching and learning. The change of the current content-heavy state science assessments
to NGSS-aligned assessments could also promote empowering policies that support a
culture and climate for teaching science in the schools (Mensah, 2010).
Implications and Future Research for Science Teacher Education Programs
Through the implementation of the cyclical science PD model, the fourth-grade
team established the beginnings of a COP (Wenger, 1998). Wenger (1998) defined three
key dimensions to a COP: Mutual engagement, a joint enterprise, and a shared repertoire.
Through the science PD model we established mutual engagement in the joint enterprise
of teaching science by co-constructing norms, routines, and practices for the various parts
of the PD model. We developed a shared repertoire (e.g. routines, words, tools, ways of
doing things, etc.) through implementing cycles of the science PD model. Over time, the
Science PD Meetings and Science Debrief Meetings became a routine for science, as
teachers came to expect these meetings and eagerly attended them to discuss and
collaborate around science. For each unit, the teachers also coordinated their pacing
schedules for teaching the unit so that I could be in their classrooms for individual
support and they could share any specific science equipment that were not available in
the FOSS kits. The science curriculum grounded the discourse and collaboration
throughout the science PD. Developing a COP of science teaching through participating
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in the science PD activities held the teachers accountable to each other and to me.
Teaching science and science became a higher priority to teach (Buxton, 2006; Kane &
Varelas, 2016).
Promoting the development of the COP for situated learning to occur involved
thoughtfulness in designing teacher learning activities that involved teacher discourse,
collaboration and reflection to develop and deepen content knowledge and PCK by me,
as the science teacher educator. It also involved meeting the needs the teachers identified
by finding ways to provide or create material resources in order to overcome existing
barriers to teaching science within the school context. As Appleton (2008) found in his
work as the science teacher educator with elementary teachers, there was an essential
relational aspect of the teacher educator-teacher relationship where I had to establish
mutual commitment, care, and collegiality to work productively with the teachers.
Through establishing a COP of science teaching, I hoped that the teachers would
develop new meanings of science that were significant enough to empower them to teach
science more on their own (Moore, 2008). I hoped that the teachers would develop
science teacher identities and agency to teach science within a high-stakes testing school
environment. By developing agency to teach science and a collective commitment to
teaching science, the teachers would hopefully continue the work that we started in
growing, shifting, evolving, and transforming their science teaching and learning for SOC
at Simpson after the yearlong science PD ended.
Because science teacher identities form and develop over time and through
practice within a COP, it would be worthwhile to examine the strength of the COP for
teaching science amongst the fourth-grade team and how these five elementary teachers
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taught the same curriculum for the second time the following academic school year. With
more understanding and experience with hands-on, inquiry-based science, what new
meanings are the teachers constructing? What meanings and practices are extended or
challenged by teaching the curriculum a second time? What science PD activities did this
group of fourth-grade teachers continue to implement and why? How are the teachers’
science teacher identities developing and shaping after this yearlong science PD?
Returning to the field to identify any lasting effects of the science PD on these teachers’
teaching, understandings, and practices of science would provide valuable feedback for
science teacher educators interested in creating effective, durable school-based science
PD.
Lastly, this science PD was restricted to only the fourth grade. However, to
address the issue of cramming all science content for the state test into one year, the
science PD model could be expanded to all grades in the school. One way to apply this
model school-wide would be to create teachers teams consisting of two grade levels (e.g.
kindergarten and first grade teacher team, second and third grade teacher team, and fourth
and fifth grade teacher team) to collaborate and work together during the Science PD
Meetings and Science Debrief Meetings. Because planning science lessons is an
important teacher practice, the teacher teams could also collaborate on planning the
science curriculum during the Science Planning Meetings. Creating larger teams of
teachers would enable the science teacher educator to work with all the teachers
consistently through this model. It would also help promote a COP of science teaching
and the construction of norms and best practices for science throughout the entire school.
Implementing the science PD model for each grade would provide feedback in the
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scalability of the model, as well as more data on elementary teachers’ science teacher
identity development and growth to improve the work of elementary science teacher
education.
Conclusion
Providing science professional development for elementary teachers is complex
because they are mostly beginning science teachers; however, depending on their career
phase, they hold varying degrees of teaching experiences, teaching philosophies and
orientations, and approaches and practices to teaching and teaching science. These are all
important factors to consider while designing PD activities for teachers. Further
examination of different PD activities that support teachers at various career phases,
particularly teachers who are well into their careers and close to retirement will help
broaden the field’s knowledge of how to support all elementary teachers and increase
learning opportunities in science for our students.
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Appendix A
Participant:
Location:

First Interview Protocol
Date:
Time/Period:

Past and Present Science Teaching Experiences
1. Tell me about your own experience with learning science.
2. Tell me about your science teaching experience so far since September.
3. In what ways has your science preparing and teaching changed since September?
a. What things influenced you to make these changes?
4. In what ways have I influenced your teaching and science teaching?
5. Now that you have done the labs with students and know where the materials are, do
you see yourself taking/having the time to prep for the labs in the spring (2018)?
Next fall (2018), when I am not at the school?
Science Professional Development
6. Has your participation in the science meetings been helpful to your science teaching
so far? In what ways?
7. What has your development in science been like during your teaching career? 1-3
years, 3-7 years, 7-12 years, 13-18 years, 19-24 years, 24 years-now
a. What supports did you need or want during this time? (Ask for each period of
time)
8. What do you want to keep learning about in science?
Science Teacher Self
9. How would you describe yourself right now as a science teacher?
a. Has this description changed since January when you first started teaching?
b. What influenced or caused this change?
10. Has your participation in the science meetings influenced how you view yourself as a
science teacher? In what ways?
11. Would you consider yourself a science teacher? Why or why not?
Science and SOC
12. Has the addition of hands-on labs impacted the students? In what ways?
13. Have your students’ engagement in and reactions to science influenced the way you
view science and teach science? In what ways?
14. Do you think it is important for students, particularly your student population (lowincome, immigrant parents, mostly Latino/a), to learn science? Why?
15. Do you think your teaching science as their (self-identified race/ethnicity) teacher
impacts your SOC? In what ways?
16. Is there something you would like to add or say?
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Appendix B
Participants:
Location:

Second Interview Protocol
Date:
Time/Period:

Science Teaching Experiences
1. How would you describe your science teaching experience so far since November?
2. How do you approach teaching science now? How is this approach different than the
way you used to approach teaching science?
3. What has been your favorite unit or topic to teach so far? What specifically did you
like about this unit or topic?
4. What barriers have you overcome to teach science? What barriers still exist?
5. What would you want to change or improve about your science teaching?
6. Now that you have done the labs with students and know where the materials are, do
you see yourself taking/having the time to prep for the labs next fall (2018) when I
am not here?
7. What are your plans for teaching science next year (2018-2019)?
8. In what ways have I influenced your teaching and science teaching?
Science Professional Development
9. Has your participation in the science meetings been helpful to your science teaching
since the last interview?
a. What more is needed? How could the meetings be improved?
Science Teacher Self
10. How would you describe yourself (or feel) now as a science teacher?
a. How has this description changed since our last interview in November?
b. What influenced or caused this change?
11. Has your participation in the science meetings influenced how you view yourself as a
science teacher since out last interview in November?
12. Has anything else influenced your view of yourself as a science teacher since the last
interview? In what ways?
13. Would you consider yourself a science teacher?
Science and SOC
14. What role do your students have in your science teaching?
15. In what ways do you try to make science accessible for all students? Can you give
specific examples from the lessons you have taught?
16. Do you think your students use science they learned class in their everyday life? Can
you give an example?
17. What did you want your students to learn from science? Do you think they have
learned these things? Can you give an example?
18. Is there something you would like to add or say?
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Appendix C
Third Interview Protocol
Participant:

Date:

Location:

Time/Period:

Science Teaching Experiences and Teacher Collaboration
1. How do you view science now? Has that changed over the past year?
2. What has been your favorite topic to teach in science? Why?
3. What strategies have you used to make science understandable to your students?
4. Has the classroom management piece of science labs gotten better? What strategies
have you used to improve student behavior during labs?
5. What is your opinion of all the testing that students have to do?
a. How has testing influenced your teaching and science teaching?
6. Time and science equipment were two limiting factors in science this year. How have
you handled these constraints during the year? How do you anticipate handling them next
year?
7. Is getting together as a group with other teachers for science helpful for you? Why or
why not?
8. What have you learned from other teachers in science?
9. What have you learned from me?
Teacher and Science Teacher Self and Future Plans for Science
10. What does it mean to be a science teacher?
11. What is your teaching philosophy? What is your philosophy for teaching science?
Describe what works.
12. How confident/comfortable do you feel about hands-on science now? How has this
changed over this past year?
13. Would you consider yourself a science teacher? Why?
14. What are your strengths as a teacher and a science teacher?
15. What are your goals for teaching science next year? What will you do for lab prep
and lab teaching next year?
Teaching Science to SOC
16. If you could revamp science teacher education to make it more effective for teaching
science to students of color, what changes would you make?
17. Do you think the science experiences of students you teach differs from that of White
students in middle- to upper-middle class communities?
18. How have the hands-on science curriculum and your teaching have impacted your
students learning and opinions of science this year? How has this impact make you feel?
19. Do you have anything to add or say?
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Appendix D
Teacher Questionnaire
Participant:

Date:

Location:

Time/Period:

Reflection
1. List 2-3 skills/knowledge that you learned from the Science Planning Meeting and
Science PD Meeting.
2. Why are these skills/knowledge important for your growth as a science teacher?

Action Plan
3. How will you apply what you learned from these meetings into your science teaching
practice (planning, preparing, and teaching) for this unit? Please provide at least 2
specific examples.
Reflection in Practice:
4. What did you learn from implementing this your action plan? What did you notice about
student learning and your teaching?
5. Describe the modifications, changes, and/or additions you made to the lesson plans for
this unit? Why did you make these modifications, changes, and/or additions?
6. What additional information, resources, or training do you need based on your
assessment of student learning and your teaching?
7. Has this process changed your view or perspective on teaching science and/or the specific
topic? Please explain.
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Appendix E
Example of Initial Codes, Focused Codes, and Emerging Categories: Ayanna’s Second
Interview
Table 8
Example of Initial Codes, Focused Codes, and Emerging Categories: Ayanna’s Second
Interview
Emerging
Categories

Focused Codes

Initial Codes

Developing
social justice
science teacher
identity

Becoming
comfortable
with Teacher
as Learner with
students

Feeling like needing to know all the answers
Realizing that showing students you don’t know is ok
Realizing that you don’t need to know all the answers
Teacher is holder of knowledge

Finding
science teacher
voice, agency,
and identity

Being confident in science goals and teaching
decisions
Not wanting to plateau
Seeing self as science teacher
Taking a stance for hands-on science
Trying to be ok with conflict
Wanting to continue material preparation for team
Wanting to lead and continue science PD cycle

Providing
opportunity-tolearn science
and science
identity

Bringing science home
Liking providing students hands-on experiences
Promoting independence in student learning
Promoting student development of science identity
Providing opportunity for students to experience
science camp science
Wanting students to learn to discover

Science is in
every subject
and
multimodal

Connecting and overlapping with ELA
Science incorporates every other content area
Science provides multimodal ways of learning

Science is
social, inquiry,
and discovery

Having students use resources to answer questions
Negotiating how students construct knowledge
Science is inquiry and doing
Science is messy
Science is open-ended

Developing
inquiry-based
understanding
of science
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Supporting students in answering their own questions
Valuing student learning through collaboration
Valuing student learning through discourse
Improving and
wanting to
improve
practices and
confidence to
teach science

Tensions in
self and school
context

Increasing
confidence,
planning,
teaching, and
management
through
practice

Feeling more confident in science through practice
Improving by teaching unit again
Improving classroom management
Improving planning through doing it
Improving teaching through sharing ideas
Paying more attention to presentation of content
Revising lesson based on past experience
Revising lessons for next year
Revising lessons is an easier process
Wanting to be more light-hearted in science teaching

Seeking
support to
deepen content
knowledge and
PCK

Challenging in lacking content knowledge and PCK
Coach modeling higher-order questions
Learning science content through online, resource,
textbooks, and questions
Meeting with coach are very helpful
Needing to see progression of content
PD before unit most helpful

Awareness of
surface-level
knowledge of
teaching as
novice

Having difficulty self-identifying areas to improve
Liking feedback to improve science teaching
Wanting to improve on questioning

Bidding for
recognition
from
significant
others
Tension
between
collaborating
as part of
teaching and
teacher
unwillingness
to collaborate

Feeling like having to prove competence
Looking to coach for approval
Marginalization as teacher because of age and
experience
What should I be doing to be a good teacher?
Disconnect in teacher preparation and new school
Reluctance of VETs to collaborate
Running through the labs is helpful for everyone
Science PD bringing team together
Teacher collaborating only for high-stakes initiatives
Time constrain on science teaching and collaborating
Unsure of who will come to meetings
Valuing communication and collaboration
Wanting more teacher collaboration in science
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Appendix F
Emergent Categories for Each Teacher as a Single Case
Table 9
Emergent Categories for Each Teacher as a Single Case
Teacher
Ayanna

Categories
Improving practices, planning, and confidence and understanding of
inquiry through PD activities
Social justice, humanizing orientations to teaching science as TOC
Tensions and agency in science teacher identity
Teaching and teacher preparation program disconnects

Lana

Science PD meetings provide practical knowledge and confidence to
teach science
Constructivist, student-centered, social justice orientations as TOC
Becoming science teacher, from fear to agency to teach science
Hands-on science is better for students

Remy

Constructivist, student-centered teaching orientations for ELLS
Connections to students as TOC
Lacking to building knowledge and confidence to teach science through
1-1 PD
Learning to teach science from teacher educator
Constructed meanings of science teaching and teacher
Scarce science resources

Stefanie

Science teaching does not need to change, too hard to change, too much
time and effort to change
High content knowledge, low practical knowledge
Binary views, deficit views of students
Tension in wanting to teach inquiry curriculum but teaching traditionally
because of testing
Science PD provides opportunity for teachers to learn science, to see self
as science teacher

Marciella

Teacher-centered practices
Providing students with roadmap
Poor classroom management
Unwilling to learn and change
Valuing questioning and connecting science ideas
Constraints on science are time, schedule, and testing
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Appendix G
Cross-Case Analysis for the Multiple Case Study of Ayanna and Lana
Table 10
Cross-Case Analysis for the Multiple Case Study of Ayanna and Lana
Cross-Case Categories

Ayanna Categories

Lana Categories

Existing and Shifting
Experiences, Beliefs, and
Perspectives of Science
Teaching

Social Justice, humanizing
orientations to teaching
science as TOC

Constructivist, studentcentered, social justice
orientations as TOC

Developing Practices and
Understanding of Science
through Participation in
Science PD

Improving practices,
planning, and confidence
and understanding of
inquiry through PD
activities

Science PD meetings
provide practical knowledge
and confidence to teach
science

Teaching and teacher
preparation program
disconnects
Developing Social Justice
Science Teacher Identity
and Agency

Tensions and agency in
science teacher identity

Hands-on science is better
for students

Becoming science teacher,
from fear to agency to teach
science
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Appendix H
Cross-Case Analysis for the Multiple Case Study of Remy, Stefanie, and Marciella
Table 11
Cross-Case Analysis for the Multiple Case Study of Remy, Stefanie, and Marciella
Cross-Case
Categories
Science Teaching
Orientations,
Experiences, and
Practices

Remy Categories
Constructivist,
student-centered
teaching
orientations for
ELLS
Connections to
students as TOC

Stefanie Categories

Marciella Categories

Binary views,
deficit views of
students

Teacher-centered
practices

Poor classroom
High content
management
knowledge, low
practical knowledge Valuing questioning
and connecting
science ideas

Using Agency to
Incorporate Science
Equipment,
Curriculum, and
Time to Teach
Science

Scarce science
resources

Science teaching
does not need to
change, too hard to
change, too much
time and effort to
change

Constraints on
science are time,
schedule, and testing

Shifting, Evolving,
or Reinforcing
Understandings of
Science Teaching

Lacking to
building
knowledge and
confidence to
teach science
through 1-1 PD

Science PD
provides
opportunity for
teachers to learn
science, to see self
as science teacher

Unwilling to learn
and change

Learning to teach
science from
teacher educator

Tension in wanting
to teach inquiry
curriculum but
teaching
traditionally
because of testing

Constructed
meanings of
science teaching
and teacher

Providing students
with roadmap
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Appendix I
Guidelines for Conceptual Replication of Findings: Energy Unit
Table 12
Guidelines and Example for Science Teacher Educators to Replicate Science PD Model
Guidelines for Each Part of Science PD

Example: Energy Unit

Model
Preparation for Science Planning Meeting
• Review state standards for unit
• Determine topics to cover in unit
• Find potential learning activities and
labs for teachers to incorporate into
lessons
• Review any content or lesson materials
that teachers have used in previous
years
• Develop overview of unit that follows
the 5E model in case Ayanna needs
help developing major parts of the unit
• Communicate unit, topics, number of
days, and start date of unit to teachers
• Ask teachers to review standards, and
to prepare and bring in any lesson
ideas or activities related to unit
• Ask Ayanna to create SMARTboard
slide skeleton of topics to cover for the
unit

Preparation for Science Planning Meeting
Topics to Cover:
• Kinetic energy (KE) and potential
energy (PE)
• Forms of energy and transfer of
energy

Science Planning Meeting
1. Ask Ayanna to share and explain her
SMARTboard slides and any ideas and
lesson activities she prepared.

Science Planning Meeting
1. Shared and discussed learning
activities found on TPT, ball and ramp
labs developed from last year, and

Researcher preparations
• Found learning activities for students
on TPT
• Reviewed old state science standards
for Energy
• Reviewed NGSS-aligned state
standards for fourth-grade science
Ayanna preparations
• Created SMARTboard slides file with
skeleton of information and ordering
of topics
• Did independent research on Energy
topics.
• Reviewed FOSS curriculum teacher
guides and videos.
• Looked on Teachers Pay Teachers
(TPT) for learning activities
• Reviewed ball and ramp labs that we
developed from the FOSS kits last
year in preparation for the state
science exams

189
2. Provide feedback and suggestions on
lesson activities and slides, and
possible re-ordering of content on
slides. Explain reasoning for changes
suggested to help build content
knowledge, science and engineering
practices, and knowledge of the nature
of science (NOS).
3. Provide suggestions and ideas for areas
of lesson sequence that need more
development.
4. Discuss and re-work overall lesson
sequence so that it follows the inquirybased 5E model and explain reasoning
for changes.
5. Decide on deliverables (e.g. lesson
plans, student handouts, instructional
slides, lab sheets, etc.) Ayanna and
science teacher educator will create for
the fourth-grade team. Set date for
completing the deliverables and
sending them to the rest of the team.

•

•
•

Ayanna’s SMARTboard slides
skeleton. TPT activities included a
mini-book with readings and questions
on KE, PE, forms of energy, energy
transfer lab, and foldables for
scientific vocabulary.
2. Discussed the order of the slides and
content. Then, we connected the TPT
energy activities to the energy topics.
Lastly, we discussed how to order the
learning activities, labs, and slides to
fit the 5E model. The reasoning for all
suggestions and change made were
shared and discussed.
3. Discussed the various supports that
other teachers may want for their
students, such as extra content videos
and activities that build scientific
vocabulary.
4. Decided that Ayanna would finish
SMARTboard slides and any
handouts. I would write teacher lesson
plans and unit overview.

Notes:
Changes and notes for changes should be
made on the SMARTboard slides so that
the changes are concrete and actionable.
Science teacher educator-prepared labs,
activities, and ideas should be presented
and folded into the lesson sequence after
Ayanna presents her ideas and activities so
that the planning is teacher-centered.
Science PD Meeting:
Preparation for Science PD Meeting
1. Send out lesson plans, SMARTboard
instructional slides, and other
instructional materials to teachers a
week before meeting.
2. Gather materials and equipment
teachers will need to do the labs and
activities. Before meeting, place them
all in the middle of the table in the
room the meeting is held.

Science PD Meeting(s):
Preparation for Science PD Meeting(s)
1. Ayanna and I met to gather and
organize all the equipment needed for
the energy transfer lab and ball and
ramp labs.
2. Ayanna tested out each lab station for
the energy transfer lab and I assisted
her when she was confused with the
procedure. I made copies of lab sheets
for teachers.
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3. Make copies of the lab sheets for
teachers to follow and take notes on.
4. Gather any science equipment or
materials needed for labs that are not
in the FOSS kits for teachers to use in
classrooms.
5. Communicate and confirm date and
time for meeting with teachers

3. We placed all the equipment for the
energy transfer lab in one bin, and all
the equipment for the ball and ramp
labs in another bin.

Science PD Meeting
1. Provide brief overview of unit, the
lesson sequence, and purpose of unit
topics
2. Provide time for teachers to ask
questions about the unit instructional
materials
3. Distribute lab sheets to teachers and
ask them to create one set up for one
group of students based on the lab
sheet.
• Guide teachers in identifying the
materials and equipment listed on
the lab sheet.
• Answer questions.
• Explain to teachers the purpose of
specific equipment and how to use
it.
4. Have teachers do the procedure to the
lab, collect data, and answer
conclusion questions.
• Guide teachers when they are stuck
• Ask probing questions to help
teachers make connections between
the lab and content
• Encourage teachers and build on
their prior knowledge, statements,
and questions
• Discuss and make changes or
modifications to parts labs that
teachers identify as confusing for
students
• Encourage teachers to feel
comfortable with multiple answers
and outcomes to labs and
conclusion questions

Science PD Meeting(s)
1. I started the meeting by explaining the
overarching sequence of topics.
Ayanna then explained the details of
the 5E lessons and the purpose of the
sequence of the lessons. This was
repeated for the ball and ramp labs.
2. Teachers were given copies of the
energy transfer lab packet and
procedures for each station of the lab.
I asked them to put together and
practice the energy transfer lab. I
placed all the equipment they needed
and procedure sheets for each station
in the middle of the table. This was
repeated for the ball and ramp labs.
Teacher Actions and Discourse:
1. Set up each lab and did the procedure.
2. Made predictions about lab outcomes.
3. Discussed and debated procedures, lab
questions, expected student answers,
and potential student confusions.
4. Changed the wording and data table
for one station to minimize confusion
for students.
5. They discussed how they would guide
students through procedures to
minimize confusion.
Science Teacher Educator Facilitation:
• Asked guiding questions to help
teachers come to a conclusion about
expected answers.
• Encouraged teachers to be
comfortable with multiple right
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5. Set dates to visit teachers’ classrooms
and for individual meetings.

•

•

Science Lessons Teaching:
Individual Meetings
• Ask teachers who requested to meet
individually what they would like to
discuss and work on.
For Lab Preparation Meetings
• Show teachers how to follow the lab
sheets for gathering and preparing the
lab equipment.
• Discuss with teachers how to instruct
and give directions for the lab. Model
what to say and do.
• Discuss and provide suggestions and
rationale for using physical space in
classroom to organize students.
• Discuss best ways to group students.

answers.
Explained answers to conclusion
questions that teachers did not
understand.
Explained the purpose of doing three
trials as a way for each student in a
group to do the procedure.

Science Lessons Teaching:
Individual Meetings
Remy
• Prepared lab bins together for both
labs.
• Practiced teaching the ball and ramp
labs
• Co-taught procedure only for energy
transfer lab.
• Assisted in group work and collecting
equipment for energy transfer lab.
• Observed Remy teaching the ball and
ramp labs.
Ayanna and Lana
• Observed Ayanna and Lana coteaching during lab and lab conclusion
questions.
• Assisted with group work for energy
transfer lab.
• Observed Ayanna teaching energy
transfer lesson.

For Content and Instructional-Related
Support Meetings
• Answer teachers’ questions and
provide science and/or teaching
rationale for answers to questions.
• Follow up with resources or readings if
necessary.
Stefanie
• Discussed how to group students for
Classroom Support
ball and ramp lab.
• Provide support to and/or observe
• Taught ball and ramp lab in small
teachers during classroom lessons
groups while Stefanie did test
preparation for the science test with
Researcher is Co-Teaching
rest of students.
• Let teacher start the class.
• Step in and instruct when teacher asks Marciella
(usually to explain procedure to
• Discussed lab equipment and set up,
students).
but did not meet to set up equipment.
• Answer questions that teacher asks the
• Taught ball and ramp lab in small
science teacher educator to answer or
groups while Marciella taught science
when teacher is stuck (usually content
lessons with rest of the students.
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•

•

•

•

questions).
Add to teacher instruction and
discussion to deepen content
knowledge for students and teacher.
Assist with classroom management
and distribution and collection of lab
equipment.
Model lab procedure and hold up
equipment for students to see as
teacher explains the procedure.
During group work time, interpret and
discuss student behavior with teacher.
Work with a group with teacher and
model formative assessment
questioning and providing guidance to
students.

Researcher is Observing
• Observe and take notes on teacher
instruction, student actions, and
interactions.
• Share broad observations of lesson.
Provide positive feedback on
successful teaching moments and
actionable feedback on areas of
growth.
Science Debrief Meeting
1. Communicate and confirm a time and
room to meet.
2. Ask teachers reflection questions:
• How did the science lessons and labs
go?
• What went well? What did not go so
well? Explain why.
• What did you do better as a science
teacher this time?
• How did the students react and
engage in the lessons?
• What was challenging or confusing
for you? To your students?
• What would you change in terms of
content or presentation of
information?
• Were the materials appropriately

Science Debrief Meeting
• Discussed with Stefanie how to
provide more individualized support
for students.
• Determined how to split up my time
between classrooms for following
unit.
• Remy told everyone that she wanted
to spend one more day on the
conclusion questions to the ball and
ramp labs.
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•

•
•

used? What materials could be used
next time?
What teaching practices or skills do
you want to focus on for the next
unit?
What skills do you want the students
to work on for the next unit?
Is there anything you want to do
differently during the professional
development meeting?

