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ABSTRACT

Research Experiences for Teachers (RET) programs are a burgeoning approach to engage teachers in STEM (science, tech-
nology, engineering, mathematics) research that they can translate into their K-12 classrooms. Despite an increase in studies of
RETs, there is a need for comparison of RET and non-RET teachers’ student outcomes. This mixed methods, quasi-experimental
comparison study, using a revised third-generation activity theory framework, investigates how an RET program for preservice
and early career STEM teachers impacted participating teachers and their students up to 8 years after RET participation.
Specifically, we conducted a matched comparison of student achievement data from students of nine RET teachers versus many
non-RET comparison teachers within the same districts (n=830-1132 students). We also investigated student and teacher
perceptions of classroom practices through surveys (n = 576 students) and interviews (15 teacher interviews). Omnibus tests
revealed no statistically significant differences by treatment in math or science achievement. However, students of the RET
teachers reported stronger perceptions of STEM career awareness, greater value for learning STEM subjects, and a greater
propensity to persist in STEM course tasks (three of the five constructs measured). This was consistent with teacher interview
responses in which RET teachers spoke about STEM career awareness in a broader context for understanding the value of
STEM in society, and also discussed struggles in research and attempts to bring this mindset to their students, which may have
resulted in greater student engagement in their courses. Implications for teacher education and for supporting science and
engineering practices in STEM classrooms are discussed along with recommendations for further research on the impacts of
RET programs guided by a revised third-generation activity theory framework informed by this work.
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1 | Introduction

Curriculum standards such as the Next Generation Science
Standards (NGSS Lead States 2013) place an important focus on
K-12 students enacting science and engineering practices (SEPs)
such as planning and conducting investigations, analyzing and
interpreting data, and using mathematics and computational
thinking. Teachers, in many cases, have had limited opportu-
nities to experience such practices outside of the classroom, yet
are responsible for developing lessons and activities to support
these practices (Feldman and Ozalp 2019; Haag and
Megowan 2015; Harris, Sithole, and Kibirige 2017; Kang
et al. 2016). As a result, Research Experiences for Teachers
(RET) programs in Science, Technology, Engineering, and
Mathematics (STEM) have received increasing attention as a
potential means to engage teachers in experiencing STEM
research practices outside of the classroom while also informing
teachers of entry points and careers in STEM that they can
integrate into their classroom activities (Davidson, Jaber, and
Southerland 2020; Shanahan and Bechtel 2020; Stieben,
Pressley, and Matyas 2021; Yang, Liu, and Gardella 2020).

Broadly speaking, RET studies have investigated teachers'
beliefs about: (a) themselves; (b) the nature of science and
inquiry; (c) changes in teaching practice; and their knowledge
about: (d) science content; and (e) science practices (Feldman
and Ozalp 2019: reviewed 25 empirical RET studies). These
RET studies predominantly use self-report measures, which can
provide valuable insight on RET participant beliefs, perspec-
tives, and insights. However, self-report measures in isolation as
a data collection method have also been critiqued for having
reliability issues in accurately determining what happens in
day-to-day classroom interactions and how those interactions
impact student learning (Feldman and Ozalp 2019). Therefore,
it is desirable to have more RET studies that include measures
of student learning, comparisons with teachers without an RET,
and longitudinal insight on how RETs may impact teachers
across the span of their careers. Three studies that include
student learning outcomes find that students of RET teachers
show: (a) significant pre/post science conceptual and scientific
literacy learning gains (Ragusa and Juarez 2017); (b) a positive
association between student understanding of interdisciplinary
science concepts and length of RET placement (Yang, Liu, and
Gardella 2020); and (c) superior performance of students of RET
teachers compared to students of non-RET teachers in state
science exams (Silverstein et al. 2009).

Ragusa and Juarez (2017) report statistically significant gains
for students of RET teachers in conceptual understanding on
concept inventory measures developed by the research team
that were specific to grade levels for science, computer science,
and engineering. There were also gains in subject-specific sci-
ence literacy (chemistry literacy, physics literacy, etc.; where
the research team developed and validated a qualitative reading
measure). However, the number of students in the analysis is
not reported. Yang, Liu and Gardella (2020) find that inquiry
instruction, supported through RETSs, promotes greater student
understanding of interdisciplinary science concepts (20
multiple-choice items focused on NGSS Cross-cutting Concepts
adapted from existing literature; n = 5581), but argue that their
findings should be considered exploratory. Neither of these two

studies include data on comparison teachers. Lastly, Silverstein
et al. (2009) find that when compared with students of non-RET
teachers, students of RET teachers (who participated in
research for more than 2 years) pass the New York state science
exams (Biology, Chemistry, and Earth Sciences) at a 10.1%
higher rate than non-RET teachers’ students (p <0.049;
n=43,310). Based on the limited number of studies that
investigate student learning related to RETS, further research is
needed to understand whether there are observable differences
in student outcomes for those taught by RET teachers relative to
those taught by non-RET teachers.

The present study informs some of the aforementioned gaps
and extends the existing research literature by providing a
matched sample comparison of practicing high school STEM
teachers who completed a particular RET, either as preservice
teachers or as early career teachers, relative to outcomes for
practicing teachers without an RET. Data sources include stu-
dent Science and Math achievement data, surveys of students’
perceptions of their learning, and interviews of teacher per-
ceptions of their classroom practices. Data sources were col-
lected in the 2018-2019 academic year, which was 3 to 8 years
after RET alumni participated in the research program. The
study investigates the effects of being taught by RET teachers on
student academic and nonacademic outcomes and includes
data from both RET and non-RET teachers and their students.
We will first provide a review of prior work to study impacts
of RETS.

1.1 | Impact of Teacher Research Experiences

Research Experiences for Teachers are defined as experiences
designed for preservice or inservice teachers to engage in
research under the guidance of a STEM researcher. A review of
the literature shows that RETs should include concurrent and
potentially long-term support to help preservice or inservice
teachers translate their research experience into classroom
practices (Blanchard and Sampson 2018; Krim et al. 2019). To
be fully inclusive, RETs should also recognize and value the
expertise that all stakeholders bring (mentors, teachers,
research participants) in terms of science, research, and teach-
ing (Shanahan and Bechtel 2020).

Previous research has measured the impact of RETs primarily
on teacher level outcomes (Feldman and Ozalp 2019) with some
studies including additional focus on mentor scientists and/or
students (Shanahan and Bechtel 2020; Snitynsky, Rose, and
Pegg 2019; Yang, Liu, and Gardella 2020). In terms of teacher
measures, studies generally find that teachers who participated
in an RET report improved teaching practices, improved beliefs
about themselves and knowledge about the nature of science
and inquiry, and a better understanding of science career
pathways (Snitynsky, Rose, and Pegg 2019; Storm and
Lichtenstein 2019; Warburton et al. 2019). For example, in one
RET study (Stieben, Pressley, and Matyas 2021), teachers report
feeling more confident in leading their students to conduct
scientific research, have increased connections with the scien-
tific community, and are more likely to report integrating
effective pedagogies such as inquiry and project-based ap-
proaches with corresponding assessment methods. In
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particular, the teachers report increasing their focus on students
generating questions and pursuing their own investigations,
which aligns with the SEPs of the NGSS (NGSS Lead
States 2013).

Prior research also has reported equivocal findings regarding
increases in RET participants’ science content knowledge, using
both quantitative and qualitative measures (Feldman, Divoll,
and Rogan-Klyve 2013; Westerlund et al. 2002), with some
finding no increases in conceptual understanding (Luera and
Murray 2016). Studies also show measurable and significant
changes in teaching practice via pre/post RET classroom
observations using the Reformed Teaching Observation Proto-
col (RTOP) (Amolins et al. 2015; Southerland et al. 2016;
Yezierski and Herrington 2011). These studies find that
research experiences focused primarily on improving teacher
learning, as opposed to research experiences with a central goal
of adding to the body of science knowledge, were more likely to
impact teachers' classroom practice (Southerland et al. 2016),
and that observing measurable differences in teacher practice
can take as long as 2 years, including the research experience
and adapting RET materials to their classroom (Yezierski and
Herrington 2011). Larger class sizes typically found in high
schools challenge teachers' abilities to implement changes in
classroom practice because it is more difficult to do inquiry-
based instruction. Furthermore, teachers with many large
classes may also know less about their students. Therefore, the
transformation of increases in inquiry knowledge to inquiry
instruction is not guaranteed (Yang, Liu, and Gardella 2020).
These findings illustrate important factors in determining the
impact of an RET on teachers' practice and their effect on
student outcomes.

Despite the importance of understanding the impact of RETSs,
few studies have tracked student outcomes longitudinally. Most
report on student outcomes via indirect accounts from teachers
rather than including student measures within their research
designs. Beyond the studies already discussed that directly
investigate conceptual outcomes for students of RET teachers
(Ragusa and Juarez 2017; Silverstein et al. 2009; Yang, Liu, and
Gardella 2020), we identified only two studies that include
measures for, and direct accounts from, students of RET
teachers (Autenrieth, Lewis, and Butler-Purry 2018—student
survey; Reynolds, Yazdani, and Manzur 2013—informal stu-
dent comments). These two studies find that students of RET
engineering teachers show increased subject awareness around
engineering and increased interest in pursuing an engineering
career. It is apparent that more studies that provide insight on
the experiences of students of RET teachers would be valuable.

There is considerable variation in how studies have investigated
the impact of RETS, with important differences in critical study
features such as research design, sample size, and participant
types. Given the small number of participants common in RETS,
case studies are a typical empirical approach. As such, the
generalizability of many studies is challenging given the unique
features of individual RET programs. Research designs that
include larger samples (e.g., survey studies) usually focus solely
on self-report measures with nonvalidated items and lack in-
sights on classroom practice (Feldman and Ozalp 2019; Yang,
Liu, and Gardella 2020). In addition, studies vary in terms of

participants included, with some focusing solely on teachers,
some on teachers and scientists, and others including teachers
and their students. Overall, it is challenging to make wvalid,
reliable, and generalizable claims about the impact of RETs on
teaching effectiveness.

The Collaborative Around Research Experiences for Teachers
(CARET), a group of representatives from over a dozen US
research programs, convened in 2017 to discuss approaches to
assess RETs and other research programs for students and
teachers. After reviewing 307 papers CARET developed a
research-based model for illustrating the relationship between
elements in a teacher's RET communities of practice, profes-
sional learning communities, and outcomes for teacher and
their students. RET's often bring teachers into the Community
of Practice (CoP) of scientists, giving them direct exposure to
scientists’ culture, environments, attitudes, methodologies, and
tools. This model highlights that impacts of RETs on teachers
should also result in observable changes in their students (Krim
et al. 2019). In response to the ideas presented in the CARET
model, we sought to include not only teacher data but also
student outcome data in our research. In addition, Krim et al.
identified a need for more research of RETs to be based on
explicit theoretical frameworks. Our research team identified
Third Generation Activity Theory (Engestrom 2015; Wade-
Jaimes, Cohen, and Calandra 2019) as an appropriate theory to
ground our work. During subsequent data analysis, our team
further refined this framework to inform the work presented
below.

1.2 | Description of RET Associated With This
Study

The RET investigated in this study, the STEM Teacher and
Researcher (STAR) Program, places prospective preservice and
early-career STEM teachers in paid summer STEM settings for
8-10-week research experiences (Table 1). Participants in the
STAR Program are hereafter referred to as STAR Fellows while
engaged in the formal program and as STAR alumni after
participation is completed. While not all of these STAR alumni
ultimately became teachers, those who did enter the classroom
are hereafter referred to as RET teachers.

Eligible applicants include: (a) students affiliated with one of
the 22 campuses within the California State University system
that organized the program; or (b) NSF Noyce Scholars from
campuses across the US (Richardson 2016). Described in more
detail in Supporting Information S1: Section S1, Noyce Scholars
are STEM majors who receive scholarship funding in exchange
for a commitment to teach in a US high need district after
graduation. For the purposes of this study, schools with at least
50% of students qualifying for free-or-reduced-price lunch have
been defined as high need. Approximately half of STAR alumni
fit into this latter Noyce category.

STAR Fellows can start as early as the summer before com-
pletion of the undergraduate degree and can return for up to
two additional summers at any time up until they complete
their second year as K-12 instructors of record. STAR research
placements have primarily involved partnerships with national
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TABLE 1 | Key elements of the STAR Program, the RET involved in this study.

RET Components

Description

Eligibility/Recruitment

Preservice candidates who have completed at least their third year of college but have

not yet become K-12 instructors of record, or in-service teachers who began the
program as preservice candidates but have not yet started their third year of teaching

as K-12 instructors of record.

Affiliated with a California State University campus and/or an NSF Robert Noyce

Selection/Placement

Teacher Scholarship Program.

Applicants submit applications with short answer questions about research and

teaching and one recommendation form submission.

Initial screening by STAR Program staff vetting for interest in K-12 teaching followed
by matching process heavily influenced by laboratory site and mentor input.

Location

Duration

Compensation

Summer research experience
components

Research placement at either national laboratory (NASA, NOAA, NSF, DOE, DOD,

USGS) or a university campus.

8-10 weeks during summer months.

Research stipend paid to participants to cover moving expenses and housing and to

provide summer pay.

Mentored research typically working with an individual mentor or research team,
often contributing to a predefined research project.

Commitment to work 40 h/week with 36 h/week conducting research and 4 h/week
participating in STEM Education Workshop sessions.

Participation in weekly STEM Education Workshop brings together cohorts of 4-12
other RET Fellows to provide support and explore topics around integration of

research experience into classroom practice.

Attendance at summative research conference.

Summer deliverables

Research poster or presentation given at summative research conference.

K-12 lesson plan/activity with some connection to STAR Fellow's research experience.

Alumni support

Participation in program evaluation.

Teacher professional development workshops offered during summers

following STAR.

Travel awards to present at professional research and/or teaching conferences.

Informal support from STAR Program staff and workshop leaders in searching for
teaching positions and during first years of teaching.

Note: Table highlighting key programmatic elements of the RET in this study.

laboratory facilities (Table 2) along with a small number of
placements with university research groups and nonprofit
research and development laboratories. In its 15-year existence
up through and including summer 2021, the STAR Program
had placed 590 individuals in 820 research placements.

STAR Fellows participate in a required weekly STEM Education
workshop in small cohorts of 4-12 Fellows. The STEM Educa-
tion workshops are led by K-12 master teachers or university
teacher educators who have extensive experience in both
research and teaching, as well as deep expertise in facilitating
adult learning. The focus of the STEM Education workshop is
twofold: (a) to help Fellows reflect on the everyday STEM
practices of researchers and research groups and interpret those
as concrete instantiations of nature of science (NOS) abstrac-
tions (e.g., Erduran 2017; Latour 1993; Lederman, Lederman,
and Antink 2013); and (b) to assist Fellows as they translate the
research experience into possible future classroom practice,
even for participants who may have not yet started a

postbaccalaureate teaching credential program (which is the
primary teacher preparation route in California, the state from
which most STAR Fellows are recruited). With regard to NOS,
workshop discussions centered around the differences between
observation and inference, the importance of human imagina-
tion and creativity in science, that science is practiced within
broader cultural contexts, and that scientific knowledge is often
subjective or theory-laden and never absolute (Lederman,
Lederman, and Antink 2013). In addition to completion of the
research experience, Fellows are required to produce two deli-
verables: a professional poster about their research project
(appropriately vetted by their research group or lab) and a les-
son (or lessons) that engages students in open-ended investi-
gations based on their summer research experience, which is
appropriate for the grade-band they will teach. In most cases,
Fellows also practice teaching by facilitating peer-peer dem-
onstration of these lessons. Finally, Fellows present their post-
ers in a research conference that brings all Fellows to one
location to celebrate a successful culmination of the program.
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TABLE 2 | Lab sites participating in RET program.

Lab site characterization

Lab site

Department of Defense (DOD)

Department of Energy (DOE)

National Aeronautics and Space Administration (NASA)

National Oceanic and Atmospheric Administration (NOAA)

National Science Foundation (NSF)

United States Geological Survey (USGS)

University Campus

Other Research Institutions

Air Force Research Laboratory
Lawrence Berkeley National Laboratory
Lawrence Livermore National Laboratory
National Renewable Energy Laboratory
Oak Ridge National Laboratory
Pacific Northwest National Laboratory
Sandia National Laboratory
SLAC National Accelerator Laboratory
Caltech/Jet Propulsion Laboratory
NASA Ames Research Center
NASA Armstrong Flight Research Center
NASA Goddard Space Flight Center
NOAA Earth Systems Research Laboratory
NOAA Southwest Fisheries Science Center
Laser Interferometer Gravitational-Wave Observatory (LIGO)
National Center for Atmospheric Research (NCAR)
National Ecological Observatory Network (NEON)
National Optical Astronomy Observatory (NOAO)
Channel Islands Field Station
California Polytechnic State University San Luis Obispo
Fresno State University
Sacramento State University
San Francisco State University
Biosphere 2
Estuary and Ocean Science Center
Monterey Bay Aquarium Research Institute
SETI Institute

Space Sciences Laboratory

Note: Table of partner organizations and laboratory sites where STAR Fellows were placed in summer research experiences between 2010-2016.

STAR staff also provide professional development opportunities
and support to alumni, including participation in professional
conferences and summer professional development workshops
on both STEM teaching and computer coding.

1.3 | Conceptual Framework

To address the call for research on RETs guided within more
explicitly-stated theoretical frameworks as suggested by Krim
et al. (2019), we further enhanced our theories of situated
learning/communities of practice with Third Generation
Activity Theory, as presented by and Wade-Jaimes, Cohen and
Calandra (2019). This model was chosen to address the fact that
both research experiences and teaching occur in complex set-
tings, and we were looking for a framework to attend to com-
plexity and interactions that occur both in and between these
settings.

Classrooms are complex habitats (Doyle 2013) where teachers
and students work together to navigate a myriad of decisions
that influence the course of any particular lesson, class session,
or school term. Teacher decision-making is based on three
practicality criteria: (a) ease of implementing an action;
(b) content and procedures of the change; and (c) whether the
change aligns with what they believe. Teachers both con-
sciously and subconsciously weigh the ease with which a pro-
posed action might be implemented, along with the congruence
and cost of proposed actions (Doyle and Ponder 1977; Janssen
et al. 2013). In terms of ease of implementation, teachers must
be explicitly taught both the content and the procedures of the
intended change. Simple statements of value—saying it would
be better to teach in a different way—are insufficient for
teachers to implement a change, even if they agree with the
value of that change. Teachers view actions as congruent when
the implementation and intended outcomes of the action match
the perceived needs and contextual variables of the teachers'
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classroom and school settings. The costs associated with a
practical action speak to teachers’ perceptions that the returns
on their investment of time, effort, and energy will be suffi-
ciently greater than the expenditures. Elements of the RET
program investigated in this study address these three practi-
cality criteria, and a Third Generation Activity Theory frame-
work serves as a useful tool to design and analyze an
investigation to address these criteria.

Activity occurs when a subject uses tools (e.g., experiences,
curriculum) to work on an object (e.g., skills, dispositions) to
achieve an outcome (Vygotsky 1978). These activities are the
source of human development and learning, inextricably situ-
ated in time and place, and informed by the history and culture
of the community in which the activity takes place
(Leont'ev 1978). The Third Generation Activity Theory adds
community as well as rules and division of labor to the activity
system. It also allows for the contribution of multiple activity
systems acting on the same object and acknowledges the ex-
istence of contradictions between constituents of each activity
system as well as between systems acting on a shared object
(Engestrom 2016).

In the combined activity system that we developed for this study
(Figure 1), a preservice or early career teacher (the subject) can
use the tools provided by the RET program to enhance their
own knowledge, skills, and dispositions in science and science
education (the object) toward the outcome of teaching with, and
engaging their future students in, authentic scientific research
tasks using the SEPs of the Framework for K-12 Science Edu-
cation (National Research Council 2012) and the NGSS (NGSS
Lead States 2013). RET Fellows engage in authentic research
tasks in laboratories and field settings. RET program mentors
and workshops explicitly connect these authentic research

experiences to classroom content, pedagogy, and specific
teaching practices, which addresses the instrumentality crite-
rion of teachers’ decisions to use the research content and those
practices in the future. By the end of an RET Fellow's experi-
ence, alumni should have the awareness of practices used by
professional scientists and engineers to conduct research, a
preliminary ability to use those practices to conduct research
themselves, the knowledge of why those practices should be
implemented in a K-12 science classroom, and an under-
standing of how to start implementing the practices in their
own classroom, supported by other experiences from their
credential program. Additionally, RET alumni may have dis-
positions toward the aforementioned. To develop that knowl-
edge and those skills and dispositions, the RET was designed in
such a way that the rules, community, and division of labor in
the RET program and the research settings in which the
RET alumni work facilitate this objective (Engestrom 2016).
Instructional changes that teachers have the skills to imple-
ment, and that align with teachers’ dispositions toward class-
room practice, are far more likely to be successfully
implemented and maintained over the long term (Doyle and
Ponder 1977; Janssen et al. 2013).

Within this activity theory model, teachers’ knowledge, skills,
and dispositions are also influenced by multiple other activity
systems. Most observable in this investigation is the school
activity system. Teachers' school activity systems may play a
larger role than the RET activity system in determining the
practicality of implementing changes to instructional practices.
Tools (e.g., supplies, equipment, physical classroom structures,
etc.) vary widely between schools, even within the same dis-
tricts, as do teaching practices and community values. As in-
formed by the RET activity system, alumni may have the
knowledge, skills, and dispositions necessary to implement

Secondary Outcome:
Student Attitudes, Beliefs,

Tools: Lab Experience, Knowledge
RET Workshops, Research Poster, ﬁ )
Educational deliverable Tools: Curricula, Pedagogy

Primary Outcome:
EPs/Research in Classroom

]

Subject:
Preservice/Early
Career Teacher

// R

/' Object: \ /

{  Knowledge |
/\ of research / \.

N P
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Student \‘
experience /
\\doing science //

Rules: Attendance, Community: Division of Labor:
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Rules: School/District
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Community: Division of Labor:
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Conceptual framework. Source: This figure demonstrates the conceptual framework for conducting research on RET programs

developed through this study. The framework is an extension of Third Generation Activity Theory. A shared object, primary outcome, and secondary
outcome are identified out of the combination of the RET activity system associated with the research experience and the teacher activity system

based upon the classroom, school, and district environment.
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authentic research activities as prescribed by the Framework
and NGSS; however, if those activities are not equally well-
supported (i.e., practical) within the school activity system, the
likelihood of their implementation is smaller.

This theoretical framework was further developed and chosen
over others because it helps account for contextual factors that
may change outcomes of the research experience or how
teachers implement what they had intended. Teachers often
leave their research experience with descriptions of how they
will implement that are not realized due to school and other
factors. This framework was chosen to help understand how
these many factors might impact implementation. The frame-
work acknowledges that the RET experience cannot lead to
student outcomes independent of the school activity system in
which early career teachers are interacting and growing as
educators. The research study looked for student outcomes
resulting from both activity systems and teacher interviews
were used to characterize elements of each activity system that
may have influenced those outcomes. The conceptual frame-
work also gave us a differentiated activity system through which
to compare teachers with research experience to those without
since we tried to match the school activity systems as closely as
possible.

1.4 | Evolution of, and Rational For, Third
Generation Activity Theory

Because our efforts centered around classroom implications of
engagement by RET teachers in a community of practice, our
original concept was to design our study using theories sur-
rounding Situated Learning and Communities of Practice (Lave
and Wenger 1991; Wenger 1998). We wanted to compare data
from the students of RET teachers with those of non-RET
teachers. Adding complexity, we were also interested in looking
separately at findings within subgroups, for example teachers
who had also been Noyce Scholars.

The premise was that bringing teachers into direct involvement
with authentic science research would not only familiarize
them with the culture and practices of scientists, but also infuse
them with the culture, tools, and methods of the science
research community. If this was successful, we also hoped that
participants would carry forward this mindset into their
instructional practice and become “brokers” able to make
connections across the community of schools with the com-
munity of scientific research (Wenger 1998). To assess whether
our goal had been achieved, we decided to examine the current
instructional practices of RET teachers and non-RET teachers.
Additionally, we sought to investigate how these practices may
or may not have impacted students' attitudes, thinking, en-
gagement, and ultimately academic achievement (as evidenced
by test scores). To achieve this, we decided to take a road not
typically navigated and sought to gather data directly from the
students of these teachers and additionally from the school
districts in which records of student achievement resided.

We first ran into challenges when realizing that each of these
school districts had their own system, policies, rules, and access.
This affected our research methods and the data we could

collect. This also meant that the rules, tools, and activity sys-
tems of these other cultures became a variable across our data
sets. Findings based on data from such a complex and wide
ranging study, which drew data from multiple activity systems,
raised additional questions, and we realized that we needed a
new way to look at these findings. Recognizing that we drew
data from multiple activity systems, we turned to Third Gen-
eration Activity Theory, which addresses the idea of the com-
plexities that arise when analyzing data from projects that
integrate two or more activity systems and the conflicts
that ultimately may arise from this (Engestrom 2015;
Engestrom 2016; Foot 2001; Wade-Jaimes, Cohen, and
Calandra 2019). During this reflective period we began to more
deeply understand how our findings were influenced by the
intersecting of activity systems. It was at this juncture, that we
began to create diagrams for our RET program that utilized
ideas and graphic representations from Third Generation
Activity Theory. As we refined Figure 1, we became more and
more convinced that this theory was a fit for our research
initiative.

1.5 | Purpose of the Study and Research
Questions

This study seeks to address some of the challenges outlined
above and extends the existing literature by investigating stu-
dent achievement and student and teacher perceptions using
more than self-report data and through inclusion of comparison
groups. Importantly, our focus is how experiences in an RET
transfer to outcomes in the classroom. While other investiga-
tions into, for example, teacher STEM identity, retention, and
self-efficacy (Krim et al. 2019; Sadler et al. 2010;
Avraamidou 2014) are also important in the field of under-
standing RET experiences, the emphasis of this investigation
was on student outcomes, based both on standardized student
achievement measures and through reported student percep-
tions of classroom interactions. As such, our research measures
focus specifically on teachers and students, and not on other
potential stakeholder groups such as the mentor scientists,
school administrators, and overall school culture. Specifically,
our study investigates the following research questions:

* RQI: Student Achievement—Compared with other teachers
at their schools and in their districts, are RET teachers more
effective at increasing student achievement, as measured by
state high stakes tests in science and mathematics, partic-
ularly in high need settings?

e RQ2: Classroom Outcomes: Student and Teacher
Perspectives—Comparing RET and non-RET classrooms,
what are differences in teacher classroom descriptions and
student perceptions around STEM classroom practices,
engagement, persistence in STEM course tasks, STEM
career awareness, and the value of learning STEM subjects?

The study compares both classroom characteristics and impacts
for the students of RET teachers with non-RET comparison
group teachers and students. For the purposes of this study,
participants were drawn from a pool of STAR alumni who
participated in the program from 2010-2016 and are hereafter
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referred to as RET teachers. Teachers included in the compari-
son group for this study are referred to as non-RET teachers.

1.6 | Positionality of Authors

The research team is made up of professional scientists, teacher
educators, and professional education researchers. Some in-
dividuals on the research team (Donnelly-Hermosillo, Horvath,
Keller, Sessoms, and Vokos) participated in implementing the
RET studied here, as well as other research experiences for
teachers, and thus have positive expectations for these types of
experiences. Another (Buxner) has served as an external eva-
luator for the program and other RET programs, for almost a
decade. The remaining authors, who designed the study of
student achievement and student outcomes and analyzed stu-
dent data, are independent of the RET program development
and implementation; these authors also brought analytic fra-
meworks around STEM education more broadly.

Additionally, the positionality of the team is towards the value
of science in society. While some of the team members were
educators and clinical practitioners, other members are meth-
odologists and education researchers. Members of the research
team are from the US as well as other countries and bring a
diversity of experiences and perspectives. Several of the authors
are active researchers who publish on topics of social justice,
diversity, equity, or inclusion; others are faculty active in and
contributing to programs at their institutions around these
areas as well. Through its support of Noyce Scholars who
commiit to teaching in high need schools, the RET in this study
has been committed to supporting teachers and students in high
need school districts, and currently also supports teacher can-
didates through partnerships with Minority Serving Institutions
(MSIs) across the country. An important reason for conducting
the study was to learn more about best practices in supporting
students with emphasis on districts that have fewer resources.

2 | Methods

To address the research questions above, we collected and
analyzed four distinct data sources. For RQ1, this included
student achievement data from RET teachers and comparison
non-RET teachers, utilizing district data from select districts
that agreed to participate in this study, hereafter referred to as
partner districts. For RQ2 on classroom outcomes, we collected
and analyzed: (a) surveys of students of select RET teachers and
matched comparison non-RET teachers; (b) interviews with
select RET teachers and matched comparison non-RET teach-
ers; and (c) a written teacher survey.

Figure 2 below highlights the number of RET and non-RET
teachers involved across the study. The top row shows the data
sources collected for a total of 12 RET teachers. Data was col-
lected from five teachers across both research questions—student
achievement data (RQ1) along with student surveys, teacher in-
terviews, and teacher surveys (RQ2). Three additional teachers
provided student surveys and teacher interviews, but we were
not able to obtain student achievement data from their districts.

Finally, student achievement data was collected from four RET
teachers who did not participate in the classroom outcomes
study. Student achievement data for the nine RET teachers were
compared to student achievement data from a large number of
non-RET teachers in the participating five districts. The specific
number of non-RET teachers is unknown because data provided
by partner districts was specific to students and did not contain
teacher-level data. Meanwhile, classroom outcomes study data
(student surveys and teacher interviews) for the eight RET
teachers was compared to eight matched non-RET comparison
teachers in their schools or districts.

With regard to the timing of data collection, student achieve-
ment data (RQ1) was obtained through collaboration with each
partner district between Spring 2019 and Summer 2020. For
RQ2, students completed surveys at the beginning of the Fall
2018 semester and again at the end of Spring 2019, and teacher
phone interviews were conducted during Summer and Fall 2018
and Spring 2019, with interviewees also completing written
surveys during Winter and Spring 2018 or during Spring 2019.

2.1 | Research Question 1: Student Achievement
on High-Stakes State Tests

2.1.1 | Measures of Student Achievement

To answer RQ1, we employed a quasi-experimental, matching
design to examine the effect of RET teachers on student
achievement. This included students from nine RET teachers in
comparison with matched students taught by non-RET teachers
in the same districts (Figure 2). We examined student achieve-
ment in high school using the California Assessment of Student
Performance and Progress System. Specifically, we used the
Smarter Balanced Assessment System for math achievement and
the California Science Test (CAST) for science achievement.

While the research team initially debated the usefulness of stan-
dardized assessments for measuring potentially subtle effects
more strongly coupled with the RET intervention, the scope of the
project did not allow for creation and validation of a customized
student achievement instrument. Also, given access to student
scores through our district partnerships, the use of standardized
assessments was viewed as an important first step in the research,
as any measurable results would have stronger policy impacts
than findings obtained from a customized instrument.

2.1.2 | Sample for Student Achievement

The initial student sample included 1632 students (569 students
taught by nine RET teachers and 1063 students taught by non-
RET teachers)' from five districts who had available achieve-
ment scores in Grade 11 in 2018-2019. Note that, while here-
after we refer to these students as RET students and non-RET
students, it was the teachers of these students who either did or
did not participate in an RET experience rather than the stu-
dents themselves. Although the RET program in this study
trains teachers in both science and math, the sample of student
achievement data for RET teachers that was received from

8 of 27

Science Education, 2024

9SUAIIT suOWWo)) dANea1) s[qeordde oy £q paUIIAOS oI SIANIE V() 2SN JO SI[NI 10J A1RIQIT SUI[UQ AJ[IA\ UO (SUONIPUOD-PUB-SULIY)/WOD K[ IM " AIRIqI[ouluo//:sd)y) SuONIpuo)) pue sula I, ) 23S *[S707/H0/60] U0 A1eiqr auruQ Ao[IAy “A1eIqr Apauusy] ATuf) 2)el§ AMUyoaIK[04 BIuIojie) Aq 97617 995/2001 01/10p/wod Ka1m"A1eIqrjaurjuo//:sdny woly papeojumo( ‘0 XL£78601



RQ! RQI & RQ2 RQ2
RET Achievement Data Achievement Data, Student Surveys &
Only Student Surveys, & Teacher Interviews
teachers n=4 Teacher Interviews / Surveys
/ Surveys n=3
n=5
RQ1 Sample RQ2 Sample
n=9 RET n=8 RET
n = many non-RET n= 8 non-RET
RQI RQ2
Comparison Achievement Data Student Surveys &
non-RET n=many" Teacher Interviews
teachers / Sﬁr:‘g’ys

FIGURE 2 | Summary of RET and non-RET participants. Source: This figure presents the data associated with the 12 RET teachers who
participated in the study. Data from five of the participants were used for both research questions. For research question 1, student achievement data
was analyzed for nine RET teacher in comparison with students from multiple teachers in the same school and district. For RQ2, eight RET and eight
non-RET teachers participated. The gray boxes in the middle show totals of RET and non-RET participants input from the top and bottom rows of the
figure. "The number of comparison teachers was not specified within district level data.

TABLE 3 | Number of students in the analysis of achievement data for RET teachers.

District RET Teacher (n = 9) Total number of students included in analysis
District 1 RET teacher (full study) 36
RET teacher (RQ1 only) 66
District 2 RET teacher (full study) 112
RET teacher (RQ1 only) 120
RET teacher (RQ1 only) 129
District 3 RET teacher (full study) 7
District 4 RET teacher (full study) 64
RET teacher (RQ1 only) 65
District 5 RET teacher (full study) 51

Note: Table showing number of students included in analysis of student achievement data broken down by participating district and whether their RET teacher was
included in the full study (RQ1 and RQ2) or was included only in the student achievement study (RQ1 only) as highlighted in Figure 2.

partner districts included only science teachers. For the grade
levels requested (see below), no student achievement data for
our selected RET participants who taught math was provided.
Thus, our analyses for RQ1 are limited to students in science
classrooms. We focused specifically on Grade 11 scores in
coordination with Grade 8 baseline scores because these are the
grade levels in which students complete statewide assessments
in the state involved in this study. We analyzed grade-level data
for these students throughout their high school career, noting in
which years and grades they were taught by RET teachers
(2016-17: Grade 9, 2017-18: Grade 10, or 2018-2019: Grade 11),
if any. Student achievement data was collected for students
enrolled in the following subjects: physics, technology, biology,
chemistry, and earth science.

We used propensity scores matching to identify non-RET stu-
dents who were similar to RET students to serve as the com-
parison group.> Within each of the five participating districts,
we employed matching models that included students' prior
achievement, background characteristics, and percentage of
students eligible for free-or-reduced-price lunch at the school
level.® Prior achievement was measured using students’ Grade 8
assessments, the previous grade level that students completed
the state assessments.” Background characteristics included
race/ethnicity, gender, special education status, and English
learner status. Matching was conducted separately for each
district and outcome subject (science and math). For each of the
nine RET teachers included in RQ1, Table 3 provides the
number of students included in the analysis by district.

9 of 27

9SUAIIT suOWWo)) dANea1) s[qeordde oy £q paUIIAOS oI SIANIE V() 2SN JO SI[NI 10J A1RIQIT SUI[UQ AJ[IA\ UO (SUONIPUOD-PUB-SULIY)/WOD K[ IM " AIRIqI[ouluo//:sd)y) SuONIpuo)) pue sula I, ) 23S *[S707/H0/60] U0 A1eiqr auruQ Ao[IAy “A1eIqr Apauusy] ATuf) 2)el§ AMUyoaIK[04 BIuIojie) Aq 97617 995/2001 01/10p/wod Ka1m"A1eIqrjaurjuo//:sdny woly papeojumo( ‘0 XL£78601



TABLE 4 | Student achievement sample characteristics.

Student characteristic Students of RET Fellows Matched comparison Total

Science achievement
Female 50.1% 52.0% 51.1%
Nonwhite 88.2% 87.2% 87.7%
Special education 1.0% 1.7% 1.3%
English learners 1.7% 2.9% 2.3%
Average eighth grade score 0.86 0.67 0.76
Number of students 415 415 830
Number of schools 4 17 17
Number of districts 3 3 3

Math achievement
Female 50.2% 50.2% 50.2%
Nonwhite 79.4% 79.0% 79.2%
Special education 5.2% 6.5% 5.8%
English learners 3.8% 4.7% 4.2%
Average eighth grade score 0.59 0.51 0.55
Number of students 558 558 1116
Number of schools 8 27 30
Number of districts 5 5 5

Note: Table comparing demographic data and characteristics resulting from matched comparison efforts associated with student achievement data. For students of RET
teachers the number of schools represents the number of schools attended during the year they were taught by a RET teacher. For the matched comparison group, the
number of schools represents the number of schools attended in 2018-2019, the postintervention outcome year.

The matching process resulted in two samples, one for each out-
come subject (science and math). The matched science achieve-
ment sample included 415 RET students and 415 non-RET
students across 17 schools and three districts. The matched math
achievement sample included 558 RET students and 558 non-RET
students across 30 schools and five districts. No duplicate match-
ing of comparison students occurred; rather, each RET student
was matched with a unique non-RET student for the outcome
subject specific outcome tests. Across both samples, about half of
the students were female, most of the students were nonwhite,
and very few students were English language learners or had
special needs. Table 4 presents the percentages and sample sizes
by condition (i.e., RET or non-RET).

2.1.3 | Analyses of Student Achievement

To answer RQ1, using the matched samples of RET and non-
RET students, we conducted regression analyses to estimate the
relationship between being taught by an RET teacher and stu-
dent achievement. We conducted analyses separately for each
district and outcome subject (math and science) using the fol-
lowing multilevel model to account for the nested structure of
the data (Raudenbush and Bryk 2002):

Y = B, + B, RET; + B,RET19; + B,RET18; + 8, RET17
+ Xis + FRPLg + vs + e

where Y is the outcome measure (i.e., Grade 11 math or science
state assessment score) for student i nested within school s;

RET17, RET18;,, and RET19; are a set of indicators for whether
a student was taught by a RET alumnus in 2016-2017,
2017-2018, or 2018-2019, respectively;5 X, is a set of student-
level characteristics (i.e., Grade 8 achievement score,® race,
gender, special education status, and English learner status);
and FRPL; is the percentage of students eligible for free-or-
reduced-price lunch at the school level. Random effects are
included to account for the residual effects of each school (vy)
and student (e;). The main parameter of interest is §;, which
represents the effect of RET teachers on student achievement
outcomes. We then pooled the estimated effects across the five
districts, separately by outcome subject, using meta-analysis.’

2.1.3.1 | Baseline Equivalence. The matching process
yielded adequate balance between RET and non-RET samples
on student characteristics and prior achievement. “Adequate
balance” is defined as obtaining a standardized mean difference
of 0.25 standard deviation units or below (US Department of
Education, Institute of Education Sciences, National Center for
Education Evaluation and Regional Assistance 2017) on the
variables included in both the matching and regression analy-
ses, particularly those related to prior achievement. Standard-
ized mean differences ranged from —0.04 to 0.19 for prior
student achievement.

2.1.3.2 | Additional Analyses. We conducted supple-
mental analyses to examine whether the effect of RET teachers
on student achievement differs for students in high need set-
tings, defined as schools with more than 50% of their students
eligible for free-or-reduced-price lunch. Of the five districts in
our sample, two districts included all high need schools
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(Districts 4 and 5), two districts included all nonhigh need
schools (Districts 1 and 3), and for one district (District 2), we
were unable to merge in school-level free-or-reduced-price
lunch percentages due to de-identification of school level data.
To determine whether the effects of RET teachers on student
achievement differed by high need status, we used meta-
analysis to pool the estimated effects across the districts, sepa-
rately for the two high need districts and for the two nonhigh
need districts.

2.2 | Research Question 2: Classroom
Outcomes—Student and Teacher Perspectives

To answer RQ2, we employed a quasi-experimental, matching
design to examine the effect of a select group of RET teachers
on student attitudes and beliefs, and we also included teacher
interviews to characterize related teacher perceptions. Class-
rooms and teachers were chosen using a purposive sampling
method where it was assumed that those chosen would be
representative of the entire sample. The RET teachers who were
chosen were associated with four California State University
campuses that generated the most RET alumni through the
program under study and, therefore, the largest potential
number of RET teachers who could take part in the classroom
outcomes study. Each campus PI was asked to identify school
districts that employed RET teachers, and contact those districts
that (a) employed larger numbers of RET teachers; and (b) were
the most likely to approve the project and collaborate with the
project team (based on prior collaborative history with these
districts).

Once permission was given by districts, the PIs contacted RET
teachers teaching in those districts to ascertain interest in par-
ticipating in the study. After generating a pool of interested RET
teachers, comparison teachers were also identified based on the
following criteria (in order of importance): subject taught
(mathematics teachers were matched with mathematics teach-
ers; science teachers, of any science discipline, were matched
with other science teachers), grade level taught (11-12th grade
teachers were generally matched with 11-12th grade teachers
and 9th or 10th grade teachers were matched with 9th or 10th
grade teachers), and years of experience (early career teachers
were matched with other early career teachers). See Table 5
below for more details of matching information for teachers in
the classroom outcomes study.

All teachers involved in this classroom outcomes study com-
pleted a teacher survey. The survey asked both RET and non-
RET teachers about their classroom practices and how they
taught about STEM careers, factors associated with decisions
regarding staying or leaving the teaching profession, the type of
research experiences in which they had participated (including
the RET program involved in this study), perceptions of stu-
dents' STEM learning, and views of the school environment.
Survey analysis included descriptive statistics comparing RET
and non-RET comparison teachers.

For each study pair, we also collected surveys of students taught
by these teachers and conducted phone interviews with the
teachers involved. As described in more detail below, we

compared student survey results from a group of students
taught by eight RET teachers during the 2018-2019 school year
(i.e., RET students) to a group of students taught by eight
comparison teachers (i.e., non-RET students) in the same year.
Students were matched using baseline survey measures and
demographics. This kind of matching ensures that we compare
students who are as similar as possible across observable
characteristics. Also described below, phone interviews with
these outcomes study teachers were used to further characterize
elements of the RET and school activity systems that may be
impacting student outcomes.

2.2.1 | Measures of Student Perceptions

Guided by recommendation from the CARET literature
review (Krim et al. 2019), we developed a survey to measure
students’ perceptions of five constructs: frequency of STEM
classroom practices, student engagement, student persistence
in STEM course tasks, STEM career awareness, and percep-
tion of the value of learning STEM subjects. These constructs
are within the domain of social-emotional outcomes defined
within the What Works Clearinghouse (WWC) framework
(US Department of Education, Institute of Education Sci-
ences, National Center for Education Evaluation and Regional
Assistance 2017). More specifically, four of the constructs
(student engagement, student persistence in STEM course
tasks, STEM career awareness, and perception of the value of
learning STEM subjects) fall under Intrapersonal Competen-
cies, defined as “Mental health indicators that are primarily
focused inward and reflect a student's emotional status and
psychological well-being, and that include internalizing
behaviors and both negative and positive feelings.” (US
Department of Education, Institute of Education Sci-
ences 2021, p. 6) The above constructs represent specific
primary and secondary outcomes in our revised Third Gen-
eration Activity Theory framework.

The student survey was based on existing and validated scales
(Hayes et al. 2016; TIMMS 2007 Assessment Frame-
works 2007; Friday Institute for Educational Innovation 2012;
University of Chicago 2017) that were modified with per-
mission from the respective authors. Modifications were made
to the survey items to more closely align to the RET program.
Each construct scaled score was created by combining related
survey items using the Rasch rating scale model (Wright and
Masters 1982) in Winsteps (Linacre 2015). As part of the
scaling process, we conducted psychometric analyses to assess
the survey constructs for item fit and internal consistency
(i.e., whether all items hold together well and measure the
same construct). We also conducted a principal component
analysis to examine multidimensionality (i.e., whether a set of
items grouped under a single construct measures two or more
concepts instead of one). Rasch reliability, a type of reliability
that accounts for the range of item difficulty and the sample
size, ranged from 0.68 to 0.80 and Cronbach's alpha, which is
a measure of the extent to which the items assess the same
construct, ranged from 0.74 to 0.86 across the five constructs.
See Supporting Information S1: Section S2 for further psy-
chometric information by construct and for the crosswalk of
individual survey items to constructs.®

11 of 27

9SUAIIT suOWWo)) dANea1) s[qeordde oy £q paUIIAOS oI SIANIE V() 2SN JO SI[NI 10J A1RIQIT SUI[UQ AJ[IA\ UO (SUONIPUOD-PUB-SULIY)/WOD K[ IM " AIRIqI[ouluo//:sd)y) SuONIpuo)) pue sula I, ) 23S *[S707/H0/60] U0 A1eiqr auruQ Ao[IAy “A1eIqr Apauusy] ATuf) 2)el§ AMUyoaIK[04 BIuIojie) Aq 97617 995/2001 01/10p/wod Ka1m"A1eIqrjaurjuo//:sdny woly papeojumo( ‘0 XL£78601



1098237x, 0, Downloaded from https://onlinelibrary.wiley.com/doi/10.1002/sce.21926 by California Polytechnic State Univ Kennedy Library, Wiley Online Library on [09/04/2025]. See the Terms and Conditions (https://onlinelibrary.wiley.com/terms-and-conditions) on Wiley Online Library for rules of use; OA articles are governed by the applicable Creative Commons License

“youny 9911d-paonpai 1o 921y 10§ payIfenb S)UIPNIS JO %0S 1SLI] J& JI PdU-YSIY SE PAULP SI [00YDS V, JOLISIP JUSIAHIP € UT S[OAS] dpeiS Ie[iuuls a10w JySne) oym Iayoed) e yoed udisse 0} sired JOLISIP-UNIM ) Jo
auo J11ds am ‘193280) S19ydea) 0M) 3say) Surired uey) I9YJEY SIUIPNIS JO S[AAJ] SpeIS JuaIdIp JYSne) Ing SHILISIP I1Y} JO SIANRIUASAIADI J[0S Y} 1M SISYIES) OM, “S)IOLIISIP JUIJFIP WOIJ SIAYL) UdMIaq o1 siared 19yoea) Jydie ayy
JO OM, "SISA[RUR UI POPN[OUL STUSPIIS JO SIAqUINU SIUISIIAI APTIS 3Y} UT STUSPNIS JO JOGUINU {PILIAINS OS[E 210/ SISYIL3) 9SIY} JO STUSPNIS 1Xd} UL PAHIOSIP SV 'SIOYOES)} LAY-UOU 10§ dN[q PUE $18Yoea} LAY 10§ Mo[aA Sursn payySiusiy
AIe PAIIP SNILIS KON Y} YoIym Ul sased udaig ur payySiySiy are snjeys 20KoN swres ay3 pey Jred € Ul SISYIES) Yj0q dI9UMm sased ‘G iy ur Suriojoo ym judisisuo) ‘sired 1oyoesd) Apnys ases ur syuedonied jo joysdeus 910N

Ly jousewr WHLS Sox saX +01 = qTeIN

00T orqnd [euonIpei], S9X SoX 6-L 4 JLARENEN |

4 onqnd reuonipery, ON ON 6-L — LM

61 joudew WHLS SOA SOk 6-L 1 LHUSDUIA

1 Gurures] paseq-109[oig ON ON 9 — Apuap

ST urures] paseq-109[oig ON S9x 9—¥ 1 Pyoey

€T o1qnd [euonIpei], SOK SOX 9% — S9oURI]

62 191reyd daxd 9891100 SOX SaX 9—¥ 1 (N

11 onqnd feuoniper, ON ON 9-¥ — TewQ

62 o1qnd [euonIpei], ON S9x 6-L 4 BI[QD

€9 orqnd [euonIpely, ON ON 6-L = CiCT)

1C1 orqnd [euonIpely, ON ON 6-L 1 e

€T o1qnd [euonIpel], SOX S9X 9 — OIATIS

v orqnd [euonipely, S9X ON 6-L 1 p el

$1 Sururesy paseq-jo9foig ON ON -1 — eINne]

8T Sururesy paseq-josfoig ON Sox -1 4 UBIISLqas
(payorewn) adAy 1ooyos Jjooyos 040N oudLIadXd LAY Jo s1edx (wAuopnasqg)
Apnjs ur sjuUaIpnIs Jo IdqUINN paau-ySig Suryoea) jo sreax I9yoea],

‘syuedronted 19yoes) Apnis

se) | SHIAVL

Science Education, 2024

12 of 27



We administered two versions of the student survey. The pre-
survey was administered at the start of the 2018-2019
school year and served as the baseline of student perceptions.
On the presurvey, students were asked to respond to prompts
based upon reflections of interactions in prior math or science
classes. The postsurvey was administered in Spring 2019 to-
wards the end of the academic year, and students were asked to
reflect upon interactions in the science or math class in which
they were currently enrolled. Student participation in the study
was completely voluntary and students did not receive any
monetary or other compensation for participation. The study
team followed district guidelines regarding parent consent.

2.2.2 | Sample for Student Perceptions

The initial student sample’ contained 405 RET students taught
by eight RET teachers and 412 non-RET students taught by
eight non-RET teachers during the 2018-2019 school year, with
an overall student survey response rate of 63% (67% for RET
students and 60% for non-RET students).'® We used a two-step
approach to identify non-RET students who were similar to
RET students to serve as the comparison group. First, we
identified teacher pairs within districts to account for any
district-level variation between RET teachers and non-RET
teachers. Teacher pairs were selected based on subject taught,
grade level taught, and years of experience, and made within
schools if possible; if not, then within the same district. Five
teacher pairs were within the same school; one pair was across
two schools within the same district, and two pairs were across
two school districts.

Second, we used propensity score matching to select one RET
student to one non-RET student based on the closest propensity
score (i.e., the comparison student with the closest propensity to
being similar to students in RET teachers’ classrooms) within
these teacher pairs.'! We conducted matching with replace-
ment, allowing for non-RET students to be matched to multiple
RET students. To account for this multiplicity (i.e., repeated use
of non-RET students where the students are included in the
data multiple times), non-RET students who were matched to
more than one RET student were given less weight in the
analytic model (see, e.g., Hill and Reiter 2006). The matching
process identified a group of non-RET students who were most
similar to RET students based on baseline scores for the out-
come measures on the presurvey and background character-
istics, specifically race/ethnicity, gender, student plans for
highest educational attainment, and class subject (math or
science). From the initial sample of non-RET students, half of
non-RET students were removed because they did not achieve
sufficient baseline (see subsequent section Baseline Equivalence
for details).

The matched sample included 392 RET students taught by eight
RET teachers and 184 non-RET students taught by eight non-
RET teachers in grades 9-12. Of the sample, about half of the
students were female, around two-thirds of the students were
nonwhite, and most students anticipated attending a 4-year
college or university or graduate school. Table 6 shows the
percentages by condition (i.e., RET or non-RET), along with
sample sizes.

2.23 | Analysis and Regression Models for Student
Perceptions

Using the matched sample of RET and non-RET students, we
conducted weighted linear regression analyses to estimate the
relationship between a teacher's RET status and students’ per-
ceptions on the survey at the end of the school year (i.e., Spring
2019). We conducted analyses separately for each of the five
constructs. We estimated the relationship between teacher RET
status and student construct scores using the following model:

Y = B, + By RET + B,Pre; + X;; + Pair; + ¢

where Y} is the Spring 2019, postsurvey standardized scale score
for the construct of interest for student i nested within teacher
pair j; RET; is an indicator of whether a student was taught by
an RET alumnus in the 2018-2019 school year; Pre;; is the Fall
2018 survey scale score for the construct of interest; Xj; repre-
sents a set of student-level characteristics (i.e., gender, race/
ethnicity, grade level, highest educational attainment antici-
pated, an indicator of having been taught by the same teacher in
the prior year, and class subject); Pair; is a teacher pair fixed
effect to ensure students are only compared within the previ-
ously identified and matched teacher pairs; and e; is the residual
effect for each student. Weights were included to account for
the repeated use of non-RET students (see Sample for Student
Perceptions section above).

2.2.3.1 | Baseline Equivalence. We achieved adequate
balance (as described previously) between the matched RET
and non-RET samples on student race/ethnicity and on the Fall
2018 scale scores for the five social-emotional outcome con-
structs. Baseline equivalence is important because it shows that
the two groups of students (RET and non-RET) are similar
across student demographic information and baseline survey
scale measures, which gauge their perceptions from the prior
school year (i.e., before having the study teacher). Standardized
mean differences ranged from —0.10 to 0.09 (see Supporting
Information S1: Section S3 for more information).

2.2.3.2 | Additional Analyses. To gain a more nuanced
view of how student perceptions may vary by their grade level,
as well as by their eligibility for free-or-reduced-price lunch or
the Noyce/non-Noyce status of their teachers, we conducted
two additional analyses. First, we ran the main model with the
addition of an interaction term for RET status and grade level so
we could examine whether there were any differential effects
based on grade level. Second, we conducted subgroup analyses
based on two factors, school high need status and teacher Noyce
Scholar status, to examine whether we could detect differences
between RET students and non-RET students, within these
groups (e.g., RET Noyce students vs. non-RET Noyce students).
We focused on school high need status (with a school defined as
high need if at least 50% of students qualified for free-or-
reduced-price lunch) because of the Noyce program's focus on
enhancing the number and preparation of teachers in high need
areas. We also examined findings by teacher Noyce Scholar
status because the Noyce program, similar to the RET program,
provides participants with professional development opportu-
nities aimed at improving instruction. Thus, with the Noyce
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TABLE 6 | Student survey sample characteristics.

Student characteristics Students of RET teachers Matched comparison Total
Female 50.5% 52.6% 51.2%
Nonwhite 64.0% 67.9% 65.3%
Taught by teacher previously 13.5% 8.7% 12.0%
Subject
Math 7.4% 7.4% 7.4%
STEM 6.4% 0.0% 4.3%
Science 86.2% 92.6% 88.3%
Grade
9 49.2% 8.7% 36.3%
10 11.5% 42.6% 21.4%
11 16.6% 28.8% 20.5%
12 22.7% 19.9% 21.8%
Highest education
High school or less 5.9% 5.1% 5.6%
Career/technical school or 2-year community college 6.6% 3.8% 5.7%
4-year college or university 46.7% 50.5% 47.9%
Graduate school: MD/PhD/MA/MBA 39.3% 38.3% 39.0%
Number of students 392 184 576
Number of teachers 8 8 16
Number of schools 7 6 8

Note: Table comparing demographic data and characteristics resulting from matched comparison efforts associated with student survey data.

subgroup, we aimed to further isolate the possible impact of the
RET program. We ran separate regression models for each of
the five constructs, and the models for school high need status
and teacher Noyce Scholar status were identical to the main
model; however, we removed the teacher pair fixed effect since
teacher pairs may not be intact in the subgroups (e.g., within a
teacher pair, the RET teacher may be a Noyce Scholar while the
comparison teacher is not) and restricted the sample for these
models to each specific subgroup of students. Subsetting stu-
dents to a small sample (e.g., examining responses of students
in a high need school) allows us to understand how responses of
students of RET and non-RET teachers may change under dif-
ferent circumstances and whether there are any meaningful
trends within a particular subgroup.

2.24 | Measures for Teacher Perceptions

Individual semi-structured phone interviews were conducted
with seven of the RET teachers (one teacher opted to not par-
ticipate in an interview) and eight of the comparison non-RET
teachers who had their students complete a student survey
during the 2018-2019 school year. The interview protocol was
developed based on the results of a previous study of RET
teachers (Buxner 2011) and refined based on the results of the
teacher survey. The prior interviews of RET teachers, supported
by HHMI and the Noyce Foundation, were a pilot of the inter-
views used in this study that investigated how teachers talked
about their own research experiences and how those knowledge,

skills, and ideas were implemented in their classrooms and the
barriers that they faced in doing so. The presence of contextual
factors helped frame the interview protocol of this study. The full
protocol can be found in Supporting Information S1: Section S4.
Teachers were asked about their teaching philosophy, the RET
program involved in this study and/or other research or industry
experience, how they taught students about STEM careers,
leadership roles they had in their schools and districts, and their
classroom practices. Interviews lasted from 30 min to 80 min in
length and were on average 45min long. All interviews were
audio-recorded and transcribed for analysis.

2.2.5 | Analyses of Teacher Perceptions

The interview team meeting after each interview was conducted
for reflection on participant responses and on questions being
asked. Analysis of interviews began with code development and
revision. The first round included three members of the
research team coding five of the teacher transcripts using
Dedoose®. Initial codes were derived from previous RET
teachers' responses to an open-ended survey about how their
classroom practices were informed by research experiences
(Buxner 2011). The coding team met once a week while coding
transcripts to discuss new codes and negotiate codes based on
transcripts. The inter-rater reliability (IRR) was established by
extracting relevant coded passages and having coders blindly
code with the codebook so that each researcher coded the five
interviews with the final codes (Salmona, Lieber, and
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Kaczynski 2020). The overall resulting Cohen's kappa (k) was
0.85, with over 0.8 showing strong agreement in coding
(McHugh 2012). Subsequently, the rest of the teachers' tran-
scripts were coded by one member of the research team. Two
members of the original research team (one who coded all
responses and their research advisor) met weekly to review all
transcripts and final coding together. An additional round of
analysis was conducted with a fourth member of the research
team to corroborate themes and findings. Examples of relevant
codes can be found in Supporting Information S1: Section S5.

3 | Findings
3.1 | RQ1: Findings for Student Achievement

Overall, students being taught by an RET teacher in high school
science courses did not lead to improved or decreased outcomes
in science or math achievement, compared to outcomes for
students taught by a matched comparison non-RET science
teacher. Further discussion of this lack of signal in student
achievement is provided in the Discussion section below.

3.1.1 | Results by District

The results generally did not differ by district. No significant
achievement differences were found for science or math

achievement between districts. As seen in Figure 3, all confi-
dence intervals for science and math include zero.

3.1.2 | Results by High Need Status

We also combined results by high need status by pooling the
estimated effects using meta-analysis, separately, for high need
districts (Districts 4 and 5) and nonhigh need districts (Districts
1 and 3). Districts with high need schools and districts with
nonhigh need schools did not differ on any student achieve-
ment outcomes. The results were not significant for either
group across the subjects measured.

3.2 | RQ2: Perceptions About Classrooms
3.21 | Findings for Student Perceptions

Overall, based on the five constructs within the student survey,
having an RET teacher was associated with more positive stu-
dent survey outcomes compared with the non-RET group on
three of the five student constructs: STEM career awareness
(0.220 standard deviations), value of learning STEM subjects
(0.199 standard deviations), and student persistence in STEM
course tasks (0.291 standard deviations). Meanwhile, there was
no overall statistically significant difference for student

Science
District 2 —_— -0.04[-0.37, 0.29)
District 3 -0.37 [-1.60, 0.85]
District 4 — -0.14[-0.40, 0.13]
Combined — -0.11[-0.31, 0.10]
| | | | I | I |
2 15 -1 05 05 1 15 2
Mean Effect
Math
District 1 0.12[-0.96, 1.20]
District 2 —_— -0.09 [-0.36, 0.18]
District 3 -0.47 [-1.36, 0.43]
District 4 —— 0.04 [-0.18, 0.26]
District 5 -0.28[-0.91, 0.34]
Combined —. -0.04[:0.20, 0.12]
[ I I I I I I 1
2 1.5 -1 05 05 1 15 2
Mean Effect
FIGURE 3 | Estimated impact of RET teachers on student achievement by district. Source: This figure presents the mean impact estimates for

each district (or combined across districts), represented by the square in the middle of each line. Larger squares represent more precise estimates (i.e.,

inverse of the standard error), which also come from larger sample sizes. The value is also presented on the right-hand side of the plot. Mean effects

are nonsignificant if the confidence interval, represented by the edges of the lines or the values in parentheses, includes zero; and significant if the

confidence interval does not include zero.
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TABLE 7 | Student survey results.

Perception of value Student

Classroom Student STEM career of learning STEM persistence in

practices engagement awareness subjects STEM course tasks
Variable Coeff. SE Coeff. SE Coeff. SE Coeff. SE Coeff. SE
RET —0.204 0.140 0.147 0.096 0.220%* 0.094 0.199* 0.094 0.291** 0.089
Observations 576 576 574 573 574

Note: Results from linear regression analyses of student survey data. Each column represents a separate regression. Coefficients are in standard deviation units. Student
covariates are the baseline survey score, race/ethnicity, gender, subject, grade, perceived educational attainment, teacher pair, and dosage. Coefficients are statistically

significant at the *5%, and **1% levels.

responses by treatment on classroom practices and student
engagement. Table 7 summarizes these findings.

3.2.1.1 | Student Survey Findings by Grade Level. We
conducted grade-level analyses with the full sample of students,
interacting the continuous variable grade with RET status to
examine whether student perceptions differ by grade level. Only
one construct, the perception of the frequency of STEM class-
room practices, is significant and positive (0.284 standard
deviations; see Supporting Information S1: Section S6 for sta-
tistics for all constructs). Specifically, RET students in higher
grades report higher frequency of classroom practices, while the
reverse is true in lower grades where RET students report lower
frequency of classroom practices than students of comparison
teachers (Figure 4). Of the remaining constructs, general trends
showing higher z-scores at upper grade levels amongst students
of RET teachers are noted, though only grade-level variations in
classroom practices were statistically significant.

3.2.1.2 | Student Survey Findings by School Type and
Noyce Teacher Status. We also conducted subgroup analy-
ses by restricting the sample to four subgroups of interest:
students in high need schools (seven teachers), students in
nonhigh need schools (nine teachers), students taught by Noyce
teachers (nine teachers), students taught by non-Noyce teachers
(seven teachers). We then examined whether differences exist
between RET students and comparison students, within each
subgroup.

As shown in Table 8, for students in nonhigh need schools, we
found that students of RET teachers reported significantly more
positive perceptions of STEM career awareness (0.330 standard
deviations) than students of non-RET comparison teachers. In
high need schools, students of RET teachers reported lower
frequencies of STEM classroom practices (—0.613 standard
deviations) but more positive persistence in STEM course tasks
(0.419 standard deviations) than students of non-RET compar-
ison teachers.

We also found that among teachers who were not Noyce
Scholars, students of RET teachers had more positive percep-
tions of STEM career awareness (0.237 standard deviations) and
student persistence in STEM course tasks (0.312 standard
deviations) compared to students of non-RET teachers. Among
teachers who were Noyce Scholars, students of RET teachers
had more positive perceptions of the value of learning STEM
subjects (0.644 standard deviations) when compared to students
of non-RET teachers.

3.2.2 | Findings for Teacher Perceptions

In response to the written survey questions related to classroom
practices, both RET (n=8) and comparison non-RET (n=8)
teachers reported using hands-on interactive activities, pro-
moting collaboration in the classroom, and contextualizing
classroom activities around real world situations at the same
rate when asked to report how often they used these practices.
Comparison non-RET teachers reported using open-ended
questions to stimulate whole class discussions more often
than RET teachers. RET teachers reported implementing
project-based learning slightly more often than comparison
teachers and reported engaging students in off-campus activities
more often than comparison teachers. Given the small sample
size, none of the differences in survey findings were statistically
significant.

When asked on the teacher survey about student engagement in
SEPs, both RET teachers and comparison non-RET teachers
reported having students: (a) generate questions or predictions
to explore; (b) analyze results using basic calculations;
(c) consider alternative explanations; and (d) seek evidence to
support a claim or explanation. For each practice, comparison
non-RET teachers reported engaging students more often in
these practices, although the differences were not statistically
different.

Analysis of teachers' interviews related to their classroom
practices showed differences in how teachers talked about daily
classroom practices. Overall, RET teachers described engaging
students in more NGSS SEPs than comparison non-RET
teachers. RET teachers included the NGSS practices of asking
questions (n = 3), developing and using models (n = 2), plan-
ning and carrying out investigations (n=4), analyzing and
interpreting data (n=6), using mathematical and computa-
tional thinking (n = 1), constructing explanations or designing
solutions (n = 2), and obtaining, evaluating and communicating
information (n=6). Additionally, all seven RET teachers
described inquiry-based practices in their classroom. The non-
RET comparison teachers discussed NGSS SEPs of asking
questions (n = 1), developing and using models (n = 2), plan-
ning and carrying out investigations (n=6), analyzing and
interpreting data (n=4), using mathematical and computa-
tional thinking (n = 1), constructing explanations or designing
solutions (n = 1), and obtaining, evaluating and communicating
information (n=4). Additionally, how these NGSS practices
were discussed differed between RET and non-RET teachers.
Overall, RET teachers' descriptions of NGSS practices were
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FIGURE 4 | Understanding the relationship between survey outcomes and grade. Source: This figure presents survey scale z-scores for each

construct by grade level. The interaction between RET status and grade level was significant for only one construct—the perception of the frequency
of STEM classroom practices (indicated with an asterisk above; * indicates statistical significance at the 5%). Trends are seen in all constructs favoring
student perceptions of RET teachers at higher grade levels and favoring non-RET teachers at lower grade levels.

more aligned with research practices and non-RET teachers’ vacuum, and give me the wave formula, okay?’ and ‘Okay,
descriptions were more aligned with structured step-by-step where ... if you could calculate the wavelength of a wave
scientific labs. For example, in discussing obtaining, evaluating, and if we knew the frequency, could you then determine

and communicating information, one RET teacher described
how his students report a lab, “The labs take a week to com-
plete. And so they have to write abstracts for their reports. They
have to come up with the extent of the design. They have to

what the velocity of that electromagnetic wave would be?’
Okay? So then I explained to them, ‘You know if you take
out the roller or take out the table on a microwave, then

identify their control. They have to write conclusions, error you're gonna get a standing wave that's gonna be ... you
analysis, all those types of things.” This quote can be compared know, the peaks and the troughs have a little more energy,
to a teacher who had not completed a research experience so it's gonna puff up the marshmallow right in those spots.’
discussing labs, where they describe parts of a more confirma- ‘And then you can plug in the formula,’ and I wanna see
tory lab. them carry the calculations through.”
“We explored .. to determine the speed of light using a The coding group noted that RET teacher responses regarding
microwave and marshmallows... But you know, I would engagement in NGSS practices were generally more sophisti-
pose to them, you know, ‘Okay, well this is still light in a cated and in alignment with elements of conducting authentic
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TABLE 8 | Student survey results subgrouped by school type and Noyce teacher status.

High need school status

Noyce scholar status

Not high need High need Not Noyce Noyce
Outcome measure Coeff. SE Coeff. SE Coeff. SE Coeff. SE
Classroom practices 0.147 0.194 —0.613** 0.185 0.0774 0.166 —0.353 0.212
Student engagement 0.301 0.156 —0.232 0.13 0.249 0.133 0.0928 0.145
STEM career awareness 0.330** 0.125 0.0208 0.157 0.237* 0.117 0.373 0.209
Perception of value of 0.0687 0.136 0.242 0.14 —0.0805 0.117 0.644** 0.15
learning STEM subjects
Student persistence in 0.193 0.122 0.419** 0.15 0.312%* 0.113 0.136 0.158
STEM course tasks
Observations 303 270 262 311

Note: Results from linear regression analyses of student survey data by subgroups. Each cell represents the coefficient or standard error for the treatment indicator in a
separate model. The number of observations included in a model may vary by one or two for each outcome measure within a subgroup. The number of observations

presented for each subgroup represents the smallest sample included in any of the outcome measure models for that subgroup. Coefficients are in standard deviation units.
Student covariates are the baseline survey score, race/ethnicity, gender, subject, grade, perceived educational attainment and dosage. Coefficients are statistically

significant at the *5%, and **1% levels. *p < 0.05. **p < 0.01.

research investigations. In their interviews, RET teachers dis-
cussed how their research experience prepared them to engage
students in more open-inquiry experiences where the answer
may not be known. As Rachel shared,

“So I guess the [RET] experience made me feel much more
confident as a researcher, that I could tackle larger prob-
lems and be more.... able to be vulnerable in front of a
group where you're presenting your knowledge, like I stand
in front of students every day and have to have that deep
confidence in myself that I might not know the answers, but
I can figure out how to find them, and ... you know, because
I have my students going off in so many different directions,
I have no idea where they're going sometimes. And I think
the [RET program]| allowed or helped me feel more confi-
dent standing in front of people and not knowing the an-
swers and feeling confident that I could find them.”

On the teacher surveys, RET and comparison non-RET teachers
reported the same level of comfort and knowledge for where to
direct students or parents to find information about STEM
careers and where to find resources for teaching students about
STEM careers. In their interviews, all teachers were asked and
shared how they discussed careers with their students. Six of
the seven RET teachers indicated that they currently talked to
their students about STEM careers and one of the RET teachers
reported that he did not currently talk about careers explicitly
with his students, but he had in the past. All of the comparison
teachers discussed how they talked to their students about
STEM careers. One striking difference between interviews with
RET teachers and comparison teachers was that five of the
seven RET teachers and only one of the comparison teachers
discussed not only preparing students for careers but empha-
sized that giving students a background in scientific thinking
would serve them in any career and throughout their lives. An
example of this thinking was shared by RET teacher Karl,

“I would like to prepare them for all jobs, and I think the
way that you do that is get them to think critically. It's

hard because they don't like doing it, but I try my hardest
to get those brains hurting and have them really analyze,
interpret data, and try to think critically, solve problems.
And I think if they can do that well by the time they leave
high school, regardless of what their interests are, they
should do pretty well out in the work world.”

Only two of the seven RET teachers mentioned talking to
their students about applying what they were learning in
class toward a specific career while the other five RET
teachers discussed preparing students for a wide range of
careers and being a scientifically literate citizen and the
value of science in society in general. Six of the eight com-
parison teachers described preparing students for specific
careers as their primary purpose of career preparation. The
resources that teachers drew upon to inform their talk about
careers were dependent on their own STEM experience. Half
of the RET teachers specifically mentioned their RET ex-
perience as informing their talk about careers and only a
quarter of comparison teachers discussed a previous career
impacting their talk about careers. Additionally, RET
teachers discussed their research experience, mentors, or
other connections as resources when talking about STEM
careers whereas non-RET comparison teachers used more
online resources to support students’ knowledge of STEM
careers.

Although the topic of productive struggle (Chen et al. 2024;
Lowell 2024) was not part of the interview protocol, in analyzing
the transcripts, six out of the seven RET teachers and two of the
eight comparison non-RET teachers discussed the importance of
students making mistakes, students persisting in finishing intel-
lectually challenging tasks, and challenging students to work
hard in class. Three of the RET teachers and one of the com-
parison teachers linked their reflections of what they desired for
students back to their own research work. As Rachel reflected,

“Just a mindset I have. Like, I'm not worried about stu-
dents making mistakes. I really try to encourage them to
be pushed out of their comfort zone. And I think, again
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the one thing that I saw in that [RET] experience and
that I experienced myself was it's okay to be wrong; you
should just know why you were wrong. And if you can't
figure out why you were wrong, then that's a more in-
teresting question, so like that everything is leading to
some learning and to some stuff for us. So I guess that's
the mindset that I definitely carry over, that whatever
they're doing is pushing their knowledge forward.”

RET teacher Sebastian shared a similar sentiment,

I would probably have to say kind of the independence
and the ... like, I had to find resources and solutions
myself, like if I ran into a problem....... stuff like I try to
work on with students, you know, analyzing data. Just
because you didn't get the results you expected doesn't
mean the experiment failed or something, so we want to
come back. That's the hardest thing for them to learn... is
that all data has something important to learn about it,
whether that's, ‘Oh we messed up the steps; that's why the
data looks like this,” or, ‘We didn't actually have this
actually work like the real world.” ‘We don't know what
this actually means, so our hypothesis is wrong, but we
actually considered a new hypothesis or can retest that,
or, ‘We just learned something actually valuable we

293

>

didn't expect to find out.

RET teacher Vincent shared how he encourages his female
students to push through,

“A lot of them want to go into engineering and STEM in
general, so I try to encourage that, especially with my
female students.....and I try to encourage them to be
strong, be brave even if theyre in a classroom full
of boys.”

To summarize, RET teachers discussed the research they
engaged students in, as well as daily teaching practices, in
more sophisticated ways than non-RET comparison teachers.
RET teachers tended to draw on their own research experi-
ences in thinking about the experiences that they wanted to
create for students that were more about learning from
mistakes, completing intellectually challenging tasks, and
working with data. Secondary analysis of the interview
findings does not show strong patterns related to the sub-
group analysis that revealed significant findings in the stu-
dent data (e.g., high-need, not high-need, Noyce, and non-
Noyce).

4 | Discussion and Implications

This study of a specific RET for preservice and early career
teachers uncovered a range of findings and new questions for
inquiry. Below, we summarize key findings from our research
questions and implications for related RET efforts. We also
discuss challenges and limitations of the study along with
implications for further research.

4.1 | Reflecting on Student Achievement
Findings (RQ1)

RQ1 was intended to determine if differences in student
achievement could be measured similar to three previous
studies of RETs that have included student achievement data.
Two of these studies used customized instruments (Ragusa and
Juarez 2017; Yang, Liu, and Gardella 2020) that were narrowly
focused, considered exploratory, and had no comparison
groups. The third study, that included a comparison group, did
find a relationship between participation of teachers in a RET
and an increased passing rate on the high-stakes New York
State science exam in the teacher's discipline (Silverstein
et al. 2009).

Similar to Ragusa and Juarez (2017) and Yang, Liu and
Gardella (2020), our study showed overall pre/post gains for all
students. However, unlike the findings of Silverstein et al.
(2009), no statistically significant difference in student
achievement was identified on science or mathematics stan-
dardized test scores (using the California Science Test and the
Smarter Balanced Assessment System, respectively). Potential
reasons for these competing findings are that we used stan-
dardized instruments that were more general and that the
students interacted with up to three different teachers in years
between assessments. While our sample size was small and we
cannot therefore exclude the usefulness of California Science
Test and Smarter Balanced assessments in future work, use of
customized assessments of content and learning may be more
fruitful based upon comparisons of this study with findings by
Silverstein et al. (2009).

To our knowledge, this study is only the second study in the
existing literature, after Silverstein et al. (2009), to attempt a
comparison study of student achievement for RET and non-
RET teachers. The Silverstein study involved students of 32 RET
teacher participants and an unspecified number of non-RET
teachers in the same schools and subjects. The lack of signal in
our study may have been due to limited sample sizes. A core
reflection from this effort is that obtaining and analyzing
assessment scores is time and resource intensive and sufficient
capacity is necessary to obtain large sample sizes. To make
meaningful claims around student achievement, though,
inclusion of comparison groups is an important direction for the
field.

4.2 | Reflecting on Student Perception
Findings (RQ2)

The second research question involved student and teacher
perceptions regarding classroom experiences and outcomes. For
students, we investigated if their perceptions of specific con-
structs differed based on whether they were taught by eight
RET versus eight non-RET teachers. Statistically significant
positive associations were found in the domains of STEM career
awareness, value of learning STEM subjects, and persistence in
STEM course tasks. In the context of our activity theory
framework, these represent measurable secondary outcomes
resulting from the intersection of both the RET system and the
school system.
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FIGURE 5 | Summary of aggregate and subgroup analyses. Source: This figure presents RET/non-RET groupings of case study teachers broken
down by whether they were teaching in high need settings and whether they were Noyce Scholars. Consistent with the coloring in Table 5, cases
where both teachers had the same Noyce status are highlighted in green; for example, RET teacher Karl and non-RET comparison teacher Gene are
both non-Noyce, while RET teacher Sai and comparison teacher Frances were both Noyce Scholars. Cases in which the Noyce status differed are
highlighted using yellow for RET teachers and blue for non-RET teachers; for example, RET teacher Sebastian was a Noyce Scholar and comparison
teacher Laura was not a Noyce Scholar, while RET teacher Dirk was not a Noyce Scholar but comparison teacher Silvio was a Noyce Scholar. Also,
note that RET teacher Vincent was a Noyce Scholar at a STEM Magnet school while comparison teacher Eric was not a Noyce Scholar and taught at a
Traditional Public school in a different but neighboring district. Statistically significant findings by subgroup are shown using asterisks: * indicates
statistical significance at 5% and ** indicates statistical significance of 1%. Negative correlations for RET participants are indicated with parenthetical

symbol (*¥).

Student survey responses were analyzed across all eight teacher
pairs and also through subgroup analyses involving high need
and Noyce status. We present Figure 5 (which summarizes
results presented in Tables 5, 7, and 8) here to guide our dis-
cussion of these analyses. Classroom outcomes study pairs in
which both participants shared the same Noyce status are
highlighted in green. In cases where the pair did not share
Noyce status, the RET participant is highlighted in yellow, and
non-RET is shown in blue.

Students of the eight RET teachers reported higher levels of
STEM career awareness than students of non-RET teachers.
While this finding is consistent with a prior RET survey study
showing impacts on student career awareness (Autenrieth,
Lewis, and Butler-Purry 2018), our study further strengthens
this finding on the impact of RETs on STEM career awareness
by including a comparison group. Further, this finding held in
subgroup analysis for nonhigh need settings (regardless of their
Noyce status) and for non-Noyce teachers (independent of high
need setting).

Students of the RET teachers reported more positive percep-
tions in the value of learning STEM, which was also found in
the subgroup analysis amongst all Noyce Fellows. Prior
research, without an RET component, suggests that perceptions
of the value of learning a STEM subject is an important

precursor to developing self-efficacy and career expectancy, and
that these perceptions are influenced by perceived benefits such
as income, prestige, and self-satisfaction (Blotnicky et al. 2018;
Nugent et al. 2015). Given RET students reported more STEM
career awareness than non-RET students, it may be expected
that perceptions of the value of learning STEM is higher for
RET students. Further qualitative research investigating the
perceived benefits of STEM learning for students of RET
teachers would be informative.

Students of RET teachers reported more persistence in STEM
course tasks than their counterparts, which was also true in
subgroup analyses for high need schools and for non-Noyce
Fellows. Our original intention in using this construct was to
understand productive struggle within STEM courses for stu-
dents of RET or non-RET teachers. However, we realized post
data collection that persistence, as a construct, fails to recognize
the systemic issues of gender and racial inequities inherent in
STEM education with female, Black, and Hispanic students
often being told to persist or to be resilient (Tan et al. 2013;
McGee 2016; McGee and Martin 2011). Notwithstanding issues
with persistence as a construct, our findings illustrate that
teachers with research experiences may better support their
students in discussing the nature of productive struggle in
STEM research and overcoming these challenges. As noted in
the Methods section, most students were nonwhite and about
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half were female, while the RET and non-RET teachers were
predominantly white with a mix of male and female teachers.
As we only conducted surveys of students and not interviews or
focus groups, we are unable to comment further on how these
students may view persistence in STEM course tasks.

When broken out to characterize student perceptions amongst
younger (freshman and sophomore) students compared with
more experienced (junior and senior) students, we found
measurably more positive responses amongst older students of
RET teachers with regard to perception of the frequency of
STEM classroom practices. It is also notable that this general
trend favoring non-RET teachers in lower grade levels and RET
teachers at higher grades exists across all five constructs. This
positive correlation with grade level for RET teachers, and an-
ticorrelation for non-RET teachers, warrants deeper investiga-
tion. An explanation may be that types of activities described by
RET teachers (see below) to engage students in deeper thinking
may resonate more with older students. Researchers have also
stressed the importance of developing sufficient conceptual
knowledge and understanding towards cultivating student
interests and attitudes towards science (Zhang et al. 2022).

4.3 | Reflecting on Teacher Perception
Findings (RQ2)

Although written teacher surveys showed that both RET and
comparison teachers reported similar comfort and knowledge of
implementing NGSS aligned classroom practices, interviews
revealed differences in how RET teachers talked about NGSS-
aligned classroom practices that they used and how they inte-
grated their research experiences into both the purpose and
implementation of those practices. Similar to findings by
Davidson and Hughes (2018) and Thomson and Turner (2019),
RET teachers more often discussed providing experiences for
their students that were similar to their own research experi-
ences and drawing upon their research in development of
classroom practices aligned with NGSS. For example, RET
teacher Karl discusses how his research experience influences
how he engaged students in NGSS practices,

“[if you came to my class] I think you would see them
working through a problem together trying to get to the
knowledge I want them to have by asking questions and
kind of struggling through that process of not knowing
immediately or not being told the answer.... so three out
of the four of us who lived together—were in [our PI's|
lab. We were all doing our own research.... but we did
help each other. [Another Fellow] helped me out in the
field multiple times. I helped him out in the field, so we
were always bouncing ideas off of each other. And it was
a really collaborative.”

RET teachers also indicated that they leveraged their research
experience in describing the value of STEM and the importance
of engaging in NGSS practices to strengthen learning and
applicability to career success more broadly. This finding aligns
with previous literature about the impact of engaging in

research and the integration of key aspects in their classrooms
(Frey, Fisher, and Smith 2019; Immordino-Yang 2016).

Findings from analysis of the teacher interviews supports the
findings of the student surveys. RET teachers discussed STEM
careers in consistently different ways than comparison teachers
and modeled and talked about persistence in STEM course tasks
in ways that may have contributed to their students' positive
attitudes towards persistence in STEM course tasks. The inter-
views revealed additional information that did not come out in
written surveys and provided a richer understanding of con-
textual factors that impacted how teachers talked about im-
plementing math and science practices in their classrooms.

Overall, the RET teachers talked differently about STEM career
awareness that included a broad context for understanding the
value of STEM in society. Additionally, RET teachers discussed
their own struggles in research and how they tried to bring that
mindset to their students which may have resulted in greater
student persistence in STEM course tasks.

We found it useful to reflect on our findings within the
framework of multiple activity systems, and how their consti-
tutive elements influence teachers’ knowledge, skills, and dis-
positions, as we thought about the practicality of implementing
science and engineering practices in classrooms. For example,
while the STEM Education workshops intentionally included
discussions of the SEPs and examples of incorporating real-
world research into classroom practice, the realities of the
school activity system faced by first- and second-year teachers
who had participated in these discussions as preservice teachers
may have limited effective implementation of this type of ped-
agogy. While quantitative student survey responses and
achievement data were used to differentiate outcomes, quali-
tative interviews were useful to identify the role of the relevant
activity system components as we sought to understand
observed outcomes. For example, teachers revealed barriers to
implementation, including pressure from school expectations,
student motivation and maturity, and time.

“We're all teaching a curriculum that we're all expected
to follow. And there's a time aspect in terms of what we
have....I tend to teach more freshman and sophomores,
which I feel there's a maturity level there that, to really
engage in authentic research, might need to be a little
more present.”

“... letting the students kind of play with those real-world
data sets I think is really important and it's not some-
thing that I do enough of yet. But it's just hard to find
time for these. You're told that you have to cover this,
that, and the other thinking and time is always the pri-
mary constraint.”

4.4 | Challenges and Limitations to Study

In understanding and affirming the findings of this study, it is
important and instructive to identify and describe key
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challenges and limitations. The challenges described here
encompass a range of issues including: (a) recruitment of
a broader, more representative sample of RET teachers;
(b) the degree to which comparison teachers had participated in
other forms of research (non-RET, but research nonetheless);
and (c) questions about whether the identified standardized
achievement tests measure students’ understanding and appli-
cation of the SEPs that undergird the NGSS or the mathematics
practices embedded in the Common Core State Standards.

A core limitation lies in the challenges of drawing conclusions
based upon only a dozen RET teachers involved in this study.
The selection of these individuals was not entirely random, as
pragmatic constraints factored into the selection process. The
fact that statistically significant findings emerged within a
number of constructs provides promising and compelling
guidance for enhanced investigation of student perceptions
with larger sample sizes of RET and non-RET classrooms.
Further study with a broader sample would be important for
solidifying these findings. However, it is also important to note
that significant effort and coordination with districts was
required in working even with this small sample size, and sig-
nificant resources and capacity would be needed for an en-
hanced study involving larger numbers of teachers, students,
and district partners.

Second, qualitative interviews and surveys involving compari-
son teachers revealed that while none of these teachers partic-
ipated in the RET program being studied, half described prior
experiences that involved STEM research elements. For ex-
ample, some teachers in the comparison group engaged in
undergraduate research experiences as part of their under-
graduate capstone (either in a lab or in the field) along with
other comparison teachers who had previously worked in
industry. This insight calls into question a definitive distinction
between an RET teacher-researcher and a comparison teacher
with no prior research experience. While the depth, breadth,
and duration of research experience and expertise varied within
and between the two samples, the nature of STEM teacher
preparation may make it difficult to identify a comparison pool
of science and math teachers who have never experienced
research. This important constraint should be considered in
future research design efforts. This study provides an important
effort to identify RET comparison groups, but it has also
revealed associated challenges. Further research could also
focus on ways in which reflective elements of an RET differ
from other undergraduate research experiences that may not
focus attention on translation of the research experience into
classroom teaching practice.

A final limitation is whether the standardized assessments used
in this study have the capacity to reveal the types of measurable
outcomes and impacts on student understanding of science and
the nature of science that one might expect to result from RET-
prepared teachers. While on-going efforts continue to improve
the depth, validation, and nuance of the Smarter Balanced and
California Science Test assessment instruments, these instru-
ments still involve a certain degree of fact-based context as a
component of measurement and scoring. Future research might
look beyond standardized state assessments to use assessments
specifically aligned with NGSS SEPs. The instruments were

selected because they represent the most standardized assess-
ments available in the current state of the field, but arguments
can be made that these may still not be sensitive to outcomes
that might be more strongly influenced by teacher RET par-
ticipation, such as a deeper, more nuanced understanding of
how science is actually practiced.

4.5 | Insights From Study

We have found statistically significant differences in student
perceptions of classroom learning within a study sample of RET
teachers and comparison teachers. While limited by challenges
associated with acquiring district level data and student data in
classrooms, we have demonstrated a generalizable approach
towards studying RET impacts beyond the approach of quali-
tative analysis of self-report data. We have also shown the
importance of including data associated with comparison
teachers. Below, we provide insights regarding our research
effort that we feel are useful to share with the field.

As many researchers before us, we were and continue to be
able to see the value in looking at complex organizational
and educational initiatives through a more systemic view
(Engestrom 2016; Foot 2001; Wade-Jaimes, Cohen, and
Calandra 2019). The emergence of this new perspective sug-
gests that further studies on RET need to be framed to include
and address the complexity and challenges that researching
such programs incorporate, along with the identification of the
different activity systems, which they ultimately impact and
include. Although Third Generation Activity Theory was not
our original theory for grounding our research, we now see
the advantages of using this theory when launching into a
research project encompassed with so many intersecting
activities systems.

For future researchers interested in a study of this type, it is
crucial not to underestimate the length of time needed and
obstacles that exist in obtaining district approval and buy-in for
participation. Within each of the six districts that initially
agreed to participate as our work was proposed, there were
limited numbers of RET teachers in each district. Out of this
pool, eight RET teachers agreed to participate rather than the
10-15 RET teachers originally planned. Here, we emphasize the
value and importance of RET programs tracking and staying in
regular contact with alumni to enhance the efficiency and
effectiveness of recruitment into follow-up studies like the work
outlined here.

Providing authentic research experiences for teachers and
opportunities for reflection on future classroom practice ap-
pears to provide a platform for positively impacting their stu-
dents' perceptions in areas of knowledge about STEM careers,
the value of STEM, and student persistence in STEM course
tasks. The increase in STEM career awareness is perhaps not
surprising given the stated emphasis in the RET program on
connections to STEM career pathways. Positive findings re-
garding the value of STEM may have roots in the fact that the
majority of RET teachers in the study conducted research out-
side of their primary academic discipline. This diversification
and expansion of experiences amongst these teachers as teacher
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candidates may have strengthened their abilities to emphasize
the value of STEM learning. Participants also described per-
sonal growth through their RET experiences related to persist-
ence. Student perceptions of similar growth in persistence
through their classroom interactions may be related. These
findings are particularly notable given that as many as 8 years
had passed between the RET and the time of our study for some
of our teacher subjects.

Our findings with regard to STEM career awareness is of
importance when considering the goal of broadening the par-
ticipation in STEM and STEM careers by students from diverse
backgrounds. A first step towards a STEM career is awareness
of the breadth of careers that are available to this generation of
students, beyond, for example, medical doctor, nurse, or com-
puter programmer. Positive findings in the constructs of per-
ception of the value of learning STEM and student persistence
in STEM course tasks, are additionally important for increasing
the diversity of the STEM workforce. An interesting finding is
the gain in student persistence in STEM course tasks. RET
teachers expressed the understanding that “wrong” answers are
common, acceptable, and even necessary for scientific knowl-
edge to grow. They talked about their own experiences with
facing challenges and failure in their RET, and the need to
make their own students comfortable with making mistakes.
The disposition to persist in the face of challenges impacts
personal and professional success, regardless of career choice,
and is especially important in STEM learning and STEM pro-
fessions. Another significant finding of this investigation
involves trends in student reporting as a function of student
grade level. In the field of research on RETS, very little attention
has been paid to impact on students let alone to the grade level
of the students impacted. Our effort to include this points to an
important area of research related to the question of whether
RETs are best suited to teachers of particular grade levels. Our
preliminary findings point to RETs having a stronger impact on
students at higher grade levels. Further research into impacts
on students at middle school and even elementary school levels
could be instructive in policy decisions regarding target teacher
audiences for participation in RETs.

The strongest signal with regard to student grade level was in
the construct of STEM classroom practices, which refers to
student perceptions of frequency of engagement in NGSS sci-
ence and engineering practices as measured by Hayes et al.
(2016). In the context of this study, a possible explanation could
be that courses offered to older students include more oppor-
tunities for students to ask questions, think more critically, and
incorporate uncertainty into analytical thinking. As a counter-
point, freshman and sophomore students adjusting to more
mature scientific thinking beyond middle school science may
resist the challenges of learning STEM through the lens of ex-
perimentation, uncertainty, and more open-ended thinking
(Zhang et al. 2022). A younger student more familiar with
learning facts and details of a particular discipline may rate
open-ended, inquiry investigations less favorably. Alternatively,
the measured effect may be due to higher levels of comfort in
teaching advanced science content amongst RET teachers, as
indicated by research into levels of comfort in teaching science
amongst elementary teachers compared to secondary teachers
(Davis and Smithey 2009). If the correlation with grade level

and perceptions is replicable, the above hypotheses would
benefit from further, more detailed qualitative investigation.
Within the context of our expanded activity theory framework,
the secondary outcome of student attitudes and beliefs being
impacted by the primary outcome of teacher modifications to
facilitation of SEPs and classroom research appears to resonate
more strongly with older students than with younger high
school students.

The study can also inform efforts by coordinators of RETSs in
working with research mentors as well as facilitation of RET
integration of research experience into teaching practice. Given
initial indicators, highlighting STEM career awareness and
attending to promotion of persistence in STEM course tasks
(e.g., through intentional programming on growth mindset)
may lead to even stronger gains in student perception. The lack
of differences in student perceptions of STEM classroom prac-
tices also points to the potential need for sustained support of
RET participants beyond the research experience to strengthen
engagement of students in classroom research and NGSS sci-
ence and engineering practices. This finding also points to the
importance of understanding the school activity system, which
can play an even larger role in classroom implementation than
the RET activity system.

Further work is warranted to better understand whether find-
ings in this study are causal or correlative. Additionally, we
support use of our revised activity theory framework in future
investigations. Research into classroom impacts should recog-
nize that school activity systems play a role in the implemen-
tation of the practices in teaching and learning that RETS
promote. This framing highlights the importance of sustained
support of teacher participants as they transition from the RET
experience into the classroom. This study provides promise that
impacts of RET participation can be measured longitudinally
and that we should continue to advance our understanding of
STEM student learning downstream from teacher preparation
approaches.

4.6 | Directions for Future Research

Based upon our investigation efforts, we offer the following
recommendations regarding directions for future research ef-
forts. These include: (a) characterizing the nature of STEM
research experiences for science and math teachers more
broadly; (b) including classroom observations of teacher-
student interactions to establish stronger causal links to mea-
sure student outcomes; and (c) focusing attention to impacts of
teacher research experiences on teachers and students tradi-
tionally underrepresented in STEM.

First, progress could be made through a larger and more gen-
eralized study investigating the level, degree, and quality of
research experiences that STEM teachers bring to the class-
room. This need was identified based upon interview findings
that 12 of the 16 teacher participants involved in the classroom
outcomes study described some type of prior research experi-
ence. While our teacher survey instrument included a question
on whether participants felt that they had participated in prior
STEM research experiences, we found a mismatch between this
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self-report item and interpretation of teacher interview
responses regarding participant prior experience. Focus group
and broader efforts to characterize and provide examples of
research to conduct a targeted study of the types of research that
teachers engage in could benefit the field as subsequent efforts
could use this characterization to better discern the prior
research experience of study participants. This type of study
would also contribute meaningful insights in the field of teacher
preparation more broadly, as prospectively more teacher can-
didates may participate in course-based undergraduate research
than mentorship-style research.

A second recommendation involves the inclusion of classroom
observations as an additional measure of teacher effectiveness,
student-teacher interactions, and STEM learning amongst stu-
dents. While our proxy of surveying student perceptions of
classroom learning provided the benefit of using the student as
a unit of integrated classroom experience, adding in observa-
tions of live or recorded classroom interactions could be valu-
able in better understanding reasons and causes for these
perceptions and measures of effectiveness.

This study did not focus specifically on the impact of the RET
on teachers traditionally underrepresented in STEM, as rec-
ommended by a recent review of the RET literature conducted
after this study was initiated (Krim et al. 2019). Toward this
end, however, we have made efforts to differentiate findings
grouped by high need school/district status as well as Noyce
background of study participants. Further work should be done
to more strongly investigate ways in which race, ethnicity,
socioeconomic background, and other factors play into mea-
sures of student performance and teacher effectiveness. As
noted above, investigation of student perceptions of persistence
as a research skill versus a systemic inequity could further ex-
pand our findings.

Finally, this study highlights the importance of using compar-
ison groups in making meaningful claims regarding impacts on
teacher effectiveness. Both self-report and third-party data is of
limited value in the absence of comparison group measures.
While challenges exist with any comparison group sampling
efforts, we encourage research efforts that attempt to provide
comparison group data for calibration, validation, and research
power.

As shown in this study, providing authentic research experi-
ences and opportunities for reflection on the impacts on class-
room practice provides a platform for impacting student
perceptions in areas of knowledge about STEM careers, positive
attitudes toward the value of STEM, and student persistence in
STEM course tasks.
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Endnotes

INot all districts were able to provide teacher-level data; thus, we are
only able to report on the number of RET alumni in each district.

*Propensity score matching is a statistical technique that estimates
the predicted probability of group membership (treatment vs. con-
trol) based on observed characteristics, and then uses that predicted
probability to create a comparison group similar to the treatment
group on these observed characteristics (Hansen 2004).

*We ran the following model to implement propensity score match-
ing: logit(P(RET)) = n + £AX, where RET is an indicator of whether a
student was taught by a RET alumnus in the 2016-2017, 2017-2018,
or 2018-2019 school year (coded as 1 for RET students and 0 for non-
RET students); n is the intercept; and X is a set of student-level
characteristics (i.e., Grade 8 achievement score, race, gender, special
education status, and English learner status).

“For one school district, no Grade 8 data was available; thus, we used
students’ Grade 9 advance track status (yes/no), GPA, and credits
earned for matching.

>We did not include indicators for whether students were taught by
an RET alumnus in multiple years (e.g., in both the 2016-2017 and
2017-2018 school years or in both the 2017-2018 and 2018-2019
school years) because, across all five districts, very few students were
taught by RET alumni in more than 1 year.

®For one school district, no Grade 8 data was available; thus, we used
students’ Grade 9 advance track status (yes/no), GPA, and credits
earned for analysis.

"Meta-analysis is a statistical technique that combines results from
multiple effects by weighting the contribution of each estimate of the
effect based on the statistical precision with which that effect was
estimated. Effects that are estimated from a larger sample (i.e., the
district with the largest number of participating students) are
weighted more heavily in the pooled effect, allowing the larger
sample to contribute more information to calculating the overall
pooled effect (Lipsey and Wilson 2001).

8Scaled items had to meet a cutoff of 0.60 for Rasch reliability and
0.70 for Cronbach's alpha. There was a sixth construct, perceptions
of the nature of science and research, that we did not analyze
because the Rasch reliability was below the cutoff.
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The initial sample represents students who took both the presurvey
and postsurvey. We then dropped 18 students (5 non-RET and 13
RET) who were missing responses to a question asking whether they
had previously been taught by their current teacher and one student
who was taught by an RET alumnus in the Fall 2018 survey and a
non-RET alumnus in the Spring 2019 survey.

19We calculated response rate by dividing the number of students by
the number of students enrolled in the teacher's targeted class.

HWe ran the following model to implement the propensity score
matching: logit(P(RET))=n + AX, where RET is an indicator of
whether a student was taught by an RET alumnus in the 2018-2019
school year (coded as 1 for RET students and 0 for non-RET stu-
dents); 7 is the intercept; and X is a set of student-level character-
istics (i.e., subject, gender, race/ethnicity, planned educational
attainment, and Fall 2018 standardized survey measures). We did
not include grade level in the matching, but prioritized matching
students within identified teacher pairs.
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