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ABSTRACT
While there are a multitude of contributing factors, under-represented student success in
STEM appears to be critically interdependent with teaching and learning practices that
are responsive to diverse epistemologies and inclusive pedagogies. However, the
professional literature has yet to identify a set of faculty development best practices that
might guide the field. Furthermore, the institutional supports required to drive the success
of STEM-oriented future faculty programs remain unknown. This inquiry proposal
intended to address these concerns through a critical comparative qualitative study in
seeking evidence-based practices and institutional elements of STEM faculty professional
development programs that support diverse graduate and postdoctoral scholar success.
The findings revealed a new STEM faculty professional development model that
critically re-imagines constructivist teaching and learning, deconstructed socialization,
organizational advocacy, and iterative assessment in supporting diverse graduate and post

doctoral scholar success.
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CHAPTER 1: INTRODUCTION

The U.S. Department of Education defines STEM as including four broad
disciplinary categories: science, technology, engineering, and math (U.S. Department of
Education, n.d.). STEM education is often framed as a pathway to innovation: a future of
economic prosperity, technological improvement, and even cures for disease. In 2012, the
President’s Council of Advisors on Science and Technology US (PCAST) released a
report on STEM that found economic need for 1 million more graduates in STEM
education (PCAST, 2012). Unfortunately, undergraduate students leave STEM fields in
droves. One explanation they give for leaving is poor teaching and unwelcoming
environments in math and science courses. In their massive study of 10,000 STEM
undergraduates, Seymour and Hunter (2019) found that students in STEM experience
“push” factors like poor teaching and a gatekeeping environment and “pull factors™ like
engaging teaching in other disciplines.

As many in the field of education are aware, STEM is known for its difficulty
retaining students, particularly women and students of color and promoting diverse
faculty. In their 2020 Visioning Report, the NSF admitted that among US-born
academics, there is a critical lack of women, people with disabilities and African
Americans, Hispanic Americans, and Native Americans in STEM. Many historically
marginalized and excluded students pursue STEM fields but despite a decade of
concerted efforts at recruitment and retention, 60-65% will leave STEM in their
undergraduate education in favor of other majors (Eagan et al., 2014). Only 9% of faculty
in STEM and 4% in health sciences are from historically marginalized and excluded

groups (National Science Foundation, 2019). This rate of loss not only deprives STEM
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fields of historically marginalized and excluded students’ contributions to their fields but

also prevents their movement into faculty positions, where they might affect change.

In addition to a lack of diversity, researchers have found that graduate students in
STEM are not prepared for the various responsibilities of academic work which include
research, teaching, and mentoring and other forms of service. Within STEM fields,
graduate students spend much of their time working in research labs where training in
research is more highly valued than training in teaching (Baiduc et al., 2016). It is not
uncommon for a graduate student in STEM to spend their entire graduate career as a
research assistant and teach only a little or not at all. Despite a lack of training, about
50% of PhDs in STEM will teach within five years of finishing their degree (Connolly et
al., 2018), some of them at teaching-intensive schools like liberal arts and community
colleges, with a lot of training as researchers but sometimes very little in teaching or
mentoring. This calls for widespread, deliberate teaching development for STEM
graduate students and postdoctoral scholars.

This chapter will start by describing past efforts to change STEM teaching at the
undergraduate level. Next, it will discuss the challenges of creating change through
professional development of already established faculty. Then a history of future faculty
programs in the US, followed by a discussion of STEM-oriented programs. Next it will
introduce a critical lens through which this study will view future faculty programming.
Finally, this chapter will explain the purpose and significance of the study.

Background of Efforts to Change STEM Education
There have been multiple efforts since the late 1990s to improve teaching and

learning in STEM. Seymour and Hunter (2019) conducted a large qualitative study of
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10,000 students in STEM in 1997 (and again about 10 years later) to explore reasons so

many STEM undergraduates leave STEM majors in favor of other fields. The study
called for dramatic changes to STEM curriculum, teaching practices, and student
supports. The PCAST report was released in 2012 and identified the same problems with
the STEM pipeline as Seymour and Hunter in their original study. It identified five
recommendations to improve STEM education: widespread use of evidence-based
teaching; a move toward discovery-based learning; experiments in postsecondary math to
bridge achievement gaps; partnerships to create new pathways to STEM careers;
establishment of a national leadership to steer “transformative and sustainable change”
(p. 7). In the ensuing years, many colleges and universities created STEM teaching and
learning initiatives, created positions in STEM pedagogy, and formed faculty institutes to
train educators in evidence-based practices (Durham et al., 2020; Miller et al., 2021).
Overall, there is a trend toward increased use of evidence-based teaching in STEM. For
example, Freeman et al. (2014) conducted a meta-analysis of 225 articles on active
learning in STEM courses, and while some of these examples may have used as little as
10% active learning, the presence of 225 articles on the topic is significant.

And yet, studies have found that by and large, professional development of STEM
faculty has brought about very little change in STEM education, particularly in terms of
retention of marginalized and excluded students (Miller et al., 2021; Seymour & Hunter,
2019). Increasingly, future faculty programs, which provide pedagogical training to
graduate students and postdocs, are being considered as sites for this change. One
example is University of Maryland Baltimore County (UMBC), where institution-wide

efforts geared toward STEM students closed the achievement gap and created a strong
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pathway from undergraduate through graduate school for historically marginalized and

excluded students into STEM careers (Hrabowski et al., 2019). UMBC is significant not
only for its successes in terms of students but also in their faculty commitment to the
project. Similarly, Bowman et al (2020) found “one of the most effective ways to
cultivate a culture of effective undergraduate education in STEM is to provide
pedagogically-focused professional development for graduate students and postdoctoral
fellows throughout their training” (p. 156-57). Multiple studies support this assertion.
Ebert-May (2017) found that the changes needed in STEM education that will bring
about higher retention, like student-centeredness rather than knowledge-centeredness, are
more easily realized through future faculty programs. Connolly et al (2018) studied PhD
students in STEM who participated in future faculty programs and found significant gains
in course planning and teaching methods. Not only do they experience growth in feelings
of self-efficacy, but alumni of STEM future faculty programs also report that they go on
to use both effective teaching strategies and education scholarship in their roles as faculty
(Mutambuki et al., 2020). Clearly, there is great potential for future faculty programs to
positively impact the teaching and learning in STEM fields.
Future Faculty Programs

Faculty roles and responsibilities are usually expressed as research, teaching, and
service. Boyer (1990) established that while faculty roles have trended toward prioritizing
research over teaching, he suggested the three areas need to be equally considered. Boyer
even thought to re-categorize them as scholarship of application, scholarship of
discovery, scholarship of integration, and scholarship of teaching. He noted that even our

understanding of research is flawed by focusing largely on scholarship of discovery, or
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the creation or discovery of new knowledge, over other areas of scholarship like research

to solve societal problems (application) or to make connections across disciplines
(integration). He also argued that academics are also taught not to see the
interconnectedness of research and teaching: the ways new knowledge is shared through
teaching and how teaching can create new knowledge. This imbalance, if you will, has
caused STEM fields, in particular, to overemphasize research while de-emphasizing
teaching, which has led to a gap in graduate student and postdoc pedagogical professional
development.

In response to studies calling for structured professional development in teaching,
in 1993 Preparing Future Faculty (PFF) was created by the Council of Graduate Schools
and Association of American Colleges and Universities, and eventually 17 institutions
were chosen to pilot the program (Rozaitis et al., 2020). Preparing Future Faculty did not
necessarily prioritize teaching over research and service but saw them as equally
important. They sought to integrate pedagogical training into graduate schools through
discussions of teaching and learning and its core course, Teaching in Higher Education
(Rozaitis et al., 2020). Doctoral granting institutions were required to partner with diverse
institutions to give participants experience working and teaching in different settings.
Lastly, participants were connected with multiple mentors from whom they received
feedback. The grant funding of PFF ended in 2003, but many of these programs are still
running (Phelps, 2010).

While not all future faculty programs have grown out of the PFF initiative, they
tend to offer similar kinds of experiences. There is usually an opportunity to engage with

scholarship of teaching and learning, chances to be observed teaching and given



feedback, instruction in student-centered teaching strategies, and possibly training in
inclusive teaching. They also include programming that will help them in all their faculty
roles, including grant writing and publishing, and discussions of balancing the
responsibilities. The modality, format, and time spent on each of these components
varies. But one aspect that is consistent is that most graduate students and postdocs are
adding this curriculum on top of their other duties and studies.

After Preparing Future Faculty, future faculty programs were created at a variety
of institutions. Of importance to STEM was the development of the Center for Integration
of Research, Teaching, and Learning network (CIRTL), created by the National Science
Foundation in 2003 (Mathieu et al., 2020). CIRTL’s mission is to “enhance excellence in
undergraduate education through the development of a national faculty committed to
implementing and advancing effective teaching practices for diverse learners as part of
successful and varied professional careers” (CIRTL, 2020, para. 4). The three main
pillars of CIRTL are Teaching as Research, Learning Communities, and Learning
Through Diversity. Some of the most notable future faculty programs have adopted the
CIRTL pillars as foundations for their curriculum: Scientific Teaching Fellows at
University of Wisconsin-Madison (Austin et al, 2009), FAST at Michigan State
University (Vergara et al, 2014), Tech to Teaching at Georgia Institute of Technology,
and FIRST IV, a national institute for postdoctoral scholars. CIRTL membership costs
institutions over $12,000 a year, so its member institutions tend to be large, research-
intensive schools.

While STEM future faculty programs have been found to be effective at training

educators, there are a few factors that influence their reach: 1. Not all doctoral-granting
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institutions have future faculty programs; 2. Institutions that have future faculty programs

open to all graduate students sometimes have trouble recruiting STEM participants (some
say this is due to the focus on research in STEM)(Brownell & Tanner, 2012); 3. Future
faculty programs tend to be small because of limited resources (Connolly et al., 2018); 4.
It is not clear how they are defining effective teaching and if their definitions include
“learner-centered pedagogies” —active learning and inclusive teaching (Dewsbury et al.,
2022, p. 2).

Future faculty programs are often compared to or confused with both teaching
assistant training programs and faculty development programs. Teaching assistant
training programs are more common than future faculty programs, are usually
administered and taught by Center for Teaching and Learning (CTL) faculty, and time
commitments vary wildly, between 2 and 100 hours per academic year (Schussler et al.,
2015). Their curriculum often focuses on course policies, strategies for teaching
discipline-specific content, and classroom management (Schussler et al., 2015), with the
express purpose of preparing TAs to fulfill the duties of their role in the current term or
semester. There is some attention to long-range goals of the student, but these are
secondary to the immediate needs of the institution. TA training has more in common, at
many institutions, with onboarding processes than with professional development.

Faculty development on pedagogical topics is quite common. It is offered by both
CTLs and STEM departments, depending on the institution, the expertise in STEM
departments, and the resources available. Development of current faculty, as opposed to
future faculty—graduate students and postdocs—is the site of most pedagogical training

in STEM. And while it has been found to increase “awareness and interest” in effective



teaching, it does not always translate into a change in teaching practice unless
accompanied by a close group of peers with whom to discuss teaching as well as a clear
understanding of the teaching strategies and their outcomes (Borrego & Henderson, 2014,
p. 229). Dewsbury et al. (2022) also found that faculty development in inclusive teaching
(often experienced as an addition to current teaching practices) has not significantly
changed STEM education because it requires expert level instructors to radically rethink
their practices while enjoying departmental support in the effort. Very few STEM
departments are up for this challenge. Too often a significant amount of energy is
devoted to increasing faculty attendance and participation in pedagogical training and not
necessarily to providing the other supports or following up on change in practice.

Future faculty programs are distinct from TA training and faculty development in
a few important ways. Unlike TA trainings, which are focused on the institution’s need
for TAs to have quick knowledge of policies, learning management systems, etc., future
faculty programs are focused on participants developing an evidence-based teaching
practice. This practice is thought of as preparation for careers as faculty, so it is forward
thinking and may not be of benefit to the institution. Studies have also identified future
faculty (graduate students and postdocs) as occupying that perfect identity as both learner
and instructor, and that dual perspective helping them to absorb and apply pedagogical

concepts more effectively (Mutambuki et al., 2020). Due to this dual thinking, future
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faculty participants form their teaching practice around concepts taught in the program,

like learner-centered pedagogies, instead of tacking them on later.
Purpose and Significance of the Study

This study seeks to explore ways in which STEM future faculty programs train
their participants in learner-centered pedagogies. STEM fields have traditionally shown
resistance to teaching professional development efforts aimed at student centeredness
(Miller et al., 2021), so it is important to have a STEM focus in this study. This study also
seeks to learn about the organizational and institutional dynamics that shape future
faculty program curriculum and participation.

Many future faculty programs have studied the experience of engaging in their
programs, largely by interviewing or surveying participants after completion. Their focus
has mostly been on self-efficacy (Coles et al., 2020; Mutambuki et al., 2020; Rozaitis et
al., 2020). Some have also used tools to measure the effectiveness of parts or all of their
programming (Bowman et al., 2020; Branchaw et al., 2020). Many of these studies focus
on a single program or when they have studied multiple programs, the sites studied do not
have a STEM focus or pathway. Hill et al. (2019) studied eight CIRTL network
programs, but with a broad focus on organization and leadership rather than curriculum
and its relationship to institutional contexts. There was a need to examine multiple STEM

future faculty programs and explore the similarities and differences in how they approach



10
pedagogical professional development as well as learn about institutional benefits and

barriers to these programs.
Summary

There is great demand in industry and academia for graduates trained in STEM
fields, but many students in STEM fields change majors, particularly students who have
been historically marginalized and excluded from these fields. A primary reason for
changing is poor teaching and an unwelcoming environment. Unlike teaching assistant
training programs, which serve the institution’s immediate needs, and faculty
development, which is marginally successful at changing STEM education, future faculty
programs hold great promise for developing a diverse professoriate skilled in learner-
centered, evidence-based teaching. They have the ability to address STEM’s persistence
problem, but they have not been studied thoroughly. This study seeks to fill the gap by

learning more about the curriculum and context of STEM future faculty programs.
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CHAPTER 2: LITERATURE REVIEW

The literature review begins with a thorough look at issues that affect persistence
in STEM fields at both the undergraduate and graduate levels: teaching, unwelcoming or
gatekeeping environments, and a lack of pedagogical professional development for
graduate students. These dynamics are also considered in the decisions of HME students
to persist or switch. Next, STEM’s focus on research and research funding, the ways
graduate students and postdocs are socialized and mentored. This is followed by a
discussion of the pedagogical considerations in examining this topic, both the strategies
researchers have found to alienate students and those that lead to student success. Then
the theoretical frames are introduced: organizational—what organizational frameworks
are useful in considering the constraints and opportunities of future faculty programs;
teaching and learning—what does teaching and learning theory help us understand about
making change in STEM education; and critical theories—how can critical theory be
used to critique current STEM education and provide a path forward for STEM future
faculty programs.

STEM Student Success

The persistence of undergraduates and graduate students in STEM is
interconnected. Students leave STEM fields at all points in their education, but the first
two years of undergraduate work and the last few years of graduate work see the largest
departures (Seymour & Hunter, 2019; NSF, 2020). Speaking generally, these trends are
based in lack of supports, particularly for historically marginalized and excluded
students. In undergraduate years, the lack of persistence is often associated with poor,

instructor-centered teaching and aspects of STEM education that are exclusionary and
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unwelcoming (Seymour & Hunter, 2019). In graduate years, the lack of persistence is

associated with a dearth of helpful mentors, financial stresses, as well as some of the
same cultural issues as found in undergraduate experiences (Rohlfing et al., 2022).
Lack of Diversity and Career Preparedness in STEM Education

As many in the field of education are aware, STEM is known for its difficulty
retaining students, particularly women and students of color and promoting diverse
faculty. In their 2020 Visioning Report, the NSF admitted that among US-born
academics, there is a critical lack of women, people with disabilities and African
Americans, Hispanic Americans, and Native Americans in STEM (p. 8). Many
historically marginalized and excluded students pursue STEM fields but despite a decade
of concerted efforts at recruitment and retention, 60-65% will leave STEM in their
undergraduate education (Eagan et al., 2014). Only 9% of faculty in STEM and 4% in
health sciences are from historically marginalized and excluded groups (National Science
Foundation, 2019).
Persistence Problems Connected to Teaching

Persistence, rather than retention, is the word used to describe “a spectrum of
student behavior focused on the effort to continue in the major that they originally chose”
(Seymour & Hunter, 2019, p. 7). Persistence continues to be a challenge in STEM
undergraduate education as students experience a “push-pull” dynamic of STEM
experiences pushing them out of the majors while learning experiences in other
disciplines pull them. Seymour and Hunter (2019) found that there were certainly other
factors at play in this push-pull besides teaching and learning, namely a realization that

one is not as interested in STEM as they thought they would be. But the teaching and
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learning experiences were strongly influential: issues with faculty teaching contributed to

36% of all switching decisions (“switching” refers to students who switch majors but stay
enrolled in college), complaints about poor teaching were mentioned as an almost
universal concern by 90% of switchers, and even among students who persisted, 74% of
them mentioned poor teaching as a problem in their major (Seymour & Hunter, 2019).
Persistence in STEM fields has been connected to two instructional factors experienced
by undergraduates: the teaching abilities of their instructors, particularly those teaching
first and second year courses, and experiences related to inclusion in their classes.

In the PCAST report to the president, the advisors wrote “high-performing
students frequently cite uninspiring introductory courses as a factor in their choice to
switch majors" (PCAST, 2012, p. 9). In their study of 10,000 undergraduates at seven
institutions (public and private), Seymour and Hunter (2019) discovered that 90% of
students who switched majors out of STEM cited poor teaching as a primary cause for
switching. Students mentioned classes where lecture was the only strategy used, day in
and day out, for an entire semester and environments where questions were not
welcomed. STEM courses use lecture as the primary form of teaching far more often than
other fields. Seymour and Hunter (2019) elaborated on this in their findings:

Their most common complaints were that lessons lacked preparation, logical

sequencing, or coherence, and that little attempt was made to check that students

were understanding class content. Students were frustrated by instructors who
seemed unable to explain their material sequentially, coherently, or break it down
into sequences that would enable conceptual grasp. “Poor” teachers did not appear

to understand the relationship between the amount of material which can be
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presented in a single class and the level of comprehension and retention which

they could expect from students. Nor did they pitch their class materials or test

questions at a level which was appropriate for students at their stage of conceptual

understanding. Students looked for, and mostly did not find, illustration,
application, and discussion of the implications of material being taught. They also
found it hard to retain their interest in the subject where their instructors failed to
present the material in a stimulating manner. STEM classes were often faulted for
their dullness of presentation—predominantly straight lecture—and over-focus on

memorization. (p. 10)

Additionally, a 2013-14 survey of STEM faculty showed 51% as relying on the
lecture, with the caveat that faculty often over-report their use of active learning
strategies (Malcom & Feder et al., 2016). As a result, many have called for dramatic,
sustained changes to the way STEM courses are taught and how faculty are trained
(Miller et al., 2021; President’s Council of Advisors on Science and Technology US,
2012; Seymour & Hunter, 2019). These changes range from incentivizing faculty to
improve their teaching (Miller et al., 2021), funding agencies like NIH and NSF requiring
pedagogical training for trainees on their grants (President’s Council of Advisors on
Science and Technology US, 2012), and developing discipline-specific teaching institutes
(Crowder & Monfared, 2020). But in terms of teaching strategies, nearly all solutions
mention active learning, course planning, group learning/projects, and approaching
teaching as research as necessary to improve the learning experience for STEM students.

One study found that active learning practices increased students’ science self-efficacy,
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and this led to improved academic performance for historically marginalized and

excluded students (Ballen et al., 2017).

The PCAST report also found that “many students, and particularly members of
groups underrepresented in STEM fields, cite an unwelcoming atmosphere from faculty
in STEM courses as a reason for their departure" (p. 9). Women and students of color
(historically marginalized and excluded) students earn STEM degrees at about half the
rate of white men, and still do not persist in STEM in numbers related to their
representation in the population (Seymour & Hunter, 2019). Students in Seymour and
Hunter’s (2019) study told of instructors ridiculing them for asking questions, comments
from deans that only one in four of them will make it to graduation, and a general feeling
of having to “get with the program” to succeed. These messages had a particularly acute
meaning to historically marginalized students, who were already made to doubt their
abilities in STEM.

Malcom and Feder (2016) found that foundational math and science “gateway”
courses were known for highly competitive environments that lacked peer support and
instructor interaction. Indeed, Seymour and Hunter (2019) described the environment:
“Comparing teaching styles encountered in STEM courses with those experienced in
courses outside of STEM disciplines were marked by dichotomies: coldness versus
warmth, elitism versus democracy, aloofness versus openness, and rejection versus

support” (2019, p. 11). Students were made to feel that learning was squarely on their
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shoulders and not on the shoulders of their instructors, and if they were struggling, it

must be because the students are deficient.

Despite years of faculty development and funding provided by the NSF and other
funding bodies, many undergraduate students in STEM still experience classrooms and
professors that are almost exactly as they were 20 or 30 years ago: taught by white men
and a few white women, lecture-style, and with very little awareness of effective teaching
practices. This calls for teaching development that is both evidence-based and that
follows inclusive principles.

Graduate Student and Postdoc Socialization

In addition to a lack of diversity, researchers have found that graduate students in
STEM are not prepared for the various responsibilities of academic work which include
research, teaching, and mentoring and other forms of service (Austin et al., 2009).
Research is a priority in STEM, both in terms of training and funding. Many STEM
faculty need to generate a significant amount of grant funding to run their labs and pay
their salaries. Not surprisingly, graduate students spend much of their time working in
research labs where “a common theme is the higher value placed on research
accomplishment as compared to the value ascribed to pedagogical training for future
faculty members” (Baiduc et al., 2016, p. 238). The money sets the priorities. The amount
of money flowing into research institutions from NIH and NSF grants is a perfect

example of what O’ Hagan et al. (2019) described as STEM’s perfect fit with the
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neoliberal enterprise” due to the “commercial potential of science” and the “market-like

competition among faculty and institutions for resources” (p. 206).

Brownell and Tanner (2012) found that students in the sciences are acquainted as
early as undergraduate years to the ways of labs and research, and as they moved into
graduate school, they “adopt the values, attitudes, and professional identities of the
scientists who trained them” (p. 341). One of these lessons is that research is prestigious
(which is proven by grant dollars) while teaching is its lesser cousin. This divide between
teaching and research is often reinforced by the fact that future faculty programs are
usually housed in Centers for Teaching and Learning (CTLs), which are quite separate
from research groups at large research institutions (Crowder & Monfared, 2020).
Brownell and Tanner (2012) also found that there are sometimes negative consequences
for showing interest in teaching, including mentors who will not allow students to gain
pedagogical training and those who will spend less time mentoring students who express
interest in teaching. This is at least partly due to the misguided idea that engaging in
pedagogical professional development will negatively affect their careers as researchers,
which was disproved by Shortlidge and Eddy (2018). Of course, this way of thinking has
been in place for a long time, so when thinking about changing priorities, culture change
is necessary.

Mentoring

If we consider that providing teaching professional development is one part of a
mentoring process, a mentoring system that is research oriented and has few rules or
requirements would in most cases lead to very little teaching professional development

(and other forms of mentoring). Faculty are not usually trained in mentorship and time
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spent on mentoring can have negative effects on their promotion (Kezar & Posselt, 2020,

p. 97). Furthermore, the approaches to mentoring most seen in STEM are quite informal
and seem to hold a “survival of the fittest” mentality (Thakore et al., 2014). These
political dynamics are particularly dangerous to students of color, who already struggle to
identify mentors who can help them overcome barriers of white supremacy within many
graduate programs but particularly in STEM (Kezar & Posselt, 2020). Thus, the lack of
diversity in most STEM PhD programs and faculty roles has its roots at least partially in
graduate socialization. Women and historically marginalized and excluded graduate
students in STEM said they experience unwelcoming environments, are less likely to
receive mentoring, and question their ability to finish their degrees (Rohlfing et al.,
2022).

Mentorship in STEM can also be understood through the power imbalance
between faculty and graduate students. Manning (2018) recognized “access to
information, expectations about consultation regarding decisions, and ability to exercise
voice” (p. 164) as privileges not extended to people low in the hierarchy, which includes
graduate students and postdocs. This lack of access to information might include
knowledge about faculty roles and professional development in teaching, as well as
limiting the range of mentoring discussions. This is not to say graduate students can’t
have great mentoring experiences and even gain teaching development in the process.
Indeed, either because they get lucky and have a great mentor, or because they “connect”
with their mentor (an experience more likely if white and male), this relationship can be
particularly beneficial. But both of these situations rely on a relationship to form, not on a

systematic approach to training future faculty. Additionally, the current situation also
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puts most if not all the responsibility on faculty and is not shared by school

administration and staff (Kezar & Posselt, 2020, p. 98).
Postdocs

Postdocs with HME identities are less likely to pursue academic careers if they
doubt their abilities to succeed in academia (Yadav & Seals, 2019). The lack of
professional development for postdocs causes many of them to feel this doubt. As
explained by Yadav and Seals (2019):

postdocs feel they are invisible as they fall in the ignored space between graduate

students and faculty, which is exacerbated by the lack of quality institutional

infrastructure to uniformly and comprehensively support postdocs. (p. 3)
Most efforts have been toward attracting increased numbers of diverse graduate students
in the sciences, not helping them persist at the doctoral or postdoc stages (Yadav & Seals,
2019). Postdocs are also caught in the demands of the 40-hour work week as researchers,
which does not leave much time for professional development in other areas. And yet, the
effects of supporting postdocs with pedagogical professional development are impressive.
For example, postdocs who participated in a mentoring program that included research
and teaching were three times more likely to enter the professoriate (Rybarczyk et al.,
2016). Women who participated in the program entered faculty positions at 69%, a much
higher rate than the national average of 34% and HME participants entered at a rate 3x
higher (29% and 9.5%) (NSF). They cited the teaching aspect of their training as key to
their success. Additionally, the SPIRES program, which focuses on HME STEM
postdocs, reported that participants have gone on to have significant impacts on

undergraduates in STEM in teaching and mentoring (Rybarczyk et al., 2016). Clearly,
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pedagogical professional development helps postdocs to succeed in all areas of faculty

life. This next section describes the teaching and learning issues important to
understanding a way forward with STEM education.
Teaching Issues

The literature includes discussion of evidence-based teaching (EBT) identifying a
set of practices that will improve STEM teaching in higher education. EBT includes
student-centered strategies such as the use of clickers, Socratic discussion, and case
studies as well as the two areas of focus in this study: active learning and inclusive
teaching. Goodwin et al. (2018) found that graduate students are more receptive to EBT
than their faculty counterparts, likely because their professional identities are still
forming. Another term of use, and a subset of evidence-based teaching, is learner-
centered pedagogies, which includes a range of strategies and approaches, but most
importantly includes active learning and inclusive teaching. The next few paragraphs will
describe the relevant teaching and learning theories, with some attention to modalities.
Finally, common teaching strategies will be described, which will also point to the need
for an in-depth study of teaching strategies in their programs.
Instructor-Centered Teaching in Current STEM Education

STEM fields largely use a “sage on the stage” model of teaching. Much of the
instruction is in the form of lecture with slides or at a white board (Seymour & Hunter,
2019). Interaction in STEM classrooms is often limited to a question-and-answer session,
what John Watson called stimulus and response. The expectation for students is that they
be able to learn from the lecture, ask questions if they are confused, and show their

learning in a paper or on an exam. Students who listen well and take good notes are
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rewarded with higher test scores. At times there may be a hands-on activity, like a lab,

and holds a focus on observable skills. Merriam and Bierema (2014) related that
“observable behavior, not internal mental processes or emotional feelings, determines
whether learning has occurred” (p. 26).

STEM (and many other fields, to be honest) is also known for punishment in
course policies. Zero scores for late work, grade drops for absences, and high stakes
exams are all commonly seen. While many instructors have moved away from
punishment-type policies, this is one persistent aspect of STEM education that might be
viewed as gatekeeping and lacking a student-centered approach. Even while trends in
education move toward student-centered approaches with UDL and trauma-informed
strategies for teaching and course policies, these moves are not yet firmly established in
STEM courses (Dewsbury et al, 2022; Brownell & Tanner, 2012).

Constructivist Strategies for Greater Persistence

STEM education is not as well acquainted with constructivist strategies as the arts
and humanities. Constructivists see the learner as a dynamic actor seeking knowledge and
meaning rather than as an empty vessel to be filled (Driscoll, 2005). Some qualities of
constructivism are group learning concepts, active learning, recognizing and using
students’ previous knowledge, concepts of proximal zones of development, and
experiential learning, among others. Constructivism asserts that participants enter with
previous knowledge about teaching and learning based on their experiences as students
and sometimes as teaching assistants. They are able build off that knowledge, sometimes
contradicting it, and gradually introduce evidence-based teaching practices. One example

of this is that many STEM students enter with little to no knowledge of active learning,
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which has its basis in constructivism. Over the course of their program, they will likely

learn many active learning strategies like gallery walk and jigsaw discussions, and also a
bit of the theory that supports them. Active learning is an important component of this
study because it has been found to positively affect the retention of historically
marginalized and excluded students in STEM (Dewsbury et al., 2022; Ballen et al.,
2017).
Active Learning

Active learning is supported by many educational philosophies and theories, but
Piaget’s constructivism (1968) and Vygotsky’s proximal development theory (1978) are
two of the most important. Constructivists think of the learning process as a student
taking in new information and either fitting it into a framework or making changes to the
framework to allow for the new knowledge. Active learning strategies strive to create this
experience for learners by not only setting the scene for learning but also for using higher
order skills and helping learners to develop metacognition. Willingham (2021) added that
active learning has the effect of helping learners to take their background knowledge and
apply critical thinking skills, which helps them organize knowledge into useful
configurations (p. 28), or packages that can easily be taken off a shelf. Some examples of
active learning, from simple to increasingly complicated, are pause procedure,
think/pair/share, group discussion, case studies, and the use of simulation technology. Of
note is the inclusion of group work in this list, and here is where Vygotsky’s proximal
development theory (1978) supports active learning. Vygotsky found that learners learn
from peers (and not just an instructor) and that they could often stretch beyond their

individual knowledge when working with a group. Willingham (2021) also pointed out
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the value of peer learning and in creating a sense of belonging (through inclusive

teaching) when he said the “emotional bond accounts for whether students learn” (p. 70).
Too often bonds between students and with their instructors is not viewed as central to
learning.
Experiential Learning

Experiential learning has been found to be important in the professional
development of new faculty. One example of experiential learning is Kolb’s Experiential
Learning Cycle: concrete experience, reflective observation, abstract conceptualization,
and active experimentation (Kolb, 2014). For example, Mutambuki et al. (2020)
examined the features of a successful future faculty program and identified “repeated
opportunities to engage in evidence-based teaching approaches through experiential
learning” (p. 59) as key to their effectiveness. These may come in the form of
microteaching sessions, guest teaching, and TAing observed by a teaching mentor
followed by a feedback session, and opportunities to create and practice learning
activities. Borrego and Henderson (2014) suggested that this application or
implementation part of student-centered teaching is crucial for the larger culture change
process to take hold in STEM. In their study of postdocs who participated in future
faculty programs, Ebert-May et al., (2017), the authors found that access to teaching
opportunities and regular feedback from constructivist-minded mentors was key to
sustained use of learner-centered pedagogies post-program.
Growth Mindset

Lastly, constructivism informs many of the thoughts around growth mindset,

which is based in social learning theory but has constructivist values. Growth mindset is
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“the core belief that intelligence is malleable and can be improved via hard work”

(Willingham, 2021, p. 203). Growth mindset can be held by a student, but is also
powerfully realized through instruction. For example, a student may believe they can
learn the content, but if an instructor does not believe, they will not take steps to teach the
student and support them in their learning. It is vitally important in STEM that instructors
have a growth instead of fixed intelligence mindset, particularly for the success of
historically marginalized and excluded (HME) students. In a longitudinal study that
included 15,000 STEM undergraduates and their instructors, Canning et al. (2019) found
that students whose instructors had fixed mindset had larger racial achievement gaps
while students whose instructors had growth mindset view of intelligence were similar in
achievement. Similarly, the two approaches to teaching on which this paper focuses—
active learning and inclusive teaching—both found to have significant positive effects on
STEM students and persistence (Seymour & Hunter, 2019), are of a growth mindset
orientation.
Learner-Centered Pedagogies

Instruction in the United States is increasingly learner-centered rather than
instructor-centered. In the latter, content and ideas are filtered through the instructor and
their worldview and are offered to students largely in the form of lecture. In the former,
content and ideas are offered to students to consider in a variety of ways that might
include a short lecture but will also include active learning or experiential learning, for
example. The issue of “covering content,” is often cited as the reason why STEM
instructors do not include active learning techniques in their teaching (Petersen et al.,

2020). They feel pressured to cover topics, which is assumed to be when the learning
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takes place, rather than in an active setting. This seems to be a significant barrier for

instructors in foundational level science courses, who feel pressure to cover fundamental
concepts. The science of cognitive development would assert that foundational courses
are exactly where students need active learning. As Willingham (2021) explained it: the
brain will not remember what it has not thought about, so instructors need to design
lessons that have students think about the material, not just take notes from what is on a
slide.

Learner-centered pedagogies include active learning (described above) and
inclusive teaching practices. Both active learning and inclusive teaching strategies place
the learner at the center of pedagogical choices. These learner-centered strategies have
been found in multiple studies to lead to student learning and success but have also been
found to be central to improving STEM teaching and learning and student persistence.
Inclusive Teaching Practices

Inclusive practices in teaching, for the purposes of this paper, are defined as
having the awareness, knowledge, and skills for applying diversity, equity, and/or
inclusion to teaching and learning (Hartwell et al., 2017). These strategies are sometimes
also referred to as anti-racist teaching practices, depending on their attention to equity
and white supremacy. They value diverse contributions to learning and seek to include all
students in the learning process. Dewsbury and Brame (2019) added that inclusive
teaching is dialogic:

When instructors engage with their students’ voices and acknowledge their

students’ agency in learning, it transforms the ways in which we construct STEM

classrooms. Students’ voices guide curricular choices, the support structures that
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help students succeed, and the tools that will promote a positive classroom

climate. (2019, p. 3)
Inclusive instructors strive to understand and confront the foundations of education in
white supremacy and provide ways to counter it in course policies, course design, lesson
planning, assessment, and other course activities. One example of this is the recognition
of scientists of color in lectures and in selected articles. Inclusive educators do not ask
students to represent a group or teach the class about a group to which they belong.
Inclusive teaching practices consider the unequal status of both instructor and students,
and increasingly, incorporates multiple modes of assessment and flexibility in attendance
and due dates. Finally, professional development focused on inclusive teaching should
also include attention to “reflection, empathy, and awareness of social relations and
interactions in the learning environment” (von Vacano et al., 2022, p. 7). Inclusive
teaching fosters these social and reflective experiences as part of the learning process, not
simply a movement of information from instructor to student. Maybe because of this
deeper level of engagement, Dewsbury (2017) found that surface-level professional
development on inclusive teaching has negative impacts on classroom experiences.

Educational literature is full of discussions of belonging and how to foster it.
Inclusive practices are often shared as tools to create a sense of belonging among
students. While these practices are important, relationship building and dialogue are key.
Furthermore, it is difficult to teach faculty how to foster belonging if they are not talking
about the various paths to belonging and a clearer definition of what they belong to
(Dewsbury, 2017). For example, an instructor would need to recognize the hierarchies

and white supremacist traditions in which they work to fully create belonging in a course.
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Freire said that instructors need to enter into dialogue with students and that this dialogue

is what will lead to inclusive, emancipatory education. Dewsbury (2017) echoed this is
asserting that truly inclusive teaching is about relationships. Interestingly, Ballen et al.
(2017) found a connection between the use of active learning strategies with sense of
belonging in HME science students.
Modalities

The last 20 years have seen a move toward increasing use of technology in
teaching. Even before the COVID pandemic, universities like Arizona State and Oregon
State University had fully online departments and degrees. The pandemic had the effect
of pushing all learners online for varying amounts of time and illuminated the need for
faculty to gain skills in teaching in online and hybrid formats. In addition to the basic
skills of teaching on Zoom and fundamentals of instructional design, faculty are learning
about Universal Design for Learning (UDL), which provides a blueprint for fully
accessible online teaching (that also meets many of the requirements for inclusive
teaching). It remains to be seen how STEM future faculty programs have included
training in various modalities and digital accessibility as part of their curriculum.
Additionally, this is an area of interest because online education more often features
learner-centered course design, highlighting “integration and sustained inquiry...the
development of cohesion and sense of community” (Voegele, p. 177, 2012).
CIRTL Curriculum

CIRTL is easily the most well-known source for future faculty programming in
STEM. There are three main pillars of CIRTL: Teaching as Research, Learning

Communities, and Learning Through Diversity. Many STEM future faculty programs use
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the CIRTL pillars to structure their curriculum and their course and workshop offerings

seem to be a mix of national CIRTL sessions and local, institutionally-based sessions and
courses. Of note, CIRTL’s three pillars do seem to address at least thematically some of
the issues identified in the literature review regarding teaching in STEM: the pressure to
dichotomize teaching and research, the need for communities of practice for successful
faculty development, and the need for inclusive teaching in STEM fields. CIRTL offers a
few regularly offered MOOC:s as well, one titled An Introduction to Evidence-Based
STEM Undergraduate Teaching and Advanced Learning Through Evidence-Based STEM
Teaching. At first glance, CIRTL seems to be the answer STEM leaders have been
looking for, but its reach is limited. One reason CIRTL does not have a larger role in
transforming STEM education is the cost of access: member institutions pay $12,000 a
year to access CIRTL’s programming. The argument to put this amount of money into
graduate student and postdoc professional development is a tough one, particularly at
smaller universities. Institutions also need to have the local resources and staff to promote
and support CIRTL engagement. Secondly, the MOOC model of professional
development is inconsistent in engagement. Goopio and Chung (2021) found that while
initial MOOC registration is high, a significant portion drop out after the first week, and
most of the rest will drop out before the end of the course, which also means that few if
any will complete the course. If programs are hoping to replace local programming with

reliance on MOOC:s, they may find that those learning goals are not being met. Despite
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these challenges, many effective, well-established STEM future faculty programs are

CIRTL members and take advantage of both their organizing pillars and their curriculum.
Organizational and Critical Analysis

When considering the issues that arise around pedagogical professional
development, teaching and learning in STEM undergraduate courses, and the role of
future faculty programs in affecting change, it is useful to apply organizational lenses in
analysis. Because this issue finds its persistence in inequities, a critical lens is needed to
identify problems and seek solutions in persistence, teaching and learning, and
organizations.
Organizational Analysis

Organizational theories provide a lens through which to view the institutional
contexts of future faculty programs in STEM. Manning’s (2018) political model of
organizational theory provides insight into the power inequities of graduate student and
postdoc experiences. The political model describes a hierarchy where they occupy the
bottom rungs and a landscape of mentoring and career development that can often be
unpredictable and informal. In contrast, Eddy and Kirby’s networked leadership models
are useful in thinking about the ways future faculty programs recruit institutional
resources in service of professional development for graduate students and postdocs.
Political Model

In Kathleen Manning’s Organizational Theories for Higher Education (2018), the

author asserted, “the dynamics and relationships between people are where the political
model is most explanatory and insightful” (p. 159). Indeed, the teaching professional

development landscape for STEM graduate students is a jungle of conflict, competing
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priorities, privilege, and detachment. Connolly et al. (2018) found that teaching

professional development leads to increased feelings of efficacy in early career scholars.
Yet, the professional development opportunities (or lack of) are subject to the
inconsistencies of politics.

The political organizational lens is useful for describing the teaching professional
development and mentoring landscape experienced by many STEM graduate students. It
is an effective lens because it highlights the inequities and inconsistencies of training and
the need for systemic, informed mentorship and teaching professional development. It
recognizes, though, that when strong, productive relationships are formed between
mentor and mentee, the mentee benefits significantly.

Networked Leadership

Networked leadership is a form of connected leadership that strives to create long-
term connections and affect change within the organization (Eddy & Kirby, 2020). It
involves both positional leaders and those not in positional leadership in collaborations
than span the institution. Individual players can move in and out of leadership in the
collaboration because the focus is on an identified problem to solve or service to provide
(Eddy & Kirby, 2020). Networked leadership is useful for considering the leadership
requirements of leaders of future faculty programs. Hill et al. (2019) studied eight CIRTL
network future faculty programs and in interviews with program faculty and staff, these
leadership themes emerged: 1. The ability to connect with people and programs across
the institution to encourage buy-in; 2. Acting as a champion for the program and for
graduate student and postdoc professional development in general; 3. Inspiring

excitement for the program to garner fiscal support and other resources. Despite finding
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these three themes, the authors assert that the first—the ability to connect with people

across the university—was the most often mentioned.
Partnerships for Shared Resources and Opportunities

One feature of networked leadership is partnerships. Eddy and Kirby (2020)
argued that partnerships are important in our current context of “declining funding and
increasing complexity of institutions” (p. 199). For example, one office may not have the
expertise to conduct all the workshops in a program, so leaders reach out to faculty and
staff that do. Bowman et al. (2019) found that many institutions do not have the resources
to support future faculty programs, which is why partnerships become important. A
future faculty program at University of California, San Francisco, creates partnerships
with local undergraduate institutions because the school does not have undergraduates,
and thus, lacks teaching opportunities. These partnerships enable programs to explore
“innovative or new programs and ideas, but without ties to the institutional structure”
(Eddy & Kirby, 2020, p. 198). Partnerships can also exist within an institution. For
example, future faculty programs often collaborate with diversity initiatives and career
development offices to meet the needs of graduate students and postdocs as they think
about their careers. Advisory boards are another example of how inter-institutional
partnerships can support future faculty programs, both by helping with decision making
and by garnering support from various departments and central leadership (Hill et al.,
2019).
Boundary Spanning to Support Future Faculty Programs

In addition to partnerships, boundary spanning is a beneficial characteristic of

networked leadership. Boundary spanning is when people work across silos or divisions
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in an institution. The stronger the boundaries, the greater challenge is presented to

networked leadership. One asset of boundary spanners is that they are able to understand
and translate different groups’ perspectives. Faculty and staff who coordinate future
faculty programs are boundary spanners partly due to the broad goal of including
graduate students and postdoctoral scholars from a variety of departments, and partly due
to the needs of the program for trainers, facilitators, board members, and observers. For
example, the FAST program at Michigan State University uses graduate fellows, science
faculty mentors, and trainings from the Graduate School to piece together their STEM-
focused future faculty program (Vergara et al., 2016). Another example is seen with
many future faculty programs that are members of CIRTL. There is often a local faculty
or staff that acts as a liaison between the CIRTL network and their institution (Hill et al.,
2020).

Boundary spanners are also an example of how networked leadership leads from
the middle rather than above (Eddy & Kirby, 2020). The people doing the boundary
spanning are rarely the people at the top of their respective hierarchies. More often they
are CTL faculty or staff or a few faculty members leading the effort. Lastly, when we
think of networked leadership and the broad network it creates, it is important to note the
diversity of knowledge and experience brought to bear on future faculty programs (Eddy
& Kirby, 2020). Boundary spanning might connect them with peer mentors, career
opportunities, and other collaborations outside of their normal sphere of research lab and
academic department. Interestingly, boundary spanning can provide a lens through which

to view STEM-focused future faculty programs. Specifically, by focusing only on
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scientists in training, these programs might miss out on the diversity of experiences and

knowledge shared in a campus-wide future faculty program.
Organizational Challenges

According to multiple studies, there is significant variation in future program
design and components (Crowder & Monfared, 2020; Mutambuki et al., 2020). Some
programs have a pick-and-choose approach, where participants are not moving through
the program in cohorts and there is not a guaranteed number of hours they might engage
with the curriculum. Other programs have a cohort model fed by applications and some
offer fellowship money to support the time spent. Similarly, programs that are part of the
CIRTL network seem to vary in how much CIRTL programming makes up their
program. Some programs rely on CIRTL for nearly all their STEM-specific programming
(Hill et al., 2019). Others offer quite a bit of local curriculum in the form of courses,
workshops, teaching observations, and use CIRTL as a guiding set of principles rather
than as content or curriculum. Due to this variation, it seemed clear that more needed to
be learned about the curricular decisions made by programs and the extent to which
programming is based in their institutional contexts.

STEM-focused future faculty programs are largely based at research-heavy
institutions (Crowder & Monfared, 2020). Many are at large land grant institutions that
have significant resources to devote to graduate students. Some are at smaller institutions
that have STEM or biomedical sciences focuses, like academic health centers. In their
study of eight CIRTL programs, Hill et al. (2019) found four key features of future
faculty programs: 1. Campus support for teaching and learning in general and

professional development of graduate students and postdocs in particular; 2. Programs
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had access to central support services and many connections to people and resources

across campus, regardless of their organizational location; 3. Leaders of these programs
were good at reading the landscape of the institution and connecting with stakeholders; 4.
Programs were strong programmatically—they had good teams, functional space, access
to money and resources, and had strategic marketing. The converse of these four features
should also be considered: what are the consequences of having three of the four
features? What if that feature is adequate funding or support for graduate student and
postdoc professional development? While these four features all seem important, they
beg the question of if this list should be ranked. Or, alternately, can a dynamic leader
with great connections across the institution make up for a lack or two in another area?
The field of graduate student and postdoc professional development also needs to
consider the barriers and opportunities of institutions without future faculty programs. As
mentioned earlier, not all institutions have a future faculty program, much less a STEM-
focused program. There are many reasons for this: multiple studies have found that some
institutions do not have the funding or FTE to devote to such a program (Bowman et al.,
2020; Connolly et al., 2018). Early Preparing Future Faculty programs were funded
through a grant, but that grant has since expired and some programs went with it
(Rozaitis et al., 2020). Many institutions fund shorter, more immediate teaching assistant
training. This training is justified because it prepares TAs for their short-term duties,

which serve the interests of the institution and do not require the same commitments of
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resources as future faculty programs (Branchaw et al., 2020; Fong et al., 2019; Lang et

al., 2020).

Another barrier to developing future faculty programs in STEM is the persistent
focus on research (which is constantly reinforced by grant funding) and how this focus
harms efforts to professionalize teaching among scientists. There are a few ways this
manifests: at some institutions, graduate students in STEM are only given research
positions and are not offered teaching assistantships. As mentioned earlier, even if
teaching assistantships are offered, they are often told that these positions are less
valuable than research positions (Rybarczyk et al., 2016; Yadav & Seals, 2019). Another
way this is manifest is that pedagogical professional development is not often integrated
into the standard curriculum of graduate students or the duties of postdocs. It is usually an
add-on that must be done in one’s “free time” and quite often against the wishes of one’s
principal investigator (Borrego et al., 2021). While not present in all contexts, the
literature shows that there are significant barriers to future faculty programs and to
participating in them (Borrego et al., 2021; Bowman et al., 2020; Connolly et al., 2018;
Hill et al., 2019). Not surprisingly, these barriers inhibit the positive effects future faculty
programs can have on STEM education at both the undergraduate and graduate levels.

Despite the barriers faced by future faculty programs, they persist in training
graduate students and postdocs to be effective educators. They take advantage of already
existing resources like the CIRTL network, science faculty with pedagogical expertise,
and the resources and faculty of CTLs and graduate schools to create programming that

truly prepares them for college teaching. This study sought to learn about their actual
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curriculum, what commonalities and differences exist between programs, and how their

curriculum is affected by their institutional contexts.
Critical Analysis

Critical theory helps us understand both the context of the problem in STEM and
future faculty programs’ attempts to answer the problem. First, historically marginalized
and excluded (HME) students are often underserved and alienated by STEM teaching in
foundational courses, which leads to a lack of persistence and lack of representation at
the graduate, postdoc, and faculty level. Seymour and Hunter (2019) also found that
students of color blamed themselves for not learning better in STEM courses. Clearly,
STEM undergraduate education is not serving historically marginalized and excluded
students and this lack of service is based in white supremacy culture. Furthermore,
critical theory is informative when looking at the organizational contexts and policy
landscape of STEM disciplines. It sheds light on how power is organized to protect the
status quo in STEM education.
Critical Theories and the Classroom

The critical theory called community cultural wealth is also relevant to STEM
future faculty programs. Too often in education we are trained to view historically
marginalized and excluded students as deficient—in training, opportunities, supports, etc.
and these are used as explanations for poor academic performance (Y osso, 2005).
Conversations around HME persistence used to center on preparedness, with the
implication that HME students were deficient, not the education systems that failed to
help them prepare. In contrast, community cultural wealth theory helps faculty and future

faculty to comprehend the resources, abilities, and contacts historically marginalized and
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excluded students come with—of community, family, cultural and religious traditions,

among others. For example, Hofstra et al. (2020) conducted a broad survey of scientific
articles and dissertations using machine learning and found that historically marginalized
and excluded scientists are more innovative than their white counterparts. The authors
attribute their scientific novelty to their ability to see and connect ideas and concepts
differently. The study also found that their ideas, however novel, are not adopted at the
same rate as their white counterparts. Community cultural wealth theory helps illuminate
the lost opportunities and knowledge when students from HME groups are kept out of
faculty roles.

Critical Race Theory helps us understand problems in STEM education as part of
white supremacy culture. Von Vacano et al. (2022) asserted that white supremacy in
STEM is “historical, cultural, and institutional” (p. 4). For example, nearly 90% of
faculty are white and 65% are male (Bennett et al., 2020), the textbooks and lectures
feature the thoughts and work of white men, and introductory level courses are described
as “cold” and ““cutthroat” (Hrabowski et al., 2019, p. 114). Yosso (2005) adds another
interesting point about the “racialized assumptions” made of HME students: they often
lead to banking style instruction because students are seen as empty or deficient (p. 75).
Furthermore, historically marginalized and excluded students are made to feel like
outsiders to science, their identities as scientists questioned in what Seymour and Hunter
(2019) call “a normalized process of structured wastage” (p. vii).

Indeed, many future faculty programs may need to take extra steps to help
participants unlearn traditional teaching methods like relying on lectures and question

and answer sessions, particularly considering the dynamics of “banking” style instruction.
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For example, STEM-focused future faculty programs might emphasize discipline-specific

teaching methods over student-centered approaches. More often than not, STEM faculty
are content-focused rather than student-focused (Dewsbury et al., 2022). They believe
their job is to relay content and that the lecture with pre-made slides or with a whiteboard
is what works to relay it (Seymour & Hunter, 2019). Conversely, some future faculty
programs seem to have taken steps to include a critical approach to teaching, at least as
far as training participants to teach to a diverse student population (Bowman et al., 2020;
Rozaitis et al., 2020; Vergara et al., 2014). To take it a step further, STEM future faculty
programs might begin to consider how they are talking about power and inequities in the
classroom and what future faculty can do to develop critical teaching and learning spaces.
Diggs and Mondisa (2022) found that many future faculty programs do not consider the
needs and desires of HME participants in their programs. They do not offer workshop
topics that attend to these needs; likewise, the credit courses offered do not necessarily
have HME challenges and benefits included (Diggs & Mondisa, 2022). Conversely, many
participants in future faculty programs said they experience greater community by
participating and that they enjoy the diversity of the programs (Mahavongtrakul et al.,
2021). They also mentioned that they enjoy the peer support for their interest in
pedagogy. They shared that sometimes their cohorts in their home departments are toxic
and competitive, while their future faculty cohort was welcoming and supportive.
Critical Approach to Organizations

The literature confirms that future faculty programs in STEM have great potential
to facilitate change in STEM classrooms and help fix the pipeline of historically

marginalized and excluded students. Studies have found that they successfully train
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instructors who experience self-efficacy in many areas of student-centered teaching and

will likely go on to teach using student-centered, evidence-based approaches in their
faculty careers. It is not clear if they see themselves as part of culture change in STEM.
And if they do feel a part of the change, this study sought to know more about how they
enact it in their programs and what abilities/opportunities they add to the effort of
changing STEM education. Lastly, research is needed on future faculty programs playing
a role in developing critical approaches to policies that govern graduate student and
postdoc professional development.
There are significant, historical barriers to making change in STEM education. A
critical lens shows
multiple broad influences on STEM education that affect its participants — both
instructors and learners — deeply yet invisibly, by guiding and constraining the
choices, opportunities, and psychologies of individual actors. Importantly, these
processes are historical, cultural, and institutional, their influences are invisible —
that is, they are “baked in” to the structure of the system. (von Vacano et al.,
2022, p.5)
The values that are “baked in” include STEM education as social reproduction rather than
social mobility, reinforcement of status hierarchy, and assumptions about effective
teaching. Students and postdocs occupy the lower rungs of the hierarchy and “shield
faculty from criticism, reflections, responsiveness, or self-awareness” regarding the roles
they play as instructors and mentors (von Vacano et al., 2022, p. 6). Meanwhile, the
pressures of academic capitalism have faculty focused on bringing in grant funding over

any other faculty role or responsibility. These dynamics seem to put STEM future faculty
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programs in uncomfortable positions of advocating for graduate student and postdoc

autonomy, possibly distracting them from grant writing and lab work, and attempting to
train them in teaching strategies that might feel new and possibly threatening. On the
other hand, some programs might enjoy a closer relationship to STEM departments and
might view their domain as simply improving the teaching and providing future faculty
with much-needed professional development rather than as change agents working to
transform STEM.
Paradigmatic Framework

Faculty development is often informed by a pragmatist worldview for its focus on
problems, its orientation toward real-world practice, and its inclusion of multiple
methods. In the pragmatist view, both the individual and the world are constantly
changing and responding to action and consequences. As Kaushik and Walsh (2019)
explain, “the world is also not static—it is in a constant state of becoming.” (Kaushik &
Walsh, 2019, p. 3). This focus on action and change is a useful lens through which to
view the efforts of future faculty programs, which function on the belief that the actions
of the program will bring about learning in the participant, who will then go out and teach
differently because of the training. It also informs the perspective of this study, which
sought to explore how STEM future faculty programs are answering the question of
learner-centered pedagogy and institutional supports while recognizing that all of their
answers are in flux and context-dependent, two features of a pragmatist lens (Creswell &
Creswell, 2018). Additionally, Wallin (2003) asserts that faculty development’s
nonlinearity, its focus on individual growth and skills, and its lack of a grand or unifying

theory, call for a pragmatic approach to research for its problem-solving orientation and
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flexibility. Like traditional faculty development, future faculty programs in their very

nature are pragmatist: they focus most of their energy and time on strategies that will
create better teaching and learning experiences, and engagement with educational
scholarship and theories, while important, is usually secondary.

The pragmatist worldview calls for real-world solutions to problems. In the case
of future faculty programs in STEM, the review of literature showed that teaching and
learning practices, socialization in the sciences, and organizational facets all influence
programs and participants’ access to them. The model below shows how these areas
intersect and how learning about them is both interconnected and better understood using

a critical lens.

Organizational Teaching/Learning
Dynamics Curriculum

Socialization and
Professionalization

Critical Theories

Figure 1: STEM Future Faculty Conceptual Framework
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Grant and Osanloo (2016) define a conceptual framework as “the researcher’s

understanding of how the research problem will best be explored, the specific direction
the research will have to take, and the relationship between the different variables in the
study” (17). The framework above shows the overlapping effects of teaching and learning
theories and approaches, STEM socialization and cultural aspects, and organizational
theories as lenses through which future faculty programs might be explored. For example,
even while a future faculty course is training a graduate student in teaching strategies, it
is also socializing them to faculty roles and responsibilities (often in ways not found in
their departments or labs). Similarly, the programming and support offered by a future
faculty program should be viewed as intersecting with institutional issues like fiscal
funding and access to fellowships. Additionally, critical theories are overlaid on all the
spheres because they are the overarching lens through which each domain is viewed.
Future faculty programs are located at the very center of this diagram, where these lenses
all overlap. The three primary areas of interest in this study are the teaching and learning
approaches, the interplay between graduate student socialization/professionalization and
future faculty programs, and the organizational contexts that affect the curriculum and
structure of future faculty programs.

Critical theories shed light on the ways power and privilege work against STEM
persistence. Dewsbury (2017, 2022) and von Vacano et al. (2022) argued that STEM
education has a pernicious inequality, seen from the smallest moments of
instructor/student interactions all the way up to the departmental, institutional, and
national level. As von Vacano et al. (2022) wrote, “meso level interventions [including

inclusive pedagogical development for future faculty] that include a critical approach to



43
faculty and peer instructor development may be key to addressing STEM disparities,

given that meso level processes plan a mediational role between macro and student-level
factors” (p. 2). The authors situate future faculty programs and other interventions, like
universal design for learning and student self-empowerment, at the crux of change. Thus,
it is vital that attention is called to how power and privilege are enacted in STEM while
also training future faculty to confront and counter them. Not surprisingly, power and
privilege play a large role not only in STEM classrooms but also in the training of
graduate students and postdocs and their ideas about continuing into faculty positions, so
it is important to look at these three areas with a critical lens.
Summary

This chapter began by describing the problems in persistence in undergraduate
and graduate STEM education that are particularly acute for historically marginalized and
excluded students. It discussed the mentoring and socialization of graduate students and
postdocs toward careers as researchers rather than teachers. Next, considerations of
teaching and learning were discussed in light of STEM education and the work of future
faculty programs. Lastly, the various forms of analysis—organization, pedagogical, and
critical were applied to the topic. Specifically, this chapter described the current
understanding of STEM education at the undergraduate, graduate, and postdoc levels and
the cultural features that not only make change difficult but also point to a gap in the
literature regarding the role of future faculty programs in creating change. Finally, the
theoretical framework, pragmatism, and the conceptual framework were discussed to

describe the larger assumptions that shape this study. In the next chapter, the
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methodology of the study is explained, including how the researcher came to the research

questions based on the aforementioned frameworks.
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CHAPTER 3: METHODOLOGY

Future faculty programs that seek to provide pedagogical professional
development to STEM graduate students and postdocs are increasingly viewed as
important sites to the project of improving STEM education and diversifying its students
and faculty. To date, however, the professional literature has yet to identify a set of
faculty development best practices that might guide the field in growing graduate
students and postdoctoral scholars as educators. Furthermore, the literature has yet to
describe the institutional supports required to drive the success of STEM-oriented future
faculty programs. This study intended to address this need through a comparative
qualitative study in seeking evidence-based practices and institutional contexts in STEM
future faculty programs. This chapter describes the purpose of the study, research
questions, and data collection and analysis.

Research Questions

A review of the literature suggests that more needed to be learned about STEM-
focused future faculty programs. In the teaching and learning domain, multiple studies
have shown that future faculty programs have increased the self-efficacy in teaching of
their participants and that these programs are preparing them for all the roles of faculty
life, largely by interviewing current and previous program participants or by using
instruments to measure their use of effective teaching strategies in class sessions. While
much has been published about their overall efficacy, very little has been published about
their efforts to train inclusive instructors. Additionally, to date, there are few studies that

sought to learn about STEM future faculty programs from the managers of such programs



46
and understand the pedagogical, professional developmental, and organizational thinking

that went into creating and sustaining these programs.

There was a need to learn about the role of future faculty programs in new efforts
to socialize and professionalize STEM graduate students and postdocs. Studies suggest
future faculty programs might be key to improving persistence in STEM undergraduate
education and to diversifying STEM faculty. Still, very little has changed in STEM
teaching, so more needed to be learned about the curriculum of these programs (teaching
and learning area) and their institutional contexts (organizational dynamics).
Organizational dynamics also led to questions of the benefits and/or challenges these
programs face based on their location in the institution, their organizational structure, and
their fiscal support, to name a few possible factors.

The research questions included:

1. What pedagogical approaches and professional development processes are

utilized by effective STEM future faculty programs?

la. How are participants trained in learner-centered pedagogies?

1b. How are participants acquainted with issues of power and privilege in
pedagogical practices?

2. What organizational or institutional benefits and barriers exist to providing

pedagogical training to graduate students and postdocs?
Population and Site Selection

To effectively answer these questions, the researcher needed to first establish

criteria for what constitutes an “effective program” and identify programs that would

answer questions about STEM future faculty programs. The researcher conducted an
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initial review of program websites to identify programs that met the criteria for

effectiveness. The researcher sought to study three programs and identified alternates.

Study sites were selected based on meeting these criteria:

1) It was a STEM-oriented future faculty program. This study was interested in
the particular dynamics of STEM education, which are summarized as poor teaching in
foundational courses, a growing emphasis on the importance of STEM programs to
research and industry, and the increasing focus on future faculty as possibly the most
effective site of teaching professional development. Future faculty programs were chosen
over teaching assistantship training programs because they generally feature both depth
and breadth of pedagogical knowledge and are oriented toward careers in academia
(whereas TA trainings are satisfying the more immediate need to staff discussion groups
and review sessions).

2) The program had a time commitment of 30 hours or more for completion. This
time commitment is supported in the literature as a threshold for participant self-efficacy
(Connolly et al., 2018).

3) The program had a history of robust program evaluation. Programs with
evaluation and improvement processes were of interest to this study because they sought
to evolve with participant needs.

4) Scholarly activity was prioritized in selection. Programs that engage in
scholarly work based on features of their programs are adding to the field of
understanding of future faculty program success. Sites were chosen after a review of
online materials to establish the above criteria as well as access to people and materials

for the case.
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Site Selection

The researcher utilized the POD network, specifically the Graduate Student and
Postdoc Professional Development Special Interest Group (GPPD SIG) to identify
programs that met the selection criteria and were willing to participate. If a program
manager was open to participation, the researcher scheduled a 30-minute Zoom call with
them to tell them about the study and answer questions. At the end of the call, programs
either committed verbally or said they needed to check with their supervisor, who would
also participate. An initial group of three programs gave verbal agreements at the end of
this first meeting. Within a few weeks, one of these programs said they could not
participate because the supervisor told the program manager that the program manager
did not have the time to participate. A second program declined to participate for similar
reasons, but it was two months before they informed the researcher. Having two
programs decline, the researcher continued to utilize contacts in the POD network and
personal contacts in the field to learn about programs that would qualify. Both of the last
two programs were referred to the researcher as high-quality programs worth replicating.
They agreed to participate based on the information in the study information sheet and
email communication with the researcher. They did not require an initial Zoom call. The
researcher called them Central University, SW University, and NW University.

The three programs chosen for the study were two institutes of technology
(Central and SW) and one research-intensive land grant university (NW). One institute of
technology was located in the South (Central), the second institute of technology was on
the West Coast (SW), and the land grant university was in the Pacific Northwest (NW).

All three institutions were in major urban areas.
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Central University was a STEM-only institution with 26,400 graduate students

and approximately 19,000 undergraduates. It did not publicly share postdoc numbers. The
future faculty program was managed by a Center for Teaching and Learning (CTL) and
staffed by three staff members trained as educational developers, 8-10 graduate students,
and occasional faculty fellows. It served 300-400 participants at any given time and was
accessible to both graduate students and postdocs. Their programming for each group
was different, with postdocs doing much of the work asynchronously and on
individualized timelines while graduate students more often took credit courses. Central
has been a member of the CIRTL network since 2016. It was active in gathering and
sharing scholarship regarding its future faculty program at national conferences.

SW University was also a STEM-only institution with 1,400 graduate students,
1,000 undergraduates, and 650 postdocs. The future faculty program was administered
from a CTL and staffed by two people, the supervisor and the program manager (who had
a doctorate in a STEM field). SW’s future faculty program was solely for graduate
students and had 6-8 participants complete the certificate program per academic year
(although they recently launched a postdoc program in January of 2024). This program
was identified by experts in the field as having an innovative and effective program
design. This program held membership in CIRTL but was not at the time of the study
using it in their future faculty program.

NW University was a large land grant institution with multiple campuses and
many non-STEM degrees and programs. It had 17,450 graduate students, 43,255
undergraduates, and approximately 900 postdocs. Their program was led by biology

faculty members, one of whom was the program manager and the others served as
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mentors, and supported by staff in the college of biological sciences and school of

medicine. The program director worked at one of the satellite campuses while faculty
mentors primarily worked at the main campus. This program was limited to postdocs but
had an offshoot of the program that was being re-developed for graduate students.
Approximately 9-12 postdocs completed the program per year. This program not only
engaged an outside evaluator to assess program effectiveness, it also published in peer-
reviewed journals on program design and effectiveness. Fifty percent of their participants
were offered tenure track academic positions.

Participant Selection

Program managers needed to have been in their position a minimum of two years
to have great knowledge of the program curriculum and the theories and models used to
create it. Their supervisors (associate deans, deans, assistant vice provosts) were chosen
because they provided further information and contexts at the institutional level. Many
studies have researched the experiences and training of future faculty programs from the
perspective of the graduate students and postdocs participating in these programs. There
was a gap in knowledge regarding the program and curriculum-level decisions and
strategies.

This study used purposive sampling, which means the researcher selected
participants that are most likely to provide insight into the phenomenon (Saldafia &
Omasta, 2018), in this case, their future faculty programs. The researcher sent emails to
the program managers of the three programs to ask for their participation, making sure to
describe the study and its purpose, the requirements of involvement, and the data

management plan. It was not possible to gain access to a supervisor for one of the
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programs; in this case, the researcher was directed to another leader with organizational

knowledge of the site to participate in the supervisor interview.
Research Perspective (Methodology)

This study used a comparative qualitative approach to data collection and
analysis. The use of qualitative multi-site studies arose in the 1970s in education research
because they overcame some of the weaknesses of large quantitative studies while also
not being limited to the particularities of just one case (Herriott & Firestone, 1983).
Additionally, they respond to critiques that single-site case studies could not be used “for
informing actions relevant and applicable to other settings” (Herriott & Firestone, 1983;
Jenkins et al., 2018, p. 1969). While the purpose of this study was not to find a universal
truth about STEM future faculty programs, it was interested in learning about features of
these programs that might be replicated at other institutions and might inform a set of
best practices.

Multi-site case studies have been often used “to better understand and measure
program implementation” (Herriott & Firestone, 1983, p. 15), and while this study was
not a traditional case study, it had the goal of better understanding future faculty
programs in STEM. While these programs have been shown to produce effective
instructors, very little is known about the various curricular and professional development
approaches utilized by STEM future faculty programs. Hill et al. (2019) and Mutambuki
et al. (2020) both used multi-site case studies to learn more about future faculty
programs, about organizational factors that effect CIRTL programming in the former and
about overall teaching skills in the latter (regardless of the program they completed). In

this study, the goal was to better understand STEM future faculty programs, specifically
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their teaching and learning approaches and professional development processes, and their

institutional contexts.

Case study design is suitable when a program’s variable cannot be studied
separately from its context (Merriam & Tisdell, 2016). While this study was not a
traditional case study, it did benefit from some of the features of case study methodology,
primarily in gathering multiple types of data and in employing some of the analysis tools
used in case studies. Most future faculty programs are created at the institutional level,
even if they later joined larger networks such as CIRTL, so their institutional contexts
informed many of their choices regarding supports and curriculum. Studies such as Hill et
al. (2019) showed that institutional contexts are important to understanding future faculty
programs. Furthermore, networked leadership theory asserts that partnerships and
boundary spanning are key to programs like future faculty programs, which rely on
faculty across the institution and sometimes outside of it to be successful (Eddy et al.,
2020).

Data Collection

Case studies are used when the researcher seeks to understand one thing well
(Merriam & Tisdell, 2016). This quasi-case study sought to understand STEM future
faculty programs, so multiple sources of data were deemed necessary. Data collected
included documents (program materials, guides, workshop slides) from three STEM-
oriented future faculty programs.

Collection focused on documents that could help the researcher learn about the
four areas of the conceptual framework (teaching and lea