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Abstract

The present study examines motivational aspects of science teachers’ engagement in a professional
development (PD) program during an immersive mentoring program. Teachers from high-poverty
schools were selected into the program, particularly novice teachers, women, and individuals from
minority groups. Self-determination theory (SDT) was used to frame the findings and to analyze
teachers’ data collected via focus groups and individual interviews. Overall, the study findings
describe the array of teachers’ motivations and values for the program. In addition to generic motives
and values, the results provide significant understanding of the SDT’s key components, such as
competence, autonomy, and relatedness. Findings suggest that teachers placed importance on
experiences that provided them with feelings of competence (e.g., ability to successfully complete the
tasks), autonomy (e.g., flexibility in choice of tasks and level of engagement), and relatedness (e.g.,
ability to connect with peers and mentors in the process of learning). These findings have numerous
implications for PD program design and for teachers and administrators.

Keywords: STEM, professional development, immersive science, self-determination theory,
motivation

Introduction

Providing quality and novel professional development opportunities for teachers in science,
technology, engineering, and mathematics (STEM) areas is crucial, particularly for novice teachers
working with underrepresented populations in STEM (Hubbard et al., 2024; Thomson et al., 2021).
With the rapid advancements in the global economic and technological climate, there is a growing
need for STEM workers (Chiu, 2024; Mara & Thomson, 2021; Milfort, 2012), and the past decade
has been marked by strong national efforts geared toward preparing students for STEM careers (Ball
et al., 2017). Students from underrepresented populations in STEM have been the target of
nationwide initiatives to encourage greater representation in these domains (Aish et al., 2018).

According to the National Science Foundation’s report (NSF, 2017), the main underrepresented
populations in STEM have been women and racial/ethnic minorities, including Black or African
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American, Hispanic or Latino, and American Indian or Alaska Native individuals. Additionally,
individuals with disabilities are also underrepresented in the STEM workforce, the report specifies.
These groups are underrepresented in STEM occupations compared to their share of the overall
working-age population. According to NSF (2017), underrepresented populations accounted for about
20% of STEM degrees at the undergraduate level, 14% at the master’s level, and 8% at the doctoral
level, and represented 12.7% of the entire STEM workforce. Research shows that teachers working in
schools with underrepresented, economically disadvantaged students often lack the instructional
resources and specific professional development (PD) opportunities to better prepare their students
for STEM careers (Thomson, 2024). Additional research findings show that PD programs that
provide immersive research experience and involve teacher participation in university laboratory,
inquiry-based activities, were positively correlated to teachers’ motivations and emotions regarding
their PD experiences as well as changes in practice in the classroom (Hubbard et al., 2022; Gorozidis
& Papaioannou, 2014; Thomson & Turner, 2019). Furthermore, research findings on teacher
programs focused on providing K—12 teachers with immersive research-based science experiences
attest to significant changes in teachers’ classroom practices toward a more inquiry-based approach,
thinking like a scientist, and motivating students to engage in science learning (Lee & Blanchard,
2019; Pelletier et al., 2002).

The present study examines the nature of motivation among science teachers, particularly those
working in schools with a high number of underrepresented students, within the bounded context of a
PD program. The current study is part of a larger longitudinal research study from a 5-year project
funded by the National Institutes of Health (NIH). In this program, novice teachers participate in
mentorship research experiences with scientists from a major research university in the United States.
The mentorship program allows teachers to work alongside scientists to learn research science skills
and knowledge in the environmental health research science area. There are three factors that are
helpful to our study’s purpose. Firstly, participation in the PD program is voluntary. Teachers in the
current study were therefore participating of their own volition. Secondly, most participants identified
themselves as members of minority groups, thus as underrepresented populations. They were from
schools with a large number of students identifying as well as being part of a minority race/ethnicity.
Additionally, the teacher participants in the current study worked in schools with a rate of 75% and
higher of students with free and reduced-price lunch (FRPL), thus being considered economically
disadvantaged students. Thirdly, science teachers benefit from programs that are constructed around
important areas of their motivation, such as utility value/relevance for the program, relatedness,
mentoring, and working in an immersive program in an authentic lab environment. Knowledge about
teachers’ motivations will provide critical input that can inform future PD program designs that are
ultimately geared toward enhancing science learning experiences for underrepresented populations.
The current study, therefore, has implications for PD program developers, researchers, administrators,
teachers, and their students. The research questions that guide this study are as follows:

1. What general factors motivate teachers to participate in an immersive-science PD program?
2. What psychological needs contribute to teachers’ motivation to enhance students’ science
learning experiences?

Theoretical Framework: Self-Determination
Theory (SDT)

Intrinsic motivation arises from the human need to be competent and self-determining in relation to
the environment. Intrinsic motivation energizes human behavior and the will to satisfy needs. When
individuals are intrinsically motivated, they engage in tasks because these are perceived as interesting
and enjoyable. In contrast, when individuals are extrinsically motivated, their actions are influenced
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by some separable, externalized outcome. Extrinsic motivation can be internalized, whereby a person
integrates the value of the activity into their own goals (Ryan & Deci, 2000).

According to SDT, one of the most influential contemporary motivational theories, people are
intrinsically motivated when their needs for autonomy, competence, and relatedness are met (Ryan &
Deci, 2000). Autonomy constitutes a feeling of overall psychological liberty and provides the learner
with a sense of freedom, allowing for choices and flexibility in performing tasks. SDT makes the
distinction between autonomous motivation and controlled motivation. Research shows that
autonomous motivation has been positively related to well-being and satisfaction. Conversely,
controlled motivation has been positively associated with less desirable consequences such as
depression, anxiety, and negative emotions (Turner, 2023). With autonomous motivation, a person
operates from a place of interest, enjoyment, and value, whereas with controlled motivation, a
person’s behavior is influenced by demands and obligations (Ryan & Deci, 2000).

Competence conveys a feeling of control over the outcome and a sense of mastery, giving the learner
a sense of satisfaction when the task or a performance is successfully accomplished. SDT places great
importance on the role of feedback in enhancing motivation, persistence, and quality performance.
Providing positive feedback on a task has the potential to increase intrinsic motivation and decrease
extrinsic motivation for the task. On the other hand, negative feedback has the opposite effect,
decreasing intrinsic motivation by undermining the individual’s need for competence (Deci, 1980).

Relatedness constitutes a feeling of belonging and the need to interact with others or be connected to
other individuals. The fulfillment or dissatisfaction of relatedness can either promote psychological
functioning or can undermine it through deprivation. Providing positive learning contexts with
nurturing social environments can significantly increase intrinsic motivation and performance (Deci,
1980).

For teachers, a professional context that is caring and cohesive is significant to teacher motivation
(Richardson et al., 2014). Based on SDT, we can target teachers’ motivation by creating situations
and opportunities that support their psychological needs. Figure 1 presents the key components of the
SDT: autonomy, competence, and relatedness.

Figure 1. Key Components of Self-Determination Theory

Perceived
Autonomy

Persistence
Perceived Intrinsic /
Competence Motivation \
Performance

Perceived
Relatedness

Note. Adapted from Deci & Ryan, 2000
Literature Review
Fostering Motivation for PD programs

Understanding teachers’ motivation and teaching choices is imperative to understanding how to best
connect students to science content. Students learn science best when they feel confident,
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comfortable, and capable (Bernaus & Gardner, 2008; Chiu, 2024). In some ways, students’
motivation to participate and engage is tied to their perceptions of teachers’ support and control (Jang,
2008; Jang et al., 2010; Mara & Thomson, 2021; Reeve & Jang, 2006). Being increasingly
responsible for developing students’ interest in science, providing students with autonomy to connect
with science content, and empowering them to pursue their interests in STEM fields puts teachers at
risk of feeling unmotivated or lacking the materials and resources to accomplish all of this.

Researchers examining various PD experiences for teachers underline the importance teachers place
on their autonomy. One key aspect related to teachers’ willingness to implement changes to their
instruction is their perceived sense of autonomy. Providing teachers with a sense of autonomy and
flexibility in their work has been strongly related to increased motivation and job satisfaction (Davis
& Wilson, 2000; Gorozidis & Papaioannou, 2014). Similar findings show that changes to teachers’
beliefs and practices were mainly related to teachers’ values and relevance of the PD program
attendance. The findings also highlighted that there may be little motivation for teachers to implement
the newly gained PD knowledge into their classrooms if they don’t have the autonomy and support
from colleagues and administration in introducing the new instructional approach (Hubbard et al.,
2022; Patall et al., 2017).

Further research findings show the importance of PD programs that provide teachers with perceived
competence and relevant experiences (e.g., utility value for the programs). Findings recognized that
teacher motivation for attending a PD program or continuing to attend was associated with perceived
relevance, and ability to transfer knowledge from the PD program into the classroom (Guskey, 2003;
Hubbard et al., 2024). Additional research investigating teachers’ motivations and values for
attending PD programs showed that teachers’ key reasons for engaging included intrinsic motivators
(e.g., personal and professional interest), gaining new instructional ideas, and improving their
instructional skills (Hubbard et al., 2022; Thomson, 2024).

The literature on both teacher and student motivation appeared to emphasize the role of social
relationships and relatedness as a motivator for teachers’ learning and implementation of knowledge
(Korpershoek et al., 2020; Palermo & Thomson, 2018). Researchers examining teachers’ experiences
in mentorship programs show that teachers’ thoughts, attitudes, and practices in the classroom are
greatly influenced by the social and emotional context (Thomson et al., 2021). Building professional
networks and benefiting from the strong emotional connections with their peers represented a key
aspect in teachers’ motivation and program satisfaction as related to their professional development
(Thomson & Turner, 2019). Additional studies revealed themes that suggested individual
relationships were a critical transformational leadership behavior, and through relationships, school
leaders can encourage teachers (Barnett & McCormick, 2003; Mara & Thomson, 2021).

Supporting Active Learning via Inquiry-Based Strategies

Twenty-first-century science education reform calls for changes in the way science is taught in K—12
classrooms. At the core of this shift in pedagogical approach, students inquire about their everyday
worlds, deepening their knowledge through self-directed investigations, connections to their
experiences, and developing justifications and theories (Armbruster et al., 2009; Thomson et al.,
2024). Inquiry is viewed as essential to student learning, and it is intended to foster critical thinking
and problem-solving aptitudes (English & Kitsantas, 2013; NSF, 2017).

Many science teachers have not had authentic research experiences in the content areas that they
teach and may have only experienced lecture-style classes within these disciplines; this creates an
issue, as educators often mimic the pedagogical styles in which they were taught. Therefore,
providing teachers with authentic lab experiences in their content area and a mentorship approach to
learning science helps teachers develop quality-based instruction by transferring the experiences to
students (Donnelly, 2010; Furtak & Kunter, 2012; Rebull et al., 2018; Thomson, 2024).
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A key priority for science teachers’ using inquiry-based teaching methods is the facilitation of
meaningful student experiences (NSF, 2017). It is well documented in the literature that there are core
challenges for many teachers trying to implement these methods. Teacher training has been suggested
as an effective way to increase teachers’ motivation and readiness to adopt new approaches, such as
inquiry-based teaching, into their practice. Providing teachers with authentic experiences that engage
them in active learning supports the development of inquiry-based skills and knowledge necessary for
effective science teaching (Capps et al., 2012; Lotter et al., 2016; Weng et al., 2022).

Methods

Research Design

The current study describes an instrumental case study (Creswell & Poth, 2018) of one cohort of
teachers participating in an 8-week science-immersive PD program. Merriam (1988) suggested that a
case study “offers insights and illuminates meaning that expands its readers’ experiences. These
insights can be construed as tentative hypotheses that help structure future research; hence, the case
study plays an important role in advancing a field’s knowledge base” (p. 32). An instrumental case
study was the most suitable qualitative method for this work because its focus is to understand teacher
motivation with a consideration of a critical implication—to guide the structure for future research in
PD that will better align with teachers’ motivational needs. Further, the case study approach was
selected because the study takes place within the bounded context of an 8-week PD program
(Creswell & Poth, 2018; Denzin & Lincoln, 2005).

Research Context

In the current study, participants attended an 8-week summer research mentorship program working
with scientists in research laboratories at a large R-1 institution in the United States. The research labs
hosted the teachers and provided support for their learning in topics related to environmental health
research science. Each lab had a different focus and expertise in the field; thus, teachers were exposed
to a variety of research areas in this program. Teachers were engaged in the immersive science
summer PD program following a voluntary agreement to host and mentor one teacher participant for
an 8-week period. The labs were compensated for the costs of materials used by the teacher
participant for the duration of the program. Participants’ assignment to their host mentor lab was
based on pairing with labs that most closely matched participants’ interests, experience, and the
courses they expected to teach upon returning to their schools. Each week for four days, participants
reported to their assigned mentor lab to function as an active member of the lab’s research team.
Participants’ research activities were generally based on the research projects being undertaken by
their host labs. One day per week, participants joined together with other research teacher participants
and the PD program research team for guest lectures, networking, and focus group sessions. On
average, participants committed to 40 hours per week in these PD-related activities. At the end of the
program, participants were invited to present their individual research findings in a public
symposium.

Participants

In the current study, the participants (N = 8) were all female high-school science teachers who taught
in public schools. The study participants, who were the first cohort of the PD summer program, were
recruited through emails and referrals from school administration. Each year, eight teachers were
selected into the PD program (based on the allocated project’s funds). Teachers interested in the
program could apply to an online application that asked basic questions about the school district,
teaching experience, and interest in research. The criteria for acceptance into the program are as
follows: 1) teachers who taught in public schools with high-poverty levels (e.g., large number of
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students qualifying for the Free and Reduced Price Lunch (FRPL) and students; 2) novice teachers,
namely teachers who had less than 10 years of experience in teaching science, and 3) teachers who
expressed interest in conducting lab research. In particular, women, individuals identifying as
members of a minority group, or teachers of underrepresented populations, as well as individuals with
disabilities, were encouraged to apply. The total number of participants in the program was eight; all
were female, and most of them (7 out of 8) identified themselves as individuals of a minority group
(e.g., African American). Participants’ teaching experiences were under 10 years, with the exception
of three participants. Although the program recruited novice teachers, due to the small number of
applicants in the first year of the project, it was decided to relax the inclusion criterion on years

of teaching experience. Participants’ pseudonyms and teaching experience are shown in Table 1.

Table 1. Teacher Participants’ Demographic Features and Subjects Taught

Participant Race Gender Yrs. teaching Subjects taught

Blake AA F 5 Physical science

Dylan AA F 18 Biology, physical science,
earth science, AP biology

Gabi AA F 20 Anatomy, biology, physical

science, forensics, AP
environmental science, AP

chemistry

Jay AA F 4 Chemistry, biology, physical
science

Kori \W% F 3 Biology

Pat AA F 5 Physical science, biology,

chemistry, AP biology,
health, biomedical science

Rori AA F 4 Career and technology
education, environmental
science, biology, biomedical
science

Trey AA F 24 Chemistry, physical science,
physics, earth science

Note. AA = African American, W = White, F = Female

Data Collection

The data set analyzed for the current study included focus groups and individual interviews with all
study participants at different time points during and after their completion of the PD program. One
member of the research team moderated the focus groups while the data were recorded and
transcribed by another member of the team. The individual interviews were conducted and
transcribed by two research team members. Descriptions of the data sources follow.

Focus Groups

A total of two focus groups were conducted during the 8-week PD program. All eight program
participants took part in the focus group interviews during the summer program. One focus group was
completed at the beginning of the program (in the second week), and the second focus group was
conducted at the end of the program (within the last week of the program). The purpose of the focus
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group sessions was to capture teacher participants’ general feelings and experiences in their
individual labs. These focus groups were also conducted as a general, informal opportunity for
feedback about the program and possible changes that could be made for improvements (see
Appendix A).

Individual Interviews

In-depth interviews were conducted at the end of the first academic semester, about 5 months after the
PD completion, when teachers were back in the classroom. Participants were contacted via email, and
a telephone interview was scheduled at the participant’s convenience. Each interview lasted
approximately 30 minutes. Interviews were recorded digitally and later transcribed (see Appendix B).
Interview data analyzed in the current study were available from six participants only, as two
participants (out of the initial eight) were unavailable to complete the individual interviews.

Data Analysis

Data analysis for the current study was guided by the six phases of thematic analysis put forward by
Braun & Clarke (2006). The following describes the data analysis process for each of the six phases.

Phase 1

The first phase of data analysis included familiarizing oneself with the participants’ study data. This
involved organizing and transcribing the recordings, as well as actively reading transcripts repeatedly
to identify patterns and meanings. This process was also applied to all transcripts to identify surface-
level connections across data sources. At this stage, the focus of analysis was on open coding and
identifying categories across the data.

Phase 2

The second phase involved reviewing the data for features that connect with the research question.
Excerpts were organized into meaningful groups with the assistance of ATLAS.ti version 8, a
computer-based software. At this phase, an inter-coder agreement was performed between the two
coders (each coder independently coded data), based on an initial code book that was developed
(Appendix C). For coding purposes, each interview was divided into segments, and the task was for
the coder to apply the codes to the segments.

Based on the coding performed on the interviews by the two coders, a percentage agreement was
calculated. The percent agreement method from Miles & Huberman (1994, p. 64) was adopted as the
main formula for calculating intercoder agreement:

Number of Agreements

100
Number of Agreements + Number of Disagreements

Intercoder Agreement (%) =

A total of 9 codes were identified by both coders; of these, 7 met agreement, resulting in 77%
intercoder agreement. Some codes were revised based on this exercise. The code “Positive
communication with others” was eventually merged into “Supportive relationships.” Other codes that
were unrelated to the research questions, such as “Length of time in school county,” were removed.

Phase 3

The third phase of thematic analysis involved organizing the codes into larger groups. Using the SDT
framework, the larger groups were labeled to reflect the theoretical framework, namely autonomy,
competence, and relatedness. Codes that did not fit into a theme were grouped into “emerging
themes” (e.g., expectations, values).

62



Thomson et al.

Phase 4

The fourth phase involved reviewing the themes. The theoretical framework was consulted at this
point to further form connections between the codes and the existing codes. The modified codes were
sorted into the three guiding categories: competence, autonomy, and relatedness. Within these three
categories, the next step was to examine the codes for patterns, which eventually yielded the themes
for the study’s findings.

Phase 5

In the fifth phase, theme definition consisted of applying excerpts from the data to the key themes to
better connect the meaning of the teachers’ narratives.

Phase 6

In the last phase of data analysis, a review of the key themes and how they aligned with study
findings was performed.

Results

The current study examined teachers’ motivations as related to their participation in an immersive
science PD mentorship program. Participants’ data were analyzed with the aim of unpacking evidence
of their motivation, particularly aspects related to their perceived sense of competence, autonomy,
and relatedness, and exploring its nature.

General Motivation Factors

The first research question investigated motivational factors associated with teachers’ participation
in an immersive-science PD program. Findings show that, generally, teachers’ motivation to
participate in the program was hinged on enhancing their students’ science learning experiences. Data
analysis revealed three driving factors describing teachers’ generic motivation for attending the PD
program. The factors described in this section indicate that teachers were generally motivated by a
desire to learn more about environmental health research and to strengthen their science curriculum.
In addition, they were motivated to apply the knowledge they had gained in the lab to classroom
teaching, thereby transferring it to students. Finally, they were motivated to acquire appropriate
science equipment to enhance their science teaching. The following themes describe the generic
motives that teachers expressed: strengthening the curriculum, transferring their knowledge to
students, and acquiring resources for their classrooms.

Strengthening the Curriculum

The objective of strengthening the curriculum was evidenced by participants in their statements about
wanting to gain more scientific knowledge and incorporate it into their curriculum. In particular,
participants mentioned that they pursued PD programs that offered specialized science knowledge,
not just general science content. The current NIH program that teachers attended focuses on
environmental health research science, an area that is scarcely explored in the high-school science
curriculum. One participant, Dylan, shared her reasons for participating in the summer program: “I’ve
tried to find something in the summer that will also help with my curriculum. I was looking for ways
to teach science and make it more interesting to them (n.r. her students).” Other participants spoke
about the research experience as a way of providing insight to their students about working in a lab
and conducting scientific research. Rori, one of the program participants, shared:

I didn’t know all of this stuff about plant structures. I’ve only taken like one botany class, so |
didn’t know all this stuff. It’s good to learn new things, and I really do feel like I can bring
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this back to my environmental APES (AP Environmental Science) class because the research
we are doing kind of directly correlates into environmental issues.

Transfer of Newly Gained Knowledge

An important aspect present in participants’ interviews and focus groups was their appreciation for
the opportunity to learn about research in a field that was novel to them, and consequently, having the
ability to take their newly gained knowledge and skills and transfer it into their classrooms. The
immersive experiences in the PD program allowed teachers to work daily on ongoing research
projects in their host labs and were thus directly involved in the planning, design, and implementation
of research. This interactive science learning served as a model for teachers on how to structure their
science teaching, and on how to teach their students not just procedural knowledge of scientific
research, but also to think like a scientist. Rori, a beginner teacher, noted: “I’m still trying to get that
experience and trying to get fun things and hands-on things and just more experience for me to help
my students.” Jay, another participant, believed it was an “...opportunity to learn more about the field
and have something to take back to my students.”

The idea of helping disadvantaged students was also evident in some responses. Kori, one of the
program participants, noted that she particularly wanted to bring back her experiences to students who
especially “would not have had experience or gotten the opportunity to experience those things based
on their backgrounds.” Gabi, another teacher, also voiced that her motivation to participate in the
program was that it was “offered to Title I teachers in Title I schools.”

Acquiring Resources for Classrooms

In addition to bringing new specialized science knowledge into the classroom and improving the
curriculum with environmental health research science, it was also important for teachers to acquire
relevant instructional resources for their teaching. Given that teachers participating in the current
study worked in schools with a large number of economically disadvantaged students, and their
school resources in science teaching were scarce, the additional instructional resources were a great
motivator for their PD program participation. Pat, one of the study participants, revealed that: “I also
liked the fact that it was going to be an opportunity for me to secure supplies to my classroom, for my

kids.”

Particular Motivators Related to Psychological Needs

Our second research question examined specific motivators that supported teachers’ psychological
needs as related to their autonomy, sense of competence, and relatedness. Teachers’ testimonies in
their focus groups and individual interviews illuminated strong themes of psychological needs. Using
the SDT (Deci & Ryan, 2000) as a lens to examine the data, the findings provided a deeper
understanding of teacher motivation supported by specific psychological needs. The themes were
subsumed into three categories, in line with psychological needs described by the Self-Determination
Theory, namely: Autonomy, Competence, and Relatedness.

Autonomy

In the current study’s findings, the concept of autonomy refers to the importance that participants
place on being the originator of their decisions and experiencing congruence between their social
context and their values, interests, and needs (Richardson et al., 2014). Evidence of congruence was
seen in teachers’ personal interests and in their knowledge acquisition and use, which emerged as the
following subthemes.

Personal Interests. Study findings revealed that teachers expressed a sense of personal interest and
enjoyment in science and learning. Their decision to engage in the PD program was tied to the
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intrinsic value placed on their participation. Pat’s interest in new experiences motivated her decision
to participate. She shared: “I love science, and I love learning, so I was eager because I knew it will
put me in an environment that ’'m not accustomed to being in anymore.” Rori, another participant,
shared about her personal interest in engaging with the PD, explaining that: “I was really interested in
the research part of it. I hadn’t done the research since I was in college... and so I was really excited to
get back in the lab. I’m just learning about what’s going on in science now.”

Dylan’s decision to participate in the program originated from her personal interests in addressing
achievement gaps as a teacher. She voiced:

The program talked about trying to help students who are low performing, and so I was
looking for a way to close the achievement gaps in those areas, and if I can recall, yeah, that
was an area of concern for me. I do have issues with certain students [with] different
demographics...they just have a hard time with science.

These examples provide evidence that though each participant’s individual interests were different
from one another, it was a shared experience that their personal interests drew them, at least in part, to
the program.

Knowledge Acquisition and Use. Participants spoke about acquiring new knowledge and
experiences. Each individual participant used this knowledge and experience in different ways in their
personal and professional lives. Some participants provided insight into how this experience directly
applied to their curriculum. Gabi shared that “[The content] directly tied into parts of my forensic
science class.... and also directly tied into my anatomy class.”

Furthermore, participants spoke about making connections between their immersive lab experiences,
their prior experiences in science, and their current experiences in the classroom. These statements
reflected congruence between their PD involvement and personal experiences as well as their needs.
Making connections with her research findings and her prior knowledge was considered most
valuable for Gabi. She shared:

The research has only helped to solidify what I have been reading before. I had firsthand
experience, and I can truly say to anyone that flavonoids do help to reduce cancer and impact
cancer in a positive way. And here is the proof. I had my research to prove it.

Participants experienced autonomy through personal interest and knowledge acquisition and use. A
feature of the current PD program is that there were no prescribed takeaways or lesson plans that had
to be used in the classroom. This flexibility allowed participants to be the originators of their
decisions on almost every occasion within the program. Participants expressed the need to feel that
they were in control of their experiences within this PD.

Competence

In our findings, the concept of competence is presented as the importance of being challenged, feeling
capable of being effective, and contributing to a meaningful cause. Related to the theme of
Competence, data analysis revealed three subthemes that emerged from the teachers’ statements and
are described below: Meaningful Teaching Practice, Perceived Professional Value, and Pride.

Meaningful Teaching Practice. In the current study, meaningful teaching practice refers to a
science teacher who is able to provide meaningful teaching to their students and meets a personal
need to feel effective in their work. Kori’s reflection about her classroom practices provides evidence
that it is invaluable to her that her teaching practices are meaningful. She says about her teaching:

Sometimes, as I stand at the front of my classroom, I feel that my students have just come to
school to watch me do all of the work. This is a systemic problem that needs uprooted from
the bottom up; however, I am hopeful that at least within my classroom, my students will
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develop the skills to become better learners, to think for themselves, and not necessarily wait
on me for the answers. That they will find initiative to look for the answers themselves.

Rori’s need to engage students meaningfully was expressed in her desire to present real-life
connections in her instruction. She voiced: “The lessons I teach in environmental science have only
been concepts until now. I want to be able to apply my research and training here to my classroom
and provide real-life examples of the information I teach.”

Perceived Professional Value. In addition to meaningful teaching practices, analysis showed that
participants needed a sense that their professional experiences were valued by others, such as peers
and school leaders. Teachers’ statements suggested that they appreciate when their professional
capabilities are valued; thus, it was important for teachers to feel that their contributions were
recognized within their professional spaces. This was observed within both the PD program and
within their school communities. In one focus group session, the teachers spoke about their
experiences with mentor scientists and doctoral students in their host science labs. Being challenged
to demonstrate their capabilities was important to them. Pat, one of the teachers, articulated:

We’ve had some moments where I’ve been able to just kind of step up and show her so she
[n.r. science mentor] can see that I am capable...she’ll catch herself now and say, “Oh, I'm
doing it, you do it, here.”

Pat’s reflection shows that it was important to her that her mentor scientist saw her value in the lab as
well as capable of doing the work required within the lab setting. In her explanation of her school's
response to her PD participation, Gabi further demonstrates the need for perceived professional value,
as she explained: “The PD program made an impact in my professional life; the school administration
is actually more interested than I thought they would be. Some of them are really excited that I
actually did the research.” This is particularly notable because in her earlier interviews, Gabi
expressed the belief that her administration likely would not notice that she did this professional
development. Meaningful teacher practice and perceived professional value worked in congruence
with a sense of pride to create the overall experience of competence in this study.

Pride. Pride is demonstrated in the participants’ desire to feel a sense of accomplishment in their
work. This refers to a feeling of satisfaction with their achievements, and it communicates that they
feel capable of being effective. Pride is evident when Gabi spoke about how the program impacted
her:

I think the program has strengthened me in that I have something I can point to, to show my
students the value of research and the value of their education. My students have been very
impressed with what I have done...having that current research and being able to point to that
poster. [My students] listened to everything I say, and they believe everything I say, and
they’re excited about it.

Having physical evidence of her work in the poster was a symbolic representation of her
accomplishments for both Gabi and her students. Meaningful teaching practices, perceived
professional value, and pride were the sub-themes that worked together to form the overarching
theme of competence in this study. Competence is only one piece of the overall puzzle that underlies
teachers’ motivation to enhance students’ science learning experiences.

Relatedness

In the current study’s findings, the concept of relatedness encompassed feelings of belongingness and
connectedness with others. Teachers’ responses reflected the importance of positive, helpful
relationships in their professional spaces. Participation in the PD program allowed teachers to form
networks with their peers, the host lab team members, and their mentors, thereby helping them fulfil
their need for belonging. Two distinct sub-themes were identified in teachers’ statements. These were
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supportive relationships in their PD program and supportive relationships at school with their
colleagues.

Supportive Relationships in the PD Program. With reference to their host labs and mentor
scientists, teachers commented on the bonds that they formed with their lab mates as a valuable part
of the PD program. Jay, one of the study participants shared: “For me the relationships that I've
[formed] with people here, other interns, mentors, I mean that is stuff that nobody can ever take away
from me.” Rori, another participant, discussed the mentorship support in the lab that was helpful to
her to think about her work at school:

Every Thursday me and my mentor got together and talked about ways we could redo these
experiments or mimic these experiments on a smaller scale and on a less expensive scale, so
we had those open conversations where I was like look, this is what I have in my class. [ have
desks, and I have one sink that works out of 8, so what can we do?

Supportive Relationships at School. Regarding the school setting, in their individual
interviews, post-PD program attendance, the teachers remarked on acts of kindness or affirmations
extended to them, especially from administration. Dylan, one of the teachers, noted, “...well, my
school is pretty supportive of me. I’m a new teacher, but my principal was pretty nice to me.”
Teachers’ responses also suggested that they need their efforts to be affirmed. This was most clear in
Gabi’s responses in one of the focus group sessions versus her individual interview. In the focus
group session, which occurred in the last week of the PD program, teachers were asked about the
support they foresee receiving from administration upon their return to the classroom. Gabi shared the
following:

I think for me, I can show my principal, and for that moment, while I’m talking to her, it’ll be
important, but once I walk away, it won’t be important anymore. I’'m being serious. It will
only be important to me and my students, and a handful of the parents. And since I’'m not one
of the chosen ones, it won’t be looked at as important.

In her individual follow-up interview, four months after the program, there appeared to be a shift in
her perception of support from administration. In her individual interview, four months after the PD
completion, Gabi voiced: “[The program] has made an impact in my professional life; the school
administration is actually more interested than I thought they would be. Some of them are really
excited that [ actually did the research.”

Experiences of supportive relationships within the PD program and within their school were
important to teachers’ experiences of relatedness. Teachers’ experiences in the PD prepared them to
position themselves as a natural conduit for inquiry-based science learning. The PD experience met
key psychological needs, which, in turn, motivated them to shift the way they teach science so that
students’ science learning experiences are richer and more meaningful.

Discussion

Overall, the study’s findings suggest that an immersive, structured mentoring program can provide
teachers with authentic STEM research opportunities that have the potential to positively change their
science teaching and, consequently, motivate their students for academic and STEM learning, in
particular. Given the fact that the immersive STEM program presented in the current study has a long
duration (i.e., 8 weeks), it allows for deeper learning and understanding of the science content and
research. A strong body of knowledge and skills represents the foundation for meaningful learning,
motivation, and satisfaction. This allows for better connections that teachers make regarding their
science curriculum and providing students with application and inquiry-based activities that mimic
teachers’ experiences in the lab. Science educators play a crucial role in providing their students with
strong, specialized knowledge and skills; well-equipped teachers can facilitate authentic and engaging
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experiences with STEM content (Weng et al., 2022). To bridge the gap between current science
standards and science teachers’ content knowledge and experience, rigorous and well-planned
professional development is required (Thomson & Gregory, 2013). This aligns with research showing
that teachers are more motivated to participate in and sustain engagement with PD when it provides
relevant, content-rich experiences and clear opportunities for classroom transfer (Guskey, 2003;
Hubbard et al., 2022, 2024).

Furthermore, the current study shows that science teachers’ psychological needs are at the forefront of
their motivation to participate in such PD programs. Study findings generally suggest that the
teachers’ decision to voluntarily participate in the science PD program was hinged on their desire to
enhance their students’ science learning experiences. Underlying their motivation to participate were
each participant’s psychological needs of competence, autonomy, and relatedness.

The design of the PD program allowed for teachers to enhance their own science learning experiences
and then transfer that experience to their students. Participants’ voices illuminated their emphasis on
experiences that support their need for autonomy, competence, or relatedness. This held true whether
teachers shared details regarding the context of the school or the PD program.

Although these are in three specific categories, they appear to flow seamlessly across categories and
integrate in a complex system (see Figure 2). This finding is supported by other research that
recognizes teacher motivation in a more fluid, global approach (Garon-Carrier et al., 2015; Jesus &
Lens, 2005). The PD program outlined in this study offered participants autonomy through the
opportunity to seek personal interests and the freedom to use the knowledge they acquired in their
own unique ways. Competence was another psychological need addressed by teachers in this study.
Participants felt a sense of competence when they were able to offer meaningful teaching practices
that allowed their own experiences and knowledge to guide instruction over scripted curriculum. The
most compelling finding was related to participants’ relatedness. Participants experienced supportive
relationships both within the context of the PD program and within their schools. This opportunity to
create meaningful relationships met the participants’ psychological need of relatedness. These
patterns reflect established findings that teachers’ willingness to engage in PD and implement new
practices is strengthened when PD supports their autonomy (Davis & Wilson, 2000; Gorozidis &
Papaioannou, 2014), nurtures their competence (Jang, 2008; Reeve & Jang, 2006), and provides
relational support from peers and mentors (Thomson & Turner, 2019). Teachers feel driven to
enhance their students’ learning experiences when they feel capable of doing so, when they have an
input in the experience, and when they are supported and recognized by others (Korpershoek et al.,
2020). Similar research suggests that teachers’ experiences that are based on supporting their learning
needs, such as autonomy, relatedness, and competence, can be transferred to classroom teaching, in
addition to their newly acquired specialized knowledge and skills, thus making a significant
contribution to enhancing student learning and intrinsic motivation (Chiu, 2024; Thomson, 2024).

The findings help clarify the nature of motivation in science teachers. Although the interview protocol
only asked one question about motivation as it relates to attending the PD program, greater insights
about motivation were seen throughout the interviews and focus group discussions. A key finding
was in Gabi’s response about support from administration. Gabi’s initial reports of not being
“important” in her school were transformed to reports of school administration being “more
interested” in her. These statements speak to a shift in Gabi’s perspective about her worth in that
professional space. It also speaks to the factors that were important to her. Although these statements
are connected to relatedness, they feed into feelings of competence. One may question how these
external factors, such as affirmation, may lead to intrinsic motivation. Ryan and Deci (2000)
explained that internalization and integration are central to this process. Internalization refers to
taking in a value or regulation, whereas integration speaks to transforming a value or regulation into
one’s own (Ryan & Deci 2000).
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Figure 2. Network Model of Teacher Motivation and Impact on Students (Current Study Findings)
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Limitations and Future Research

Data used in the current study were previously approved for use by IRB. A potential limitation would
be the fact that participants were paid a stipend for their participation in the NIH funded program and
were provided with gift certificates upon the completion of their individual interviews (which was
after the PD program, during the teacher’s academic year). Although the study's findings clearly
illustrate that the motivation for program attendance was intrinsic, the extrinsic motivation (e.g.,
stipends for participants and free instructional resources) likely provided additional motivational
support for teachers. In the current study, the number of participants (N = 8) is appropriate, given the
case-study qualitative research design, which aims at describing participants’ overall PD experiences
and analyzing individual differences in how motivation is experienced and expressed (Kennedy,
2016). However, future research can investigate larger groups of participants with a mixed-methods
design to explain quantitatively the longitudinal growth or trends in participants’ motivations,
augmented by qualitative data capturing a range of experiences among participants. Further, future
research can compare and analyze the different types of PD programs in which specific contextual
factors can be modified to enhance one or more components of the SDT, such as participants’ need
for competence, autonomy, and relatedness.

Implications

Study findings provide a starting point for further research on teacher motivation as it relates to
professional development and teachers navigating their professional spaces. It presents a more
detailed picture of motivation, uncovering areas of importance for teachers as reflected in their
accounts of their experiences. The current study has implications for professional development
program design, as it provides key input from teachers that can be used to modify existing programs
to meet the needs of teachers who subscribe to them. The findings can also be used to educate
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teachers and administrators on factors that would be effective in building teachers’ intrinsic
motivation in their practice.

Additionally, programs like this benefit the teachers as much as the students. With rapid
advancements in the global economic and technological climate, there is a growing need for a
qualified STEM workforce, along with a call to diversify STEM careers (Chiu, 2024). Effective
mentoring of STEM programs is crucial for teachers so they can provide the highest-quality education
for all students, particularly those working with underrepresented populations who have difficulty
identifying with STEM careers (NSF, 2027).

70



Thomson et al.

References

Corresponding Author: Margareta M. Thomson
Author Contact Information: margareta_thomson@ncsu.edu

Aish, N., Asare, P., & Miskioglu, E. E. (2018). People like me: Providing relatable and realistic role
models for underrepresented minorities in STEM to increase their motivation and likelihood
of success. 2018 IEEE Integrated STEM Education Conference (ISEC).

Albrecht, J. R., & Karabenick, S. A. (2017). Relevance for learning and motivation in education. The
Journal of Experimental Education, 86(1), 1-10.

Armbruster, P., Patel, M., Johnson, E., & Weiss, M. (2009). Active learning and student-centered
pedagogy improve student attitudes and performance in introductory biology. CBE-Life
Sciences Education, 8(3), 203-213.

Anderson, M. B. G., & Iwanicki, E. F. (1984). Teacher motivation and its relationship to
burnout. Educational Administration Quarterly, 20(2), 109—132.

Ball, C., Huang, K.-T., Cotten, S. R., & Rikard, R. (2017). Pressurizing the STEM pipeline: An
expectancy-value theory analysis of youths” STEM attitudes. Journal of Science Education
and Technology, 26(4), 372-382.

Barnett, K., & McCormick, J. (2003). Vision, relationships and teacher motivation: A case
study. Journal of Educational Administration, 41(1), 55-73.

Bernaus, M., & Gardner, R. C. (2008). Teacher motivation strategies, student perceptions, student
motivation, and English achievement. The Modern Language Journal, 92(3), 387—401.

Borko, H. (2004). Professional development and teacher learning: Mapping the terrain. Educational
Researcher, 33(8), 3—15.

Braun, V., & Clarke, V. (2006). Using thematic analysis in psychology. Qualitative Research in
Psychology, 3(2), 77-101.

Capps, D. K., Crawford, B. A., & Constas, M. A. (2012). A review of empirical literature on inquiry
professional development: Alignment with best practices and a critique of the findings.
Journal of Science Teacher Education, 23,291-318.

Creswell, J. W., & Poth, C. N. (2018). Qualitative Inquiry and Research Design (4" ed.). Sage
Publications, Inc.

Chiu, T.K. (2024). Using self-determination theory (SDT) to explain student STEM interest and
identity development. Instructional Science 52, 89—107.

Davis, J., & Wilson, S. M. (2000). Principals’ efforts to empower teachers: Effects on teacher
motivation and job satisfaction and stress. The Clearing House: A Journal of Educational
Strategies, Issues and Ideas, 73(6), 349-353.

Deci, E. L. (1980). The psychology of self-determination. D. C. Heath.

Deci, E. L., & Ryan, R. M. (2000). The “what” and “why” of goal pursuits: Human needs and the
self-determination of behavior. Psychological Inquiry, 11,227-268.

Denzin, N. K., & Lincoln, Y. S. (Eds.). (2005). The Sage handbook of qualitative research (3rd ed.).
Sage Publications, Inc.

Desimone, L. M. (2009). Improving impact studies of teachers’ professional development: Toward
better conceptualizations and measures. Educational Researcher, 38(3), 181-199.

71



Mentoring and Motivation

Donnelly, R. (2010). Interaction analysis in a “Learning by Doing” problem-based professional
development context. Computers & Education, 55(3), 1357-1366.

English, M. C., & Kitsantas, A. (2013). Supporting student self-regulated learning in problem-and
project-based learning. Interdisciplinary Journal of Problem-based Learning, 7(2), 128—150.

Every Student Succeeds Act (ESSA). (n.d.). Retrieved from https://www.ed.gov/essa?src=rn.

Furtak, E. M., & Kunter, M. (2012). Effects of autonomy-supportive teaching on student learning and
motivation. The Journal of Experimental Education, 80(3), 284-316.

Garon-Carrier, G., Boivin, M., Guay, F., Kovas, Y., Dionne, G., Lemelin, J.-P., Seguin, J.R.,
Vitaro,F., & Tremblay, R. E. (2015). Intrinsic motivation and achievement in mathematics in
elementary school: A longitudinal investigation of their association. Child Development,
87(1), 165-175.

Gorozidis, G., & Papaioannou, A. G. (2014). Teachers’ motivation to participate in training and to
implement innovations. Teaching and Teacher Education, 39, 1-11.

Guskey, T. R. (1986). Staff development and the process of teacher change. Educational
Researcher, 15(5), 5.

Guskey, T. R. (2003). Analyzing lists of the characteristics of effective professional development to
promote visionary leadership. NASSP Bulletin, 87(637), 4-20.

Hubbard, L., Jackman-Ryan, S., & Thomson, M. M. (2022). Immersive research experiences:
Influences on science motivation and practices. International Academic Forum, 8 (1), 69—86.

Hubbard, L., May, K., Jackman-Ryan, S., & Thomson, M. M. (2024). Understanding the process of
changes in science beliefs and classroom practices from immersive research experience for
science teachers. International Journal of Research in Education and Science, 10 (2), 502—
523.

Jang, H. (2008). Supporting students’ motivation, engagement, and learning during an uninteresting
activity. Journal of Educational Psychology, 100(4), 798-811.

Jang, H., Reeve, J., & Deci, E. L. (2010). Engaging students in learning activities: It is not autonomy
support or structure but autonomy support and structure. Journal of Educational Psychology,
102(3), 588-600.

Jesus, S. N. D., & Lens, W. (2005). An integrated model for the study of teacher motivation. Applied
Psychology, 54(1), 119-134.

Korpershoek, H., Canrinus, E.T., Fokkens-Bruinsma, M., & de Boer, H. (2020). The relationships
between school belonging and students’ motivational, social-emotional, behavioural, and

academic outcomes in secondary education: a meta-analytic review. Research Papers in
Education, 35 (6), 641-680.

Kennedy, M. M. (2016). How does professional development improve teaching? Review of
Educational Research, 86(4), 945-980.

Lazowski, R. A., & Hulleman, C. S. (2016). Motivation interventions in education. Review of
Educational Research, 8§6(2), 602—640.

Lee, H., & Blanchard, M. R. (2019). Why teach with PBL? Motivational factors underlying middle
and high school teachers’ use of Problem-Based Learning. Interdisciplinary Journal of
Problem-Based Learning, 13(1).

72



Thomson et al.

Lotter, C., Smiley, W., Thompson, S., & Dickenson, T. (2016). The impact of a professional
development model on middle school science teachers’ efficacy and implementation of
inquiry. International Journal of Science Education, 38(18), 2712-2741.

Mara, D. & Thomson, M. M. (2021). Theoretical and practical approaches to non-formal education
(Eds.). BrownWalker Press, Inc. ISBN 9781599426129.

Merriam, S. B. (1988). Case study research in education: A qualitative approach. Jossey-Bass.

Milfort, M. (2012). An examination of the information technology job market: Credentials that work.
Washington, DC: Jobs for the Future.

Miles, M. B., & Huberman, A. M. (1994). Qualitative data analysis: An expanded sourcebook (2.nd
ed.). Sage Publications, Inc.

National Science Foundation, National Center for Science and Engineering Statistics (2017). Women,
Minorities, and Persons with Disabilities in Science and Engineering. Special Report NSF 17-
310. Arlington, VA. www.nsf.gov/statistics/wmpd/.

Palermo, C., & Thomson, M. M. (2018). Large-scale assessment as professional development:
teachers’ motivations, ability beliefs and values. Teacher Development, 23, 192-212.

Patall, E. A., Vasquez, A. C., Steingut, R. R., Trimble, S. S., & Pituch, K. A. (2017). Supporting and
thwarting autonomy in the high school science classroom. Cognition and Instruction, 35(4),
337-362.

Pelletier, L. G., Seguin-Levesque, C., & Legault, L. (2002). Pressure from above and pressure from
below as determinants of teachers’ motivation and teaching behaviors. Journal of
Educational Psychology, 94, 186—196.

Rebull, L. M., Roberts, T., Laurence, W., Fitzgerald, M. T., French, D. A., Gorjian, V., & Squires, G.
K. (2018). Motivations of educators for participating in an authentic astronomy research
experience professional development program. Physical Review Physics Education Research,
14(1),010148.

Reeve, J. (2009). Why teachers adopt a controlling motivating style toward students and how they can
become more autonomy supportive. Educational Psychologist, 44(3), 159-175.

Reeve, J., & Jang, H. (2006). What teachers say and do to support students' autonomy during a
learning activity. Journal of Educational Psychology, 98(1), 209.

Richardson, P. W., Karabenick, S. A., & Watt, H. M. G. (2014). Teacher motivation: Theory and
practice. Routledge.

Ryan, R. M., & Deci, E. L. (2000). Self-determination theory and the facilitation of intrinsic
motivation, social development, and well-being. American Psychologist, 55(1), 68—78.

Thomson, M. M., & Gregory, B. (2013). Elementary teachers’ classroom practices and beliefs in
relation to US science education reform: Reflections from within. International Journal of
Science Education, 35(11), 1800—1823.

Thomson, M. M., & Turner, J. E. (2019). The role of emotions in teachers’ professional development:
Attending a Research Experience for Teachers (RET) program. Education Research
International, 1-12.

Thomson, M. M., Roberts, R., & Hubbard, L. (2021). Developing STEM motivation through
immersive research experiences: A science mentoring program. In Mara, D. & Thomson, M.
M. (Eds.), Theoretical and practical approaches to non-formal education. Interdisciplinary
examinations into various instructional models (pp. 17-24). BrownWalker Press, Inc.

73



Mentoring and Motivation

Thomson, M. M. (2024). Motivation and engagement in various learning environments:
Interdisciplinary perspectives (Ed.). Information Age Publishing. ISBN 979-8-88730-538-7.

Turner, H. (2023). Exploring motivation and satisfaction in part-time PhD students, Studies in
Graduate and Postdoctoral Education, 14 (2), 71-185.

Weng, X. J., Chiu, T. K. F., & Jong, M. S. Y. (2022). Applying relatedness to explain learning
outcomes of STEM maker activities. Frontiers in Psychology, 800569.
https://doi.org/10.3389/fpsyg.2021.800569.

74



Thomson et al.

Appendix A

Sample Items from Focus Group Interview Protocol

Q: You are in the second week of the program. Talk a little bit about your experiences so far. What
sort of experiences have you had in the lab—good, positive, negative? Give some examples. Let’s
give everyone a chance to talk about that.

Q: What you’re doing, we’re not going to have such extensive presentation of each one of you, but I
just want to ask if some of you want to touch on what was valuable in the lab and your experience.
What did you find valuable, and what was challenging? So just out of your head, if you can think of
two things we found valuable and two that were challenging just throw out things.

Q: Please share about your teaching confidence teaching environmental health science topics.

Q: Do you think you can be a scientist? Do you think your students can be scientists—at least one
day? Think about the students that you teach.

Q: Talk a little bit about what was your initial motivation to come to this program (to this professional
development)? And now that you’ve been here for two weeks, how relevant do you think this is to
your teaching experience to take back to the classroom?

Q: How relevant is this experience taking back to your teaching? Do you think the time you had here
is relevant for your teaching?
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Appendix B

Sample Items from the Individual Interview Protocol

“Hello (participant name). Thank you for agreeing to participate in this interview which, will last
approximately 20-30 minutes. I, (researcher's name) will conduct this interview. If you are ready,
we’ll start with our first question.

1.

10.

1.
12.

13.

14.

15.

76

Please tell me a little bit about yourself, about your teaching experience (Probe: i.e., subject
taught, grade level, etc.).

How long have you been in teaching?
If you no longer teach, do you work in an education-related area? Please give specific details.

You are one of the PD participants in the program this past summer ( ) . How did you find
out about this program?

What motivated you to participate (engage) in the program?

Can you talk a little bit about what kind of expectations you had going into the summer
program? Were these expectations met?

Describe a little bit your science teaching efficacy:
a. before and after your PD program.

b. at the present time: How confident are you now about your science teaching related to the
EHS topic?

What do you consider to be the most valuable about your participation in the program?

In what ways the program experiences can make (or made) an impact in your professional, social
or personal life? What about your students?

The following questions ask you about your PD involvement before & after attending the
program:

a. What types of PD activities did you have before attending the program?
b. What types of PD activities did you have after attending the program?

c.  What other activities (or PD related) did you have since attending the program and who
provided these opportunities for you?

Can you talk a little bit about your emotions before and after your summer PD program?

Please describe what changes in your teaching practices you made after attending the program
and how the program provided the impetus for you to make these changes. (Probe: If you are
not in the classroom consider any changes you made to your teaching philosophy after attending
the program).

In what ways do your school and district provide support for you to implement in your
teaching the knowledge and skills you gained from attending the program?

In what ways do your school and district provide support for you to share with others (i.e.,
colleagues) the knowledge and skills you gained from attending the program?

Do you see yourself working as a scientist one day?

a. Do you think you can be a scientist/ or have a career in science? (Probe: Why is that?)
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b. Do you see your students working as a scientist one day? Do you think they can become
scientists / or have a career in science? (Probe: Why is that?)

16. How would you characterize overall, your PD experiences?

17. What challenges did you/have you overcome, whether personal, social or economic, during your
professional development, either this summer or in other PD opportunities?

18. Do you, or have you ever, felt that being a member of a minority group has affected your
opportunities for professional development or professional growth? Probe: If yes, please explain
(or provide an example).

19. If there is anything else about your professional or academic involvement related to, or as a
result of your summer PD program participation, please feel free to mention (and provide
details). Please feel free to make any additional comments regarding your program experience,
or feel free to elaborate on something if you didn’t have the chance to do so.

Thank you for your interview participation and your great feedback!
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Appendix C

Sample Coding

Code

Definition

Inclusion criteria

Exclusion criteria

Example

Length of time in
School County

Any evidence
highlighting
number of years,
months, weeks,

Evidence
highlights number
of years employed
as a teacher in

When evidence
refers to positions
other than teaching
duties in School

This is my going on my
second year, so have not been
in School County long
enough

days employed School County County
with School h "
Count or where positions
ounty held outside of
School County
Length of time Any evidence Evidence Evidence refers to I've been teaching science for
teaching science highlighting highlights total teaching going on 18 years.
number of years number of years experiences in
altogether teaching | teaching science other subject areas.
science

Love for science

Any evidence
referring to love,
passion or personal
interest in science
research, or studies

Any expression of
love, passion or
personal interest in
science research or
studies

When evidence
refers to love for
teaching

I've taught physical science,
earth science, ap biology and
um like I said my main area is
biology, but I love science.

1 liked the research part.

I'm looking forward to that
and the lab part, the research
department.

Information given
by superiors

Any evidence
suggesting that
information was
disseminated by a
person in a higher
level of office

Evidence suggests
that information
was given to the
interviewee by a
supervisor, or
someone in higher
authority

When evidence
refers to
information shared
by colleagues at the
same level on an
org chart.

So my principal sent out an
email to everybody in this
school, um, and I think the
department chair sent out
another one, so that's how I
found out about it.

Improving practice

Any evidence that
describes a desire
to improve

teaching practice.

When evidence
refers to actions or
thought processes
about improving
teaching skills

1 tried to find something in
the summer that will also help
with my curriculum

let them do more, said being
more intentional with the
students being more in
control of the class

Helping
disadvantaged
students

Any evidence that
speaks to helping
students in
disadvantaged
positions

Evidence suggests
helping students
who are weaker,
low SES, minority,
etc.

Improving practice

help students who are low
performing and so I was
looking for a way to close the
achievement gaps in those
areas

So, I was looking for ways to,
to teach science and make it
more interesting to them so
that they’ll be excited about
science

I looked around and I didn't
see a lot of females and a lot
of minorities
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Pride in one’s work

Any evidence
suggesting
satisfaction in
oneself and one’s
work

Evidence that
shows satisfaction
with ones’ work

Does not include
group pride

Changes to Evidence Any evidence Does not reflect If'we wanted to be lifelong
teaching suggesting a suggesting a actual changes to learners, we have to teach
philosophy change in the way positive change to one’s practice differently instead of like
one thinks about how one teaching just for the test to
teaching, or the approaches be, you know, if we want them
purpose of teaching | teaching to have to have a career in
conceptually. STEM, would have to want
them to have an interest in it,
not just for the test.
My level of patience, I have to
use it when they asked me
maybe the same question over
and over. I have to be willing
to, um, explain it a number of
times.
Positive Any evidence that Any evidence that Does not include 1 guess, I mean for me, 1
communication highlights relating describes placing communicating for | learned that research, was

with others

with others.

value on talking to
or relating with
others

everyday needs.

not really for me, um, is too
quiet being in the lab I miss
the, the Ms. so and so and so
and so. I liked that the
communicating with the kids

1 talk to fellow coworkers
about a shared with my
children, of course with my
students. Um, my principal.
So, I talked to a, shared my
experience with other people.

Feelings about new

Any evidence that

Speaks specifically

I was excited because, um, it

experiences speaks to emotions | to experience of was something different. I
surrounding novel new experiences hadn't done research since
experiences Undergrad to be honest.

Supportive Any evidence Descriptions of When evidence Um, well my school is, is

relationships suggesting that relationships from | refers to family pretty supportive of me. Um,

teachers experience
support from
relationships in
science

school or in the
field/lab

relationships

most of the time if [ ask her
something, I'll get it. I, with
the budget cuts, my class sizes
have increased, and it may be
just because I'm a new
teacher, but my principal was
pretty, pretty, pretty nice to
me. That's good.

Expectations of
students

Any evidence
suggesting that
teacher has an
expectation of her
students

Use of words that
suggest
expectations

Evidence refers to
expectations of
school, parents, or
system in general

I'm definitely and there's so
many things that they can do
in the area of science so they
can definitely do this.
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