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ABSTRACT

BEGINNING SCIENCE TEACHERS’ AGENCY:
AN EXPLORATORY STUDY OF CHOICE AND
THE ROLE OF TECHNOLOGY FOR CONTINUING EDUCATION

Ava May Javid

Despite a steady stream of new science teachers joining the K-12 education
workforce, the rate at which beginning science teachers (BSTs) stay in the classroom
long-term is shockingly low. With such a low rate of retention, it is important to examine
these teachers’ experiences in the formative first years of teaching after completing a
formal pre-service program in order to observe their continual learning in-service.
Though much attention has been given to formal mentoring and induction programs for
BSTs, little is known about the ways these teachers choose to continue learning to teach
science. Especially little is known about how technology can facilitate their continued
learning.
In this phenomenographic study, I followed a group of BSTs to describe their
experiences and conceptions of their learning choices and agency during the induction
period, which I define as the first through third year of teaching. By investigating
induction, the period of rapid learning that occurs during the first years of teaching
science full-time, I captured the experiences BSTs have that are unique to this time. Both
qualitative and quantitative data were collected from surveys, observations, journal
reflections, and interviews. The data indicate that BSTs’ learning needs are tied to a
desire for professional connection to other educators, juxtaposed with a perception that
they must be self-reliant in their work. BSTs learn primarily from their specific student

population, through trial and error, and the extent and manner of these learnings depend
on time, logistics, and the school context in which they work. Finally, BSTs demonstrate
that technology plays a primarily pedagogical role in their classrooms, but promising
themes emerged about ways in which they learn from and use technology to deprivatize
teaching in order to meet their desire for professional connection.
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Chapter I
INTRODUCTION

Beginning Science Teacher Education
Scholars have grappled with questions about teacher education since the
conception of modern teacher preparation programs. Research has been conducted over
decades about formal teacher learning structures in place through pre-service teacher
education programs (Barth-Cohen et al., 2018; Gunning & Mensah, 2011; Tosun, 2000).
Pre-service teacher education takes place before teachers are assigned to be responsible
for their own classroom in a school setting. It usually consists of some coursework, often
in a university setting, some time spent in classrooms as a student teacher, and can lead to
certification as a teacher in the local setting. Further research has been conducted about
ongoing teacher education typically in the form of professional development (PD)
programs for teachers at many in-service stages (Erickson et al., 2005; Guskey, 2000).
In-service teacher education or PD is the continuation of learning that is offered for
teachers after they have begun teaching responsibilities for their own classes.
More recently, attention has been directed at teacher education in the first few
years of teaching. This period, called the induction period, is defined by Ingersoll and
Strong (2011) as the period when teachers are newly employed. The induction period
presents an effective and unique opportunity for continuing learning and continued
teacher education unmatched during the pre-service period (Smith & Ingersoll, 2004).
The experiences of beginning teachers, also called newly hired teachers, newly qualified
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teachers, or early career teachers, is an important topic of investigation because of the
notion that the first few years spent teaching after a formal preparation program are a
particularly formative time in a teacher’s professional life. Feiman-Nemser (2001) puts it
succinctly: “New teachers have two jobs—they have to teach and they have to learn to
teach. No matter how good a preservice program may be, there are some things that can
only be learned on the job” (p. 1026). For this reason, it is imperative that teacher
educators better understand how beginning teachers learn to teach immediately after
completing pre-service work. The elements of agency and technology use in continuing
education among Beginning Science Teachers (BSTs) have not been studied.
Distinction Between CTE and PD
Since “induction happens formally and informally, intentionally and
unintentionally” (Webb, 2015, p. 100), it is necessary to consider continuing learning
beyond structured learning opportunities like mentoring and professional development
(PD). For this reason, I use the term continuing teacher education (CTE) in this study to
encompass all ways that Beginning Science Teachers (BSTs) learn to teach on the job,
both formally and informally. See Figure 1 for more distinctions between CTE and PD.
Thus, while PD typically encompasses in-service opportunities to examine
knowledge about teaching in order to lead specifically to student learning, CTE is a
broader term that includes PD but also encompasses the idea that teachers’ learning can
be more than just getting trained on student support strategies. In this way, CTE could
also include “purposefully constructed learning opportunities for science teachers that
follow initial teacher preparation programs,” even if those learning opportunities do not
fall in the traditional category of PD: leading to student learning outcomes (Luft &
Hewson, 2014).
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Figure 1
Distinctions Between CTE and PD

Note: This figure illustrates the differences and overlaps between CTE and PD in teacher
education.

CTE can also more broadly include systems of learning in the form of formal or
informal mentoring, which Ghosh (2013), in her review of mentoring in education, noted
has several definitions in the literature. Ghosh finds that some common themes in
defining mentoring in the literature are that it is a multidimensional relationship in which
the mentor could play many roles (role model, counselor, teacher, guide, or even friend)
to the mentee. Mentoring is a “dynamic, interactive, personal, reciprocal, and
collaborative” relationship that results in professional and personal growth for both
mentors and mentees (p. 154). Therefore, I define mentoring in this study using those
themes and acknowledge that every mentoring experience is unique to the BST and
mentor themselves as a CTE opportunity. Finally, CTE implies that teachers have more
ownership and agency in their own learning, whereas PD is often a learning opportunity
imposed upon teachers by other stakeholders. CTE is more relevant for this study because
I am not limiting my examination of BSTs’ learning to how they learn from structured
PD opportunities.
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Purpose and Rationale
Beyond the value this study has for teacher educators who will facilitate CTE
opportunities for BSTs, researchers note that there is a low retention rate of teachers,
especially of secondary science teachers, within the first five years of teaching (Guarino
et al., 2006; Macdonald, 1999). The high attrition rate of science teachers is a reason to
better understand the beginning years of teaching as a time for learning-in-practice,
especially since beginning science teachers improve their teaching rapidly in the first five
years (Henry et al., 2011; Luft et al., 2003). Therefore, the purpose of this study is to
explore the continuing teacher education and learning opportunities secondary science
teachers take advantage of during induction years. There has been an emphasis on
mentoring and professional development (PD) models as sources of learning during
induction, but since “induction happens formally and informally, intentionally and
unintentionally” (Webb, 2015, p. 100), it is necessary to consider continuing learning
beyond only mentoring and PD. For this reason, I use the term “continuing teacher
education” (CTE) in this exploratory study to encompass all ways that beginning science
teachers (BSTs) learn to teach on the job, both formally and informally. Since CTE can
happen in many forms, it is important to analyze the choices BSTs make for continuing
education during induction. I define a BST as one who has completed a pre-service
teacher education program to receive a State teaching certificate and is currently in their
first, second, or third academic year of full-time, paid science teaching in a secondary
school. I define the induction period as the first through third year of teaching, when
rapid learning occurs in the first few years of in-service science teaching.
As a result of the increased interest in science teachers’ first few years teaching,
formal and informal induction programs have been created and implemented in many
places to provide teachers support. As an induction mentor at the Teacher Residency at
Teachers College (TR@TC2) program, I have mentored several early career science
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teachers through a formal induction program that spans teachers’ first two years in the
classroom. Furthermore, I was a research fellow for the New Teacher Fellowship Project
(NTFP) at Teachers College, where I have mentored teachers in their first or second year
of teaching science after completing the university-based pre-service program. Through
the NTFP, I have provided mentorship and professional development to BSTs while
collecting data and conducting analysis for a larger university-based research project that
gathers data on these teachers’ most important learning goals, their teaching and
assessment practices, their reflections on those practices, and their analyses of student
learning.
Besides dedicated induction programs, other types of opportunities exist for BSTs
specifically. One example is Math for America (MƒA), a New York City-based nonprofit organization that builds a professional community of mathematics and science
teachers who together explore cutting-edge content, innovative teaching practices, and
research-based professional development models. MƒA builds this community of
accomplished mathematics and science teachers by granting fellowships to teachers in
several stages of their careers, even early career teachers. The Early Career Fellowship
“provides promising public secondary school mathematics and science teachers the
support they need to become outstanding educators and to grow in their profession”
(Math for America, 2020). Thus, formal university-based induction programs are not the
only type of CTE programming available to support BSTs. In addition, the high interest
and attention on formal induction programs do not account for the fact that not all BSTs
have access or exposure to well-programmed CTE during induction. It is necessary to
better explore where else and how else CTE occurs during the induction period for
secondary BSTs, especially by investigating the role of technology as a novel medium for
access and exposure to continuing teacher education.
I aimed to investigate secondary school BST experiences with CTE inclusive of
formal programming and informal learning on the job with an emphasis on exploring the
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role of technology in on the job learning. Many studies examine the impact of various
forms of PD on science instruction and teaching efficacy (Eilks & Markic, 2011;
Lakshmanan et al., 2011; Supovitz & Turner, 2000), and science teacher induction and
mentoring programs have been studied extensively for their effectiveness in improving
science instruction (Taylor & Karcinski, 2016). Much research already exists about
beginning science teachers’ identity formation (Saka et al., 2013), about beginning
teachers’ teaching practice and beliefs (Fletcher & Luft, 2011; Luft & Zhang, 2014), and
elementary BSTs’ experiences (Roberts-Harris, 2014). Much of the literature about
technology and teacher education focuses on pre-service work across subjects (Baecher et
al., 2018; Cherner & Curry, 2017; Kang & van Es, 2018; Pérez-Torregrosa et al., 2017),
on technology in pre-service science teacher education (Barth-Cohen et al., 2018; Menon
et al., 2017), or on technology use for in-service science teaching (Campbell et al., 2015;
Lee et al., 2017). Only one study examines technology use among secondary BSTs in
their first few years teaching, but solely focuses on formal programming that utilizes
technology for continuing learning rather than examining BSTs’ choices for CTE with
technology (McFadden et al., 2014). The only research examining secondary BST
choices for using technology focuses solely on their instructional technology choices, not
on their use of technology for CTE (Bang & Luft, 2013).

Research Questions
In this study, I investigated BSTs’ experiences in their first years of teaching in
order to understand the experiences that BSTs have when choosing their preferred forms
of continuing education, to articulate their reasoning as to why they choose to continue
learning to teach in the ways they do, and to describe the opportunities that technology
affords them and their ownership of their continuing teacher education. This study was
conducted as an exploratory phenomenographic study; it was exploratory in the sense that
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I investigated an ill-understood phenomenon for BSTs, and I sought to inductively
discover important variables in their experiences. A phenomenographic design was most
appropriate because it allowed me to investigate BSTs conceptions of learning and
experiences with learning during the induction period (Marton, 1981).
The research questions for this study are:
1.

What are beginning science teachers’ most relevant and pressing learning
needs that should be addressed in their first years of teaching?

2.

In what ways do beginning science teachers continue learning to teach after
completing their pre-service teacher education programs?

3.

What factors influence beginning science teachers’ choices and resources for
continuing teacher education?

4.

What role does technology play in beginning science teachers’ continuing
teacher education?

Organization of the Document
This document is organized into five chapters. Chapter I outlined the purpose and
rationale for conducting this study as well as my personal history working with science
teacher induction programs. I also defined some key terms and included the research
questions that guide this dissertation study. Chapter II includes a review of the literature
on science teacher education and technology use by science teachers, a review of the
literature on beginning science teachers as well as their technology use, and a review of
how teachers use technology in general. Chapter II also describes and explains the two
theoretical frameworks of the study: Self-Efficacy and Situated Learning Theory. Chapter
III describes the qualitative research methods used in this qualitative phenomenographic
study as well as a description of how all the data were collected and analyzed. In
explaining the research methods, I also include a description of the participants’ teaching
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backgrounds, school contexts, and their experience with mentors during induction.
Chapter IV describes the findings of the study, specifically outlining how the themes
discovered from the data help answer each of the research questions. Chapter V closes
the study with a discussion and implications based on the findings, recommendations for
future science teacher induction, and the conclusion.

9

Chapter II
REVIEW OF THE LITERATURE

Science Teacher Learning
Feiman-Nemser and Buchmann (2012) assert that teacher learning is a continuum,
not a finite event; learning to teach cannot be based solely on past knowledge and
experience, but an inextricable part of the job of teaching is continuously learning to
teach. This is aligned with teacher education literature about Knowledge-in-Practice.
Here, teacher learning must incorporate practical knowledge building learned through
embedded experiences so that teachers deepen their own knowledge base and expertise as
designers of classroom learning (Cochran-Smith & Lytle, 1999). Since teaching is an
uncertain craft situated and constructed in response to the particularities of everyday life
in schools and classrooms, there need to be opportunities to examine and reflect on the
knowledge that is implicit in good practice.
These opportunities to examine knowledge about teaching often come in the form
of in-service teacher learning. Guskey (2000) calls this learning professional
development (PD) in education, defining it as “processes and activities designed to
enhance the professional knowledge, skills, and attitudes of educators so that they might,
in turn, improve the learning of students” (p. 16). In order for PD to be effective, Guskey
said there should be a clear focus on learning and learners, an emphasis on individual and
organizational change, small changes guided by a grand vision, and PD should be
ongoing and procedurally embedded; research shows that these aspects lead to effective
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professional learning (Erickson et al., 2005; Fullan, 2015; Guskey, 2000). Furthermore,
Guskey maintains that continued teacher learning should be intentional, ongoing, and
systematic in order to be high-quality and efficacious for teachers. There is some
consensus on the characteristics of effective PD: it “is content focused, incorporates
active learning, supports collaboration, uses models and modeling of effective practice,
provides coaching and expert support, offers opportunities for feedback and reflection,
and is of sustained duration” (Darling-Hammond et al., 2017, p. 4).
For science teacher education, much of the above principles have been studied.
Time spent on continued learning is important in science education PD. Supovitz and
Turner (2000) examine a strong link between teachers undertaking more hours of PD and
teachers implementing inquiry-based teaching practices. The authors use data from an
NSF program to create a model that examines the relationship between high quality PD
and inquiry-based teaching practices and classroom culture. The study also considers the
influence of school environments and teachers’ background characteristics as they relate
to the relationship. Through a comprehensive investigation of 24 projects across the U.S.
that were part of a science initiative, the authors collected data from 3,464 science
teachers and 666 principals who completed surveys about attitudes, beliefs, and teaching
practices. Since the data are only from surveys and since it is unclear whether the
teachers participated in PD voluntarily or not, the study does not provide in-depth
description of the phenomena at hand, despite the idea that there is typically overlap
between survey responses and teachers’ own logs. However, the sample size is very large
in this quantitative study, which adds to its credibility. Overall, the authors find a strong
link between teachers undertaking more hours of PD and teachers implementing inquirybased teaching practices within a classroom culture that is investigation-based. Teachers’
science content background and attitudes toward change are also the most influential
factors on pedagogical practices. Encouraging principals also impacted teaching
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practices, and the school populations’ socio-economic status (SES) impacted practice
even more.
Furthermore, certain styles of continued learning have positive outcomes more than
others. Guskey (2000) lists major models of PD as training, observation, inquiry/action
research, involvement in a development/improvement process, study groups, and
mentoring. A review of studies shows that Professional Learning Communities (PLC)
lead to positive professional learning outcomes for science teachers (Dogan et al., 2016)
such as improved Pedagogical Content Knowledge (PCK) and use of inquiry-based
instructional methods.
Other forms of science teacher learning that have been effective incorporate
teachers as researchers. Eilks and Markic (2011) conducted a six-year case study of ten
chemistry teachers in Germany involved in Participatory Action Research in science
education. Action research is a method that science educators use to innovate their
classroom practices with research into their own work. The authors tried three models of
action research as PD in order to analyze teachers’ professional attitudes and views:
Technical, Practical, and Emancipatory Action Research. Results indicate that PD
through an action research project with an emancipatory mode was most impactful.
However, the data are very limited since only one group discussion was conducted per
year for about one hour, which provides insufficient data. The authors also note that their
methodology was imperfect since at the start the teachers were doing more Technical
Action Research rather than Practical or Emancipatory Action Research, and they
hypothesize that more of the practical and emancipatory approach would be more
effective based on results from group discussions.
Science PD that does not embed characteristics of effective PD has less impact on
teacher or student learning. To support teachers in using classroom argumentation for
construction of meaning, Osborne et al. (2013) followed four science departments in
which teachers aimed to improve their instruction for scientific argumentation using more
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dialogic approaches with students. Teachers in the study were provided very limited PD:
they met in ten monthly meetings of one-two hours each to learn about improving
argumentation instruction from two lead teachers at their school. Though the intent was
to improve teachers’ capacity to support argumentation, students did not see significant
improvement in conceptual understanding, reasoning, or science attitudes compared to
the control group. Student learning did not improve for several reasons: participation was
mandatory for individual teachers, building instructional skills needs to go hand in hand
with understanding a rationale for the skill, and teachers do not recognize that failure is
part of building a new skill.
Science Teacher Learning for Technology Use
PD can be better designed to support development of constructivist-based science
pedagogy with technology and can provide opportunities for teachers to develop stronger
conceptual understandings of technology’s role in the classroom. Songer et al. (2002)
share one of the most robust examples of how PD supports teachers’ implementation of
technology in a science classroom. The authors observe that urban classrooms typically
have more technology barriers to overcome, such as “inadequate space, equipment, and
materials ... low science or computer knowledge and training ... large class size ... and
unreliable internet connectivity” (p. 145). Urban schools, therefore, tend to replace
technology-based inquiry with traditional teaching methods, so the study provides
consistent PD to teachers for conducting technology-based inquiry learning. Teachers in
both urban and non-urban classrooms see improvement in student understanding of
science content after using the technology-based inquiry program. The results also
indicate that teachers in typically underrepresented areas can do inquiry pedagogy and
manage technology as a tool for instruction with proper support structures in place. The
PD provided aligns with some of Meier’s (2005) claims: PD is situated to teachers’
needs, which in this case are needs specific to one science technology program, and PD is
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developed by the content experts who created the technology, thus tapping experts to help
teachers overcome content and pedagogical issues.
Songer et al. (2003) further investigated two groups of middle school teachers who
were implementing the Kids as Global Scientists (KGS) curriculum using software for
inquiry-based science curriculum. The authors identified some “maverick” teachers, who
are “the self-starter, risk-taking teachers that tend to have a great deal of initiative,
autonomy, and support for the range of innovative programs and ideas they implement”
(p. 491). Maverick teachers are not as widely found in education, so the study shows how
PD can help teachers working in various, more typical school environments implement
inquiry-based science. The PD provided utilizes a framework called CERA, an acronym
adapted from prior research by Blumenfeld et al. (2000): “Collaborative construction of
understanding; Enactment of new practices in classrooms; Reflection on practice; and
Adaptation of materials and practices” (p. 151). Each group received specific PD when
implementing the program in order to address their context-specific needs. Participants
included 17 urban teachers and 40 maverick teachers and their students, and a detailed
analysis of five classrooms that successfully implemented KGS (saw student gains in
assessments) was conducted. Participants completed surveys before and after using the
program about their characteristics, beliefs, reactions to the curriculum, and views about
the support provided; from the five classrooms, a significant amount of qualitative and
quantitative data was collected. Results show differences in demographic and background
characteristics between maverick and urban teachers: urban teachers are committed to
inquiry teaching in science but differ from mavericks in the types of classroom practices
they value for inquiry instruction. All of the teachers’ students experienced gains on the
post-assessment after the KGS curriculum was used, and the successful classrooms show
that best practices in one environment are different from those in another environment.
What matters more is the substance of inquiry and students’ intellectual engagement, not
the form it takes. This study shows how teachers must situate technology-based
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instruction to their context, and that PD can support teachers in implementing
technology-based instruction in different environments.
In studies of science teachers implementing technology, there are insights into
teachers’ understanding and use of technology. Williams et al. (2004) conducted a twoyear case study. They followed a fifth-grade teacher using a technology called WebBased Inquiry Science Environment (WISE) to support science inquiry learning. The
teacher’s pedagogical content knowledge (PCK) and desire to make student thinking
visible came to light through interviews, classroom observations, and artifacts such as the
teacher’s written reflections. After two years of comprehensive study, the teacher
improved her ability to make science thinking visible using the technology due to the
consistent support of peers and researchers, and because with time she focused less on the
logistics of implementing technology and more on students’ thinking and conceptual
understanding of topics. In year two of the study, she had more experience with the
technology and with the content, so she asked students more inquiry-oriented questions.
Her increased science content understanding was bolstered by the presence of science
content experts, such as the researcher and a visiting scholar present in her classroom.
Leary et al. (2016) also examined teachers implementing a technology rich biology
curriculum, how teachers engage in designing the curriculum, and how teachers change
their classroom practices around the change. The researchers conducted Design Based
Implementation Research (DBIR) with some iterative co-design. The theoretical
framework of Cultural-Historical Activity Theory (CHAT) helps look for changes in
practice as a result of the tools designed. Among 16 secondary science teachers who
designed and/or piloted the designed curriculum, major themes emerged around the
barriers of time to develop curriculum, of technology, of how teachers learned to use
technology, and of how technology was not always the answer—especially when it did
not work. Ultimately, the authors saw changes in teachers’ comprehension of NGSS,
technology, and how teachers modified practices based on natural barriers that occurred
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in the process. The research is helpful for considering a more systemic change in
technology implementation: curriculum design as well as classroom implementation and
practices. Though the teachers did demonstrate some changes and overcame some of the
barriers, the technology aspect of this study was very loosely defined “as the artificial
tools created by people for use in human activity” (p. 65), which makes it difficult to
draw conclusions about how science teachers learned to teach with technology.
Finally, Higgins and Spitulnik (2008) reviewed all the research-based literature
available about how PD supports science teachers’ instruction using technology. The
literature shows that effectively using technology in the classroom is difficult and
complex, requires that teachers’ beliefs about teaching and learning are acknowledged
and challenged so that practice improves, and that social supports have a positive impact
on teachers’ technology integration. Fullan (2015) noted that in order to achieve the
intended outcomes, changes in classroom practice should align along three dimensions:
materials, pedagogy, and beliefs. Therefore, it is important to understand how technology
can influence a teacher’s pedagogical growth.
Science Teachers’ Continued Learning Through Technology
Technology provides science teachers alternative options such as video
conferencing if there are practical limitations to meeting face-to-face. PD that has
teachers working in collaborative Professional Learning Communities (PLCs) increases
student achievement and teacher effectiveness, but there are many logistical barriers to
conducting PLCs. One proposed solution to the practical limitations of PLCs is to
develop virtual PLCs with video conferencing tools (McConnell et al., 2013). Results
from this study indicate that the teachers experienced similar results as they would with
in-person PLCs, even though the preference for PLC work would always be face-to-face.
Virtual PLCs were designed and facilitated for teachers who were involved in the Project
Based Learning (PBL) Project for PD on implementing inquiry-based science lessons,

16

and feedback was collected to compare those meeting face-to-face or virtually to answer
the following questions: How do video conference PLC meetings compare to face-to-face
PLC meetings? What considerations in the implementation of Virtual PLC groups
facilitate collaborative learning? What are the advantages and challenges presented in the
implementation of a Virtual PLC convened in a videoconference environment? PLC
groups met once a month for one year to share evidence or lead a discussion around
improving his/her teaching. Two virtual groups were compared to nine in-person groups
and data included recorded video conference sessions, focus group interviews, and
reflections from all participants. The data showed that the benefits of PLCs are the same
whether the group meets in person or virtually, and that a virtual PLC is a good
alternative if there are practical limitations to meeting as an in-person PLC.

Beginning Science Teachers
Newly hired science teachers are a subgroup of in-service teachers who have been
studied specifically because their experiences present opportunities for continued
learning about science teacher education. Henry et al. (2011) find that teacher
effectiveness increases in their first five years of teaching; however, it is hard to know
whether this measure is truly due to improved effectiveness or if it is due to attrition of
teachers who are less effective in the first years of teaching. This study looked at novice
teachers in North Carolina public schools, categorizing them by the number of years they
remained teaching, and comparing the effectiveness of those who stayed and those who
left the classroom. The study finds that teachers who left the profession tended to be on
average less effective than those who stayed at least five years. The authors also noted
that effectiveness of second year teachers was significantly higher, but that the
improvement plateaued after that point. The study found that the results varied depending
on the grade level and subject taught, which makes it difficult to draw conclusions about
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secondary science teachers as a standalone group. Furthermore, it measures teacher
effectiveness based only on students’ test scores in reading and mathematics. In the high
school sample, teachers staying five years are the only ones that do not have a dip in their
effectiveness.
Hutchison (2012) conducted a case study of three novice STEM teachers who
entered teaching from different pre-service paths in order to create a narrative about their
experiences with professional development and mentoring. The author described trends
from a mentoring project for secondary STEM teachers who had recently received state
licensure and begun teaching. The mentoring program used a framework based on a
content support team approach (STA) that included dedicated mentoring and professional
development support for new STEM teachers. Using case study narratives, the author
tells the story of each of the three participants with contextual background about the story
of how and why they each decided to become STEM teachers in order to examine how
the STEM teaching pool could be better recruited. All of the participants reported having
positive experiences with mentoring and professional development during their first year
of teaching. Hutchinson argued that professional development and mentoring were
significant for the induction period among STEM teachers because they supported them
to remain in the classroom, specifically when the support was from mentors through the
pre-service university, from their instructional team members, and through social
networks.
Studies show that PLCs lead to positive professional learning outcomes for all
science teachers but are especially beneficial for beginning science teachers (Dogan et al.,
2016). This study investigated elementary science teachers’ perceptions of the impact of
a science PLC on their own professional growth. Data were collected via interviews and a
survey among 65 teachers, only 16 of whom were interviewed and completed the survey.
Results were overall positive in terms of participants’ perception that the PLC focused on
sharing ideas with peers and working to improve student learning, but the reports of the
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PLC’s impact varied based on the teachers’ years of experience, with new teachers
experiencing more benefit than others.
Davis et al. (2006) conducted a review of challenges new science teachers,
including both preservice and induction stage teachers, face related to five themed areas
of teaching as defined by Interstate New Teacher Assessment and Support Consortium
(INTASC) standards: content, learners, instruction, learning environments, and
professionalism. To better understand the challenges that new science teachers face, the
authors searched 112 empirical studies in seven peer reviewed journals about new science
teachers as they related to the five identified themes. Their analysis found that most of the
literature was written about pre-service teachers and showed that there was no consistent
pattern in challenges for the themes of content knowledge and knowledge of learners
among new science teachers. In addition, they found that teachers struggled in creating a
classroom environment that embodied their desire for a student-centered classroom
environment in the face of concerns over classroom management. The most research that
included early career teacher participants was on the theme of understanding instruction,
which revolved around understanding teaching principles, instructional strategies, and
practices such as planning and assessment. For this theme, the authors found a consistent
mismatch between teachers’ ideas about instruction, which were more innovative and
sophisticated, and their actual instructional practices, making it most relevant to my
research.

Teachers’ Use of Technology
A limitation of technology use is teachers’ propensity to use it to replicate what
Blumenfeld et al. (1997) call traditional, transmission teaching models. Teachers tend to
use technology as a format for delivering information to students or for drill-and-practice
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software, which by themselves do not lead to student-centered instruction or improved
learning (Bang & Luft, 2013; Niederhauser & Stoddart, 2001).
Inan et al. (2010) note that the quality of teaching and learning does not improve
when using technology solely as a format for delivering information to students. After
observing over 140 lessons in classrooms in schools with federal technology grants (and
technology coaches), the study shows that more student-centered instruction occurs when
students use the Internet, word processing, and presentation software, while drill-andpractice software does not lead to student-centered instruction. This confirms that drilland-practice as a pedagogical strategy, though often utilized by teachers implementing
technology, is not conducive to student-centered learning.
Songer (2004) reviews research about technology tools for doing science as well as
technology tools for learning science. Though some technology exists for “doing” science
(i.e., data analysis, probes to record data, etc.), the other role of technology is to support
learning of science with both Digital Resources, defined as “any computer-available
information source containing facts, perspectives, or information on a topic of interest”
(p. 475), and Cognitive Tools, which are any “computer-available information source or
resource presenting focused information specifically tailored for particular learning goals
on a particular topic of interest for learning by a particular target audience” (p. 476).
Songer suggests redesigning cognitive tools to create stronger learning outcomes and
provides a recommended framework to determine whether technology is being used as a
cognitive tool for student learning in science and how to transform Digital Resources into
Cognitive Tools. Songer says teachers should focus their efforts on transformation of
digital resources rather than creating new technologies for education in order to reap the
benefit of technology. Songer describes two beneficial technologies that science teachers
should utilize and includes tools for argumentation in the form of: Critically Evaluating
and Communicating Scientific Ideas with Online Scaffolding Tools and Formulating
Knowledge Such as Scientific Explanations with Online Scaffolding Tools. These hold
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particular power for supporting science argumentation using technology. Though
technology can be a powerful tool for instruction, its meaningful use is still developing
among educators.
Teachers’ use of technology is thought by some to be reflective of their age, since
the ubiquity of computers, the internet, and social media came about in specific decades,
making some individuals “digital natives” while others are not; there is little empirical
evidence that there is such a hard and fast distinction when it comes to technology use
based on age or generation (Thompson, 2013; Wang et al., 2014). Brown and
Czerniewicz (2010) propose an alternative view of technology use by different
generations: they found that South African students’ experience and familiarity with
technology is a more accurate way than age to determine their comfort with technologydriven work in education. They also argue that there is no empirical evidence for the
concepts of digital natives to technology versus digital immigrants. Wang et al. (2014)
investigated generational differences in teachers’ technology use in a study of middle
school science teachers. By examining their technology use inside and outside the
classroom, the authors found that teachers’ age did not correlate with any patterns in
technology both inside and outside the classroom.
Technology for BSTs’ Continued Learning
Bang and Luft (2013) observed that among beginning secondary science teachers,
the majority use technology to support “traditional teaching and learning, not necessarily
for implementing reformed-based teaching practices” (p. 123). This indicates that BSTs’
use of technology is not necessarily innovative and requires more investigation.
The development, use, and study of technology to support BSTs as they work in
schools is still in its early stages. Jones et al. (2016) outline a software platform created to
address issues of secondary school STEM teacher retention by providing induction
mentoring for BSTs. The program, called STEM Teacher Induction and Professional
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Support (STEM TIPS), was piloted with 18 teachers and aimed to give them fast and
personalized mentoring for STEM teaching with web-based resources and coaching to
improve instructional practices and student achievement. Through surveys and
questionnaires administered to both new and experienced STEM teachers, and through a
review of the literature, the authors created the STEM TIPS online platform for novice
STEM teachers and their coaches. Within the platform, they aimed to build a community
of practice, provide online coaching, and house web-based instructional resources for
new teachers in a format similar to other social media sites. The authors later
administered a survey in order to examine how the tool was used, and found that most
users had a positive experience, and that the main hurdle they faced was making time to
use the tool. However, a survey alone does not holistically capture the teachers’ learning
from the platform, and only 61 of the 1,075 teachers registered on the site responded to
the survey, creating a self-selection bias that leaves room for more study and
investigation about the effectiveness of the STEM TIPS tool.
Kelly et al. (2018) describe a similar use of web-based teacher communities as a
vehicle for teachers to use technology for learning during induction. The authors
designed and subsequently researched an online platform for STEM teacher induction in
Australia. Over the three years of the study, they found that there are challenges to online
networks as well as potential for its use. In creating the online platform, called
TeachConnect, the authors found that using the platform gave teachers the opportunity to
learn by sharing knowledge and increasing collegiality among professionals.

Theoretical Frameworks
Self-Efficacy
I first use a self-efficacy theoretical framework (Bandura, 1977) to understand
BSTs’ conceptions and efforts at continued education. Self-efficacy theory is ultimately
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about human agency. Perceptions of self-efficacy are “judgments of how well one can
execute courses of action required to deal with prospective situations” (Bandura, 1982,
p. 122). A teacher’s self-efficacy judgment, then, is an appraisal of their capability to do
something. This is a useful lens for studying beginning teachers’ continued learning
in-practice because self-efficacy judgments can influence teachers’ choices to participate
in available learning opportunities, and strong self-efficacy in early career teaching
settings could influence the degree to which a teacher would persist in the face of
obstacles or put effort into their work. In addition, BST self-efficacy can impact behavior
patterns in a formative period of professional growth and learning in the classroom and
school. This theoretical framework is appropriate for studying BSTs’ agency in continued
teacher education because Bandura (1982) said that “performance varies as a function of
perceived efficacy” (p. 124) and that performance mastery can be an “influential source
of efficacy information” (p. 126); in exploring the continued learning opportunities BSTs
take advantage of, I anticipate that their performance of teaching and instruction may
vary based on self-efficacy, leading to diverging choices in how to best learn about
teaching in this specific early career period.
Furthermore, Bandura said that judgments of self-efficacy are informed by sources
of information in the form of: (1) performance attainment or performance mastery; (2)
vicarious experiences of performances of others; (3) verbal persuasion/social influences;
and (4) emotional or physiological states (sometimes called emotional arousal).
According to Bandura (1982), performance attainment is an information source stemming
from an experience in which a teacher personally masters something in an authentic
setting or authentic way. Performance attainment can be the most influential source of
information for a self-efficacy judgment, which makes sense since multiple successful
experiences increase a person’s perception of their ability to do something. Vicarious
experiences are those in which a person observes a similar other perform; in this case,
BSTs seeing other teachers perform successfully (or unsuccessfully) would be a source of
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information impacting their self-efficacy judgments. Verbal persuasion is a source of
self-efficacy information that uses language to push a teacher to believe in his or her
capability to succeed. Finally, states of emotional or physiological arousal can be sources
of information for a teacher’s self-efficacy judgments in that strong arousal tends to
inform a person that they are not experiencing success. It would follow, then, that
teachers who are emotionally or physically overwhelmed could have lower self-efficacy
judgments because of the increased tension they experience.
BSTs are likely to encounter all four of those sources of information in their
experience; therefore, this study describes the ways in which their experiences learning to
teach are influenced by the sources Bandura outlined. Understanding the relationship
between teachers’ self-efficacy judgments and their choices for continued teacher
learning has the potential to influence induction programming for BSTs going forward.
Situated Learning
A basis for all teacher learning is the constructivist lens (Bruner, 1985; Vygotsky,
1978), which says learning occurs through active knowledge building. This theoretical
framework could especially help understand how teachers’ learning about technology is
constructed with experience. Constructivism, however, is too broad to be a theoretical
framework in this study and is instead a foundational framework acting as a common
thread in my theoretical framework.
Studying in-service teacher learning is inevitably rooted in situated learning theory
(Lave & Wenger, 1991). Situated learning theory stems from work about situated
cognition by Brown et al. (1989), who said that “knowledge is situated, being in part a
product of the activity, context, and culture in which it is developed and used” (p. 32), as
opposed to more traditional didactic views of learning that argue that knowing and doing
are separate, that the learning context is immaterial to knowledge being acquired, and that
knowledge can exist isolated from its social context. Lave and Wenger’s (1991) theory
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and the idea of legitimate peripheral participation posit that “learners inevitably
participate in communities of practitioners and that the mastery of knowledge and skill
requires newcomers to move toward full participation in the sociocultural practices of a
community” (p. 29). Situated learning theory and legitimate peripheral participation are
used in this study because they focus on learning as an inexorable product of participation
in a sociocultural community, which BSTs describe as a significant contributor to their
learning on the job. Situated learning also helps describe the learning that occurs among
BSTs as they transition from novices into full participants in a community of practice.
Because of its focus on “relations between newcomers and old-timers” and the
“activities, identities, artifacts, and communities of knowledge and practice,” situated
learning theory and legitimate peripheral participation provide a meaningful lens with
which to illustrate BSTs’ experiences learning to teach. In addition, the authors hope that
legitimate peripheral participation will provide a new perspective by “drawing attention
to key aspects of learning experience that may be overlooked” (p. 41), which aligns with
my interest in exploring BSTs formal and informal learning experiences.
Lave and Wenger’s (1991) notion of a community of practice is significant for
studying the experiences of BSTs. The community of practice for BSTs is the community
of fellow science teachers; within situated learning theory, a BST’s continued learning
must occur through social interaction with the community’s practices and with the
community’s implicit rules and norms, which are both ever-evolving since the
community of science teachers itself is also dynamic, with individual members having
their own perspectives and positions within the community.
Finally, situated learning theory is a strong lens through which to describe BSTs’
experience and answer my research questions about how they continue learning to teach
and what factors influence their choices for learning. Situated learning theory is about
learning through the organic practices of the community, in this case the community of
science teachers, and the opportunities the community naturally provides for learning. In
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legitimate peripheral participation, the idea of peripherality revolves around the entry
points learners have in their participation as members of a community; BSTs need to gain
access to new understandings through increasing involvement in the community.
Through this lens, I describe the ways in which BSTs find access points into the
community of science teachers, often through indirect or informal learning opportunities
centered in social interactions. BSTs also inhabit a specific phase of peripheral learning
because they are active participants in the community of practice but have fewer years of
experience participating than others in the community. For this reason, it is helpful to see
how their participation manifests in the varied ways they access the norms, skills, and
knowledge of the community.
Technology, Pedagogy, and Content Knowledge
Finally, Shulman’s (1986) notion of PCK, comprising the content-specific
pedagogical knowledge needed for teaching a particular subject, is a useful framework to
examine BSTs who are learning to teach. In my study, I am exploring BSTs’ learning and
the role of technology in their learning (see Research Question 4). Thus, I look beyond
PCK to a framework that could help me investigate how teachers gain knowledge for
teaching using technology. Koehler and Mishra (2009) have expanded PCK to theorize
about teachers’ knowledge of technology and instruction through the Technology,
Pedagogy, and Content Knowledge (TPACK) framework. Both PCK and TPACK
embrace constructivist views, but TPACK embraces the role of technology as a
knowledge base for strong instruction. Therefore, I have selected the TPACK framework
(see Figure 2) as a third lens through which I describe BSTs’ learning on the job.
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Figure 2
The TPACK Framework and Knowledge Components

Source: Koehler & Mishra, 2009, p. 63
TPACK posits that there are three primary knowledge bases (or domains) for
teaching using technology: Technological Knowledge (TK), Pedagogical Knowledge
(PK), and Content Knowledge (CK). The interactions between and among the three
foundational knowledge bases, Pedagogical Content Knowledge (PCK), Technological
Content Knowledge (TCK), and Technological Pedagogical Knowledge (TPK), are also
important models, and Technological Pedagogical Content Knowledge (TPACK) itself is
a final domain that integrates all the knowledge bases within a context. Since the
knowledge bases outlined in the TPACK framework must result from learning, I use
TPACK as a theoretical framework through which I examine the ways BSTs’ learning
manifests among the seven domains. See Table 1 for definitions of the seven domains of
the TPACK framework with science examples offered for each domain. TPACK is used
in this study as a lens to answer Research Question 4 in order to analyze the knowledge
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that BSTs exhibit or gain using technology. TPACK is a useful lens because it lends itself
to categorical exploration of how BSTs use technology during the induction period and
lead to implications about potential gaps in induction learning.

Table 1
Domains of TPACK and Their Definitions
TPACK Domain

Definition

Science Example

Technological
Knowledge (TK)

Knowledge of how to use technology and
proficient use of technology for various tasks.

Knowledge about how to
use web-based search
engines, social media, etc.

Pedagogical
Knowledge (PK)

Knowledge of the theories, methods, and
practices necessary for developing appropriate
instruction.

Knowledge about Problem
Based Learning

Content
Knowledge (CK)

Knowledge of the subject matter to be learned
or taught. Includes subject-specific theories,
concepts, knowledge of evidences and proofs,
etc.

Knowledge about the
Laws of Thermodynamics

Pedagogical
Content
Knowledge (PCK)

Knowledge for developing and implementing
instruction in a specific subject matter.

Knowledge about using
scientific models to teach
climate change.

Technological
Pedagogical
Knowledge (TPK)

Knowledge of how to use technology to
support teaching and learning.

Knowledge about how to
use online surveys to
assess student
understanding after a
lesson.

Technological
Content
Knowledge (TCK)

Knowledge of using technology to support
subject-specific content learning.

Knowledge about using
probeware to collect data
in an experiment.

Technological
Pedagogical
Content
Knowledge
(TPACK

Knowledge that supports a teacher in
effectively integrating content, pedagogy and
technology within a specific context (such as
school context, student demographics, gradelevel, culture, learning environment, etc.).

Knowledge of how to use
Excel spreadsheet
software to teach about the
relationship between
substrate and product
concentration during an
experiment.
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Chapter III
METHODOLOGY

This study is a qualitative phenomenographic study research design that is
supported by quantitative data to add weight and rigor (Creswell, 2007). Using
descriptive quantitative data to support my qualitative investigation of BSTs’ experiences
helps better address my exploratory research questions; using both qualitative and
quantitative data helps me explore avenues of research as they present themselves both
numerically and descriptively. Thus, both qualitative and quantitative data were collected
simultaneously from the start of the study. Some quantitative data, specifically the survey
data, was analyzed immediately after it was collected to help inform the nature of the
remaining qualitative data collected in the form of interview questions throughout the
remainder of the study. Other quantitative data, collected through classroom observations
and from frequency metrics in interviews and journal entries, was collected throughout
the study but only analyzed after all data had been collected.

Research Approach
This qualitative exploratory phenomenography study investigates BSTs’
experience of continued teacher education in their first few years of teaching. A
qualitative method is used to inductively understand BSTs’ experience.
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Qualitative Approach
This is a qualitative research study. Lichtman (2010) defines qualitative research as
“a way of knowing in which a researcher gathers, organizes, and interprets information
from humans using his or her eyes and ears as filters” (p. 5). Qualitative research is
“pragmatic, interpretive, and grounded in the lived experiences of people” (Marshall &
Rossman, 2011, p. 2), which is important for this study since I seek to explore and
describe the experiences of BSTs as they teach science early in their careers. I also use a
qualitative approach because I hope to interpret their lived experiences in order to
inductively describe how BSTs learn on the job. My approach also aligns with what
Rossman and Rallis (2003) describe as the hallmarks of qualitative research because it
occurs in naturalistic settings, it draws on many methods that respect participants’
humanity, it focuses on context, it is emergent and evolving, and it is interpretive at its
core. By studying BSTs’ teaching and learning in their schools, and by using an emergent
qualitative process, I am able to flexibly investigate BSTs’ lived experiences with CTE.
A qualitative approach provides data directly from BSTs so that I can identify,
understand, and interpret general patterns and themes about their conceptions and
experiences (Lichtman, 2010). I am embedding reflexive practices within the study by
reflecting on my positionalities and biases (Creswell & Poth, 2018), which lends itself to
a qualitative phenomenographic approach and increases the credibility of the findings
(Merriam & Tisdell, 2016) about BSTs’ experiences and conceptions of agency in
continued learning.
Phenomenographic approach. Phenomenography is an appropriate qualitative
approach because it allows me to investigate the experiences and conceptions teachers
have with continued learning soon after completing pre-service programs (Marton, 1981).
Marton argues for the label of phenomenography for research because it has a focus on
“description, analysis, and understanding of experiences; that is, research which is
directed towards experiential description” (p. 180). Unlike phenomenology, which
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Creswell and Poth (2018) outline as an approach that aims to find the “essence” of an
experience shared by a group of individuals, phenomenography focuses more on
describing the group’s experiences in order to understand the phenomenon. For example,
phenomenology is focused on sense-making about people’s shared experiences with a
phenomenon, while phenomenography allows for identification of “similarities and
differences in the way [people] experience and understand phenomena in the world”
(Barnard et al., 1999, p. 212). Simply put, a phenomenological approach describes the
singular essence of an experience, while phenomenography describes the experience as it
is understood by participants and inclusive of the various ways the phenomenon is
experienced and understood. Phenomenography acknowledges that there are both limits
to how phenomena are experienced and that there are variations in experiences that are
important to describe.
Phenomenography therefore affords me the opportunity to describe the experiences
of BSTs in a way that acknowledges both common trends as well as unique or contextspecific experiences they have. As Walker (1998) explains, the goal of phenomenography
is not to find a singular essence of the phenomenon but rather to examine the variation in
different aspects particular to the phenomenon. Phenomenography is invested “in
emphasizing collective meaning” by focusing more on how the phenomenon is
understood by those experiencing it (Barnard et al., 1999, p. 213).
In addition, conceptions play a larger role in a phenomenographic study than they
do in a phenomenology. Ornek (2008) noted that it is not possible to “deal with an object
without experiencing or conceptualizing it in some way” (p. 3), which in this case means
that the subject I am studying (beginning science teachers) and the object (learning to
teach science in the first years) are not independent of one another. The subjects’
concepts and experiences with learning to teach go hand in hand. Therefore, it is best to
study the varying ways BSTs experience the phenomenon because individuals will
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experience the phenomenon in different ways, which are all helpful for determining the
many conceptions BSTs might have of the phenomenon.
Therefore, phenomenography is a better approach than phenomenology for this
study since I hope to describe BSTs’ varying experiences and conceptions of continued
education and its manifestation in their choices of how to learn “on the job.” This study is
a phenomenography that aims to describe, analyze, and understand the experiences of
BSTs as they continue learning while teaching and how they conceptualize their own
choices and agency in continuing their education. There are potentially similarities and
variations in how my participants experience learning while teaching in the first years,
and identifying both is important for contributing to the field of science teacher induction,
since Luft et al. (2015) found in their review of newly hired science teachers that the
context in which a BST works has an impact on their development.
Quantitative Approach
In order to describe patterns and trends in BSTs’ behaviors and experiences, I also
collected quantitative data from two sources for measuring BSTs’ Self-Efficacy
judgments at the start of the study and throughout the study by measuring the frequency
with which teachers describe and choose various continued learning opportunities. The
Self-Efficacy Survey data as well as counts of frequency of data about continued learning
during interviews, observations, and journal reflections provide this information. The
counts of frequency help corroborate the qualitative data collected so that the description
of teachers’ experience is more complete. Though the design has both quantitative and
qualitative components, more weight is given to the qualitative portion since it lends
more to the description of BSTs’ conceptions and experiences, while the quantitative data
simply help to confirm or round out the descriptions (Hoy, 2010).
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Field Setting and Participants
I chose participants for the study using criterion-based selection since this study
was about a specific subset of teachers with particular experiences. Merriam and Tisdell
(2016) say that criterion-based selection occurs when a researcher decides on
characteristics of a sample that are important to the study, “then find[s] people or sites
that meet those criteria” (p. 97). The selection criteria for the sample were that
participants had recently completed a state-accredited teacher preparation program and
had been certified by the state to teach secondary science. The participants must all be
science teachers in a large urban city in their first three years of teaching after attending a
formal pre-service teacher education program. In addition, all participants must have
been concurrently receiving or had received some formal mentoring. Thus, one of the
selection criteria was that each participant must have had a formal mentor during their
first through third years teaching, through programs like the Teacher Residency at
Teachers College program (TR@TC2) or the New Teacher Fellowship Project (NTFP),
described below. The participants also must be teaching a majority course load of science
courses, defined as 60% of their teaching schedule being science courses, in schools
serving students in grades K-12, though all of the participants only taught secondary
school students. Finally, I purposely sought teachers as first-, second-, and third-year
teachers (Merriam & Tisdell, 2016).
From the above criteria, I found and selected four newly qualified, newly hired
science teachers at secondary schools in urban cities in the northeastern United States.
The number and range of teachers in the sample provided maximum variation. All
participants graduated from the same pre-service preparation program which included
coursework such as an introduction to secondary education, content area literacy, a
subject matter-specific methods course (e.g., Biology Teaching Methods), Urban and
Multicultural Science Education, and supervised teaching (student teaching). All
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participants were in their first-, second-, or third-year teaching. This sample provided a
range of science teachers with a range of experiences in their early careers. All
participants have had access to and participated in some form of formalized induction
that includes mentoring; this allowed me to get the best description of teachers’
individual and collective conceptions and experiences. Three of the four teachers were
members of the university-based New Teacher Fellowship Project (NTFP), which was
rooted in the university’s interest in staying accredited with the Council for the
Accreditation of Educator Preparation (CAEP). These three participants, who were either
in their first or second year teaching, volunteered to participate as Fellows for access to a
community of new teachers and for access to free university-based PD that carries
Continuing Teacher and Leader Education (CTLE) credit in fulfillment of state
requirements in order to obtain support during their first years’ teaching. They
volunteered because they wanted access to a mentor and coaching. As part of the NTFP,
participants agreed to three semi-structured interviews, inquiry group interviews, four
classroom observations, and debriefs after each observation to reflect on their lessons
with an assigned induction mentor. Two of the participants received additional induction
support and mentoring since they were alumni of the TR@TC2 program. Though all of
the participants matriculated from the same university-based pre-service science
education program, those who participated in TR@TC2 had an additional four core
courses about teaching and learning in the city context and also had one year of student
teaching experience rather than 12 to 14 weeks like the others. See Table 2 for a
summary of the participant profiles.
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Table 2
Study Participants’ Profiles
Name

Julia

Olivia

Jackson

Melody

Year of
Teaching Since
Completing
Pre-Service
Program
Induction
Description

One

Three*

Two

Three

NTFP: 1 year
with dedicated
Induction
Mentor

NTFP: 1 year
with dedicated
Induction Mentor

NTFP: 1 year with
dedicated Induction
Mentor

TR@TC: 2
years with
dedicated
Induction
Mentor

TR@TC: 2 years
with dedicated
Induction Mentor

School Context

Private-Public
Hybrid K-12
School for the
deaf and hard of
hearing**
9-12

Independent
Religious K-8
School

District: 1 year
with dedicated
mentor teacher at
school
Public High School

Grade Levels
7-8
9-10
Taught
* All part-time
**One of 4000+ schools in the state for students who are deaf and/or blind

Public High
School

9-10

Data Collection Methods Overview
Both qualitative and quantitative data were collected from field observations,
interviews, reflective journals, a self-efficacy survey, and inquiry groups. This range of
data sources provides information for my exploration of new science teachers’ agency in
continued learning and experiences of continued learning in conjunction with selfefficacy judgments (see Table 3). Since this study emphasizes the teacher learning
experience, student work was only collected when it was pertinent to analyzing the
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teachers’ continued learning process or professional growth. When relevant, student work
was used as a reference during interviews.
Table 3
Overview Data Collection Table
Research Question

Data Collection Procedure

What are beginning science teachers’ most relevant
and pressing learning needs that should be
addressed in their first years teaching?

Field Observations, Interviews,
Self-Efficacy Survey, Journal
Reflections

In what ways do beginning science teachers
continue learning to teach after completing their
pre-service teacher education programs?

Field Observations, Interviews,
Journal Reflections, Inquiry
Groups

What factors influence beginning science teachers’
choices and resources for continuing teacher
education?

Interviews, Self-Efficacy Survey,
Journal Reflections, Inquiry
Groups

What role does technology play in beginning
science teachers’ continuing teacher education?

Field Observations, Interviews,
Journal Reflections, Inquiry
Groups

Study Timeline
The study was conducted within the span of one academic school year in order to
have data over a substantial period of time and to account for the various ways BSTs
encounter learning over months of time on the job (Table 4).
Table 4
Summary of Data Collection over the Academic Year
Month

Data Collection Procedure

November

Self-Efficacy Survey, Field Observation, Interview, Inquiry Group

December

Journal Reflections

January

Field Observation, Interview, Journal Reflections, Inquiry Group

February

Journal Reflections
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March-April

Field Observation, Journal Reflections, Inquiry Groups (2)

May

Field Observation, Interview, Journal Reflections

Qualitative Data Collection
Field Observations
Field observations were conducted to provide me with qualitative and, if relevant,
quantitative data. I observed all four teachers conducting lessons four times over the
academic year. Each observation lasted at least 45 minutes and occurred on average every
6-8 weeks between November 2018 and May 2019 in one school year. Since making
observations only once would provide only a snapshot into BSTs’ experiences learning to
teach, I conducted multiple observations using an observation protocol, described below,
to enhance the reliability of the data collected from field observations. Observations were
conducted in order to examine teachers’ enactment of science teaching since performance
mastery can be an “influential source of efficacy information because it can be based on
authentic mastery experiences” (Bandura, 1982, p. 126). In addition, observing teachers
in the classroom helped provide context for me to ask probing questions about their
continued teacher education during interviews. These observations led to interview
questions (discussed below) that elicited deeper descriptions of their experiences through
both my eyes and theirs. Finally, in observing teachers in the field, I hoped to see where
and how they learn to teach on the job. Therefore, I primarily used observations in order
to take low-inference notes, simply describing what I saw without interpretation, while
observing BSTs teach, which provided much qualitative data to analyze self-efficacy,
situated learning, and learning from technology. Along with the observation notes, I used
the Reformed Teaching Observation Protocol (RTOP) (Sawada & Piburn, 2000) in order
to collect quantitative data rating the occurrence of instructional practices in each
observation.
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Reformed Teaching Observation Protocol (RTOP). To maintain consistency
across all field notes and to collect some potentially informative quantitative data (see
Quantitative Data section for more), I used the Reformed Teaching Observation Protocol
(RTOP) instrument for all observations (Sawada & Piburn, 2000). The RTOP is a
validated tool for measuring teachers’ classroom practices in terms of their alignment
with national standards for reform-oriented science teaching (Sawada et al., 2002). It is
often used for assessing classroom teaching practices for their alignment to reformoriented instruction. The RTOP is a classroom observation protocol with 25 Likert scale
items meant to assess instructional practices in K-20 science and mathematics teaching. It
was created to align with definitions of reform in national standards and documents
released by the National Council of Teachers of Mathematics (NCTM), the National
Research Council (NRC), and the American Association for the Advancement of Science
(AAAS). Some of the defining features of reformed teaching identified by the RTOP are
that reformed teaching is inquiry-oriented, is student-centered, uses a problem-solving
approach that lends itself to active learning, has students use data to justify opinions, and
has students experience ambiguity and learn from each other. Thus, the RTOP is an
instrument that observes teachers’ reform-oriented practices more than a tool to measure
teaching as a function of student learning.
The RTOP was designed with three scales consistent with the literature about
reformed teaching (Sawada et al., 2002). See Table 5 for a description of the scales and
sample items from the protocol. The RTOP format contains space to describe background
information about the class observation, the lesson’s setting, activities, and relevant
details followed by three sections to rate the items of the three scales and their respective
subscales (Piburn et al., 2000).
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Table 5
Scales in the Reformed Teaching Observation Protocol (RTOP)
Scale
Lesson Design and
Implementation
Content

Classroom Culture

Description
Contains five Likert items
assessing the structure and nature
of a reformed lesson
Contains two subscales with five
Likert items each: Propositional
Knowledge and Procedural
Knowledge as indicators of
Shulman’s (1986) idea of
Pedagogical Content Knowledge
(PCK)

Contains two subscales with five
Likert items each: Communicative
Interactions and Student-Teacher
Relationships as indicators of
focus on student-centered
initiatives.

Sample Items
“The lesson was designed to
engage students as members of
a learning community.”
Propositional Knowledge:
“The lesson promoted strongly
coherent conceptual
understanding.”
Procedural Knowledge:
“Students made predictions,
estimations and/or hypotheses
and devised means for testing
them.”
Communicative Interactions:
“The teacher’s questions
triggered divergent modes of
thinking.”
Student-Teacher Relationships:
“Active participation of
students was encouraged and
valued.”

Many observation protocols emphasize student learning outcomes more than
teachers’ instructional practices. I searched for observation instruments that measure
science teachers’ instruction and found only the RTOP and Electronic Quality of Inquiry
Protocol (EQUIP) as viable science-specific options (Marshall et al., 2011; REL MidAtlantic, 2017). Though the EQUIP rubric was shown to be more valid and have higher
interrater reliability than RTOP, since it is solely a descriptive rubric, it is entirely
qualitative. I selected RTOP because I was looking for a systematic way to collect both
quantitative and qualitative observational data so that I could inductively describe BSTs’
experiences based on both numerical and descriptive data. I looked for other instruments
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meant for observing teachers’ learning, however, each was imperfect in addressing my
specific research needs. Park et al. (2008) created a Pedagogical Content Knowledge
(PCK) rubric that is a validated instrument meant for measuring a teacher’s PCK through
observations. Though they measured teachers’ knowledge, which could be informative
about their learning, their rubric was not widely used and its validity measures were not
as strong as those of RTOP.
I selected RTOP since it was designed for observing teaching practices in science
and mathematics classrooms, making it a good choice for my study of BSTs’ learning on
the job (MacIsaac & Falconer, 2002). The 25 Likert items were qualitatively helpful for
me to determine what portions of the lessons I would regularly observe and what I might
later ask about in interviews with participants. I also used the RTOP to specifically
observe how science content and science teaching looked in each teacher’s classroom so
that I could get a better sense of their experience as beginning teachers who specifically
teach science. The tool allowed me to collect qualitative data describing what I saw them
enact in the classroom while simultaneously providing information that led to some of
my interview questions as I iteratively built my later interview protocols. Along with
providing a consistent format for taking field observation notes, this observation protocol
was appropriate because it is a validated tool specifically designed for observing science
teaching rather than observing student learning or student behaviors. See below for more
about the quantitative benefits of using RTOP, and see Appendix A for the RTOP
instrument.
Interviews
I conducted three semi-structured interviews (Merriam & Tisdell, 2016) with each
of the four teachers individually throughout the academic year, once at the start of field
observations, once after the second observation, and once after the final observation,
which occurred closer to the end of the school year. The first interview helped provide
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initial data about where BSTs envision continued learning and provided context about
their experiences. End-of-year interviews from each of the participants enhanced field
observation data and provided more rich description of the teachers’ continued learning
and self-efficacy perceptions in their own words. Specifically, the final interview asked
teachers to explicitly comment on their responses to select items from the Science
Teaching Efficacy Belief Instrument (STEBI) survey administered at the beginning of the
study (see below for more on the STEBI survey). Of the 25 items in the STEBI survey, I
selected six items for participants to comment on based on which items had the most
varied responses among the four participants. By asking them to comment on their
responses to these six items in the final interview, I was able to gather a much richer
description of participants’ self-efficacy judgments beyond the quantitative measure the
survey provided. The interviews were audio-recorded using the “Rev Voice Recorder”
Application on an iPhone 6. Audio was transcribed to text for analysis. See Appendix B
for the Interview questions.
I consulted with two different peers in my doctoral program to help revise
interview questions. This is one way I ensured “that data, interpretations, and outcomes
of inquiries are rooted in contexts and persons apart from [myself]” and increased
confirmability (Guba & Lincoln, 1989, p. 243). I conducted member checks, which
Creswell (2013) defines as “taking data, analyses, interpretations, and conclusions back
to the participants so that they can judge the accuracy and credibility of the account”
(p. 252). During interviews, I asked follow-up questions to clarify participants’ prior
responses to ensure my interpretations match theirs (Creswell & Poth, 2018). By having
participants frame and share emergent themes in their own words, I increased the
credibility of my emergent analysis.
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Inquiry Groups and Artifacts
Three of the participants, Julia, Olivia, and Jackson, participated in inquiry group
sessions as part of their mentoring through the NTFP. Since the inquiry groups were part
of the NTFP, a fourth teacher who was also part of the NTFP but not a participant in my
research was also present at each inquiry group meeting. The inquiry groups were
facilitated by me and one of the other NTFP mentors, except for the March inquiry group,
which was only facilitated by the other NTFP mentor. Thus, there were four BSTs and
one to two facilitators at each inquiry group session. These inquiry group sessions
occurred for two hours each and were conducted four times over the course of one
academic year. All facilitators attended a norming session around the inquiry group
protocols (see Appendix C) on October 12, 2018. The goal of inquiry groups was to
discuss specific issues related to participants’ practice; each inquiry group meeting was
comprised of socializing over a meal, discussion of inquiries, and discussions of
practices. Participants were guided to talk to one another about their self-identified goals
in their first years teaching. The teachers wrote these goals down with the support of their
mentors in order to build on and revise them throughout the school year. The purpose of
this goal setting was to present on their progress toward goals at an end-of-year
presentation. Though I did collect data about the goals they set, there was little in the data
that helped answer my research questions. The inquiry group spaces provided a loose and
organic structure for participants to be a part of an intellectual learning community that is
supportive and explores problems of practice.
Journal Reflections
All BSTs wrote guided reflective journal entries digitally throughout the duration
of the study. Prompts for the guided reflective journal entries were designed based on
recommendations by Dunlap (2006). The journal prompts simply guided participants to
recount a recent experience in which they learned something new for teaching science or
about teaching science. The journal entries provided data for addressing the research
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question about the role of technology in teachers’ continued learning, since journaling on
a digital platform was a novel tool for collecting reflection data that was easy for
participants to manage. The participants were provided the same prompts for each
reflection and asked to record journal reflections once a month over the course of the year
for a total of six journal entries. Though they were given the option to use voice
recordings or video recordings for their reflections, all chose to record their reflections in
writing. The timing and pacing of the journal entries was prescribed once per calendar
month in order to gather robust data about their experiences and to provide more relevant
information, which was often used to ask deeper questions during the semi-structured
interviews. Though all participants opted to write out their journal reflections, each
participant had a different style of journaling, leading to more authentic data collection.
See Appendix D for a list of journal prompts.
The journal entries provided more information on the teachers’ self-efficacy
appraisals, their experiences and choices for continued teacher education, and the
resources they used. The entries also and helped me directly explore the role of
technology in their reflections as BSTs. Furthermore, journal entries were used as a rapid
and asynchronous source of continued mentoring for participants.

Quantitative Data Collection
Reformed Teaching Observation Protocol (RTOP)
The RTOP is a classroom observation protocol that contains 25 Likert scale items
that are scored by a rater to assign a quantitative value for an observed lesson (Sawada
et al., 2002). Each of the 25 Likert items is rated on a scale from 0 to 4, with a score of 0
indicating that the characteristic never occurred during the lesson and a score of 4
indicating that the characteristic was very descriptive of the lesson observed (Piburn
et al., 2000). Each subscale has a maximum of 20 points possible, and the sum of the 25
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item scores provides an RTOP lesson score from 0 to 100, with higher scores indicating a
higher degree of reformed teaching observed (MacIsaac & Falconer, 2002). In addition,
“any RTOP score greater than 50 indicates considerable presence of ‘reformed teaching’
in a lesson” (p. 482). See Table 5 for an explanation of the subscales containing the 25
Likert items.
The RTOP allowed me to measure BSTs’ teaching practices in the classroom so
that I could describe their experiences learning to teach on the job within the context of
their schools and classrooms. This was especially helpful since the TPACK framework I
use as a lens for Research Question 4 necessitates an examination of the use of
technology, pedagogy, and content knowledge integrated within a unique context. Data
about BSTs’ classroom teaching practices were helpful for exploring the relationship
between their experiences on the job and their situated learning during the induction
period. In addition, the RTOP has been used to show that science teachers who practice
reform-oriented teaching exhibit stronger PCK and stronger beliefs about teaching (Park
et al., 2010; Roehrig et al., 2007). This confirmed that the RTOP could be a potent tool
for determining BSTs’ learning on the job and for gaining insight into the unique
experiences of BSTs.
Many science-focused observation protocols measure student learning outcomes
over teacher learning, or they do not include a quantitative component; I selected RTOP
in order to collect quantitative and qualitative observational data that would teachers’
learning. I chose the RTOP because it is a validated and widely used instrument for
observing science teaching. The team that developed the RTOP achieved very high face
validity, construct validity, predictive validity (correlation coefficient between 0.88 and
0.97 in various classrooms), and internal consistency (Cronbach’s α=.97) (Sawada et al.,
2002). They also created a training manual and found that raters who went through the
training had high interrater reliability (r2=.954, p<.01). MacIsaac and Falconer (2002)
note that the RTOP has been used in over 400 K-20 science and mathematics classrooms
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since its development in 2000. I considered using the Technology Use in Science
Instruction (TUSI) instrument for observations since it measures “the extent to which
technology is effectively leveraged in science instruction” making it science and
technology specific (Campbell & Abd-Hamid, 2013, p. 573). Though the TUSI
instrument produces quantitative data using 26 Likert items, the RTOP has been cited in
ten times as many articles as the TUSI, and the TUSI’s reliability and validity were only
tested with students in 8th grade. Most importantly, its intention is to look at the ways
digital technology enhances science instruction for the purpose of student science
learning, which I felt was too narrow for my exploratory study; the TUSI measures
teachers’ technology use in the classroom. The TUSI still does not serve to examine
teachers’ use of technology for learning to teach, but focuses on their use of technology
for student learning.
After all field observations were complete, I calculated scores from the RTOP
quantitative evaluation measures, making sure to calculate the scores for each of the five
subscales for each of the observations conducted using the instrument. The RTOP
measures helped elucidate any similarities or differences among participants as they
enacted their learning in the field. It also helped me see whether there were any trends or
patterns in how the participants conducted their classroom instruction over the course of
the study. The RTOP evaluation metrics were valuable for quantitatively recording
teachers’ progression as they continued to learn to teach. Seeing participants teaching
helped me draw connections between their actions in the classroom and their conceptions
and experiences continuing to learn. I was also able to observe technology’s role in their
learning and use the observation data for collecting evidence of learning occurring through
the TPACK and Situated Learning frameworks. Again, see Appendix A for the RTOP.
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Survey
The Science Teaching Efficacy Belief Instrument (STEBI) has been used to
evaluate self-efficacy in science teaching (Bleicher, 2004; Enochs & Riggs, 1990) and is
a valid and reliable tool for measuring teachers’ self-efficacy. The STEBI was originally
designed to assess practicing elementary teachers’ science teaching self-efficacy (Riggs
& Enochs, 1990). Since the original, there have been two forms of the STEBI developed,
the STEBI-A for in-service teachers and the STEBI-B for pre-service teachers, and both
forms have been used in studies of both secondary as well as elementary teachers’ selfefficacy for teaching science (Angle & Moseley, 2009; Bleicher, 2004; Enochs & Riggs,
1990; Hodgin, 2014; Lakshmanan et al., 2011).
I used the STEBI-A form in this study since all my participants were in-service
teachers. The STEBI-A has 25 items for participants to rate on a five-point Likert scale
from a strongly agree to strongly disagree. Scores on 13 of the items are reflective of
Personal Science Teaching Efficacy (PSTE) and on the remaining 12 items indicate
Science Teaching Outcome Expectancy (STOE); see Table 6 for definitions of these
subdivisions (Riggs & Enochs, 1990).
Table 6
A Sample of Items from the Subdivisions of the Science Teaching Efficacy Belief
Instrument (STEBI-A) (Riggs & Enochs, 1990)
STEBI
Subdivision

Description

Sample Positive Item

Sample Negative Item

Personal Science The belief in one’s
Teaching
own ability to
Efficacy (PSTE) teach science

I am typically able to
answer students’
science questions.

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

Science
Teaching
Outcome
Expectancy
(STOE)

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

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

The belief in
students’ abilities
and outcomes in
learning science
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Thus, the PSTE score range is 13-65 and the STOE score range is from 12-60. Higher
total scores on the survey indicate higher self-efficacy appraisals (Bleicher, 2004; Enochs
& Riggs, 1990). Some of the items are positively worded, and thus a ‘‘strongly agree’’
response to those items is scored as a 5, an ‘‘agree’’ response is scored a 4, etc.
Negatively worded items are scored in reverse.
I selected the STEBI-A survey for this study because I was looking for a validated
and widely used tool to specifically measure science teaching efficacy. The STEBI-A
allowed me to measure BSTs’ self-efficacy so that I could describe their experiences
learning to teach in the context of their self-efficacy beliefs. Collecting data about BSTs’
self-efficacy was helpful for exploring the relationship between their self-efficacy
judgments and their pursuit of continued teacher education; their judgments about their
ability to teach science were important foundations for describing their choices about
learning on the job. In addition, the STEBI-A has been used to show that teachers with
high self-efficacy are more likely to teach using reform-based and student-directed
strategies (Czerniak, 1990), so I hoped the STEBI scores would provide insight into
BSTs’ instructional practices as they relate to the choices BSTs might make for learning
on the job.
Though there are other survey instruments that measure science teachers’ selfefficacy for using technology in the classroom, which would more directly relate to my
Research Question 4, I selected the STEBI as the best option available. I also considered
using the TPACK survey developed for pre-service teachers by Schmidt et al. (2009).
However, I did not want to use a survey to measure TPACK but self-efficacy.
Furthermore, their survey was developed for pre-service elementary teachers, which did
not match my participants’ profiles at all. Lee and Tsai (2010) developed the
Technological Pedagogical Content Knowledge-Web (TPCK-W) Survey to explore
in-service teachers’ self-efficacy with regard to their Technological Pedagogical Content
Knowledge of the World Wide Web, and though it is a validated instrument, it was
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validated in a homogenous population of teachers in Taiwan and has not been widely
used in other studies. Menon et al. (2017) developed the Technology Science Teaching
Efficacy (TSTE) survey, and though it was validated by the authors, it has not been
widely utilized or adopted and was only used with pre-service elementary teachers.
I administered the survey to all participants at the start of the study to measure their
self-efficacy. I chose not to use a pre- and post-test of the STEBI-A since I was not
looking to see changes over time among the participants and since I was not offering any
intervention in which a post-test would reveal any impact from an intervention. For
example, Lakshmanan et al. (2011) used pre- and post-tests of the STEBI-A as well as
the RTOP together to find a correlation between changes in teachers’ self-efficacy and
their use of inquiry-based instructional practices after participating in Professional
Learning Communities (PLCs). For this study, I decided that, at most, a post-test could
have shown change over time, but there were too many variables that could have
influenced that change, and that change over time did not directly help answer my
research questions. The survey was created and administered online using Qualtrics
software. The survey data were collected from Qualtrics as a collection of Microsoft
Excel files that I stored on my password-protected hard drive and in a password-protected
cloud-based account. See Appendix E for the STEBI Instrument.

Relationship Between Qualitative and Quantitative Data
Since I collected quantitative and qualitative data simultaneously, I used both
during the data collection and analysis process. After collecting quantitative survey data
at the start of the study, I used the STEBI survey scores to help design questions for the
final interview based on which scores showed the most variance in responses. In this
way, I used quantitative data to help collect some more in-depth qualitative data. After all
data were collected in May 2019, I analyzed the quantitative RTOP scores in order to see
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a comprehensive view of participants’ field observations and to parse out the elements of
reformed-teaching practices evident in each observation. I also coded the observed
lessons for evidence of the seven TPACK domains in order to get quantitative data about
the frequency of demonstration of learning using technology. These techniques allowed
for a constant comparative method where I could zigzag and analyze as the process
unfolded.
Data Analysis Process
Since many sources of data were collected, it is important to note what each data
source offered for analysis. Field observations were analyzed for evidence of decisions
around continued learning that I could code as examples of situated learning, for evidence
of the domains of TPACK, and for actions the BSTs took that demonstrated self-efficacy
perceptions during classroom lessons. Interviews were analyzed for teachers’ experiences
and choices of continued learning in their first years teaching. The survey was analyzed
to determine teachers’ self-efficacy perceptions so that their experiences and conceptions
could be interpreted based on that notion. Finally, Inquiry Groups and Journal Reflections
provided additional data to build a holistic picture of new teachers’ experiences with
continued learning in their own words.
Data were gathered and stored on both the researcher’s computer and in a
password-protected cloud-based account. The data were organized in folders based on the
type of data source and based on the participant’s name. During the data collection
process, I read and transcribed the data immediately after each was collected in order to
write memos about all of the data for each participant. I created memos on one document
for each two-month period of data collection for each participant. For instance, I had a
memo for Jackson, one of the participants, for all data collected in December 2018 and
January 2019, another memo for all data collected for Jackson in February 2019 and
March 2019, and one last memo for all data collected from him in April and May.
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Memoing helped me see some preliminary patterns that began to emerge in the data and
helped me iterate on interview questions. For example, in my first memoing round, it
became apparent that all participants were describing learning from successes and
failures in their classroom instruction. As a result, I iterated on the subsequent interview
questions to probe more about their learning from success and failure.
Though the methodology was not Grounded Theory, the method for data analysis
followed parts of that coding scheme as described by Kuckartz (2014) since I hoped to
explore the experiences of new teachers. This allowed me to inductively find patterns
describing conceptions and experiences, rather than using deduction to generate or test
theories. I carried out all of the coding myself because I could not find another coder
under the circumstances of my dissertation research to code all of my data alongside me.
There were not enough resources or time for cross coding, and in a future study, one
improvement to this process would be to have additional coders to ensure coding is not
biased.
Using the memos as a guide, I conducted a first cycle of coding using both
elemental and exploratory methods to build a foundation of codes and assign preliminary
codes before refining the codes into their final form (Saldaña, 2016). These were
appropriate methods for the first cycle of coding, since the elemental method of initial
coding I used was “truly open-ended” and allowed me to build some in vivo codes using
participants’ own language and since exploratory methods “use tentative labels as the
data are initially reviewed” (p. 165). One of the most salient in vivo codes that emerged,
for example, led to the development of the theme that BSTs learn from self-described
success and failure. Of the exploratory methods Saldaña mentions, I used Dey’s (1993)
concept of holistic coding because it allowed me “to grasp basic themes or issues in the
data by absorbing them as a whole rather than by analyzing them line by line” (p. 104).
This was helpful so that I could start preparing preliminary codes before doing a deep
analysis of data at a more micro-level in my second cycle of coding. This coding cycle
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was conducted in a running document that I kept adding to and modifying throughout the
first cycle.
I then input the initial codes into the qualitative application NVivo 11 on a
Macintosh computer, where the data were saved in the form of an NVivo file stored on
both the hard drive and in a password-protected cloud-based account. NVivo was an
appropriate tool because it allowed me to organize and visualize codes for all qualitative
data, coded from journal entries, interview transcripts, and observations, and quantify
their significance in order to find emergent themes.
Using NVivo software, I coded more in depth to extract themes describing how
new teachers continue their teacher education and to discover patterns in these teachers’
self-efficacy over the course of one year (Strauss & Corbin, 1998). In this second cycle of
coding, I used focused coding (Charmaz, 2014) to determine themes and categories
addressing the research questions. Focused coding helped me complete a final cycle of
coding based on codes that emerged in the initial coding scheme. According to Charmaz,
focused coding looks for frequent or significant codes, which I had developed initially
during my first cycle, and analyzes the most notable categories that emerge in the data.
Focused coding also helped me decide “which initial codes make the most analytic
sense” (p. 138). Focused coding was especially appropriate because it helped me develop
major themes out of the data, which is common in phenomenology and
phenomenography. Finally, after completing the focused coding, I determined which
codes included evidence of the domains of TPACK and used them to report the findings
for Research Question 4.

Elements of Rigor
Data were collected from a wide range of qualitative and quantitative sources. This
provides triangulation for themes that present themselves over multiple different data
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sources (Merriam & Tisdell, 2016). The range of data sources ensures that I do not
misinterpret responses to interviews and ensures that the observation data match the
teachers’ own perceptions. The observations and interviews provide information about
the context of teachers’ experiences so I can develop a rich and thick description of their
continued teacher education and self-efficacy. Triangulation of sources, peer review of
interview questions, member checking, and reflexivity, outlined below, all lend validity
to the study so that findings may be credible; typicality/modal category sampling of
science teachers from several schools and rich, thick description make the study
transferable to other contexts (Kuckartz, 2014; Merriam & Tisdell, 2016).

Ethics and Reflexivity
This study involved human participants who did not experience any harm, since all
of the data being collected are describing their experience from an exploratory
standpoint. Beyond the benefit of my mentoring services among those in formal
Fellowship programs (TR@TC2 and NTFP), all participants benefited from the journal
reflections as they offered them a space to reflect on their practice as early career science
teachers. Additionally, all participants in the NTFP received a $75 Amazon gift card for
participation, and every meeting on campus provided a meal.
Potential ethical concerns arise due to my employment at Math for America, where
I work in the admissions office of their highly desired and prestigious fellowship award
program. This could have influenced participants’ responses and behavior due to a
perception that if they were to apply to a fellowship there, their award might be affected.
I accounted for this overlap by executing interviews outside of the Math for America
offices so that participants felt more comfortable speaking freely about the wider range of
continued learning experiences they have had. I minimized any conflict of interest
between Math for America and my research effort by communicating with the Executive

52

Director, the Director of Admissions, and the Chief Operating Officer about the work I
was conducting outside of Math for America, and disclosing whether any applicants to
the fellowships were participants in my study. I acquired consent from all participants
through IRB consent forms and made clear that their participation was completely
voluntary. I explained to teachers that their participation and responses would not affect
their access to any Math for America fellowships or my mentoring services, and their
participation would not influence my future interactions and work with them in any
negative way.
Participant responses were kept confidential and were not shared with the New
Teacher Fellowship or TR@TC. To ensure privacy, all material was safeguarded
electronically on my password-protected computer. Teachers have been given
pseudonyms and identified only by the grade they teach (Creswell & Poth, 2018).
Furthermore, any ethical concerns can be mitigated as a result of my personal rapport and
relationship with participants; I have personally mentored, supervised, or befriended at
least half of the participants and believe they have been candid and honest in their
communication with me as a result of our relationships.
Role of Researcher and Researcher Positionality
I have been a professional development provider and new science teacher mentor
since 2016. My professional experiences as a paid PD provider with an Education
Technology company called ThinkCERCA have led to my interest in researching teacher
education. I have been an induction mentor at the Teacher Residency at Teachers College
(TR@TC2) program, which gives me a lens and additional experiences mentoring early
career science teachers through a formal induction program. At least one of the
participants in the study has been involved with the TR@TC2 program and has been
mentored by me directly. I am also a research fellow and mentor for the New Teacher
Fellowship Project at Teachers College, where I mentor teachers in their first or second
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year of teaching science after they have completed their university-based pre-service
program. In my role, I provide mentorship to participants while researching data and
conducting analysis for a larger research project about early career teachers.
Furthermore, I work at Math for America, which is a non-profit organization that
builds a community of accomplished mathematics and science teachers by granting
fellowships to teachers in several stages of their careers, even early career teachers. In my
role at Math for America, I contribute to continued teacher education programming
available to early career teachers. As a result of these wide-ranging experiences, and due
to the fact that I taught science for some years in the same region, I have a strong
foundational relationship with the teachers I selected. I have also been building rapport
with the participants since I began serving as their mentor, some as early as 2016. I
always shared my personal story and background in education with participants to build
more rapport. Additionally, I am personally interested, curious, and invested in all
teachers’ pedagogical growth. I am a full-time doctoral student who taught science in
secondary schools for six years before transitioning to be a PD provider. I have several
education-related commitments outside of my paid, full-time position at Math for
America. For this reason, I am a strong instrument for investigating the research
questions posed in this study.

Limitations
This study aimed to describe the experiences of BSTs learning to teach and the role
of technology in their learning. Some of the limitations of this study stem from the lack
of existing validated and widely used instruments available to measure and observe the
learning of BSTs. For example, I acknowledge that I did not use the RTOP for its
intended design, which MacIsaac and Falconer (2002) note is to allow for constructive
critique of classroom practices. For this reason, the RTOP is not a perfect fit for my
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study, since the focus of my work was not on assessing and providing feedback on BSTs’
reformed teaching practices. I also was unable to collect RTOP scores for two of the
observations, one for Olivia and one for Justin, making it difficult to see complete trends
in the data. The RTOP was still the best choice for an observation protocol to achieve the
goals outlined above, but an observation instrument that measures BSTs’ learning on the
job would have been a stronger tool. Trying to adapt the RTOP for observing teacher
learning with technology also has its limitations because technology is only implicitly
addressed in the tool. I made the assumption that because of my abundant prior
experience and study of technology integration in K-12 classrooms, I could extract and
identify participants’ technology use and learning from technology during my data
analysis process. RTOP also is not intended to measure PCK or TPACK, and the only
tool for observing TPACK for science teaching was developed for pre-service teachers
(Schmidt et al., 2009). Studies show that high RTOP scores correlate with science
teachers’ scores on a PCK rubric (Park et al., 2010) and with their beliefs about teaching
(Roehrig et al., 2007). Since others have found that science teachers’ RTOP scores
correlate with their knowledge and beliefs about teaching, I still found RTOP to be a
useful tool for determining BSTs’ knowledge building practices on the job.
In the future, it would be helpful to use both a teaching inventory and an
observation protocol in conjunction. It would be useful to obtain the quantitative
measures from a teaching inventory in order to collect numerical data about the existence
or absence of practices in a BSTs classroom. The observations were limited to four per
participant due to time constraints. With more observations, there could have been more
data to determine the extent to which BSTs learned over time. The number of lessons
observed also made it difficult to get a well-rounded idea of BSTs’ learning on the job
because there was no way to control for the topic of the lesson they were teaching when
observed. The variety of lesson topics and styles made the RTOP scores difficult to
compare. This research only studied four participants, making it difficult to generalize the
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findings to all BSTs; however, the criterion sampling used could still make the findings
relevant to science teacher educators working on induction programming. Finally, I did
not conduct a post-test using the STEBI-A tool. Administering a post-test could have
provided information about BSTs’ learning on the job by determining if experience in the
classroom had any effect on their self-efficacy between administering the pre- and posttests. Future research should incorporate a pre- and post-test with the STEBI-A survey.
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Chapter IV
FINDINGS

The data collected helped answer the research questions and elucidated much about
the experiences and conceptions beginning science teachers have during the induction
phase of teaching. The themes that emerged helped to answer the research questions by
outlining the experiences and conceptions that BSTs have about their continued learning.

Research Question 1
What are beginning science teachers’ most relevant and pressing learning needs
that should be addressed in their first years teaching?
Participants’ Context, PCK, and Self-Efficacy
It is worth reporting findings about the participants’ specific school contexts and
their individual quantitative metrics here in order to more deeply understand who each of
them is and how their school context might inform their experiences as BSTs. To begin,
it is important to describe the similarities and differences in each participants’ teaching
environment in order to understand the context in which they had experiences early in
their careers.
Overall, Julia and Olivia shared some similarities in their contexts, since they both
taught at specialty schools that were not fully publicly funded. Neither Julia nor Olivia
had access to systematic collaboration opportunities within their schools, and both taught
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classes of students fewer than 15 at a time. Jackson and Melody had more similar
experiences in that they both taught at public high schools with several initiatives and
many structures built in for collaboration with others at their schools (see Table 7 below).
Table 7
Participants’ School Contexts
Name

Julia

Olivia

Jackson

Melody

School
Context

Private-Public
Hybrid High
School for the
deaf and hard
of hearing

Independent
Religious Middle
School

Public High
School

Public High School

Schoolwide
Initiatives

Thinking
Maps, Science
Fair

Skill building
focus

Design Thinking,
Classroom
Discussion,
State Science
Curriculum and
State Science Test,
Next Generation
Science Standards,
School Power
Standards

Mastery Based
Grading, Science
and Engineering
Skills, Supporting
English Language
Learners/Newcomer
s to the country

Descriptions
of
collaboration
structures at
school

Informal only

Informal only

Science
Department Team,
Co-Teaching
Team(s)

Grade Teams (all
subject areas),
Inquiry Teams (all
subject areas,
creating portfolios),
Science Department
Team

Other notable
information

One of 4000+
schools in the
state for
students who
are deaf and/or
blind. Very
small class
sizes.

All teachers in
school incorporate
religious traditions
into teaching
content. Very
small class sizes.

Initiatives
introduced at
varying times of
the school year.

Part of a network of
“International
Schools” working
mostly with
populations of
students new to the
country.

This difference between school context experiences was notable when analyzing BSTs’
most relevant and pressing learning needs: teachers at schools with fewer structural
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opportunities for collaboration (Julia and Olivia) craved professional connections more
deeply than those in more collaborative environments (Jackson and Melody). The
difference also became apparent when answering research questions about the ways
BSTs continue learning to teach and the factors that influence their choices and resources
for continued learning; the variance in school context meant that Jackson and Melody had
more access within their school environment to learning opportunities, and at the same
time the high number of school initiatives decidedly drove how and what they learned
about teaching (see the findings below titled “School Initiatives and Curriculum”).
Though the similarities and differences in school contexts were helpful in understanding
the findings that follow, the quantitative data provided mixed information in this study.
Using the Reformed Teaching Observation Protocol (RTOP) as an indicator of
their PCK, I calculated the average, median, and range of scores on the RTOP for each
participant and looked for trends over time among their observations (see Table 8). All
participants had an average RTOP score above 50 out of 100, which MacIsaac and
Falconer (2002) note is a sign of considerable reformed teaching. The average score
range from 50.75 to 62 showing that, on average, reform-oriented teaching practices were
being enacted, though still not at an expert level since the total possible score is 100.
Julia’s scores improved over time, and the last two observations resulted in higher RTOP
scores than any of the other participants, while Olivia’s varied with no clear trend.
Jackson and Melody, notably both graduates of the TR@TC2 program, had more
consistent scores over 50 through all observations. Though two of the participants, Olivia
and Jackson, did not have RTOP scores collected for their first observation and the topics
of each lesson were not the same, the patterns still indicate that lesson execution varied
but all BSTs averaged toward reform-oriented teaching. Also, those with lower reformoriented teaching scores at the start improved their teaching practices over time, which is
to be expected among teachers who are still novices in their careers. These findings have
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implications about what knowledge BSTs learned on the job over the year and the
knowledge they still need to learn.
Table 8
RTOP Score Summaries
Scores from Observations

Julia

Olivia

Jackson

Melody

Observation 1

39

N/A

N/A

64*

Observation 2

31

60*

56*

61*

Observation 3

89*

47

53*

67*

Observation 4

87*

58*

55*

45

Average

61.5

55

50.75

59.25

Median

63

58

54

62.5

Range

58

13

17

22

* Score indicative of considerable reformed teaching
** No score collected for first observations

The BSTs’ scores on the Science Teaching Efficacy Belief Instrument (STEBI)
survey provided data that followed patterns in the school experiences participants had
(Table 9). For example, Jackson’s and Melody’s STEBI scores were extremely similar to
one another, which could be related to their similar self-efficacy judgments, the public
school environments in which they teach, or their participation in the TR@TC2 program.
Julia’s scores on the STEBI were also aligned with Jackson’s and Melody’s, despite her
experience in a very different school context. However, this could be explained by a few
factors such as the fact that her school was partly publicly funded, that she taught a
specific high-needs population, or that she was the most new to teaching among the four
participants and therefore had retained much of her judgments about her ability to teach
science from a recently completed pre-service program. The most drastic quantitative
finding was that Olivia’s STEBI scores in Personal Science Teaching Efficacy (PSTE)
and Science Teaching Outcome Expectancy (STOE) had the widest range and that her

60

scores went well beyond the other participants’. Overall, all participants demonstrated
high PSTE scores (the range of possible scores is 13-65) and STOE scores that were
lower (range of possible scores is 12-60). The total possible points on the STEBI-A is
125, and higher total scores on the survey indicate higher self-efficacy appraisals
(Bleicher, 2004; Enochs & Riggs, 1990). Though Olivia had the highest total STEBI-A
score among the participants, she also had the widest range between PSTE and STOE
scores, with the highest PSTE score and the lowest STOE score of all participants. In
sum, the BSTs had high self-efficacy judgments about their capability to teach science.
Table 9
STEBI-A Scores
Name

Julia

Olivia

Jackson

Melody

Personal Science Teaching Efficacy (PSTE)

52

62

51

51

Science Teaching Outcome Expectancy (STOE)

41

38

40

42

Total Score

93

100

91

93

Difference in scores

11

24

11

9

Craving Professional Connection
The primary theme that emerged from the data is that all four BSTs craved and
sought professional connection during the first few years when they otherwise felt
isolated and perceived themselves as self-reliant practitioners by necessity. In all different
teaching contexts, BSTs consistently demonstrated an urgent desire to connect with other
teachers, whether fellow teachers in their building or other science teachers elsewhere.
They described the need to connect in order to gain professional insights into teaching, as
well as to reduce the sense of loneliness and seclusion they felt in their classroom
contexts. This isolation was also linked to a persistent sense among BSTs that they were
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solely responsible for the learning that occurred in their classroom, and, as such, they felt
and enacted work streams that prioritized self-sufficiency and independence.
All participants shared a desire to connect with fellow teachers, especially noting
the emotional and vulnerable nature of working as an early career teacher. Julia shared
during the November Inquiry Group meeting that she felt like some teachers intentionally
hold back from sharing their work, leaving her to search for resources online and
elsewhere. In an interview on May 6, 2019, Julia said, “Some teachers, it almost feels like
they create lesson plans or create things and then hold them very close, like this is my
baby because I made it, and I don’t want to share it with anybody else,” further
explaining her sense that it was hard to connect with all teachers and form a much-needed
bond with those who share her experiences. Talbert and McLaughlin (2002) have argued
that weak teacher communities can demoralize innovative teachers due to their lack of
collegiality. In the case of beginning science teachers, it seems a lack of teacher
community was even more demoralizing due to the vulnerable position new teachers
found themselves in. The participants shared, therefore, that they need to feel connected
with other educators to enhance their learning on the job.
Shared experience and struggle. As a precursor to learning explicitly about
classroom practices in their first years, beginning science teachers noted the value of
knowing that their experiences were shared among a larger group. Julia, in particular, had
many terms to describe how she perceived the shared experience and struggles of
teaching. In the November Inquiry Group meeting, she shared that there was another
beginning teacher at her school and that they commiserated together. Using the term
“commiserate” evoked a notion of shared pain and distress and taken alone would mean
that BSTs solely needed another teacher to vent their frustrations to. However, Julia
elaborated that:
Being able to really connect with somebody else who’s going through the same
thing.... It’s so helpful just in knowing that you’re not alone with the experiences
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that you’re having. It’s like, ‘Oh yeah, we’re sharing this, the same experience.’...
We’re having similar feelings and similar struggles.... Just knowing that, ‘Okay, if
I can get through it, she can get through it. If she can get through it, I can get
through it.’ We’re both there doing it together. (Interview, January 21, 2019)
Therefore, commiserating, to Julia, was more than just time to complain and share in
each other’s suffering. Being able to relate one another’s challenges gave Julia hope that
she would overcome challenges and comfort to know that her challenges were common
to new teachers. Professional connections met a need for her because they helped her
learn what was customary and helped build her stamina in continuing to work through
struggles. Talking to other BSTs in the Inquiry Group meetings also helped her see
common struggles in order to grow professionally:
Talking to other first-year teachers [helps me] realize that my experience and
some of these insecurities that I have and some of this lack of comfort that I have is
normal.... I’m not the only person that’s feeling this way. Other people feel this
way too, and in sharing those experiences, that is how you’re going to overcome it.
That’s how you’re going to become more successful. Just keeping it to yourself
and not sharing that experience with the other people who are also living it or have
lived it, because they’re now further along in their teaching career. That’s not
going to do anybody any good. (Interview, May 6, 2019)
Beyond speaking to fellow new teachers, Julia noted that there is a need for more
experienced teachers to share their vulnerability in order to help BSTs recognize the
shared experience. The benefit of having a mentor through NTFP was “knowing that
there’s somebody who’s been there and who has also felt that way, who maybe still
sometimes feels that way ... it’s just very valuable that someone else is willing to say that
they have those same feelings and experiences” (Interview, April 1, 2019). This again
calls to mind her initial quote that some teachers keep their work very private; having a
mentor who expressed her struggles rather than keeping them to herself or acting like
they did not exist helped Julia feel connected and helped her see a connection between
her experiences and other teachers’.
Finally, Melody recognized the benefit of making connections with fellow teachers
because it gave her the chance to see that she was not alone in experiencing challenges in
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her classroom. After visiting other teachers’ classrooms during her prep period, she
shared, “I think those were some of my greatest learning experiences because you get
ideas, you see something you’re struggling with and another teacher dealing with it”
(Interview, December 12, 2018). Similar to Julia, Melody saw value in observing another
teacher overcoming a challenge. Observing was also an opportunity to learn from
proximal teachers who could be resources who confirm BSTs’ struggles were real and
who provided ideas for how to manage challenges.
Access to resources. BSTs craved connections with other teachers in order to build
their pool of resources, from classroom materials to lesson ideas. Julia shared during
Observation 4 that she wished there was more collaboration within her school for sharing
resources, and Olivia said the most helpful thing for her continued learning was “just
having that support. Human resources, literally. Being able to talk to people” (Interview,
December 12, 2018). They sought accessible resources in connecting with other teachers.
More specifically, Melody gave an example of how connecting with a math teacher
helped her access resources:
We compared rubrics, and just seeing a simple way that someone else organizes
it, or explains it to the students [was helpful] .... [The math teacher] was talking
about what he sees the students do, and ... little strategies he does, which I could
definitely use. That’s really helpful. (Interview, February 7, 2019)
Resources for BSTs came in the form of rubrics, ideas for organizing work, and
teaching strategies. By making professional connections to access resources, they felt less
isolated in their work and instead felt like they were part of a larger enterprise—what
Lave and Wenger (1991) call a community of practice that shares artifacts and
knowledge. Working with other teachers, Melody said, “It’s, again, taking me out of the
corner of working alone and bringing it out into all these [spaces]” and that the school
“has so many resources of teachers who’ve been here for a really long time. So, it’s like,
seems silly not to go ask them what they’re doing” (Interview, December 12, 2018).
BSTs, then, felt it was relevant and pressing to leverage human resources, especially if
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they were proximal and experienced because it was most logical, efficient, and prudent to
utilize them for access to resources, ideas, and strategies.
Melody even saw herself becoming part of the professional community when she
worked with teachers who were even more novice than she is: “It’s been nice to have
something that worked really well, and then share it with someone, and then have them
use it and say that it went well, or have other things that make it better. That’s been really
fun” (Interview, February 7, 2019). When she was able to contribute to the profession by
providing resources, she felt professionally fulfilled and satisfied.
Exposure to other perspectives. Another pressing and relevant need among BSTs
was to connect with other educators in order to be exposed to new and varied ways of
teaching. Olivia said, “It’s always interesting to see different perspectives. Sometimes
you could be stuck in your way of thinking, in your patterns of thinking (Interview,
February 6, 2019); seeing others teach is a way Olivia maintains a learning posture in her
practice. Melody finds that exposure to other teachers’ practices helps her learn about
gaps in her own practice, saying “[the math teacher] and I tend to talk about how we do
things, and then get ideas about.... Something that’s maybe missing from our practice that
the other person doesn’t do, and swapping or sharing ideas” (Interview, February 7,
2019). Julia notes that teachers with different experience levels can be a source of new
ideas:
It’s still valuable for me to hear their perspective, younger, older, newer, or more
mature teachers. [To ask them] How do you see this and what do you think of it? I
think is a really useful way of collaborating with other people. (Interview, April 1,
2019)
BSTs felt that seeing other ways of teaching or hearing other perspectives from
fellow teachers was a helpful learning opportunity. It was notable, though, that BSTs did
not mention specifically getting exposure to other science teachers as their sole area of
interest. In fact, they shared that exposure to any other teachers’ methods or ideas,
whether a science teacher, a humanities teacher, or a special education teacher, had value
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for helping them see other ways of teaching. The overarching desire to be exposed to
many different teachers’ ideas and classrooms also may have stemmed from their
experience in the pre-service program, during which, Olivia recalled, “I visited 50
schools and saw 50 different ways of doing things” (Interview, December 12, 2018). As
novices, the BSTs were all trying to absorb as many relevant ideas for teaching as
possible in a short time.
Opportunities to improve practice. Connecting with other teachers reduced
isolation that BSTs feared would impede their ability to improve. As novices, they
recognized that there was a steep learning curve, and that connecting with other
professionals could help them manage the learning curve by being a source of rapid
feedback on their practice:
The only way that I can get better and do better is by allowing other people to
come in and see the things that I’m doing and give me honest feedback about those
things.... I feel like I am improving myself and also, in allowing other people to
come in and do that with me, it is scary, but is also like, okay, this is one of those
ways that it’s going to make me a better person and a better teacher ... if somebody
honestly wants to tell me I’m not doing a good job at something, I want to hear it,
because I want to do better. (Julia, Interview, May 6, 2019)
For Olivia, being isolated from other professionals was limiting and kept her from
growing. She signed up for induction mentoring through NTFP because she was teaching
“in this school where there [are] no [other] science teachers, and I was feeling very much
like I needed to speak to someone about the work that I was doing” (Interview, April 3,
2019). Without a team of science teachers to work with, Olivia sought a science mentor
to ensure she got feedback and opportunities to review her work with a trusted colleague.
More professional connections meant more opportunities for BSTs to receive rapid
feedback and have the chance to quickly change or improve their practices.
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Self-Reliance
Beyond needing to address the isolation they felt in teaching, novice teachers
shared the perception that they bear the entire burden of what happens in their
classrooms. Some recurring phrases the BSTs used were that they needed to “figure out”
or “come up with” everything from lesson plans, teaching strategies, lesson materials and
resources, and more. This was especially true in cases when BSTs were facing challenges
with teaching and needed to solve problems; all the participants exhibited a pattern in
which they felt pressure to independently resolve difficulties in their work. The recurring
phrases also indicated the strong sense of personal responsibility each BST felt for what
happened during their lessons. Though the BSTs craved connections that could help them
solve problems, the connections available to them seemingly were not sufficient, and thus
they felt pressed to deal with perceived challenges on their own.
Individual efforts to solve and create. All BSTs explained the multitude of ways
they created or tried to innovate in their teaching work. Most of their examples were
borne of a perceived need that was unmet in their teaching work, though, and not simply
out of a desire to implement reform-oriented practices. For example, Olivia found three
web quests online for teaching a science topic and then planned to combine them in the
way she saw fit (Interview, December 12, 2018).
Jackson created his curriculum completely from scratch because he could not find a
curriculum that matched his school’s emphasis on project-based learning, preparation for
state science exams, and design-based learning (Interview, December 10, 2018). Jackson
made new projects to use for the school year and for the next year and wrote rubrics to
assess NGSS writing standards, but noted that he still “need[s] to figure out which would
be best to use” (Journal reflections). Even with all that work put into self-made resources,
his individual efforts left him feeling perpetually challenged: “I’m still trying to work out
between, I find that the projects that I make, I have to do a lot of stretching to make them
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get all of the content I want, and sometimes it’s really difficult” (Interview, April 10,
2019).
Julia felt like she was “just supposed to figure it out” (Interview, January 21,
2019), especially since she did not receive specific support from her school when it came
to teaching and classroom practice. She exerted much effort trying to solve for how to
best teach science vocabulary with her student population. She worked on this challenge
independently, saying:
I keep trying to come up with different approaches to it.... Kind of picking and
choosing and what works and fitting it into the science classroom.... We don’t have
any set rubrics at my school. Anything like that, it’s all self-generated, it’s all
things that I’m creating and I’m making up. (Interview, April 1, 2019)
BSTs felt that they had to individually attempt to solve their struggles or create
needed material. They typically felt they had little to no guidance from their schools or
school context, and therefore, they were their own guide and followed their own intuition
to manage the work of teaching.
Urgency. Part of what contributed to the individual efforts BSTs made in creating
material for their classroom needs was the sense of urgency they had to solve pressing
problems in a timely manner. Olivia felt this sense of urgency strongly; she saw herself as
“always putting out the fire of the moment,” such as when the majority of her students
came to class having not completed the assigned homework (Interview, April 3, 2019).
Many BSTs similarly recalled their first years teaching as chaotic, as Julia described it
(Inquiry Group), which bred the sense that difficulties cropped up quickly and regularly,
so BSTs felt a burden to solve problems rapidly and efficiently.
What particularly stood out about the BSTs’ sense of urgency was the way their
language divulged how they felt. I emphasize in italics some terms and phrases in the
quotes below to indicate how they spoke to solving pressing problems quickly. Olivia
described teaching a particularly difficult class that she taught and that she “just needed
to come up with ways that they could work” so she had the idea to have students draw as
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part of the lesson—this was a quick solution that she felt made the class run more
smoothly (Interview, February 6, 2019). Jackson said that over the course of the school
year, he “jumped in the deep end by making a protocol,” he “scrambl[ed] to revise [a]
project in order to meet ... standards and began teaching the necessary content in a piece
meal type of way,” and he “figured out how to incorporate [an] older project into next
year using NGSS standards [by including] modeling and mathematical computation”
(Journal entry).
BSTs often derived new ideas themselves since it took time and resources to be
able to think through problems and get advice from experienced teachers or experts.
Doing so undoubtedly heightened their stress and anxiety while simultaneously leading to
quick and potentially haphazard fixes that would need to simply be iterated on again in
the future.
Resources under time pressure. The sense of urgency BSTs had was not due to a
lack of knowledge that there were likely better ways of managing challenges; rather, they
knew they could improve their practices in the face of challenges, but did not always
know where to turn when time was limited. Julia shared in the November 16 Inquiry
Group that she sometimes did not know what resources were available to her and that
when issues arose in her classroom, she did not know who to call for help. In an
interview on April 1, 2019, she also shared that a vocabulary activity worked well for
students, so she wanted “to figure out a way to make that effective more systemically. I
just want to take that activity and use it for everything I just don’t know how yet.” Julia
did not feel confident in where to begin when searching for resources on how to improve
something in her practice.
Jackson simply tried to find his own resources, but in many cases was limited by
time; he hadn’t “had time to look at other resources yet” for how to incorporate his
school’s core values into his classroom standards (Interview, April 10, 2019). His
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solution was to aim for efficiency in his work time, but he noted that that was still not
sufficient:
There may be a lot asked of you, but my time capacity is only this amount, and I
can’t get to certain things. So, what I’ve tried to do is just work more efficiently,
but certain things I don’t get a chance to do, put as much attention on. (Interview,
April 10, 2019)
Jackson knew that some elements of teaching required more of his attention, but that with
finite time available, he was not able to act on all elements to the extent he would like to.
As an example, he described times when he incorporated higher level science into his
lessons: “I have to then figure out how to make that really accessible for the students
once I got to go that deep into things. Which I can do, it just takes a lot of time.”
Therefore, a pressing and relevant need for Jackson was simply having more time to
work things out.
Combined Needs
In answering the question, What are beginning science teachers’ most relevant and
pressing learning needs that should be addressed in their first years teaching?, it was
apparent that BSTs had essential needs that were not being met and lessons that needed to
be learned: the need for professional connection rather than classroom isolation and
learning to manage their perception of self-reliance with better collective resources and
time. These needs and learnings were often intertwined, as Julia demonstrated in an
interview on April 1, 2019 when she said, “Of course I could use anybody else’s material
if I wanted to; it’s just that I don’t feel like I have a lot of access to things like that. So,
it’s hard.” She wanted to use other resources rather than create her own while
simultaneously noting that, without professional connections, she could not access those
resources. She also was unsure what materials, such as rubrics, the other teachers in her
school used, again highlighting how colleagues’ practices were isolated, and furthermore
when they did share materials, she thought, “I can’t apply this to my class.” The needs
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were layered for BSTs who clearly desired opportunities to connect with other educators,
but they were still building their knowledge of how to best use resources, and
consequently resorted to spending great lengths of time creating their own materials
individually.
Jackson had positive experiences making professional connections with other
teachers in a summer program, but still felt a personal responsibility and burden to apply
what he learned from that accessible community of teachers to his classroom. Of the
teachers in the summer program, Jackson said, “By being exposed to how they think, or
what is important to them ... I learn another perspective and then figure out a way how
that could be implemented to what I’m doing” (Interview, February 11, 2019). It was
important that he got exposure to new perspectives, yet he still felt a personal
responsibility to make meaning of the new perspectives in order to bring them into his
own practice. This was especially notable since his own practice was science-specific, so
it was his responsibility to adjust his learnings to a science classroom context.

Research Questions 2 and 3
Research Question 2: In what ways do beginning science teachers continue
learning to teach after completing their pre-service teacher education programs?
Research Question 3: What factors influence beginning science teachers’ choices
and resources for continuing teacher education?
As a result of BSTs’ perception of self-reliance and desire for connection, they
continued learning to teach using methods that aligned with these perceptions and
desires; they learned most from students’ feedback and through experiencing success and
failure in their practice. These learning choices were shaped by their teaching context and
the limited time and resources they had available.
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Learning from Students
The BSTs had experiences learning about teaching from interactions with their
students. Melody sought direct feedback from her students about what works for them in
her classroom: “I like to talk to the students a lot. Sometimes it’ll be one or two, or a
handful, and to hear from them what they liked and what they didn’t like,” or took note of
activities that had stayed in students’ memories “because I teach them for two years, [I
hear] what they remember from the past year” (Interview, February 7, 2019). Melody
outlined specific things she learned from students who had shared when they did not like
something in her classroom:
Sometimes it’s because I haven’t explained very well why we’re doing
something, and so it may not be that it was ineffective, but it may just ... I didn’t
communicate to that kid why we did it, or this kid felt like they already knew this
topic, and I didn’t do a good job of explaining how they can do something
different, or how they can show me that they already know something. I think
those are the most positive [learnings]. (Interview, February 7, 2019)
BSTs also learned from students’ indirect feedback, which they got from moments
when students struggled in the tasks or lessons as they had been planned. Julia described
a lesson with her students at the deaf school where she mentioned the saltiness of the
wind at the beach and learned something unexpected from her students: “They [were]
like, ‘I’ve never been to the beach. What’s a beach?’ So then you’re like, ‘Oh, okay.
Let’s back up. I didn’t expect this’” (Interview, January 21, 2019). The immediacy of the
student response to her lesson plan taught her that she would need to adjust her practice
to account for students’ background knowledge and experiences.
In his journal reflections, Jackson said he learned from students when they had a
hard time following a discussion protocol he created, when they did not use the resources
provided, or when they copied answers from each other after a reading assignment. These
were all indicators to Jackson in the moment, and he noted them as signs that something
about his practice wasn’t working. Learning from students was often indirect for Jackson,
especially when students had a hard time following his plans or instructions:
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It’s not direct feedback like, ‘This sucks!’ but it’s more like they get lost in the
directions and I know I haven’t been clear, so that’s feedback to me.… [I learned
from] the disorganization, they weren’t getting through the process and I had this
vision and view in my mind and it definitely wasn’t what the students had in their
mind. (Interview, February 11, 2019)
Though the feedback was indirect, it still was valuable and taught him something
concrete: that he needed to be clearer in his directions and that he may need to revise the
processes he designed to better meet student needs. Students, therefore, were a crucial
asset for BSTs’ continued learning; they provided rapid and regular moments of learning
for BSTs, making students a large source of information for BSTs.
Learning Through Trial and Error, Through Success and Failure
The idea that BSTs exhibited a sense of self-reliance (a finding from Research
Question 1) during induction was telling and informed the themes about how beginning
science teachers continued learning to teach. With so much emphasis on the idea that
they must “figure it out,” it was not surprising that one of the most common ways BSTs
continue learning was through success and failure, through trial and error. Therefore, by
far the most common way that all BSTs continued learning was through trying practices
and learning from experience what worked and what did not. BSTs seemed to take on the
role of a scientist, working in a lab with some tools in their kits, but working with many
unknowns. In an Interview on February 11, 2019, Jackson said, “I’ve struggled with how
to do [group work] ... but I figured I’d experiment and let it run and then see what
happens.” In an interview on April 10, 2019, he again described that he continues
learning “what worked, what didn’t work, kind of like a science experiment, maybe not
necessarily with a beautiful control. And then applying that. It’s a constant experiment.”
Melody similarly learned from times when she had the opportunity to try out
unfamiliar classroom activities, such as science experiments, with students in order to
build her skills: “It was really nice to have time to try out [science] experiments that I
would not have felt ready to do with 95 students, with just a few kids” (Journal
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reflections). She especially valued learning by trial and error in low-stakes but real-life
circumstances. Learning from trial and error gave BSTs space to experiment and try
things they wanted to pursue out of necessity or simply to get more practice. There was a
natural tendency to learn in this way since they had chances daily to try their practices
and to watch those practices succeed or fail. Jackson noted, “To be able to go and do it
again ... it’s always how much more I learn each year” (Interview, December 10, 2018).
He recognized that there was value in getting multiple opportunities to try to fix or iterate
on his practice, and in this way, trial and error allowed him to compound his learning
year over year. The lessons learned from successful experiences had direct implications
for BSTs’ self-efficacy judgments. Interestingly, lessons learned from failed classroom
experiences were equally or, sometimes, more powerful for their learning.
How BSTs learn from success. BSTs learned many things when their practical
experiences were perceived as a success. First, all BSTs shared descriptions of what
made a classroom experience a success. Olivia clarified that she experienced something
as a success by measuring herself against her goals and expectations: “I mean that’s why
we set goals, right? Because we want to get to a certain place, and if we see that we’ve
gotten there, I call that a success” (Interview, February 6, 2019). Therefore, she learned
from successes when they helped her make progress on her goals. The BSTs also had
overwhelming perceptions of success when they saw student outcomes in various forms.
Jackson felt success when students “are coming in with cool questions,” like one student
whose question was rooted in “another unit that he was learning about that he had
questions about” (Interview, April 10, 2019). Melody recalled, “Last time I did this
experiment, it was very successful. Students were engaged and creative about designing
their experiments” (Journal reflections). Julia further expanded on the idea of student
engagement as an indicator of success:
I perceive a lot of my successes when students seem engaged and also
themselves seem successful or feel successful. I think that activity I did with the
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vocabulary, giving them a way to use both their language and their other skills that
aren’t academic or science related, and use it to their advantage in a science setting
was a really good way for them to feel successful in what we were doing and the
activity that we were doing.... There was something fun about it that made them
more involved and made them more intrigued than they could’ve been otherwise....
I found that to be wildly effective and I really enjoyed it, the students really
enjoyed [it] and ... they all got on board within different ways. (Interview, April 1,
2019)
For Julia, student engagement in the form of using established skill sets, and
enjoyable, entertaining activities with high student involvement help her learn how to
teach science. Similarly, Melody described how students’ memories of science activities
help her learn about teaching science:
Being able to talk to a student this year who remembers [an activity] from last
year, and then wants to show it to other students ... was really cool.... It lived
through the kids who were there to the other kids. They became the teachers to the
other kids, and that was really successful.... I think that was a good reminder that,
when it’s visual and kinesthetic, and semi-optional but mostly participatory, that
was a really positive whole-group experience. (Interview, February 7, 2019)
Thus, for BSTs, a success in the classroom was when students were connecting
science concepts from throughout the year (or years), when students were creative, when
they expressed that they felt successful and had fun, when they got to express curiosity
and were involved in the lesson, when students enjoyed the lesson, and when students
took ownership to teach others in the classroom. All BSTs learned something about
teaching when they saw these types of student outcomes. Many described “student
engagement” as a catchall term for success in their classroom and, when pressed, broke
down their successful experiences as those in which students had positive science
experiences where their curiosity was piqued and they were making connections to
different concepts in science. They learned to teach in these moments because they
received immediate positive feedback from their intended audience and held close the
memories of students’ joy in learning science.
Successful experiences in teaching served as positive reinforcements of what
practices BSTs should keep doing. Olivia said, “Success is a natural reinforcement”
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(Interview, February 6, 2019), and Jackson expanded on that idea, saying, “If [a lesson or
practice is] a success ... I keep that and go, ‘Okay, that was good.’ And then I keep that in
the file” (Interview, February 11, 2019). When Julia experienced success, it reminded her
“to hold on to this to remember this was really effective with this group of students, and it
might not always be effective with all of the groups of students, but I can have those
moments of feeling effective and feeling successful” (Interview, April 1, 2019). BSTs
learned what activities, practices, and skills to maintain in their repertoire through the
positive reinforcement they felt from successful work in their classrooms.
Learning from perceived successes was linked to the BSTs’ self-efficacy
judgments. Bandura said that performance mastery can be an “influential source of
efficacy information” (1982, p. 126) and “mastery arising from effective performance”
(1977, p. 191); in this case, the BSTs described having a genuine experience in their own
classrooms where they felt effective as science teachers. In this way, BSTs were learning
to teach by experiencing success and were simultaneously increasing their self-efficacy
as teachers. The successes they experienced were also compounded by another source of
efficacy judgments: emotional or physiological arousal. BSTs all shared how emotionally
impactful it was for them to experience success in teaching. For Olivia, hearing from
parents increases her enthusiastic feelings toward teaching:
I like to ride those highs.... I got this awesome letter from a parent. So, it’s nice, I
like to carry that because it helps and it’s motivational and it just makes it feel like
it’s working. So, I like that, I like to carry the successes. (Interview, February 6,
2019)
Julia experiences positive emotions of a “comeback” when her teaching plans go better
than expected:
You have those comeback moments where something works a lot better than you
expect it to and then you’re like, okay, I just have to work towards more of those
moments and having more of those moments and what things are more successful.
(Interview, April 1, 2019)
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Jackson describes the positive emotions he feels as a “high” point in which he notices
students coherently understanding science concepts:
In terms of the highs, when a lesson goes well, and the students are able to pull
things together and make connections, to make cool explanations or ask
questions.... Yeah, no, that feels ... feels really good. That’s kind of what keeps me
going. (Interview, February 11, 2019)
Learning from successes had an undeniable positive emotional and physiological
impact on BSTs. The BSTs learned about teaching from successful interactions with
parents, from lessons that turned out better than anticipated, and again from positive
student outcomes. In all these cases, BSTs described feeling uplifted, encouraged, and
motivated as a result of successful experience. This contributed to their confidence in
teaching and increased self-efficacy because the emotional state they experienced after a
success in teaching influenced their judgment of their ability to teach. Jackson explicitly
noted how his emotional perceptions facilitated his learning by pushing him to reflect on
what was triggering his feelings: “It’s more like hey, I feel like shit about this, or hey, I
feel really good about this, let’s sit here and figure out why that was, what went on that
made me feel that way” (Interview, April 10, 2019). Experiencing emotional or
physiological arousal increased self-efficacy in BSTs, who used the elevated stimulation
to gain a better understanding of how to teach effectively. Jackson drew a connection, as
well, to the fact that he not only learned from mastery experiences (aka successes) but
also from perceived failures.
How BSTs learn from failure. BSTs learned valuable lessons from perceived
failures in the classroom. The emotional arousal BSTs felt when experiencing failure was
strong enough to propel them to increase their proficiency. Julia provided a common
description of what BSTs perceive as failure:
In those times that I don’t feel successful, it’s like, oh everybody in the class is
literally asleep or having side conversations, or just not paying attention. I give
them a worksheet and I’m walking around helping them and if I’m not working
directly one on one with them then they’re not doing anything. Those are the
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moments that are more challenging and that I perceive as not being as successful.
(Interview, April 1, 2019)
Most BSTs considered lack of student outcomes (as described above), such as their lack
of engagement or their lack of attentiveness, as an indicator of failure and simultaneously
an opportunity to learn about what did not work in their practice. Julia noted that
“without those moments of failure I know I wouldn’t have as much drive to do better, or
to be more successful,” thereby acknowledging that experiencing failure forced her to
persist in improving so that she experienced more successes.
Furthermore, all BSTs shared vivid descriptions of the strongly negative emotions
they felt when they experienced failure in their classroom practice, coupled with a strong
conviction to try to improve as a result. Julia said she felt her moments of failure were
more prevalent than times she felt successful. She said, “I feel like I fail a lot more than I
succeed”; she often felt defeated by those failures, but then made choices to learn from
the experience, stating, “You try to reflect and think: What is it that I could do to be more
successful or effective?” (Interview, April 1, 2019). Experiencing the failure made her
eager to experience a subsequent success. Melody similarly shared, “I think sometimes
something goes really wrong and terrible, and that is a motivator, but in a less fun way”
(Interview, December 12, 2018); she also considered failure as something that pushed her
to learn something about teaching but acknowledged that emotionally it was not
enjoyable to learn in that way. For Jackson, experiencing failure
kind of sucks. It makes you wonder if you’re making a lot of mistakes, if ...
you’re doing enough.... Then that often will make me go and figure out what I did
incorrectly and could have done better, so in that sense it is a positive. (Interview,
February 11, 2019)
Jackson shared the emotional arousal of feeling bad, feeling self-doubt, and feeling guilt
when experiencing a failure, but, again, saw the benefits of being able to learn what to do
better as a result. Finally, Olivia asserted:
Failures suck. I try to look at them as learning experiences, I reflect on them a
lot. I’m my harshest critic so, [I] ... will kill myself over a failure. I don’t look at it
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as you know, I’m incompetent or anything like that. But I am like ‘I have to fix
this, I need to fix this, I need to fix this, I need to figure it out.’ I’ll just like work
on it. (Interview, February 6, 2019)
She demonstrated the same emotions and desires to improve as the other BSTs, and built
on the prior ideas by making the significant point that even though she felt the emotions
very strongly, she also recognized that a failure did not mean she lacked proficiency as a
teacher. Likewise, Julia said she felt “that during those moments of perceived failure or
actual failure, that’s okay too because I can’t be perfect and we can’t be successful 100%
of the time” (Interview, April 1, 2019).
The BSTs learned from experimenting in their classrooms where they experienced
what Bandura (1977) calls performance mastery and emotional and physiological arousal
through perceived successes. However, failure was as valuable or more valuable as a
learning tool for BSTs, running counter to Bandura’s idea that “successes raise mastery
expectations; repeated failures lower them, particularly if the mishaps occur early in the
course of events” (p. 195). The BSTs, who felt the failure deeply, also recognized failures
as setbacks to overcome through perseverance and learning rather than as defining
moments. This spoke to their competence as professionals. The pattern BSTs experienced
was that failures were also strong emotional and physiological stimuli that spurred them
to improve their skills rapidly. For example, Jackson said, “I just learn from failures. I
mean, successes, I go, ‘Okay, file that. Keep it. Done’” (Interview, February 11, 2019),
indicating that failures instigated a stronger learning response than successes because
successes simply required remembering what worked in order to continue doing it.
Finally, in considering how BSTs learned from successes and failures, there was an
undeniable growth mindset and resilience that they all exhibited. Melody maintained that
in the classroom, “you just have to try [some activities or practices] at a certain point and
not be afraid that it’s gonna fail, because it probably will, but that’s okay. Or just ‘cause it
fails one time doesn’t mean you should scrap it” (Interview, May 17, 2019). Julia shared
this view and saw it as critical to her long-term work in the profession: “I don’t ever want
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to feel completely perfect or successful, because that would be stagnant, and that would
be a lack of growth for my future” (Interview, May 6, 2019). She was both exhibiting a
growth mindset and thinking ahead to how she envisioned an experienced teacher would
continue to grow and learn. The BSTs saw learning as a continued part of the job, even
when they were more seasoned veterans of the classroom, and recognized experience in
the classroom provided them rapid and often visceral instructions for how to be a skilled
science teacher.
Learning Impacted by Time and Logistics
The four BSTs described how time and the logistics of their school spaces
influence their learning on the job. In a February 11, 2019 interview, Jackson captured
this sentiment when he noted, “In the morning, it’s more about banging out stuff, getting
stuff done, so it’s not much reflecting and learning.” Jackson pointed out that there was
limited time or space for learning to happen during the school day and school hours. The
teachers’ learning was impacted by the physical constraints of their schools, by the time
created, or not created, for collaboration with fellow teachers, and by their perception of
their capacity for taking personal time to learn. All these influences were heightened by
high emotional arousal and high science teaching outcome expectancy.
Physical logistics. Beginning science teachers entered their first years’ teaching
with little knowledge of what the physical circumstances would be in their classrooms
and schools. Olivia said she learned much from the physical space at her school; it’s a
“big contributor [to my learning]. We have to figure out how to work with noise, we have
to figure out how to work in ridiculously non-conducive spaces, y’know?” (Interview,
April 3, 2019). Olivia, who taught at an independent religious K-8 school, shared her
classroom with other teachers and with multiple classes taking place simultaneously in
one room, and had thus learned about teaching under challenging circumstances out of
necessity.
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Melody similarly had to learn how to adjust when using technology while teaching
because the school’s computer carts were shared by many classrooms (Interview,
May 17, 2019). Furthermore, the availability of science lab materials hampered her
growth in conducting experiments with students. Melody reflected in her journal, “I have
been very hesitant to do chemistry experiments in science class because of the materials
required. I have not had the experience, and there aren’t a lot of materials at our school
already to support this.” Without materials readily available for doing science
experiments, Melody did not have a learning environment conducive to supporting her in
trying something she needed to learn. Jackson also commented on how the physical space
and logistics of the school day could afford better opportunities for learning from his
co-teacher, who was a Special Education specialist assigned to co-teach in his Integrated
Co-Teaching (ICT) class, saying, “I’ll often watch him as an example… I would watch
what he would do and then copy what he’s doing” (Interview, April 10, 2019). Jackson
had a close relationship with his co-teacher, who he saw as an example and often
emulated. When the logistics of his teaching schedule and the physical space were
amenable to their frequent interaction, he learned more about teaching through direct
observation: “We were kind of in the same space or use of space last year [more] than ...
this year. [Now] it’s a little different. Now I don’t necessarily see him as much”
(Interview, April 10, 2019). Jackson was limited in his learning when the co-teacher’s
teaching assignment changed and removed his close proximity and access to learning
from a more experienced peer.
Time to work with fellow teachers. BSTs observed that their environments vary
in the extent to which they lend themselves to learning from fellow teachers, and
especially from fellow science teachers. Julia said in many instances that her school
environment was not collaborative and that her colleagues did not share their practice
(November Inquiry Group). Olivia noted that she spent most of her time learning from
other teachers at her school and that it was helpful for her learning because, she said, “we
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have similar goals and we’ve tried to support each other ... inevitably [we spend] more
time together ... but also [have] things in common. We have the same students. We’re
dealing with the same issues” (Interview, April 3, 2019).
Olivia learned from fellow teachers at school because they not only had more time
together, but also because they shared students and shared a teaching context. Several of
the teachers described how the time and logistics for learning alongside fellow teachers
were related to simple proximity, or the frequency and accessibility of nearby colleagues,
and to the shared audience of students and shared administrators in their teaching context.
Melody said that she struggled in her first year trying to make time during the
school day to work with teachers:
In my first year, I was a little overwhelmed and I didn’t, you know, all of my
preps were packed jammed.... We have a literacy coach here who I met with once a
week ... her door is always open, and I would be like, ‘Oh I have too much work to
do.’ I wouldn’t go.... Or I wouldn’t want to spend a prep going to visit another
teacher.... I’m still like, ‘I have too much to do.’ (Interview, December 12, 2018)
She said that, even after the first year, she felt she had too much to do, and that feeling
competed with the time available in her workday for learning from fellow teachers or
coaches in her school. Prep periods forced her to make a choice about the best ways to
spend her time, and there was a conflict between the immediate work she felt had to get
done and the learning that could happen from fellow teachers in that same period. By her
third year of teaching, she said what was most helpful for her was dedicated and
intentional work and collaboration time with other teachers:
When you make the space for it, either, because you’re from a different school,
so you can’t get bogged down by [the normal workday] or [my school]
intentionally tr[ies] and make time for that in our team around portfolio time or
different things like that and I just really like that. (Interview, May 17, 2019)
Thus, when dedicated time and space was created for teachers to work together, it
facilitated more learning.

82

Jackson had a range of experiences learning from colleagues due to time
restrictions and time affordances. As a rule, he said that frequency of interactions with
fellow teachers was a foundational aid for his learning:
My co-teachers will be really significant ... because I see them almost every day,
if not every day. They’re in the classroom every day. So, there’s always feedback
coming from both directions.... Proximity is going to be really important. The more
you see someone and work with them, the more important they’re going to be
because you’re getting more and giving more feedback both directions and seeing
each other…. [Name of teacher], for instance, was really important last year, I
would say because I saw him every day, even though I didn’t co-teach with him ...
so it’s almost like proximity, like who I see, the more I see someone and work with
them, the more that relationship grows. (Interview, April 10, 2019)
The regularity of interaction with teachers at school was significant for Jackson’s
learning because he had more frequent opportunities for feedback from more experienced
peers. He also shared examples of the more natural interactions he had with colleagues
who teach in the same school, and thereby built relationships and learned most directly
from them. He further described the challenges of not being able to learn as much from
colleagues when their time together was limited: “This year [our time together has]
probably gone down a bit ... but that’s because his focus is on other things as well …
[we’ve done] less this year because of the demands on him ... last year, there was a lot
more” (Interview, April 10, 2019). Since his co-teacher was assigned to other work, it
created a competing area of focus, so Jackson’s time spent learning from him was
limited. Dedicated time together was better for Jackson’s learning, as in the example of
another teacher from his first year teaching who, unlike the co-teacher, was assigned by
the school to be his mentor: “One of his assignments more was also coaching me and
helping me to some degree. So then there was more [time] available outside of class”
(Interview, April 10, 2019). Therefore, time specifically set aside to work with colleagues
at their school was very helpful for learning among the BSTs.
Limited personal time capacity to learn. BSTs reported struggling with time
management, that they felt they were behind in their work, and that they were
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overwhelmed overall (January Inquiry Group). In Observation 4, Julia noted that she
needed help from her mentor with organizing her time better. She felt there must be “a
better way of managing my time and fitting into the time the things that I think are
important” (Interview, May 6, 2019). Julia also correlated having and spending more
time on teaching work with success as a teacher: “I find, frankly, that I feel more
successful when I put in more work which is hard because I don’t always have the time
or the energy, or the resources to put in as much time as I think I need to be successful”
(Interview, April 1, 2019).
Generally, BSTs discussed the necessity of making time for learning and growing
in their new role:
All the other stuff that’s difficult for me is really a time issue. I don’t have time.
(Olivia, Interview, December 12, 2018)
I’ve kind of wanted to do that, I just, I don’t have time yet ... I haven’t had time
to look at other resources yet.... But again, who has the time capacity to do it?... I
know how to do it, it’s just a matter of having the time and the capacity to make
that happen. (Jackson, Interview, April 10, 2019)
For Julia, time was a factor directly related to her experiencing success; the inevitably
limited time and energy she had impacted her continued learning. In all these examples,
BSTs implied a personal responsibility for finding or making time for learning and
growing that otherwise did not exist.
There was consensus among BSTs that time for learning and for accomplishing
their daily work was limited while on the job, as Olivia noted when comparing her time
before teaching to her time while teaching:
When I was doing the Masters [degree] we read and read and read tons of books,
but it gave me something to think about.... But on the job, I feel it’s like it’s the
most [referring to how much effort it takes to learn from books now that she is a
classroom teacher]. (Interview, February 6, 2019)
Similarly, Jackson wrote in his journal reflection, “I miss journaling. It is great for
processing all this, which is hard to do during the hectic school day.” In most BSTs’
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workdays, there was little dedicated time for inquiry into their own practice. Jackson
further elucidated how he had gotten creative in making time to learn about teaching
outside of work hours:
[I learn more about teaching] when I’m in transition between locations, when I
actually get time to think about what I’m doing. Sometimes it’s on the weekends
when I get a little bit of downtime to plan.... I’m in my own thoughts, so just sitting
down and kind of reflecting. I’m able to think about what’s going on. So, I have to
not be doing anything [else] when that’s occurring. (Interview, February 11, 2019)
Jackson learned most when he was commuting or on weekends because he had down
time to think and reflect. It’s also noteworthy that for Jackson, the time he craved for
learning was simply time to think and reflect on his practice so he could learn from his
experiences.
Finally, BSTs felt limited by the time it took to learn and practice important
teaching practices. All of them reported that there were certain things they would like to
do to benefit students in the classroom but that those things would take more time to plan
or execute. Melody gave examples of specific ways she would prefer to use her time to
better serve her students in science-specific activities: “When it comes to experiments,
it’s a lot more materials. [I wonder] have I done that experiment before? Do I have access
to those things? And I feel a lot of that just takes time” (Interview, May 17, 2019).
Melody had high Science Teaching Outcome Expectancy (STOE), or belief in students’
ability to learn science (Riggs & Enochs, 1990), because she believed she as the teacher
could provide extra support to students and see learning outcomes, but she also
acknowledged that it took more time to do that and do it well.
BSTs often demonstrated strong emotional arousal about their personal time
capacity:
I can’t just always give 150% of myself, and when I don’t feel as successful it’s
because I feel like I didn’t give enough of myself. And that, logically and
practically speaking, I can’t give 150% of myself all the time, nobody can. (Julia,
Interview, April 1, 2019)
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When BSTs considered their choices and resources for continued learning, they also had
to contend with the limits of how much of their personal time and energy they put into
their work. This factor was deeply personal, and the BSTs felt an internal struggle
between the time they were able to put into growing as a teacher and the time they spent
on their own well-being. Jackson experienced the same push and pull, and noted that he
tried to manage his time differently with little success:
There may be a lot asked of you, but my time capacity is only this amount, and I
can’t get to certain things. So, what I’ve tried to do is just work more efficiently,
but certain things I don’t get a chance to do, put as much attention on. So, I feel
bad about it, but there’s not really much I can do unless I take away that time from
my family.... At the end of the day, I come in early, and then at the end of the day, I
finally get home, then I’m taking care of my baby and stuff like that, and then
taking care of the house and all that stuff. By the time 8:30 rolls along, I have no
interest in actually sitting down and doing work because I’m going to sleep in an
hour, and I need something just for myself to relax. (Interview, April 10, 2019)
Again, there was a strong emotional component to the time limits Jackson
experienced; he felt he would have to sacrifice his family time, his personal time to relax,
his time spent on household chores, and even his sleep in order to spend more time
growing and reflecting on his teaching practice. In addition, the conflict of having to
decide how to spend his time bred guilt feelings: “Sometimes I have that guilt where I’m
not putting in enough time. And that’s why I’m not getting the results that I want”
(Jackson, Interview, February 11, 2019). As Jackson noted, the BSTs linked their
personal time capacity to student outcomes, further deepening their sense of strong
emotional arousal over this factor, limiting their ability to learn and grow as a teacher.
Melody gave an example about the time and effort it takes to support all of her students
in thinking and communicating scientifically when they all have varying needs:
Taking the time to find that resource for them, or create that additional or
alternative assignment for them [would be extra effort] ... I think that a little extra
support, to help those students kind of take their own ideas and their own ways of
thinking and share it in a way that is scientific anyone can do. Sometimes that takes
a little bit more time. (Interview, May 17, 2019)
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Though both Jackson and Melody demonstrated high Science Teaching Outcome
Expectancy (STOE), or belief in students’ abilities and outcomes in learning science
(Riggs & Enochs, 1990) from the STEBI survey, it was noteworthy that both commented
on their ability to overcome external factors being dependent on expending time to do so.
BSTs felt that they could provide extra support to students to help them overcome
external factors, such as their past experiences learning science or their socioeconomic or
linguistic backgrounds; for this reason, it was even more frustrating to them emotionally
when time limits barred them from providing students the support they need to succeed.
Learning Impacted by Navigating School Context
Upon starting a teaching position at a school, BSTs had to maneuver through the
specifics of their teaching environment. Factors such as the curriculum and school-wide
instructional initiatives, the specific needs of their student populations, and their schools’
structures around collaboration and access to science teachers all determined the ways
BSTs learned on the job.
School initiatives and curriculum. The four BSTs described how their learning
was influenced heavily by the specific curricula and instructional goals of their school
contexts. This manifested in different formats: for Julia and Olivia, the lack of curriculum
and guidance at their schools shaped their learning experience, while for Jackson and
Melody, their school structures around curriculum and instruction rigidly dictated their
learning process. Julia’s experience teaching at a private-public hybrid K-12 school for
the deaf and hard of hearing aligned with the former, since she said, “Honestly, my
school doesn’t follow any curriculum ... we really don’t have a set curriculum”
(Interview, May 6, 2019), and “we don’t have any set rubrics at my school. Anything like
that, it’s all self-generated, it’s all things that I’m creating and I’m making up”
(Interview, April 1, 2019). With such little guidance regarding curriculum at her school,
Julia was learning how to use curriculum and rubrics with her students on the job.
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Though Julia’s yearly curriculum and structure for assessing students was not
provided by her school, there were some instructional initiatives the school had in place
that guided her learning. For example, her school had a yearly science fair in which she
and her students were required to participate. In Observation 3, Julia’s mentor noted that
the school required the science fair but did not provide any guidance about how it should
be conducted, saying that Julia “still needs support from her school in developing a plan
for their upcoming science fair. The push from her school had been to engage her
students in more science research, but they have not illustrated exactly what that means.”
Julia had to learn how to teach science research to students on her own because the
school was providing little to no guidance. The science fair forced Julia to learn how to
reconcile her interests in teaching science with a reform-oriented lens with the activity
mandated by her school: “I did some reflecting on the process of the science fair, and
overall feel that the stereotypical kind (in which my school engages) is outdated and in
need of desperate revamping” (Journal reflections). Her ideas about more reform-oriented
science teaching were not being utilized in her school context, so she reflected on the
experience and felt she needed to find a way to reconcile her expertise with what was
being asked of her.
In another instance, Julia’s school required that all teachers use Thinking Maps in
all classes across subjects: “I have to have all eight of the Thinking Maps displayed in my
classroom, and I have to have both student- and teacher-created artifacts using the
Thinking Maps” (Interview, May 6, 2019), so Julia learned from incorporating that
technique and from the professional development provided by the school focused on this
technique.
Jackson had similar experiences in his school context, where he had to learn about
one curriculum rooted in a high-stakes test, about another curriculum that was in a
different science content area and written by a colleague, and about how to incorporate
school-wide goals into student assessments. For example, because his school asked him
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to teach the state-mandated curriculum that led up to a state test, Jackson learned to
emphasize vocabulary in his instruction. He said that with this curriculum, he had to
teach vocabulary “because of how they test for it, which is unfortunate, but, that said, it’s
important for students to be able to get through a test and get to the end with being able to
speak with that academic language” (Interview, February 11, 2019). In this way, he
learned about teaching vocabulary and adjusted his teaching based on the specific
curriculum he was teaching at his school. Jackson, whose background was in Biology,
was also learning how to teach an unfamiliar subject, since his school assigned him to
teach a Physics course. In his Journal Reflections, he said he was learning about students’
math proficiency while teaching this Physics class: “I am not sure how to help this while
running the other items in physics in a curriculum I have not designed.” Though his
school provided him a curriculum for teaching this unfamiliar course, he still was
learning content-specific instructional techniques and noted that since he had not
designed the curriculum himself, he was simultaneously learning about both the content
and the curriculum.
Finally, Jackson’s school also tasked teachers with teaching using a Design
Thinking approach, which he learned about as he worked (Journal Reflections), as well as
incorporating assessment of their “Power Standards” in classroom instruction, so Jackson
learned to use them extemporaneously:
I just pepper them in to the stuff, but I don’t really know actually how to assess
self-awareness. I don’t know how to assess curiosity. I throw it in there if they do it
for completion with the curious stuff, great, it’s a four. I don’t know if that’s really
the best way of doing it. No one’s told me how. (Interview, April 10, 2019)
Thus, the school’s initiative to assess students on certain standards determined how
Jackson saw himself learning. His learning was more ad-hoc because he was told to
assess students on certain standards, but was also given no guidance or structured
learning opportunities to understand how and why he will assess those standards; this left
him to learn on his own. Though Jackson described having more access to learning
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opportunities in his supportive school environment, the many different school initiatives
he had to navigate forced him to learn specific things about teaching in order to follow
his administrators’ directives.
Student population needs. BSTs all anchored their learning to their particular
student group’s learning needs, which varied by school context (see Table 7). Olivia
learned lessons about teaching in reaction to a difficult group of students she was
assigned in her first-year teaching:
When I taught my first real classroom class ... it was a disaster class. I was hired
to teach the class that nobody wanted to teach. And I was told that. It wasn’t even a
secret. They told me before I even took the job, it’s a difficult class. I could never
have imagined what it was until I walked in the door, but it was difficult. It wasn’t
so much about the curriculum. These students were hard. (Interview, December 12,
2018)
As a result of the student group she was assigned as a first-year teacher, Olivia learned
about students who had high needs while on the job. Jackson learned that his students
come to his class with varying levels of skills in reading, writing, and math, saying,
“Sometimes I find I have really, really high achieving and really low achieving students”
(Interview, April 10, 2019); he then had to learn how to adapt his teaching to a range of
student needs and learned how to teach other skills in conjunction with science-specific
content. Melody, who taught at a school that was part of a network of international
schools serving students who were new to the country, also learned in response to her
students’ varied experiences with science, saying, “Our students have so many different
educational backgrounds, you pick a topic and you have ten kids who learned it, and a
few kids who’ve never even heard it before” (Interview, May 17, 2019).
Describing another area of learning rooted in student-specific needs, Julia noted in
her Journal Reflections that her students at the deaf school “struggle with language,
which becomes a huge barrier in getting ... projects completed”; her learning priority,
then, was to learn how to teach science, while accounting for students’ specific language
needs. Similarly, Melody’s student population was primarily made up of English
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language learners, so she focused on learning how to support their specific needs in a
science classroom: “There are some really specific strategies that I learned early on,
because all of my students are language learners, about giving them time with a
definition, giving them time to translate, having lots of visuals” (Interview, February 7,
2019).
Access to and collaboration with other science teachers. Depending on their
school structure, BSTs had varying opportunities to interface with science teacher
colleagues in a way that supported their learning. Variation in this factor determined the
extent and the way in which they learn from teachers in their school. In an interview on
April 3, 2019, Olivia said that she decided to seek out a mentor through the New Teacher
Fellowship Program (NTFP) because her current school, unlike her former school, had no
other science teachers for her to learn alongside: “I was feeling very much like I needed
to speak to someone about the work that I was doing.” She sought out the NTFP mentor
to provide science-specific learning opportunities since her school context lacked it. In
the absence of science colleagues at her school, Olivia learned through heavy
collaboration with a Humanities teacher at her school. When asked how she learned from
or with the humanities teacher, she said:
I’m learning a ton. I observe [her], we talk ... a lot about the process of teaching,
maybe it’s not science specifically but so much is about the individual students. So,
we talk about the students and we brainstorm how we can access particular
students within a science lesson. (Interview, February 6, 2019)
Julia also taught in a school environment that lacked structures for learning or
collaborating with science teacher colleagues. In Observation 4, her mentor noted that
Julia “wished that there was more collaboration within her school for sharing resources.”
In the absence of school structures for learning and sharing among teachers, Julia found
learning opportunities from colleagues as needs arose: “if you’re implementing English
in a lot of ways into lessons that you didn’t necessarily predict ... I actually find some of
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my most valuable conversations come from talking with the English Department”
(Interview, April 1, 2019).
On the other hand, Melody and Jackson both taught in schools with built-in peerlearning structures or with highly collaborative teacher teams or science departments that
meet and share resources regularly. Melody’s school context, part of an international
school network, had strong connections with other similar schools, thereby providing
regular professional learning opportunities that were relevant to her teaching and her
student population: “The international [schools’ network does a lot of stuff that I’ve been
to, which is really helpful because they have the same population of students so we can
share resources” (Interview, May 17, 2019). In the same interview, Melody described
how she learned from fellow teachers due to the school’s organization and systems:
I think the way that our school is structured...your team becomes one of the most
important things, because you teach the same hundred students or 95 students, our
lunchtime is the same so we usually have lunch together, we have an hour and a
half of meeting time, every single week, sometimes twice a week. And all
information is filtered through the team. And you’re just kind of on the same page
about most things. And you have the most time to have those conversations.
(Interview, May 17, 2019)
Melody’s school context supported her learning because she had a designated team of
teachers who learn alongside one another regularly. Furthermore, Melody reiterated that
her school systematically built meeting time and team collaboration into her workday,
facilitating more embedded learning opportunities. In this example, Melody shared how
her learning was positively impacted both by the time and space designated for learning
and by the team structure that helped her learn from fellow teachers.
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Research Question 4
What role does technology play in beginning science teachers’ continuing teacher
education?
Technology played a dual role in BSTs’ continuing education. On one hand,
technology did not seem to contribute to teachers’ continued learning, because most
BSTs still principally perceived technology as a tool for use in classroom instruction with
students rather than as a tool for their own learning. This also manifested in BSTs’
displays of the domains of the TPACK framework in field observations. In demonstrating
knowledge rooted in the domains of TPACK, BSTs showed that they have learned some
domains more than others, that they gained knowledge for using more domains of
TPACK over time, and none demonstrated evidence of all seven domains because none
had learned TPACK. Beyond TPACK, the BSTs acknowledged and described the
internet as a vast repository of communal knowledge for their continued learning. In its
ability to deprivatize the classroom, technology, and most often the internet, afforded
opportunities to increase a sense of professional connection, which proved meaningful for
BSTs looking for access to fellow educators’ stores of knowledge.
Technology as a Classroom Tool
BSTs reproduced what has already been well-documented in the literature: they
mostly utilized technology as a tool during classroom instruction. Though there were
several crucial descriptions of how BSTs used technology as a source of materials for
lesson planning or to manage their workload, the largest number of references about
technology, over 115, were coded as references to using technology in the classroom with
students. Though none of the participants expressed hesitation toward or resistance to
technology use in their teaching work over the course of the year, it was beyond the
scope of this study to analyze their background, dispositions, and interest in technology.
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Rather, I focus on the ways in which I did observe the ways BSTs using technology and
its role in their teaching and learning.
Confirming the research, using technology as a classroom tool. In observations
of Melody, Jackson, and Julia especially, all of them consistently used slideshows
presented on a screen via Microsoft PowerPoint or Google Slides as a centerpiece of their
lessons. In observations of all four participants, students regularly used technology in the
form of laptops or other internet-enabled devices during almost every single lesson
observed. The data indicated that BSTs used technology to display information for
students, to provide a vehicle for students to complete classwork, to allow for student
collaboration, to conduct research, or to monitor student progress, among other things. I
coded these activities against the seven domains of the TPACK framework (described in
Table 1) and found that the majority of these uses of technology encompassed the TK, PK,
and TPK domains because their use of technology was often rooted in the knowledge of
how to use technology for teaching and learning generally (see Table 10 for a summary).
When describing how and why they used technology, BSTs often said they used
technology for its benefits or affordances for student learning, again lining up with the
TK, PK, and TPK domains of knowledge. For example, Melody used technology because
it benefitted students to be able to repeatedly access materials and resources that she
created for them:
I try to make these skill slides. I have a slideshow about how to do research that’s
repetitive, so the kids see it a bunch of times. My idea is that the resource is always
there, so when we’re doing research and they forget something, they can go back
and look at the slideshow. (Melody, Interview, February 7, 2019)
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Table 10
Technology Use and TPACK Domains Demonstrated
Participant
Name
Melody

Observation
Date
December 12,
2018
February 7,
2019

March 28,
2019

May 16, 2019

Jackson

November 28,
2018
December 10,
2018
February 11,
2019

April 10, 2019

Student Technology Use

Teacher Technology Use

N/A

• Using phone to translate
for individual students.
• Displaying slideshow on
front board.
• Monitoring submissions
on her laptop.
• Displaying slideshow on
front board.

• Sharing hypothesis and
procedure completed
during the lesson with the
teacher online.
• Using laptops to
complete two surveys in
Google Classroom.
• Creating data tables using
laptops.
• Taking photos of their
projects to use in their
presentations.
• Using laptops to write up
presentations.
• N/A

• Using devices to look
up vocabulary
definitions online.
N/A
• Using timers,
thermometers, heart
rate and oxygen
saturation monitors for
experimental design
activity.
• Using laptops to
complete quiz in
Google Classroom.
• Using devices to
Google how to
calculate slope during
the activity.

TPACK
Domain(s)
• TK, PK,
TPK
• TK, PK,
TPK, TCK

• Displaying and
Updating student
progress on a
spreadsheet displayed
on the board.
• Reviewing and
Assessing student
assignments on her
laptop, alongside
students.
• Displaying student
progress on the board.
• Displaying slideshow on
front board.

• TK, PK,
TPK

• Displaying slideshow on
front board.
• Displaying slideshow on
front board.

• TK, PK,
TPK
• TK, PK,
CK, TPK,
TCK

• Playing music and
displaying slideshow on
front board.

• TK,PK,
TPK

• TK, PK,
TPK

• TK, PK,
CK, TPK
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Table 10 (continued)
Participant
Name
Olivia

Julia

Observation
Date
November 28,
2018
December 12,
2018

Student Technology Use
N/A

February 6,
2019

N/A; assigned a webbased homework
assignment
Observing specimens
under a microscope

April 3, 2019

• Research for a project

November 8,
2018
December 18,
2018

N/A

February 15,
2019

April 10, 2019

• Using laptops to follow
the lesson and take
notes.
• Physically touching the
interactive whiteboard
to show teacher and the
class something about
the notes.
• Using laptops to collect
and input data on a
shared Google
Spreadsheet.
• Writing their research
plan on the school’s
online collaborative
platform.
• Using Google Draw to
write out their research
plan ideas
collaboratively.
• Using laptops to write
data analysis on
Google Document
shared on Google
Drive.
• Using online
database (Skybrary)
to collect data for
analysis.
• Searching websites for
data and unit
conversions.
• Graphing using Google
Spreadsheets.

Teacher Technology Use
• Discussion of how to
use Google Classroom
N/A

TPACK
Domain(s)
• TK
TK

Helping students create
wet slides and use the
microscopes
• Indirect use, helping
students with their web
research
N/A

CK, TCK

• Displaying slideshow on
front board.
• Using the interactive
whiteboard to write on
slides and to circle items
on the slides.

• TK, PK,
TPK

• Displaying slideshow on
front board.
• Displaying an example
graphic organizer for the
research plan.
• Placing the graphic
organizer on Google
Draw for students to
use.

• TK, PK,
CK, PCK,
TPK, TCK

• Displaying slideshow on
front board.

• TK, PK,
CK, PCK,
TPK, TCK

• TK, PK,
TPK
N/A
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When describing how and why they used technology, BSTs often said they used
technology for its benefits or affordances for student learning, again lining up with the
TK, PK, and TPK domains of knowledge. For example, Melody used technology because
it benefitted students to be able to repeatedly access materials and resources that she
created for them:
I try to make these skill slides. I have a slideshow about how to do research that’s
repetitive, so the kids see it a bunch of times. My idea is that the resource is always
there, so when we’re doing research and they forget something, they can go back
and look at the slideshow. (Melody, Interview, February 7, 2019)
The slideshows, available on Google Slides, were beneficial because they are easily
accessible for students as a reference point during class. In addition, Melody used videos
for the benefit of her students. She mentioned the use of videos in several different
interviews, saying, “I also have a video of myself, it’s one of those screencasts, teaching
the slideshow as I would to the class so they can watch it as many times as they want”
(Interview, February 7, 2019). In Melody’s view, the video technology allowed students
to access information easily and often if needed, which Melody found helpful to meet her
students’ learning needs. She found the videos so helpful that she attempted to create
them as much as she could with a long-term vision for how they could be helpful over the
course of the school year: “I’m trying to make more of those [videos] that I can always
just have, and so that kids can go back to them over time” (Interview, May 17, 2019).
Another benefit Melody saw to using technology with her students was that she
perceived it ensured that students would be attentive, and instruction would be less
interrupted:
The video is sometimes exactly what I would say if I was just standing in front of
the class, but they’re quieter during the video. It’s maybe a five-minute video,
which seems really long to them, but would take me easily 10 minutes, just
because you have to get everyone’s attention, and then the phone rings, or
something like that. (Melody, Interview, February 7, 2019)
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Melody used technology because it provided affordances for smooth classroom
management that a traditional lecture style would not. Using technology also benefitted
her students because it allowed for her to provide a variety of resources and choice for a
wide range of student needs and backgrounds in her lessons: “I have a bunch of different
resources and then they pick what they want to work on” (Interview, May 17, 2019).
A common way that BSTs described using technology was for the practical and
logistical affordances it provided to students and to conducting their lessons, aligning
with the TK domain of TPACK about knowledge of how to use technology proficiently
for various tasks. Melody noted that she used technology to play “videos at half speed or
like quarter speed so that it goes slower” for her students and also mentioned that she
used the online videos by Brain Pop because the audio was much slower than on other
video platforms, which she saw as a benefit to her students, most of whom are still
learning English (Interview, May 17, 2019). Both Melody and Jackson used students’
own devices to support classwork. Melody noted that she has asked her students to take
pictures using their phone cameras as a part of projects they’ve worked on (Interview,
May 17, 2019), and Jackson had students taking pictures of their science labs (Interview,
April 10, 2019). Jackson went further, explaining that he asked students to take photos of
labs so that “there’d be electronic copies to keep for [tracking] their [laboratory] hours,
because we had problems last year and they’d lose their labs and all that kind of stuff”
(Interview, April 10, 2019). The ubiquity of camera technology that most students have
on their mobile devices helped Jackson solve problems he had with tracking laboratory
hours and lost work.
Jackson also noted how he used technology for students in his classroom by using
two features from Google. Jackson used “Google forms where the students collected data
on themselves and their opinions and then analyze the data from the cohort or the class”
(Interview, December 10, 2018); in this way technology provided a streamlined tool for
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students to collect and analyze data as part of his lessons. Jackson also used Google Drive
as a “powerful” resource in providing students with “access to everything”:
By making a powerful entry doc with links to everything through Google
Drive, that’s actually what I use more so, and linking it all through there is really
the more powerful thing, because the students then have access to everything with
the questions right there, with the resources right there. I find that really to be the
most powerful thing. And as long as they can access that, that’s the most important
thing. (Interview, April 10, 2019)
Technology provided a simple way to create documents for students that were
easily accessible and had links to relevant resources. This was especially appealing to
him, and similarly to Melody, who used technology as an alternative way to easily create
multiple scaffolded activities with built-in language support.
Technology also afforded convenience for teachers in connecting with students as
well as in streamlining their workflow. BSTs explicitly noted how technology made their
own work more streamlined or efficient. Jackson said that “one of the benefits of
[technology] is [the students] can never say I lost their work. It’s already [time-stamped].
So, if it’s handed in late, I don’t have to worry about it” (Interview, December 10, 2018).
Technology provides automatic features that simplify logistical challenges such as
dealing with students’ late or misplaced work. Melody appreciated how the Google
platform was set up to distribute, organize, and collect student work:
[Google classroom is] connected to their school email, which we have the GSuite, so. If I put in an assignment, then it automatically makes a duplicate with
their names on it but it has to have their email.... I can make one template
[document], and it’ll automatically make copies to everybody so they don’t have to
duplicate, rename and all the formats are the same. And it all goes into a folder,
then when I go to grade, it’s kind of more streamlined. (Interview, May 17, 2019)
Software like the Google suite provides BSTs ways to make processes for
assigning and grading work more efficient. Olivia also elaborated on how using Google
Classroom improves her ability to stay in touch with students, even when she is away
from the school: “When I did Google Classroom last year, it was great. Especially ‘cause
I’m not there every day. I could post a message to the class and things like that”
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(Interview, April 3, 2019). Olivia observed that, in addition to allowing for asynchronous
communication with her class, she could have students complete writing assignments
online and share the finished product with her using Google software, which was helpful
because of how easily she could access student work.
BSTs used technology to save themselves the hassle of lost papers, to increase
accessibility of materials for students by going paperless, and for the easy automaticity of
programs to create and distribute student work, which was especially helpful at times
they were not able to be present in the classroom.
Finally, technology afforded capabilities that would otherwise be difficult or
impossible for BSTs do on their own. When during a lesson Julia realized that her
students, who were all deaf or hard of hearing and had limited English language
proficiency, were not familiar with beaches, she said:
Let’s Google pictures of beaches and let’s talk about where the closest beach is to
us.... Let’s clear this up now. Without technology, man, I don’t even know how we
would have done that before. I would have just torn through, like, sixteen books
looking for [photos]. (Interview, January 21, 2019)
Technology gave her an immediate solution to adjust her lesson for students’ needs in the
moment, thus making adjustments possible that would have in the past been more timeand energy-intensive. Similarly, Melody used tools like Google Translate to help her
when working with students who speak several different languages, saying, “If I didn’t
have Translate it would be really difficult for some of those really newcomers to access
the material” (Interview, December 12, 2018). She spoke in several instances about the
incredible helpfulness of the translate feature, which was advantageous for her in cases
where she needed to communicate with students in another language that was unfamiliar
to her.
Using technology as a resource for lessons. Though most BSTs’ descriptions of
their use of technology were about how they used it with students, there were some
notable ways they used technology as a major component of planning their lessons,
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displaying both their PK and TPK domains of TPACK. Therefore, connecting the
previous theme of using technology as a tool in the classroom, there were additional
examples of how technology was used as a tool for lesson preparation and teaching. For
example, Melody noted in an interview on February 7, 2019 that she prepared for lessons
using a spreadsheet, adapted from one she used with her cooperating teacher during
student teaching, to plan her weekly lessons. The spreadsheet helped her organize her
weekly lessons by day of the week, with objectives and activities outlined in a recurring
and easy-to-follow format. Melody also said there was a specified place on the
spreadsheet to note her reflections about what to modify in the lesson for future years’
teaching. Furthermore, Melody used video technology extensively as part of her lessons
so that she could extend her lessons beyond one classroom period:
My project this year has been making my own videos, which has been helpful ...
when we did the Yeast lab, I videoed myself doing the Yeast lab [separately] so
that kids who were absent can watch it or then when they’re writing their lab report
later, we could go back and say, “Wait, what really did happen there” and watch
the video, which was helpful. (Interview, May 17, 2019)
In this way, technology helped Melody create reusable material that was both accessible
to students more than just once and essential to her lesson planning.
Technology also helped BSTs in their lesson plans because it conveniently
collected student work and allowed for resources and assessments to live all in one place.
Melody recounted how comprehensive technology can be in helping her assign work,
provide students with model work, and give students instructions and feedback:
[The technology will] automatically collect [assignments], add a rubric, and so
I can grade really quickly. And then also packaging in those resources. When I post
a report in the same assignment, I can attach a rubric, I can attach an example, I
can attach a slideshow that’s going to help them or a video that’s going to help
them and it’s all right there in an organized spot, which is really helpful. (Melody,
Interview, May 17, 2019)
She even notes how she can attach helpful hints for students using the technology,
allowing her to anticipate students’ varied needs all at once. Jackson also uses technology
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for instructional support; he uses Google Forms to give students quizzes “so that it
automatically grades it, and then later on I could put in automatic feedback. Based on
what answer they give, it’ll pop back feedback to them” (Interview, April 10, 2019). The
software gives him the ability to automatically provide students with personalized
feedback during lessons. The automatic features that some technologies provided were
helpful for teachers during their lesson planning since they could quickly and simply
learn about their students’ comprehension and needs using these tools.
Prior research reviews how teachers use technology as centerpieces of their lesson
plans (Bang & Luft, 2013; Blumenfeld et al., 1997), and this was also true for BSTs like
Melody, who described using Brain Pop, YouTube videos, and an online simulation
program called PhET in lessons:
I do a lot of the PhET labs or ... Brain Pop has an extension where they have all
these games connected to different science topics.... PhET and then the Brain Pop
links are probably the most common [for me to use]. Occasionally I’ll find
something because when I do the exploration ones, I’ll just find a bunch of
different things that look kind of interesting or different and I found a couple of
things and then I don’t know if YouTube videos count, but sometimes they have
the videos of labs or videos of phenomena, and I would use those sometimes.
(Interview, May 17, 2019)
Among the BSTs, Melody was the only one who noted her use of online science
simulations and thus stood out as an example of a BST who exhibited TCK in her
instruction.
BST Knowledge of Technology, Pedagogy, and Content
All of the above descriptions of technology from the BSTs demonstrated varied
knowledge of the domains of the TPACK framework. In examining the domain codes
assigned to each classroom observation, I saw that BSTs utilized knowledge rooted in the
domains of TPACK, which in turn means that they have learned elements of TPACK. For
example, Figure 3 displays the total count of evidence of each TPACK domain among all
BSTs in field observations. The total number of times each domain was observed shows

102

that BSTs demonstrated knowledge of TK, PK, and TPK at least twice as often as they
did the other four domains. Furthermore, there was no evidence of knowledge of the
TPACK domain. BSTs did not effectively integrate content, pedagogy, and technology
within a specific context in any observations. This demonstrates that BSTs have not yet
learned or understood the integrative nature of the TPACK domain.

Figure 3
Total TPACK Domains Evident in All Field Observations

There is some evidence that BSTs gained knowledge about more domains of
TPACK over time, as evidenced in Figure 4. Olivia and Julia incorporated more TPACK
domains in their later lessons compared to their earlier lessons. Melody and Jackson did
not show a consistent increase in TPACK domain knowledge demonstrated over time,
though it is likely due to the fact that Melody and Jackson demonstrated knowledge of
more TPACK domains from the start (3-4 of the domains were evident in their first
observation) compared to Olivia and Julia (0-1 domains evident in their first
observation).
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Figure 4
TPACK Domains Evident in Field Observations Over Time

Learning from Technology: Adding to the Research Base
The literature says little about how BSTs, as a unique subset of science teachers,
seek to learn from technology. The existing literature only discusses in-service science
teachers’ general use of technology in practice (Badia & Iglesias, 2019), in-service
professional development interventions to support science teachers’ learning to use
different forms of technology (Lee et al., 2017), or focuses on pre-service technology
courses for science teachers (Barth-Cohen et al., 2018). Since others have studied how
science teachers learn how to use technology tools, this study did not examine BSTs’
experiences learning to use technology. Additionally, there is growing interest in
examining teachers and students’ technology use based on the idea that teachers are often
“digital immigrants,” while their students are “digital natives” (Prenksy, 2001; Tapscott,
2009; Thompson, 2013). However, I found this assumption to be flawed and agree with
Wang et al. (2014) and Brown and Czerniewicz (2010), who make the more nuanced
argument that a person’s experience with technology is a more accurate way than age to
determine their comfort with technology-driven work in education. For this reason, I did
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not classify or examine participants’ age as an indicator of their technology use, since I
found throughout the study that all participants had interest in technology, had similar
experience and familiarity with technology, and exhibited similar comfort levels using
technology in their work as science educators as evidenced by the abundance of the TK
codes in the field observation (see Table 10 and Figure 3). I then focused on themes that
emerged about how BSTs chose to use technology as a resource to learn about science
teaching.
To begin, the BSTs did not perceive themselves as learning from technology,
saying, “No, I use [technology] as a tool. So, if it makes my teaching easier, I would use
it. But I wouldn’t say it influences me” (Jackson, Interview, December 10, 2018) or
saying that they did not think of Googling as using technology, even though Olivia, for
example, did it regularly to help students learn during instruction (Olivia, Interview,
April 3, 2019). The BSTs expressed perceptions that using technology in these ways was
not a source of learning, perhaps because all the participants had substantial experience
with technology. Brown and Czerniewicz (2010) argued that a person’s experience and
familiarity with technology more deeply impact their comfort using technology; the BSTs
in this study described searching the internet to learn new things so regularly that they did
not even interpret doing so as learning. However, I argue that patterns emerged in the
data that demonstrate how BSTs regularly used technology to learn by finding lesson
materials in various ways.
The primary way that BSTs learned from technology was through general internet
searches, again demonstrating strong TK. Searching the internet was easily available
when Julia needed answers to questions while teaching:
Technology is so accessible that if I don’t know the answer to a question that a
student asks me, I Google it ... if I don’t know the answer to something, I Google
it. If I ask you [a student] a question and you don’t know the answer to it, you can
also Google it. (Interview, January 21, 2019)
Internet searches also helped Julia learn in moments of uncertainty:
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If I don’t know something, what do I do? I Google it. So, if I don’t know
something and you ask me [a] question, we don’t know together. We’re going to
Google it together. (Interview, May 6, 2019)
As a teacher early in her career, Julia had immediate and urgent needs to look for
information and find answers as part of her learning process. Using an internet search
was a reliable and rapid way for her to look for and find answers for herself and for her
students.
Beyond general Internet searches, many BSTs searched the internet to learn and
find lessons or resources that already existed for science teaching. In the January 10
Inquiry Group meeting, Olivia shared that she found a rubric online to use with her
classes. When Melody’s fellow science teachers agreed to use a shared STEM rubric, she
realized there “was a lot more language [on the rubric] that [she] hadn’t encountered as
much, like ‘constraints,’ ‘prototypes,’ ‘criteria for success,’” so she searched online to
help find a way to break down the elements of the rubric (Interview, February 7, 2019).
The STEM rubric was unfamiliar to her compared to a traditional lab rubric, so she
learned something new related to science teaching by searching the internet for the
information she needed. Olivia also said, “When it comes to the activities, Google is my
best friend. There’s so much on the internet. I typed in ‘cells web quest.’ I got this
awesome web quest that was just there” (Interview, December 12, 2018). In this way, she
and other BSTs learned new ideas for how to teach science, thereby learning PCK, by
searching the internet for content specific instructional plans.
Beyond internet searches, the BSTs shared some new and unexpected ways they
learned about teaching from technology that are not encompassed in the TPACK
framework. Julia described learning from a fellow BST she followed on social media: “I
see her post things on Instagram about what she’s doing for lesson planning” (Interview,
May 6, 2019), while Jackson noted how helpful it was to discuss his teaching with his
mentor over internet video calls to help him grow in his teaching (Interview, April 10,
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2019). Melody learned using videos and she recorded herself teaching as a way to
practice her teaching:
I do work on making those videos more often. And I guess that’s kind of
practice, because I’ll hear my[self].... I’ll do it over a slideshow, teaching a skill or
with a lab, either how to do it, or then later to watch it again. And I definitely have
deleted the recording and started over and realized I said something weird or I talk
too fast or something like that. (Interview, May 17, 2019)
Using video technology, Melody was able to learn by role playing her work in a lowstakes opportunity to try teaching and fail without impacting students directly. She used
the video technology to learn by observing herself teach, and the technology also allowed
her to stop and try a lesson again. With the technology, she was able to test and try an
idea over again with ease and low consequences.
Learning from technology under the right conditions. Though the BSTs found
novel ways to learn using technology, they also described occasions where learning from
technology was contingent on other factors. Julia noted that there were flaws in learning
by simply searching the internet to find how others teach a topic:
I don’t want to fall into that rut and that pattern of, well, my student science fair
projects just need to look perfect, so I’m just going to copy and paste this thing
from the internet and then make them fill in the blanks. (Interview, May 6, 2019)
To Julia, learning about science teaching was more than just searching and imitating
something that she found on the internet. In this way, she implied that one factor to
consider when using technology to learn about teaching was that searching the internet
for materials without thinking critically about how she used them was not good for
learning.
In a similar vein, BSTs noted that learning through technology-mediated social
interaction with fellow teachers depended on more than the technology alone in order to
be useful. After Olivia started a WhatsApp chat group for some of the participants,
activity on the chat remained low, which Jackson explained in this way: “I don’t really
have a close relationship with [the other teachers] ‘cause I only see them whenever we
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meet [in Inquiry Groups], right? And not outside or on other occasions” (Interview,
February 11, 2019). In Jackson’s view, for social technology like WhatsApp to be a
source of learning among groups of teachers, its use was contingent on the individuals
having a close relationship—which in this case they did not.
Technology Deprivatization of Classroom Practice
Most significant among the findings was the trend that, for BSTs, technology
served to deprivatize the experience of fellow teachers and their teaching, opening
classrooms and teaching practices to be observed and understood by more novice
practitioners. This idea emerged in some way for all BSTs, especially as it related closely
to the findings shared earlier that BSTs mostly craved professional connections at this
stage in their career in order to learn.
Technology helped Jackson learn how other educators had taught similar subjects.
Jackson explicitly said, “Normally I would also maybe search the Internet for other things
that have been done” indicating that the internet provided a source of professional
connection to a shared experience of teaching science (Interview, December 10, 2018).
Beyond internet searches to deprivatize the science teaching experience, social
media provided a natural source of learning about science teaching for Olivia and Julia,
who both felt very isolated in their teaching environments. Olivia, who often felt isolated
as the only science teacher at her school, learned from connecting with fellow teachers on
social media: “I learned about the [literacy] conference on Facebook. I am part of a few
different science education groups, and when I inquired about the NSTA conference, this
[other conference] was also recommended to me” (Journal Reflections). Social media
helped expand her knowledge of science education opportunities she otherwise would not
have known about. Olivia said she also “recently joined teacher learning groups on
Facebook. So, an NGSS learning cohort on Facebook, which is great. So that’s another
way to communicate with other teachers and get ideas” (Interview, December 12, 2018).
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Being able to participate in an online network dedicated to teacher learning gave her the
chance to learn about science teaching and to feel less isolated because she was
contacting fellow teachers in the process. Social media like Facebook, facilitated by
technology and embedded into Olivia’s daily social life, opened up her access to connect
with fellow science teachers. BSTs’ experiences learning using social media align with
findings from Jones et al. (2016), who found that most users of a social media platform
they designed for learning to teach science had a positive experience, and that teachers
just needed more time to use social media as a tool for learning.
Olivia also described how effective and efficient technology could be in its ability
to provide a view into other teachers’ practice: “In the same way that I visited 50 schools
and saw 50 different ways of doing things [during my pre-service program], you can type
something into Google and get 50 different ways of doing it” (Interview, December 12,
2018). Olivia compared an Internet search to her pre-service experience observing and
connecting with other teachers and getting exposure to other perspectives of teaching.
Similarly, technology in the form of internet-facilitated social media helped BSTs
like Julia feel more connected to fellow teachers. Julia described the significance of
interacting with an acquaintance she followed on Instagram, who is “always posting”
about her first-year teaching experience online (Interview, May 6, 2019). The regularity
of this person’s posts on social media is notable to Julia because of the view she gets into
another teacher’s shared experience:
She’s every day, posting things about what her life is like as a first-year teacher
and what her experiences are and what she’s doing to get herself into a mode of
being a more regular and well-established teacher.... She’s just very active on
social media…. (Interview, May 6, 2019)
In addition, social media makes Julia feel connected to a wider education community that
is not limited by time or location. She notes that it’s easy to observe this teacher’s
experience on social media, “even though I don’t talk to her on a regular basis and she’s
not here locally.” Following this fellow teacher on social media is interesting to Julia,
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who enjoys seeing posts “about what she’s doing for lesson planning” as well as seeing
her progress and her struggles. Though Julia explicitly noted that this teacher’s teaching
context was very different from her own, there was still much value gained from
following her on Instagram: the ability to see another teacher’s interesting lesson plans,
the regularity with which she posted online about her experience teaching, and the
convenience for a BST to connect to someone who, though not local, presented a global
vision of some of the universal shared experiences of novice teachers.
Julia commented at length on the importance of how this social media experience
helped her learn because of the vulnerability shared online by a fellow novice teacher.
I really love the way that she is so open about what it is that she’s doing and
planning on a regular basis.... It’s not something she feels like she’s keeping a
secret, because some teachers, it almost feels like they create lesson plans or create
things and then hold them very close, like this is my baby because I made it, and I
don’t want to share it with anybody else. But she’s the complete opposite, where
she’s like, there is no reason why everybody shouldn’t benefit from the hard work
that I’m doing. So it’s more global.... I just really appreciate her mindset of just
being very open and very forthcoming about what it is that she’s doing, the things
that she’s doing that are progressing well, the things that she’s doing that she
struggles with. She just makes it very shared, like a shared experience. (Interview,
May 6, 2019)
The openness her fellow teacher exuded in sharing her work on Instagram contrasted
with Julia’s experience with some teachers, especially those in her teaching context, who
she felt were secretive about the work they do in their classes. Furthermore, Julia
appreciates the fact that this teacher shares her struggles as well as her successes for all to
see. Finally, Julia notes how seeing this social media account makes her feel like firstyear teaching is a shared experience, countering the loneliness and isolation she feels at
her school. This social media connection met Julia’s need to know that her experience
was shared by others who comprise the science education community.
Finally, using social media was natural for both Olivia and Julia, since they each
use Facebook or Instagram as a social media platform for networking in their personal
life. Jones et al. (2019) noted that making time to use a social media platform for learning
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to teach is a barrier for many users; Olivia’s and Julia’s experiences demonstrate that
there is inherent value in learning using social media platforms that are embedded in
daily personal use as opposed to separate platforms distinctly created for science
education communities.
Technology deprivatization under the right conditions. In some instances,
access to technology alone was not enough to decrease isolation. During the Inquiry
Group on January 10, 2019, Olivia organically suggested using the messaging application
WhatsApp to share a link to a resource with Jackson and some of the other participants.
Olivia noted that WhatsApp “was just like my easiest way to share it.... I thought it would
be nice to have a way to possibly continue sharing things,” and that she looked forward to
staying connected using the chat: “There was definitely a piece of me that was feeling
like, oh and maybe we can keep the conversation going” (Interview, February 6, 2019).
However, after the chat group on WhatsApp went unused, Olivia said, “I mean maybe if I
had a question, I would pose it in that chat, but I honestly didn’t even remember that it
was there,” indicating that the technology had value but that it didn’t register as
significant enough to remember it was an available resource.
Jackson elaborated on why he thought the WhatsApp technology did not foster a
professional connection among participants:
I mean, it’s a great idea. I’ve used [WhatsApp] when say, a group is close and
meets more often, cause I have done that in the past, where I make kind of a group
chat kind of thing. It’s very helpful, especially in grad school when we’re all
looking for one thing to do, getting projects done and everything. But if there’s not
that frequency of meeting ... then I don’t use something online, cause I’m not as
close I guess with the [group]. (Interview, February 11, 2019)
Therefore, though social technology such as WhatsApp had the potential to be a good
way to keep professional connections alive, there was a perception that connecting in that
way required a stronger foundation to relationships or friendships, or even a shared
purpose like graduate school to actually be useful for learning and growing. Olivia
confirmed this when she described that the technology was useful for professional
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connection in her school context: “We actually use it here; at school, we have a
WhatsApp of all the teachers in middle school, and we communicate about student
discipline issues or whatever may come up, [like] if someone’s late” (Interview,
February 6, 2019). The shared context and shared purpose for using WhatsApp among
her school colleagues was enough to make the messaging application useful as a
communication tool, whereas the participants in the Inquiry Group had less of a
foundation on which to base their communication. As a result, the social messaging
functionality of an application like WhatsApp did not serve to deprivatize BSTs’
experience learning to teach in this context.
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Chapter V
DISCUSSION AND IMPLICATIONS

The primary outcomes of this research have been the vivid descriptions of
beginning science teachers’ experiences and conceptions of learning to teach while
teaching. Once more, the research questions for this study are:
1.

What are beginning science teachers’ most relevant and pressing learning
needs that should be addressed in their first years teaching?

2.

In what ways do beginning science teachers continue learning to teach after
completing their pre-service teacher education programs?

3.

What factors influence beginning science teachers’ choices and resources for
continuing teacher education?

4.

What role does technology play in beginning science teachers’ continuing
teacher education?

In the teachers’ descriptions of their experiences learning to teach on the job, some
themes emerged related directly to theories of learning. The ensuing discussion helps
place their experiences in context of the self-efficacy and situated learning theory in order
to draw conclusions and make recommendations for the future of science teacher
induction.
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Major Findings
The descriptions show that BSTs’ experience in their first years of teaching is
connected to their perceptions of their own agency as newcomers to the teaching
profession. The major findings of this study are that:
1.

BSTs learn under a state of high personal pressure.

2.

BSTs learn from active participation in a deprivatized teaching setting.

3.

BSTs learn as a function of the school context in which they spend the
majority of their time.

4.

The role of technology in BSTs’ learning is to support their acculturation into
the community of practice of science teachers, and to support their learning of
content-specific technology and pedagogy practices.

BSTs describe learning and growing in their self-efficacy judgments due to the
naturally high-pressure experience they have during their early years teaching. The
perceptions of self-reliance they have about their work and the time-intensive
commitment they experience while teaching are both intertwined with the ideas that
performance mastery and emotional arousal contribute to increased self-efficacy for
BSTs. Learning from performance and emotions confirms what Davis et al. (2006)
outline in their review about challenges new science teachers face in their instruction. In
the literature about in-service early career science teachers, the authors found a salient
theme to be how BSTs’ ideas about instruction, usually sophisticated and innovative
reform-oriented practices, don’t often match their actual instructional practices. Based on
my findings, BSTs’ actual instructional practices are grounded more in learning that
occurs on the job through performance mastery and learning under emotionally aroused
circumstances. Since Davis et al. note that BSTs are challenged with enacting effective
instructional approaches, even when they have advanced ideas about teaching strategies,
BSTs could be better supported during the induction period to narrow the gap between
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their ideas about instruction and their practices through on-site classroom observations by
an experienced coach or mentor who can help them navigate their masterful
performances and manage their emotional state while grounding their support in teachers’
professed ideas about instruction.
The descriptions outlined in the findings simultaneously paint a picture of BSTs’
experience as being deeply tied to a community of practice, or in some cases feeling
isolated from such a community and thereby hampered in their learning. The learning
they experience occurs within the sociocultural contexts of their schools and as active
participants in the daily activities of teaching. Technology, though used in a reductive
manner in their classrooms most of the time, afforded unique and novel ways for the
BSTs to access the community of practice or to demonstrate their knowledge of the
domains of TPACK. By using technology in this way, BSTs found entry points into the
community of practice and took ownership as they participated peripherally.
RTOP Scores
The high average RTOP score among all participants (above 50 out of 100, which
is a sign of considerable reformed teaching according to MacIsaac and Falconer, 2002)
indicates that the BSTs in this study had high PCK and were doing a reasonable amount
of reform-oriented teaching as BSTs (see Table 8). Park et al. (2010) found a statistically
significant correlation between teachers’ PCK and their RTOP scores. Thus, it can be
inferred that since all the BSTs had higher RTOP scores, their level of PCK is high as
well. This runs counter to the ideas presented in Davis et al. (2006) and demonstrates that
BSTs are able to enact reform-oriented instruction. However, in studies of other inservice science teachers, baseline RTOP scores averaged around 70 (Lakshmanan et al.,
2011). It is notable that the average RTOP scores among BSTs did not exceed 62, and it
is to be expected that novice teachers would not score as high as in-service, more
experienced teachers observed in other studies.
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Julia’s RTOP scores improved over time, and the last two observations resulted in
higher RTOP scores than any of the other participants, while Olivia’s varied with no clear
trend. Jackson and Melody, notably both graduates of the TR@TC2 program, more
consistently scored over 50 through all RTOP observations. Julia demonstrated that there
is potential for BSTs to improve their teaching practices drastically over time, which is to
be expected among teachers who are still novices in their careers.
STEBI Scores
Julia, Jackson, and Melody had relatively similar and consistent scores on the
STEBI-A survey, showing high self-efficacy judgments. This means they exhibited a
strong sense of their capability to execute the tasks needed for teaching science. Though
Olivia had the highest overall STEBI-A score among participants, indicating high selfefficacy, she also had the highest Personal Science Teaching Efficacy (PSTE) score and
the lowest Science Teaching Outcome Expectancy (STOE) score of all. Enochs et al.
(1995) found that teachers with low STOE scores were rated as less effective in science
teaching and those with higher STOE scores showed a preference for activity-based
rather than textbook-based instruction. Though there is not enough quantitative evidence
to determine if Olivia’s low STOE corresponds to less effective science teaching, the
qualitative data and the fact that she had only two RTOP scores over 50 (and a much
lower average than Julia, who also only had two RTOP scores over 50) could be
indicative of a relationship between her STOE and her learning and enactment of science
teaching.
Learning Under Pressure
With such a strong sense of self-reliance as they teach students in their own
classroom for the first time, BSTs shared intense emotional feelings about their
experience. An essay and overview of the literature on teacher emotions by Zembylas
(2003) notes the roles that emotions play in teaching and learning: emotions serve as
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teacher identity markers, emotions are involved in relationship building with students,
parents, and colleagues in a social context, and emotions are embedded in school
cultures, ideologies, and power structures. Zembylas argues that research about teacher
emotions is important since the work of teaching is necessarily emotional labor that
breeds stress and potentially burnout; in this way, emotions also have a role to play in
teacher retention because burnout could lead teachers to leave the profession. In this
study specifically, I find that school cultures and ideologies make BSTs experience
emotions of vulnerability through strong feelings of self-reliance and feeling pressure to
perform as science teachers. Julia and Olivia have less supportive school cultures and
thus take on the emotional and intellectual burdens of determining every aspect of their
teaching practice. Even Melody and Jackson, who teach in more collaborative school
cultures, feel emotional burdens that are wrapped up in their teacher identity when noting
the time and logistical challenges they face.
When discussing emotions, the literature often points to strategies teachers employ
for coping with emotions. Kelchtermans (1996) examines the relationship between
vulnerability and coping strategies, finding that vulnerability comes from teachers’
feeling that they cannot control their working conditions. Indeed, BSTs in this study feel
strong emotions that align with feelings of vulnerability in their school contexts, of not
knowing what the best or correct course of action is in their daily lessons, and of not
having time, space, or resources to feel like they have control within their school
contexts. BSTs’ descriptions of vulnerability, then, align with Kelchtermans (2005), who
notes that vulnerability itself is a structural condition of teaching work; more than just an
emotion, the nature of teaching work is such that teachers must endure vulnerability in
their decision making and daily work. BSTs are for the first time in their career having to
contend with the fact that their work, by nature, will make them feel vulnerable,
uncertain, and that they must endure, acknowledge, and somehow embrace it.
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In another example, Riviera Maulucci (2013) describes how emotions play into the
experiences of a pre-service science teacher as she navigates teaching science with a
social justice lens, particularly how she uses emotions of ambivalence to cope with the
complex and often contradictory goals of social justice education. In my study, teachers’
emotions led to several coping mechanisms; feelings of too little time and personal
pressure led them to strive for rapid learning, to seek resources that would quickly and
efficiently help them overcome challenges in their teaching.
In some instances, the BSTs are under such pressure that they feel the most
efficient and prudent way to learn is by individually searching for solutions to perceived
challenges, as noted in the findings by the common refrain BSTs share about “figuring it
out.” The BSTs feel they have to learn through their own individual experience and try to
learn things themselves in order to progress and meet the demands of the job. This
finding aligns with Bandura (1982), who said that personal mastery is a contributor to
increased self-efficacy judgments—the more they work to problem-solve as challenges
arise, the more they will experience personal mastery and increase their self-efficacy.
For BSTs, learning to teach science in the first years means utilizing John Dewey’s
Laboratory approach to teacher education. In his essay, “On the Relation of Theory to
Practice in Education,” Dewey (1974) identifies the “problem” of teacher education as
the conflict between an apprenticeship view of teacher education and a more
comprehensive laboratory view. These views stem from the larger dualism of theory and
practice in teacher education, and Dewey recommends the laboratory approach for
teacher education, since it unifies theory and practice into an integrated and effective
system for purpose-driven professional instruction for educators. The aim of Dewey’s
laboratory view is for teachers to have practical experience that develops “the intellectual
method and material of good workmanship” (p. 314), developing teachers with
intellectual understanding rather than developing teachers that exhibit procedural habits.
The BSTs in this study demonstrate this approach by utilizing trial and error paired with
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analysis of their work, making them “thoughtful and alert student[s] of education,” even
though they do not exhibit “immediate proficiency” with this approach (p. 320). The
practical trial-and-error work helps the teacher incorporate habits based on theories of
education, and, as such, it is a slow process that does not breed immediate proficiency.
Practice work incites independence and intellectual thoughtfulness so the teacher better
grasps the relationship between the educational principles they have studied and their
practice in reality.
At the core of the laboratory model Dewey (1974) describes is the need for a
novice teacher to build the habits of inquiry. Dewey describes this inquiry as a scientific
method or “the method of mind itself” (p. 328). Thus, a teacher prepared in the laboratory
model develops the capacity to think about, question, and consider their own thinking
process. Inquiry connects an individual’s personal thinking with the environment to make
meaning of their work. Building the habit of inquiry leads to intellectual independence
pivotal for emerging teachers. Dewey contends that successful teachers are “so full of the
spirit of inquiry, so sensitive to every sign of its presence and absence, that ... they
succeed in awakening and inspiring like alert and intense mental activity in those with
whom they come in contact” (p. 330). BSTs develop patterns of inquiry in the form of
trial and error and exhibit the spirit of inquiry through analyzing their successes and
failures.
In addition to habits of inquiry, BSTs learn under pressure using trial and error,
which Castro et al. (2010) found to be a resiliency strategy among novice teachers.
Resiliency, or the “ability to adjust to varied situations and increase one’s competence in
the face of adverse conditions” (Bobek, 2002, p. 202), has been studied in education in
order to determine what factors influence resiliency for increased teacher retention. More
recent studies examine resilience strategies in order to understand teacher agency as an
adaptive response to adversity. Castro et al. studied 15 novice teachers in urban settings
and found that one of the most prominent strategies they used when overcoming
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challenges in their first-year teaching was problem solving through trial and error.
Though their study did not focus on science teachers, BSTs in my study also practiced
problem solving through trial and error, confirming that this is a common strategy among
both novice teachers and specifically BSTs. However, trial and error alone is just one
strategy new teachers utilize; Weiss and Weiss (1999) note that “beginning teachers who
are mentored are more effective teachers in their early years, since they learn from guided
practice rather than depending upon trial-and-error alone” (p. 3). Thus, problem-solving
through trial and error could be improved upon if BSTs have guidance from mentors to
complement their efforts.
It is noteworthy that all the participants practice trial and error in response to
uncertainty or challenges in their science teaching. When entering their own classroom,
BSTs had to apply the knowledge they had gained prior to beginning science teaching as
well as learn on the job to meet the specific demands of their schools and students.
Feiman-Nemser and Buchmann (2012) note that in this transition, new teachers feel “the
need to act, the pressure to respond” to their new responsibilities, which leads “the
beginning teacher on a period of trial and error learning” (p. 38). Along the same lines,
Feiman-Nemser and Buchmann argue that there are both formal and informal influences
on how teachers learn to teach. The trial and error and the consequent success and failure
BSTs experience constitute meaningful informal learning opportunities about how to
teach, since “the workplace is a setting for adaptation and inquiry” during the induction
period (p. 37).
Furthermore, the finding that BSTs learn from their failures as much as their
successes runs counter to the notion put forth by Bandura (1982) that performance
mastery is the most significant contributor to self-efficacy judgments. Thus, the unique
finding that BSTs learned and grew in their self-efficacy through failure is a new
contribution to the literature on BSTs. Currently, there is literature about K-12 science
students’ learning from failure as a way to recognize the nature of science as an iterative
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practice that is achieved through challenge and struggle (Lin-Siegler, Ahn, Chen, Fang &
Luna-Lucero, 2016). However, the majority of literature about learning from failure in
science is about students’ learning, not teachers’ learning. My findings are a new
perspective that do not exist in the literature about BST learning and seem aligned with
the ideas of Attribution Theory (Bandura, 1986). Attribution Theory posits that people’s
judgments of what causes their own success or failure have important motivational
influence. My findings seem to indicate that, for BSTs, failure is an important motivator
for learning how to teach. Learning from failure could also be a trait shared by all
participants, because all of them participated in mentoring relationships in which they
had support when they experienced failure. Though it is possible that this finding is
limited due to self-selection bias inherent in BSTs who opted to receive mentoring, it is
still a new finding that warrants more investigation. The notion that BSTs learn as much
from failure as from performance mastery is an idea that the science education research
community should explore further through the lens of Attribution Theory.
Teaching science is emotional work for BSTs, who are learning on the job.
However, I find that BSTs are not yet in the position where positive emotions associated
with teaching science outweigh the negative pressures they feel. In an ethnographic case
study of a veteran elementary science teacher, Zembylas (2004) found that the teacher
carried out the emotional labor of science teaching, which came with emotions of
suffering, more willingly because she felt the emotional rewards were gratifying and
inspired her students with a love for science. In that study, the teacher “applied various
management strategies to self-regulate her emotions, whether frustration or
disappointment,” and then got to a point where she shifted her negative emotions by
focusing instead “on the emotional rewards of teaching science” (p. 317). This example
shows how a more experienced science teacher leverages emotional labor to be a force
for good by enacting emotions in a way that breeds “satisfaction, self-esteem, and
psychological well-being” in her work. For BSTs, positive emotions associated with
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teaching science were described only in the context of feeling successes in their
instruction, with little emphasis on feeling like they had inspired a love of science in their
students. This implies that in the early stages of teaching science, BSTs should be
supported to note and pay attention to the positive gratification they feel when instilling a
love for science in their students as a technique to manage the emotional labor of
teaching.
This self-reliance was also impacted by the deep emotional feelings they
engendered about time and logistical pressures in their new role. Bandura (1977) said that
“stressful and taxing situations generally elicit emotional arousal that, depending on the
circumstances, might have informative value concerning personal competency” (p. 198).
In the case of BSTs, they harbor a high emotional state when it comes to the limits they
inevitably come up against in their work. BSTs describe the physical limitations of their
classroom layout, the constraints of their daily schedule, the materials and space available
for science experiments, or the dilemma they felt about balancing their personal time and
time spent teaching in a way that demonstrated an emotional tug of war that influenced
their learning choices. In some ways, the emotions were strong and increased their fervor
to learn about teaching and learn it quickly and efficiently, like Jackson who spent his
commute time reflecting on his learnings from the day, confirming Bandura’s claim that
emotional arousal contributes to increased self-efficacy.
All the BSTs expressed a sense of pressure due to the conditions and context in
which they taught, but some of the particularities of their school environments posed
greater pressure than others. The time and logistical pressures and the emotions that
followed were more prominent for teachers like Julia and Olivia, whose school
environments had fewer collaborative and supportive structures for professional learning
and growth. Kelchtermans (2005) notes that “emotions are understood as experiences that
result from teachers’ embeddedness in and interactions with their professional
environment” (p. 996). Chen and Mensah (2018) found that the context in which
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pre-service teachers work, and specifically the level of support they have from
cooperating teachers, informs their science teacher identity development. Julia’s and
Olivia’s experiences with limited support from fellow science teachers in their school
context matched what Chen and Mensah found: they felt intense pressure to do their work
with little guidance and sought external mentorship in order to support their science
teacher identity development.
The strong emotions toward teaching can constrain BSTs who feel unsure how to
overcome the time and logistic barriers they face. For example, Melody’s feelings of
hesitance to carry out science experiments and other inquiry activities confirm what
Davis et al. (2006) found in their review: BSTs avoid some science teaching practices in
favor of more conservative activities. Preferring low-risk activities, then, may be related
to the strong emotional arousal BSTs experience during the induction phase. Similarly,
Bandura (1977) contends that high emotional arousal can lead to avoidance behavior, but
notes that “social learning theory, on the other hand, emphasizes the informative function
of physiological arousal” (p. 199). BSTs describe distress at the idea of taking
instructional risks, but perhaps with support from a coach or mentor, BSTs could
experience emotional distress as more of a learning opportunity if they have the help of
an experienced science teacher.
Learning Through Deprivatized Participation
The BSTs described their experiences in ways that reflected either feeling
connected to fellow teachers from whom they could learn or feeling isolated or cut off
from the professional community. This major finding has not been well documented for
BSTs specifically. BSTs described several learning experiences they had with science
teachers who mentored or supported them, acting as more experienced community
members who socialized them as newcomers into the community of practice and
alleviating their isolation. Hutchison (2012) found that social networking was significant
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for new teacher support in her case studies of novice STEM teachers, and my research
contributes new information about the role of social networking for novice science
teachers: to reduce their isolation and help them become more acculturated into the
science education community of practice. Research about teachers’ use of social media
for affiliating with an online community of practice has been conducted with higher
education instructors (Veletsianos, 2012). Alternatively, when a science teaching
community of practice was not immediately available or apparent, some BSTs sought out
a community of practice in more broad strokes in the form of a Humanities teacher, or
more distant science teacher groups on social media. Desimone et al. (2014) find that
both formal and informal mentors can be valuable for supporting new teachers, so
perhaps more should be studied about the role of informal mentoring relationships that
develop between science and non-science teachers for deprivatizing practice. BSTs
expressed a desire to learn through participating in the community of practice of fellow
teachers and used technology to facilitate this participation more generally, with only
sporadic mention of participating with fellow science teachers specifically. Thus, the
BSTs may benefit from participating in online professional communities. For example,
research on Information and Communications Technology (ICT) expert teachers shows
that expert teachers use online Personal Learning Networks (PLNs) to increase their
professionalism, supplement their experiences, contribute to their subject knowledge with
updates from the field, and use social media as a first approach to help in their curricular
design (Prestridge et al., 2019; Tondeur et al., 2016).
Removing the barrier of teacher isolation. The BSTs often cite feeling isolated
in their work, which impacts their learning because they feel removed from the
community of practice, especially from their most proximal community of teachers and,
if applicable, science teachers, within their school contexts. This is significant because,
“in contrast with learning as internalization, learning as increasing participation in
communities of practice concerns the whole person acting in the world” (Lave &
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Wenger, 1991, p. 49). Thus, the isolation that BSTs such as Julia and Olivia experienced
limited their learning because they were not provided a space to participate as a whole
person in the world of teachers or, more specifically, the world of science teachers.
Julia’s experiences with fellow teachers withholding support or Olivia’s experience of a
dearth of more veteran science teacher community members meant that they lacked entry
points into either community, which stalled them from increasing, fuller, and more fluid
participation in a community of practice among teachers, or specifically science teachers.
Legitimate peripheral participation in the community of science teachers is not about
individuals gaining knowledge through a transmission model. Learning happens as a
social practice, encompassing relational “interdependency of agent and the world,
activity, meaning, cognition, learning, and knowing” (p. 50). Isolation and a lack of
collaboration with fellow science teachers directly counters this notion of legitimate
peripheral participation; participation for BSTs requires social interactions with members
of the community.
Helms (1998) notes that there is not one definition of a teacher community, but that
there is research that helps to better understand how the contexts of teaching influence
and provide a foundation for developing teacher identity. Indeed, for BSTs like Julia and
Olivia, who did not have access to collaborative science teachers in their teaching
contexts, the experience of feeling isolated as a science teacher was a contextual factor
that did influence their learning and identity development and pushed them to seek out
other ways to connect to science teachers. This aligns with research by Little (1993), who
noted that subject affiliation built professional community among teachers; however, as
noted by Julia and Olivia, subject affiliation was lacking for them because there was no
science teacher collegiality at their schools. Jackson and Melody, who felt a bit less
isolated, had established and collaborative science departments at their schools, which
confirms what Talbert (1995) found: that subject-specific departments are primary
professional communities for teachers.
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BSTs are still in the early stages of their career and are therefore still in the process
of building their science teacher identity while joining the wider community of in-service
teachers. Research on science teacher identity development by Helms (1998) showed that
science teachers develop a strong sense of science teaching identity from the subject
matter itself; science teachers’ views of the subject matter of science were determined by
their past life experiences with science, their views about how science ties together with
morals and spirituality, and their values and purpose as science teachers. Similarly,
Moore (2008) found that science teachers with similar backgrounds and races had
intersecting positional identities with science teaching that came out in different ways
based on their individual life experiences, their orientations toward learning to teach, and
their goals in science education. These studies explain why the BSTs’ learning
experiences and feelings of isolation were rooted less in the specifics of teaching science
but actually broadly rooted in teaching and instructional best practices, or PK. BSTs
share less about learning related to science-specific identity formation, which, according
to Helms and to Moore, occurs elsewhere in both teaching and non-teaching spaces.
In situated learning theory, learning occurs when newcomers move toward fuller
participation. This participation also serves to form a newcomer’s identity as a
community member. When BSTs experience isolation and crave professional connections
with the community of science teachers, they are describing a desire to participate in
order to learn and form their science teacher identity as a result of participation. When
they experience moments of connection or shared experiences with fellow science
teachers, they develop their science teacher identity while they learn as members of the
community of practice. Moving toward full participation involves not only greater time
commitment, effort, difficulty in tasks, and responsibilities within the community, but
more importantly, an increasing sense of identity as a master practitioner (Lave &
Wenger, 1991). Helms (1998) says that in legitimate peripheral participation, “the
emphasis is on the process of learning through actions and relations within a community,
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and the new identities that develop as a result” (p. 814). It could be argued, then, that
when BSTs feel isolated, the development of their science teacher identity is
fundamentally limited.
Learning through active participation. BSTs describe their experiences learning
primarily in terms of active participation as members of the teaching community when
describing their perceived successes and failures in the classroom. Situated learning
would claim that BSTs are more inclined to learn by actively participating in the learning
experience, so it follows that their attempts at learning by trial and error in their
classroom instruction are the most common and most frequent way they actively
participate in learning to teach. Lave and Wenger (1991) argue that “understanding and
experience are in constant interaction” (p. 52); by actively trying their hand at the
authentic practices of teaching, and in many cases by experimenting with their teaching,
BSTs are developing stronger understandings about teaching through experience.
Situated learning for BSTs is the process of creating meaning from the activities of
daily life as a teacher, a life they are experiencing for the first time. Though this process
of situated learning through active participation does lead to knowledge construction, it is
missing a crucial component of situated learning theory: the sociocultural interactions
with the community of practices. BSTs describe much of their learning occurring through
active trial and error in their own classroom, but without input from and interaction with
members of the science education community of practice, it is unlikely to lead to deeper
knowledge and understanding of science teaching. Feiman-Nemser and Buchmann
(2012) describe that there are “pitfalls of experience” in learning to teach; the experiences
that BSTs have had in the past or continue to have during the induction phase may not
necessarily be instructive about best practices in “learning to teach children something”
(p. 170) if they do not have guidance from the community of practicing science
educators.
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For this reason, BSTs’ experience of learning through trial and error, through
success and failure, or even by learning from their own students’ feedback is consistently
missing a crucial component for deep learning: feedback from and interaction with more
experienced teachers who are members of the community of practice. Though the BSTs
themselves describe growing and learning as science teachers through trial and error as a
method of active participation, the isolation they simultaneously experience means they
are not full participants learning as members in a community of practice but are instead
acting as individuals. Castro et al. (2010) found that resilient teachers engage in helpseeking strategies in which they seek assistance from others; BSTs do look for help from
others in their community, as evidenced by the fact that all of the participants opted in to
have a mentor and collaborated with colleagues in various ways. However, their primary
mode of learning was through experimentation in their own classroom, which has
implications for how future induction support should be carried out.
Using technology as an entry point for learning. If peripherality is about access
to the community of practice, then technology affords different access points to the
community. Lave and Wenger (1991) maintain that “peripherality suggests that there are
multiple, varied, more- or less-engaged and -inclusive ways of being located in the fields
of participation defined by a community” (pp. 35-36). The BSTs describe using
technology to find resources posted by other science teachers or to learn from others via
social media. In this way, they use technology to connect with the community of science
teachers and deprivatize others’ classroom practice, so technology affords some of the
multiple, varied ways of participating in a community of practice.
The world has expanded thanks to the ubiquity of technology. The BSTs in this
study, though not all the same age, have enough familiarity and experience with
technology both inside and outside the classroom such that they find ways to take
advantage of technology resources during their first years of teaching, exhibiting high
Technological Knowledge (TK). For BSTs, technology offers an opportunity to engage
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and be included in the community, especially when a teacher’s circumstances limit their
ability to participate. This corresponds with Wang et al. (2014), who found in their study
that science teachers who had barriers such as “lack of access to technology resources,
lack of time, lack of technology integration skills and strategies, and lack of support and
resources of school policy” (p. 655) when it came to technology felt they were barred
from fully utilizing technology as a resource for their instruction. In my study, the BSTs
experience similar barriers but push past systemic deficits in order to participate in the
community. Thus, technology can be a way that BSTs negotiate their place as
participants in the community and a way for them to experience various perspectives that
become “part of actors’ learning trajectories, developing identities, and forms of
membership” (Lave & Wenger, 1991, p. 36).
A key component the BSTs demonstrate when using technology to learn as part of
a science education community, then, is the ability and desire to push beyond the barriers
Wang et al. (2014) reported. To address these barriers, Jones et al. (2016) designed an
online platform for BST induction support that aimed to build a community of practice
while also providing coaching and resources. In addition, Kelly et al. (2018) designed
TeachConnect in Australia and found that its value lay in creating a space for knowledge
construction and collegiality using technology. Technology can, therefore, be utilized as a
tool for learning to teach during BST induction because it provides a novel access point
into the science education community.
Learning Situated in a New Context
The learning that BSTs experienced was deeply interwoven with their school
context. Since BSTs are newcomers to the community of practice, they are participating
in authentic and legitimate experiences for the first time in ways they could not when
they were pre-service teachers. There are naturally limits to the learning that occurred for
teachers before they entered their in-service school contexts. During student teaching, for
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example, they learned to teach within a particular context, as outlined in Chen and
Mensah (2018), where the school context in which some pre-service elementary teachers
did their student teaching positioned them as science teachers practicing their craft, while
other contexts enforced strict adherence to a school-wide science curriculum that
conflicted with the pre-service teachers’ reform-oriented methods courses. This aligns
with literature by Kennedy (1999), who described “problems of enactment” among
teachers as they transition from what they learned in teacher preparation courses to then
applying their learning in the complex organizations of schools.
For example, Olivia’s wide range in STEBI scores for Personal Science Teaching
Efficacy (PSTE) and Science Teaching Outcome Expectancy (STOE) to me reflected her
Independent Religious Middle School environment, which was made up of a relatively
homogenous demographic of students with few special needs, small class sizes, and very
little pedagogical systems or structures in place school-wide. Though interview data
better parse out the nuances of Olivia’s PSTE and STOE judgments, showing that she
aligned more closely to the rest of the participants, her responses to the survey and
justifications for her responses varied from the other participants in ways that showed she
thinks of her abilities differently than the rest.
These “problems of enactment” manifest for the BSTs as they enter in-service
teaching contexts, especially since none of the BSTs ended up teaching in a school
context that closely matched that of their student teaching. Once working in their
in-service contexts, their learning on the job was deeply situated to their specific schools’
structures and initiatives. In her study of the development of subject area-specific teacher
identity, Helms (1998) found that “there exists an important link between [teachers’]
actions and what is believed others expect” (p. 830); for BSTs, their beliefs about what
others expect are set by administrators and science departments, and their in-service
learning activities correspond to those expectations. Helms also notes that in her study,
teachers regularly matched their actions to what they thought others expected of them,
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especially “feeling the need to act on policies that they did not agree with that their
school or district imposed on them, or, in some cases, on perceived constraints, such as
the need to cover the textbook” (p. 830). After completing their pre-service work and
entering their in-service school contexts, BSTs’ learning choices were often driven by
contextual impositions and constraints.
Brown et al. (1989) note that conceptual knowledge is a set of tools that can only
be fully understood through use, which entails both changing the user’s worldview and
adopting the belief system of the culture in which they are used. BSTs are, for the first
time, in the position of using tools for teaching in order to fully understand them, and at
the same time they are using these tools for teaching within a particular school culture,
which influences their understanding. It is possible to obtain a tool in one school culture
or context but be unable to use it in another. In some cases, the BSTs admitted to
knowing about the tools they learned about in their pre-service programs but were not
using those tools in authentic contexts. This builds on the notion that teacher education
programs rarely teach context-specific strategies and are therefore disconnected from the
school context and settings where new teachers end up working (Zeichner, 2010).
Therefore, it stands to reason that their pre-service experience was not contextualized
enough within the larger community of practice and BSTs were left to learn new
knowledge and build new skills within their particular school contexts, which were
different from their teacher education school placements.
Learning about the activities of a community of practice is better for BSTs if the
activities are viewed from within the community and its sociocultural practices. Brown
et al. (1989) describe the process of newcomers entering the community of practice as
enculturation. In order to learn how practitioners in the community use tools and artifacts,
BSTs must observe and practice what members of that community do in context.
Pre-service programs do not do enough to enculturate new teachers because, though it
seems the activities of student teaching are authentic, the school context is almost always
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different when a BST begins full-time teaching. All but one of the participants took part
in student teaching at different schools than where they taught full-time. As a result,
BSTs have not yet experienced what Brown et al. call cognitive apprenticeship: the
development of concepts through continuous authentic activity. Their first opportunity
for continuous authentic activity comes during their first years’ teaching and is situated to
their particular teaching context. In some ways, student teaching was an abstract
representation that was rendered less meaningful because it was not “made specific to the
situation at hand” when BSTs began teaching in their school contexts (Lave & Wenger,
1991, p. 33). All these contextual factors have implications for teacher education that will
be discussed in the following paragraphs.
Role of Technology in BSTs’ Learning
The role of technology in BSTs’ learning was notable within the domains of
knowledge of TPACK. The TPACK framework theorizes that teachers’ knowledge of
technology and content instruction make up a comprehensive knowledge base for
effective instruction. I argue that the knowledge bases in the TPACK framework must
result from learning. Therefore, the domains of TPACK that manifest in my study of
BSTs are indicative of learning that has occurred, while the domains that are not evident
are things that could be learned better during induction. BSTs demonstrated Technology
Knowledge (TK), Pedagogical Knowledge (PK), and Technological Pedagogical
Knowledge (TPK) at least twice as often as they did the other four domains. This finding
implies that through induction experiences, pre-service experiences, as well as
individuals’ experiences with technology, BSTs have learned TK, PK, and TPK to a
greater degree than the other domains. All BSTs demonstrated that they had much
experience with and familiarity with technology, a factor described by Brown and
Czerniewicz (2010) as influential in people’s use of technology, so it is not surprising
that TK was high.
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I find that among BSTs, the TCK and TPACK domains are observed very
infrequently compared to the other domains. This finding suggests that these knowledge
bases are a gap in BSTs’ learning and could be better integrated into pre-service and
induction learning. It is possible that TCK and TPACK still need to be learned and
practiced because the pre-service program did not explicitly incorporate a contentspecific technology course, but instead incorporated TCK into the content knowledge and
methods courses. The fact that TCK was so rare shows that pre-service programs are not
doing enough to support BSTs in using subject-specific technologies when they enter the
classroom. When, for instance, Melody notes that she is reluctant to do science
experiments with her students, she is also showing hesitance to do content-specific
teaching with content-specialized technology such as probeware, gel electrophoresis, etc.
Thus, my findings contribute to the idea that BSTs avoid some science teaching practices
in favor of more conservative activities (Davis et al., 2006); BSTs seldom enact teaching
practices that require TCK specifically. Again, this could be due to their inexperience
with TCK in prior teaching experiences. It is likely that over time they develop TCK over
years of science teaching practice. There is no difference between how I observed the
BSTs use technology and how teachers in other subject areas could use technology,
indicating that they learned more about PK and TPK than TCK and TPACK. The BSTs’
technology use primarily as TK and TPK highlights that BSTs are not using technology
that is science-specific; they are using technology for its pedagogical value.
It is telling that BSTs’ technology knowledge was starkly in the TK and TPK areas,
yet their knowledge was lacking for the TCK and TPACK domains. This finding implies
that pre-service and induction science education programming should more deliberately
teach TCK and TPACK for science. Thus, TCK focused pre-service classes can be
designed to better develop teachers’ TCK in science. In addition, it seems that, as
novices, BSTs are less comfortable using content-specific technology in their teaching.
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Here, there is an opportunity for BSTs to have more guided practice for using sciencespecific tools with groups of students, during both pre-service and induction.
It could be hypothesized from my findings that graduates of teacher residency
programs such as TR@TC2 have learned more domains of TPACK than those who did
not. Jackson and Melody had a baseline higher number of TPACK domains demonstrated
in their observations. It is possible that the number of TPACK domains observed was
higher because of the residency experiences they had in addition to the typical pre-service
experiences at the university-based science education program. Compared to the
university’s science education pre-service program, Jackson and Melody had an
additional yearlong seminar as a core component of their coursework, a yearlong
placement teaching in schools (as opposed to 12-14 weeks), and two years of induction
programming, including dedicated mentoring through the TR@TC2 residency. It is also
possible that those who choose to do a teacher residency program are more inclined to
learn TPACK domains faster during induction than their non-residency peers because
teacher residents opted for a more supported program before entering the classroom. By
self-selecting to apply and attend a residency program, these BSTs demonstrate a bias
toward desiring more support and this could explain their learning of more domains of
TPACK.
Finally, BSTs’ use of internet searches also warrants more research. Though the
scope of this study did not include defining and categorizing BSTs’ internet searches, my
findings show that more research should be done about what knowledge BSTs are hoping
to acquire through an internet search. It is also worth investigating whether BSTs are
being discerning in their internet searches, or whether they simply reproduce what they
find online. The common pattern among BSTs’ learning experiences using technology is
using it as an access point into the community of practice; they use technology to observe
and examine other science teachers’ teaching practices. However, with technology being
such an open and broad platform for deprivatizing the classroom, there is a need to guide

134

BSTs’ learning via technology. Though all BSTs described their conceptions of learning
from technology, few questioned the resources and knowledge they were accessing using
technology. It stands to reason that BSTs who have support from an embedded
community member, a more veteran science teacher who is well versed in using and
evaluating technology tools, might better navigate the most relevant and appropriate
technology and social media contexts for learning to teach. There are already many
highly effective resources for science teaching available online, and these vetted lesson
resources for science teachers should be better distributed among BSTs, perhaps in an
online portal exclusively targeted to BSTs. Davis et al. (2006) note that few of the
existing online environments that support teacher learning are aimed to specifically serve
novice teachers, so this is still an area of emerging research. Being in the vulnerable and
highly stressful position of early career teaching, BSTs who have a more experienced
peer or a dedicated online network of science resources might think more critically about
the resources they learn from using technology.

Implications and Recommendations
This research sheds light on the experiences of BSTs as they learn within situated
contexts as newcomers to the community of practice. The literature review in Chapter II
outlined past research on science teacher education and beginning science teachers’ needs
specifically. What this study contributes to the field is a necessary examination of
beginning science teachers’ experiences on the job, codified and packaged for use by
induction programs and schools that hire new science teachers. Several recommendations
are offered below based on BSTs’ experiences and conceptions of learning during their
induction period.
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All Beginning Teachers
This study has implications about teachers’ learning during induction that are
generalizable to all teachers in their first years of teaching. First, there is a notable need
for instruments (observation protocols and surveys) that measure beginning teachers’
technology-based learning choices rather than their technology-based learning in
response to particular CTE interventions. There is a need to adapt existing surveys or
create new surveys to measure TPACK; many instruments that have been developed
found it challenging to parse out all seven subdomains of TPACK (Chai et al., 2013). For
example, Archambault and Crippen (2009) and Archambault and Barnett (2010) created a
24-question survey to assess TPACK, but found that measuring each of the domains of
TPACK using their survey was complex and difficult to follow because the domains are
so interconnected. The idea that the domains of TPACK are mutually exclusive may be
correct in theory but was difficult to investigate in practice. The domains may not be as
distinct as the theory makes them out to be, and future instruments must endeavor to
account for the complexity of the TPACK framework.
Similarly, there is a need to develop an instrument for observing teacher learning
on the job since currently there are only validated instruments for assessing teaching
practices and student learning. I propose that these new instruments be validated for use
with beginning teachers specifically, since the existing instruments have only been
validated for pre-service or in-service teachers. Beginning teachers have a unique
experience that informs the rest of their career; instruments meant for pre-service are not
appropriate for working teachers, and in-service instruments are not specific enough to
the novice experience.
School-based learning support. There is some research that shows a link between
teacher retention rates and school contexts, such that teachers leave schools whose
circumstances do not match their pre service preparation or experience (Boyd et al.,
2005). Hammerness and Matsko (2013) examined a teacher residency program that made
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school and teaching contexts an explicit part of the content of the pre-service program
and induction support. They found that these context-specific supports helped ease the
transition from pre-service to induction for novice teachers.
Though the number of teachers participating in some form of induction doubled
between 1990 and 2008 in the United States (Ingersoll & Strong, 2011), more needs to be
done to improve induction programming, which often includes mentoring from more
veteran teachers. Currently, there are no consistent or federally mandated induction
mentoring models in public schools in the United States, resulting in a wide variety of
ways induction mentoring is or is not implemented. Research shows that there is a
relationship between school context and induction supports (Ingersoll & Smith, 2010).
Based on the research base and on my findings, I recommend that there be continuity in
the learning opportunities from pre-service to induction; ideally, pre-service programs
should make school contexts and settings an explicit part of their curriculum, as outlined
by Hammerness and Matsko (2013), who note that “the [school] setting is not simply a
‘site’ for learning, but the setting itself represents important and unique content” (p. 561).
In addition, I recommend there be induction programming that is school context-specific
because my study confirmed that “the philosophies and approaches of different school
types can influence attitudes and approaches towards learning” (Hammerness & Matsko,
2013, p. 561).
Also, a recommendation for schools is that schools enact a school-based, new
teacher-focused PLC to provide an inquiry-focused group for new teachers of all subject
areas to learn and grow by deprivatizing their own practice. An inquiry group like this
could be facilitated by a more experienced teacher at the school who can guide the
group’s inquiries and act as a more experienced member of the school community,
providing artifacts, knowledge, tools, etc. for the new teachers. Moore (2008) notes that
“as teachers mature in their profession and in life, they desire to participate in other types
of professional development, some of which may take them out of classroom teaching”
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(pp. 702-703), and a PLC is an effective source of teacher learning and support outside of
the classroom (Dogan et al., 2016). Finally, schools must explicitly embed time for
learning and reflection into new teachers’ daily schedule. Darling-Hammond (2010)
described how schools in Finland “provide time for regular collaboration among teachers
on issues of instruction” (p. 23) in order to ensure that teachers build their practice and
learn within the school context. By embedding extra time in novice teachers’ schedules
for learning, schools will help them be active participants during the transition from
newcomers to members of the school community of practitioners.
Induction programming support. Ingersoll and Strong (2011) outlined the
positive impact of induction programming and support for beginning teachers. The
authors point out that “mentoring programs vary as to how they select, prepare, assign,
and compensate the mentors themselves” (p. 204). Many mentoring programs, especially
within schools or districts, mandate mentoring as an assignment, resulting in widely
varying efficacy among mentors. A recommendation is for beginning teachers to have
access to an induction program that is unaffiliated with their school or district, such as
programming provided by the New Teacher Project or induction programming affiliated
with a teacher residency program. These types of organizations, free from the constraints
of school and district mandates, are more likely to offer well-trained and wellcompensated volunteers who are vetted as experienced and strong mentors. Often,
mentors and programming offered through formal induction programs like these build in
explicit learning opportunities for reflection and professional development in addition to
providing ad-hoc support to new teachers.
Another recommendation is for programming that explicitly aligns pre-service
experiences with in-service plans. Though most teacher education programs have no way
to control or manage where their graduates end up teaching, it would be beneficial to
create more spaces in which pre-service preparation is synced directly with in-service
plans, since my findings indicate that school context and the disconnect between pre-
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service and in-service experiences influence induction learning for beginning teachers.
This level of continuity for novice teachers would likely improve their learning outcomes
because they would have fewer transitional experiences to contend with. Several teacher
residency programs, such as the Bard College Urban Teacher Residency program in New
York City, the University of Chicago Urban Teacher Education Program (UChicago
UTEP), the Boston Teacher Residency, and the San Francisco Teacher Residency,
prepare teachers to enter the teaching force in a specific city school district (Hammerness
& Craig, 2016; Hammerness & Matsko, 2013; Solomon, 2009; Williamson et al., 2016).
Some programs, like the Learning Partners-Urban Teacher Residency (LP-UTR) in New
York City, partner very closely with the district and have had over 96% retention of
teachers who graduate from the program in district schools over their first three years of
teaching (Rockman et al., 2019). However, in these residency programs, there is little
continuity between host school sites and the schools that hire the teacher graduates; in the
LP-UTR, only 43% of graduates were ever hired by partner schools (those that had
hosted LP-UTR residents). This means that a little less than half of the graduates did not
have to navigate a completely new school context upon completing their pre-service
work. Therefore, I suggest that more effort be made for residency programs to ensure that
beginning teachers get jobs at specific partner schools in the district to maintain
continuity between pre-service and induction.
Even better is the idea of residency programs that have pathways into more specific
school contexts, such as the East Harlem Teaching Residency (EHTR) program, created
by the East Harlem Tutorial Program (EHTP), whose goal is to create “a pipeline of
quality teachers who are prepared to be leaders in the East Harlem community” (Torrez
& Krebs, 2019, p. 85). Residents in that program are prepared for and aim to teach in the
East Harlem neighborhood, and their pre-service field work is in EHTP partner schools,
often charter schools, in the neighborhood as well. Similar to other residency programs,
EHTR includes “a fourteen-month program for aspiring teachers which includes
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enrollment in a subsidized master’s degree program…, participation in a clinical
residency in the classroom of a master teacher, and employment as a lead teacher in
EHTP’s out-of-school time (OST) programs” (p. 86); this is one of the only residency
programs that guarantees employment in the community setting it aims to serve. The
clinical residency component is designed thoughtfully in order to integrate residents’
practical experiences into the school contexts in preparation for future employment as a
teacher in East Harlem:
Residents have two types of clinical experiences. Residents are employed as
lead teachers in OST classrooms at EHTP. They lead after-school classes of twenty
to twenty-five district public school students four times per week. They plan and
implement lessons and units by using data to drive student progress. Residents
develop a classroom culture and form meaningful relationships with families and
community members…. Residents also serve as assistant teachers to a [more
experienced teacher, called a clinical instructor or CI]. They are assigned to their
CI working four days a week in a Scholars’ Academy classroom. They receive
real-time coaching and observation from a CI, master teacher. They partake in a
gradual release clinical training model to eventually lead a school day classroom.
(p. 89)
This level of integration of a residency program into specific schools in a designated
community would lend itself to more coherence for beginning teachers, as they will enter
a familiar school context.
Leveraging technology for meaningful support. In this study, participants had
common familiarity and experience with technology and applied their fluency to the
teaching contexts they were embedded in. Though they did not need explicit support for
using technology, they got support from technology only by spending much of their
personal time utilizing technology as a tool to learn about teaching. Therefore, I
recommend that beginning teachers be provided more time in their teaching contexts
earmarked for learning to teach and more opportunities to grow and build up their
pedagogical knowledge and skills with technology, two aspects Wang et al. (2014)
identified as the main barriers teachers faced when it came to using technology more
regularly.
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There are choices for technology-facilitated learning that meet the unique needs of
beginning teachers as a general population. Since all new teachers feel immense pressure
and a lack of time and space to learn, there need to be opportunities to learn by receiving
rapid feedback. Some learning opportunities facilitated by technology that should be
pursued for novice teachers are bug-in-ear coaching during lesson implementation or
computer applications that provide teachers real-time insight into student learning
progress through data dashboards (Mckenney & Visscher, 2019). Rock (2012) followed
experienced Elementary and Special Education teachers who received bug-in-ear
coaching and saw that the benefits of coaching for teachers extended beyond the period
of support. Matsumura et al. (2019) conducted an Online Content-Focused Coaching
(CFC) program comprised of a six-week online workshop followed by individual remote
coaching sessions and found that the teachers improved their teaching practices as a
result. I recommend that more research be conducted for technology-facilitated coaching
among novice teachers because there is little existing research about coaching in this way
for new teacher learning.
Technology can also facilitate reflection among beginning teachers who are in the
position of learning from successes and failures. Philipsen et al. (2019) show that
technology can be used to support teacher learning through reflection. Novice teachers
could use applications for collecting student feedback rapidly or for recording video of
their lesson enactment for reflection on classroom events. For example, Bijlsma et al.
(2019) used a smartphone application to collect student feedback for mathematics
teachers and found that the application helped teachers improve their lessons as a result
of the insights they gained from the feedback. Other software such as Vialogues (Byrne,
2012) exists to allow for asynchronous discussion around videos and should be tested for
novice teachers as a reflection tool. There is a need to investigate the capabilities of tools
like these for beginning teachers because there is a lack of research studying the impact
of these resources for new teacher learning.
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Beginning Science Teachers
There are important science-specific implications about teachers’ learning during
induction. For instance, there are few studies about science teacher residency programs
and their graduates’ learning and teaching practices longitudinally. Therefore, a
recommendation for more investigation into the teachers who enter science teaching
through a residency program is offered. There is little research about the recruitment and
prior experiences of those who opt to do a teacher residency program. It is worth
investigating who self-selects to attend a residency program and why, so that the field has
a better understanding of this pool of teachers’ interests and strengths.
Furthermore, there are no instruments designed to measure beginning science
teachers’ learning and growth over time. Most instruments are designed for pre-service
and in-service, but I argue that in-service instruments do not take into account the unique
period of learning that science teachers undergo during induction. I recommend
developing instruments for this purpose and using them longitudinally to examine the
factors during induction that lead to science teachers’ persistence in the field. One
example could be a TPACK survey for BSTs to match the TPACK survey developed for
pre-service teachers by Schmidt et al. (2009). A survey of TPACK for BSTs could better
elucidate why beginning teachers do not use technology in more TPACK-aligned ways.
More science specific recommendations are categorized below.
School-based science teacher learning support. Since all BSTs described the
significance of their school context in their induction learning experience, it is necessary
to incorporate structures and systems revolving around a school context that support the
specific needs of newly-hired science teachers. One type of science induction support I
strongly recommend is induction mentoring, including coaching support, that is
embedded within school contexts. Wong et al. (2015) quantified the impact of mentoring
on science teacher retention and found induction mentoring, also providing instructional
coaching, to be a significant factor leading to increased teacher persistence in the career.
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Hammerness and Matsko (2013), in their case study of induction coaches, found that
coaches who have “localized knowledge … that draws from experience with the diverse
cultural and social expectations of students within the school and the community in
which the new teacher works” (p. 572) provide better “guidance in accessing and
interpreting context-embedded data that will drive teaching and learning” (p. 573) in their
particular setting. Therefore, my recommendation that schools provide embedded science
mentoring for new teachers will serve as a strong support for BSTs. As a result of this
study, I recommend all schools match new science teachers with more experienced
science teachers in order to provide an embedded, formal science mentor. This will serve
BSTs well, since a science mentor that works at the same school is easy to access and has
experience teaching in the same context as the new science teacher. In order to ensure
that the school-based mentor serves the new teacher well, schools should train and
prepare more experienced science teachers to be strong mentors. By training science
teachers as mentors within the school context, mentoring activity will have more value
for BSTs learning from school-based colleagues.
In addition, schools should create new teacher-centered professional development
opportunities for BSTs. Moore (2008) calls for teacher-centered professional
development to serve the purpose of supporting teachers’ personal and professional goals.
This is in addition to the more traditional purposes of PD, such as changing teachers’
practices or increasing teacher knowledge to improve student achievement. To best
achieve teacher-centered PD, if schools embed science Professional Learning
Communities (PLCs) directly in the school context, they might be an effective method to
support both personal and professional goals for BSTs. PLCs have positive professional
learning outcomes for science teachers (Dogan et al., 2016). A school-based, science
teacher-focused PLC can provide an inquiry-focused group for BSTs to learn and grow
by deprivatizing their and their colleagues’ practices and provide BSTs the opportunity to
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inquire into their own and their colleagues’ practice via PLCs in the school context
allows new practitioners to build mature practices that will sustain them in the career.
Schools must also embed explicit time for learning and reflection into BSTs’ daily
schedule. Providing dedicated time on the job for learning and developing new teachers’
skills has long-term benefits according to Wong et al. (2015), who quantified the impact
of a reduced course load on science teacher retention and found that a reduced teaching
load was a significant factor leading to increased teacher persistence in the field. With
BSTs experiencing much distress and emotional responses to their perceived time and
logistical limitations, a reduced teaching load with time explicitly built in their day for
systematic learning would support their growth and development.
Induction programming support. Wong et al. (2015) quantified the impact of
induction mentoring on science teacher retention, finding that it is a significant
contributor to increasing persistence in a science teaching career. Science mentoring from
the wider community of practice during induction, rather than mentoring from a school
colleague alone, can help BSTs by fostering professional connections, reducing the sense
that they need to be self-reliant, and providing support for time management. Programs
during the induction phase should ensure that BSTs have more experienced teachers as an
entry point into the community of practice.
Leveraging technology for meaningful support. Finally, I recommend future
research to examine how to blend theoretical frameworks to study BSTs’ unique
experiences. TPACK is a good theory for examining teachers’ technological,
pedagogical, and content knowledge, but its seven domains—rooted in constructivist
principles—do not address the social nature of novices becoming acculturated into a
community of science teacher practitioners. There is a benefit to using Situated Learning
in addition to TPACK to more discretely examine BSTs’ experiences through a social
contructivist lens. There is more power in using the two learning frameworks together to
analyze BST experiences. By bringing the two together, researchers can better determine
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the knowledge BSTs acquire for effective teaching as well as the socio-contextual nature
of the learning process they undergo.

Conclusion
This research provides a foundational knowledge base about BST agency as it
relates to their experiences and conceptions of teaching. The findings of the study lead to
better understandings about the value of formal and informal programming to support
teachers in this unique phase of their career. Science teacher retention continues to be a
topic of discussion among policymakers and researchers. The early years of science
teaching can be highly influential in teachers’ long-term commitment to teaching as a
career. This study provides better insight into how BSTs construct their knowledge of
teaching while in practice and with the ubiquitous technology in their lives so that they
can be better supported to stay in the field. This knowledge may result in novel ways of
thinking about and supporting BSTs’ continued learning beyond mentoring and induction
programming. Ideally, it pushes science teacher educators to empathize with the BST
experience so that they can provide situated and relevant support that leverages
technology and leads to lower attrition rates.

145
REFERENCES

Angle, J., & Moseley, C. (2009). Science teacher efficacy and outcome expectancy as
predictors of students’ End-of-Instruction (EOI) Biology I test scores. School
Science and Mathematics, 109(8), 473–483.
Archambault, L. M., & Barnett, J. H. (2010). Revisiting technological pedagogical
content knowledge: Exploring the TPACK framework. Computers & Education,
55(4), 1656-1662. doi:10.1016/j.compedu.2010.07.009
Archambault, L., & Crippen, K. (2009). Examining TPACK among K-12 online distance
educators in the United States. Contemporary Issues in Technology and Teacher
Education, 9(1).
Badia, A., & Iglesias, S. (2019). The science teacher identity and the use of technology in
the classroom. Journal of Science Education and Technology, 28(5), 532–541.
https://doi.org/10.1007/s10956-019-09784-w
Baecher, L., Kung, S., Ward, S. L., & Kern, K. (2018). Facilitating video analysis for
teacher development: A systematic review of the research. Journal of Technology
and Teacher Education, 26(2), 185–216.
Bandura, A. (1977). Self-efficacy: Toward a unifying theory of behavioral change.
Psychological Review, 84(2), 191–215.
Bandura, A. (1982). Self-efficacy mechanism in human agency. American Psychologist,
37(2), 122–147.
Bandura, A. (1986). Social foundations of thought and action: A social cognitive theory.
Englewood Cliffs, NJ: Prentice Hall.
Bang, E., & Luft, J. (2013). Secondary science teachers’ use of technology in the
classroom during their first 5 years. Journal of Digital Learning in Teacher
Education, 29(4), 118–126. https://doi.org/10.1080/21532974.2013.10784715
Barnard, A., McCosker, H., & Gerber, R. (1999). Phenomenography: A qualitative
research approach for exploring understanding in health care. Qualitative Health
Research, 9(2), 212–226. https://doi.org/10.1177/104973299129121794
Barth-Cohen, L. A., Little, A. J., & Abrahamson, D. (2018). Building reflective practices
in a pre-service math and science teacher education course that focuses on
qualitative video analysis. Journal of Science Teacher Education, 29(2), 83-101.
https://doi.org/10.1080/1046560X.2018.1423837

146
Bijlsma, H. J. E., Visscher, A. J., Dobbelaer, M. J., & Bernard, P. (2019). Does
smartphone-assisted student feedback affect teachers’ teaching quality ?
Technology, Pedagogy and Education, 28(2), 217–236.
https://doi.org/10.1080/1475939X.2019.1572534
Bleicher, R. E. (2004). Revisiting the STEBI-B: Measuring self-efficacy in preservice
elementary teachers. School Science and Mathematics, 104(8), 383–391.
Blumenfeld, P. C., Fishman, B. J., Krajcik, J. S., Marx, R.W., & Soloway, E. (2000).
Creating useable innovations in systemic reform: Scaling up technologyembedded project-based science in urban schools. Educational Psychologist,
35(3), 149–164.
Blumenfeld, P. C., Marx, R. W., Patrick, H., Krajcik, J. S., & Soloway, E. (1997).
Teaching for understanding. In B. J. Biddle, T. L. Good, & I. F. Goodson (Eds.),
International handbook of teachers and teaching (Vol. 2, pp. 819-878). Kluwer
Academic.
Bobek, B. L. (2002). Teacher resiliency. [commentary, qualitative study]. The Clearing
House, 75(4), 202–205.
Boyd, D., Hamilton, L., Loeb, S. & Wyckoff, J. (2005). Explaining the short careers of
high-achieving teachers in schools with low-performing students. American
Economic Review 95, 166-171.
Brown, C., & Czerniewicz, L. (2010). Debunking the “digital native”: Beyond digital
apartheid, towards digital democracy. Journal of Computer Assisted Learning,
26(5), 357–369. https://doi.org/10.1111/j.1365-2729.2010.00369.x
Brown, J. S., Collins, A., & Duguid, P. (1989). Situated cognition and the culture of
learning. Educational Researcher, 18(1), 32-42.
Bruner, J. (1985). Vygotsky: A historical and conceptual perspective. In J. Wertsh (Ed.),
Culture, communication and cognition: Vygotskian perspectives (pp. 21-34).
Cambridge University Press.
Byrne, R. (2012). Making the most of video in the classroom: These tools let teachers and
students talk about the clips they’re watching. School Library Journal, 58(8).
Campbell, T., & Abd-Hamid, N. H. (2013). Technology use in science instruction
(TUSI): Aligning the integration of technology in science instruction in ways
supportive of science education reform. Journal of Science Education and
Technology, 22(4), 572–588. https://doi.org/10.1007/s10956-012-9415-7

147
Campbell, T., Longhurst, M. L., Wang, S. K., Hsu, H. Y., & Coster, D. C. (2015).
Technologies and reformed-based science instruction: The examination of a
professional development model focused on supporting science teaching and
learning with technologies. Journal of Science Education and Technology, 24(5),
562-579. https://doi.org/10.1007/s10956-015-9548-6
Castro, A. J., Kelly, J., & Shih, M. (2010). Resilience strategies for new teachers in
high-needs areas. Teaching and Teacher Education, 26(3), 622–629.
https://doi.org/10.1016/j.tate.2009.09.010
Chai, C. S., Koh, J. H. L., Tsai, C.-C. (2013) A review of technological pedagogical
content knowledge. Educational Technology & Society, 16(2), 31–51.
Charmaz, K. (2014). Constructing grounded theory: A practical guide through
qualitative analysis (2nd ed.). Sage.
Chen, J. L., & Mensah, F. M. (2018). Teaching contexts that influence elementary
preservice teachers’ teacher and science teacher identity development. Journal of
Science Teacher Education, 29(5), 420-439. https://doi.org/10.1080/
1046560X.2018.1469187
Cherner, T., & Curry, K. (2017). Enhancement or transformation? A case study of
preservice teachers’ use of instructional technology. Contemporary Issues in
Technology and Teacher Education, 17(2), 268-290.
Cochran-Smith, M., & Lytle, S. L. (1999). Relationships of knowledge and practice:
Teacher learning in communities. Review of Research in Education, 24(1999),
249-305.
Creswell, J. W. (2007). Qualitative inquiry and research design: Choosing among five
approaches. Sage.
Creswell, J. W., & Poth, C.N. (2018). Qualitative inquiry and research design: Choosing
among five approaches. Sage.
Czerniak, C. (1990). Teacher education for effective science instruction: A social
cognitive perspective. Journal of Teacher Education, 41(1), 49–58.
Danielson, C. (2013). The 2013 framework for teaching evaluation instrument. Danielson
Group.
Darling-Hammond, L. (2010). Steady work: Finland builds a strong teaching and learning
system. The Flat World and education: How America’s commitment to equity will
determine our future (pp. 15–24). http://eric.ed.gov/?id=EJ932767
Darling-Hammond, L., Hyler, M. E., & Gardner, M. (2017). Effective teacher
professional development. Learning Policy Institute.

148
Davis, E., Petish, D., & Smithey, J. (2006). Challenges new science teachers face. Review
of Educational Research, 76(4), 607-651. https://doi.org/10.3102/0034654307
6004607
Desimone, L. M., Hochberg, E. D., Porter, A. C., Polikoff, M. S., Schwartz, R., &
Johnson, L. J. (2014). Formal and informal mentoring: Complementary,
compensatory, or consistent? Journal of Teacher Education, 65(2), 88-110.
https://doi.org/10.1177/0022487113511643
Dewey, J. (1974). The relation of theory to practice in education. In R. D. Archambault
(Ed.), John Dewey on education: Selected writings (pp. 313-338). University of
Chicago. (Original work published 1904)
Dey, I. (1993). Qualitative data analysis: A user friendly guide for social scientists.
Routledge. https://doi.org/10.4324/9780203412497
Dogan, S., Pringle, R., & Mesa, J. (2016). The impacts of professional learning
communities on science teachers’ knowledge, practice and student learning:
A review. Professional Development in Education, 42(4), 569-588.
https://doi.org/10.1080/19415257.2015.1065899
Doney, P. A. (2013). Fostering resilience: A necessary skill for teacher retention. Journal
of Science Teacher Education, 24(4), 645-664. https://doi.org/10.1007/s10972012-9324-x
Dunlap, J. C. (2006). Using guided reflective journaling activities to capture students’
changing perceptions. TechTrends, 50(6), 20-26. https://doi.org/10.1007/s11528006-7614-x
Eilks, I., & Markic, S. (2011). Effects of a long-term participatory action research project
on science teachers’ professional development. Eurasia Journal of Mathematics,
Science & Technology Education, 7(3), 149–160.
Enochs, L. G., & Riggs, I. M. (1990). Further development of an elementary science
teaching efficacy belief instrument: A preservice elementary scale. School Science
and Mathematics, 90(8), 695-706.
Enochs, L. G., Scharmann, L. C., & Riggs, I. M. (1995). The relationship of pupil control
to preservice elementary science teacher self-efficacy and outcome expectancy.
Science Education, 79(1), 63-75.
Erickson, G., Minnes Brandes, G., Mitchell, I., & Mitchell, J. (2005). Collaborative
teacher learning: Findings from two professional development projects. Teaching
and Teacher Education, 21(7), 787-798. https://doi.org/10.1016/j.tate.2005.
05.018

149
Feiman-Nemser, S. (2001). From preparation to practice: Designing a continuum to
strengthen and sustain teaching. Teachers College Record, 103(6), 1013–1055.
https://doi.org/10.1111/0161-4681.00141
Feiman-Nemser, S., & Buchmann, M. (2012). Teachers as learners. Harvard Education
Press.
Fletcher, S. S., & Luft, J. A. (2011). Early career secondary science teachers: A
longitudinal study of beliefs in relation to field experiences. Science Education,
95(6), 1124-1146. https://doi.org/10.1002/sce.20450
Fullan, M. (2015). The new meaning of educational change (5th ed.). Teachers College
Press.
Ghosh, R. (2013). Mentors providing challenge and support: Integrating concepts from
teacher mentoring in education and organizational mentoring in business. Human
Resource Development Review, 12(2), 144-176. https://doi.org/10.1177/
1534484312465608
Guarino, C., Santibanez, L., & Daley, G. (2006). Teacher recruitment and retention: A
review of the recent empirical literature. Review of Educational Research, 76(2),
173-208.
Guba, E., & Lincoln, Y. S. (1989). Judging the quality of fourth generation evaluation. In
E. Guba & Y. Lincoln (Eds.), Fourth generation evaluation (pp. 228-251). Sage.
Gunning, A. M., & Mensah, F. M. (2011). Preservice elementary teachers’ development
of self-efficacy and confidence to teach science: A case study. Journal of Science
Teacher Education, 22(2), 171–185. https://doi.org/10.1007/s10972-010-9198-8
Guskey, T. (2000). Evaluating professional development. Corwin Press.
Hammerness, K., & Craig, E. (2016). “Context-specific” teacher preparation for New
York City: An exploration of the content of context in Bard College’s Urban
Teacher Residency Program. Urban Education, 51(10), 1226-1258.
https://doi.org/10.1177/0042085915618722
Hammerness, K., & Matsko, K. K. (2013). When context has content: A case study of
new teacher induction in the University of Chicago’s Urban Teacher Education
Program. Urban Education, 48(4), 557–584. https://doi.org/10.1177/
0042085912456848
Helms, J. V. (1998). Science—and me: Subject matter and identity in secondary school
science teachers. Journal of Research in Science Teaching, 35(7), 811-834.
Henry, G. T., Bastian, K. C., & Fortner, C. K. (2011). Stayers and leavers: Early-career
teacher effectiveness and attrition. Educational Researcher, 40(6), 271–280.
https://doi.org/10.3102/0013189X11419042

150
Higgins, T. E., & Spitulnik, M. W. (2008). Supporting teachers’ use of technology in
science instruction through professional development: A literature review.
Journal of Science Education and Technology, 17(5), 511–521.
https://doi.org/10.1007/s10956-008-9118-2
Hodgin, C. M. (2014). Science teaching anxiety: The impact of beliefs on teacher
preferences of instructional strategies (Doctoral dissertation, University of
Texas).
Hoy, W. K. (2010). Quantitative research in education: A primer. Sage.
Hutchison, L. F. (2012). Addressing the STEM teacher shortage in American schools:
Ways to recruit and retain effective STEM teachers. Action in Teacher Education,
34(5–6), 541–550. https://doi.org/10.1080/01626620.2012.729483
Inan, F. A., Lowther, D. L., Ross, S. M., & Strahl, D. (2010). Pattern of classroom
activities during students’ use of computers: Relations between instructional
strategies and computer applications. Teaching and Teacher Education, 26(3),
540–546.
Ingersoll, R. M., & Smith, T. M. (2010). The impact of induction and mentoring on
teacher turnover in high and low poverty schools. Paper presented at the
American Educational Research Association Annual Meeting, San Diego, CA.
Ingersoll, R. M., & Strong, M. (2011). The impact of induction and mentoring programs
for beginning teachers: A critical review of the research. Review of Educational
Research, 81(2), 201-233. https://doi.org/10.3102/0034654311403323
Jones, G., Dana, T., Laframenta, J., Adams, T. L., & Arnold, J. D. (2016). STEM TIPS :
Supporting the beginning secondary STEM teacher. TechTrends, 60, 272–288.
https://doi.org/10.1007/s11528-016-0052-5
Kang, H., & van Es, E. A. (2018). Articulating design principles for productive use
of video in preservice education. Journal of Teacher Education.
https://doi.org/10.1177/0022487118778549
Kelchtermans, G. (1996). Teacher vulnerability: Understanding its moral and political
roots. Cambridge Journal of Education, 26(3), 307–323.
Kelchtermans, G. (2005). Teachers’ emotions in educational reforms: Self-understanding,
vulnerable commitment and micropolitical literacy. Teaching and Teacher
Education, 21(8), 995-1006. https://doi.org/10.1016/j.tate.2005.06.009
Kelly, N., Russell, N., Kickbusch, S., Barros, A., Dawes, L., & Rasmussen, R. (2018).
Online communities of teachers to support situational knowledge: A design-based
study. Australasian Journal of Educational Technology, 34(5), 150–166.
https://doi.org/10.14742/ajet.3867

151
Kennedy, M. M. (1999). The role of pre-service teacher education. In L. DarlingHammond & G. Sykes (Eds.), Teaching as the learning profession: Handbook of
policy and practice (pp. 54-86). Jossey-Bass.
Koehler, M. J., & Mishra, P. (2009). What is technological pedagogical content
knowledge (TPACK)? Contemporary Issues in Technology and Teacher
Education, 9(1), 60-70. https://doi.org/10.1016/j.compedu.2010.07.009
Kuckartz, U. (2014). Qualitative text analysis: A guide to methods, practice and using
software. Sage.
Lakshmanan, A., Heath, B. P., Perlmutter, A., & Elder, M. (2011). The impact of science
content and professional learning communities on science teaching efficacy and
standards-based instruction. Journal of Research in Science Teaching, 48(5),
534-551. https://doi.org/10.1002/tea.20404
Lave, J., & Wenger, E. (1991). Situated learning: Legitimate peripheral participation.
Cambridge University Press.
Leary, H., Severance, S., Penuel, W. R., Quigley, D., Sumner, T., & Devaul, H. (2016).
Designing a deeply digital science curriculum: Supporting teacher learning and
implementation with organizing technologies. Journal of Science Teacher
Education, 27(1), 61-77. https://doi.org/10.1007/s10972-016-9452-9
Lee, H., Longhurst, M., & Campbell, T. (2017). Teacher learning in technology
professional development and its impact on student achievement in science.
International Journal of Science Education, 39(10), 1282–1303.
https://doi.org/10.1080/09500693.2017.1327733
Lee, M., & Tsai, C. (2010). Exploring teachers’ perceived self efficacy and technological
pedagogical content knowledge with respect to educational use of the World
Wide Web. Instructional Science, 38, 1–21. https://doi-org.tc.idm.oclc.org/
10.1007/s11251-008-9075-4
Lichtman, M. (2010). Qualitative research in education: A user’s guide. Sage.
Lin-Siegler, X., Ahn, J. N., Chen, J., Fang, F.-F. A., & Luna-Lucero, M. (2016). Even
Einstein struggled: Effects of learning about great scientists’ struggles on high
school students’ motivation to learn science. Journal of Educational Psychology,
108(3), 314–328. https://doi.org/10.1037/edu0000092
Little, J. W. (1993). Professional community in comprehensive high schools: The two
worlds of academic and vocational teachers. In J. W. Little & M. W. McLaughlin
(Eds.), Teachers’ work: Individuals, colleagues, and contexts (pp. 137–163).
Teachers College Press.

152
Loper, S., Mcneill, K. L., González-Howard, M., Marco-Bujosa, L. M., O’Dwyer, L. M.
(2019). The impact of multimedia educative curriculum materials ( MECMs ) on
teachers ‘ beliefs about scientific argumentation. Technology, Pedagogy and
Education, 28(2), 173–190. https://doi.org/10.1080/ 1475939X.2019.1583121
Luft, J. A., Dubois, S. L., Nixon, R. S., & Campbell, B. K. (2015). Supporting newly
hired teachers of science: Attaining teacher professional standards. Studies in
Science Education, 51(1), 1-48. https://doi.org/10.1080/03057267.2014.980559
Luft, J. A., & Hewson, P. W. (2014). Research on teacher professional development in
science. In N. G. Lederman, & S. K. Abel (Eds.), Handbook of research on
science education (Vol. 2, pp. 889-910). Routledge.
Luft, J. A., Roehrig, G. H., & Patterson, N. C. (2003). Contrasting landscapes: A
comparison of the impact of different induction programs on beginning secondary
science teachers’ practices, beliefs, and experiences. Journal of Research in
Science Teaching, 40(1), 77-97. https://doi.org/10.1002/tea.10061
Luft, J. A., & Zhang, C. (2014). The pedagogical content knowledge and beliefs of newly
hired secondary science teachers: The first three years. Educación Química,
25(3), 325–331. https://doi.org/10.1016/S0187-893X(14)70548-8
Macdonald, D. (1999). Teacher attrition: A review of literature. Teaching and Teacher
Education, 15, 835–848.
MacIsaac, D., & Falconer, K. (2002). Reforming physics instruction via RTOP. The
Physics Teacher, 40(8), 479–485. https://doi.org/10.1119/1.1526620
Marshall, C., & Rossman, G. B. (2011). Designing qualitative research. Sage.
Marshall, J. C., Smart, J., Lotter, C., & Sirbu, C. (2011). Comparative analysis of two
inquiry observational protocols: Striving to better understand the quality of
teacher-facilitated inquiry-based instruction. School Science and Mathematics,
111(6), 306-315.
Marton, F. (1981). Phenomenography: Describing conceptions of the world around us.
Instructional Science, 10, 177-200.
Math for America. (2020). MfA early career fellowship. https://www.mathforamerica.
org/fellowships/earlycareer
Matsumura, L. C., Correnti, R., Walsh, M., Bickel, D., Zook-Howell, D. (2019). Online
content-focused coaching to improve classroom discussion quality discussion
quality. Technology, Pedagogy and Education, 28(2), 191–215.
https://doi.org/10.1080/1475939X.2019.1577748

153
McConnell, T. J., Parker, J. M., Eberhardt, J., Koehler, M. J., & Lundeberg, M. A.
(2013). Virtual professional learning communities: Teachers’ perceptions of
virtual versus face-to-face professional development. Journal of Science
Education and Technology, 22(3), 267-277.
McFadden, J., Ellis, J., Anwar, T., & Roehrig, G. H. (2014). Beginning science teachers’
use of a digital video annotation tool to promote reflective practices. Journal of
Science Education and Technology, 23(3), 458–470. https://doi.org/10.1007/
s10956-013-9476-2
Mckenney, S., & Visscher, A. J. (2019). Technology for teacher learning and
performance. Technology, Pedagogy and Education, 28(2), 129–132.
https://doi.org/10.1080/1475939X.2019.1600859
Meier, E. (2005). Situating technology professional development in urban schools.
Journal of Educational Computing Research, 32(4), 395-407.
Menon, D., Chandrasekhar, M., Kosztin, D., & Steinhoff, D. (2017). Examining
preservice elementary teachers’ technology self-efficacy: Impact of mobile
technology-based physics curriculum. Contemporary Issues in Technology &
Teacher Education, 17(3), 336–359.
Merriam, S. B., & Tisdell, E. J. (2016). Qualitative research: A guide to design and
implementation. Jossey-Bass.
Moore, F. M. (2008). Positional identity and science teacher professional development.
Journal of Research in Science Teaching, 45(6), 684-710.
Niederhauser, D., & Stoddart, T. (2001). Teachers’ instructional perspectives and use of
educational software. Teaching and Teacher Education, 17(1), 15–31.
https://doi.org/10.1016/S0742-051X(00)00036-6
Ornek, F. (2008). An overview of a theoretical framework of phenomenography in
qualitative education research: An example from physics education research.
Asia-Pacific Forum on Science Learning and Teaching, 9(2), 1-15.
Osborne, J., Simon, S., Christodoulou, A., Howell-Richardson, C., & Richardson, K.
(2013). Learning to argue: A study of four schools and their attempt to develop
the use of argumentation as a common instructional practice and its impact on
students. Journal of Research in Science Teaching, 50(3), 315-347.
https://doi.org/10.1002/tea.21073
Park, S., Chen, Y-C., & Jang, J. (2008, January). Developing measures of teachers’
pedagogical content knowledge for teaching high school biology. Paper presented at
the international conference of the Association for Science Teacher Education,
St. Louis, MO.

154
Park, S., Jang, J. Y., Chen, Y. C., & Jung, J. (2010). Is pedagogical content knowledge
(PCK) necessary for reformed science teaching?: Evidence from an empirical study.
Research in Science Education, 41(2), 245–260. https://doi.org/10.1007/s11165009-9163-8
Pérez-Torregrosa, A. B., Díaz-Martín, C., & Ibáñez-Cubillas, P. (2017). The use of video
annotation tools in teacher training. Procedia—Social and Behavioral Sciences,
237, 458–464. https://doi.org/10.1016/j.sbspro.2017.02.090
Philipsen, B., Tondeur, J., Mckenney, S., & Zhu, C. (2019). Supporting teacher reflection
during online professional development: A logic modelling approach.
Technology, Pedagogy and Education, 28(2), 237–253. https://doi.org/10.1080/
1475939X.2019.1602077
Piburn, M., Sawada, D., Turley, J., Falconer, K., Benford, R., Bloom, I., & Judson, E.
(2000). Reformed teaching observation protocol (RTOP) reference manual.
ACEPT Technical Report No. IN00-3. Tempe, AZ. https://doi.org/ED419696
Prenksy, M. (2001). Digital natives, digital immigrants. On the Horizon, 9(5), 1–6.
Prestridge, S., Tondeur, J., & Ottenbreit-leftwich, A. T. (2019). Insights from ICT-expert
teachers about the design of educational practice : The learning opportunities of
social media. Technology, Pedagogy and Education, 28(2), 157–172.
https://doi.org/10.1080/1475939X.2019.1578685
REL Mid-Atlantic. (2017, June). Ask a REL question: What are some existing teacher
observation tools that assess instructional practices? Institute of Education
Sciences Regional Education Laboratory. Retrieved from https://ies.ed.gov/
ncee/edlabs/regions/midatlantic/askarel_8.asp
Riggs, I. M., & Enochs, L. G. (1990). Toward the development of an elementary
teacher’s science teaching efficacy belief instrument. Paper presented at the 62nd
annual meeting of the National Association for Research in Science Teaching,
San Francisco, CA, March 30-April 1, 1989.
Rivera Maulucci, M. S. (2013). Emotions and positional identity in becoming a social
justice science teacher: Nicole’s story. Journal of Research in Science Teaching,
50(4), 453-478.
Roberts-Harris, D. (2014). What did they take away?: Examining newly qualified U.S.
teachers’ visions of learning and teaching science in K-8 classrooms. Teaching
and Learning Inquiry: The ISSOTL Journal, 2(2), 91–107.
Rockman et al. (2019). Teaching and Learning in Collaboration. Retrieved from
https://rockman.com/topic/k-12-schools-and-higher-education/
Rossman, G. B., & Rallis, S. F. (2003). Learning in the field: An introduction to
qualitative research (2nd ed.). Sage.

155
Sahin, I. (2011). Development of survey of technological pedagogical and content
knowledge (TPACK). Turkish Online Journal of Educational Technology, 10(1),
97-105.
Saka, Y., Southerland, S. A., Kittleson, J., & Hutner, T. (2013). Understanding the
induction of a science teacher: The interaction of identity and context. Research
in Science Education, 43(3), 1221–1244. https://doi.org/10.1007/s11165-0129310-5
Saldaña, J. (2016). The coding manual for qualitative researchers (3rd ed.). Sage.
Sawada, D., & Piburn, M. (2000). Reformed teaching observation protocol (RTOP).
(ACEPT Technical Report No. IN00-1). Arizona Collaborative for Excellence in
the Preparation of Teachers
Sawada, D., Piburn, M., Judson, E., Turley, J., Falconer, K., Benford, R., et al. (2002).
Measuring reform practices in science and mathematics classrooms: the reformed
teaching observation protocol. School Science and Mathematics, 102(6), 245–253.
Sawada, D., Piburn, M., Turley, J., Falconer, K., Benford, R., Bloom, I., & Judson, E.
(2000). Reformed teaching observation protocol (RTOP) training guide (ACEPT
Technical Report No. IN00-2). Arizona Collaborative for Excellence in the
Preparation of Teachers.
Schmidt, D. A., Baran, E., Thompson, A. D., Mishra, P., Koehler, M. J., & Shin, T. S.
(2009). Technological pedagogical content knowledge (TPACK): The
development and validation of an assessment instrument for preservice teachers.
Journal of Research on Technology in Education, 42(2), 123–149.
Shulman, L. (1986). Those who understand: Knowledge growth in teaching. Educational
Researcher, 15(2), 4–14. https://doi.org/10.3102/0013189X015002004
Smith, T. M., & Ingersoll, R. M. (2004). What are the effects of induction and mentoring
on beginning teacher turnover? American Educational Research Journal, 41(3),
681-714.
Songer, N. B. (2004). Digital resources versus cognitive tools: A discussion of learning
science with technology. In S. Abell & N. Lederman (Eds.), Handbook of
research in science education (pp. 471–492). Erlbaum.
Songer, N. B., Lee, H. S., & Kam, R. (2002). Technology-rich inquiry science in urban
classrooms: What are the barriers to inquiry pedagogy? Journal of Research in
Science Teaching, 39(2), 128–150. https://doi.org/10.1002/tea.10013
Songer, N. B., Lee, H. S., & McDonald, S. (2003). Research towards an expanded
understanding of inquiry science beyond one idealized standard. Science
Education, 87(4), 490–516. https://doi.org/10.1002/sce.10085

156
Strauss, A., & Corbin, J. (1998). Basics of qualitative research: Techniques and
procedures for developing grounded theory. Sage.
STEM Learning and Research Center. (2018). Science Teaching Efficacy Belief
Instrument (STEBI). http://stelar.edc.org/instruments/science-teaching-efficacybelief-instrument-stebi
Supovitz, J. A., & Turner, H. M. (2000). The effects of professional development on
science teaching practices and classroom culture. Journal of Research in Science
Teaching, 37(9), 963-980.
Talbert, J. (1995). Boundaries of teachers’ professional communities in U.S. high
schools: Power and precariousness of the subject department. In L. Santee Siskin
& J. Warren Little (Eds.), The subjects in question: Departmental organization
and the high school (pp. 68–94). Teachers College Press.
Talbert, J. E., & McLaughlin, M. W. (2002). Professional communities and the artisan
model of teaching. Teachers and Teaching: Theory and Practice, 8(3), 325-343.
Tapscott, D. (2009). Grown up digital: How the net generation is changing your world.
McGraw-Hill.
Taylor, R. T., & Karcinski, L. (2016). Science and mathematics mentees and mentors:
Who benefits the most? Mentoring and Tutoring: Partnership in Learning, 24(3),
213–227. https://doi.org/10.1080/13611267.2016.1222813
Thompson, P. (2013). The digital natives as learners: Technology use patterns and
approaches to learning. Computers & Education, 65, 12–33.
https://doi.org/10.1016/j.compedu.2012.12.022.
Tondeur, J., Forkosh-Baruch, A., Prestridge, S., Albion, P., & Edirisinghe, S. (2016).
Responding to challenges in teacher professional development for ICT integration
in education. Educational Technology and Society, 19(3), 110–120.
Torrez, C. A., & Krebs, M. (Eds.). (2019). The teacher residency model: Core
components for high impact on student achievement. Retrieved from
https://ebookcentral-proquest-com.tc.idm.oclc.org
Tosun, T. (2000). The beliefs of preservice elementary teachers toward science and
science teaching. School Science and Mathematics, 100(7), 374–379.
https://doi.org/10.1111/j.1949-8594.2000.tb18179.x
Veletsianos, G. (2012). Higher education scholars’ participation and practices on Twitter.
Journal of Computer Assisted Learning, 28, 336–349.
Vygotsky, L. (1978). Mind in society. Harvard University Press.

157
Walker, C. (1998). Learning to learn, phenomenography and children’s learning.
Educational and Child Psychology, 15, 25-33.
Wang, S. K., Hsu, H. Y., Campbell, T., Coster, D. C., & Longhurst, M. (2014). An
investigation of middle school science teachers’ and students’ use of technology
inside and outside of classrooms: Considering whether digital natives are more
technology savvy than their teachers. Educational Technology Research and
Development, 62(6), 637–662. https://doi.org/10.1007/s11423-014-9355-4
Webb, A. (2015). Creating awareness of science teacher identity. In J. A. Luft & S. L.
Dubois (Eds.), Newly hired teachers of science: A better beginning. Sense
Publishers.
Weiss, E. M., & Weiss, S. G. (1999). Beginning teacher induction. Retrieved from ERIC
Digest website: http://eric.ed. gov/?id=ED436487.
Williams, M., Linn, M., & Ammon, P. (2004). Learning to teach inquiry science in a
technology-based environment: A case study. Journal of Science, 13(2), 189-206.
Wong, S. S., Firestone, J. B., Lamb, R. L., & Luft, J. A. (2015). Perceived support and
retention of first year secondary science teachers. In J. A. Luft & S. L. Dubois
(Eds.), Newly hired teachers of science: A better beginning. Sense Publishers.
Zeichner, K. (2010). Rethinking the connections between campus courses and field
experiences in college-and-university-based teacher education. Journal of
Teacher Education, 61, 89-99.
Zembylas, M. (2003). Caring for teacher emotion: Reflections on teacher selfdevelopment. Studies in Philosophy & Education, 22(2), 103–125.
https://doi.org/10.1017/CCOL9780521867498.005
Zembylas, M. (2004). Emotion metaphors and emotional labor in science teaching.
Science Education, 88(3), 301–324. https://doi.org/10.1002/sce.10116

158
Appendix A
Reformed Teaching Observation Protocol (RTOP)
I. BACKGROUND INFORMATION
Fellow:

Date:

Mentor:

Start Time:
End Time:

Subject & Grade Level:

Lesson Focus:

Announced Observation? Yes/No
Location:
Years of Teaching:
Teaching Certification:
II. CONTEXTUAL BACKGROUND AND ACTIVITIES
In the space provided below please give a brief description of the lesson observed, the
classroom setting in which the lesson took place (space, seating arrangements, etc.), and
any relevant details about the students (number, gender, ethnicity) and teacher that you
think are important. Use diagrams if they seem appropriate.
Record here events which may help in documenting the ratings.
Time

Description of Events
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Appendix B
Interview Questions
First Interview
1. Tell me about your background and how it led you to being a science teacher.
2. How would you describe your pre-service experience learning to teach?
a. Probe: any other experience learning to teach outside of pre-service
program?
3. What has been most helpful to you in learning to teach up to this point?
a. Follow up/Probe: what experiences have been most helpful in learning to
teach?
4. In your professional learning, what is most pressing or interesting to you?
5. What do you hope to learn in learning to teach?
6. What provokes your curiosity in teaching? What are you curious about when you
teach or in learning to teach?
7. Tell me about technology’s role in your continued learning as an early teacher.
a. Probe if they only talk about the tech tools they use in class: Has
technology taught you anything about teaching?
Second Interview (Questions derived at mid-point of study in January 2019. Emergent
interview questions were derived and asked of each individual participant based
specifically on observations made and journal reflections they had submitted.)
1. In a prior observation, I noticed you teaching students science vocabulary. Tell
me more about what you have learned about teaching science vocabulary over
your teaching career.
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a. Probe: What do you continue to learn about the role of vocabulary in
teaching science? Why is vocabulary in teaching science? Where did you
explicitly learn to teach vocabulary?
2. What times of day/week do you typically have moments or experiences where
you learn more about teaching?
a. Probe: When in your days/weeks do you learn about teaching science?
(can be both formally or informally)
3. What kinds of systems have you used to learn about teaching?
a. Probe: What systematic modes of learning have you used/incorporated to
learn about teaching science?
4. What are some informal ways or informal places you learn about teaching
science?
a. Probe: What are some less routine, more informal ways you learn about
teaching?
5. Tell me about how you learn from or with your colleague(s) who are not science
teachers?
a. Probe: How is it helpful? In what cases is it not helpful?
6. Talk about your experience collaborating with other teachers and learning about
teaching (since you finished your pre-service work).
7. What is it like for you to experience success or failure when teaching?
a. How do you learn from successes or failures in the classroom?
b. How do you decide what was a success and failure?
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c. How do you decide what to do after determining something was a success
or failure?
8. Did you learn any big takeaway about teaching today? This week?
9. (NTFP only): Tell me what you think about the WhatsApp group.
Questions for Julia:
● Where did you learn to model for students? How do you decide when to model
for students? How do you determine whether the student has understood your
instructions after modeling?
● How do you currently assess students (projects, graphs, and presentations)?
Where do you learn about rubrics? Where do you typically turn to get help on
creating assessments? Were there any rubrics or assessments from [your preservice program] that you have used? Why/Why not?
● Talk more about connections. Who have you connected with? In what ways? Who
have you met that has similar experiences?
● What is more specific about the support your mentor is providing compared to
other supports you receive?
● Why does she think this content learning will happen organically? What will it
look like?
● What are the thinking maps that your school is really big on? What does it mean
that your school is big on them?
Questions for Olivia:
● Do you ever learn new things about technology from students? To what extent do
you incorporate students’ knowledge of technology when teaching?
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● In December, I observed a lesson in which you had to change your lesson plan on
the spot. What, if anything, did you learn from that experience? How did you
learn that? Outline your thinking process.
Questions for Melody:
● What would be your typical next step when you reflected on the fact that the cell
phones in class are hampering your plans?
● How do you decide when it’s appropriate for a student to use the technology and
when it isn’t appropriate?
a. When did you start using Google classroom with students? What does it
allow you to do in your instruction that you want to do? That you
otherwise wouldn’t be able to do?
● To what extent do you learn from administrators? How do you approach next
steps after getting feedback from admin?
● Do you ever role play or play out lessons or units you have planned out now that
you are teaching? why have you never used the stuff from pre-service work?
Questions for Jackson:
● Tell me about how you learn about formative assessment. Where do you learn it
from?
● Talk to me about what, if anything, you learn from your co-teacher.
a. Probes: To what extent do you learn from co-teacher? From
administrators? Do you learn from co-teacher in the classroom during the
lesson or outside of class time, or both/neither? Do you ever analyze what
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you see your co-teacher doing? Reflect on it in order to learn from it?
How?
● How is it different learning from your mentor and learning from co-teacher?
● What would be your typical next step when you reflected on the fact that the cell
phones in class are hampering your plans?
● How do you decide when it’s appropriate for a student to use the technology and
when it isn’t appropriate?
● When did you start using Google classroom/laptops with students? What does it
allow you to do in your instruction that you want to do? That you otherwise
wouldn’t be able to do?
Third Interview
1. What made you choose a program that included mentoring?
2. Who or what would you say makes up your community in education? Why them?
a. Probe: You mentioned X different communities, could you tell me which
communities are more significant than others, and why?
3. A few months ago, you took a survey for this study. A survey is a little limited in
its ability to tell me more about your thoughts on the topic, so I selected a few of
the statements you responded to and was hoping to hear more about your thinking
about the statement and your response on each one. There are six statements I’ve
selected, and I have your responses to each. Tell me why you said ___ to this
statement.
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Personal Science
Teaching Efficacy

I generally teach science
ineffectively.

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

Jackson

Disagree

Disagree

Melody

Disagree

Agree

Olivia

Strongly disagree

Strongly disagree

Julia

Disagree

Disagree

When a low
When a student
If students are
achieving child
does better than
underachieving The low science progresses in
usual in science, it in science, it is achievement of science, it is
Science
is often because most likely due some students usually due to
Teaching
the teacher
to ineffective
cannot generally extra attention
Outcome
exerted a little
science
be blamed on
given by the
Expectancy extra effort.
teaching.
their teachers.
teacher.
Jackson

Uncertain

Agree

Disagree

Uncertain

Melody

Uncertain

Agree

Uncertain

Agree

Olivia

Uncertain

Disagree

Agree

Agree

Julia

Agree

Agree

Agree

Agree

4. What would you say makes a good teacher? What would you say makes a good
science teacher?
5. Imagine yourself in 3 years from now. What would your teaching look like?
6. After a few more years as a science classroom teacher, what do you expect to
know or be able to do?
a. How do you think you will learn about those things?
7. Did you notice that you often reflect on growth areas or challenges even when I
don’t ask you to?
a. Why is that?
b. What about you makes you disposed to reflect?
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Appendix C
Inquiry Group Protocols

Fall 2018
Inquiry Group 1 Agenda
Introduction
● You are two months in: what is one word that sums up how you are feeling?
[Share framing for the day and inquiry groups in general- this is your intellectual
learning community; we are here to support one another, share our inquiries, and
get ideas for our practice]
Part 1: Inquiries
● What is the learning goal that you decided to focus on for this year? Why did you
choose this goal?
● What baseline data have you gathered related to your learning goal? (Share
artifacts, notes, student work, spreadsheets)
● What practices are you thinking of trying as you work to support students with
this goal?
Part 2: Practices
● What are you feeling challenged by? What supports do you need?
● Are there any ideas or strategies that you learned at TC that you are finding
useful? What do you think was missing from your TC education?
Inquiry Group 2 Agenda
Part 1:
● Anyone want to share a little bit about today’s NTN workshop? [PROBES: What
did you learn? Ideas you might try?]
● Share: What is your biggest challenge right now? What supports do you need
from this group?
Part 2:
● How are students doing on progress toward your learning goal? [Share artifacts if
appropriate]
● Has your learning goal changed at all?
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● Have you changed any of your practices, or tried new ideas since we last met?
What’s working? What didn’t work?

Spring 2019
Inquiry Group 3 Agenda
Part 1:
● Anyone want to share a little bit about today’s NTN workshop? [PROBES: What
did you learn? Ideas you might try?]
● Share: What is your biggest challenge right now? What supports do you need
from this group?
Part 2:
● How are students doing on progress toward your learning goal? [Share artifacts if
appropriate]
● Has your learning goal changed at all?
● Have you changed any of your practices, or tried new ideas since we last met?
What’s working? What didn’t work?
Inquiry Group 4 Agenda
Part 1:
● Have the NTN workshops been useful to you?
● In what ways was the on-site mentorship helpful to you? How might it be
improved?
● Have the inquiry groups been supportive to you? How might they be improved?
● If you could wave a magic wand and make changes to the mentorship structure
for The New Teacher Fellowship, what would you recommend?
Part 2:
● As you look ahead to the end of the year, do you think students are going to
achieve the learning goal you’ve been focused on?
● What do you think you will bring to our showcase event, to document your
inquiry and/or your students’ learning?
Closing
● Looking ahead to the New Teacher Fellowship Showcase Session: logistics and
questions
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Appendix D
Journal Prompts
1. Describe a recent experience in which you learned something new for teaching
science or about teaching science.
2. How did you come to have this experience?
3. How did it contribute to your continued learning?
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Appendix E
STEBI Instrument
STEBI-A Instrument (STEM Learning and Research Center, 2018). Note that this
instrument was reproduced using Qualtrics software

