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Foreword

Talking About Leaving Revisited: A Return to the Scene
of the “Crime”

Talking about Leaving took many of us by storm when it was published in 1997.
Unusual for its time, the study did not indulge in “victim blaming” and instead
pointed us toward strategies that went beyond “fixing the students” as a way to
diversify the STEM (science, technology, engineering, mathematics and medical)
community.

We were motivated to join the overall undergraduate STEM education reform
movement by the publication of Talking about Leaving: Why Undergraduates Leave
the Sciences. This study opened the eyes and minds of many who were wondering
about the exodus of students from STEM fields, especially the leave-taking of
women and students of color. The work was important for many reasons, not the
least of which were the clues offered about how and where things were going awry
and what might be done to get them back on track. But unlike the prevailing pre-
sumptions that the students who were leaving didn’t have “the right stuff” for STEM,
the evidence that emerged pointed to a much more complex story that included
complicity of poor teaching by faculty and, at least for me, neglect by institutions to
declare the losses as unacceptable—to act and to provide needed support.

I had personal reasons to want to know what happened to everyone; as a Black
woman scientist, I have spent my entire career wondering where everyone had gone
and how to address their leaving. In part this is related to my own pathway, from
Birmingham, Alabama, the Jim Crow South, to years as “the only,” in my class or in
my major or in my lab group, on faculty or on a board or committee. I was drawn to
science after the launch of Sputnik because of the compelling vision and opportuni-
ties, even for a little girl from Birmingham, for understanding the world, making a
difference in the world, for earning a living and making a life. I knew there are many
more people out there, from all backgrounds and experiences, who were drawn to
and interested in STEM, who needed to see the pathway to turn interest into out-
comes. So, where did they go?
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The Mystery Is Revealed

My career at AAAS, working to improve the quality and increase access to educa-
tion and careers in STEM, aligns completely with my love for mystery stories.
Follow the clues; look for the evidence; talk to the victims, survivors, witnesses;
identify the suspects. Though it’s okay to develop hypotheses about what happened,
make no assumptions about whodunit; keep your mind open, your eyes peeled, and
be ever suspicious. P.D. James, the great mystery writer, is said to have noted that
when she first heard about Humpty Dumpty she wondered if he fell or if he was
pushed. How many of the students who left STEM were pushed?

For those of us who work on diversity, equity, and inclusion in STEM, Talking about
Leaving Revisited (TALR) reads like a mystery story. While some of the actions,
such as poor teaching, have impacts on everyone, they have differentially negative
effects on women and male students of color in prompting “relocation” or leaving.
But the story is not all bad news; for example, there have been some improvements
in teaching over the 20 years between studies. The reform movement had real impact
in calling attention to the relationship between poor teaching and student leaving.

But a new threat to degree completion has been added: the significant number of
students who just leave school without a degree. When returning to the scene of the
crime and retracing the steps from the previous volume, we find that some new ele-
ments have been added, changes in the landscape of higher education that must be
accounted for to understand why students leave STEM. Is it money? Motivation?
Lack of clear connection to careers? A hot job market? Too much complexity
involved in navigating the pathway to the degree?

I chaired the panel of National Academies exploring two-year and four-year STEM
degree completion in 2014-2016. During that study, we had a chance to look at the
“headline topics,” and larger contours that surround leaving, the details of which are
amplified in TALR. A diverse group of people enter higher education with interest in
STEM, and you look around a year or two later and many of them are gone. What
happened? The committee followed a number of different evidence threads: the cul-
ture of STEM; the institutional supports; the policy environment; and the challenges
of organizational change. I only wish we had had TALR at that time since it provides
many of the missing pieces of evidence needed to reconstruct the “crime scene.”

The Culture of STEM

Through the richness of the data and students’ own voices in TALR, we gain a more
fulsome picture of the dynamics that operate. Leavers and persisters alike experi-
ence challenges; the differences in outcome emerge from how they react, respond,
and/or adapt to these.

If scientists enter their fields and undertake their research because of the satisfac-
tion and enjoyment they derive from this work, one might expect that they would
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want to be ambassadors for their disciplines, sharing knowledge and excitement and
engaging in practices that would make students feel welcome. Yet the discussions in
TALR, especially around the so-called introductory, weed-out courses, lead us to the
exact opposite conclusion. In these courses, there is content overload, incoherent
presentation, curve grading, with material pitched too high and inappropriately
abstract, a focus on rote learning, boring delivery—in other words, mind-numbing,
something to be endured rather than enjoyed—the exact opposite of what you get
with inclusive pedagogy and active learning.

Why might students feel “pushed out,” and why might they actually be pushed out?
There is evidence to support the idea that the normative culture of science includes the
view that natural ability determines the capacity for STEM learning; many of the fac-
ulty within STEM exhibit a “fixed ability mindset.” This would mean that as early as
possible their role would be perceived as that of “identifying the best and weeding out
the rest”; or as noted in Chap. 7, the structured intentionality of the weed-out system
[is] to get rid of a higher proportion of them [students] rather than teach them. The
evidence presented here is damning: where faculty teach these introductory weed-out
courses in entirely different ways than they teach upper-level courses, for example.
And the “weed-out” works—in promoting relocation and/or switching, but often with
the loss of many of those who would be seen as most able, especially among young
women, rather than those who might be considered “unworthy.” Students who persist
do so in spite of the negative messaging! Where women and minority students might
face loss of confidence, white males might call upon explanations of institutional com-
plicity in not addressing poor teaching. Where one’s identity as a good student is in
jeopardy, able students may choose to switch rather than fight.

Science loses talent—those who might contribute to its advancement and its
diversity—in, as TALR describes, a normalized process of structured wastage.

Other aspects of the negative impact of the culture of STEM include gender ste-
reotyping and bias against students of color. I found it sad that women of color still
felt safer approaching graduate TAs for assistance (rather than faculty) 50 years
after I made that same choice following a similar assessment. And they likely made
that decision for the reason that I did—to avoid experiencing the bias associated
with not belonging.

Institutional Supports

What assumptions are made at the institutional and department level about who the
STEM students are and what they might need to be successful? There are often
major disconnections between what the faculty and institutions assume to be stu-
dents’ knowledge and prior experiences and what those really are. There are often
also misalignments of expectations on all sides.

Fewer students arrive at age 18, fresh out of high school, with adequate prepara-
tion that will allow them, without supports, to successfully navigate an STEM
course of study. Students may be older; they may be employed, working a signifi-
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cant number of hours that competes with their time for study. Students of color
especially may arrive from under-resourced K-12 systems, where adequate labs,
challenging courses, and career guidance are lacking; first-generation students may
lack the social capital to understand what to expect at college and how to navigate a
complicated system. Even when arriving with strong K-12 preparation, students of
color may still encounter isolation and other barriers to success. Students may not
understand the need to seek help or the level of effort required for college course-
work compared with how they managed in high school.

TALR situates the entangled nature of these barriers within the culture of STEM:
The popular meritocratic narrative of individual effort and intelligence absolves fac-
ulty and institutions of any responsibility for student learning and success. Persistence
involves students’ finding peers, using learning centers, graduate assistants, minority
and women’s STEM organizations, any help that feels safe, to navigate a complicated
structure that is not transparent, flexible, forgiving, or welcoming.

Failure to provide clear information and examples of jobs available to and work
done by individuals with discipline-specific preparation seems to be a challenge for
students and faculty alike. It’s hard to imagine possibilities without this. In this
issue, there may be a role for professional societies as well as institutions, such as
sharing the career outcomes of alumni of programs.

The Policy Environment

Many different aspects of navigating a pathway to STEM involve issues of institu-
tional and/or departmental policies, including issues such as the adequacy and form
of financial support for education; how much students must work to support their
education; their ability to move and transfer credits across institutions. Savvy stu-
dents obtain information about courses and faculty, avoiding situations which
threaten to result in poor outcomes, taking courses with more adept teaching faculty
or at other institutions and transferring in those credits. The less savvy suffer the
consequences. Would policies aimed at monitoring courses (and the faculty teach-
ing them) for the numbers and patterns of DFWI (D’s, F’s, withdrawals, and incom-
pletes) reduce the tolerance for and incidence of these outcomes? Are there
expectations that faculty who are hired will need to demonstrate knowledge and
practice of effective teaching strategies? Are graduate students and postdoctoral
scholars expected to participate in professional development around effective teach-
ing? Unless institutions and departments are willing to understand and assume
responsibilities for their roles in student loss, nothing will change.

Challenge of Organizational Change

Are we satisfied with the loss of talent that has been documented in TALR? Do we
see how the traditional STEM narratives and “standard operating procedures” serve
to weed rather than cultivate diversity in STEM? I found the barriers and quicksand
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described in this volume all too familiar. Fifty years ago, I survived the hazing of
introductory courses but only by seeking help and convincing the only African-
American graduate student in one of the departments that I was underprepared from
my under-resourced high school. I was not dumb, but I needed help to persist. I
knew how to learn; I just needed the time to catch up while I was trying to keep up.
I had expected my grades to fall and was determined not to be put off by that. But
we cannot address the challenge of stemming loss by imbuing each and every stu-
dent with stubbornness and resilience.

Two years ago AAAS, inspired by Athena SWAN, a gender equity program in
the UK, launched SEA Change (STEM Equity Achievement) as an initiative to
provide positive incentives for institutional transformation that supports diversity,
equity, and inclusion (DEI) in STEM, especially for women and people of color as
undergrads, graduate students, and faculty. The initiative involves working with
colleges and universities as they undertake self-assessment of their policies, pro-
grams, processes, procedures, and practices to align those with research-based,
“best in class” efforts that are DEI affirming. Driven by the institutions’ own data,
a self-assessment team uses the SEA Change “scaffold” to answer questions about
their own structures that may serve as barriers to or catalysts for DEI in STEM. An
action plan to close the gaps between current and desired states is proposed; and
this application is subjected to peer review. A successful applicant receives an insti-
tutional SEA Change Bronze Award, a public, positive, and hopefully desirable
incentive to move toward structural transformation. SEA Change is designed to
support continuous improvement through progression to higher award levels as the
goals of ambitious action plans are achieved and as institutions become beacons for
DEI in STEM.

This effort has been launched in Australia and Canada as well as the United
States. The UK has a 13-year history of accomplishment with Athena SWAN, the
impact of which was enhanced when funders announced their intention to use
departmental ratings in determining who might apply to certain solicitations.

While colleges and universities bear outsize responsibility for addressing losses
stemming from their immediate actions, challenges lie in other areas that, at first
glance, seem to lie beyond their boundaries; or do they? Take for example the issue
of K-12 education which is found to have failed so many students of color. K-12
teachers of STEM receive their content education in the same institutions, from the
same STEM faculty. Many leave without real conceptual understanding and, unfor-
tunately, many teach as they are taught.

Larger Societal Concerns

Careers in STEM have become a destination of choice, especially with increased
visibility of tech-related careers, messaging from parents and teachers about lucra-
tive salaries, low unemployment, satisfying jobs, and the opportunities to help oth-
ers, which study in these fields can offer. All of this is true to some extent. But
students who enter colleges or universities with little information about other
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disciplines can be attracted to consider other fields once exposed to these options
and especially should they be disillusioned by their experiences with STEM classes.
We can all support students’ leaving when associated with an affirmative decision
to go toward something better or more desirable; we recoil at the idea of students
being pushed out by a system designed to “thin the herd.”

There is often the confluence of many different pressure points for students who
go into STEM, those who leave and those who persist, making it seem very hard to
navigate successfully through all the barriers. So we really should not be surprised at
the level of the losses, especially for women and students of color. TALR is an expli-
cation of those factors that constitute Robert Merton’s idea of cumulative disadvan-
tage in science that results in members of some groups being lost to science. To a fan
of mystery stories, it feels like in Agatha Christie’s Murder on the Orient Express
(spoiler alert!!) no one person is responsible because everyone shares the guilt!

TALR appropriately indicts many. And, seeing the evidence, I concur in those
indictments. And were I a juror, I would vote to convict. But what happens after
that? The only reasonable way forward would be to recommend a sentence of
“restorative justice.” We must use the evidence here to activate the next move-
ment—one that drives us toward institutional transformation, where each of us
owns our part in the crime, where we work together to lay out a plan for reconcilia-
tion and rehabilitation. At the same time, there remain unanswered questions and
unquestioned “answers.”

The constellation of factors that contribute to loss are broad and interconnected.
Likelihood of poor K-12 schooling which so disadvantages students of color links
to socioeconomic status and lack of social capital, lack of knowledge about careers
or about navigating college. No single intervention can address this—only systemic
approaches.

The harmful actions may not have been done with malice, but there has been and
continues to be harm. TAL/ provided us with hope and direction and focused atten-
tion that helped launch the undergraduate STEM education reform movement.
TALR makes the case for systemic change, pointing us to actions that can positively
affect STEM for all. This is an opportunity to use the research to guide our actions,
to reject the traditions born of a different time, place, and talent pool, letting TALR
guide the path forward.

Shirley M. Malcom

Senior Advisor, American Association for the Advancement of Science
Washington, DC, USA

Director, SEA Change, Washington, DC, USA
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Chapter 1
Why We Are Still Talking About Leaving

Elaine Seymour, Anne-Barrie Hunter, and Timothy J. Weston

What May Be Amiss in STEM Education

We began the account of our original study Talking about Leaving: Why
Undergraduates Leave the Sciences (TAL) with the following observation:

Whenever traditional practices are called into question and new practices are proposed, it is
always worth asking: Why at this time? Who seeks these changes? Who resists them? And
by what rhetoric do they support these positions? (Seymour & Hewitt, 1997, p. 1).

When we began this research in Spring 1990, concerns had just begun to be
expressed that there might be something seriously awry with what has now come to
be referred to as “science, technology, engineering, and mathematics (STEM) edu-
cation.” By the time we published our findings in 1997, efforts to improve quality
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and access in STEM education had already begun. The arguments that launched
what was to become a national movement for STEM education improvement have
changed over time and are still evolving. The question of whether too few STEM
graduates are being recruited and retained to meet the nation’s future needs contin-
ues to be debated. However, from the outset, key questions prompting change initia-
tives were (and still are): How may the practices of STEM education be redesigned
so that they more effectively foster interest, competence, and persistence in the sci-
ences, and secure a growing, more diverse, population of STEM-qualified
graduates?

An influential contributor to recent debates has been the 2012 report of the
President’s Council of Advisors on Science and Technology (Olson & Riordan,
2012), Engage to Excel: Producing One Million Additional College Graduates with
Degrees in Science and Technology. This, and many other reports and articles, argue
for improvements in STEM undergraduate education because a workforce of well-
prepared STEM graduates is critical, “to ensure the economic strength, national
security, global competitiveness, environment, and health of the United States”
(NASEM, 2016, p. 7). The PCAST Report proposes that if only 10% of students
who left STEM majors were retained, the USA could meet its future national work-
force needs. Whether the nation will achieve this is argued out from a number of
perspectives that hinge on how the STEM workforce is defined (e.g., Carnevale,
Smith, & Melton, 2011; Rothwell, 2013; Salzman, 2013). However, a somewhat
different rationale for securing increased STEM participation and graduation rates
cuts across the debate about whether we face a shortage or a shortfall in graduates
to pursue STEM careers. This perspective rests on the projection that, by 2020,
almost two-thirds of all jobs that require knowledge and skills in STEM will require
a bachelor’s degree or higher (Bureau of Labor Statistics, 2012; Carnevale et al.,
2011). Thus, the debate about the under- or over-supply of graduates for STEM
careers is reframed in terms of an ever-expanding need for workforce entrants that
are mathematically, scientifically, and technically competent. Seen in this light, the
critical problem is diversion, a countervailing process by which students, college
graduates, and workers with demonstrated capability in STEM are not reaching jobs
where these skills are needed. As Carnevale and his colleagues point out, “Diversion,
coupled with the observation that the market for STEM competencies is broader
than the market for STEM workers, illuminates why we look like we’re producing
enough STEM workers—but we’re actually not” (p. 42).

Thus, the debate has partially cycled back to the observation that prompted our
original study; namely, that the nation can only produce sufficient competent STEM
graduates if we can attract and retain more students in these majors. The added
concern is whether and how best can we place them in careers where their skills are
needed. Clearly, we also need to understand what gets in the way of our achieving
these objectives. Our progress is undercut because we still have a revolving door
problem: although increasing numbers of students—including those from under-
represented minority groups (URMs) —enter STEM disciplines, losses from these
majors remain persistently high. As we further discuss in Chap. 2, of all students
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who enter college intending to major in a STEM field, recent studies estimate that
only 40-50% (varying by discipline) complete a degree in a STEM major (Carnevale
et al., 2011; Chen, 2015; Eagan, Hurtado, Figueroa, & Hughes, 2014; Gates &
Mirkin, 2012; Hurtado, Eagan, & Hughes, 2012; Lee & Ferrare, 2019; National
Science Foundation, 2012; Whalen & Shelley, 2010). Assessments of the extent of
these losses include students who enter STEM majors, then either switch to non-
STEM majors, or leave college without a degree in any major.

How does this picture compare with the rates of loss that we reported in TAL two
decades ago? The best national source then available was the Cooperative
Institutional Research Program (CIRP) data for 1991 provided to us by UCLA’s
Higher Education Research Institute (HERI). In the CIRP analysis, for students who
entered college in 1987, there was, by 1991, a continuum of stability to instability
from original majors into majors in a completely different disciplinary group.
Beginning in English, where the switching rate was only 15%, it progressed through
the social sciences, fine arts, education, history, and political science with rates
ranging from 28% to 35%; thence to engineering and business, where rates were
38% to 4%. Finally, in the sciences, computer science, and mathematics switching
rates varied between 47% and 63%. The most stable STEM major was engineering,
which is also the most selective in its screening of entrants. In mathematics and the
physical and biological sciences, between 51% and 53% of all entrants switched to
non-STEM majors.

The further question is, which students were lost? Twenty years ago, the rates at
which men of color and women of all races and ethnicities switched out of STEM
majors were higher than those for white males. When we began the TAL study, most
of the research on STEM losses focused on high loss rates among able, well-
prepared women (cf., Astin & Astin, 1993; Hall & Sandler, 1984; Manis, Sloat,
Thomas, & Davis, 1989; Rosser, 1990; Tobias, 1990, 1992). From the CIRP analy-
sis, we concurred that STEM switching rates in the sciences and mathematics were
higher overall for women (52%) than for men (41%). The loss rates by sex were
comparable in engineering (37% for women; 38% for men), but with much smaller
numbers of women entrants. We also reported that women left STEM majors with
higher average PGPAs than those of men who persisted (McLelland, 1993). That
women of high ability are still lost is well attested in a review of the evidence by
Lindberg, Hyde, Petersen, and Linn (2010), and recent studies by Bressoud, Mesa,
and Rasmussen (2015), and Islam and Al-Ghassani (2015) which we discuss later in
this chapter.

Although national data on STEM losses among students of color were less avail-
able in the early 1990s, the National Action Council for Minorities in Engineering
(NACME) surveys provided information about engineering majors. Among these,
Morrison and Williams (1993) reported that the graduation rate for students of color
in engineering was about half that of white students: only 34% of students of color
who entered engineering majors completed them, compared with 68% of white stu-
dents. In sciences or mathematics, by junior year, 65% of students of color who
entered these majors had left, compared with 37% of white students (cf., Science,
1992), and half of the students of who left engineering majors dropped out of college
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altogether (Campbell, 1993). While the numbers of women and students of color
entering STEM majors have increased over time, they are still underrepresented in
these majors in relation to their proportions in the US population and both groups
earn proportionately fewer STEM bachelor’s degrees than white men (Eagan et al.,
2014; Hurtado et al., 2012; Rodriguez et al., 2012). Growing awareness of this sub-
stantial loss of natural talent underlies an ongoing national effort, supported by both
public and private foundations, to attract and retain more students of color in STEM
majors (Carnevale et al., 2011; Griffith, 2010; Rodriguez et al., 2012).

To increase the retention of able women, Ellis, Fosdick, and Rasmussen (2016)
propose a strategy that focuses on the impact of a single course, Calculus 1, on
STEM losses. Because of its gateway role in all or most STEM majors, they argue
that, were women to proceed to Calculus 2 at the same rate as men, the number of
women entering the STEM workforce would increase by 75% and thereby bring an
additional 20% of new graduates into the STEM workforce. What prevents this is
not, they argue, lack of ability or effort. Rather, it is the loss of incoming confidence
that teaching and assessment methods designed to weed out students engender
among women, especially women of color. The challenge to the professoriate that
the study authors present is fundamentally the same as that made by the researchers
in the early 1990s; namely, that it is unacceptable to discard high proportions of
students who enter with the interest and ability to undertake an undergraduate sci-
ence education.

Why, we may ask, are these losses still occurring, given a major national effort
over the last two decades to improve access, quality, and outcomes of science and
mathematics education at all levels—from kindergarten to graduate school? Despite
evidence of progress (reviewed in Seymour & Fry, 2016), research continues to
point to rates of switching that prevent us reaching national workforce goals, and to
disparities by gender, race, and ethnicity in the extent of those losses. The more seri-
ous consequences of STEM switching evident in the TAL data, however, may be
wastage of talent, compromise, or distortion of career aspirations, time and money
wasted, debts increased, lost confidence, pride, and a sense of direction—all of
which also affect switchers’ families and communities. In Chen’s (2013) analysis of
National Center for Education Statistics data for 2004-2009, for entrants to STEM
majors in this cohort, 28% switched to a non-STEM field and 20% left college with-
out any degree or certificate—losses that we must consider as a form of permanent
wastage. Lee and Ferrare (2019) clarify that students at particular risk are those who
switch early in their academic trajectory and those whose parents do not have a
bachelor’s degree. These students are less likely to graduate on time and more likely
to drop out. Lee and Ferrare also propose that switching is a risk that some students
are more able to surmount because their cultural and economic advantages mitigate
switching’s degree completion risks. The TAL findings also raise the question of
whether losses from the sciences are (as conventional wisdom implies) the net result
of myriad individual decisions based on students’ personal and intellectual limita-
tions. Alternatively, does the group patterning evident in STEM attrition data reflect
an accumulation of structured disadvantages?
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Seeking Explanations

When we started the TAL study in 1990, it had already begun to be argued that
STEM attrition could not be viewed solely as a natural consequence of differential
levels of ability, and that high school preparation, and the climate and activities of
STEM classrooms, likely played a part in determining which students did and did
not persist in these majors. However, the work of teasing out the whole range of
factors that contribute to high STEM diversion rates had not been attempted; neither
had the relative hierarchy, or possible interrelationship, of explanatory factors been
explored. It was this combination of tasks that we set out to accomplish. Our goals
were, “to discover, and establish the relative importance of, factors with greatest
bearing upon the decisions of undergraduates at 4-year colleges and universities to
switch from science, engineering, and mathematics majors into disciplines that are
not science-based” (Seymour & Hewitt, 1997, p. 13). We think it is useful to review
what we discovered so that we may make comparisons with what we and later
researchers have found, and assess what has, or has not, changed over the interven-
ing years.

How the Original TAL Study Was Done

We focused our inquiry on students at a sample of seven types of 4-year colleges
and universities that, taken together, contribute most to the national supply of bac-
calaureate STEM graduates.! This decision well predated the growth of 2-year
STEM degrees and the multiple pathways to 4-year STEM degrees now taken by

!'The sample comprised four public IHEs:

e a large urban, mid-western university with prestige ranking for its STEM research and high
production of STEM undergraduates and graduates;

* a“flagship” western state university with high reputation for its engineering school and several
science departments;

* a comprehensive, urban north-eastern university with large and diverse STEM undergraduate
enrollment;

e awestern state (originally land-grant) university serving a large rural population, with a presti-
gious engineering research program, and applied science specialties.

And three private IHEs:

* alarge west coast university with selective admission and high STEM research prestige;

e a western liberal arts college with a strong reputation for its science teaching (engineering is
not offered);

* a small western city university offering masters’ degrees and doctorates in the sciences and
undergraduate engineering.

The selection of four western state institutions was made because the study was funded in two
stages—the first of which focused on four regional IHEs; the second stage added three additional
IHE types and wider geographic scope.
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many students, especially first-generation undergraduates (NASEM, 2016). Because
evidence about the causes of STEM diversion was lacking, we took an ethnographic
approach to data collection and analysis that made no presumptions about what
kinds of contributory causes might emerge, nor about their relative significance.’
Also, in line with ethnographic traditions (Agar, 1996; Clifford, 1988; Geertz, 1973;
Spradley, 1979; Van Maanen, 1988), we posited that students who had recently
switched out of STEM majors into non-STEM majors, and seniors in STEM majors
who were poised to graduate, would be expert informants about the experiences and
considerations that had shaped their decisions. We selected only those students who
had entered college with demonstrated mathematical ability. Based on the advice of
a sample of STEM faculty, we drew this line at mathematics scores at or above 650
SAT or 28 ACT. This allowed us to exclude the possibility that those in our sample
who had switched out of STEM majors simply lacked the requisite ability to com-
plete them.

We included in our disciplinary sample, the physical sciences, life sciences, and
earth sciences, plus mathematics and applied mathematics, and all engineering spe-
cialties. Computer science, which had not at this date developed as an independent
discipline, was not included, so our original pneumonic was SME, not STEM. From
across these disciplines, we interviewed 335 students at the seven institutions over
a 3-year period (1990-1993), and, subsequently, an additional 125 students at a
further six institutions (making a total of 460) in order to check the validity of tenta-
tive hypotheses emerging from the analysis. The student sample comprised 55%
juniors who had switched and 45% persisting seniors. Within each of these groups,
we over-sampled (i.e., in terms of their representation in STEM majors) by gender
(52% of white students in our sample were women), and by race/ethnicity (26% of
the whole sample were students of color—with almost equal numbers of women
and men). This was done in order to get a clear understanding of what best explained
higher switching rates in these groups. The authors conducted individual interviews
with switchers and all students of color, and single-gender focus groups with gradu-
ating seniors. The length of interviews requested of participants was 1 h, but this
varied according to how much time participants chose to spend in discussing the
questions that we raised.

All interviews and focus groups were conducted as semi-structured, open-ended,
conversational explorations with the order of protocol questions guided by students’
responses and by issues that they spontaneously raised. We used the same protocol
(cf., TAL, pp. 401-402) for all informants, making adjustments for gender, race/
ethnicity, and academic decisions. New lines of inquiry emerged as informants
introduced issues, experiences, and examples that they saw as relevant in helping us
to understand the rationales behind their academic and career decisions. These were
always followed up with the original speaker and were checked out with subsequent
interviewees. Thus, we gradually built up a framework of explanations for student
decisions.

2Ethnographic research explores cultural phenomena from the point of view of the subjects of the
study—as expert witnesses to events of which they are a part.
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Interviews were recorded and transcribed verbatim; then coded using “The
Ethnograph” (Seidel, Kjolseth, & Seymour, 1988). Computer-assisted qualitative
research—then in its infancy—made possible coding and domain analysis of our
text data to a high degree of complexity, notwithstanding the unusually large sample
for an ethnographic study. The information that we were seeking about the factors
bearing upon students’ decisions to move or stay was typically embedded in their
narrative accounts; rarely in abstract or summary statements. There were no pre-
conceived codes; code names referenced discrete ideas encountered in students’
narratives, illustrations, and comments rather than our questions. Where several
points were made in the same statement, each was coded. Codes that clustered
around particular themes were gathered into domains. These were gradually built
into a set of issues, each of which made a distinctive contribution to switching deci-
sions for some students, but (as we discuss) also created problems for many of those
who persisted. An overview of the results of our study follows next.

What Contributed Both to STEM Switching Decisions
and to Problems for Those Students Who Remained?

We discovered that three kinds of processes accounted for decisions to leave STEM
majors. They were: (1) “Push” factors—problems in students’ precollege and col-
lege experiences that made it difficult for them to persist with their original choices
of majors and career aspirations; (2) “Pull” factors—perceived attractions or advan-
tages that drew students to alternative majors and career possibilities—often while
they struggled with problems in their original STEM majors; and (3) Pragmatic or
instrumental considerations that made students’ original choices seem less feasible
or promising than the alternatives they were considering. Tracking these broad
groupings and bundling together groups of factors that fell within them gave us an
understanding of how switching decisions are reached by processes that are simul-
taneously underway over time. There was often (although not always) a “last straw”
event or realization that triggered diversion decisions, but these were not “causes”
per se.?

We used the term “persistence” to describe a spectrum of student thinking and
behavior focused on the effort to continue in the major that they originally chose.
Like switching, we found that this effort included complex “push—pull” decision-
making processes. Students who continued in their STEM majors to graduation
developed coping strategies and discovered and drew upon sources of support to
help them persevere. Thus, persistence represents a range of student experiences
whereby some students succeed in surmounting the same problems and situations
that students who decide to switch do not.

3This explains why exit interviews may not provide useful explanations for a student’s decisions
to leave. The interviewers tend to hear about “last straw” incidents but may not learn about the
substantive problems that led to them.
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We found a hierarchy of 23 factors that contributed to students’ decisions to
switch out of their STEM majors and to problems for other students. Dominant
among them were push factors, but there were also pull factors that offered alterna-
tive paths, and pragmatic considerations that prompted rethinking, especially of
career options. Unexpectedly, we discovered an even larger problem among STEM
majors who had persisted despite their experiences of the same problems that
prompted some of their peers to leave. We used the metaphor of a “problem iceberg”
to describe this “above and below the waterline” finding. We also found that no
student left their major for a single reason. Indeed, the average number of factors
contributing to each switching decision was 4.2. However, STEM switchers reported
more of the same problems that were reported as troublesome to all students.
Persisters reported an average of 5.4 concerns; switchers averaged 8.6. Thus, switch-
ers could be defined as students who experienced more of the same issues that also
troubled persisters.

Contrary to the common assumptions that STEM switching was largely caused
by students’ intellectual or personal inadequacies in face of academic challenges, a
strong finding was the high proportion of contributors to switching decisions that
arise from problems in course design, the poor quality of teaching, negative class-
room culture, and difficulties in securing help with academic difficulties. In short,
issues with aspects of STEM students’ learning experiences were the dominant con-
tributors to STEM majors’ switching decisions. Criticisms of faculty pedagogy con-
tributed to one-third (36%) of all switching decisions. However, complaints about
poor teaching were cited as a near-universal concern for switchers overall (90%)
and were the most commonly cited problems of persisting seniors (74%). Highly
ranked factors contributing to switching decisions related to aspects of teaching or
made invidious comparisons between the quality of the learning experienced in
STEM classes and that offered by former high school science teachers, or by instruc-
tors in non-STEM disciplines. Indeed, concerns about pedagogical effectiveness,
assessment practices, and curriculum structure pervaded all but seven of the 23 fac-
tors driving switching decisions. We found a strong similarity between the concerns
of switchers and persisters in almost half of the 23 issues raised. The four factors
contributing most to switching were two “push” factors—the effects of poor teach-
ing by STEM instructors and overwhelm created by the heavy pace and load of
course demands, and two pull factors—consequential loss of incoming interest in
the STEM major while assessing a non-STEM alternative as offering more interest
and a better education. All four of these issues were also highly cited by persisters.
Seven issues were cited as shared concerns by over one-third of both switchers and
persisters. In addition to the four concerns listed above, they were: choosing an
STEM major for reasons that proved inappropriate; difficulties in securing aca-
demic help or advising; and inadequate high school preparation. An additional four
concerns were shared by 20-30% of all switchers and persisters: financial problems
experienced in completing STEM majors; and conceptual difficulties with one or
more STEM courses. Factors that proved to have little or no significance for switch-
ing were: language difficulties with foreign instructors or teaching assistants, poor
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teaching by teaching assistants, poor lab or computer facilities, and large class size.*
All of these variables were commonly suggested in 1990s reports as likely explana-
tions for STEM losses. Thus, we asked students about them to explore their explan-
atory significance.

These findings did not vary by type of institution, varied only a little by disci-
pline, and, as noted, the same problems were identified both by switchers and per-
sisters. Indeed, we found no evidence to support the theory that students who leave
and those who persist can be distinguished by individual characteristics, such as
intellectual potential, moral attributes (such as diligence or effort), or motivation.
Nor could we explain persistence difficulties for both groups of students in terms of
the intrinsic “hardness” of the conceptual material. Students reported that material
could be “made difficult” by poor teaching methods but was comprehensible when
taught well. In six of the seven participating institutions, graduating seniors ranked
“poor faculty teaching” as their highest educational concern; in the seventh school
(with a high minority student population) the seniors ranked poor high school prep-
aration first and poor undergraduate teaching second.

Dimensions of Problems with STEM Learning Experiences

Here we describe the nature of the issues that contributed to switching decisions and
that also created persistence problems for students overall as reported in the original
TAL volume.

Problems with Teaching and Learning

Several “iceberg” items referenced STEM learning experiences and the compari-
sons that students made with their class experiences in other majors. The three most
frequently cited contributors to switching decisions were:

* Loss or dissipation of disciplinary interest in their STEM majors: ranked first
(43%) of all reasons for switching; of concern to 60% of all switchers and cited
by 36% of persisters (a push factor).

* A non-STEM major assessed as offering more interest or a better education:
ranked second (40%) of all reasons for switching; of concern to 38% of all
switchers and cited by 32% of persisters (a pull factor).

e Problems with STEM instructor pedagogy: ranked third (36%) of all reasons for
switching; of concern to 90% of all switchers and cited by 74% of persisters (a
push factor).

A related set of push issues derived from problems with curriculum design or
structure. Most frequently cited were:

“How instructors taught large classes did contribute to switching. Class size, by itself, did not.
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e Overload from the high volume of work and high speed at which this had to be
completed in foundational courses ranked fourth (35%) for all reasons for switch-
ing; and was of concern to similar proportions of all switchers (45%) and persist-
ers (41%) (a push factor).

Two less frequently cited problems related to learning experiences were:

* Lack of peer study support (a push factor that was more commonly cited by men
than by women);

» Preference for the teaching approach used in particular non-STEM courses (a
pull factor).

Problems with Instructor Pedagogy

As noted, accounts of “poor teaching” in STEM classes were by far the commonest
complaint of all switchers (90%). Problems with instructor pedagogy were also
mentioned by far more persisters (74%) than any other issue and ranked first or
second in persisters’ concerns at all seven institutions. Issues with course structure,
curricula, pacing of courses, assessment systems, and student workloads were also
of concern to both groups, but were rated as less serious than concerns about the
quality of STEM instructor pedagogy.

Students were very specific about what was wrong with much of the teaching
they had experienced. 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 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 concep-
tual understanding. Students looked for, and mostly did not find, illustration, appli-
cation, 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.

However, by far the most effective technique for dissipating student interest was
the widely reported practice of reading materials from text books and what students
referred to as “silent teaching.” Here, the instructor writes on the board with his or
her back to the class and addresses the students infrequently and minimally. Reports
of these teaching methods came from every STEM discipline and were reported on
every campus. The message that students inferred from these behaviors was that
these instructors took no responsibility for their students’ learning. Unfortunately,
what many STEM instructors also communicated was an apparent disinterest in the
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class subject matter. This was a commonly offered and strongly stressed reason for
dissipation of interest in a chosen STEM discipline and accounts for its top ranking
as a contributor to switching decisions. Again, we were made aware of the “push-
and-pull” nature of decisions to leave: poor teaching and the dullness of classes
made it hard (even for students with a strong liking for science and mathematics)
not to feel drawn towards disciplines where they experienced the excitement of
intellectual exploration and debate. Unfortunately, students who most often reported
that they were “bored out of the sciences” by the teaching in foundational courses
were high-performing, multi-talented students who moved to non-STEM majors
with greater intellectual appeal. As we discuss in Chap. 7, this is one of the contra-
dictory effects of “weed-out class” teaching methods that we encountered.

Another set of criticisms focused on instructors’ limited understanding of how
students learn. The absence of apparent structure in the selection of class materials,
the order, and logic of their presentation; and lack of fit between class materials,
homework, and the content of tests, all suggested that instructors knew little about
organizing their teaching around learning objectives that were shared with their
students. Students rejected the argument that some STEM subjects matter is inher-
ently tedious, and that learning it is just part of the hard grind to be expected in
STEM majors. Rather, they viewed material as interesting when it is taught in an
interesting manner. Some students who repeated a course offered contrasting exam-
ples of instructors who taught the same material, but, unlike the original instructor,
structured their presentation and assessments so as to build comprehension. These
students reported a marked difference in how much they had learned and how well
they did.

Important elements in what students also saw as “good teaching” were openness,
respect for students, encouragement of discussion, and a sense of discovering things
together. Comparing teaching styles encountered in STEM courses with those expe-
rienced in courses outside of STEM disciplines were marked by dichotomies: cold-
ness versus warmth, elitism versus democracy, aloofness versus openness, and
rejection versus support. Both switchers and seniors recounted experiences from
which they inferred that STEM instructors avoid contact with undergraduates, are
indifferent to their academic problems, dislike teaching, and lack motivation to
teach well. Some accounts of distancing behavior by STEM faculty involved sar-
casm or ridicule. These behaviors also created classroom atmospheres in which
students were afraid to ask questions or to “say something stupid.” Dismissive or
rejecting attitudes towards students who approached instructors with questions were
interpreted as indications that instructors placed all responsibility for learning
squarely on their students’ shoulders or saw it as a matter for delegation to teaching
assistants.

Seniors with undergraduate research experiences described the pleasant, open
way in which faculty advisors treated students in a research relationship and con-
trasted this with their apparent indifference to their learning in the classroom. Not
only did lack of student—teacher dialogue convey indifference, it also meant that
instructors lacked feedback about how much their students were, and were not,
learning. Again, students made invidious comparisons with what they experienced
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in particular non-STEM classes. Not only did students feel more comfortable talk-
ing about academic difficulties to their non-STEM professors, they often found the
atmosphere in their classes intellectually stimulating. Again, the push—pull charac-
ter of switching decisions is evident in these accounts.

The distancing behavior of STEM instructors in foundational courses had par-
ticular consequences for students who had learned their high school science and
math in interactive settings that included both peer—peer and teacher—student dia-
logue. Learning to learn in supportive relationships left students especially vulner-
able to culture shock in early STEM courses. Inability to evoke a supportive
interaction from instructors prompted many students to doubt their ability and inter-
est and undermined their confidence. These effects were particularly marked among
women and first-generation students, including students of color and students from
small high schools.

Issues of Curriculum Design and Structure

When students explained to us what was “hard” about STEM majors, they com-
monly referred to the large volume of work required and the high speed at which it
had to be completed. The challenge was physical and moral as well as intellectual:
“To survive the constant round of assignments, problem sets, tests, lab work and
reports required by several courses simultaneously, classwork had to take prece-
dence over all other educational interests, personal relationships, athletic commit-
ments, social life, paid employment, leisure, and sleep” (TAL, p. 93). Engineering
students were at greater risk of switching for reasons related to pace and load issues
than other STEM majors: they were a factor in 45% of engineering majors’ switch-
ing decisions, compared with 25% for science and math switchers. Indeed, engi-
neers complained that representing their majors as 4-year degrees was tacitly
dishonest.

The rigid curriculum structure of STEM majors often did not accommodate
errors in the choice of classes, and made no allowance for illness, accident, or fam-
ily crises. Although seniors accepted that some of the high volume of work arose
from the nature of particular disciplines, there was widespread suspicion that the
pace of introductory classes was made deliberately faster than necessary. Courses
were also defined as unnecessarily hard where material was not presented in a logi-
cal sequence.

Another aspect of design that commonly created learning problems was the mis-
alignment of course elements. These included: an unbalanced selection of course
content, tests that did not reflect the content presented, failure to distinguish between
content of greater or lesser significance, or to coordinate with colleagues in content
sequencing. Students’ commonest complaints about misalignment of labs described
mis-fit between classes and lab syllabi, labs that were out of sync with class content,
and the discrepancy between lab credits and the amount of lab work required.

The contribution of curriculum design issues to the process of switching often
began with feeling overwhelmed—experienced both by students who were
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well-prepared, and more acutely, by those who were not. This was commonly the
start of a downward spiral in which students fell behind and attempted to repeat
classes. Often, it also prompted a growing awareness that persistence involved an
unpalatable choice about the kind of education that students wanted and whether
they were prepared to give up whatever else in life they valued.

The Significance of Grades

Almost one-quarter (23%) of reasons for switching involved problems with grades,
mostly in the first two semesters. One-third of all switchers and 13% of persisting
seniors cited grades’ issues as having been, or continuing to be, problematic.
Conventional wisdom might predict that grade-related problems would figure more
highly in switching decisions, and rather less in the accounts of persisters. However,
predicting which students are more or less likely to leave STEM majors by estab-
lishing relationships between performance scores and persistence outcomes is dif-
ficult because this does not take into account how people respond to the grades they
receive. Grades are not objective, neutral, facts about people; they are labels to
which people react emotionally and that may prompt behavioral and identity adjust-
ments. We observed that students who are apparently competent to complete STEM
majors are often lost because they interpret particular grades as indications that they
are unfit to continue. Such losses include some highly talented students, as exempli-
fied by the finding at one institution that women left STEM majors with grades that
were higher than the average grades both of men who left and those who remained
(McLelland, 1993).

Some students do abandon their original intention to major in a STEM discipline
for grade-related reasons: their preparation is not as good as their high school grades
would suggest; they get poor grades because they do not settle down to college work
quickly enough, or simply do not work hard enough. Our data provide examples of
students for whom one or more of the above statements would, by their own
accounts, be accurate. However, at this level of demonstrated mathematical ability,
we did not expect, and did not find, these to be dominant factors in our informants’
relationships with grades.

By far the most common way in which grades affected switching decisions was
by the shock of introductory course grades that were far lower than those to which
students were accustomed to receiving in high school. What, then, allowed some
students to persist despite discouraging grades while others, whose grades were
similar or even better, did not? A key problem was that, throughout their precollege
education, students had been encouraged to use grades as extrinsic measures of
comprehension, progress, and self-worth. Over time, grades became defining ele-
ments in identity and self-esteem. As with all extrinsic measures of self-worth, they
made the self-image vulnerable to external definition. As one senior explained, “If I
get As, I must be an A kind of person. If I get a C, I am a C.” A tough grading policy
for first-year students and sophomores may have been intended to force “lazy” high
school graduates to deal with the hard realities of academic work. However, it also
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had the potential to undermine the sense of self-worth of students with good ability
and study habits. As seniors explained, in order to survive in the major, students
must rethink the personal significance of grades.

“Curve grading,” which is widely practiced in foundational STEM (and many
later) courses, tends to reify grades and detach them from their pedagogical pur-
pose. This makes it more difficult for students to break with old ways of thinking.
Indeed, it tends to reinforce them. Curve grading also raised concerns about mis-
alignments between the grade awarded and the level of comprehension students
thought they had attained, the standard of work they had demonstrated, or the
amount of effort they had expended. Seniors expressed concerns about the contrary
situation whereby curved grades allowed students who knew they did not really
understand the material to end up with a reasonable grade. By forcing separations
between comprehension, performance, and reward, curve grading can make the
grades received seem totally arbitrary to students. As one student observed, “Grades
are like weather. Sometimes it rains; sometimes it doesn’t.”

Students questioned the purpose and ethics of grade manipulation which made
many first-year students feel useless, hopeless, and incompetent. It also reinforced
the tendency to focus on tests and how to pass them. First-year students developed
resentments about “unfairness” because trying hard did not necessarily lead to suc-
cess and went unrecognized by instructors. In the face of poor early test grades,
many first-year students fell back on the same strategies that they learned in high
school: they tried harder, they crammed, tried to work out what the teacher “really
wants to know,” and they cheated. In classes where work demands seemed unrea-
sonable, and the assessment system implied that the main objective was to beat
classmates to a good grade, cheating was discussed by seniors in focus groups as
logical and predictable. It was not, however, legitimated, because, in a curve-grad-
ing situation, it gave one’s competitors an edge.

We found that students’ responses to grades in their early classes that were much
lower than those to which they were accustomed were critical to their persistence in
the major. This was as true for students who were doing reasonably well as it was
for students who were academically marginal. As seniors attested, unless students
were able to change their study strategies and maintain a sense of their own worth
in face of disappointment and frustration, a plummeting sense of self-esteem accel-
erated a downward spiral out of the major. Typically, this process began with dis-
covery of being underprepared for the level of work demanded in early STEM
classes; it continued with the shock of grades by which students who had thought of
themselves as competent redefined themselves as incompetent. When old high
school strategies proved less effective than hitherto in securing higher grades, self-
doubt, panic, and depression increased. Some students sought help; many did not
because (young men especially) believed they were supposed to “hack it” alone.
Some students found guidance and support from senior peers, dorm mates, TAs,
advisers, and sometimes faculty, but many did not. As their sense of hopelessness
increased, students began to skip classes, isolate from peers, do less work, under-
stand less and less, perform even worse in exams, fail, and leave. Switching thus
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allowed some students to escape from a situation in which they continually “felt
bad” about themselves.

Many seniors recounted how close they came to switching and how a timely
intervention by faculty, senior students, or peers was critical to their decision to stay.
For those who found academic or personal help at the right time, the downward
spiral could be reversed. Seniors described it as vital to survival to accept an average
grade and trust their own judgment about how well they understood the material.

The Competitive Culture and the “Weed-Out” Tradition

Dislike of the competitive culture of STEM classes was a factor in 15% of reasons
for switching and a source of complaint for 28% of switchers overall. However, it
was mentioned as a problem by only 9% of seniors. This was consistent with
seniors’ observations that the uncomfortable competitive atmosphere is largely con-
fined to the first two years. Early in junior year, seniors reported a dramatic change
in faculty’s approach to teaching, including their use of collaborative learning meth-
ods, and more personal treatment of their surviving majors. They concluded that the
competitive atmosphere of their introductory classes was deliberately engineered.
Many switchers also came to the conclusion that students were set up to fight each
other for grades.

Competitiveness was reported to be greatest in majors leading to professional
careers—mainly the health professions and engineering. For students with these
career aspirations the competitive climate was often a factor in their change of
career plans. However, it also diminished the educational experience of many stu-
dents with other career plans. Curve grading was portrayed as the engine driving
competition because it forces students to compete with each other by exaggerating
fine degrees of difference in performance. Seniors criticized forced competition as
counter-productive. It perpetuates the high school habit of focusing on grades rather
than on understanding. It also distorts normal social interactions, creating isolation
and mutual suspicion, and it perverts what seniors regarded as a preference for
cooperative, collegial work that they expected to find in professional settings. More
women than men found the competitive ethos of STEM classes alien or offensive.
They avoided those classes known to be very competitive and offset their effects by
forming study groups.

The competitive culture of foundational STEM courses and indeed many of the
problems cited by students in the structure, teaching, and assessment of these
courses are characteristics of what students described as “weed-out” courses.
Weeding students out is a common, long-established practice in a number of aca-
demic disciplines. However, it is dominant in STEM majors, where it has a semi-
legitimate status and is part of what gives STEM majors their reputation for hardness.
Pedagogical strategies, deployed as tests for ability and character, are a mechanism
by which STEM disciplines seek to identify students who are presumed to be the
most able and interested to continue in their majors. However, there are no refer-
ences to weed-out courses in official literature, and deans and faculty may be evasive
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about their existence. As with studies of hazing (Ambrose, 1966; Festinger, 1961;
Nuwer, 2001, 2004), practices that are overlooked or denied may be perpetuated
because they are perceived as serving valued ends that are thought difficult to
achieve by other means.

Finding Timely Help

As indicated earlier, in face of these and other difficulties, survival in a STEM major
often hinged on whether a student knew that it was appropriate to seek help, knew
what help was available, and found an appropriate source in a timely manner. What
students sought were: help in understanding particular academic material; accurate
information about required courses and course sequencing for their degree require-
ments; and practical help or advice with problems that impinged on their academic
performance (e.g., problems with finances, employment, and health). Among all of
the factors contributing to attrition, student difficulties in getting appropriate help is
the one that most clearly derives from problems with institutional provisions. We
found that most students had experienced some problems with support systems at all
seven institutions. However, the perceived effectiveness of advice and counseling
services varied as much within campuses as between them. On every campus, we
found gaps, overlaps, and confusion in the division of responsibility between depart-
ments (or colleges), central advising services, and advising programs for underrep-
resented groups. One of the most difficult problems for first-year students was to
learn quickly enough how the campus system of advising, counseling, and tutorial
services worked in order to prevent small problems from becoming large ones.

Failure to find adequate advice, counseling, or tutorial help contributed to one-
quarter (24%) of all switching decisions was a source of frustration for three-
quarters (75%) of all switchers. It was an issue raised by half (52%) of all persisters
for whom it was the second most commonly cited concern. First-year students are
at particular risk because they often need several kinds of help simultaneously—
accurate information about choice and sequencing of classes, setting up finance and
work-study plans, tutorial help with early academic difficulties, and personal
encouragement. They tend to see their problems as interrelated and become frus-
trated with systems that assign each kind of problem to a different agency. It would
be easier to dismiss their difficulty in finding appropriate sources of help as a tem-
porary problem were it not for the testimony of half of the seniors who reported that
confusion and gaps in provision of support had continued throughout their aca-
demic careers.

The search for an advisor with whom to discuss their progress, problems, and
options was of special importance to students thinking about switching. They need
to know whether the problems they had experienced are to be expected at this stage
in their major, and should be tolerated as such, or whether they need to rethink their
career plans. They found that instructors who can give advice about their discipline
may know little about alternative majors and careers. Students who raised the pos-
sibility of leaving a STEM major with advisors were often encouraged to switch,
whether or not this was the right decision.
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Students understood that instructors probably get no training for their advisory
role and appreciated that professional advisors work with a complex requirements
system. However, what students wanted from advisors, above all else, was personal
attention. Some complained that instructors were negligent about keeping office
hours, and, for some students, the system of assigned advisors had completely bro-
ken down. Indeed, some of the problems they experienced with erroneous course
advice arose from the cursory nature of advisory interviews. The difficulties of
under-classmen in persuading instructors to take an interest in them may arise
because of a tension between their roles as academic advisors and that of disciplin-
ary gatekeepers. Students’ accounts illustrated a fundamental clash of perspectives:
students do not perceive the need to distinguish between advising, counseling, and
tutoring functions, while faculty tend to resist all but the most formal of these func-
tions—course advising. A painful experience with a professor at an academic crisis
point was often the “last straw” incident in the process leading to switching. Seniors
also recounted how close they had come to switching following a discouraging
encounter with their faculty advisor. However, some switchers faulted themselves
for not seeking help from instructors, advisors, or tutors, and speculated whether
they might have survived in the major had they done so.

Deans and faculty also ask why students do not make better use of the support
systems available to them, and we found a number of reasons for this. First-year
students, especially, were intimidated by the unapproachable demeanor that some
instructors customarily project toward under-classmen. They quickly picked up the
message that it is more appropriate to approach TAs or tutors for help with academic
problems. They also feared humiliation if they asked, “dumb questions.” Many
seniors remained wary of personal contact with faculty and, rather than trying to
guess what professors might consider an appropriate matter for consultation, pre-
ferred not to approach them at all. Students who work may also not be unable to
attend scheduled office hours. Notwithstanding these discouragements, to get the
best out of campus support systems, seniors advocated: learning to be assertive and
persistent; making contact with instructors; double-checking all information about
graduation requirements; soliciting first-hand knowledge from more experienced
students; and making full use of TAs, tutoring services, and refusing to be brushed
off with unsatisfactory answers. In short, they advocated a proactive consumer
approach to STEM education.

Contributors to Switching That Arise Outside of STEM
Education Experiences

Not all the issues that contributed to switching or to the ongoing problems of STEM
seniors derived from aspects of their experiences with STEM education. Some pre-
dated college; others were external to it. However, these variables also intersected
with problems within college.
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Reasons for Choosing STEM Majors That Did and Did Not Enable
Persistence

Choosing a major for reasons that subsequently proved inappropriate or insufficient
was not (at 14%) a major contributor to switching decisions. However, ill-considered
choices created problems for 83% of switchers, and also for 39% of seniors who
described themselves as making the best of choices that, with hindsight, were poorly
grounded. Students usually offered several reasons for their choice of a STEM
major, with some combinations proving more durable than others. Persisting seniors
were more likely than switchers to have chosen their major (and/or their career path)
for reasons that included intrinsic interest. Switchers were more likely to have cho-
sen for reasons that included: the influence of significant others; materialistic con-
siderations; and doing well in mathematics and/or science in high school. Their
choices were often less well informed about the nature of the major and related
careers. That said, many persisters’ choices were also prompted by materialistic
considerations, pressures from people close to them, compromises, and limited
understanding of what a major might entail. Persisters, however, were less driven
than were switchers by factors other than intrinsic interest. It seemed to matter less
what other reasons students had for their choices, so long as one strong element in
their decision was an intrinsic interest in the disciplines that comprised the major
and the careers to which it might lead.

A marked difference between the sexes found in this study lay in the reasons for
their choice of majors. Women were about twice as likely as men to have chosen a
STEM major through the active influence of people significant to them (especially
parents and teachers) or by following family career traditions (notably, in medicine
and engineering). Among switching women, these influences were 25% of reasons
for their choices, but were also evident among women who persisted. For both
groups of women, the influence of significant others was greater than for both
switching and persisting men. By contrast, men were almost twice as likely as
women to cite “being good at mathematics and/or science in high school” as a rea-
son to choose a STEM major. Given the limitations of our data, we did not know
whether they were actually more able or better prepared than women entrants.
However, it was clear that far more young men than young women felt confident in
their readiness to undertake higher level science and mathematics. Switching men
stood out, both against non-switching men and against all women, as more apt to
make this the basis for their choice. However, choices based on perceptions of apti-
tude for science or mathematics proved particularly unreliable if coupled with inad-
equate prior understanding of the nature of the chosen major.

The contrasts between switching and non-switching women were also of inter-
est. The choices of switching women were the most materialistic of any group,
again reflecting strong family promptings about good career opportunities and a
sound financial future. They also showed less evidence of intrinsic interest in the
sciences than women who persisted. By contrast, female persisters stood out as
more highly motivated by interest than any other group in our sample, and as the
least driven by material considerations.
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For some students, intrinsic interest was coupled with a desire to enter a particu-
lar field because of commitment to a wider social purpose. Attaching one’s career
goals to a clear altruistic purpose in some practical form appeared to sustain interest
and momentum through periods of difficulty. Certain themes recur in the kinds of
socially directed careers that students aspired to: service to others (such as adapta-
tion of particular skills or technologies to help groups with special needs); protec-
tion of the environment (wildlife, eco-systems, climate, etc.); and the promotion of
international peace. Ninety-one percent of altruistic reasons for choosing STEM
majors were expressed by men of color and by women of all races and ethnicities.
Persisting senior women were also more likely than their male peers to rank mate-
rialistic goals lower than a desire to work at something they cared about—whether
as a matter of personal fulfillment, or in pursuit of a valued social cause. The goals
of students of color often included making a long-term contribution to their families
and communities.

Inadequacies in High School Preparation

Given the apparently adequate SAT and ACT scores of our sample, we did not
expect problems with the quality of high school preparation or conceptual difficul-
ties sufficient to prompt switching. Both proved to be the case: inadequate prepara-
tion accounted for 15% and conceptual difficulties 13% of contributions to
switching. However, the effects of inadequate high school preparation were the
most common contributor to early switching decisions. They were cited as prob-
lems by approximately 40% of all switchers and persisters, and more often experi-
enced by students of color.

Accounts of under-preparation were of two types: deficiencies of curriculum
content and subject depth, and failure to acquire appropriate study skills and habits.
Some students had received no high school calculus and/or described their science
or mathematics knowledge as insufficient for their first college classes. Other defi-
ciencies were: no introductions to theoretical material or analytic thinking; no
opportunity to take college preparation classes (including Advanced Placement);
and lack of laboratory experience. A subtle form of under-preparation was having to
unlearn a tendency to see material in modular form, without transfer, connections,
or framework. These students were shaken to discover how poor their high school
preparation had been in comparison to other first-year students. Their above-aver-
age performances in standardized tests gave them little indication of their insuffi-
cient readiness for college work until their first gateway classes.

Students who attended poorly endowed schools in working-class areas (includ-
ing small rural schools, large inner-city schools, and reservation schools) were those
who most often cited insufficient resources and limited access to well-qualified
teachers as salient features in their high school science and mathematics education.
Even with good teachers, an able student at a school with multiple social, financial,
and educational limitations was still at risk. These students knew they had received
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a substandard education and many of them knew this while they were in high school.
However, they described their parents and communities as often unaware of their
schools’ inadequacies.

Many of the students of color that we interviewed who had been outstanding
students in high schools serving predominantly minority populations faced an uphill
battle in the competitive culture of the university. They were shocked to discover
that they had overestimated their readiness for college work. Treated as special by
their high school teachers, they entered STEM classes both underprepared and over-
confident in their ability to undertake them. They were at a loss to comprehend how,
in a single semester, they could have gone from the top of their high school class to
the bottom of college mathematics or physics classes: Although many white stu-
dents also suffered from inadequate academic preparation or entered STEM courses
with an inflated view of their readiness for the level of work required, these prob-
lems were much more common among students of color. Among students of color
who switched, these problems were almost universal.

However, some underprepared students came from well-resourced high schools.
They included students with a good natural ability in mathematics who had failed
to learn the study skills and discipline needed for college-level work. Students who
found mathematics and science easy described how elements in the culture of
school, home, and peer group mitigated against their acquiring these critical aspects
of college preparation. They scored high grades with minimal effort and were
accustomed to praise from teachers, family, and peers. Teachers made limited
demands and set achievement targets below their capabilities, so that they were
neither stretched nor challenged. They did little homework, or did it at the last min-
ute, and were often left to their own devices while teachers worked with others. In
college, they quickly discovered a gap between their incoming expectations and
their ability to perform as required. Viewing grades as an acknowledgement of their
talent rather than their efforts, and with little experience of coping with frustration
or set-backs (compared with peers who always had to work hard) they had no psy-
chological defenses against lower grades. Thus, mathematically able students who
had learned to underachieve in high school were often early casualties of weed-out
courses.

Among all switchers, 34% reported a sharp drop in confidence caused by their
expectation of high (or easy) grades, and shock at receiving the lower grades that are
traditional in introductory STEM courses. Twenty-three percent of switchers
reported that this had contributed to their decision not to continue, and 13% of
seniors also described their struggles to overcome the initial blow to ego. Learning
not to interpret grades as personal criticism was essential to surviving the discovery
that they were not adequately prepared for college. Overall, 40% of both switchers
and persisters described struggles created by under-preparation, usually from the
first week in college. Those who dropped out or failed classes because of under-
preparation were in the first wave of attrition from STEM majors.
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Career and Lifestyle: Time and Money

The remaining factors contributing to STEM switching reflected students’ perspec-
tives on their university education as a preparation for life and work. They com-
prised: rejection of careers based on STEM majors or of the lifestyles they were
presumed to imply; choice of non-STEM careers that seemed more appealing;
doubts that the rewards of an undergraduate STEM degree would compensate the
effort required to complete it; and financial difficulties in completing a STEM major
in the length of time required. These considerations again illustrate the “push and
pull” nature of the processes leading to switching.

Rejection of STEM Careers and Lifestyles Twenty-nine percent of contributions
to switching decisions, and 43% of all switchers’ concerns, reflected doubts about
the kinds of jobs that would be available on graduation and the lifestyles they were
perceived to involve. One-fifth (21%) of STEM seniors expressed similar anxieties.
Dominant concerns were that work available to graduates—particularly without a
higher degree—would be unfulfilling, offer little responsibility or autonomy, and
would make demands at the expense of valued life interests. These thoughts often
emerged from internships, contacts with working professionals, or observation of
academics at work.

Many engineering majors entered with scant idea of what professional engineers
do. As they developed a picture of engineering, some students questioned whether
they would like the work. Internships in junior year often settled the matter.
Conversely, some seniors reported that their first professional experiences were
critical in their decision to remain. Clearly, hands-on experience enabled appropri-
ate career choices. Some science and mathematics switchers who left, in part,
because they rejected the prospect of graduate school and the academic life were
uncertain what else they might do. Mathematics switchers had least sense of what
careers might be open to them: on every campus, we encountered high-achieving,
predominantly female, mathematics switchers who had been unable to develop
clear career goals. Science and mathematics switchers gave more complex reasons
for their career-related decisions than did engineering switchers. These included:
wanting a balanced life, valuing work for its intrinsic satisfactions and social pur-
poses more than its material rewards, and rejecting careers and projected lifestyles
in corporate science. Some students anticipated that STEM careers would require
adoption of an unacceptable persona. This presumption was grounded in their expe-
rience that, in order to survive in the major, they and their peers were already devel-
oping a persona that was introverted, single-minded, perfectionist, socially inept,
and alien to them.

The Appeal of Alternative Careers About one-quarter (27%) of switching deci-
sions were made with non-STEM alternative career directions in mind, and 17%
of STEM seniors were also considering work in non-STEM fields beyond gradu-
ation. These students had clear ideas about the kinds of work or work contexts
that appealed to them. Common preferences were work that was intrinsically



22 E. Seymour et al.

interesting or served a social purpose that they cared about—for example, work in
environmental protection and teaching. Such aspirations were most often
expressed by white women and students of color. Some were seeking careers that
combined STEM knowledge and skills with those of other disciplines. This was a
marked trend among high ability students who undertook double majors, includ-
ing cross-disciplinary blends. Twenty-one percent of switchers and 19% of per-
sisters who were considering teaching science or mathematics described this as a
deviant ambition that they pursued despite the disapproval of STEM faculty, fam-
ilies, and peers.

Weighing the Hedonistic Calculus By contrast, one-third of switchers (31%)
rejected their STEM major partly because it did not lead to financial rewards
commensurate with the effort required to complete the degree. One-fifth of all
seniors also raised this issue. Switchers explained that, had the STEM educa-
tional experience been more fulfilling, they could have tolerated its discomforts.
However, where their interest had not been engaged, they looked for post-gradu-
ate rewards as compensation for “sticking it out.” Where such rewards seemed
uncertain, they considered other majors and careers. Seniors familiar with this
logic described it as weighing the “profit-to-grief” ratio. The perception that the
career opportunities and material rewards of completing STEM degrees were not
worth the considerable effort required to acquire them contributed to 40% of
switching decisions by science and mathematics switchers and 31% of engineer-
ing switchers.

From the outset, engineers expected more in terms of material rewards than other
STEM majors and were willing to put up with the discomforts of engineering majors
because they seemed to promise that all the effort would pay off in the end. Engineers
who entered with expectations of good material rewards also spoke of their under-
graduate education in return-on-investment terms. Reflecting on the employment
difficulties of recently graduated friends, they saw uncertainty about jobs and
incomes in the early 1990s as a reason to switch to career paths with better prospects
of employment and rewards. Science and mathematics majors expected much less
in material terms than engineers, but also wanted work commensurate with the con-
siderable effort which their majors had demanded.

Concerns about the job market or finding employment without an advanced
degree were a major topic of discussion among seniors. Seniors with concerns about
an uncertain future sought to increase their chances of profitable work by raising
their GPA found inside tracks with prospective employers through internships,
developed flexible career plans, and looked for new market niches. Some seniors
were considering graduate school as one way to delay their job search. Concern
about the limited job availability without an advanced degree also prompted the
intention of switching disciplines after graduation.
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Financial Problems and Their Consequences

Our study was undertaken at the end of a period (1979-1992) in which both the
federal government and state legislatures had substantially reduced their contribu-
tions to higher education. Mortenson (1995) estimated the average annual increase
in college fees averaged two to three times the annual rate of inflation and reported
opportunities for higher education in this period becoming increasingly unequal.
Our findings illustrated the direct, personal consequences of this trend for many of
our informants. Students experienced fewer grants, more loans, and more time spent
working while universities and colleges were increasing tuition and fees. The result-
ing fall in enrollments triggered more increases in costs to students. Over one-
quarter (27%) of all the students in our sample reported financial problems that were
serious enough to influence their academic progress or career plans. Financial dif-
ficulties were a factor in 17% of switching decisions and were of concern to 30% of
all switchers and 23% of seniors. Both engineering switchers and seniors reported
more financial difficulties than science and mathematics seniors. Many engineering
first-year students and their families had expected that engineering degrees would
take 4 years rather than the 5 years that was becoming the norm. Financial plans
made in accordance with this expectation often fell apart.

Less than one-third of all participants were funded by scholarships, sponsors, or
private resources. Approximately two-thirds (63%) had taken out loans and over
half (56%) were meeting some of their education and personal expenses through
work. The average was 18 h per week, although some students at the four public
institutions worked 30—45 h a week. Financial aid was universally reported to be
difficult to get, with an application process that was overly complex, and with many
limitations or exclusions. In the opinion of seniors, getting any kind of financial
assistance, including loans, had become increasingly difficult at a time when tuition,
fees, books, and the cost of living were all increasing. Some students who were
excluded from financial aid programs, or limited in what they could get because of
their family’s income level, reported little or no financial support from their
families.

Students were aware of, and broadly supported, national efforts to recruit more
students of color into STEM majors. However, against the background of steep
increases in higher education costs that students were meeting themselves, focus
group discussions (especially at state institutions) revealed feelings of resentment
toward students of color who were believed to be receiving public funds to which
white students in financial need had less access.

Being employed commonly lengthened the time taken to graduate. This was
compounded where financial aid was refused in the final year(s). Problems with
degrees that took more than 4 years to complete figured in only 8% of switching
decisions but created difficulties for 20% of seniors. STEM degrees were thought
particularly hard to reconcile with student employment because they make greater
time demands than other degrees: they often require more credits; their curriculum
structure is more intense; and laboratory courses require large time commitments.
Working students also felt at great disadvantage in courses with intense competition
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time spent at work and travelling to and from work reduced the time available for
study. Those who worked more hours than was consistent with good scholarship
were at constant risk of failing classes or earning poor grades. Working students
were constantly forced to choose between academic commitments and their need
for financial survival. Students who paid most of their own way through school had
less margin for error than did those with scholarships or family assistance. Mistakes
in the choice of classes or course failures had disproportionately negative effects
because they could not afford to repeat classes and risk subsequent failures. The
constant strain of juggling time and energy between the demands of work and
school was cited by 17% of students as a major factor in leaving STEM majors.

Financial problems had other consequences: some students chose a particular
major or institution largely because they were offered financial help; some stayed in
majors in which they had lost interest rather than lose a scholarship; and the debt
burden accumulated by those who chose borrowing over employment had profound
consequences for some career choices. Notwithstanding the belief of some white
students that students of color had an unfair advantage in getting scholarships or
financial aid, black and Hispanic students were overrepresented among those whose
decision to switch was directly related to their financial difficulties. It became clear
that students of color from poorer communities were not only more at risk of switch-
ing majors, they were, as both Porter (1990) and Rotberg (1990) also reported, at
greater risk than white students of dropping out of university altogether.

To a marked degree, students accepted the responsibility of contributing finan-
cially to their own education. What they found hard to accept was the inadequacy,
inequity, and complexity of the financial aid system. They also expressed anger at
what they saw as political and institutional insensitivity to recent increases in the
proportion of higher education costs which students must meet by working and
borrowing, and about the academic, career, and personal consequences of this
situation.

Explaining the Loss of Able Women

Beginning in the 1980s, the earliest studies of losses from STEM majors reported
lack or loss of confidence and lowered self-esteem as significant contributors to the
failure of qualified women to enter or complete STEM majors.’ The TAL study also
explored why women of high demonstrated ability might lose confidence after
entering STEM majors, and what else might explain their greater vulnerability to
switching.

A gender breakout of the “iceberg table” results yielded some clues. The stron-
gest difference between men and women was found, not in their reasons for leaving
STEM majors, but in their reasons for entering them. As recounted, women differed
sharply from men in that the influence of significant adults was a more important
factor in their choice of STEM majors than it was for men. Women also entered with

SReviewed in Talking about Leaving, pp. 235-236 and 239.
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less well-developed views of what they wanted out of college, less clear ideas about
what drew them intellectually to any major and what they wanted from it in career
terms. Women were also more often altruistic than men in their career goals and
were more likely than men to switch in order to pursue careers offering more
humanitarian or personally satisfying work. Indeed, the educational focus of male
STEM majors was more instrumental than that of women in that men were more
willing to place career goals above considerations of personal satisfaction. Women
showed greater concern than did men to make their education, career goals, and
personal priorities fit coherently together. More women than men switched, in part,
because another major offered greater intrinsic interest, a better overall educational
experience, or because the career options or lifestyle which STEM majors appeared
to offer were less appealing. Similarly, more senior women than men felt that
another major might have given them a better education or expressed doubts about
the personal and job satisfactions they could expect from STEM careers.

In the interviews, many women described being held back by a low self-
assessment of their abilities and their difficulty in knowing that they were “doing
okay”” without the reassurance they had been accustomed to from high school teach-
ers. There was little gender difference in switchers’ accounts of the contribution
“poor teaching” had made to their switching decisions. However, their definitions of
“good teaching” diverged around what they expected of instructor—student interac-
tions and the consequences of their unmet expectations. More women than men
entered college with an expectation of personal relationships with instructors. This
was embedded in gendered definitions of “good” and “bad” teachers: women more
often stressed the importance of a teacher’s personal behavior toward them, and
defined “bad” teachers as “unapproachable,” “impersonal,” and “intimidating.”
“Good” teachers were “approachable,” “nice,” “friendly,” “patient,” “interested in
how you respond,” and “present the subject in a friendly manner.” Men were more
concerned with instructors’ effectiveness in presenting course material: the “good”
professor is “enthusiastic,” “interesting,” can “explain well,” “uses good analogies,”
“stresses application,” “allows questions,” and “knows whether the students com-
prehend.” More often for women than for men, engaging the teacher in a personal
dialogue determined the ease with which they could learn and become confident in
the adequacy of their performance. Failed attempts to establish a personal relation-
ship with instructors was a major loss to many women, and also to those men whose
high school teachers gave them personal attention and fostered their potential. These
students consistently used the word “discouragement” to describe their reaction to
the experience of weed-out classes, especially where instructors refused to interact
with them as individual learners: Women who were looking for encouragement to
bolster their self-confidence, but who could not evoke it from instructors tended to
feel discouraged (TAL, p. 270). Senior women testified that developing an indepen-
dent sense of their own ability and progress had been vital to their survival.

We noted that the process of losing confidence often began before college entry.
Notwithstanding the encouragement of teachers, women described difficulties in
giving themselves permission to choose STEM majors, referencing the dampening
effect of cultural messages that suggested that women couldn’t or shouldn’t do
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science. On entry, while in the process of considering possible majors, some women
reported overt discouragement by faculty advisors against attempting particular
STEM courses. Many women described a process in which they had learned to set
their aspirations at a level lower than their abilities, and to wonder whether they
“belonged.” This was far more rarely an issue for their male peers. Women’s doubts
manifested as: less assertiveness in asking for what they needed, less inner-strength
to cope with set-backs, and more dependence on others for reassurance. Another
common precollege deficit was limited hands-on technical or laboratory experience.
It meant that women approached technical tasks more tentatively than they subse-
quently found was warranted. However, it gave male peers a psychological advan-
tage and was another source of women’s fears about incompetence and doubts about
belonging. Male appraisals of their academic worth often had negative conse-
quences for their identity as women. The problems of belonging and identity are
linked, because the qualities that women felt that they must demonstrate in order to
win recognition for their right to belong (especially “smartness,” assertiveness, and
competitiveness) raised the anxiety that recognition could only be won at the
expense of (then prevailing) notions of “femininity.” In this double-bind situation,
women felt they could only win male acceptance, in academic terms, by losing it in
personal terms.

It was important to establish whether switching decisions or the problems of
women who remained in STEM majors were related to discriminatory behavior by
STEM faculty, TAs, or fellow students. Out of the 173 women interviewed, eight
women (four switchers and four seniors) reported direct experience of discrimina-
tory behavior, rudeness to all the women in a class, or sexually inappropriate behav-
ior. More common were an array of more subtle experiences by which some
instructors conveyed the message that women were unwelcome in their major.
Women felt excluded from some class activities, and some instructors set a misogy-
nist tone by encouraging, ignoring, or failing to check the rudeness of young men
towards the much smaller number of women in their classes. The degree to which
instructors did (or did not) tolerate rude classroom behavior toward women was
transmitted to their teaching and laboratory assistants, who then repeated these pat-
terns. Indeed, bad behavior by male TAs and class peers had a direct impact on
women’s discomfort levels. Rude behavior by male classmates was a constant, daily
source of stress for many women, especially in engineering, physics, chemistry, and
the applied sciences. We learned both from women and sympathetic men that
women were subjected, on a daily basis, to unkind and sexually suggestive remarks
and jokes intended to make women feel uncomfortable and unwelcome. High
grades earned by women were explained in ways that did not concede intellectual
merit, such as by hard work rather than “smartness,” as “freak” occurrences, or by
flirting with instructors and TAs. Women were angry when men behaved in ways
intended to make them feel unwelcome and devalued—both as women and intel-
lectual competitors. Although they rarely described these experiences as a direct
contributor to decisions to switching decisions, in classes where they were prevalent,
they were a background factor that made decisions to leave easier when other issues
came into play.
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During TAL data collection in the 1990s, women who were numerically isolated
in most STEM majors experienced male peer hostility on a daily basis. Whether
these damaging behaviors continue two decades later is among our research ques-
tions for the present study. However, in 1997, we concluded that, “the prospect of
four years of isolation and male hostility on the one hand, and the abrupt withdrawal
of familiar sources of praise, encouragement and reassurance by faculty on the other
were the most common reason for the loss of self-confidence that makes women
peculiarly vulnerable to switching,” including women of high ability (p. 271).

Persistence Difficulties for Students of Color

We analyzed the situations of students of color by racial or ethnic group to avoid
global generalizations about “minorities” (cf., Museus, Agbayani, & Chang, 2016).
That said, four of the risk factors in the iceberg table were more likely to be cited by
students of color overall than by their white peers:

 Inappropriate reasons for choice of a STEM major (35% vs. 6%).

* Conceptual difficulty with one or more STEM subject(s) (31% vs. 5%).

* Inadequate high school preparation in mathematics, science, and/or study skills
(25% vs. 11%).

* Shift to a more appealing career option (33% vs. 23%).

By contrast, white students more commonly cited three other factors in their
switching decisions than did students of color overall:

e Lack or loss of interest in their STEM major (49% vs. 29%).
* Poor teaching by STEM instructors (42% vs. 21%).
e Curriculum overload and over-fast pace (41% vs. 19%).

We turned to the text data to explore the reasons for these differences. However,
it is important to highlight three other distinctions. First, students of color tended to
blame themselves rather than instructors or institutions for their difficulties. Second,
as with women (with the exception of black women), the decision to leave a STEM
major was often preceded by loss of confidence. Third, the process of switching,
which was especially painful for students of color, often had long-term conse-
quences that were more serious for them than for their white peers.

Choosing a STEM major for reasons that subsequently proved inappropriate was
mentioned as a problem by 94% of all students of color, by 35% as a reason for
switching, and was one of the strongest overall differences between white and non-
white STEM students. Some had been encouraged to enter majors for which they
had insufficient interest or preparation through the active influence of others, includ-
ing initiatives to recruit more students of color into STEM fields by offering schol-
arships. Families and communities also encouraged students of color to make
choices that reflected social rather than personal career goals. Some parents and
teachers were mistaken about students’ actual interest and abilities or had limited
understanding of what levels of ability and preparation were required. Hispanic
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students reported that, because engineering was seen in their community as synony-
mous with success, they had been encouraged to pursue engineering to the exclu-
sion of other options. Few Asian-American students chose their major without
reference to family priorities: job security and following parental occupational
paths were stressed over personal interest. Indeed, respect for parents’ wishes and a
strong desire to realize them were major reasons why Asian-American STEM
majors were less likely to switch than any other group of students. However, the
dominance of family over individual choice was a major contributor to high levels
of dissatisfaction among Asian-American seniors.

Although many white students also chose their majors inappropriately, suffered
from inadequate preparation, and entered with inflated views of their readiness to
undertake the level of work required, these problems were far more common among
students of color. Among students of color who switched, they were almost univer-
sal. However, we found that students of color also experienced a set of unique prob-
lems that made it harder to persist even where students were well prepared, and their
field appropriately chosen. As summarized in Table 1.1, whether students in any
particular racial or ethnic group had to contend with each issue is indicated as a
“Yes” or “No.”

In order to succeed in STEM majors, students of color often found it necessary
to alter or override cultural values that were important to themselves, their families,
and their communities. Those unable to ignore or discard cultural values that hin-
dered their academic success were vulnerable to switching majors or abandoning
the attempt to attain any degree. Interviewees of color reported that white instruc-
tors and students appeared to be unaware of the extra layers of difficulty with which
they had to contend. Table 1.1 also clarifies another reason why it is an error to treat
all non-white students as if they are a homogenous group.

Table 1.1 Comparison by racial/ethnic group of cultural values expressed by non-white students

African-
Americans Native Americans
Inner- | All Asian- All
Value city others | Hispanics | Americans Reservation | others
Obligation to serve Yes No Yes No Yes No
community
Obligation to be a role Yes Yes Yes No Yes No
model
Conflict between student/ | Yes No Yes No Yes No
family roles
Educational goals defined | No No No Yes No No
by parents
Encouraged to be No Yes No No No No
self-assertive
Encouraged to be Yes Yes No No No Yes
self-reliant/autonomous
Supportive, effective peer | No No Yes No Yes No
group culture
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Testing the Talking about Leaving Hypotheses

Ethnographic studies are used to generate rather than test hypotheses. Although the
capacity to work with large samples enabled by text analysis software has increased
the strength of ethnographic findings, it broadly falls to subsequent research to con-
firm, augment, or refute them. Since TAL’s publication, studies of discontinuation
from STEM majors have tended to concentrate on particular problem areas, on
single disciplines, or on the efficacy of particular forms of remedial intervention.
How does this subsequent body of work clarify the contributions to losses from
STEM majors of single or combined variables identified in the original study?

Many of the studies reviewed below explore STEM attrition among students of
color, and, increasingly, all first-generation students. This is not surprising, given
the seeming intractability of high losses from these groups despite considerable
nationwide efforts to reduce them. In the following review, we include findings
bearing on lower persistence rates of students of color within each section.

Studies of Risk and Persistence in Undergraduate STEM
Education

A limited number of studies of factors contributing to losses from STEM majors
report the significance of a combination of variables similar to those described in
TAL. They report that STEM switchers are more likely than persisters to report
loss of interest in their major as a result of poor teaching in introductory courses,
rigid curricula, and negative classroom climates (Biggers, Brauer, & Yilmaz, 2008;
DeAngelo, Franke, Hurtado, Pryor, & Tran, 2011; Suresh, 2007). Researchers
have also identified particular STEM courses that act as barriers to progression in
STEM majors and careers. They include, sequences in general chemistry, physics
and biology, calculus and differential equations, computer programming, and sev-
eral courses in engineering (cf., Alexander, Chen, & Grumbach, 2009; Chang,
Cerna, Han, & Saenz, 2008; Gasiewski, Eagan, Garcia, Hurtado, & Chang, 2012;
NASEM, 2016; Suresh, 2007). Other studies highlight the ways that the behavior
and attitudes of faculty and peers can significantly reduce the likelihood that
women or students of color in STEM majors will persist towards graduation
(Gayles & Ampaw, 2014; Price, 2010).

Researchers have also addressed the obverse question of what changes in instruc-
tional practices in gateway courses enable persistence (e.g., Freeman et al., 2014;
Graham, Frederick, Byars-Winston, Hunter, & Handelsman, 2013; Henderson,
Beach & Finkelstein, 2011). By studying the outcomes of STEM education reform
initiatives, these studies point to the value of pedagogies that actively engage stu-
dents (e.g., Olson & Riordan, 2012; Wieman, Perkins, & Gilbert, 2010). A further
group of studies focuses on classroom strategies found to enable STEM persistence,
namely academically oriented peer interactions such as study groups, discussion,
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and group projects (Callahan, 2009; Hyde & Gess-Newsome et al., 2000; Ost, 2010;
Packard, 2005), and student—faculty interactions that provide academic assistance
and support (Cole & Espinoza, 2008; Hyde & Gess-Newsome et al., 2000). As
reported in TAL, failure to establish, or limited opportunity to develop, such rela-
tionships leaves many STEM majors at risk. Academically oriented peer support
increases STEM persistence and degree completion among students of color who
join STEM-related undergraduate societies and programs (Chang et al., 2008;
Espinosa, 2011; Herrara & Hurtado, 201 1; Hurtado, Eagan, & Chang, 2010; Palmer,
Maramba, & Dancy, 2011). As also illustrated in TAL, engagement in a lively, inclu-
sive community of STEM students (such as sociable departmental research semi-
nars and women’s profession-oriented societies) increases the chances of persistence
for both white women and students of color (Chang, Sharkness, Hurtado, &
Newman, 2014; Espinosa, 2011; Ong, Wright, Espinosa, & Orfield, 2011).

One particular source of culture shock reported in TAL that often (though not
exclusively) affects women, and especially women of color, is the loss of teacher—
learner interaction. In high schools and community colleges, learning in dialogue
with teachers is an important factor in enabling students’ learning and confidence
in their ability to do math and science. However, it is more rarely encountered in
introductory STEM courses (Reyes, 2011). As reported in the TAL study, finding
instructors and advisors who are academically helpful and personally encouraging
is a key element in many women’s persistence (Jackson, 2013; Packard, 2005).
Zhang and Allen’s (2015) study of students transferring from community college
into engineering majors cites support from instructors as a significant factor in
overcoming academic difficulties, Also, as reported in TAL, instructors may not
appreciate the unintended consequences of teaching styles that limit interaction
with students, especially for students of color, and most particularly for women of
color (Johnson, 2007).

The Effects of Negative Classroom Climates

The findings of early studies (reviewed and reconfirmed in TAL), and explored in
more recent work, explain how negative racial and gender climates experienced in
STEM classrooms—or more widely in the institution—undermine the chances of
success of men of color and women of all races and ethnicities (Gayles & Ampaw,
2014; Hurtado et al., 2010; Museus & Liverman, 2010; Ong et al., 2011). Students
of color often report feeling that they do not belong in STEM departments (Strayhorn,
Long, Kitchen, Williams, & Stentz, 2013; Tate & Linn, 2005). Welcoming and sup-
portive cultural climates established within STEM classrooms, departments, and
other disciplinary settings are found to enhance commitment to STEM majors and
increase retention, especially for students of color (Callahan, 2009; Espinosa, 2011;
Garcia & Hurtado, 2011; Gayles & Ampaw, 2014; Hurtado et al., 2010; Litzler &
Young, 2012; Museus & Liverman, 2010; Ong et al., 2011).
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Social Integration: The Role of Cocurricular Experiences

Many lines of inquiry follow Tinto’s (1975) model of social and academic integra-
tion based on the seminal work of Emile Durkheim published in 1897 (translated,
Spaulding and Simpson, 2005). Tinto proposes that dropping out of majors (or out
of school altogether) occurs as the result of students’ failing to integrate into social
and academic relationships that primarily develop in the classroom. In addition to
their considerable value in the learning process, classroom interactions, small
group discussions, and study groups shape students’ academic and social integra-
tion, and, thereby, their likelihood of persisting (Braxton, Shaw Sullivan, &
Johnson Jr., 1997). Similarly, cocurricular experiences, such as co-ops, internships,
and undergraduate research, promote students’ identification with their major, sup-
port STEM-related career aspirations, and increase degree-completion rates,
including that of students of color (Eagan, Hurtado, & Chang, 2010; Jaeger, Eagan,
& Wirt, 2008; Jones, Barlow, & Villarejo, 2010; Kim, Rhoades, & Woodard, 2003;
Laursen, Hunter, Seymour, Thiry, & Melton, 2010; Nagda, Gregerman, Jonides,
von Hippel, & Lerner, 1998; Nasr, Pennington, & Andres, 2004). Undergraduate
research (UR) experiences do this by inducting students into the processes of
“thinking and working like a scientist” (Seymour, Hunter, Laursen, & DeAntoni,
2004), adviser-protégé mentoring, students’ presenting and discussing their work
with others in their field—all of which promote the bonding of novices to the col-
laborative scientific enterprise (Hunter, Laursen, & Seymour, 2007; Laursen et al.,
2010). The resulting increase in STEM graduation rates for UR participants is
documented in a substantial number of studies, that include: Chang et al. (2014),
Graham et al. (2013), Herrara and Hurtado (2011), Espinosa (2011), Hurtado et al.
(2012), Jones et al. (2010), Perna et al. (2009), Chang et al. (2008), and Clewell
et al. (20006).

The body of work that, in various ways, draws on Tinto’s model of social and
academic integration, underwrites TAL findings that students are more at risk of
switching if they fail to: establish academically and personally supportive relation-
ships; find and use academic help in timely fashion; and make mentoring connec-
tions with their instructors. As we also reported, failure to integrate into college life
leaves all students who enter with limited know-how about how to navigate college
(particularly first-generation students and those from recent immigrant families) at
greater risk than peers who have acquired such social capital from family members
with experience of higher education.

Inadequacies of High School Preparation

Other studies validate the TAL finding that high school preparation (reflected in AP
course enrollment, high GPA, high SAT, or ACT scores) is critical in predicting both
success and loss in STEM majors (Bonous-Hammarth, 2000; Eagan et al., 2010;
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Kokkelenberg & Sinha, 2010; Rask, 2010; Whalen & Shelley, 2010). Early interest
in STEM fields and high-school achievement are also shown to predict success in
the sciences (Chang et al., 2014; Crisp, Nora, & Taggart, 2009; LeBeau et al., 2012;
Maltese & Tai, 2011; Nicholls, Wolfe, Besterfield-Sacre, & Shuman, 2010; Riegle-
Crumb & King, 2010; Tai, Liu, Maltese, & Fan, 2006). Also reported in TAL (and
in early studies by Hills, 1965; Cejda, Kaylor, & Rewey, 1998), under-preparation,
both in terms of academic readiness for college-level work and knowledge of how
to navigate college systems, is a problem for all first-generation students. They more
often attend high schools that insufficiently prepare them for higher education, have
problems paying for college, and have to adjust to a bewildering new environment
(Goldrick-Rab, 2010). These students often struggle to surmount the abrupt decline
in good grades to which they had been accustomed in high school. Again, as reported
in TAL, even for students from better resourced high schools, grade shock in foun-
dational courses is a severe blow to confidence and raises questions about whether
they “belong” in these majors.

The Significance of Grades

A large number of studies have explored the effects and significance of performance
scores, both from high school and within college. Rather than reviewing these here,
we refer readers to Chaps. 2, 6, 7, and 8 where this work is considered in the context
of the present study.

The Significance of Calculus Courses to STEM Persistence

While the present study has been underway (2012-2017), a linked set of nationwide
studies with broad significance for STEM persistence has explored the critical role
of college calculus in determining persistence beyond freshman year. Described in
Bressoud et al. (2015) the Mathematical Association of America (MAA) survey was
administered to a large, random, and stratified sample of first-year calculus students.
The researchers surveyed 213 colleges and universities, 502 instructors, and more
than 14,000 students to learn, “who takes Calculus 1 in college, why they take it,
their preparation for this class, and their experiences in this class” (p. 179). As with
other studies, they underscore the importance of good high school math preparation
but cite the findings of the Office for Civil Rights report (US Department of
Education, 2014) that only half of all high schools offer calculus. Bressoud and col-
leagues found that, “although black and Latino students make up 37% of all high
school students, they constitute only 20% of the students who take the AB Calculus
exam and only 11% of those who take the BC exam” (p. 180). Racial and social-
class disadvantages that limit access to AB Calculus are also reflected in the types
of institutions of higher education that students attend.
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The researchers also quantify which students are “weeded out” in Calculus 1
courses: students who received grades of C, D, or F collectively averaged 57%
across the institutional sample—numbers that are the more disturbing because they
are averages. Higher rates of failure—D, F, or withdrawal (DFW)—were found in
master’s universities and 2-year colleges. Other losses predominantly occurred
among women who received As and Bs, notwithstanding the presumption that these
grades indicate an ability to continue in the calculus sequence. As the authors point
out, their findings have particular significance for losses among “serviced” STEM
majors who account for 94% of students enrolling in Calculus 1. Highest losses are
from engineering and computer science (48% of whom are men) and the life sci-
ences or teaching (53% of whom are women). Only 6% of Calculus 1 enrollees
planned majors in mathematics or the physical sciences—many of whom place
directly into higher calculus courses. Thus, Calculus 1 alone makes a profound con-
tribution to rates of freshman switching out of other STEM majors.

Bressoud and his colleagues also explore the contribution to success in Calculus
1 made by students’ levels of confidence in their mathematical abilities, their enjoy-
ment and understanding of high school mathematics, and their resulting sense of
readiness for college calculus. They clarify the characteristics that most strongly
correlate with maintaining student confidence, enjoyment of, and the desire to con-
tinue in, mathematics. As with studies cited earlier, they found these attributes were
best enabled by a good rapport between students and instructors in the learning
experience. However, their strongest finding about the impact of Calculus 1 courses
across the US colleges and universities surveyed is, “how effective this course is in
destroying (incoming) confidence” (p. 182). They discovered that students’ belief
that they have the knowledge and ability to succeed in this course dropped from
80% to 50% between the start and end of the term: confidence in their perceived
ability to do mathematics fell by half a standard deviation, and enjoyment of math-
ematics dropped by one-third. This effect was particularly marked among women.
Even with final grades of As and Bs, twice as many women as men with the same
grades abandoned the idea of taking Calculus 2. When asked why, 18% of these
high-scoring women (compared with 4% of men with the same high grades)
explained that they did not understand calculus well enough to proceed to Calculus
2, and 7% of these women (but none of the men) thought that their grade was “not
good enough” to continue. These findings align with those reported in TAL, Chap.
5 (pp- 234-235 and 274).

Explaining Gender Differences in Persistence

Since the TAL study, a number of studies have endorsed and expanded on its find-
ings about the nature of the link between low confidence and low STEM persistence
among women (Good, Rattan, & Dweck, 2012; Holmegaard, Madsen, & Ulriksen,
2014). In a recent study that explores the causes of gender disparities in STEM
switching patterns, Hardin and Longhurst (2016) observed changes in critical
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social-cognitive variables near the middle and at the end of the first semester of an
introductory chemistry course. Even after controlling for course performance, they
report that women show lower STEM self-efficacy, coping self-efficacy, and STEM
interest than do men. Men experienced a small but significant increase in their per-
ceived support for pursuing a STEM degree, whereas women did not.

As one of the NSF-funded studies of the role of college calculus in STEM per-
sistence, Ellis et al. (2016) also approach the question of why women and men still
do not complete STEM degrees at comparable rates. Adding to Bressoud et al.’s
(2015) findings, they report that, while controlling for other factors, women fail to
progress from Calculus 1 to Calculus 2 at a rate 1.5 times greater than men. They
discard the hypothesis that women understand the material less well than men—cit-
ing Lindberg et al.” (2010) meta-analysis that found no evidence of gender differ-
ences in mathematics ability; and a study of Calculus 1 in which women
out-performed men (Islam & Al-Ghassani, 2015). Comparing women and men with
above-average mathematical abilities and preparation, Ellis and her colleagues
found that women started and ended the term with significantly lower mathematical
confidence than men and stated significantly more often than men that they did not
understand the course material well enough to continue. The researchers conclude
that Calculus 1 courses contribute significantly to the STEM “gender filter” (c.f.,
Blickenstaff, 2005) by weeding out women through lack of confidence in their own
ability rather than actual mathematical capability. As noted at the beginning of this
chapter, Ellis and colleagues projected substantial gains in the graduation rates of all
STEM majors were the issues raised for women in Calculus 1 courses effectively
addressed.

Why We Are Revisiting Talking about Leaving

Since the 1990s, a growing community of education reformers has drawn on the
findings of TAL and related research to address the improvement of STEM under-
graduate education. The NSF and many private foundations have funded STEM
educational innovations to undertake this work. They have collectively produced a
body of research-grounded and classroom-tested learning materials, interactive and
active pedagogies that engage students in their own learning, and assessment meth-
ods that probe students’ depth of understanding and ability to apply, extend, and
transfer their knowledge. This expanding body of tested and adapted materials and
methods has been disseminated by workshops that offer hands-on exposure to learn-
ing theories, research findings, and their classroom applications. Universities have
developed teaching and learning centers that offer practical help for instructors and
TAs to incorporate research-based instructions strategies (RBIS) into their courses.
Disciplinary societies have added education sections to their meetings that dissemi-
nate research findings, support a growing scholarship of teaching and learning
among practitioners, have developed websites that offer information about RBIS,
provide connections to networks of expertise, and offer online discussion. Both



1 Why We Are Still Talking About Leaving 35

traditional and new (often online) journals publish articles on the theory and meth-
ods of what is sometimes referred to as “scientific teaching” (Handelsman et al.,
2004).

In their review of studies on uptake or scale-up of scientific teaching methods,
Seymour and Fry (2016) found indications of success in institutional uptake of
particular pedagogies and their spread among individual instructors (Beichner,
2008; Beichner et al., 2007; Beichner & Saul, 2003; Dori & Belcher, 2005; Ege,
Coppola, & Lawton, 1997; Elizondo-Montemayor, Herndndez-Escobar, Ayala-
Aguirre, & Aguilar, 2008; Merton, Froyd, Clark, & Richardson, 2009). The UCLA-
HERI faculty survey also reports an increase in instructors using student-centered
pedagogies (DeAngelo, Hurtado, Pryor, Kelly, & Santos, 2009). Other studies
offer mixed reports for uptake including problems with discontinuation of methods
initially tried (Borrego, Froyd, & Hall, 2010; Henderson & Dancy, 2007; Henderson
& Dancy, 2008; Dancy & Henderson, 2010; Seymour & DeWelde, 2016; Walczyk,
Ramsey, & Zha, 2007). Overall, this body of work suggests increased awareness of
alternative ways to teach and some inclination to try them.

In Chap. 8, we discuss the scholarship underlying efforts to encourage uptake of
research-grounded teaching methods in STEM education. Many colleagues engaged
in these initiatives have asked us to revisit our original study. Both they and we
wished to establish whether STEM switching rates have declined nationally and in
our institutional sample, and to learn from student accounts whether their STEM
learning experiences reflect RBIS in course design and classroom practice, and
whether such changes increase perseverance in STEM majors. We also wanted to
learn to what extent the conditions that undermined STEM persistence two decades
ago have abated and whether there are new problems that pose persistence risks.

In this chapter, we have also reviewed studies of particular variables that influ-
ence student persistence and attrition in STEM fields. We have also stressed that
multiple factors intersect in contributing to STEM attrition. Some early studies have
also considered an array of variables that combine to undermine STEM persistence
(Kuh, Schuh, Whitt, & Associates, 1991, 2005; Pascarella & Terenzini, 1991, 2005).
However, there has been no recent work that explores the relative weight and inter-
relationship of the array of factors that contribute to both STEM switching and
persistence. Thus, we also wanted to learn what has, and has not, changed over the
last 20 years in the interconnected spectrum of problems encountered by students in
STEM majors that we originally identified. We also wanted to discover what new
issues may have emerged in the changing socioeconomic context in which higher
education now operates. We were not at all sure that we could accomplish all of this
in one study, but, as before, we proceeded in the expectation that other researchers
will test, augment, and refine our work.

Finally, after a gap of years, it is perhaps inevitable that the findings of older
studies are forgotten. If new work is not undertaken, commentators are apt to resort
to conjecture, unsupported by data, in order to account for STEM switching rates—
as is the case in this selection of opinion articles (e.g., Berrett, 2011; Drew, 2011;
Reich, 2011; Shi, 2011; Taylor, 2011).
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For all of these reasons, it seemed timely to revisit Talking about Leaving: Why
Undergraduates Leave the Sciences. In 2012, with the financial support of the
National Science Foundation and the Alfred P. Sloan Foundation (who also funded
the original study) we began a new 5-year study whose findings are explored and
discussed in the rest of this book.

Design and Methods of the New Study

A Multi-Component, Mixed-Methods Research Study

This mixed-methods research both replicated and augmented the original TAL
study. Building upon a qualitative interview study with students who switched from,
and who persisted in, STEM majors, we added component studies that explored the
dimensions of persistence risks from different sources of data. This also offered the
possibility of triangulating component study findings. The whole 5-year project
comprised:

* A comparative review of evidence from two national data sets to estimate the
current national rates of persistence, relocation, and loss (whether by switching
or dropping out of college) in STEM majors. (a) The 2013 National Center of
Educational Statistics (NCES) report STEM Attrition: College Students’ Paths
Into and Out of STEM Fields (Chen, 2013) that examined data from the 2004—
2009 Beginning Postsecondary Students Longitudinal Study and the 2009
Postsecondary Education Transcript Study; (b) The Higher Education Research
Institute (HERI) provided us with recent estimates of STEM persistence, reloca-
tion and switching through its Cooperative Institutional Research Program
(CIRP) data. These represent an update of the CIRP data that HERI provided for
the original 1997 study;

e Analyses of institutional student transcript and attribute data using multiple sta-
tistical methods, including logistical regression, to explore the switching and
persistence patterns of STEM majors at the six institutions in our study;

e Administration of the online Student Assessment of their Learning Gains (SALG)
end-of-course survey in a matched set of STEM foundation courses across the six
sample institutions. This yielded numeric estimates of the extent of several types
of student learning gains, the nature of benefits and problems experienced in
these courses augmented by written responses to open-ended questions, and
information about other aspects of students’ experiences (e.g., students’ choice
of majors and careers);

e In-depth interviews and focus groups with structured samples of “switchers”
and “persisters” This study replicates the original research, using ethnographic
analyses of verbatim transcripts from interviews and focus groups with a struc-
tured sample of 346 students across the six participating institutions. Its broad
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purposes were to explore what has and has not changed in what causes switching
and relocation and what enables persistence, and to discern what new sources of
influence on student decisions have arisen in the intervening years. Are switchers
leaving STEM majors for the same reasons as those found in 7AL? Our research
questions were:

1. What role is played in persistence-related problems of both switchers and
non-switchers by learning experiences that students define as unsatisfactory?
Do these factors play a role in student persistence comparable to that docu-
mented in TAL?

2. Has the relative significance of particular factors shifted over time? Do other
factors prompt field switching that we did not previously identify?

3. Do graduating STEM seniors continue to experience the same educational
problems as students who switched out of their majors? Are there differences
between these groups?

4. What are the variations in student answers to all of these questions for sample
subgroups (i.e., students of color or ethnicity, all women, all men, students
with above and below 650 mathematics SAT entry scores, disciplinary group-
ings, and whole institutions)?

5. Why did students choose or aspire to STEM majors or careers? How have
reasons for choice of major changed since our original study and how do
these relate to persistence?

6. Into which disciplines do STEM field-switchers go, and why?

7. Is there evidence that changes in instructors’ teaching methods have had a
beneficial effect on persistence?

8. Have other problems identified in 7AL been ameliorated?

Additionally, we reference studies and findings from two concurrent collaborating
studies by colleagues working in the same field. These are:

A classroom observation study led by. J. J. Ferrare (University of Kentucky) in
the same 71 gateway courses as those to which the SALG survey was adminis-
tered using the Teaching Dimensions Observation Protocol (TDOP) instrument.
A study by Andrew K. Koch and Brent M. Drake of “DFWI” rates in four
foundation-level STEM courses located in each of 36 institutions participating in
the Gardner Institute’s “Gateways to Completion” project. This study aligns with
our institutional data analysis of DFWI rates at the six study sites, and the two
studies triangulate in presenting the impact of “severe foundation courses” on
persistence for particular student demographics.

All data (except the Gardner Institute study) were collected at six of the seven

original participating site institutions: one institution declined to participate in the
current study. The six participating institutions are four public universities with high
research activity and two private institutions, one with high research activity and
one with a science focus, according to the Carnegie Classifications.
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* PBIRI: A western state (originally land-grant) university serving a large rural
population, with a prestigious engineering research program, and applied science
specialties;

* PB2RI: A comprehensive, urban north-eastern university with large and diverse
STEM undergraduate enrollment;

* PB3RI: A large urban, mid-western university with prestige ranking for its
STEM research and high production of STEM undergraduates and graduates;

* PB4RI: A “flagship” western state university with high reputation for its engi-
neering school and several science departments;

* PVIR3: A western liberal arts college with a strong reputation for its science
teaching (engineering is not offered);

* PV2RI: A small western city university offering engineering, and masters’ and
doctoral degrees in the sciences.

Institutions comprising our study sample were selected to represent the array of
US colleges and universities and that typify most undergraduates’ STEM education.
Enrollment ranged from ~2000 (PV1R3) to over 34,000 (PB3R1) undergraduates
and, compared to national averages, most of the institutions in our study had a greater
representation of white students, and fewer Hispanic and African-American stu-
dents. Representation of women was also lower than is seen nationally. However, the
baccalaureate graduation rates were higher than the national average at our sample
of institutions, as were averages for baccalaureate graduation rates for racial/ethnic
groups at each of our participating institutions. Although our schools have higher
graduation rates than the national average, most of our schools are drawn from R1
institutions where graduation rates are higher overall. (See Appendix A for detailed
demographic data of the student populations of institutions in our study sample.)

We next provide an overview of methods guiding our work. We have placed a
more detailed discussion of our quantitative methods and protocols in appendices
for readers who are interested in reviewing the instruments, protocols, and specific
aspects of the analyses used in this research.

National and Institutional Transcript Study of STEM Field-
Switching Patterns

An analysis of the national Beginning Postsecondary Students Longitudinal Study
(BPS) data set was undertaken to identify current rates of switching across STEM
majors, both overall and by disciplinary groupings and sex, race/ethnicity. In addi-
tion, as in TAL, we collaborated with the Higher Education Research Institute
(HERI) at University of California Los Angeles to construct a current national por-
trait of STEM field-switching, also overall and by disciplinary groupings and sex,
race/ethnicity.

Additionally, we undertook an analysis of student transcript records from our six
participating institutions to learn how many students switched out of STEM, who
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switched, and when. We collected current and retrospective transcripts for all juniors
and seniors for 2013 and 2014, and in the same years we conducted site visits at
each institution. Student transcripts for students’ academic careers came from the
years 2007 to 2014. The records from the six institutions included both STEM and
non-STEM students. We analyzed 45,565 records from individual students with
demographic and academic information, such as gender, ACT/SAT scores, and
declared majors. Of these students, 14,626 started college in STEM disciplines,
with 2132 students switching out of STEM majors. We also collected 1,437,806
transcript records of the same students’ grades, and descriptions of each class they
took over multiple terms. These records included term-by-term reports of current
major, and cumulative and term GPAs.

Several operational definitions guided the transcript study. We categorized STEM
majors based on the Categorization of Instructional Study (CIP) code of the major
provided by National Center for Educational Statistics (NCES, 2019). STEM disci-
plines include agriculture, environmental studies, computer science, biology/life
sciences, mathematics, engineering, and physical sciences. We called students
switchers if they started in a declared STEM major, but then shifted to, and persisted
in, any major in the social sciences, art, humanities, business, education, or any
other non-STEM major.

Several smaller subgroups of switchers also emerged during our analysis.
Switch-in students started college in non-STEM disciplines and switched into and
persisted in STEM majors, while switch-around students entered and left STEM
majors multiple times during their academic careers. STEM-relocator students
changed from one STEM major to another. Our analyses also included students who
entered and persisted in STEM majors (persisters), and students who had never
entered STEM (non-STEM). Our transcript records did not include students who
left or transferred out of the institution. An in-depth description of quantitative
methods for the institutional transcript records study is provided in Appendix B.

We note that switching rates varied considerably by institution. However, while
much of our analysis aggregates across schools and treats students as “one big
group,” we did adhere to a rule of thumb in our analyses in testing each pattern of
findings to learn if the pattern seen for the whole was also present at each school.
For instance, we found that women switched more than men at each institution, also
finding that at all schools this was true. If findings did not generalize, we either
noted this in the analysis or did not present the finding.

Our sample, while very large in terms of students and student records, is restricted
to six institutions, and thus limits generalization of results. The records analysis
therefore is descriptive of these students and schools and may or may not be represen-
tative of a wider population. However, we do know that the large public universities
in our sample and the smaller private schools are not outliers in terms of student
demographic representation, gender balance, socioeconomic representation, or aca-
demic selectivity compared with similar schools in the USA.
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The Gateway Course-Taking Study

Because instructors are particularly influential on the trajectory of student perfor-
mance early in students’ academic careers, this component study focused on current
undergraduate experiences of instruction in these courses. At each study site, we
identified 10 “foundational” courses considered by our site informants to play
important roles in the early stages of their STEM degree programs. We selected
courses offered across study sites in order to facilitate cross-institutional compari-
sons of instructor teaching and student experiences. Because foundational courses
often include more than one section and instructor, for two courses at each site we
included two instructors, making a total of 12 instructors per research site (n = 84).
The student sample was potentially all students in these classes. These students
were asked by their instructor to consider participating in a focus group and to com-
plete the online Student Assessment of Learning Gains (SALG) survey, which
offers systematic assessment of what students are gaining from their educational
experiences and detailed feedback on precisely which pedagogical elements of the
course are contributing to students’ learning gains. The SALG survey thus provides
instructors with detailed information about what progress their students are making
toward course learning goals. Quantitative methods used for analyzing TALR-
SALG survey responses are provided in Appendix B. A copy of the TALR-SALG
survey is provided in Appendix C.

To understand what particular aspects of each instructor’s teaching methods con-
tributed to students’ growth as learners, interest in the discipline, and motivation to
remain in their majors, we examined student responses to the SALG survey. The
survey asks students about their commitment to their major, and to comment on
open-ended questions on any potential instructional or institutional factors related
to field-switching. The SALG survey was administered to all students enrolled in
classes included in our introductory course sample.

We received 1427 full responses from students in 52 classrooms at the six institu-
tions in our study. The survey was administered online using the Surveymonkey
survey software with the help of participating instructors who sent emails with a
web-link to students. Students received three reminder emails to participate in the
study. Nearly 40% of respondents were Sophomores; first-year students and juniors
each represented about one-quarter of respondents; and ~8% were seniors. Students
filling out the survey represented a range of STEM fields, including agriculture,
computer science, engineering, life sciences, mathematics, and physical sciences.
Some students who filled out the survey were majoring in non-STEM fields; we
included their responses to assess classroom teaching and institutional climate.

The average response rate to the survey was 24%, although rates varied substan-
tially by class and among institutions. We were able to assess the representativeness
of survey responses at each institution given the wider gender and race/ethnicity
percentages of each school. All samples were within plus or minus three percentage
points of the school population for gender. At two institutions, African-American
students were underrepresented by 3% and 4% respectively. All other racial-ethnic
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groups were within 2% of school populations. While samples were generally repre-
sentative by gender and race-ethnicity, they were not random given that students had
a choice to answer, or not answer the survey.

In-Depth Interviews and Focus Groups with Structured Samples
of “Switchers” and “Persisters”

The qualitative analyses presented in this volume focus on students who entered
college as STEM majors and switched to non-STEM majors and on seniors who
remained in their original STEM majors. Students who relocated into other STEM
majors, and students who undertook multiple majors and minors that included a
STEM discipline were also encountered both in the interview study and in the
national and institutional data analyses. The design of this part of the project repli-
cates and augments the original TAL interview study. Its results are grounded in
ethnographic analyses of the verbatim transcripts of 96 individual interviews with
switchers (largely juniors) and focus groups with 250 persisting seniors. We did
individual interviews with all students of color, whether switchers or persisters, and
also with the low-math seniors. The focus groups with seniors were all-female or
all-male in order to offer opportunities for frank discussion of gender-related issues.
In these protocol-based conversations, we explored what has and has not changed,
and what new factors have arisen, in the contributory causes of switching from
STEM majors since Talking about Leaving was published in 1997. Interview proto-
cols were developed in consultation with salient members of the project’s advisory
board and were designed to solicit answers to our research questions in semi-
structured conversations that encouraged exploration both of original and new lines
of inquiry. Protocols used for the Persistence study interviews and focus groups are
provided in Appendix D.

As in the original study, we have identified “switchers™ as students who enter the
university as STEM majors and then switch to a non-STEM discipline. We defined
“persisters” as seniors who were persisting to graduation in their original STEM
major.

The STEM majors included in the study were physical sciences, life and agricul-
tural sciences, engineering, mathematics, computer science, and information tech-
nology. The latter were not included in the original study because computer science
and information technology had not yet emerged as formal majors. We defined non-
STEM majors as: social sciences; arts; humanities; and certain applied STEM
related fields, such as architecture, nursing, and landscape design. We classified
students who switched to other majors within STEM as “relocators” not as switch-
ers and gave them special attention in our analyses (cf., Chaps. 3, 9, and 10).

To select our interview sample of juniors who had switched and seniors who
were persisting in their original STEM majors, we built an intentional sample frame
from student transcripts at each institution. The interview sample that we sought
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was stratified by race/ethnicity, gender, discipline, and indicators of “math readi-
ness” (by math SAT or ACT scores) with sufficient numbers in each cell to provide
clear patterns of response. Switching largely occurs in the first 2 years of a STEM
degree, so most switchers were interviewed during their junior year—close enough
to their decision to be able to recall what had led to it and also able to reflect on its
subsequent impact on their lives.

We operationalized “high-math ability” as having at least a 650 Math SAT or 28
Math ACT score. This decision was based on surveys of faculty beliefs (that were
solicited both for the TAL study and again at the start of this study) about what level
of demonstrated math competence was likely to predict students’ success in STEM
majors. Though faculty identified a range of metrics that they deemed important, the
majority of responses focused on SAT and ACT indicators. As in the original study,
selecting students with this level of math readiness allowed us to focus on students
whom faculty might, prima facie, wish to keep in their major. It was, thus, a means
to rule out switching caused largely by difficulties with the level of math required in
STEM majors. We also wanted to understand why (as we also found in TAL) some
high-achieving students, including women, leave STEM majors. Most of our per-
sister interviewees entered with high math scores. However, we also selected a sub-
sample of persisters with low-math readiness indicators (<650 SAT; <27 ACT) to
better understand what enables these students to persist despite their incoming
disadvantages.

A total of 3750 interview invitations were sent out by email in four waves at each
site. This yielded 346 interviewees who met our selection criteria for individual or
focus group interviews. Response rates varied by institution and targeted group: the
response rates for persisters varied from 3% to 18% per institution and for switch-
ers from 5% to 23% per institution—a 9% overall response rate. Follow-up recruit-
ment emails and phone calls were used to secure adequate participation from
members of key groups such as students of color or students from underrepresented
disciplines. All switchers and all students of color (both switchers and persisters)
and persisters who entered with low-math readiness scores were interviewed indi-
vidually. In a private setting, we hoped to capture as fully as interviewees were
comfortable with the nuances of their experiences and educational choices. Aside
from the low-math persisters, white persisting seniors (all of whom had high-math
readiness indicators) were interviewed in all male and all female focus groups. We
found in the original study that this single sex configuration allows for more open
discussion of issues about which we particularly wanted to learn, including issues
of gender.

Student Samples

Switchers As in the original study, we deliberately over-sampled some groups the
better to understand particular patterns in their persistence rates. Thus, we inter-
viewed 96 switchers at six institutions of whom 64% were women (n =61) and 36%
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were men (n = 35). This proportion reflects our concern to understand why (as dis-
cussed in our review of recent research findings) women are still switching dispro-
portionately from STEM disciplines. In our sample of talented students, 69% of
women and 37% of men left their STEM major with a GPA of 3.5 (B+) or better
(i.e., 42 of 61 women and 3 of 35 men). We also over-sampled students of color to
get a clear picture of their experiences and concerns. Half of the high-performing
women in our sample who switched were women of color (N = 21), with a smaller
number who were men of color (i.e., 38%, N = 5). Additionally, 73% of our switcher
sample were white (n = 70) and 27% were students of color (n = 26). Of these, nine
were Latino/a, three who self-identified as multi-racial, five were African-American,
and nine were Asian or Pacific Islander.® Of all students of color, 12 were the first in
their family to attend college and 7 students were immigrants.

Students switched out of a variety of disciplines: 43 from life sciences (e.g.,
microbiology, evolutionary biology, animal sciences, etc.); 25 from engineering
(including civil, biomedical, aerospace, mechanical, computer, environmental,
chemical, and electrical engineering); 16 from the physical sciences (e.g., physics,
chemistry, geology); eight from mathematics; and four from computer science.
Switchers were highly qualified by commonly used math-readiness indicators. In
high school, almost all had taken precalculus and 68% had taken AP or IB Calculus,
their average SAT and ACT math scores were 680 and 28.5, respectively, and their
average cumulative college GPA was 3.21. By the definition described above, 76%
of the switcher sample had “high-math readiness” (n = 72) and 23% were catego-
rized by “low-math readiness” (plus two for which no SAT/ACT scores were
available).

Persisters The persister sample comprised 250 students: 41% were men (n = 102)
and 59% women (n = 148); 18% of women and 14% of men qualified as high-
performing persisters. Sixty percent of persisters were white (n = 150), 40% were
students of color (n = 100), including 41 Asian/Pacific Islanders, 19 African-
Americans, 18 Hispanics/Latinos, 18 who were identified as multi-racial, and four
Native Americans. It was not possible to determine how many persisters were first-
generation college students, as only three institutions provided this information.

¢ Asian-American students are commonly omitted from STEM education studies that focus on
underrepresented minorities (URMs). To do this is to treat as a single category students from a
wide array of national and linguistic groups and fails to distinguish those communities that are
long established in the USA from those of recent immigration. In addition, as we discovered in the
original study (and recounted earlier in this chapter), their exclusion misses problems that are
distinctive to some Asian groups. A 2018 study by the Center for Law and Social Policy (CLASP)
highlights one important persistent-related issue: “Across the board, Asian-American students
have the greatest amount of unmet need, regardless of the institution they attend. We offer a few
explanations for this. Across all races/ethnicities, Asian-Americans are the most income-stratified;
while some Asian-American subpopulations are as financially secure as whites, many others live
in deep poverty.” Kochhar and Cilluffo (2018) also report that, income inequality in the U.S. is
rising most rapidly among Asians.
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Forty-five percent of persisters were majoring in the life sciences (n = 113); 26%
in engineering; 15% in the physical sciences; 7% in mathematics; and 6% in com-
puter science. Eighty-six percent of persisters had taken precalculus and 50% had
taken AP or IB Calculus in high school. Their average SAT and ACT exam math
scores were 668 and 28.8, respectively. The persisters’ average cumulative college
GPA was 3.36, 66% were categorized by “high-math readiness” (n = 165) and our
subsample of low-math-ready persisters were 33% (n = 83) of all persisters. Figures
showing TALR study student samples are given in Appendix E.

Interviews were conducted during 2-week site visits to each of the six institu-
tions between Spring 2013 and Fall 2014. Semi-structured individual interviews
were conducted in private study rooms and typically ranged from 45 to 90 min.
Focus groups ran from 90 min to two-and-a-half hours, depending on participants’
levels of engagement with the issues explored in the protocols. To identify changes
of speakers in focus groups while ensuring anonymity, each focus group participant
chose a card with the name of a famed STEM scholar and used that pseudonym to
identify themselves and each other during their discussion. Following interviews
and focus groups, each student was provided $20 as a small “thank you” for their
participation. Interviews and focus groups were digitally recorded and labeled with
a letter-and-date filing convention to further ensure anonymity of institutions. The
interviews and focus groups were transcribed verbatim by a professional transcrip-
tion service and entered into server-based NVivo 10.0 (QSR International, 2016),
which allows simultaneous use of the qualitative coding software by team members.
All research was conducted with the approval of the Institutional Review Board at
the University of Colorado Boulder and in compliance with rules and regulations
governing human subjects research.

Our ethnographic analysis of the text data followed procedures originally
described by Spradley (1979). Some codes were generated deductively, based on
themes from the original study for then—now comparison, or to reflect their promi-
nence in the STEM retention literature (e.g., experiences of teaching and learning,
class climate, advising or support systems, and high school preparation). Codes
were also generated inductively, based on new issues that were raised by partici-
pants in describing the sources of their educational decisions (e.g., concerns about
career opportunities or the current economic climate, parental influence in choice of
majors or careers, and the association of identity with grades). Codes were organized
hierarchically within domains that represent the larger categories of interest in our
study (e.g., reasons for students’ choice of major or career, college transition issues,
financial problems, STEM and non-STEM teaching, and learning experiences).
Like individual codes, some domains were created deductively with reference to
prior research findings, but almost all codes within each domain were inductively
grounded in issues spontaneously raised by interviewees.

Ethnographic analysis proceeds by coding each segment of textual information
on any matter that speakers identified as significant to their decisions. Although the
protocol questions (also deductively derived from TAL and other research findings)
initially framed the topics of discussion, it was always what interviewees raised
as relevant in response to any question that determined into what existing code
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category any response was placed or whether a new code was needed to capture an
idea raised by the interviewee. Thus, more than is the case in content analysis, eth-
nographic analysis proceeds by coding each segment of text as a piece of evidence
that the speaker has identified as significant to their decisions. Because normal con-
versations often reference different matters in the same few sentences and may be
layered by observations of different kinds, any segment of interview text is apt to
contain several distinct ideas, each of which is coded with a separate code name and
may be placed in different domains from other utterances in the same segment. For
instance, a question like “How did you come to choose your major?” is apt to solicit
aresponse that references teachers, school prowess, parental expectations or knowl-
edge, perceived career opportunities, prestige of various careers, and so on: these
are each captured and categorized in relevant domains.

Five team members shared the conduct, coding, and analysis of student inter-
views. The text files of each interview or focus group and the emergent codebook
that the team was collectively evolving were electronically available to all coders.
The team met weekly to discuss the development of new codes, combine or expand
existing codes, change code names, and other adjustments. Code and domain
changes were always available for discussion and resolution. When the coding pro-
cess was completed, and all codes had been checked for accuracy, frequencies were
run for code clusters across the whole data set and for particular subsets of partici-
pants. We analyzed both individual codes and broader domains grounded in themes
that had emerged in the interview data for patterns by switchers and persisters,
gender, race/ethnicity, discipline, low-math readiness, or other characteristics
(Boyatzis, 1998; Creswell, 2012). To get a sense of the size of the resulting final
electronic code book, our ethnographic analysis of verbatim transcripts using
NVivo 10.0 generated ~25 major domains, ~95 sub-domains, and ~1500 discrete
codes. The numbers generated in frequency tables offer a sense of the relative
weight of particular student observations on any topic. However, single observa-
tions can be very important in providing explanations and insights into matters that
other informants have simply described or illustrated. Thus, the analysis that is
reflected in our accounts of findings throughout this book is built from frequency
tables, the researchers’ observation of patterns and themes captured in the coding
process, and the insights of individual participants that we offer as direct citations
from the transcribed interviews. The coding and analysis process described here
was also used for students’ written responses to open-ended questions in the SALG
instrument.

Overall, our set of component studies and findings from the two collaborating
studies provide rich and detailed information. Each study, designed to answer dif-
ferent, though related, research questions, produced a wealth of data. Taken together,
they provided opportunities for triangulation of qualitative and quantitative data that
offered a nuanced picture of the attitudes, beliefs, rationales, behaviors, interpreta-
tions, and decisions of students and, by inference, their families, peers, instructors,
departments, and institutions. These analyses offer an updated understanding of fac-
tors affecting students’ decisions to persist, relocate, or leave STEM majors and the
processes whereby these decisions are taken.
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Scope and Structure of This Volume

From its inception, this has been a highly collaborative project, and so we have writ-
ten a highly collaborative book about it. The whole team worked together in the
design, data collection, processing, and primary analyses. However, each chapter
reflects the final analytic work of team members, variously combined, with contri-
butions also from some of our colleagues in the field.

The first three chapters place the study in context. Chaps. 2 and 3 offer an over-
view of major patterns in our findings from the two main study components at our six
study sites—the institutional records analyses, and the overall results from the inter-
view study with targeted student samples. Thereafter, we write in depth about strong
themes in our findings, commenting as we go along on student groups at particular
risk of switching, including white women and women and men of color. In each
chapter, we also compare and contrast new findings with those of the original study.

Chapters 4 and 5 focus on what students bring into college, why they choose par-
ticular majors, how well they adjust to the STEM majors they have chosen, and the
import of all these variables for their persistence. Chapters 6, 7, 8, and 9 focus on
facets of students’ educational experiences in STEM majors—both in early founda-
tional courses and across the whole 4 years of academic study—and the bearing
these experiences have for persistence, relocation, and loss. Chapter 8 also includes
some evidence in student accounts of improvements in the effectiveness of teaching
methods. Chapter 10 discusses variations in the processes whereby decisions to
switch or relocate are reached, and the negative personal consequences that switch-
ing often involves. In a series of vignettes, it also explores several reasons why high-
performing STEM majors—particularly women—switch to non-STEM fields.

Not all influences on decisions to move or leave arise from educational experi-
ences in college. In Chap. 11, we discuss the consequences of working while in
school, parental influence on academic and career choices, and students’ percep-
tions of the career opportunities available in the current economy. Chapter 12
addresses the complex, interrelated factors that contribute to students’ persistence in
STEM majors. Like switching, persistence is a process that unfolds over time and
involves many adjustments to prior identities, practices, and habits. We describe
how students must draw on an array of individual, social, cultural, and institutional
resources to persist and graduate with a STEM degree. In the concluding chapter,
we review what particular study findings suggest as remedies of different kinds and
levels to address the diagnoses we have offered for the loss or diversion of able
students from STEM majors.
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Chapter 2
Patterns of Switching and Relocation

Timothy J. Weston

What Is the Rate of Switching Nationally?

The 2013 National Center of Educational Statistics (NCES) report STEM Attrition:
College Students’ Paths Into and Out of STEM Fields (Chen, 2013) examined data
from the 2004-2009 Beginning Postsecondary Students Longitudinal Study and the
2009 Postsecondary Education Transcript Study. These studies used a large (7800
students) random sample of college students and collected information at three
points during the 6 years of the research. The NCES study found that 48% of stu-
dents pursuing a bachelors’ degree entering STEM majors either left school before
graduating or switched to a non-STEM major. Twenty-eight percent of students
stayed in college, but switched out of their STEM major to a non-STEM major. It is
this group of students who are the central focus of this book.

The NCES study also presented descriptive analyses about which students in
which majors switch at what rates, and where students move to after they leave
STEM. The discipline with the highest switching rates was biology/life sciences
(30%), the lowest engineering (21%). Business was the most popular destination
non-STEM major for these students (22%), and more women switched out of STEM
majors than men (32% vs 26%). The NCES study also identified students with
higher rates of switching as those with poorer pre-college preparation, especially in
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mathematics. During their first year of college, STEM switchers earned fewer
science credits and were enrolled in fewer higher-level math courses than
STEM-persisters. They also experienced more “academic duress,” defined as failure
or withdrawal from courses and achieved lower overall GPAs.

The NCES researchers used regression models to weigh the individual contribu-
tion of different factors associated with STEM switching. Their statistical models
showed that students who took a low credit load of STEM courses tended to switch,
as well as students who did not take advanced math courses. Lower GPA’s in STEM
courses and lower overall GPA were also associated with switching, and women
switched at higher rates than men. While both African-American and Hispanic stu-
dents switched more than other groups, in the NCES regression analysis, differ-
ences between groups were explained better by other variables such as GPA. Poor
high school preparation, very low high school GPA, and lower high school mathe-
matics credits all predicted switching.

The Higher Education Research Institute (HERI) also provides estimates of
undergraduate students switching out of STEM through its Cooperative Institutional
Research Program (CIRP) data (Eagan, Hurtado, Figueroa, & Hughes, 2014). This
study matches data from HERI’s annual Freshman Survey (TES) given to hundreds
of thousands of students with transcript data from the National Student Clearinghouse
(NSC) for the same years 2004—2010 as the NCES study (Eagan et al., 2014). In the
latest version of the survey, 28.1% of students who answered the survey after 4 years
had switched to another non-STEM major. However, this figure does not take into
account those students who left college before the second survey. If we assume (as
is stated in the NCES report) that 20% of STEM students leave the university alto-
gether, the percentage of all students starting college in STEM and then switching
to a non-STEM major would be closer to 23% in the CIRP data.

Some patterns in switching were consistent between the CIRP and NCES analy-
ses. The switching rate for women was higher than for men (30.6% vs. 25.8%), rela-
tive differences in switching rates between biology (30.6%) and engineering
(22.6%) were similar, as were much higher switching rates for African-American
(41.7%) and Hispanic (40.6%) students than for white students (27.8%). The num-
ber of students who switched out of STEM to business majors (17% vs. 22%) was
also comparable. As we will show later in this chapter, most of these relative com-
parisons are also reflected in our non-random sample of six institutions.

Have Switching Rates Changed Since the Publication of Talking
About Leaving?

Gauging whether switching rates have changed in the 20 years since publication of
Talking about Leaving is complicated by changes over time in how students were sam-
pled by the CIRP survey, and by differences between CIRP and NCES sampling meth-
ods. Between years 1991 and 2011, the student survey administered by HERI switched
from administering the survey for free to charging for their service. This changed the
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composition of institutions who participated with private institutions making up a
greater part of the sample. On average, students at private institutions leave STEM
majors at lower rates than those students at public institutions and the gap between
private and public institutions is approximately 6% in the NCES study.

Comparisons between current CIRP and NCES estimates are also confounded by
other issues. Because students complete the CIRP Freshman Survey during summer
orientation or in the first few weeks of their first fall term, students report their
intended majors as opposed to actual declared majors. It is possible that some stu-
dents intending to become STEM majors changed their minds before declaring their
major and chose a major in another non-STEM field, or vice versa. The CIRP analy-
ses comprise only five disciplinary STEM groupings: engineering, biological sci-
ences, physical sciences, mathematics and statistics, and agriculture. However,
because it treats computer science and related technical majors separately as “other
technical” majors, they are not included in overall counts of STEM persistence,
relocation, and switching. The NCES surveys include students who leave college
altogether and covers a 6-year timeframe, while CIRP does neither. Thus, the pri-
mary difference seen between the STEM persistence rates relate to the fact that the
HERI College Senior Survey is neither designed nor intended to collect data from
students who have left college prior to their fourth year. By contrast, the NCES
survey is designed as a 6-year longitudinal study of the 2003 entering first-year
cohort, regardless of whether or how long they persist as a college student. Thus, the
NCES data include a large number of students who left college prior to earning a
degree 6 years after first entering, all of whom are classified as STEM leavers if they
originally reported a STEM major.

It is our view, therefore, that the best recent national estimates of losses from
STEM majors are those provided by the 2004—2009 NCES survey, namely, that
28% of students who enter STEM majors leave them for non-STEM majors and
another 20% leave college altogether.

Nevertheless, bearing these caveats in mind, we can examine differences in per-
sistence and switching rates between the 1991 CIRP survey presented in the original
study and the most recent, 2011 CIRP survey. Some differences stand out:

e Switching from STEM majors into non-STEM majors declined dramatically
from 44.1% to 28.1%, a 16% improvement.

* Persistence in original STEM majors improved by 13.9% from 46.0% to 59.9%.

* Relocation within STEM majors increased slightly from 10% to 11.9%.

» For women, persistence increased substantially by 23.6% from 37% to 61.3%.

As indicated in Table 2.1, persistence for some disciplines has changed much
more than for others. Persistence in mathematics and biology increased by 27.1%
and 19.3% respectively, while persistence in computer science decreased by 5.3%.

Changes were also evident by gender within specific disciplines. As presented in
Table 2.2, persistence for women increased by 34.7% in both mathematics and
physical sciences, and by 25.4% in biology. Increases for men ranged between
19.8% in mathematics to a decrease of 4% in computer science.
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Table 2.1 Comparing CIRP Freshman Survey data results: Persistence rates by discipline, 1991—
2011. (Corresponds to TAL Table 1.1 “Stayed in same major”)

Discipline 1991 (%) 2011 (%) Difference (%)
Mathematics 34.1 61.2 27.1

Biology 42.0 61.3 19.3
Engineering 514 65.1 13.7

Physical science 29.9 45.0 15.1
Agriculture? - 36.4 —

Computer science (technical) 46.4 41.1 -53

All STEM 46.0 59.9 13.9

“Results not reported for men. Reliable figure for total group missing

Table 2.2 Comparing CIRP Freshman Survey data results: Persistence rates by discipline and
gender, 1991-2011

Women | Women | Difference Men Men Difference
Discipline 1991 2011 (Women) 1991 2011 (Men)
Mathematics 27.8 62.5 34.7 39.9 59.7 19.8
Biology 35.8 61.2 254 47.1 61.5 14.4
Engineering 50.8 62.5 11.7 51.5 66.1 14.6
Physical science 27.7 61.7 34.0 30.6 49.5 18.9
Agriculture 20.9 232 2.3 n/a 23.5 -
Computer science | 30.8 44.1 13.3 54.2 50.2 —4.0
(technical)
All STEM 37.7 61.3 23.6% 49.9 61.3 11.4%

The rates of switching mirrored increases in persistence. As indicated in Table 2.3,
the greatest decreases in switching between years were found in mathematics, physi-
cal sciences, and biology. The percentage of students switching within STEM disci-
plines (“STEM relocators”) remained fairly constant, except in mathematics, where
fewer students switched to another STEM major in 2011 than in 1991.

As illustrated in Table 2.4 switching rates by gender also varied substantially.
The rate in mathematics fell precipitously from 72.3% in 1997 to 29.5% in 2017, a
42.8% difference. Rates in computer science (37.7%) and agriculture (42.1%) also
fell steeply for women. Rates for men also fell, ranging from 27.1% in physical sci-
ence, but gained 9.6% in computer science.

Given the differences in sampling methods between years, many of the changes
in persistence and switching may be overstated. However, even if these findings
underestimate the true percentages, they nevertheless indicate a trend that students
are switching out of STEM majors at a much lower rate than they did 20 years ago.
Reviewing all the estimates for switching and persistence that we discuss in this
chapter, and, notwithstanding variations created by sampling and data collection
methods, all sources (including those from our own study) converge on the conclu-
sion that the rate of switching losses from STEM majors have substantially dropped
since the CIRP estimates of rates of 38—63% across STEM majors (44% overall)
that were cited in the original 1997 study.
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Table 2.3 Switching rates by discipline, 1991 and 2011

STEM relocator | STEM relocator
Discipline 1997 2017 | Difference | 1997 2017 Difference
Mathematics 62.7 302 |325 11.4 8.6 -2.8
Biology 51.0 306 204 7.1 8.1 1.0
Engineering 38.1 |22.6 155 10.5 12.2 1.7
Physical science 51.2 285 227 18.9 26.4 7.5
Agriculture 472 1364 108 0
Computer science |53.6 [39.7 |13.9 0
(technical)
All STEM 44.1% | 28.1% | 16.0% 10.0% 11.9% 1.9%

Note: STEM relocator category corresponds to “Moved to major in same group” in TAL Table 1.1

Table 2.4 Switching rates by discipline and gender, 1991 and 2011

Women | Women | Difference Men Men Difference
Discipline 1991 2011 (Women) 1991 2011 (Men)
Mathematics 72.3 29.5 42.8 53.9 323 21.6
Biology 56.7 32.0 24.7 46.2 27.8 18.4
Engineering 37.1 22.7 14.4 38.3 22.7 15.6
Physical science 443 30.6 13.7 53.5 26.4 27.1
Agriculture 79.1 37.0 42.1 n/a* 353 -
Computer science | 69.2 31.5 37.7 45.8 55.4 -9.6
(technical)
All STEM 52.4% 30.2% 22.2% 41.2% 25.8% 15.4%

Note: Switching difference computed 2011 minus 1991
*Missing in 1991 data

Patterns of Switching in the Institutional Records Analyses

In this section we discuss the extent of and variations in the switching and persis-
tence patterns of students found in the sample of six institutions in our study.

What Were the Rates of STEM Switching, Persistence,
and Relocation in Our Sample?

At the six institutions in our study, 12,565 students did not switch out of their STEM
major, 2020 students switched out of a declared STEM major, and 1726 relocated to
another STEM major. As percentages of all students who declared a STEM major,
these are 86.2% persisters and 13.8% switchers. Of those counted as persisters,
13.7% were STEM-relocators who switched majors into a different STEM disci-
pline. Another 16.4% relocated within their STEM discipline, sometimes as a result
of administrative reclassification of major. We also included non-STEM majors who
formed 55% of individuals in our total dataset, and “switch-in” students who started
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Table 2.5 Rates of switching at six participating institutions

Institution % Switched Total N N of Switchers N of Persisters
PB4R1 10 2640 256 2383
PV2R1 28 568 161 406
PB3R1 9 4250 369 3881
PB2R1 13 1847 249 1598
PVIR3 7 115 8 107
PBIRI1 19 5168 977 4190

13.8 14,626 2020 12,565

college in non-STEM disciplines and then switched into STEM, another 9% of all
persisters.

Our figures for switchers are considerably lower than the 28% reported by NCES
in 2013 that, as we discussed in the prior section, are currently the most accurate
national estimates available. The far more conservative figure in our findings reflects
the characteristics and limitations of our dataset:

e The transcript records provided did not include students who left or transferred
out of the institution after starting a STEM major. These were students who
switched out of STEM and then left college directly from STEM majors;

e We also had no way of accounting for STEM majors who had switched before
they transferred into our six institutions;

e We received current records for juniors, seniors (including fifth-year seniors and
graduates), thus, a portion of these students had not yet finished school and still
might decide to switch. Although this number is small among the records of
graduates (e.g. 3%), given the low rates of switching among seniors found in our
data for graduates, our analyses only include “survivors”—those who graduated
or were still enrolled as of their junior or senior years;

e Some of the institutions in our (historically-derived) institutional sample also
proved to have lower switching rates than the national average. We were made
aware during site visits of ongoing efforts by all six schools to improve STEM
retention—a response, in part, to their particular awareness of findings from our
original study.

Notwithstanding these caveats, our total sample of 14,585 STEM majors proved
more than adequate to the task of discovering patterns that enable our understanding
of what institutional and disciplinary contexts and student characteristics are highly
connected with the risks of switching and relocation. It is these patterns that we
address in the balance of this chapter.

Variations by Institution and Discipline
As shown below in Table 2.5, switching rates varied considerably by institution.

However, while much of our analysis aggregates across schools and treats students
as one big group, we adhered to a rule of thumb in our analyses by testing each set
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Table 2.6 Rates of STEM switching and persistence by STEM discipline at six participating
institutions

Discipline % Switched Total N N of Switchers N of Persisters
Agriculture 12 1091 132 959
Environmental science 13 703 92 611
Computer science 18 638 116 522
Engineering 8 6421 525 5896
Biology/life sciences 20 4564 928 3636
Mathematics 24 414 100 314
Physical sciences 17 742 126 616

13.8 14,573 2020 12,553

of findings to learn if the pattern seen for the whole institutional sample was also
present at each school. For instance, we found that women switched more than men
both at each institution and at all schools taken together. If findings did not general-
ize, we either note this in the analysis or do not present the findings.

We are also aware that our sample, while very large in terms of students and
student records, is limited to six institutions. The analysis, as such, is descriptive of
these students and schools and may or may not be representative of a wider popula-
tion. However, we do know that the large public universities in our sample and the
smaller private schools are not outliers in terms of student demographic representa-
tion, gender balance, socio-economic representation, or academic selectivity com-
pared with similar schools in the USA.

As shown in Table 2.5, the number of switchers varied substantially across insti-
tutions with a high of 28% at PV2R1 and a low of 7% at PV1R3, both of which are
smaller, private schools. Overall, 13.8% of students in our data switched out of
STEM majors.

Students also switched at different rates, depending on the discipline of their
declared STEM major. As outlines in Table 2.6, we saw the highest rates of switch-
ing in biology (20%), mathematics (24%), and computer science (18%), and the
lowest rate in engineering (9%).

Which Students Are at Greater Risk of Switching?

We also examined switching rates by the demographic and academic characteristics
of students, and combinations of these characteristics. We often found switching
patterns to be complex with unexpected interactions between factors such as gender
and mathematics score. As reflected in Table 2.7, we found that women switch at
higher rates than men, with 18.3% of women and 11% of men switching. The gap
between genders is 7.3%. As indicated in Fig. 2.1, the difference between men and
women varies little across institutions with women switching more than men at
every college in our sample.
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Table 2.7 Rates of STEM switching and persistence by gender

Gender % switch N Switchers Persisters
Women 18.3 5696 1041 4654
Men 11.0 8864 979 7885
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Fig. 2.1 Rates of switching and persistence by gender at each institution

We used the Underrepresented Minority (URM) designation for many of our
analyses. This group comprises students who are African-American, Native
American, Hispanic/Latino, or Native Hawaiian/Pacific Islander. The switching rate
for URM students taken together was 20% compared with 13.4% for all other stu-
dents. As indicated in Table 2.8, African-American, and Hispanic students switched
at higher rates than White and other student groups.

As shown in Fig. 2.2, the gap in switching rates for URM and non-URM students
was not uniform across institutions and switching rates between groups were almost
the same at two universities.

As explained in the research methods discussion, based on the expectations of
STEM faculty that standardized math scores at, or above, certain levels were a good
predictor of a student’s ability to progress from foundational to more advanced
STEM courses, we used these faculty-based cut-off scores as way of grouping our
interview sample. We also found that switching rates varied substantially for
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Table 2.8 Switching and persistence rates by racial/ethnic groups

Race/ethnicity % Switch | N Switchers Persisters
American Indian or Alaska Native 13 53 7 46
Asian 12 1201 145 1056
African-American 22 359 78 281
Hispanic/Latino 19 782 154 628
Multi-racial 26 240 62 178
Native Hawaiian/Other Pacific Islander 18 11 2 9
White (non-hispanic) 14 10759 1501 9258
Non-resident alien 4 643 23 620
13.8 14,426 2020 12,406

Note: Small numbers of Native Hawaiian and Native-American students make percent estimates of
switching unreliable
Note: Total includes unknown race/ethnicity

Switcher Persister
g URV 73%
£ NONURM [ 8%
2
= (NA)
(-9
NON-URM 92%
-
(-4
§ URM — 76%
NON-URM s1%
=
§ URM [ 92%
NON-URM  [sem 91%
=
S VRV s6%
(-9
NON-URM 3%
b=
g Vv 20%
NON-URM | 0%
0% 10% 20% 30% 40% 50% 60% 70% 80% 90% 100%

Fig. 2.2 Percentage of switchers and persisters for URM students at each institution. Note: URM
group at PV1IR3 too small to make stable comparison
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Table 2.9 Standardized math Block ACT-M SAT-M
blocks corresponding to ACT Lowest (L) Lowest—24 | Lowest-560
and SAT math score blocks -
Low-medium (LM) |25-27 561-620
High-medium (HM) |28-30 621-680
Highest (H) 31-highest | 681-highest

Table 2.10 Percentage of students switching by standardized math score block

Standardized math (block) % Switch | N N of switchers | N of persisters
Lowest 24 3739 883 2856
Low 16 2226 408 1818
High 12 3624 418 3206
Highest 7 2870 192 2678

13.8 12,859 | 1900 10,959
(No score reported by institution) 1729 120 1609

students entering the university with different ACT and SAT math scores. Indeed,
standardized math scores proved to be one predictor of student switching, with
lower-scoring students switching more often than their higher-scoring peers. For the
purposes of our institutional records analyses, we combined the scores from the
ACT and SAT math tests available in the institutional records and divided the distri-
bution of scores into four blocks that represented math quartiles (as indicated in
Table 2.9).

As is evident in Table 2.10 and Fig. 2.3, we saw a strong linear relationship
between mathematics scores and switching rates with 24% of our students in the
lower-math block switching out of STEM, and only 7% of students switching in
highest block.

As shown in Fig. 2.4, the relationship between math scores and switching rates
was constant across institutions in our sample with students with lower math scores
switching at higher rates.

The patterns by gender, URM status, and math score block became clearer when
we examined rates of switching for student sub-groups comprising combinations of
gender, URM status, and math score block. For example, by comparing men and
women at each math score block, we found that:

e Across math score blocks, women switched from 3% to 8% more than men.

e URM students switched at almost identical rates to non-URM students in the
medium math score blocks,

e But both highest and lowest scoring URM students switched out at higher rates
than non-URM students: 4% higher for top scoring students and 6% higher for
lowest.

e Gaps between switching rates for men and women remained almost uniformly
constant across math score blocks at each institution.
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Fig. 2.3 Percentage of switchers by mathematics score block, highest to lowest
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Fig. 2.4 Percent of students switching by mathematics score blocks at each institution. Note: Two
lowest math score categories at PV1R3 too small to make stable comparison

The patterns of variation in STEM switching that result from examining combi-
nations of math score blocks with gender and with URM status are represented in
Figs. 2.5 and 2.6.

Differences in rates of switching were constant between URM and non-URM
students for both men and women. In Fig. 2.7 women in both URM and non-URM
categories switched more often than men.
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Analysis of the three-way combinations of math score, gender, and URM status
also revealed an unexpected pattern that was masked in the two-way combinations.
As indicated in Fig. 2.8:

e URM women in the lowest math block switched out of STEM at a much higher
rate (41%) than their peers.

* By contrast, higher-math-ability URM women switched at about the same rate as
non-URM women (14% vs. 12%). URM men switched at higher rates than non-
URM men in the highest math block (12% vs. 7%).

e At four of the six institutions, switching rates for URM students followed the
same pattern of low and high math URM students switching at greater rates than
non-URM students.

We also examined Pell grant status for students where these data were available.
Pell grant recipients typically come from lower-income families. In our data, this
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Fig. 2.8 Percentage of switchers by Gender, URM status and Math Block

proxy for family income was somewhat confounded with URM status, with 50% of
URM students receiving Pell grants versus 22% of non-URM students. Consequently,
their rates of switching were similar to those of all URM students with male and
female students showing very different patterns of switching (c.f., Fig. 2.9).

We also looked at first semester Grade Point Average (GPA) which is, in some
ways, an indicator of the preparedness of students. Again, we divided the distribution
into quartile blocks. As was also the case with math scores, students with lower first
semester GPAs switched at higher rates than their peers who received better grades
(c.f., Fig. 2.10). This pattern held at four of the six institutions.

As shown in Fig. 2.9, the pattern of women switching at higher rates than men is
similar to the pattern found with ACT/SAT math scores. Women switch at an 8%
higher rate than men regardless of GPA except for those students with very low
GPA’s where the difference is 5%. The gap between men and women for each GPA
block remained uniform across institutions (Fig. 2.11).
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Underrepresented minority students also switched at higher rates within each
GPA block. It is noticeable (as represented in Fig. 2.12) that the differences between
URM and non-URM students widened in the lower GPA blocks.

Again, we found that the combination of GPA level, gender, and URM status
revealed wide gaps between the switching rates of URM women and men across
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Fig. 2.13 Percentage of switchers by gender, URM and GPA

the GPA range. As is indicated in Fig. 2.13, URM women with lower GPA’s
switched at higher rates than any other group. The same pattern was evident at
three out of five schools, with the sixth school not having enough cases for
disaggregation.

What Factors in the Institutional Records Data Best Predict
Switching?

The previous section examined differences in rates of STEM switching by institu-
tions, discipline, gender, underrepresented minority status, ACT/SAT math scores,
Pell grant-eligibility, and first-generation status. Assessing how much each factor
contributes to predicting switching is possible using a logistic regression model. We
used statistical covariates to control differences in the length of time students had
been in school, and differences in the difficulty of courses experienced by students.
Variables for average course difficulty experienced, class level, and terms enrolled
all entered the model suggesting that switchers and persisters differed on these
underlying factors. (See Chap. 1 and Appendix B for full explanations of the logistic
regression model and description of variables.)

We found that academic factors such as first-term GPA, ACT/SAT math scores,
and the number of incomplete grades were strongly associated with students switch-
ing out of STEM majors. Students with lower math scores and lower grade point
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Table 2.11 Logistic regression model for switching

B SE Sig. Exp(B)
GPA (first term) -0.77 0.050 <0.001 0.46
Number of IW’s 0.22 0.017 <0.001: 1.24
Number of DF’s 0.09 0.014 <0.001 53 1.09
Math score (ACT/SAT) -0.23 0.037 <0.001 s 0.79
Number of repeated courses —0.18 0.017 <0.00 15 0.83
Gender (1 = male) —-0.36 0.062 <0.001 33 0.70
URM (1 = URM) 0.11 0.095 0.16 1.12
URM:women:low math 0.29 0.14 0.042: 1.34
Number of terms 0.15 0.015 <0.001 s 1.16
Class level —-0.41 0.06 <0.001 0.66
Average course difficulty -1.07 0.050 <0.001 53 0.34
Discipline® 0.87 0.16 <0.001 % 2.4,0.48
Institution? 0.77 0.11 <0.001 1.3,0.5
Constant 1.061 0.28 <0.001 2.88

Dependent variable is Switcher: Switched = 1, Persisted = 0

aCoefficients are average of absolute value of individual discipline and institutional effects, Exp(B)
is average of values below and above 1 for individual discipline and individual effects

#xp < 0.01, #p < 0.05. R*=0.26

averages, and those who withdrew from courses, left STEM at higher rates. ACT/
SAT Verbal/Reading did not significantly predict switching (Table 2.11).

As shown in group comparisons of switching rates (c.f, Table 2.7), the analysis
confirmed that women switched at higher rates than men. However, underrepre-
sented minority status did not (by itself) predict switching, although female URM
students with low math scores did switch at statistically significantly higher rates
than other students. The non-significant result for URM students is due to the over-
representation of URM students in the lower quartiles of the standardized math
score distribution and the higher association of math scores with switching.

As reported earlier in this chapter, students in different disciplines and institu-
tions leave STEM at differing rates. While the logistic model controls for this varia-
tion, enrollment in particular disciplines is one of the strongest predictors of
switching, with very low rates for engineering, and higher rates for biology and
math. Variation among institutions is lower, but this also accounts for substantial
variability in switching rates. Thus, which major students enter in which school has
important consequences for their switching risk.

When Do Students Switch Out of STEM Majors?

As illustrated in Fig. 2.14, 50% of students in our sample who switched did so dur-
ing their first college year, 25% left after the first semester or quarter, and an addi-
tional 30% of students switched after the second year. Only a small percentage of
students (13%) switched in the third year or later.
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Table 2.12 Average switching times for students at each institution in semester/quarter units

Institution Average N SD

PB4R1 3.6 256 2.54
PV2R1 3.7 161 1.97
PB3R1 33 369 1.95
PB2R1 3.5 249 2.49
PBIRI 2.7 976 1.98
Total 3.0 2010 2.13

Note: PV1IR3 had too few cases to make reliable comparison

We make comparisons for the average switching time between groups, although
average numbers cannot be interpreted literally given that semesters and quarters
are discrete numbers. Men tend to switch slightly later than women (mean of 3.2
terms compared to 3.0), and URM students tend to switch later (mean of 3.5) than
non-URM students (mean of 3.0). Pell grant recipients left later than non-Pell grant
recipients (3.2-2.9). Average times for leaving STEM majors also mapped onto
math scores, with students with higher math scores leaving later than those in lower
math blocks (low to high: 3.0, 3.1, 3.2, 3.4).

We also wanted to know if the time of switching varied substantially by institu-
tions or discipline. As indicted in Table 2.12, we found that most variation occurred
between institutions, with students at PB4R1 (the Western state university) who
switched significantly earlier than the other institutions. In subsequent chapters, we
will discuss what features of STEM educational practices may account for institu-
tional variations in switching patterns.

No obvious patterns were found for switching between disciplines (c.f.,
Table 2.13) although students in mathematics tended to switch earlier and engineer-
ing students later than students in other STEM disciplines.
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Table 2.13 Average and median switching times for students for each major discipline in semester/
quarter units

Discipline Average N SD Median
Agriculture 3.0 123 2.04 2.5
Environmental science 2.7 94 2.28 2.0
Computer science 3.0 118 1.79 2.7
Engineering 32 573 2.16 2.8
Biology/life sciences 2.9 1012 2.19 2.4
Math 2.5 90 1.76 2.0
Physical sciences 2.8 122 1.85 2.4
Total 3.0 2020 2.13 2.5

What Are the Switching Patterns for STEM Majors with Higher
and Lower Academic Performances?

We compared switchers with better grades—those in the highest quartile of cumula-
tive GPAs before switching—to those with switchers in the lowest quartile of cumu-
lative GPAs before switching. We found contrasts between these two groups by
discipline, gender, URM status and destination majors chosen.

In biology, higher academic switchers were over-represented with 51% of all
higher academic switchers coming from this group compared to 44% of lower
academic switchers coming from the life sciences. Highest and lowest academic
performers were also distinguished by their destination majors. We found the most
dramatic difference in the choice of business majors such as accounting, marketing
or finance: 16% of high performing switchers (primarily from engineering and biol-
ogy) moved into these majors while only 6% of lower performing students did so.
The lower academic group also switched more often to non-psychology majors in
the social sciences than did students with better grades (21% vs. 13%). Some of this
difference is attributable to lower performing students switching from engineering
and math to economics. This destination was chosen rarely by switchers from these
disciplines who had achieved higher grades.

As we discuss further in the following section, undecided majors are a frequent
choice of students who leave STEM majors. The undeclared major has different
titles: in some schools it is called, “undecided”, “open-option”, or “unclassified.”
Slightly higher numbers of students from the lowest than the highest performing
group chose undecided majors (22% low vs. 18% high). However, nearly 10% of
switchers stay in undecided majors for more than one semester. Higher proportions
of lower performing students (15% low vs. 6% high) stay in these majors, and some
switchers stayed in undecided majors up to five terms.

High- and low-performing students also differed by their gender representation.
In the highest performing group, 59% were women and 41% were men. These pro-
portions were (coincidentally) reversed in the lowest performing group where 41%
were women and 59% were men. This finding again supports the contention made
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Table 2.14 Comparison of groups of switchers with highest and lowest cumulative GPAs,
percentage of group

Highest Cum. GPA Lowest Cum. GPA
group® group

S group (n=532) (%) (n =456) (%)

Switched from biology 51 44

Switched from engineering 22 26

Switched to business 16 6

Switched to social sciences 13 21

Switched to undeclared 18 22

Switched to undeclared and stay more than 6 15

one term

‘Women in GPA group 59 41

URM switchers 6 19

APercentage of group should be read as “51% of high GPA switchers were biology majors”

both in this study and the original that STEM majors lose high-performing women
who, before switching were outperforming the men who remain.

The two groups were also differentiated by race/ethnicity (as indicated by URM
and non-URM status). URM students made up 19% of switchers in the lowest per-
forming group and 6% of switchers in the highest group.

On average, switchers in both the highest and lowest performing groups left their
STEM majors at roughly the same time, that is, after the second term of their first year.

A summary of these distinctions between the highest and lowest performing
groups of switchers is offered in Table 2.14.

Which Majors Do STEM Switchers Move into?

We analyzed the destination majors that switchers chose after they left their STEM
majors. Rather than being individual decisions, we found that students’ subsequent
pathways reflect a patterned relationship to the STEM majors that they left.
Describing these pathways is useful because they can illuminate some of the institu-
tional and disciplinary norms that shape them. Some pathways suggest affiliation
between the content and skills studied in STEM and non-STEM majors, as in the
case of students who leave the life sciences for public health majors, or math majors
pursuing finance degrees. Institutional course requirements may also drive switching
choices when STEM and non-STEM majors share particular pre-requisite courses.
In the description of our study methods in the prior chapter, we explained our
methods for finding the expected frequencies for students switching from STEM to
non-STEM disciplines (cf., Chap. 1 and Appendix B). Underlying all calculations is
the comparison between the relative proportion of students in any given STEM
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discipline at an institution compared with the proportion of students in the destination
non-STEM discipline. We quantify this proportion with the expected frequency
ratio which is the number of students observed switching divided by the expected
number. Ratios greater than one indicate that greater than expected numbers of stu-
dents switched; ratios less than one indicate the opposite. This comparison provides
a framework for assessing the probability of switching from one discipline to
another. In reality, we know that students rarely switch exactly at rates dictated by
representation of students in each discipline, and that most pathways are more or
less frequently traveled than others.

When we conducted comparisons at each institution we also wanted to know if
expected frequency ratios generalized across the schools in our study, or whether
the size of particular switching pathways might be better explained by more idio-
syncratic factors at particular institutions. We considered that pathways were gener-
alized if four out of the six institutions shared ratios above or below one. Because
very small numbers exaggerate the size of proportions, we only reported pathways
with more than 20 students. (A more detailed explanation of decision rules, dealing
with small numbers, and missing data can be found in the methods section of Chap.
1 and Appendix B.)

Do Some Disciplines Switch at Higher or Lower than Expected
Rates?

First, we simply wanted to know if students switched out of STEM majors in num-
bers proportional to a discipline’s representation on campuses. That is, if 5% of all
students are math majors, are 5% of all STEM switchers also math majors?

In five of the seven STEM disciplines in our study, more students than expected
switched into non-STEM majors. These disciplines included;

* Biology/Life sciences (O/E = 1.5),
e Computer Science (O/E = 1.35), and
¢ Mathematics (O/E = 1.58).

Both the environmental sciences and physical science students switched at
roughly expected rates, while engineering (O/E = 0.61) and agriculture (O/E = 0.73)
had fewer students than expected switching to non-STEM majors.

Ratios generalized across institutions for all disciplines except for agriculture
where the pattern varied by institution. Institution PB4R1 had significantly lower
than expected rates of switching (O/E = 0.59) from agriculture majors, while the
other two institutions with agriculture schools showed larger than expected propor-
tions of switching loss.
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What Are the Most Populous Pathways for Students Switching
Out of STEM Majors?

In terms of sheer numbers, the most frequently taken paths out of STEM majors are:

* Biology to psychology (167);

* Biology to social science (131);

* Engineering to social science (103);

* Undeclared majors into which a sizable number of students switched from almost
all STEM majors with higher numbers from engineering (137), life sciences
(173), and computer science (42).

There were other larger paths that attracted greater-than-expected numbers of
students. Notably, large expected frequency ratios were found for pathways from:

» Life sciences to psychology (O/E = 4.8), and
» Life sciences to non-psychology social science (O/E = 2.6).

While relatively large numbers of students follow individual, non-patterned
pathways, some pathways show a pattern of lower- than-expected student numbers
given the relative size of majors on each campus, Students who take pathways at
lower-than-expected rates are:

* Engineers who switch to a business path (76 students; O/E = 0.69) and,
» Life science majors (58) who switch to humanities at a much lower than expected
number (O/E = 0.23).

The path diagrams (Figs. 2.15 and 2.16) show expectancy ratios and the number
of students for the five largest paths out of engineering and life sciences. (All
reported paths pass the four-out-of-six rule for generalization across institutions.)

The most striking result of this analysis (represented in Figs. 2.17) may be the
large number—and in much greater-than-expected numbers—of students from all
STEM disciplines who switch to undeclared majors. (This outcome is represented
in Fig. 2.16.) We also found that switchers go to undeclared majors at much higher
rates than non-STEM majors. In Chap. 10 we explore what happens to these stu-
dents, many who continue in undeclared majors for more than one semester after
switching.

While some of the discipline-to-discipline pathways are too small to calculate
stable expectancy ratios, it is still of interest to learn what are the most popular des-
tination majors for switchers from each discipline. Table 2.15 presents the number
of students leaving each discipline and the number in the most popular destination
majors. For the largest disciplines, life sciences, engineering and computer science,
the most frequently-chosen destination was an undeclared major; in all other disci-
plines the most populous major was social science.
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Undeclared (O/E =3.34): 137

Business (O/E = .69): 76

Fig. 2.15 Sankey diagram of expectancy ratios and student numbers for pathways from engineer-
ing to non-STEM majors

Within Discipline-to-Discipline Pathways, What Are the Most Frequently
Destination Chosen Majors?

‘We wanted to know which specific majors within destination disciplines were most
often chosen by STEM switchers. As indicated in Table 2.16, for most pathways, a
single major was chosen by at least one-third to one-half of the students who
switched. Many of these choices suggested an affiliation between the original
STEM major and the destination major, for example, moves from life sciences to
community health education, computer science and math to economics, and engi-
neering to finance. Other paths were not dominated by a single major, notably,
moves from life sciences into business where students went to a long list of majors.
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Psychology (O/E = 4.8): 167

Life Science: 645

Undecided (O/E = 5.8): 137

Fig. 2.16 Sankey diagram of expectancy ratios and student numbers for pathways from life sci-
ences/biology to non-STEM majors

What Differences Are Evident in Destination Pathways
by Gender and GPA?

As indicated in Table 2.17, both gender and GPA were associated with distinctive
patterns in switching pathways. Large differences in proportions were evident for
students switching from life sciences to psychology, with female majors much more
likely than male majors to take this path. The same gender-related pattern was true
for women switching more than men from life sciences to either education or unde-
clared majors. Male engineers were more likely than female engineers to switch to
business or to undeclared majors, and men more likely than women to change from
math majors to social science.
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Computaer ter Science: 42 Undeclaled(({'b’ﬁ=104),42

Fig. 2.17 Sankey diagram of expectancy ratios and student numbers for pathways from stem to
undeclared majors

In engineering, women tended to switch to infrequent pathways, such as art, that
were not included in the analysis because of small pathway size; while men
accounted for proportionally more of the switchers who took more ‘traditional’
paths into social science and business.

We also divided students into two groups that were above or below average GPA.
As shown in Table 2.18, these two groups showed differences across destination
pathways. Students with lower GPAs went from life sciences to psychology in
greater numbers than those with higher GPAs. Higher GPA students in both engi-
neering and life sciences switched to business at higher rates than students with
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Table 2.15 Number of students in most populous destination majors for STEM switchers

Number in % of switchers in Total number of switchers in
Pathway pathway destination discipline® | original STEM discipline
Agriculture—social 17 16 105
science
Environmental science— | 24 26 91
social science
Computer 42 32 132
science—undeclared
Engineering— 137 27 512
undeclared
Biology/ 173 18 981
life
sciences—undeclared
Math—social science 28 27 104
Physical sciences— 25 22 116
social science

*Should be read as “16% of all switchers in Agriculture switched to social science”

Table 2.16 Specific destination majors in discipline-to-discipline pathways

Percentage of discipline in pathway

Discipline pathway Specific majors N | to major®

Life sciences—social Economics 29130

sciences

Life sciences—education Community health 2052
education

Engineering—social science | Economics 50|50

Engineering—business Finance 25133

Computer science—social | Economics 13 141

science

Math—social science Economics 2175

Math—business Finance 9145

Life science—recreation/ Health promotion 26|19

leisure

Engineering—recreation/ Sports medicine 1734

leisure

3Should be read as “30% of all those in the life science to social science path chose the Economics

major”

poorer academic records. In engineering and computer science, lower GPA students
switched in higher numbers into an undeclared major. In life sciences, this was not
the case: only slightly greater numbers of lower GPA students moved into unde-

clared majors.
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Table 2.17 Expected frequency ratios and number of students by gender for students switching

out of STEM for each pathway

Pathway Women Men
Engineering—business O/E =0.35 O/E=1.02
(N=20) (N =56)
Engineering—undeclared 1.48 5.27
31) (106)
Life science—psychology 7.27 2.37
(127) (40)
Life science—recreation/leisure 1.48 5.27
31) (106)
Life science—undeclared 6.5 5.0
(99) (74)
Life science—education 2.8 -
(35)
Math—social science - 9.5
(21

Note: All differences by gender significant at @ < 0.01. Some pathways did not have enough cases

to make reliable estimates

Table 2.18 Expected frequency ratios and number of students switching for STEM switchers with

high and low academic performance scores

Pathway Low High
Engineering—business O/E=0.51 O/E =0.87

(N=29) (N=52)
Engineering—undeclared 3.7 2.4

(82) (55)
Engineering—social science 1.85 0.87

(70) (33)
Life science—psychology 5.1 3.8

(96) (71)
Life science—recreation/leisure 5.9 4.6

(77) (60)
Life science—social science 2.8 1.96

(77) (54)
Life science—business 0.6 1.06

(26) (46)
Computer science—social science 6.7 1.8

(25) @)
Computer science—undeclared 12.3 6.8

27) (15)

Note: All differences by GPA significant at @ < 0.01

Summary and Implications

We examined different national data sets in the United States to establish what pro-
portion of STEM students leave their majors. In our appraisal, the best national
estimate is provided by Chen’s (2013) analysis of the 2004-2009 NCES survey: of
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those students who start out in a STEM major approximately 28% switch to another
non-STEM major and another 20% leave school altogether. Longitudinal estimates
provided to us from the CIRP survey are complicated by differences in sampling
methods between years. However, these data do point to considerable improve-
ments in switching rates since the original survey, although the extent of this trend
is most likely overstated in the CIRP data due to differences in sampling methods
between years.

Our analysis presented in this chapter uses a large aggregated dataset of student
transcripts from six institutions. While the data set is large, it should be empha-
sized that it is by no means a random sample of students in the United States,
although our institutions are representative in many ways of national averages,
especially from research one institutions. Many of our patterns and findings also
generalize across schools, suggesting that some factors affecting switching may be
either independent of institutional setting and would be found at many other col-
leges. Our data shows a complex picture of differing rates of switching by particu-
lar student groups, including differences between students with higher and lower
academic scores in their patterns of switching. They also show when students
switch during their academic careers, patterns in the majors students choose after
switching out of STEM.

Highlights from the Records Data

Almost 14% of students at our six institutions started out in a STEM major and then
switched to a non-STEM major sometime during their academic career. Rates of
switching varied substantially between institutions (7-28%), and among STEM dis-
ciplines (8-24%). Biology, math and computer science showed the highest rates of
switching, engineering the lowest.

Women switched at a 7% higher rate than men. Women switched at greater rates
at all institutions in our sample, and across the range of standardized math scores,
disciplines and GPA’s. This suggests that whatever factors contribute to higher rates
of switching for women seem to be present at all institutions in our sample and for
all STEM majors. This finding also conforms with both the NCES and HERI esti-
mates that show women switching more than men.

The picture for under-represented minority students was more complex. While
URM students as a group switched at higher rates than non-URM students, this was
not true at all institutions. One striking fact was that underrepresented minority
women who entered the university with lower standardized math scores switched at
much higher rates than any other group (41%). More than a quarter (26%) of URM
women switched out of STEM majors versus 13.8% of all students. However, when
demographic variables of math scores, GPA and URM status are assessed for their
contribution to switching, students’ math scores and GPA had a greater association
to switching than URM status. In our logistic regression model, URM status by
itself did not predict switching. This was also true in the NCES study where
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academic performance better explained the higher rates of switching than race/eth-
nicity in and of itself. The larger implication of this finding is that, raising the qual-
ity of math and science preparation in high schools that serve large numbers of
students of color has the potential to significantly increase their STEM persistence
rates.

Combining all demographic and academic factors, student GPA, standardized
math scores, incomplete grades and the average difficulty of courses experienced by
students all significantly predicted student switching. ‘Being a woman’ was also a
significant predictor of switching with all other variables held constant. Switching
also varied substantially by discipline and institution. The logistic model shows that
academic duress and low-academic preparedness predicted switching. However it
should be noted that the model is under-identified in that we may be missing vari-
ables about attitudes, behaviors or other institutional variables that contribute to
switching. Thus, we turn to findings from the student interviews and SALG survey,
and other sources that are discussed in this book to weigh the contributions of a
wider array of factors contributing to switching and relocation and to explain the
patterns that we have found in these analyses.

One striking finding of the analysis is that the majority of students who switch
majors do so early in their academic careers. Fifty percent of students who switched
did so by the end of the first year, and fully 80% had switched by the end of the
second year. Students with higher standardized math scores, URM students and Pell
grant recipients all switched later than their comparison groups. This finding sug-
gests that efforts to intervene to support student persistence are best directed toward
students during their first 2 years when they are taking introductory courses.

We also examined differences between students with the highest and lowest grades.
Much higher proportions of women in the higher than the lower performing group
(59% vs. 41%) switched out of STEM, as did much higher proportions of lower than
higher performing URM students (19% vs. 6%). Some of the patterns evident in this
comparison shed light on possible “push versus pull” reasons for switching. Perhaps
most indicative of the role of academic duress in switching is the larger than expected
number of lower-performing than higher-performing students (15% vs. 6%) who
moved into undecided majors and remained in these for longer than one term. In these
cases, it seems likely that these students did not choose their undecided majors in the
same way that higher achieving students chose their individual majors.

We also examined the destination majors of all students leaving STEM and found
that switchers followed some pathways more than others. Frequent pathways
beyond STEM were, from biology to psychology and other social sciences, engi-
neering to social sciences (mostly economics), and from all disciplines to unde-
clared majors. The most frequent pathways also attracted greater than expected
numbers given the representation of STEM and non-STEM disciplines on each
campus. Undeclared majors also attracted more switchers than would be expected.
Pathways from engineering and computer science to undeclared majors were higher
than expected for students with lower academic performances. Some pathways are
based on affinity or similarity between subject matter, such as math majors switch-
ing to economics, or biology majors moving to health or sports medicine. Other
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pathways, such as undeclared majors, may simply be ways to escape from untenable
STEM majors.

Mapping student switching patterns allows us some improved insights into who
is most at risk for switching and when. For example, both academic duress and
incoming level of preparation seemed to play a large role in switching. As will be
discussed in Chap. 7, students who receive poor or incomplete grades in gateway
courses in their first and second years are particularly prone to switching. Women
switch more than men and are over-represented in the group switchers with high
academic performance levels, as we detail in Chap. 10. Under-represented minority
students switch more than non-URM students, although an important part of this
greater risk is due to poor high school preparation (see Chap. 5). Some risks may be
open to remediation in the form of reformed curriculum, better teaching and the
help of counselors and others who support at-risk students. However, a major
improvement of switching rates would be achieved by raising the level of science
and math preparation in the K-12 system for all students.
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Chapter 3
Why Undergraduates Leave STEM Majors:
Changes Over the Last Two Decades

Check for
updates

Anne-Barrie Hunter

Introduction

As discussed in Chap. 1, a significant finding of Talking about Leaving was that
switchers and persisters were not distinctive types of students. They were not found
to differ by individual attributes that could explain why one group left and the other
group stayed. Both switchers and persisters identified the same set of 23 issues but
had resolved them in different ways. From within this set of issues, those that
prompted switching by some students were also an additional source of stress for
those who switched for different reasons and were also troublesome to many who
persisted in their STEM majors. In almost half of the identified problems, there was
little difference in the proportions of switchers and persisters who reported them.
White women and all students of color also reported a higher number of concerns
influencing switching, and at higher percentages, than did their white male peers.
The loss of high-performing students, notably women, was also a significant discov-
ery. Although there was some variation in the ranking of problems by institutional
type, all of the 23 problems were found at every participating institution and there
was little institutional variation in the most highly ranked concerns. Seymour and
Hewitt (1997) represented the structure of their main findings using the metaphor
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Average N of Concerns Average N of Average N of
Book Contributing to Student Concerns Affecting Concerns Affecting
Switching Decisions All Switchers All Persisters
TAL (1997) 4.2 8.6 54
TALR (2019) 12 64 23

Fig. 3.1 Average number of concerns that contributed to students’ decisions to switch from STEM
to non-STEM majors and that also created problems for all switchers and for all persisters

of an iceberg because the same concerns that contributed to field-switching were
reported—to some degree—by all the students that they interviewed, whether they
left or stayed.

What distinguished switchers from persisters included their entry level of math
and science preparation, whether they found and used appropriate and timely help
with academic difficulties, developed ways to cope with issues in the design, peda-
gogy, and grading practices of STEM courses, and how many difficulties they
encountered. Both the overall study findings and the detail in which participants
explored each of them called into question the commonly referenced ‘“rational
choice” explanation for switching whereby students are thought to opt out of STEM
because they discover non-STEM disciplines that are better suited to their intellec-
tual interests and talents.

Results from the current study both replicate and validate findings from the origi-
nal TAL study. All concerns identified by students in the first study were identified
by students in the present study. While no new concerns emerged, there were
changes in their relative ranking, and some were refined during analysis to further
clarify their significance for switching decisions. As with TAL, the concerns
described by TALR students as contributing to switching decisions were also found
to affect other switchers and, to a lesser degree, persisters. However, the average
number of problems reported by all students has increased. In the TAL study, the
average number of concerns contributing to each switching decision was 4.2, with
an average of 8.6 concerns reported by switchers, overall. Persisters were distin-
guished from switchers by a lower average of 5.4 concerns mentioned. Seymour and
Hewitt concluded that one way to see switchers was “as people who have rather
more problems with their original majors than do [persisters]” (p. 32, 1997). In the
current study, we found that the number of concerns reported as contributing to
switching decisions has increased by two-thirds to an average of 12 concerns per
switcher (see Fig. 3.1). Discussions of all problems experienced yielded an average
of 64 identified concerns for each switcher, and an average of 23 concerns for each
persister. The higher averages recorded suggest that students are simultaneously
handling more concerns than did students 20 years ago.
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Changes to the “Problem Iceberg”

The set of concerns that were identified in the current research as contributing to
switching decisions did not differ significantly from those described in the original
study. Table 3.1 shows results from the current study side-by-side with the original
“problem iceberg” table published in Talking about Leaving (c.f. Seymour & Hewitt,
1997, p. 33). In Table 3.1 the first columns for each set of study findings (current and
original) show how each concern ranked among all factors contributing to switching
decisions; the second columns show the percentages of students who cited these
concerns as prompting their decision to leave their STEM majors; the third columns
contain the percentages of all switchers mentioning them; the fourth columns show
the percentages of persisters also reporting these as concerns; the final columns
show the average percentage of all students mentioning each concern.

Small differences from the original study in how students described particular
problem areas led us to change how their concerns were coded and categorized.
Following ethnographic practice, the content of categories and how they are labeled
were derived from the way that speakers described their experiences. Accordingly,
we made slight changes to two of the original study categories: “Difficulties in seek-
ing and getting appropriate timely help” now includes two related concerns that were
categorized separately in TAL (i.e., “Inadequate advising or help with academic
problems” and “Lack of peer study group support™). Also, two distinct types of con-
cerns that were not separated in TAL were broken out in this analysis; namely,
“Difficult transition to college” and “Negative effects of weed-out courses.” In the
original analysis, these problems were well documented and discussed, but were not
separately counted. In the current study, students specifically identify these concerns
as contributing to decisions to leave their STEM majors. So having collapsed two
previously independent issues into a single more inclusive category, we also added
the two new discrete concerns. The net result was the final list of 24 factors identified
as directly affecting students’ decisions to switch out of STEM majors.

Types of Concern Comprising the Problem Iceberg

The types of concerns contributing to switching decisions fall into the six broad
groups shown in Fig. 3.2. Nine of 24 concerns prompting switching reference nega-
tive aspects of their STEM classroom experiences that, when combined, made
learning new complex material more challenging. About one-fifth of switching-
related concerns relate to projected careers and lifestyles in STEM fields and the
competing appeal of non-STEM alternatives. They also reference ways to achieve
original career goals by alternative means. These considerations exemplify the
push-pull nature of the decision process which we also reported in the original
study: while experiences in STEM majors were prompting students to rethink their



A.-B. Hunter

90

juowusIfe ‘sqe|

woyy 10f 9,

woyy 10f 9,

Y%ty %1t %St %S¢ 4 %S9 %98 %98 %1€ 17 ‘peof1oa0 ‘doed :swojqord
uS1sop Je[noLLnd NALS
- - - - o N o o SOSSE[O
%ST %81 %ty %St o1 IN0-PA2M JO S1091J0 dAIBTIN
- - - - - %99 Y%LS %68 Y%tY 6 982[[00 0} UONYISUEI} JNOYJI(T
dyerrdorddeur oaoxd sofew
%¢€9 %01 %¢8 %P1 £l %€ %cCC %89 %8Y 8 INLLS JO 991012 10] SUOSEY
%€8 YoVL %06 %9¢ £ %08L Y%CL %96 %8Y L Suryoea) WA LS Jo Anfenb 1004
3uofeq 0}
%0¢ %06 %8¢ %P1 al %¢S %Cy %18 %CS 9 prey 31 soxew oImnd NHLS
aanzoddnsun ‘9annedwo))
%ST #x%91 %¢Ee %LT A %81 Y%t %S Y%t S ¢
%¢E¢E %]I1¢T Y%ty %6C 9 %0¢ %S %8S %8S s
uoneAnow
%061 %9¢ %09 V394 I %9¢ %Cl %¢€9 %19 £ pue 1s9193u1 TR j0 Wmoq
. . . . . . 0 . SIBAA AJ180 Ul SOpRIS MO] 0)
%¥T %Cl % e %¢ET 6 %S %by Y%06L %19 4 anp 90USPLU0D 150]/PaFEIN0dSI(]
100[qns -uou
%8 %S %Cl %01 91 %S¢T %9 %9L * %09L I © 105 opnynde %w moqm.wwﬁwvom_m
(cce=N) | (IST =N) | (#81 =N) M:mﬂﬂw“/% o | TVL ™ 9r£=N) | (0S2=N) | (96=N) %S«MWMW_W o | ATVL M
SuL2010) | sutoou0) | sutoouo) | - | Suo0u0) | suloouo) | suiaouo) |suioouo) | | Suiaouo) saamaratapuy Aq parfipuapy
Juapmis | 121818424 | JYIPMS h Mw:ac.bw . %& Jo Juapmys | 2181819 | JIYIIMG _M uﬂ:ae.bh %%& Jo Su122u0) JUDIYiuS1g
mwe% | w% | W% ro, | SUPUDY | IV % | V% | VY% o | SUPIUDY

SOIPN)S TRUISLIO PUB JUSLIND dY) UI ‘SJuapis INH.LS
ITe pue ‘s10s1s1od LS [[e ‘SIoUIms NHLS [[& JO SUIOU0D Y} 0} ‘SUOISIOOp SUIYIIMS JAHLS 0 PIINGLIIUOD JBY) SUIdu0)) : 510qad1 wo[qoid oy, J°€d[qeL




91

3 Why Undergraduates Leave STEM Majors: Changes Over the Last Two Decades

uonenpers SuIMor[oJ p[ey JAHLS-UOU 0jul JA0W 0) Surpu)ur s19)s1s1ad Aq pastes anssy,

“UoDNPYA3 SUINO]10f PIaLf INHLS - UOU 01Ul 240Ul 0] SUIPUIIUL SA2)S15.42d NG PISID.A NSS4 4

[26001-%9L [ %sL-%1S | %0s-%9¢

%ST%0 | =

%y % %y %0 £ %0 %0 %0 %0 r sonI[1oey qef 1)nduwod/qef 1004
%91 | %Il | %0z %0 0z % %z Yag % 2z 5L £q si0ddns
° 0 ° o ° ° ° ° UOIJBII0AI 10 qe[ “SUuIyoed) 1004
0 o 0 o . . ) . Sy L 1o Aynoej usraiof
%ST %0C %0€ %€ i %67 %61 V(149 %l i i sonnongIp oFenSuer|
20139p INFLS Sunejdwoo
%LT %¢€T %0¢ %L1 01 %S %81 %0L %01 Ic yim swoqoid [eroueul
) . ) . . ) . . UOISIoAp SUIYI)IMS
%¥T %8¢ %0T %6 81 %oy %l %€l %€l 0c poouan[yuT 92130p 01 UL,
. ) . . . . . djoy Ajown oyerrdordde Surped
%S9 %S %SL %t SI®8 %St %1€ %€l 61 pue Su{dds Ul SANNOLYI
%91 %l1 %0C %0 I %9¢ %6 | %9s | %sI 81 971 SSE[0 0} PaYe[aI SWA[qOI]
(s)109[qns NA.LS 210w 10
%9¢ %ST %LT %€l 14 %¢€S %Y %91 Ll U0 YA SATNALIP [enidaouoy)
%¢E %0T %Y %I€ 9 %S %l %L1 %L1 91
SIS
%G6€ %8¢ %0 %S1 I %l %vE %61 ¢r | Apms pue3oofqns ut uoneredaid
[ooyos Y31y oyenbapeuy
%9 %€ %6 %L 61 %8 %l %9¢ %9¢ 44
%9% %CE %8S %0¥ 4 %6 %C %9¢ %9T eI
%0T %ST %¥T %6 Ll %CT %8 %8¢ %6T 44




92 A.-B. Hunter

Significant Concerns Identified by Interviewees

Issues of poor teaching, poor curricular design and the negative climate of STEM
Competitive, unsupportive STEM culture makes it hard to belong
Poor quality of STEM teaching
Negative effects of weed-out classes
STEM curricular design problems: pace, overload, labs, alignment
Conceptual difficulties with one or more STEM subject(s)
Problems related to class size
Difficulties in seeking and getting appropriate timely help
Poor teaching, lab or recitation support by TAs
Language difficulties with foreign instructors or TAs

Career-related issues

Pull factors

Discovery of an aptitude for a non-STEM subject

Prefer teaching approach in non-STEM courses

Non-STEM major offers better education, holds more interest
Issues Arising Outside of College

Reasons for choice of STEM major prove inappropriate

Difficult transition to college

Inadequate high school preparation in subject and study skills
Attitudinal factors

Discouraged/lost confidence due to low grades in early years

Loss of incoming interest and motivation
Financial issues

Time to degree influenced switching decision
Financial problems with completing STEM degree

Fig. 3.2 Types of concern identified by students as contributing to decisions to switch out of a
stem major

career plans, their decisions were simultaneously influenced by options offered by
non-STEM majors. In another group of switching factors that exemplify the push-
pull nature of switching decisions, while students were becoming discouraged or
disenchanted with their STEM majors, they were also experiencing courses in non-
STEM fields. In this process, they discovered majors that seemed better suited to
their career or educational goals, interests and talents, and/or where they found
more engaging teaching.

Students bring some issues with them into college that intersect with and exacer-
bate poor STEM learning experiences. Notably, these include ill-founded choices of
a major; and under-preparation in mathematics and the sciences and in how to study
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for college-level work and navigate college as a system. Each of these deficiencies
contributes to difficult transitions into college, including loss of confidence that is
widespread among first-year STEM students. Financial difficulties in paying for
college also influenced many decisions to leave STEM majors and having to work
too many paid hours created problems for switchers and persisters alike.

In the balance of this chapter we compare and contrast differences in the
switching factors cited in the original study over two decades ago with those cited
by students in the current study. We also discuss these same issues as wider concerns
for all switchers and for students who persist.

The Problem Iceberg: Concerns Contributing to STEM
Students’ Decisions to Leave Their Major that Also Affect All
Switchers and STEM Persisters: Then and Now

We noted above increases in the sheer number of issues that influenced STEM
switching decisions and that all participants mentioned as concerns. As shown in
Table 3.1, the top six concerns prompting switching were mentioned by at least half
of all TALR switchers, as were 17 of the 24 factors (70%) that affected switchers
more broadly; three of the concerns that prompted switching were also discussed by
at least half of persisters. By comparison, concerns mentioned by more than 50% of
participants in the original study were found only in the top seven contributors to
switching. In the current study, we not only found a significantly greater number of
concerns prompting both STEM switching decisions and affecting STEM students
overall, we also found amplification and increased complexity in the array of con-
cerns reported by STEM undergraduates.

What Has Not Changed Since the Original Study

We now look at issues that contribute to switching and cause problems for persisters
that are comparable across the two studies. Most important among these are stu-
dents’ assessments of their learning experiences in STEM classrooms and their
effects on persistence.

e For students in the TAL study, problems with poor teaching in STEM courses
ranked third (36%) of all reasons for switching. They were of concern to almost
all (90%) switchers and were cited by three-quarters (74%) of persisters. In the
current study, problems with STEM instructor pedagogy ranked seventh and
echo, but are slightly higher than, those in the TAL study: almost half (48%) of
switchers mentioned poor teaching in their STEM courses as prompting their
decisions. Poor quality teaching continued to be a concern for nearly all switch-
ers (96%), and for nearly three-quarters (72%) of persisting seniors.
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Related to issues with STEM teaching quality, problems with STEM curricular
design include content overload, pace of delivery, and poor alignment between
course elements. They were ranked fourth (35%) in the original study for all
reasons contributing to switching; was of concern to 45% of TAL switchers and
41% of persisters. In the current study, this concern contributed to leaving deci-
sions for a comparable proportion (31%) of switchers, but, in TALR, it was found
to affect a large majority of switchers (86%) and over half of STEM persisters
(56%).

Conceptual difficulties with one or more STEM subjects ranked similarly as a
concern in the two studies (17th in TALR and 14th in TAL). While this factor
played little role in students’ decisions to leave their STEM majors, then or now,
it was of concern to 80% of TALR switchers, overall.

These three linked categories of concern about aspects of STEM learning experi-

ences are discussed in Chaps. 6, 7, 8, and 9, both for STEM foundation courses and
across all 4 years of STEM courses represented by our student sample.

The incidence of the following three contributors to switching decisions were

either maintained or increased:

Loss of incoming interest and motivation to pursue a STEM major ranked first
(43%) in TAL among reasons for switching, was of concern to 60% of all switch-
ers, and was cited by one-third (36%) of persisters. In the current study, loss of
interest still ranked highly (third) in its contribution to switching decisions and
(similar to TAL) was 61% of all switchers’ concerns. However, it figured less
than before in persisters’ difficulties (viz., 12%).

Difficulties in seeking and getting appropriate timely help was a problem for a
large number of switchers and persisters, both in the present and the original
study. Though it was a smaller factor in current decisions to leave STEM, finding
and accessing resources—which could also prove critical in persistence—con-
tinues to be as serious a problem as it was 20 years ago. Over three-quarters
(80%) of STEM switchers overall (75% in TAL) and 31% of TALR persisters
(52% in TAL) continue to struggle to find the academic resources and support
they need to survive.

We discuss the significance of finding and using appropriate and timely help in

Chap. 12 which summarizes our findings on what enables persistence.

Issues of under-preparation were also found in similar proportions in both

studies.

Inadequate high school preparation was a causal factor for similar numbers of
switchers in both studies. However, a slightly higher number of TALR switchers
cite this as an important aspect of their difficulties, if not among their primary
reasons for switching (64% compared with 40% in TAL). As before, under-
preparation created issues to be overcome in order to survive for about one-third
of persisters (34% and 38%).
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What Has Changed Since the Original Study?

Comparison of the two studies also reveals shifts over time in the weight of stu-
dents’ concerns. The most notable of these changes were evident in the following
issues:

 In the current study, discovery of an aptitude for a non-STEM subject ranks first
among all factors prompting switching. It was cited by three-quarters of switch-
ers as directly influencing their decision to leave and as a consideration by 76%
of all switchers. Its mention by 6% of persisters included students who relocated
to other STEM majors. By comparison, in the original study, this reason for
switching was cited by only 12% of switchers and ranked 16th as a contributor
to their decisions. The large jump in the ranking of this concern, may reflect the
large percentage of our switcher sample who were “high-performing switchers”
that is, students who left their STEM major with a GPA of 3.5 (B+) or better. We
have information about the academic records of our student samples in the pres-
ent that was not available to us in the original study, so we know more than
before about the caliber of students who are lost from STEM majors. High-
academic performers accounted for roughly one-quarter (26%) of all STEM
switchers across the six participating institutions. As we discuss in Chap. 10,
high-achieving students often moved to non-STEM majors for reasons that
reflected their multiple STEM and non-STEM interests and options. These are
also reflected in their pursuit of multiple majors and minors in both STEM and
non-STEM disciplines.

e For nearly two-thirds (61%) of TALR switchers, loss of confidence was a factor
in their decision, and was also a concern for 79% of switchers overall. Losing
confidence was also a problem for 44% of persisters. A much lower percentage
of students in the first study described this issue; namely 23% as a switching
factor, 34% for switchers overall, and only 12% of persisters. The increased
ranking of losses of confidence from ninth to second place may, again, reflect
the high proportion of high-performing switchers, two-thirds of whom were
women and half of whom were also women of color. As already touched upon
in findings presented in Chap. 2 on the institutional records analysis, we discuss
this gendered question further in the following sections in this chapter and also
in Chaps. 9 and 10.

e There was a large upward shift in students’ negative reactions to the competitive
climate that they experienced in STEM classes. In the original study, 14% of
switchers cited the hostile, isolating atmosphere created by class peers as prompt-
ing their decisions to switch. This was also a concern for 28% of TAL switchers
overall, and for 9% of TAL persisters. However, the percentages we report for
TALR are much higher: 52% of TALR switchers cited negative class climate as
a reason for switching. This experience also created problems for the majority
(81%) of all switchers, and was an issue for 42% of persisting seniors. Thus,
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class climate issues not only continue but appear to be growing as major deter-
rents to persistence. As we will discuss in Chaps. 6, 7, and 9, the intense status
competitions among peers encouraged by steeply curved grading practices
encourage isolation and failure to develop a sense of belonging that we found to
be greatest among women of all races and ethnicities, and men of color.

While financial problems in completing a STEM degree did not figure so promi-
nently as other issues contributing to switching in either the TAL or TALR stud-
ies (10% and 17%, respectively), problems in financing college emerged as a far
more widespread concern in the present study. While 30% of TAL switchers
cited financial problems as a factor in switching, this proportion rose to 70% for
TALR switchers. The same pattern was evident among persisters: although
finding sufficient funding for college was a concern for one-quarter (23%) of the
TAL persisters in the 1990’s, in this study, half of persisting seniors (48%) regis-
tered financial problems as a serious concern. In Chap. 11, we discuss how stu-
dents in this study were paying for college and note especially the increase in
student working hours and how worry about large loans affects the career-related
decisions of both switchers and persisters.

Choosing STEM majors for reasons that prove inappropriate was a concern
mentioned by almost half (48%) of the TALR participants as contributory cause
for switching, compared with 14% of students in the first study. In both studies,
it was also a concern for switchers overall (viz., 68% in TALR and 82%, in TAL)
and also for persisters (viz., 22% in TALR and 40% in TAL). We discuss this and
other issues of choice of majors in Chap. 4.

Problems related to class size were not a major factor in students’ decision to
switch out of STEM in either study. However, far more (56%) of the TALR
switchers than those in the TAL study (20%) raised this as concern. Two-thirds
more TALR persisters also defined large classes as problematic compared to stu-
dents in the original study (29% vs 11%).

Career-related concerns were found to be a more pressing influence on students’

decisions in the current than in the original study. This pattern is evident in three out
of the four career-related influences on switching decisions that students described:

About half of switchers overall, both now (58%) and then (43%), rejected the
future careers and lifestyles to which they projected STEM majors would lead.
However, in the current study, twice the number of switchers (58%) than in the
first study (29%) identified this a reason for their decision to switch.

Similarly, nearly twice the number of switchers in this study (54%) than the prior
one (27%) explained that they changed to a non-STEM major partly because it
offered more appealing career opportunities.

Making instrumental, system-playing moves into other majors as a means to
further career goals was a far more prominent strategy among switchers in the
current than the original study. One-quarter of all switchers (26%) either sought
or considered non-STEM majors by which they could achieve their (unchanged)
career goals while graduating with higher GPAs that would give them a competi-
tive edge. By comparison, only 7% of students in the original study described
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switching as a good way to achieve specific career objectives. In Chap. 12, we
also discuss system-playing by STEM persisters.

e There was a decline, however, in the present study in the proportion of both
switchers and persisters who expressed the view that the pursuit of STEM career
options and rewards were not worth the effort. In TAL, this issue ranked fifth as
a cause for switching (31%) and was a concern for half (48%) of switchers and
one-fifth (20%) of persisters. In the current study, students weighing the benefits
and costs of a STEM degree assessed its career value more positively with only
17% of all switchers deciding that the rewards were not worth the costs of secur-
ing them. We discuss students’ thinking and decision-making about their careers
in Chap. 11.

In the next section we discuss our overall findings on what did and did not distin-
guish the contributory influences on the switching and persistence decisions of
women and men in STEM majors.

Concerns Contributing to Men’s and Women’s Difficulties
in STEM Majors, Then and Now

A number of differences and similarities between men’s and women’s concerns
over time are evident, whether they contributed to switching directly, or were of
wider concern for switchers and persisters alike.

As intrinsic interest in the subject matter is one of the single best predictors of
persistence in STEM, students’ loss of incoming interest and motivation to pursue a
STEM degree is concerning. Indeed, a surprising finding from the original study
was that students were leaving their STEM majors because they were being “turned
off science”—Ilargely by poor faculty pedagogy. Similar percentages of men and
women in TAL described how their original passion for the subject matter had fallen
away since embarking on their STEM coursework (44% men and 43% women).
Today, higher rates of men and women mentioned loss of interest and motivation to
continue in their major as a reason for switching, women in particular (54% and
66%, respectively) (see Table 3.2 below and Table F.1 in Appendix F).

Then, as now, issues of poor quality teaching and course design, and other prob-
lems related to STEM teaching and learning experiences continue to dominate as
factors influencing students’ switching decisions, and are of wider concern for
switchers overall, as well as for the students who stay. In TAL, bad teaching caused
roughly one-third of men’s and women’s switch out of STEM (39% and 33%), and
was a problem for almost all male and female switchers (92% and 89%); it remained
an issue for 66% of male seniors and for 80% of female seniors. Today, poor teach-
ing is cited by over half of men and women as a reason for switching (46% and
49%) and as a problem by nearly all male and female switchers (94% and 97%) and
nearly three-quarters of male and female persisters (71% and 72%).
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Prominent in student decisions to switch from STEM 20 years ago were prob-
lems of STEM curricular design, notably, too much subject material covered at too
rapid pace and poor fit between course elements. These issues contributed to switch-
ing decisions for 42% men vs 29% of women. In the present study, the incidence of
students’ issues with flaws in course design were slightly lower than hitherto for
men (34%) but the same in their contribution to women’s switching decisions
(30%). Problems with course design, however, affected nearly all switchers (95% of
men; 82% of women) and over half of all persisters (55% of men; 59% of women).

Finding and securing appropriate, timely help with understanding subject mate-
rial or other academic difficulties was an issue for students 20 years ago remains
problematic. While this concern did not figure prominently in student decisions to
switch, it was a larger, ongoing issue for switchers and persisters alike—both then
and now. In TAL, 41% of men and 42% of women discussed problems of inade-
quate help, as did 32% of male seniors and 41% of female persisters. Today, 80% of
male and female switchers mentioned difficulties accessing necessary help as a
wider concern, and this proved an issue for one-quarter (24%) of male persisters and
over one-third of female seniors (39%).

In the original study, men much more so than women described how the
competitive ethos encountered in STEM classrooms had factored into their decision
to switch (26% vs 4%). In this study, almost half of men (46%) and over half of
women (56%) described the ways in which the competitive, unsupportive atmo-
sphere of STEM classrooms had pushed them out of STEM majors. Problems with
class climate, which were largely generated by peer status competitions that were
encouraged by curve grading practices, were reported by a large majority of both
male and female switchers (74% and 85%) by one-third of male seniors and over
half (52%) of female seniors.

As found in TAL, overly large classes ranked low in students’ reasons for switch-
ing in the current study. We note, however, that much larger numbers of today’s
switchers see it as a wider problem (51% of men and 59% of women), as do about
one-third of today’s persisters (31% of men and 28% of women).

As for the overall student sample, men’s and women’s discouragement and loss
of confidence due to low grades in early years has shifted significantly. In the previ-
ous study 27% of men and 20% of women talked about the negative impact low
grades in their introductory STEM courses had on their morale. Today 51% of men
and 67% of women cited this as a reason for switching, and this was of broader
concern to a large majority of men and women switchers overall (54% and 67%)
and remains a problem for over one-third of male seniors (37%) and nearly half of
female seniors (49%).

Thus, we find that the factors contributing to students’ decisions to switch out of
STEM majors two decades ago are predominately the same today. However, in our
current study, we found that multiple issues were reported by larger percentages of
students. That more students are experiencing more of the same issues would seem
to suggest that students’ experiences have been converging over time.
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Changes in Men’s and Women’s Career-Related Concerns
Over Time

As discussed earlier in this chapter, career-related issues figure more prominently in
students’ concerns today than previously.

The original study found that men were more willing to switch majors as a means
to improve their overall chances of achieving their career goals: “system playing”
accounted for 10% of men’s, compared to 4% women’s, switching decisions.
Mentioned much more frequently in this study, one-quarter of both men and women
(29% and women 25%) discussed using this tactic as a means towards securing a
desired career objective.

Many men and women switchers two decades ago came to doubt the benefits of
a STEM degree were worth the effort (36% vs 27%). This strategy was mentioned
less in the present study as a reason for switching, but more women (20%) than men
(11%) chose to switch their major where they assessed the expected outcome would
not be worth the effort necessary to achieve it.

As discussed earlier in this chapter, the original study found that few students
switched from their STEM major due to the discovery of an aptitude for a non-
STEM major (10% of men; 11% of women). We found a significantly different pat-
tern in the current study: 83% of men and 72% of women described being “pulled”
into a non-STEM field in which they found a good fit for their interests and talents.
This experience both prompted switching and was also widely considered by other
switchers and seniors.

In the TAL study, nearly half of women (46%) compared to one-third of men
(35%) switched to a major that offered more intrinsic interest or better education.
In TALR, this concern was reported less often by women (23%) and reports by men
remained at the same level (viz., 31%).

More women previously rejected the STEM career and lifestyles they associated
with them than male students (38% women vs 20% men). Today this is even truer:
61% of women and 54% of men said they no longer aspired to the STEM careers
they intended upon college entry.

Comparison of the career-related concerns prompting men and women to switch
from STEM shows that, then as now, women tend to take a holistic, longer-term
view about prospective job fit and satisfaction.

As in the original study, we found that STEM losses included many high-achieving
students (those with a 3.5 or better GPA). As reported from the institutional records
analyses described in Chap. 2, 26% of STEM switchers were high performers. High
risks of switching for high-performing women were also reported and women in
under-represented minority groups had greater risks of switching than both white
women and all men. Also reported in TAL, women switched from STEM majors
with higher average performance scores than men who stayed. As described in Chap.
1, we found that 69% (42 of 61) of the interview sample of women switchers had left
their STEM major with GPAs of 3.5 (B+) and half of these (N = 21) were women of
color. (Three white men and five men of color were also high-performing switchers.)
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Given that losses among students of this caliber are likely to be of concern, we
wished to understand what distinguished their reasons for switching from those of
other students. In Chaps. 9 and 10, we explore the experiences of women in STEM
majors and their consequences, including those of high-performing women of all
races and ethnicities.

In interviews, we found that choice of a STEM major (as discussed in Chap. 4)
was often influenced by parents’ views and experiences. By students’ accounts,
parental attitudes towards a daughter’s choice of a STEM major have changed dra-
matically over the last two decades. Twenty years ago, parents commonly supported
their daughters’ moves to more traditional, non-STEM majors. By contrast, in the
current study, we found little difference in parents’ attitudes towards sons and
daughters: male and female students, and their parents alike, were largely concerned
to secure careers that would provide financial security. These findings are explored
in Chap. 11.

Changes in Gendered Issues Arising Outside of College

We found similar patterns to those reported in TAL for issues that students bring
with them into college and that affect their performance in early coursework. While
these concerns rarely had a direct effect on decisions to switch, they were of broader
concern to much larger percentages of switchers and persisters in the current study:

» [Inadequate high school preparation: while poor high school preparation ranked
low for men and women as a reason for leaving their major two decades ago, in
this study struggling to overcome deficiencies in subject matter and/or poor
study habits and skills was mentioned by 21% of women vs 14% of men as a
reason for switching. However, 66% of male, and 62% of female, switchers, as
well as for one-third of all seniors (37% of males and 33% of females) discussed
problems related to their high school education.

In addition, in the current study, 48% of women, compared to 34% of men talked
about the difficulties they faced adjusting to college, though comparable numbers of
male and female switchers (both 89%) and persisters (53% and 61%) also men-
tioned issues with transitioning to college.

e Financial problems completing a STEM degree: In TAL, men were more vocal
about financial concerns than women, particularly as reason for switching (24%
vs 11%); in TALR, while similar small percentages of men and women worried
about the cost of the degree as a reason for switching (9% and 11%), financial
concerns were much higher for women than for men who switched (75% vs
60%) and for female than for male persisters (51% vs 45%).

One important change in women’s reports from two decades ago concerns their
interactions with male peers and instructors in STEM classrooms. In TAL, women
routinely experienced hostile, sexually inappropriate behavior by their male classmates
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and, on occasion, by male STEM faculty that made them feel uncomfortable and
unwelcome. Although we specifically asked all women about this kind of behavior
in the TALR study, we did not hear these same stories. However, as discussed in
Chaps. 6, 7, and 9, women’s struggle to belong in STEM was still affected by the
competitive ethos that was widely reported as dominating these fields.

In sum, our overall findings on differences between concerns affecting women’s
and men’s decisions to switch out of STEM point to a marked convergence between
the sexes in accounts of their persistence difficulties: more than half of all men and
women in the current study mentioned the same 17 of 24 factors (70%) as concerns.
Where there were differences between men and women in the nature of their con-
cerns, these were consistent with results from the original study.

As with the original study, the “problem iceberg” findings, in and of themselves,
do not offer explanations for the greater loss of women (or of students of color)
from STEM majors. As before, we turn to the ethnographic analysis of the interview
data for explanation of differential losses. Throughout the following chapters, we
address particular issues that disproportionately affect women, along with their
consequences.

Differences in Concerns Contributing to Decisions to Leave
STEM Majors by Race/Ethnicity, Then and Now

Students of color were 36% of our student interviews sample (26 switchers and 100
persisters), comprised of Latinos/as, African-Americans, Native Americans, and
students who identified as multi-racial. Though Asian-Americans (or Pacific
Islanders) are often excluded from discussions on under-represented minorities,
they were included both in the original and the current study. Of all students of
color, 12 were the first in their family to attend college and seven students were
immigrants.

The original Talking about Leaving study did not provide a “problem iceberg”
broken out by race/ethnicity. However, from their ethnographic analysis of the text
data, the authors distilled differences in students’ experiences in STEM majors
based on their racial and ethnic minority status (see pp. 27-28 for discussion in
Chap. 1 and Table 1.1, and Chap. 6 of TAL). As with other results we have reported
for TALR, we did not find major differences in switchers’ or persisters’ accounts
among students of color from those found 20 years ago. Table 3.3 shows the “prob-
lem iceberg” broken out by concerns affecting students of color and those affecting
white students. As with issues of gender, a number of important differences between
students of color and white students are evident.

The sharpest distinctions between the concerns of students of color and those of
white students are found in four areas: inadequate high school preparation, difficult
transition to college, the competitive, unsupportive STEM culture makes it difficult
to belong, and discouragement/loss of confidence due to low grades in early years.
Students of color, more than did their white peers, described the following concerns


https://doi.org/10.1007/978-3-030-25304-2_6
https://doi.org/10.1007/978-3-030-25304-2_7
https://doi.org/10.1007/978-3-030-25304-2_9
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as contributing to switching decisions, and as general concerns for all switchers and
all persisters.

Inadequate high school preparation disproportionately affected students of
color. One-third of students of color referenced the poor preparation provided by
their high schools as a reason for switching (35% vs 13%). For switchers more
broadly, the ongoing problems arising from insufficient content knowledge,
study habits, and cultural capital necessary to negotiate college affected nearly
three-quarters of students of color (73%) and nearly two-thirds of white students
(60%); it was also a problem for 41% of students of color and 31% of white
students persisting in their STEM major.

Highly related to students’ accounts of the ways in which their high school edu-

cation failed to adequately prepare them for college-level coursework, much greater
percentages of students of color also reported problems adjusting to college.

Strikingly, students of color said that a difficult transition to college contributed
to their decisions to switch to a non-STEM major at a much higher rate than did
white students (73% vs 31%). Yet this problem affected similar proportions of
students of color and white students and more generally (86% vs 96%). As
persisting seniors, three-quarters (78%) of students of color also described dif-
ficulties adjusting to college; this was an issue for less than half (46%) of white
peristers. Issues of inadequate high school preparation and students difficulties
transitioning to college are explored in depth in Chap. 5.

Competitive, unsupportive STEM culture makes it difficult to belong: Sixty-two
percent of switchers of color, compared to 49% of white switchers, said that their
decision to leave their major had been prompted by the unwelcoming, competi-
tive ethos that they experienced in STEM courses. These experiences were also
widely reported by all switchers (viz., 88% students of color vs 79% of white
students), and were an ongoing problem for over half of seniors of color (60%)
and one-third of white seniors (32%).

Discouraged/lost confidence due to low grades in early years: This concern was
reported as a reason for switching by a slightly higher percentage of students of
color than white students (69% compared with 59%). However, loss of confidence
was a concern for nearly all students of color who switched (92%) and for three-
quarters (74%) of white students. Among persisters, over half of students of color
(59%) described this problem compared with one-third (35%) of white students.
This topic and its effects on students of color are discussed in Chaps. 2, 6, 7, and 9.

As reported in Chap. 2, students of color were more likely to feel that they were

poorly prepared in math, particularly women of color. Women also were more likely
to attribute their decision to switch to a lack of STEM preparation.

Mentioned by students of color as contributing to switching decisions /ess often

than their white peers were concerns about:

e poor quality teaching (35% vs 53%)
o problems with curricular design (19% vs 36%)

conceptual difficulties with one or more STEM subject(s) (12% vs 17%)


https://doi.org/10.1007/978-3-030-25304-2_5
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However, these problems were reported as overall concerns by nearly all switch-
ers—whether students of color or white students.

While difficulties in seeking and getting appropriate timely help was a minor
factor prompting switching (15% for students of color compared to 11% for white
students), this was a problem for almost all students of color (92%) and for three-
quarters (76%) of white students. It was a problem for one-third of persisters (36%
of students of color and 29% for white students).

Concerns that were found to be of similar concern for switchers and persisters as
causes for switching, and as overall concerns for switchers and persisters, regardless
of race and ethnicity also include:

* Discovery of an aptitude for a non-STEM major. While this was a concern for
approximately three-quarters of switchers (77% students of color and 76% white
students), it was negligible for persisters of all races and ethnicities.

* Loss of incoming interest and motivation affected nearly two-thirds of all switch-
ers (viz., 62% students of color and 63% of white students).

Students’ views were also similar for two career-related concerns: both students
of color and white students mentioned dissatisfaction with the prospects and life-
styles associated with future STEM careers (62% vs 57%, respectively). About one-
quarter of both groups also discussed system-playing to achieve their career goals
(27% of students of color vs 26% of whites). White students somewhat more often
than students of color discussed weighing the pros and cons of completing their
STEM degrees, and based on a ‘hedonistic calculus’, concluded that the benefits
weren’t worth the effort (19% vs 12%). Students of color were also slightly less
likely to report that their switch to a non-STEM field was due to the pull of a more
appealing career option (46% vs 57%).

We did not find in this analysis that the overall number and type of concerns that
students of color and white students described as prompting switching or broader
concerns for all switchers, differed much. As with our findings for men and women,
over half of both students of color and white students mentioned the same 16 of 24
concerns (67%) as wider problems. Where there was divergence was among persist-
ers: over half of seniors of color mentioned seven persistence-related concerns com-
pared to only one concern mentioned by over half of white students. As with our
earlier observation on the convergence of women’s and men’s problematic experi-
ences, it also appears that, for some concerns, the experiences of students of color
and of white students show strong similarities.

This apparent trend does not, however, detract from the larger finding that stu-
dents of color continue to confront multiple, intersecting concerns which they report
at higher rates than white males in STEM fields. Findings from the institutional data
analysis presented in Chap. 1 show the dampening effects on the persistence of
students of color who enter with lower mathematics preparation. We also see in the
“problem iceberg” table on race/ethnicity that greater percentages of students of
color—switchers and persisters alike—than of white students describe ongoing
issues arising from poor high school preparation and subsequent difficulties in tran-
sitioning to college. The significance of these issues for switching rates, including
those of students of color, is addressed in Chaps. 5, 7, and 12.
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Differences in the “Problem Iceberg’ by Institutions
Participating in TALR

Similar to findings presented in TALR, we did not find that student concerns varied
greatly by institution, regardless of the different sizes, types, and student popula-
tions of the schools. Table 3.4 shows the top five ranking of concerns contributing
to students’ switching decisions, and concerns affecting switchers and persisters
more broadly. Overall, these tables demonstrate that student problems ranked simi-
larly across the six institutions.

The top three concerns contributing to switching were also the same concerns for
all students—switchers and persisters alike:

* Poor quality teaching in STEM courses
e Difficult transition to college, and
e STEM curricular design problems

The only significant difference in switchers’ and persisters’ concerns is discern-
ible in career-related issues. Not surprisingly, these concerns factored far lower in
rank for persisters than for switchers overall. Concerns ranking lowest as issues
prompting switching, and for switchers and persisters overall, are factors gleaned
from the literature which hypothesized reasons for switching, and, upon checking
with students were, as in the original study, shown to have little to no influence on
students’ switching decisions.

Conclusions

The results from this study remain congruent with those presented in Talking about
Leaving, not only in validating the type and range of concerns contributing to stu-
dents’ switching decisions, but also in identifying a set of linked problems with their
STEM learning experiences as the most commonly-cited persistence problems in
STEM majors. There were many other similarities in the findings of both studies:
switchers and persisters in both studies experienced the same types of problems;
decisions to switch were again found to be the result of complex “push-pull” pro-
cesses in struggles with the same set of problems that also affected other switchers
and, to a lesser extent, persisters; and persisters were, again, more successful than
switchers in locating appropriate and timely sources of help to surmount these
shared problems. Our current findings also replicated many of the earlier findings
about women and students of color, especially, the loss of high-performers. As with
TAL, we did not find that our results differed much by institution, regardless of type,
size, or student population.

The greatest difference in our findings from the original study is that “the problem
iceberg” has grown larger: switchers and persisters in the present study report a
higher average number of the same problems than were identified hitherto, and



A.-B. Hunter

Suo[oq 03 prey 31 soyeW AIN[ND
€ 4 4 4 € 4 € S [4 4 4 € WALS 2anioddnsun ‘oannaduo)) cl
SIS Apmys pue 109[qns ur
§ § 4 § uoneredaxd [ooyos Y31y ayenbapeuy I
90130p INALS
¢ v I Sunordwod yym swojqoid [eroueur,y o1
S1e9A K180 Ul SOpeIS mof
s s £ s I 4 £ £ 4 4 I I 0} 9NP AIUIPIFUOD JSO]/PITLINOISI(] 6
I € 4 € S [4 L
S I € I € € [4 9
€ S 3
juowu3I[e ‘sqe[ ‘peofIoA0 ‘ooed
s I (4 € € I 5 s :swo1qoad uSrsap Je[norund NALS 4
1 € 1 1 1 I € S € € 14 3uryoed} Wi LS o Aypenb oog | ¢
¥ 4 S 4
uoneAnow
§ ¢ 4 ¢ ¢ 4 2 4 Pue }s219)ul SUIWIOOUI JO SSOT I
L4€4d | 14Cdd | 1dTAd | 1478d | [4]dd | € IAd | [4€d | 1C8dd | 14TAd | [4FP8d | [¥14d | €dIAd VI ut
saamatatapuy Aq parfipuapy :
ATV Up1240Q YTV SU01s199(q Su1yonms U0 u12210)
0 1upoLiusLs
SULIIUO)) (SI2YIJIMS JO yuDYy 0} Suynqriuo)) su1aou0y) fo yunyy Jo yuvy

110

[[BISA0 SJUIPMIS JO SUIOUOY) pue :s1d)sistad Aq pasrer
SUIIOUOD) {[[BIOAO SISYIJIMS Aq PASTEI SUISOU0)) ‘SUIYoIIMS 0} SUNNQLIUOd SuIOu0d 94y doj Yy Jo suonmusul XIs Je sjuopnis £q Suryuer oaneredwo) 4°¢ Aqel,



111

3 Why Undergraduates Leave STEM Majors: Changes Over the Last Two Decades

(ponunuod)

SOSSE[O IN0-POAM JO $)00JJ0 dAT}ESON

2501109 03} uOnISUEY) JNOLFI

djoy Ajowmn ojerrdordde
Sumo3 pue Sun[eds ur sanNAFIJ

sonIqIoey qey 1nduwoo/qef 1004

sy1 Aq 1oddns
Uo1E}IdaI 10 qe] ‘Suryoed) 100g

9ZIS SSE[O 0} PI)JB[AI SWO[QOI]

SV 10 Anoey
uJ1010J YIM SAI[NILIIP oFenIue]

UOISI09p
SuIyoIMs pasudnyyur 90139p 03 AL,

(s)09lqns NS o10wr
10 ouO [IM sannaryIp renydoduo))

dendoxddeur oaoxd
Jofew LS JO 9910YD 10J SUOSBIY




A.-B. Hunter

112

Suo1oq 0) pIey 31 saYeW INYND
INALS 2antoddnsun ‘oannodwo)

SIS Apnys pue 302[qns ur
uoneredaid [ooyos Y31y 9jenbapeuy

00139p INALS
Sunordwos yim swoqod [eroueury

SIedA A[1e0 Ul SOpeIS Mmo[
0} aNP SIUIPIJUOD JSO[/PAFLINOISI]

juowuSI[e ‘sqe| ‘peo1dA0 oed
:swo[qod uisop Jenornd NS

Furyoeo) INH.LS Jo Aifenb 1o0g

UuonBAIIOW
PpuE 1s0103ul SUIWOIUT JO SSOT

[4€4d

rardd

[4C4d | 1¥2Ad | 1¥vdd

fdiAd

14€49d

1474d | [42Ad | 1¥74dd | 1d19d

fdiAd

dTVL
Sudaouo)) Spuapnis 11y

4dTVL
SUIIIUO))  SAIISISADJ

Saamatatapuy Aq parfyuapy
SUL22U0)) JUDIYIUSIS

VL u?
UI2210)

Jo yuvy

(panunuoo)

¥'€ dlqeL




113

3 Why Undergraduates Leave STEM Majors: Changes Over the Last Two Decades

SOSSE[O INO-POAM JO S)9JJ0 AATIESON

2591709 03 HONISUET) INOLFI

djoy Ajown ojendordde

Su1o3 pue Sun[eds ul saNNAIIJ $SI®8
sonIIoe} qef 1omndwoo/qer 100g €7
sy £q 11oddns
Uuo1e}I0aI 10 qe] ‘Suryoed) J0og e
9ZIS SSE[O 0} PAJE[I SWqoI] Ic
SV 10 Anoej
uS1010J YA Son[NOIIp oFenSue| 0¢
61
UoIsIoap
SuIyO)IMS PaouAN[JuUl 99I30p 0} dWI], 81
Ll
91
(s)oolgns NS 210U
10 U0 1M s[NP [emdoduo) ’I
endoddeur aaord ¢l

Jofew NH LS JO 991010 J0] SUOSEAY




114 A.-B. Hunter

persistence to graduation in STEM degrees appears to be a more complex achieve-
ment than it was for students two decades ago. Compared to students’ accounts in
TAL, the accounts of both switchers and persisters in this study contain higher aver-
age numbers of interacting concerns, being negotiated simultaneously. There were
also differences in the frequency with students cited switching factors that also cre-
ated problems for other students. There were also some important shifts in the rank-
ing of students’ concerns. Notably, TALR switchers described discovery of an
aptitude for a non-STEM subject above all other factors prompting their switching.
There were also increases in accounts of lost confidence and in difficulties with the
competitive, unsupportive climate of STEM classrooms. We also found financial dif-
ficulties both more prominent in switching decisions and widespread among all stu-
dents. Our findings also indicate that, over time, the experiences of students of both
sexes and across races and ethnicities have somewhat converged. However, as we
describe in the following chapters, there are still problems that that are distinctive to
particular student groups in driving switching decisions and informing persistence
problems.

In the balance of this book each chapter draws on findings from the contributory
studies that comprise the TALR project in order to focus on particular persistence
issues.

Reference

Seymour, E., & Hewitt, N. M. (1997). Talking about leaving: Why undergraduates leave the sci-
ences. Boulder, CO: Westview Press.
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Chapter 4
Choosing STEM Majors

Heather Thiry and Timothy J. Weston

Introduction

Many aspects of students’ experiences and backgrounds influence whether they will
choose to enroll in a STEM major. Most of the prior research examining students’
entrance into STEM majors has focused on the demographic and educational fac-
tors associated with declaring or completing a STEM major (Bonous-Hammarth,
2000; Chang, Cerna, Han, & Saenz, 2008; Crisp, Nora, & Taggart, 2009; Eagan,
Hurtado, & Chang, 2010; Gayles & Ampaw, 2014; Rask, 2010; Riegle-Crumb &
King, 2012). Yet less is known about the reasons or decision-making processes
underlying students’ choices to enter a STEM major and whether these reasons do
or do not hold up over time, questions we sought to answer in this study.

Still, a growing body of research has begun to focus on students’ decision-
making processes in weighing and selecting a STEM college major. Parents and
teachers play a large role in shaping students’ choices to enter a STEM major with
parents often exerting more influence than classroom teachers (Sjaastad, 2012;
VanMeter Adams et al., 2014). Fathers can be more influential than mothers in
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students’ choice of STEM majors (Sjaastad, 2012; Simpson, 2003). While parental
support may be beneficial, parental interference in students’ choices can lead to less
career exploration for students (Dietrich, Kracki, & Nurmi, 2011), and at least one
study has found that parents do not influence engineering students’ choice of major
(Sheppard et al., 2010). Teachers may be more influential on students’ major choices
in some fields than others, such as disciplines that are represented in high school
curricula (e.g., biology or chemistry) rather than fields less frequently offered in
high school, such as geosciences or computer science (Sjaastad, 2012). Pre-college
experiences and early science experiences also shape students’ interest and their
decisions to major in STEM (VanMeter Adams et al., 2014; McGill, Decker, &
Settle, 2015). Finally, outreach or after-school programs introduce underrepresented
minority students to STEM fields and careers who may not have had such exposure
otherwise and, thus, influence their enrollment in STEM majors (Sheppard et al.,
2010).

Interest also appears to be a key factor influencing students’ choice of STEM
major (Lapan & Shaughenessy, 1996; Shehab et al., 2015). Early interest in STEM,
particularly during the middle school years, is related to enrollment in and comple-
tion of STEM degrees (Maltese, Melki, & Wiebke, 2014; Tai, Liu, Maltese, & Fan,
2006). Yet others have documented that identity, or students’ sense of self in the
discipline, is a more important determinant than interest for engineers’ selection of
major (Matusovich, 2010). Math self-concept is an important predictor of STEM
aspirations, yet it has become a weaker predictor of entrance into STEM majors for
women than it used to be, indicating that lower math self-concept does not currently
account for gender differences in STEM as much as it has in the past (Sax, Kanny,
Riggers-Piehl, Whang, & Paulson, 2015). Finally, STEM fields hold the promise of
high-status, stable, and lucrative careers and this has also been an important factor
in students’ selection of STEM majors (Hall et al., 2011; Stinebrickner, 2013;
Sheppard et al., 2010), yet altruism and interest in the common good also draw
students into STEM (Sheppard et al., 2010), especially women of color (Carlone &
Johnson, 2007).

Findings from TALI

Similarly, in TALI1, students discussed multiple influences on their choice of STEM
major and, occasionally, their reasons for choosing their major directly contributed
to their subsequent choice to switch to a non-STEM major. Indeed, 14% of switch-
ers in TAL1 chose STEM for the wrong reasons which contributed to their decision
to move to a non-STEM major. Moreover, 18% of all students in TALI chose a
STEM major because of the influence of others, including parents or teachers,
although the influence of others on students’ initial choice did not subsequently
influence the decision of some students to leave STEM. Women were more likely
than men to cite the influence of others, especially their fathers. In TALI, students
also chose STEM majors because they were good at math or science in high school,
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yet they often confused aptitude or a good teacher for true interest in the field.
Students also sought stable, financially secure careers, yet altruism motivated some
students, most notably women and students of color. Finally, a small minority of
students (13%) switched because they felt that they had made an uninformed choice
of STEM major.

Reasons for STEM Students’ Initial Choice of Major:
Findings from the Interview Study and SALG Survey

There is a time difference in the collection of data between the SALG survey and
the interview study. The respondents to the SALG survey were taking foundational
STEM courses within their first year of entering a STEM major. Their answers to
questions about why they had chosen their STEM major reflect their high school
thinking about what they enjoy and can do well, their career aspirations which
sometimes express idealism, and how to realize these. A few (1% of written
responses) were already reconsidering those choices in light of their early college
experiences. However, most have not yet acted upon any doubts about whether to
remain in their major. The interviewees are juniors who have already chosen to
leave STEM, or seniors who have chosen to remain in their STEM major or to relo-
cate to a different one. Thus, the interview sample has reflected on the viability of
their original choice to a far greater degree than the survey respondents.

What Reasons Did the SALG Respondents Give for Choosing
Their Major?

Over 1400 students completed the TALR-SALG survey which, as described in
Chap. 3, asked questions about learning gains made in STEM foundational courses
and student perceptions of majors and institutions. We asked the 1167 students in
this sample who had declared STEM majors to rate (on a four-point agree/disagree
scale) a set of reasons for choosing their major that were grounded in prior research.
Their responses are summarized in Table 4.1. We also asked students to offer writ-
ten comments in answer to the question: “What was your primary reason for choos-
ing your major?” This time, students were not constrained by pre-coded options but
could freely explain the most important determinant of their choices. Their responses
are grouped into seven broad categories in Table 4.2. It is important to note that
students could register multiple possible reasons for choosing their major.

The highest rated reason, “I wanted a career in this field” (average =3.52, on a 4
point scale) was one of the four reasons that focused on ultimate careers rather than
intrinsic interest in the discipline. However, it implies interest in the work options to
which the degree may lead. The other three career-related ratings express gaining a
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Table 4.1 SALG respondents’ rating of reasons for choosing a SALG major (4 point scale)

I chose (4 point scale) this major because: (Strongly

agree—Strongly disagree) (n = 1167) Av. Rating SD
I wanted a career in this field 3.52 0.7
A career in this major allows me to help others 3.39 0.72
I am good at this subject 3.34 0.63
I enjoy studying for courses in my major 3.26 0.62
My major will allow me to make a good income after I | 3.16 0.77
graduate

My major is necessary to go on to graduate or other 3.01 0.9
professional school

I can get a job easily with my chosen major 2.95 0.78
I have friends who have entered this major 2.45 0.94
My family wants me to pursue this major 2.4 0.9
This major is easier than others 1.78 0.87

Table 4.2 Primary reasons for choosing a STEM major in SALG respondents’ written answers
(4 point scale)

% in
Broad category category | Reason for choosing major N %
Affective reasons 53 Interested in major 213120
Loves, likes, is passionate about major 202119
Enjoys area of study 90 |9
Skilled in area of study (efficacy) 303
Challenged by area of study 141
Degree is means to | 34 Major needed for future career 18217
an end Major needed for future education such as 11111
medical school, veterinary school, or graduate
school
Major needed to achieve lifestyle goal ancillary 3814
to career such as “being outdoors” or “working
with horses”
Major will allow student to earn money 2012
Major allows student to get a job easily 11
Altruistic reasons 9 Want to help others, solve social problems, help | 92 |9
animals, or help environment
External reasons 1 Family wanted student to pursue major 141
Student received scholarship for major 2«1
Adbvisor told student to pursue major 1<l
Characteristic of <l Classes in major looked easy 2|<1
degree program Liked reputation of degree program 1<l
Wrong major <1 Student said they chose wrong major, were PARS|
leaving major
Not applicable 2 Answer did not relate to question 202
Total (100) 1052 | (100)

Note: <1% = “less than one percent”
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particular STEM education as a means to an end—a good income, job security, or
as a stepping stone to a higher degree. A comparable set of written comments
(accounting for 34% of answers) also related to the choice of STEM majors as a
means towards a desired career. They included, choosing a major because it was
required for particular careers (17%), or to secure graduate education in medical,
veterinary, dental, or graduate schools (11%). Such apparently instrumental choices
were not necessarily materialistic or lacking in intrinsic interest. Indeed, only small
numbers of students wrote that they chose the major to earn a lot of money (2%),
because it was easier to get a job (1%) or a scholarship (less than 1%) with their
chosen major. And the rating for “This major is easier than others” was only 1.78.

When students are asked to describe their primary reason for choosing their
major, the picture (reflected in Table 4.2) is slightly different than when they are
presented with a set of pre-coded alternatives. For example, in Table 4.1, altruistic
reasons were rated second highest, but only 9% wrote that it was their primary rea-
son. This would seem to suggest that, although altruistic motives are not the largest
single reason for students’ choices, when given the opportunity to name other con-
tributory reasons, altruism emerges as an important secondary motive for many
students.

Also, choosing a major as means to a career-focused goal was mentioned by 34%
of students, but received only the sixth highest rating. However, when students are
asked to state only their primary reason for their choice, the results still reflect that
most students choose what they enjoy doing, what they are good at, and what they
want to pursue as a career.

Some writers described STEM majors as the entrée to careers that offered an
appealing lifestyle such as forestry that would enable them to work outdoors and
pre-veterinary majors who wanted to work with animals (4%). Thus, for many of
these respondents, it was the career field that was chosen more than the discipline
leading to it:

I would like to attend medical school and become a doctor. (White woman, biology major)

It will help me in the career I would like to pursue. (Asian woman, neurology and physi-
ology major)

It’s most applicable to my chosen career path, wildland fire management. (Multi-racial
man, agricultural major,)

The risk implicit in such choices is that of discovering that the nature of the major
is less appealing than the aspired career to which it may lead.

It is notable that the second-highest rated reason in Table 4.1 is “A career in this
major allows me to help others” (3.39). Choices prompted by altruism were reported
in the original study (TAL1), and nine percent of students also wrote comments in
which they described altruistic reasons as their primary motivation for choosing their
major. Many of the students wrote that they wanted to help others through careers in
medicine; others wanted to help solve social or environmental problems through a
wide range of majors including engineering and biological research, for example:

I am and always have been an environmentalist and I want do all I can to help and conserve

the environment, and encourage myself and others to live a simpler more sustainable life
(White man, ecosystem science major)



120 H. Thiry and T. J. Weston

To help people better their lives through proper nutrition and an active lifestyle. (White
man, food science major)

Some students gave altruistic reasons in conjunction with career specific
aspirations:
One day, I would like to enter the medical field and become a doctor because it is a career
that truly serves others and helps improve the lives of many people. This major, integrated

sciences, provided me with a path to medical school, which will help me ultimately achieve
my goal of being a doctor. (Multi-racial woman, integrated sciences major)

Again, there is some risk that a major chosen for its capacity to enable a desired goal
rather than out of intrinsic interest in the discipline leaves students open to disillu-
sionment. In the original study, we found that altruistic aspirations that were devel-
oped in childhood and not re-examined as students approached college entry were
apt to give way as students grappled with the academic realities of realizing them.
However, we also found in TALI that long-term altruistic motivations could sustain
students through difficult times in their STEM education.

Of all 1052 written responses, 53% fit the broad category we have labeled “affec-
tive reasons” in that they express interest in, enjoyment of, attraction to, and efficacy
in the content and skills embodied by the major. These were the most frequently
described set of reasons for a choice of major. They also include the third most-rated
survey reason for choice, “I am good at this subject” (3.34). Examples include:

I am interested in how the human body works and how it relates to exercise. (Asian-
American woman, physiology major)

I enjoy making things work and building things in a hands-on environment. (White man,
mechanical engineering major)

I am really interested in space and subjects such as black holes and quasars. They are
fascinating! I also want to go to graduate school for this. (White male, astrophysics major)

The original study reported that this set of reasons for choosing a STEM major were
the least risky and the most likely to sustain students through to achievement of their
aspirations. We shall consider in our discussion of interview study findings (and
also in Chap. 12 on what enables persistence) whether this remains the case.

Only small numbers of students (1.6%) gave external reasons for choosing their
majors, with just 14 students reporting that they chose their major because of their
family’s wishes or to follow a parent into the same career. Indeed, more students
disagreed than agreed with the statements, “My family wants me to pursue this
major” (2.4), and I before have friends who have entered this major after (2.45), and
less than 1% had chosen a major on the recommendation of an advisor. However, as
we shall discover when discussing findings from the interviews, low survey ratings
of external reasons for the choice of a major do not deny the importance of parents
and other advisors in helping students reach their decisions. What we learn from the
survey are the primary and secondary reasons that they weigh in coming to a choice.
Families, advisors, and friends may not provide the reasons for their choices, but as
we shall hear from the interview findings, they are often critical in helping students
process their alternatives and reach a decision.
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We saw no obvious (or statistically significant) differences by gender or under-
represented racial minority (URM) status for most of the reasons for choosing a
major. However, the items “My major is necessary to go on to graduate or other
professional school” and “A career in this major allows me to help others” did show
significant statistical differences by gender, with women giving higher ratings than
men for both of these items (3.1 women to 2.9 men, 3.5-3.1). Some differences by
gender were also evident at particular institutions where pre-medical and pre-
veterinary programs enrolled more women than men. URM students gave lower
ratings than non-URM students to the questions “I have friends who have entered
this major” (2.5-2.3) and “T am good at this subject” (3.4-3.2).

Overall, although both the SALG survey pre-coded questions and written com-
ments point to the importance of students’ career aspirations in guiding the choice
of a STEM major, when students are invited to state the primary reason for their
choice, intrinsic interest in the field and a sense of their own ability to pursue it are
dominant. Altruistic motivations and lifestyle goals are also well-represented and
shape particular career aspirations.

We now turn to a discussion of findings from the interview data to see what more
we can learn about what shapes students’ choice of a STEM major.

What Reasons Did STEM Switchers and Persisters Give
Jor Choosing Their Major?

In contrast to the original study, in the current study, students’ incoming level of
knowledge and awareness about their major was the primary choice-related factor
that most influenced whether they would stay in the STEM major or not. More than
half of switchers (56.3%) moved to a non-STEM major, at least in part, because
they were underinformed about their chosen field and the career options within that
field, more than four times the proportion of TAL1 students with the same problem.
Otherwise, switchers and persisters in TALR did not differ markedly in their rea-
sons for choosing a STEM major. Many students chose a STEM major based on a
long-standing interest or because they aspired to a STEM career. A small number of
students had altruistic reasons for choosing STEM that were grounded in the pos-
sibility of helping people or making a difference through science or engineering.
Others chose STEM because they were talented at STEM in their prior education or
they had enjoyed STEM in their K-12 schooling. Students were also influenced to
pursue a STEM degree by their network of family, teachers, or role models
(Table 4.3).

As can be seen, although the language of the SALG survey and that of students
talking about their choices differs, the reasons given in interviews map fairly closely
to those reflected in the survey findings shown in Table 4.1.
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Table 4.3 Reasons for STEM students’ initial choice of major

Reason for initial choice of STEM major Switcher Persister

Long standing interest 43 [44.8% | 105 |42.0%
Enjoyed math, science in high school 38 [39.6% | 59 23.6%
Did well in high school science, math 26 127.1% | 53 21.2%
Aspired to a STEM-based career 25 126.0% | 85 34.0%
Economic/financial conditions, ability to find well-paid STEM job |12 | 12.5% | 35 |14.0%
Altruism 11 [11.5% | 14 | 5.6%
Underinformed about initial choice of STEM major 54 156.3% | 47 | 18.8%

The Role of Careers in Students’ Initial Choice of STEM Major

Persisters were slightly more likely than switchers to note that their choice of STEM
major emanated from a specific career aspiration or goal. Medical professions were
a common career goal upon college entry for both switchers and persisters, although
many students in both groups also aspired to be an engineer. Career goals in other
fields, such as the physical sciences or math, were less common. Although there
were a few differences between switchers and persisters in initial career aspirations,
there were notable differences in the nature of their decision-making processes.
Switchers were either strongly committed to a very specific career goal or chose
STEM after a lengthy process of weighing competing interests, often between a
STEM and non-STEM major. On the other hand, persisters more often chose their
major because of an interest in broadly pursuing a career in a certain discipline and
then began a process of narrowing down and honing their specific career choice
within that discipline as they learned more about disciplinary sub-fields and career
options during their undergraduate studies.

Generally, persisters entered the major with career interests that developed ear-
lier in life than those of switchers, although not always. For example, an astronomy
major discussed her long-term interest in the field which was sparked by an early
interest in becoming an astronaut. Her expression of a “career” interest was typical
of many persisters in that she expressed a strong interest in simply wanting to “do”
or “be” in a certain field, yet did not necessarily express interest in a precise career
goal. Many persisters refined their career ambitions throughout college as they
learned more about the options available, although they were initially drawn into the
major by a strong interest in simply wanting to “do” or “be” in a certain STEM field.

I knew that this was what I wanted to do since forever, really. I mean, I remember being
three and watching NOVA and thinking that’s what I'm gonna do. Originally, I wanted to
be an astronaut because I knew that Saturn’s rings were solid, and I knew they were made
of ice, so I just imagined this giant ice slide, and so I wanted to be an astronaut so I could
go to Saturn and slide on the rings. And then I figured out that’s not really how it works. But
when I was really little, I wanted to be an astronaut, and then, I kinda refined that as I got
older to, ‘Oh, really what I wanna do is study astronomy and how the universe works.’... I
figured out the name for this thing I wanna do is astrophysics. From then on, I knew that that
was what I wanted to do, but really the whole time. (Native American woman, astronomy
persister)
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Many switchers and persisters alike changed majors as a result of the process of
exploring and honing their career interests during their undergraduate studies—the
main difference was that switchers moved to a non-STEM major and persisters
refined their focus within STEM, hence the term “relocator” for this type of within-
STEM switching. Either way, students’ initial career aspirations evolved, shifting to
more suitable and desirable careers. In fact, 17% of persisters who initially chose
their major for career-related reasons ended up switching to another STEM major at
some point during their undergraduate career. This suggests that both switchers and
persisters, especially those who were more career-focused in their initial selection
of major, explored and refined career options as their understanding and awareness
of STEM careers matured. Unlike switchers who were more narrow in their specific
career goals, persisters and relocators were more likely to choose their STEM
majors based on the breadth of available careers and opportunities in that discipline.
This relocator changed her major from chemical engineering to materials science in
the process of honing her future interests and learning more about the range of
career opportunities in materials science.

So I came in thinking I wanted to do chemical engineering as a freshman and then I changed
right away. I found out what chemical engineers do and that just didn’t interest me, and then
materials science engineering was in the same department and so I just talked to a whole
bunch of professors in material sciences and what they seemed to be doing is something that
I could see myself doing.... So materials science you work with all different types of mate-
rials and what I liked about it the most was that I could work in a whole variety of indus-
tries. I could go into bio-med or aero-space or packaging is what I did this summer or a
polymers company. So I could go into almost anything, any engineering company needs a
materials engineer, so that’s why I really like it. (Hispanic woman, relocator, chemical
engineering to materials science)

Relocators occasionally discovered new fields or careers within STEM that they
were not aware of when they entered college. For instance, this relocator changed
his major from chemical engineering to food science as he came to better under-
stand the nature of both of those fields and the type of work that professionals in
those fields do. He acknowledged that Food Science is a major that many students
are not familiar with when they are in high school and first choosing their college
major. Similarly, he learned about the field after starting his studies in the university
and came to realize that it was a more suitable major for his interests and his recently
selected career goal of “making beer and salsa.” He described his decision-making
process:

I went through the sciences in my prior education and I’m like, ‘Alright, the next step is, I
guess, engineering.” Because that’s, when you first go into college they give you like five
main majors that everyone knows about and you just choose that. And then once you get to
the college or the university, you can find other colleges with other majors catered towards
your interest. And that was what happened to me. So I came in with the idea of chemical
engineering like, ‘Oh, I get to learn how to process many units, mass produce stuff, but food
science actually had the same thing but catered more towards the specific individual. A little
bit more of the fine details about how to make products.” (Multi-racial man, relocator,
chemical engineering to food science)
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Likewise, 58% of switchers moved from a STEM major into a non-STEM major,
at least in part, because they became dissatisfied with their career-related choice of
major and, ultimately, they found the career paths in a non-STEM field to be more
appealing. However, the career exploration process of relocators and switchers was
markedly different. Switchers tended to enter the major with more specific, and
often less realistic, career goals than persisters or relocators, who often simply
wanted to “do” or “be” in the discipline. Switchers who entered their STEM major
with a career focus tended to have a narrow interest deeply rooted in a personal
experience and not always grounded in a broader interest in the discipline as a
whole, as shown in the following typical quote from a life sciences switcher:

It’s interesting because in high school I didn’t particularly like biology either. I took AP Bio
and it wasn’t like it was difficult for me or anything but when I was younger, my older
cousin, he was maybe two years older than me, he had diabetes. And from the time that I
was like five, I had said in my head, you know, I’m going to grow and become a doctor so
I can fix my cousin. (White man, switcher, biological science to film studies)

While persisters and relocators had broad interests within STEM, switchers were
more inclined to have broad interests both within and outside of STEM that shaped
their initial career aspirations, and ultimately, their choice to move to a non-STEM
major. For instance, the switcher in the quote below described the influence of her
varied interests, including non-STEM fields, on her career aspirations and choice of
major. Certainly, some persisters and relocators also had interest and talent in non-
STEM fields, but switchers were more likely to note an aptitude and passion for a
non-STEM field and to consider these competing interests before originally select-
ing a major in STEM.

I have always had a very, very, very diverse set of interests. Even though I did sort of focus

a little bit more in high school on the physics and chemistry and biology and mathematics,

I still also had probably about 40 to 50% of my classes were still English and psychology

and history, and I took Spanish for 4 years, and I loved everything about all of my classes.

So, at one point I wanted to be a teacher, at one point I wanted to be a meteorologist. I mean

I was all over the place and I still to this day could be very happy doing a lot of different

things but I just kind of went for engineering ‘cause it matched my skillset and interests, so

I was like ‘Sure.” (White woman, switcher, biological engineering to management)

A small group of switchers and persisters had career ambitions that were altruistic
in nature and chose their major based on its potential for helping people or address-
ing global problems. Switchers were more likely than persisters to hold altruistic
motives for choosing their major, yet only a small proportion of students in either
group chose STEM for altruistic reasons. Still, women were much more likely than
men to choose their major for altruistic reasons (e.g., 73% of switchers with altruistic
intentions were women). Likewise, students of color were also more likely to base
their choice of STEM major on altruistic rationale (e.g., 60% of persisters with altru-
istic intentions were students of color). Similar to students’ general career aspirations
upon their entry into college, persisters expressed more general, vague altruistic
ambitions than switchers. Thus, persisters were broader in their interest in “making a
difference” or helping and therefore were more open to a variety of possibilities in
which they could use their STEM degrees for the common good. For some persisters



4 Choosing STEM Majors 125

who also felt the pull between STEM and the arts or humanities, the opportunity to
make a tangible difference in the world tipped the decision-making process towards
STEM, as shown in the quote below.

I’d always been interested in chemistry. When I was a high schooler my strengths were
actually in English and humanities and languages and that was what I was really convinced
I was going to do for a long time. And then I got the opportunity to talk to one of my
brother’s friends who was in college at the time studying chemistry and biochemistry and
he really inspired me to put my mental abilities to the test and try to make a difference in
the world ‘cause he was studying alternative fuel sources and that’s what I wanted to do at
the time too. (Hispanic man, chemistry persister)

In contrast, switchers often had very concrete and specific, yet potentially unre-
alistic, altruistic ambitions, such as a desire to cure a certain type of cancer or to
clean up a specific lake or river, in contrast to a general desire to help the environ-
ment. For instance, the student in the quote below was inspired to enter cancer
research because of a personal relationship but was not necessarily interested in
other careers in the life sciences. Additionally, some switchers, such as the student
highlighted below, only connected their STEM major to altruistic intentions later in
the decision-making process, unlike persisters who were more often inspired by
altruistic motives at a younger age.

Well biology was my favorite class in high school. And I took AP Bio as well, and I love
biology. So, molecular biology seemed like a good choice. And the summer before I came
into college ... I really got inspired, ‘cause my, my boss, her son developed a brain tumor.
And that was really like emotionally stirring, and part of my motivation was going into
cancer research. And doing stuff with the cells and finding that out. But I've sort of figured
out that I'm not gonna be the person that cures cancer. (LAUGHS) It just wasn’t in my play-
ing cards, I guess. (White woman, switcher, biological science to psychology)

Many students selected their STEM major based on career interests or aspira-
tions, yet the nature of those choices and the decision-making processes differed
between switchers and persisters. Switchers were more likely to choose STEM after
a process of reconciling multiple, competing STEM and non-STEM interests, only
to return to a long-standing interest in a non-STEM field. On the other hand, switch-
ers were also more likely to hold very narrow, specific career aspirations that may
have been unrealistic or not fully informed. In contrast, persisters expressed a more
general interest in “being” in the field and then used their undergraduate studies to
refine their interests and select a suitable career option within STEM.

Social Influences on Students’ Initial Choice of STEM Major

Many students, switchers and persisters alike, noted the influence of a parent,
teacher, or other significant person on their decision to major in a STEM field.
Parents exerted the most influence on students’ choice of STEM major, and there
were a few differences between switchers and persisters in this regard. Switchers
were slightly more likely to cite the influence of a parent on their choice, although
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many persisters also noted parental influence. The real difference between the
groups lay more in the type of influence exerted by parents as switchers were more
likely to have a parent who pressured or pushed them into a STEM field. Nonetheless,
the majority of students in both groups mentioned general parental encouragement
and support (though not pressure) to pursue STEM. Many students, switchers and
persisters alike, also had a parent who was a scientific or technical professional and
whose career path they followed (Table 4.4).

We think it is, again, important to distinguish between the SALG survey which
asked for the reasons why students chose particular majors, and interview conversa-
tions about who or what influenced their thinking in coming to a decision. Parents
can have great influence on choices (whether as pressure or support) but that may or
may not constitute a reason (or the primary reason) for a student’s choice. What,
then, is the role of parents in the process of making the choice of STEM major?

The Role of Parents in Students’ Initial Choice of STEM Major

Many students benefited from supportive parents who encouraged them to pursue
their passions and interests. These parents especially encouraged their children to
pursue STEM fields, yet without pressuring or forcing. For instance, in the quote
below, a persister described how her parents supported her inclination towards the
sciences even though they were artistic types.

Both of my parents are very artistic, and I don’t feel like I inherited any of that. Theyre both
very creative beings. But my dad reads a lot about science and I think he realized early on
that I was not going to play music and I was not going to paint like he did, but that I was
actually pretty skilled in science. And so he I think he tried to stoke my interest more.
(Multi-racial woman, biological sciences persister)

Other students mentioned that their parents influenced their choice of STEM major
by introducing them to their field of study or by suggesting a certain career path. In
this way, parents helped their children identify fields of study that suited their tal-
ents, temperament, or interests.
I had no idea what I was doing until maybe near the end of junior year [in high school], but
that’s when you kinda have to start thinking about it. And even then, I was just like ‘I don’t

know.” I think it was just presented to me by my mom to just look into. And actually at the
time, we were thinking about either biomedical or aerospace [engineering], just ‘cause I

Table 4.4 Social influences on students’ initial choice of STEM major

Influence Switchers Persisters

Parent or other family member 52 | 54.2% 101 40.4%
Teacher, mentor, role model 32 33.3% 69 27.6%
Friends or other than family 8 8.3% 13 5.2%
High school counselor; high school or university advisors 4 4.2% 11 4.4%
Media influence 4 4.2% 4 1.6%
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have had a lot of experience of medical things coming up and I was fascinated with those
things going on, so I'm actually going to grad school for biomedical, so I'm doing both. But
yeah, it kinda came together, like, ‘Oh, you love working with your hands, you love build-
ing things, and you love space. That’s what they do.” I was like, ‘Ah, I’ll give it a try.’
(African-American man, aerospace engineering persister)

Many students, including both switchers and persisters, followed a parent into a
STEM career. These students had a parent who was a STEM professional and often
chose the same, or at least a very similar, field as their initial major in college.
Although whether a student had a parent in a STEM field did not necessarily influ-
ence their ultimate persistence in their initial field. Students’ persistence was influ-
enced more by whether the decision was an informed choice, whether the student
had a prior interest in their initial choice of STEM major, and whether the parent
had pressured the student, rather than simply encouraging them, to pursue the major.
In the quote below, a student described how his parents’ technical career paths had
inspired his own interest in becoming a mechanical engineer.

So my dad is an electrical engineer and my mom is an architect so I grew up in a household
with a lot of design around and I love, I ended up loving to build things and so the major
which could give me a really broad, technical education and allow me to build stuff would
be mechanical engineering. So I applied as a mechanical engineer, got in as a mechanical
engineer and I'm still a mechanical engineer. That’s my major. (Asian/Pacific Islander man,
mechanical engineering persister)

While engineering was a common path that students learned about from their par-
ents, many students also followed their parents or other family members into health
professions.

My dad’s a doctor and so I knew that I was probably gonna go into some kind of health care
field. But I didn’t know necessarily what. And so I kinda entered- cause they’re just like,
‘Oh, declare a major!” So I just declared biology because that’s what I thought the main
science pre-med major was. (Asian/Pacific Islander woman, biological sciences persister)

Other students blended their parent’s STEM career path with their own unique tal-
ents and interests to find an appropriate STEM major. For instance, a biomedical
engineering major described how she blended her father’s medical career with her
own interest in math to choose a biomedical engineering major.

Ever since I was like, at least since fourth grade, I've always wanted to be a doctor. My
father was a doctor so I wanted to follow his footsteps, but at the same time, when I entered
high school, I really liked biology, but I also really, really liked math. And I also was very
good at it. And I thought it was very interesting in terms of the applications that could be
used because biology seems to not have as much quantitative analysis as things like chem-
istry and physics would. So, I was trying to look for a major and I was like, ‘Okay, biomedi-
cal sciences is part of the classic pre-med major.” But then I also had an upper-classman
talking to me about her engineering aspect. And she was doing biomedical and chemical
engineering. And I was like, ‘That was really interesting.” So I decided to join. (Asian/
Pacific Islander woman, biomedical engineering persister)

On the other hand, some students tried to resist their parent’s STEM career path,
in the hopes of defining their own identity independently, only to find that their
interest did indeed lie in their parent’s field.
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So my dad is an electrical engineer. I think that might have played a little bit of a role
because on take your kid to workday or just whenever he would pick me up and have to
drop by work, I’d get to go there and kind of see the fun toys that he might be working on
or, some of those companies put out fun little demo boards or something. And I actually
didn’t go into electrical engineering right away because I wanted to do my own thing. I
didn’t want to be just going into it because one of my parents was in it and I was...I got to
do my own thing. But then I found out that it’s what I like. (Hispanic woman, relocator.
chemical engineering to electrical engineering)

Thus, the majority of students who cited some sort of parental influence on their
choice of a STEM major noted that the influence was positive. Parents encouraged
and supported STEM career paths, introduced or suggested appropriate career
paths, or inspired their children to pursue a similar STEM career path to their own.
In contrast, some parents pushed or pressured their children into STEM majors that
the parents viewed as the only acceptable majors. A few parents even asserted that
their financial support for college was contingent upon the student pursuing a STEM
degree. Parental pressure was more common in immigrant communities which
highly valued certain STEM professions, as mentioned in this remark from an
immigrant student.

From my ethnic background anyway, in India, there are only three professions people go to,
computer science, engineering, and medical school. That’s like, almost exclusively every-
one will pick one of those three, so I can’t really speak to switching out of that, but as a girl,
I guess the biggest thing was that I was never deterred from going into engineering or I
guess the thing is that my parents always expected me to go into a technical major. It’s like
if I told my parents that I wanted to be an actor, they would laugh me out of the house. They
really would. (Asian/Pacific Islander woman, biological engineering persister)

Occasionally, students chose the wrong major because their parents had pressured
them to pursue a certain STEM field. Consequently, these students switched fields
within STEM or switched out of STEM entirely.

Student: Both my parents are in STEM fields. And they’re both from India so they both had
college over there and then they came over here after that. And so I've kind of grown up
around people who knew a lot about science and that always interested me as a kid, too,
science stuff. So then I got into more of the learning about it in high school, like actual
chemistry classes and stuff, and physics, and that still like really interests me, so I decided
to stick with that.

Interviewer: And why engineering per se to begin with?

Student: That was basically my parents. My parents were really pushing me to get into
engineering because it’s more opportunities, job wise. Which I've noticed, but I couldn’t
really stick with it because I wasn’t really devoted to it. And my GPA kind of suffered
because of that. (Asian/Pacific Islander woman, relocator, chemical engineering to
chemistry)

Parental pressure to major in a STEM field was particularly troublesome for switch-
ers who later decided to enter a non-STEM field. These students often entered their
STEM major with less interest than their persister counterparts and selected the
major, in large part, due to parental pressure. Many of these switchers’ parents
strongly disapproved of their child’s choice of a non-STEM field, often causing
conflict and stress for the student.
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My parents have science backgrounds and so they just kind of ingrained in me, like, ‘Oh
you’re smart. You’re our daughter. You’ll probably do something science-y.” And I guess I
figured since I like everything, like yeah I am interested in science, I am interested in physi-
ology and anatomy and like whatever, that it would be cool and I'd be fine with it until I
realized I wasn’t fine with it and did not want to do that. And to my parents, getting an
English degree or a history degree or whatever is a huge joke to them. It was just kind of a
constant battle with them ‘cause they had in their head like, “This is what she’s gonna do.’
(White woman, switcher, physiology to film studies)

The Role of Teachers in Students’ Choice of Major

Teachers also were influential in students’ decisions to enter a STEM major,
although less so than parents. Nevertheless, teachers sparked students’ interest in a
STEM field, encouraged students to pursue a STEM career, and offered career and
educational advice and mentoring. Although switchers and persisters varied little in
the extent to which teachers influenced their pursuit of a STEM major, they did dif-
fer in the type of influence exerted by teachers. For instance, persisters were more
likely to be actively encouraged or mentored by a high school STEM teacher, as a
biological sciences persister described.

I think one of the unique things in my case was that I had high school science teachers that
were so willing to push me towards this field. I had an AP Biology teacher that helped me
get a research position at the University. And I also had an AP Chemistry teacher that was
very active in trying to encourage students to really learn about science and chemistry. I
think that was probably one of the biggest things that has helped me I guess, helped me find
a home faster. I suppose it was the encouragement I received in high school, and being
taught to be flexible with what I really wanted to learn because I know there are a lot of
people who go into college with very explicit ideas of what they want to do. Like, ‘I want
to go to medical school!” or ‘I want to do this, and I want to do this.” And I think part of
society encourages people to do that, to kind of have a heading before they even start. And
I think that’s kind of difficult. It results in an effect that I think is kind of opposite of what
we want, because while it’s nice that they know they want a heading, that they know they
want to go to something, when something turns out, it’s not what they expected. They begin
to falter and begin to not want to continue because it’s not what they wanted. I suppose the
idea that you need to start college with an explicit plan of action for your future. That’s what
limits a lot of students. (Asian/Pacific Islander man, biological sciences persister)

On the other hand, switchers were more likely to say that the STEM class in their
high school was fun or enjoyable and that they liked the teacher. Less often, they
described a teacher who actively mentored or encouraged them. Switchers’ choice
of major was inspired by their enjoyment of the teacher or the particular course,
more so than because of a deep interest in the discipline overall, as described by a
biology switcher.

Student: I think I had a really great teacher in high school. He really engaged all the students
and I loved what we were learning, I think ‘cause I loved his personality and how he taught
everything. So it it was all interesting to me, it wasn’t like hard work.
Interviewer: So, did that teacher greatly influence your choice of a major, then?
Student: I think so. Yeah.
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Interviewer: Was it him, or the biology, or both?
Student: I think it was probably more the teacher than maybe the discipline. (Hispanic
woman, switcher, biological sciences to sociology)

In sum, parents and teachers influenced students’ decisions to enroll in a STEM
major, although parents exerted greater influence than teachers on students’ choices.
Nonetheless, the type of influence exerted by both parents and teachers differed
between switchers and persisters. Switchers were more likely to have parents who
pressured them to declare a STEM major even if their interests and temperaments
did not support that choice. Switchers were also more likely to choose STEM
because they liked their high school STEM teacher, while persisters were more
likely to be actively encouraged or mentored by their high school STEM teachers.

The Influence of Underinformed Choice of Major
on Persistence

The primary way that students’ choice of major ultimately influenced their persis-
tence was in whether their choice was an informed one. Students with little knowl-
edge of their discipline were much more likely to switch to a non-STEM field.
Students’ incoming knowledge about their intended major was based on a variety of
factors, such as whether a parent worked in that field, whether the subject was
offered at their high school, or whether they knew anyone in their circle of family
and friends who had completed that major. Still, knowledge about some majors,
especially engineering, remained elusive even for those who knew engineers in their
immediate or extended family. Nonetheless, persisters generally entered their
STEM major with a higher level of incoming knowledge about what the major may
be like and had more awareness of the range of career options available within that
field.

Many persisters relied on multiple sources of information to research the major
and potential career options, using internet searches, conversations with STEM
professionals, and other sources of information besides family or word of mouth.
Many students who were underinformed about their STEM major had declared
their initial major because they had been told that they would be good at it or
because they had done well in STEM in high school, yet they did not have a full
understanding of what the major entailed nor were they aware of available career
options in that field. Switchers were much more likely to feel that they were under-
informed about their major when they entered college (56.3% of switchers vs.
18.4% of persisters). Nonetheless, persisters were still affected by a lack of incom-
ing knowledge about their selected major; indeed, about one-third of persisters who
were underinformed about their major were relocators who ended up switching to
another major within STEM.

So I entered as a computer engineering major and I did one quarter of that. I enjoyed it. I
was always a strong math and science student in high school and I had interviewed a couple
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alumni from the engineering department and I wasn’t as interested in that career path as I
thought I would be. Both the guys I met with loved their jobs but they spent a lot of time
inside, I mean most of their time inside and I didn’t see as much of a passion in it. I was
taking a geography class at the time and I changed my major at the end of the quarter to
environmental science. And so I'm studying environmental science and sociology. (Multi-
racial man, relocator, computer engineering to environmental science/sociology double
major,)

Students often knew little about the academic content of disciplines that are not
typically offered in high school, such as biochemistry or any of the engineering
fields. For instance, a persister described her lack of knowledge about biochemistry
when she initially declared her major.

I really didn’t learn anything until like I was already in it, so when I signed up for it I, they
gave me like a basically like an estimated timeline of when you should take certain classes
and stuff, so first semester you should take like general chemistry, etcetera. So I kind of
knew like what classes I had to take but I didn’t really figure out like what those classes
were and what they entailed until I was actually in them. So like for me choosing biochem-
istry like in my mind I was like it’s just like taking half chemistry courses and half biology
courses cause that’s what I thought it would be, but then when I got here I was like, no there
are actually biochemistry courses that you have to take. So I think the most I learned was
from talking to upper classmen and like people that were in that major and like going into
advising and talking about like what I need to take for next semesters. So I feel like that was
nice getting to know that, but if I had known that coming in I probably would have not
declared biochemistry major. I just didn’t know what I was doing really, but it wasn’t, like
I'had no like concrete examples of what being, like what that major was and what it entailed.
So it was more like an abstract idea before I got here. (Asian/Pacific Islander woman, bio-
chemistry persister)

Persisters who were underinformed about their initial choice of major gradually
learned more about the major itself and potential career options through various
sources during their undergraduate career. Consequently, some of them learned that
their initial field may not suit their interests or that it did not have the range of career
opportunities that they would like. Some of these relocators moved to a suitable
STEM major that offered the options or the “fit” that they did not find in their initial
major. For instance, in the quote below, a relocator described learning about her new
major through student academic groups and a campus career fair. She had chosen
her initial major based on the tragic loss of her father which had sparked an interest
that did not hold up over time.

I chose the sciences because I was always like better at math and science when I was in, like
elementary school, middle school and high school. I really enjoyed those courses whereas
history and English or like the arts were courses that I really did not enjoy. So I applied to
the Engineering School but I was just going to decide later which engineering I wanted, but
then during my senior year when I was applying for college my dad actually died of colon
cancer. So, that’s why I chose biomedical. So I chose biomedical because like I could work
in the medical devices and like do something about it. But then the reason I switched was
because I learned that as a biomedical engineering like I knew a couple girls, because I'm
in the Society of Women Engineers, and so I knew a couple girls that were graduating with
that degree and a lot of them like have commented on like the lack of options they have after
graduation, so a lot of them feel as if, you know, they either enter the medical devices indus-
try or they go to grad school. Like it’s not a degree that’s very versatile. So I went to the
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career fair as a biomedical engineering major and found out there were only like five com-
panies that would hire biomedical, but then I learned about material science ‘cause one of
my friends was a material science major and like I learned that Medtronic and Boston
Scientific, like medical device industry leaders still hire material science but then a ton of
other companies do also, so I was like, well if I don’t end up going down this medical device
industry road, at least I'm going to have other options as a material science major. So that’s
why I decided to switch to material science. (Asian-American woman, relocator, biomedi-
cal engineering to materials science)

In contrast, switchers were noticeably less informed than persisters about the
nature of their chosen majors, the required classes or sequencing of courses within
the major, and the potential career options within the field, even for disciplines that
they had been exposed to in high school. Switchers were often unaware of how the
curriculum of courses in these familiar fields would differ from high school to col-
lege. Moreover, some switchers had not put extensive time or thought into selecting
their initial major, as evidenced in the following comment from a biology switcher:

So I think a lot of it was I clicked molecular biology when I registered and I just went into
it. A lot of people go in undeclared, and I didn’t wanna do that, ‘cause I was like, ‘No! I
have to have some direction.” But I feel like if I had known what I was getting in to, I prob-
ably wouldn’t have gone into it all. ‘Cause like you just see molecular biology, and you’re
like, ‘Oh, what does that mean? It’s okay. I'll go for it.” And then you look at the class list
after you’ve enrolled and you’ve already bought all the books and everything, and you’re
like, ‘Oh my god. I have the most rigorous four years ahead of me, and I hate everything.’
(White woman, switcher, biological sciences to psychology)

Other switchers struggled because of a lack of awareness of the course sequenc-
ing and required courses within STEM majors. They were discouraged by the chal-
lenge of taking non-STEM classes within the stringent requirements of many STEM
majors. Given that many switchers had broader incoming interests than some of the
non-switchers, it was a disappointing realization that they could not take as many
non-STEM classes as they would like within their STEM major.

Tunderstood what it was going to be but I also didn’t realize...I think I knew what was com-
ing but I didn’t understand what that really meant. Like, I knew the classes that I was going
to have to take but then I didn’t realize that it was gonna exclude a lot of the like other... it
was so science-based and I wanted to take other things too and didn’t want to just be focused
on the sciences. And I didn’t realize that wasn’t going to be possible, really. I just wanted a
more holistic approach. ‘Cause I wanna go into medicine so at first I wanted to do premed
and now I'm pre-nursing. But I felt like the public health classes gave you a more global
view of health. And biology was just too specific and too focused right from the get-go and
so I was missing out on some of the broader aspects of it. (White woman, switcher, biologi-
cal sciences to community health)

While there were a few disciplinary differences among persisters in relation to
which majors were most likely to entail a lack of information, there were marked
differences among switchers as computer science and engineering majors struggled
the most with a lack of knowledge about their majors. In fact, 76% of engineering
and 75% of computer science switchers felt that their lack of incoming information
about their major contributed at least partially to their decision to switch. In con-
trast, only a third of physical science switchers left their major for the same reason.
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Not only did engineering switchers have the least amount of incoming information
about what is required for their major or what the major will actually be like, they
also seemed to select the major using a less reflective process than many of their
persister counterparts. Some engineering switchers felt that engineering would be a
good fit or they had been encouraged to pursue engineering because they are good
at math, but the field of engineering did not turn out to be what they expected.

I guess it would mostly be because I didn’t really know what else to do sitting there in high
school filling out college applications you have check your major, they list everything and
I thought about, my brother did psychology so I thought about that for a little while. My dad
was a geologist so I also considered that but I landed on engineering mostly because it
interested me the most I think. It sounded fun and exciting and I like figuring out how things
work and stuff like that and ended up being different than I expected. I'd like to think that I
knew before I started college but I think I learned mostly first and second semester fresh-
men year, what it actually entailed and what I was going to be doing. (White man, mechani-
cal engineering to construction management switcher)

Conclusion

Overall, both the SALG survey pre-coded questions and written comments point to
the importance of students’ career aspirations in guiding the choice of a STEM
major. However, when students are invited to state the primary reason for their
choice, intrinsic interest in the field and a sense of their own ability to pursue it are
dominant. Altruistic motivations and lifestyle goals are also well-represented and
shape particular career aspirations.

From the interview study we found that the reasons why students in TALR chose
STEM majors were similar to those cited by students in the original study. However,
the factors weighed by students have become more complex, and many students,
including both switchers and persisters, chose between multiple, often competing,
interests. A lack of incoming knowledge about the nature of STEM majors and
career options within STEM fields was one of the leading contributors to relocating
within STEM or switching to a non-STEM field. Yet, the decision-making processes
that prompted these moves differed for switchers and relocators. Switchers, in gen-
eral, had broader interests than relocators and a greater number of them held strong
incoming interest in non-STEM fields. Ultimately, they decided a non-STEM major
better suited their talents and interests. On the other hand, many switchers also held
a more limited conception of the nature of STEM disciplines and the career options
available to them with STEM degrees, often aspiring to narrow and unrealistic
career goals. In this “Goldilocks” conundrum, incoming interests that were too nar-
row or too broad did not necessarily hold up over time and students were more
likely to switch as they came to realize that their initial STEM major did not suit
their interests, goals, or temperament. Persisters, on the other hand, entered STEM
majors with a more general desire to “do” or “be” in a certain field and then gradu-
ally honed and refined their interests as they progressed in their studies.
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Chapter 5
Issues with High School Preparation
and Transition to College

Heather Thiry

Introduction

Students’ academic backgrounds are important because their prior learning experi-
ences will inherently shape their knowledge, understanding, attitudes, and identities
in subsequent learning environments. It is widely believed that high math achieve-
ment in high school or on standardized tests, such as the SAT or ACT, indicates that
a student is well-prepared for college-level STEM coursework. This folk wisdom is
substantiated by research on the relationship between students’ academic back-
grounds and their subsequent college outcomes. Students’ high school preparation,
including enrollment in AP courses, high school GPA, and SAT or ACT scores,
often predicts their success and persistence in STEM majors (Bonous-Hammarth,
2000; Chang, Cerna, Han, & Saenz, 2008; Crisp, Nora, & Taggart, 2009; Eagan,
Hurtado, & Chang, 2010; Gayles & Ampaw, 2014; Rask, 2010). Differences in
academic backgrounds may also account for racial and ethnic disparities in STEM
majors as the persistent racial gap is largely explained by unequal academic prepa-
ration and access to STEM opportunities prior to college entrance (Chang et al.,
2008; Price, 2010; Riegle-Crumb & King, 2010). Nevertheless, nearly all of the
switchers in our study had excelled at these metrics and many had taken advanced
coursework in high school. Thus, they should not have encountered many difficul-
ties in their early college coursework, yet their accomplishments on these measures
belied the struggles of some students in transitioning from high school to college-
level coursework and expectations.
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Findings from TALI

In TAL1, inadequate academic preparation played a small role in students’ switching
decisions; nearly 15% of students cited poor high school preparation as part of their
reason for shifting to a non-STEM major in the original study (Seymour & Hewitt,
1997). Minority students in TALI were most affected by inadequate preparation as
they were more likely to attend under-resourced high schools and, given the time
period when the study was conducted (the early 1990s), were also more likely to
lack prior exposure to computers or STEM laboratory equipment. High school prep-
aration remains an impactful issue for students in this study at nearly equivalent
rates as TAL1. Switchers in TALR were more likely to report both good preparation
and poor preparation in key subject areas, indicating that academic background
alone was not the sole cause of switching. Nevertheless, nearly 20% of switchers in
TALR attributed at least part of their decision to switch to their lack of academic
preparation; however, we purposefully selected an interview sample of switchers
with high incoming math scores so that we could rule out prior preparation as a
factor in their switching decisions to better understand the other underlying causes
of switching. So it is somewhat significant that nearly one in five switchers still
based at least part of their decision to switch on their inadequate background in core
subjects or academic skills.

Switchers’ and Persisters’ College Readiness

Preparation issues created great difficulty for some students in their transition to
college, in relation to STEM coursework and in their adjustment to the general col-
lege atmosphere, which also impacted some students’ decisions to leave STEM. A
lack of college readiness and inadequate preparation in core subjects also caused
difficulties for a few persisters who addressed these challenges by moving to a dif-
ferent STEM major in which they were better able to overcome their lack of prepa-
ration for college-level STEM coursework. Table 5.1 compares switchers’ and

Table 5.1 Switchers’ and persisters’ beliefs about their high school preparation

Preparation Switcher (%) Persister (%)
Good math preparation 344 28.4

Good science preparation 42.7 27.6

Good general preparation 344 17.2

Poor math preparation 28.1 18.0

Poor science preparation 333 8.8

Poor general preparation 19.8 7.2
Preparation contributed to switching from 18.8 32

original major
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persisters’ perceptions of their college readiness in different areas, highlighting that
a fair number of switchers were well-prepared for college, although they were also
more likely than persisters to lack preparation in fundamental areas.

Who Are the Underprepared Students?

Students’ perceptions of their college readiness slightly differed by race, gender,
and first-generation college status, especially for switchers. One-third of Hispanic
switchers and 30% of White switchers cited poor high school preparation as con-
tributing to their switching decision, although no African-American students cited
this reason for switching. Women of color were the most likely of all switchers to
report that preparation issues contributed to their decision to leave their STEM
major. Although Asian-American students are not underrepresented in STEM, four
out of the 18 students (22%) who cited preparation issues as their reason for leaving
STEM were Asian-American women, representing nearly half of the Asian-
American women switchers in the overall interview sample. These women were all
first-generation college students from immigrant families. Likewise, 7 of the 18
switchers most negatively impacted by preparation issues were first-generation col-
lege students, reflecting 39% of those who switched because of preparation issues,
though only 13% of the larger sample of switcher students. There were no gender
differences in persister’ reports of poor high school preparation. However, students
of color who stayed in their STEM majors were more likely to report poor high
school preparation in certain areas; for instance, 22% of Hispanic persisters and
36% of African-American persisters reported poor math preparation, while 16% of
White persisters reported the same.

There were disciplinary differences as well among students who switched majors
because of high school preparation issues: 66% of them were life sciences majors,
22% were physical sciences majors, 11% were engineering, and 0% were mathe-
matics or computer science majors. In contrast, only 45% of the total sample of
switchers were life science majors. Thus, life and physical science majors were
over-represented among the most underprepared switchers, while engineering was
less represented. Indeed, underprepared students most often discussed difficulties in
chemistry coursework and, to a lesser extent, in calculus. Therefore, prior prepara-
tion impacted science majors more so than other disciplines where chemistry is not
required for graduation. Students’ struggles in chemistry were also reflected in their
high school STEM background. Most switchers (68%) had taken AP or IB Calculus
in high school, yet only 38% of switchers had taken AP or IB Chemistry. Switchers
were more likely than persisters to report that they were inadequately prepared for
college coursework, yet there was a small group of persisters who reported similar
issues and yet persisted in the major. Despite the challenges that poorly prepared
students faced in adjusting to college, persisters were not as negatively impacted by
these issues as switchers.
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The Causes of Poor Preparation

Poor Math and Science Preparation

A multitude of factors in students’ previous schooling contributed to their lack of
readiness for college math and science coursework. Many of the most unprepared
switchers noted that they had not experienced good teaching in high school or had
taken unchallenging math and science classes that emphasized worksheets and rote
memorization. Students found that they were unprepared for the higher-level, con-
ceptual, and abstract thinking required in college-level STEM courses. The focus on
application of knowledge in college, rather than strict memorization, was a chal-
lenging adjustment for many students.

In chemistry there was just so much more material in the introductory classes here that high
school didn’t really prepare me for. And the way it’s taught also ‘cause here it’s very con-
cept heavy and making sure you can apply complex concepts to whatever you're trying to
learn, whereas I felt like in high school everything was memorization based and you’re just
trying to learn everything you can and then after I took the IB exam it kind of just
went away. (Asian/Pacific Islander woman, switcher, molecular biology to international
business)

The physics class at my high school was nowhere close to the first physics class I had to
take in college. The content, just the concepts were not nearly as heavily stressed, you
know, it’s just sort of equations on paper. ‘And here’s m and here’s a, what’s £?° You know?
And stuff like that. Not too much actual insight into the real physics. And that’s why, before
coming into college, I watched all these lectures and read all these books because I even felt
unprepared before I got to college. I guess I would explain the gap between high school and
college there as much less emphasis on concepts. The concepts didn’t seem to be empha-
sized at all. (White man, astronomy persister)

The high school that students had attended greatly impacted their preparedness
for college. Many of the students who felt they were underprepared had attended
small or poorly resourced high schools. These high schools typically did not offer
calculus or other advanced math classes, often housed inadequately stocked labora-
tory facilities, and did not offer advanced science coursework. Many of these
schools were in rural or low-income urban areas. For example, the two quotes below
are both from students who attended small, rural high schools which lacked
advanced STEM course offerings.

[My preparation was] not great. I took two years of chemistry in high school and that got
me through the first week of Chem I. Or not even, actually. And I took, the most rigorous
classes that I could at my high school—that was offered at a really tiny rural high school,
and so they didn’t have much. And we didn’t have pre-calc, we just had trig, and so calc was
kind of tough when I entered it [because] they did all the pre-calculus stuff in two weeks.
(White man, switcher, physiology to architecture)

And I would say the reason I ended up changing [majors] was because my high school
didn’t offer a wide variety of classes. It was a small public rural high school, and our lab
situation was, we basically used marbles and rulers to do physics experiments. And we
actually didn’t offer a physics class until my senior year. And that was just because the
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teacher who was there decided to. We had one teacher for every subject. So we had one
math teacher for four years. One science teacher for four years. (White woman, computer
science computer science to information technology persister)

Other students had access to advanced science and math curricula in high school,
yet were unable to enroll in those courses because they had not completed necessary
prerequisites. While this may appear to be a lack of planning or inadequate advis-
ing, several switchers traced their difficulties back to elementary or middle school
where they were placed in lower science or math tracks, or were not encouraged in
STEM. Tracking practices have been shown to have negative impacts on students of
color who are disproportionately placed into lower academic groups early in their
schooling (Oakes, 2005; Rubin, 2003). Once on these lower academic tracks, stu-
dents are often unable to move ahead to more advanced, college preparatory curri-
cula. Similarly, women, students of color, and first-generation college students at
our study sites were most likely to report that they had been placed into a low-ability
math group or experienced a general lack of encouragement in STEM in their early
schooling. A biology switcher connected her struggles in college coursework, espe-
cially chemistry, to her lack of mastery of algebra in middle school and the general
lack of encouragement in math she experienced throughout her schooling.

It started in middle school, and all through high school, no one really pushed me to learn the
math, and I’m really good at memorizing, so I would just memorize the equations, regurgi-
tate it, and never learn it. I still struggle with basic algebra, so whenever I have to do that in
classes, I freak out (LAUGHS). So the math was definitely lacking, and that’s part of the
reason why I couldn’t stand the major I was in, ‘cause the math is so important for the
chemistry. And even though people call it a science class, I feel like it’s more of a math
class... cause you're dealing with chemicals, but the equations and the balancing and the
whatnot, that’s more math. (White woman, switcher, biology to psychology)

Despite the challenges experienced by some students in accessing rigorous high
school coursework, most switchers reported that they had indeed taken AP/IB or
other advanced STEM coursework. For instance, slightly more than 2/3 of switchers
had taken calculus in high school. Additionally, 61% of switchers had taken at least
one AP or IB science course. Yet advanced coursework did not necessarily ensure
adequate preparation as some students described poor teaching, lack of challenge,
superficial coverage of important concepts, or a focus on memorization without
conceptual understanding in their advanced high school STEM classes. Many stu-
dents were surprised that these rigorous high school courses had not prepared them
better as they struggled to learn the same material again in a college environment.

For me personally, it was a pretty big shock coming from high school level. I went to a high
school which was, for my town, pretty science-oriented. And they claimed to be preparing
us. I took both Calc 1 and Calc 2 at the college level, but I took them in my high school. And
it was just nothing compared to what we had to step into coming here. I ended up having to
take it here as well, which I don’t actually regret. I learned a lot more taking it the second
time. But it was still a very, very different class. (White male, mechanical engineering
persister)

Some students, notably students of color, attended high schools with advanced
course offerings but found that these courses had not prepared them as well as their
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peers were prepared in their introductory STEM classes. In the comment below, a
biology persister acknowledged the structural disadvantages she faced compared to
her peers because she attended an under-resourced high school.

In high school even though I took AP Biology, I took the more rigorous courses in high
school and those didn’t quite help me even when I went to college compared to other people
who were like, ‘Oh this is what we did’ or “This is what I did in high school.” And they said,
‘Oh that’s what I did in my freshman year of high school.” And I was like, ‘Oh that is what
I did my senior year.” So it seemed like a lot of other people had a lot more advantages than
where I came from. My high school was not that good. (Hispanic woman, biological sci-
ences persister)

Poor General Preparation

Some students were well-prepared in math or science, yet were still unprepared in
other ways for college, especially in terms of their readiness for the demands and
expectations of college classes. One of the most frequently mentioned academic
issues by both switchers and persisters was a lack of study skills. A lack of knowl-
edge about how to study properly for college tests and how to organize and manage
their work was widespread among students. A few students, switchers in particular,
did not realize upon entering college that it was even necessary to study or to pre-
pare at all for college classes because they had not needed to do so in high school.
Students found that the study practices and behaviors that had earned them As in
high school did not always work in college. Some of these students adjusted their
study practices and were able to “recover” relatively quickly, as noted by a computer
engineering persister in the first quote, while others took longer to adjust. Many
switchers were not able to develop effective study habits and strategies until sopho-
more year or beyond.

In high school, they did what they could, or maybe I didn’t challenge myself enough in high
school or maybe the high school system in general wasn’t preparation enough. When I
came in it was a wakeup call, needless to say, and I had to get my stuff together pretty
quickly if I wanted to stay in the major. My first semester I took calculus, it was college
level math, it was Calc 2, and I was used to in high school kind of just going through, as
long as you just showed up, it was really good enough to do well. Show up, pay attention in
class, and do the homework, you could come in and get an A on the test. But it doesn’t work
like that in college. So I found that out pretty quickly. I came in, went to lecture, did the
homework, and that wasn’t enough. I had to study, I had to spend a lot of extra time study-
ing. So I learned that I wasn’t as prepared as I needed to be but I also learned that I just
needed to spend a lot more time preparing for exams and quizzes and whatnot outside of
class. (White man, computer engineering persister)

I don’t know what changed between high school and college but high school I didn’t feel
like I needed to study and I always got good grades. So I don’t know if it was just the level
of difficulty increased or what, but I got here and I don’t know. Studying just didn’t pay off
for me here. Studying in the way that I did, didn’t pay off for me. (White man, switcher,
mechanical engineering to sports medicine)
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While many students, switchers and persisters alike, struggled with the neces-
sary study skills and time management to succeed in college, other students strug-
gled with navigating the college environment. First-generation college students and
students of color were more likely to enter college with limited knowledge about the
college environment, including the differences in expectations between high school
and college and the sequencing of courses that students need to take in college to
graduate on time. An African-American man who is a biology major discussed the
difficulty of entering college with little knowledge of how to navigate the college
environment and to succeed in college, a consequence of attending an under-
resourced high school. Like the Hispanic woman in a previous quote, he acknowl-
edged the structural disadvantage that he experienced by attending the high school
that he did which he compared to more affluent, high-achieving high schools that
strongly emphasize college attendance.

The high school I went to I felt didn’t prepare me as well as if I'd gone to a different high
school. So I realized the importance of high school after the fact. I took all these classes but
it wasn’t stressed to me just how important it was, the transition between college and high
school. So I took these classes without the proper, I felt like I didn’t know enough about
college in my high school. Like my advisors didn’t give me enough information as to even
the amount of credits or what I should try to do. So I felt like I could’ve been better prepared
if I had gone to a better high school. It was a public school and actually I think in the county,
its grades were one of the lowest. So I felt that it definitely hindered my ability to under-
stand what college was about. So even in just preparation and what I should plan on, like
how I should make my schedules or just what classes I would be probably taking in college.
(African-American man, biological sciences persister)

The Impact of Poor Preparation on Students’ Transition
to College

Although a fair number of students struggled with a lack of study skills and most
cited some sort of difficulty during college adjustment, negative outcomes resulting
from college transition were often more pronounced for first-generation college stu-
dents and students of color, especially for switchers who were often demoralized by
their transition to college. This group of demoralized switchers included all but
three of the sub-set of 18 seriously underprepared students. However, the overall
number of demoralized switchers was larger than the sub-set of most underprepared
students, so even some students who felt well-prepared were still discouraged by the
college transition process. In fact, 11 out of 12 first-generation college students and
69% of all students of color switchers felt discouraged about some aspect of their
early college experience, leading many to question their choice of major and even
whether they belonged in college. Some students’ struggles with transition issues
lingered beyond their first year. Overall, one-third of switchers described feeling
demoralized during their initial transition to college in a way that affected their
confidence or academic identity or caused them to doubt their academic trajectory.
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Many of these struggles and the consequent loss of confidence and academic iden-
tity were rooted in difficulties in gateway STEM courses.

Student: I just felt like I wasn’t being successful and I just felt like, even though I love biol-
ogy, being a biology major was making me hate biology. And I didn’t want to hate biology
so I knew I had to switch.

Interviewer: What did you hate about biology?

Student: All the chemistry. Like in all my actual biology classes, I was doing pretty well.
But then my chemistry classes were making it difficult... I just felt like I went from being
areally like good student in high school to basically a terrible student in college. And it just
made me feel like I didn’t belong in that major. Or like in this field. (African-American
woman, switcher, biological sciences to community health)

While some students struggled academically leading to difficult transitions, others
struggled with the alienation and isolation of large classes and other impersonal
aspects of college life compared to their high school experiences.

I didn’t personally feel prepared, when I first came here, ‘cause you kinda go from a class-
room where there’s like. .. thirty people and you know ‘em all because you’ve been together
for years. And then you kinda go here and you’re like. ‘Oh, there’s three hundred people in
my classroom. Okay this is, it’s not even a classroom.” It was a little crazy. And my first
semester I really struggled. I felt really out of place. (Hispanic woman, switcher, physiol-
ogy to psychology)

Good Preparation

In contrast to poorly prepared students, students who felt they were well-prepared
in terms of background content knowledge or academic skills described much dif-
ferent educational trajectories than their less well-prepared peers. Most of the well-
prepared students had taken AP/IB Calculus or even more advanced mathematics
classes, such as Calculus II or IIT during high school, and they were more likely to
have taken AP or IB science classes. Many of them described high school STEM
curriculum that was challenging and taught by good, highly qualified teachers; sev-
eral mentioned that their high school teachers had PhDs or had been practicing
scientists or engineers. Students described curriculum that focused on inquiry or
creative exploration as well as exposure to scientific research or scholarly articles.
Some students also took rigorous high school STEM electives that provided college-
level content, such as Physiology, Zoology, C++, Java, Organic Chemistry, or
Genetics. In contrast to the underprepared students, some of the well-prepared stu-
dents had been placed on accelerated STEM tracks prior to high school which
allowed them to advance in STEM beyond their peers while still in high school.
For example, an engineering switcher described her advanced math trajectory in her
K-12 education.

I was put on an accelerated math course in seventh grade. So in my school district, you
could, if you passed a certain algebra test, you could start taking algebra one. You had to
take a zero hour, so it meant getting up at five in the morning and going to the junior high
to go take it with the other little nerdy seventh graders. And then you could be two years
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accelerated. And then I was lucky enough to live in a town where we had a college, and then
I could enroll in the college for Calc 3 my senior year [in high school]. (White woman,
switcher, civil engineering to finance)

In contrast to underprepared students who struggled with the workload, pace, and
amount of studying required in introductory STEM courses, many well-prepared
students attended high schools with rigorous, advanced STEM curricula and high
expectations. Subsequently, these students adjusted easily to the demands of college,
with some even feeling that college required less effort than their high school.

My first year of high school I was pulling all-nighters because I had a lot of math home-
work- I was in pre-calculus in ninth grade and- and, taking various classes. So by the time
I got here to college, college was actually easier for me, (Hispanic woman, switcher, bio-
logical sciences to journalism)

While underprepared students often described under-resourced high schools with
limited STEM offerings, their well-prepared counterparts attended high schools
with abundant resources and high-quality teachers with strong backgrounds in math
and science.

I felt very well prepared. I went to a relatively new high school so I think there was a better
focus on math and science. I would say both my junior and senior year my best teachers
were math teachers. So I was really lucky to have, and both of them were ex-industry engi-
neers who had went and made their million and came back to teach. So they had a really
good passion about how they taught and they were very good at communicating the rele-
vance of what we were learning. (Multi-racial man, computer engineering persister)

Besides being on accelerated, advanced math and science course sequences, many
well-prepared students took challenging course loads in high school that allowed
them to complete multiple science and math courses that provided college-level cur-
ricula and, in some cases, transferable credit.

Biology and chemistry wise, I felt completely set. I actually came in with the credit to skip
over the first year, and part of the second years in both of those areas. And I think my high
school did an amazing job of preparing students who wanted to pursue careers in science.
(Asian/Pacific Islander man, biochemistry persister)

Conclusion

The experience of some students, most notably switchers, illustrates the complexity
of students’ transition to college and questions the notion that one either “is” or “is
not” ready for college, especially based on traditionally used criteria such as SAT or
ACT scores or high school GPA. Although these metrics, especially high school
GPA, have been shown to predict first year GPA in college (Belfield & Crosta,
2012), they may mask more subtle ways in which students are not prepared for
college-level coursework and, in the most worrisome cases, these preparation issues
can affect students’ academic identity, their sense of belonging to the institution or
their major, and even their decision to stay in STEM. General Chemistry and, to a
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lesser extent, Calculus I and II were the most troublesome courses for underpre-
pared students. When students’ problems spanned multiple areas, their difficulties
seemed to compound and they were more likely to cite preparation issues as a major
influence in their decision to leave STEM. Still, many switchers were quite well-
prepared for STEM coursework yet switched to non-STEM majors anyway, as prep-
aration issues only influenced the switching decisions of about 20% of all of the
switchers. This proportion is slightly larger than the 15% of students in the original
Talking about Leaving study who cited preparation issues as influential in their
switching decision. Thus, preparation issues and subsequent difficulties in college
transition continue to play an important, though not primary, role in the reasons
why high-achieving students in selective institutions may switch from STEM to
non-STEM majors.

These findings parallel findings from the gateway course study of instructors’
beliefs about teaching, learning, and persistence that complemented the persistence
interview analysis of the TALR study. Although instructors’ linkage between persis-
tence and high school preparation was not widespread (only 10%), some instructors
at the six institutions identified students’ prior preparation as an obstacle to their
persistence in STEM majors (Ferrare & Miller, 2019). In contrast to students’
nuanced perspective on their own preparation which highlighted the role of K-12
teaching practices, access to resources and curricula, and conceptual difficulty of
prior coursework, postsecondary instructors generally pointed toward lack of role
models or poor teaching as the significant factors in students’ lack of preparation.
Therefore, students, for the most part, identified multiple, structural variables within
their backgrounds that contributed to their challenging transitions to college, while
instructors were more likely to focus on a single variable, K-12 teachers. Students’
analysis of their poor preparation highlights more leverage points for possible
action, including instructional practices, teacher preparation, resources, curricula,
and access to STEM opportunities.
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Chapter 6
Student Responses to Problematic STEM
Teaching Methods

Raquel P. Harper, Timothy J. Weston, and Elaine Seymour

The Consequences of Poor Quality STEM Teaching

As indicated in the main iceberg table (cf., Chap. 3), 78% of all students expressed
frustrations with poor quality teaching, curriculum design, and assessment prac-
tices. Three-quarters (72%) of persisters and 96% of switchers described how
aspects of poor STEM teaching had negatively affected them, with almost half of
switchers (48%) offering these experiences as a reason for deciding to leave their
STEM major. Problems with STEM teaching also played a significant role in
switching decisions in the original study where they ranked third (at 36%) among
all reasons for leaving STEM majors and were described as creating problems for
90% of all switchers and 74% of persisters. Sadly, two decades later, poor quality in

R. P. Harper (<)
Ethnography and Evaluation Research (E&ER), University of Colorado Boulder,
Boulder, CO, USA

Center for STEM Learning, University of Colorado Boulder, Boulder, CO, USA
e-mail: Raquel.Harper @Colorado.EDU

T. J. Weston
Ethnography and Evaluation Research (E&ER), University of Colorado Boulder,
Boulder, CO, USA

National Center for Women and Information Technology (NCWIT), University of Colorado
Boulder, Boulder, CO, USA
e-mail: westont@colorado.edu

E. Seymour

Ethnography and Evaluation Research (E&ER), University of Colorado Boulder,
Boulder, CO, USA

e-mail: Elaine.Seymour@colorado.edu

© Springer Nature Switzerland AG 2019 149
E. Seymour, A.-B. Hunter (eds.), Talking about Leaving Revisited,
https://doi.org/10.1007/978-3-030-25304-2_6


http://crossmark.crossref.org/dialog/?doi=10.1007/978-3-030-25304-2_6&domain=pdf
https://doi.org/10.1007/978-3-030-25304-2_3
mailto:Raquel.Harper@Colorado.EDU
mailto:westont@colorado.edu
mailto:Elaine.Seymour@colorado.edu
https://doi.org/10.1007/978-3-030-25304-2_6#DOI

150 R. P. Harper et al.

Table 6.1 Switchers and persisters reporting negative effects of poor teaching

Negatively affected | Contributed to Negatively affected
Switchers (%) switching (%) Persisters (%)
Men of color | 100 20 Men of color |90
Women of 95 38 Women of 93
color color
White men 93 50 White men 60
White women | 98 55 White 56
women
Table 6.2 Contributions to Contributed to Negatively
switching by poor quality College/university | switching (%) affected (%)
teaching by institution PB4R1 60 95
PBIRI1 53 95
PB3R1 53 100
PB2R1 41 91
PVIR3 36 100
PV2R1 20 100

STEM teaching—and its negative consequences—persists as the leading contributor
both to the loss of STEM majors and to negative learning experiences for the major-
ity of STEM students in this study.

As also found in the original study, some student groups are more negatively
affected by poor quality teaching than others. Table 6.1 compares the effects of poor
teaching by switching status, racial background, and sex, and Table 6.2 by type of
institution attended.

White male and female STEM persisters were the least negatively affected, nev-
ertheless over half (60% and 56%, respectively) registered concerns. Men and
women of color, both switchers and persisters, reported more problems with STEM
teaching than their white peers. Indeed, persisters of color reported problems with
STEM pedagogy almost as often as switchers overall. We observe that students of
color are often more reluctant to blame teachers for their learning problems than are
their white peers, internalizing these issues by faulting themselves for poor perfor-
mance on an exam or low grades at the end of a class. More white women than any
other group reported poor STEM teaching as a contributor to their decisions to
switch (viz., 55% of white women, compared with 20% of men of color, 38% of
women of color, and 50% of white men).

We also checked for variations in students’ reports of poor quality learning expe-
riences and their consequences in our six sample institutions. As shown in Table 6.2,
students at every institution reported concerns with poor quality STEM teaching,
but over half of the switchers at the three of the four large universities in the sample
gave this as a major reason for their decision to leave.
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We also offer negative critiques of teaching offered by 252 students as written
comments in the 1432 SALG surveys completed by (primarily) first- and second-
year students in the 80 introductory STEM courses surveyed. The SALG survey
respondents represent a wider sample than the interviewees in that they include not
only STEM majors but students in other majors that require introductory STEM
courses, students fulfilling general education requirements, and students taking sci-
ence and math courses out of interest. Problems with learning related to poor quality
teaching were offered in answer to two open-ended questions: “Please comment on
how (and if) this class helped your learning” (212 comments), and “Please comment
on how your understanding of the subject has changed as a result of this class” (further
71 comments). As many of the written comments reflect categories of response
from the student interviews, we present comments on the same issue together.

What Kinds of Teaching Methods Did Students Experience?

To answer this question, we compare findings from three different studies that were
undertaken concurrently at the six study sites—the interview study with STEM
switchers and persisters; results from a sample of 28 (of 80) STEM foundation
courses surveyed via the SALG instrument; and a classroom observation study in
the same 80 foundation courses (matched across the six sites) in which the SALG
survey was administered. The (largely first-year) students who responded to the
SALG survey were at the end of the same courses that were observed by the
researchers. Thus, these sets of results are in “present time.” Switchers and persist-
ers in the interview study reflected back on their experiences, both in foundation
courses and those in other years. Notwithstanding some variations between research-
ers in the ways in which they categorized student experiences, we found a high
degree of concurrence across study results in their portrayals of the kinds of teach-
ing methods used and the nature and extent of student participation in their own
learning.

The Interview Study As in the original study, students report that non-interactive
lectures are the dominant mode of STEM teaching, especially in introductory
courses. All but one of the 95 switchers in our study (99%) reported that STEM
instructors used “straight lectures” as their main teaching method, and 57% of the
143 persisters reported the same. Table 6.3 shows the breakdown (distilled from the
coded interview data) of switchers’ and persisters’ experiences of all modes of
teaching reported.

The SALG Surveys We drew on the results from 28 of the 80 STEM foundational
courses whose students took the SALG survey to determine what teaching methods
were used and what student learning activities were experienced in each class. As is
reflected in Fig. 6.1, the most frequently reported teaching methods and student
activities in class were the most conventional. As in the interview study, in all or
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Table 6.3 Teaching methods experienced by switchers and persisters

Reported teaching methods Switchers Persisters

Straight lectures 99% (95) 57% (143)
Lectures with PowerPoint 15% (14) 14% (35)
Lectures with handwritten materials 21% (20) 10% (25)

Interactive lectures 26% (25) 33% (83)
Clickers 8% (8) 9% (22)
Multimedia 1% (1) Less than 1% (2)
Small group work 35% (34) 32% (79)
Whole class discussions 2% (2) 7% (17)
Student presentations 1% (1) 2% (5)
Classroom demos T% (7) 4% (9)

Online instruction 11% (11) 4% (10)

Flipped classroom 1% (1) Less than 1% (2)

Number of classes using teaching method/activity
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Fig. 6.1 Reports of teaching methods and student activities in 28 STEM foundation classes by
students answering the Student Assessment of their Learning Gains (SALG) survey

almost all classes, students were taught by lecturing. Interaction was predominantly
via problem sets and practice tests, in-class discussion and review. Students in 20 of
the 28 classes participated in group work, 15 classes used clickers and seven incor-

porated group projects.

Other commonly used teaching methods were identified in answers to the survey’s
open-ended questions. Students’ written descriptions included a range of methods
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whose common characteristic was their incorporation of learning technologies.
They included online homework systems (e.g., ALEKs and Sapling), the use of
MATLAB software, short YouTube videos, notes, and PowerPoint slides (all posted
online by the instructor), and other non-course-affiliated internet resources. We saw
evidence of the use of online homework systems in four of the courses. Although
group work was reported, other active or interactive teaching methods involving
student participation were evident in very few classes (e.g., group projects occurred
in seven courses).

The Observation Study The findings from both the interview study and the SALG
survey are highly comparable to those reported in the classroom observation study
of 71 STEM foundation courses (Ferrare, 2019), which was undertaken using the
Teaching Dimensions Observation Protocol (TDOP) developed by Hora, Oleson,
and Ferarre (2013). In two-minute intervals throughout each class, Ferrare and his
team of class observers identified two different forms of the lecture method that,
taken together, accounted for 75% of teaching styles in foundation courses.
Lecturing while writing