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While the number of women in undergraduate and .
graduate chemistry programs has increased in recent years, women e )’
remain under-represented and excluded in the ranks of faculty in O Q °0, e w
chemistry higher education. This marginalization results from not O W

only fewer women being offered faculty positions but also fewer
women applying for these positions. To investigate the reasons why

(@)
faculty positions are causing so many women to turn elsewhere for
employment, a survey was designed based on the literature themes
surrounding women’s career choices, interviews with the current
graduate student women in chemistry programs, and our previous

work. The survey was grounded in social cognitive career theory
(SCCT), and data were analyzed through a QuantCrit lens. Despite
the existing literature focusing on the impact of having children on
women’s career decisions, the desire to have children did not appear among either the top priorities or the most important factors in
predicting whether any of the 130 survey respondents were interested in a faculty career. Instead, faculty career interest was related
to themes of overwork, high expectations from departments, and expected department emphasis on research despite an individual’s
interest in teaching and mentoring. Furthermore, women expressed a strong interest in maintaining work—life balance but low
expectations for their ability to obtain a position that would allow it. They also reported a desire to work for a department that values
mental health and diversity and supports its community members but similarly low expectations for their ability to find a department
that shares these values. These themes suggest that chemistry departments must make fundamental changes regarding what is
tangibly valued and rewarded within their systems if they wish to reduce the exclusion of women in faculty positions.

careers in chemistry, chemistry education research, gender equity, graduate education, women in chemistry

There is a broad selection of work that has explored the
exclusion and barriers women face during the hiring process to
become a faculty member and the period after they earn the

Despite the steady rise in women’s representation in position; this work has been conducted at varying types of
undergraduate and graduate training programs in chemistry, institutions with differing emphases on research. In STEM,
the number of women in faculty positions has not risen to more broadly, women face barriers including biases from hiring
match those numbers. While 39% of PhDs awarded in committees, lack of mentoring, social marginalization,
chemistry in 2018 went to women, only 25% of chemistry inhospitable group cultures, lower salaries, fewer resources,
postdoctoral fellows were women in the same Year-l In 2017, less respect, lower likelihood of promotion, and even overt
only 27% of assistant professors in chemistry at the top 75 opposition to hiring female faculty.*™®

universities were women, along with 27% of associate Other work suggests that women’s values, including an

professors and 16% of full professors.” The large drop in the
number of women participating in chemistry from PhD
completion to postdoctoral positions suggests that somewhere
during the graduate experience, women choose to steer away
from postdoctoral paths that would lead them to faculty
positions. The project reported here explores graduate student

interest in caring for family and raising children, contribute
strongly to their choice whether to pursue faculty positions.
Work by Grunert and Bodner in chemistry suggests that

March 16, 2022

women’s perceptions of faculty careers to gain greater insights May 27, 2022
into what may contribute to those choices. A more May 27, 2022
June 7, 2022

comprehensive quantitative review of the minoritization of
women in chemistry and STEM faculty positions can be found
in our previous work.”
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Figure 1. SCCT model;*" shaded constructs are queried in this work.

women find faculty positions incompatible with the traditional
women’s roles in childcare and familial responsibilities, as well
as that women expect faculty work to be less intrinsically
fulfilling and provide less work—life balance.”~” This work also
explores women’s career interests through the lens of Markus
and Nurius’s “possible selves,”'® noting the disconnect
between women’s visions of themselves and who they felt
they could be in faculty positions.” Other work corroborates
that women’s disinterest in faculty positions in STEM was tied
to their desire for work—life balance and an interest in caring
for family."" Conclusions often link the importance of childcare
in women’s career choices to the exclusion of women who wish
to have children and participate in their care. For some
women, the choice to pursue a faculty position was also tied to
the ability to contribute to societal health problems, the
potential to positively impact students, and the desire to
contribute to improving the world."?

The factors mentioned to this point are important to
consider, but they primarily reflect the views and values of
women who have already made the decision to pursue a faculty
career. The degree to which these realities for current faculty
affect the opinions and goals of graduate students, and
specifically those in chemistry, is less well-explored. There is
also literature exploring the development of factors that
researchers posit affect the career choices of undergraduates,
including chemistry identity, chemistry belonging, and other
similar constructs.”>~'” Less attention has been paid to
graduate students and how the graduate school experience
affects whether women choose to pursue a faculty path. The
goal of this study is to bring together the themes from
chemistry and STEM undergraduate literature and the themes
from chemistry and STEM faculty literature to explore whether
and how those themes extend to graduate student women.

Herein, we describe the design of a survey to explore the
question: What experiences and values guide women’s choices
on whether to pursue faculty positions?

This work is grounded in social cognitive career theory
(SCCT), a framework developed by Lent et al."*"*' based on
Bandura’s social cognitive theory.”” SCCT uses both personal
factors (like interests and identities) and proximal factors (like
learning experiences, supports, and barriers) to understand
how individuals make career choices. It has previously been
used to model choices at multigple points in a career path (e.%.,
: . 2324 L2536
undergraduate major choice, graduate career choice,
overall career choice””***”**) and in multiple disciplines (e.g.,
C 3,23 .27 L1t 28 .
chemistry, physics,”” sustainability,”™ sports science,
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biomedical sciences,"> geoscience,24 and STEM in gener-
al’*"). SCCT is appropriate for this work because it considers
both women’s personal interests and the experiences they
collect during graduate school, both of which are likely to affect
how a person’s career choice goals develop. A description of
each construct follows below, and more in-depth information
about the constructs and considerations in measuring each can
be found in ref 21. For a greater context, the item stems for
each SCCT construct of the survey detailed here are provided
in Table 1.

Starting on the left side of Figure 1, since we situated this
study in the context of graduate education, experiences prior to
graduate school are grouped together into “background
environmental influences” and are not included in our work.
Next, learning experiences encompass any graduate school
experience that informs an individual’s expectations about their
own abilities or faculty positions in general. These are broken
into four categories: vicarious learning, performance accom-
plishments, social persuasion, and emotional arousal. Vicarious
learning includes observations of others’ behaviors and how
those people are treated. Performance accomplishments are
instances of an individual’s successes or failures in tasks related
to the future job (e.g., teaching, research, ability to navigate
departmental politics). Social persuasion incorporates instan-
ces of others communicating a sense of belonging or success to
the individual making a career choice. These instances could
include students telling a graduate student they are a good
teacher, family and friends viewing science as an attainable
career for this person, or an advisor praising them for their
research accomplishments. Finally, instances of emotional
arousal include times where the individual experiences an
emotional response to their environment: feelings of exclusion,
discomfort, belonging, enjoyment, anxiety, and anything else
they may feel.

Next, self-efficacy expectations capture an individual’s
current belief about their ability to do something in the future.
For instance, while a graduate student may not currently feel
capable of writing a grant, they may still believe that by the
time they achieve a faculty position, they will have the skills to
do so. Outcome expectations reflect what an individual expects
to happen if they were to obtain a faculty position. This could
include what they expect the department environment to be
like or what they expect their life to be like.

Progressing to the right in Figure 1 again, both self-efficacy
and outcome expectations inform a person’s interests, which
reflect the tasks, values, and goals they want to be incorporated
into their future career. For graduate students, this means

https://doi.org/10.1021/jacsau.2c00175
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things like their desire to teach, participate in research,
contribute to their community, and have time outside of work
for families and hobbies.

In addition to the path traced from learning experiences to
interests, SCCT posits that graduate students would have
proximal environmental influences in the form of supports and
barriers from their environment that would affect their choices.
These might be professional development resources from their
current institution, networking help from an advisor, emotional
support from peers, or biases in the hiring process.

Finally, all aforementioned SCCT factors come together to
influence an individual’s choice goals: what they want to
pursue. As we are exploring graduate students’ perceptions of
whether they are interested in pursuing faculty positions, not
their eventual actions, our work stops short of the choice
actions construct, which would include which path they follow
through on, and performance domains and attainments, which
would include their success in pursuing that path.

The analysis presented here is based on QuantCrit,”*~**

theory that merges the foundations of critical race theory’
with quantitative data analysis. While this work explores gender
as its primary focus rather than race, many of the same
principles can be applied. For instance, while this work does
not focus on the centrality of racism, it does center the
oppressive and inequitable policies and systems within
academia. With this in mind, we situate the results and
implications of this study in how systemic structures, beliefs,
and values result in the exclusion of women, not how women
fail to meet the standards set by that inherently exclusionary
system. This exclusion is interpreted as the result of a series of
values, beliefs, and choices made in constructing the system of
academia, not an inherent “natural property” of women. As
such, participants were included based on their self-
identification with the term “woman,” not based on their sex
assigned at birth. This addresses another tenet of QuantCrit:
that categories are neither “natural” nor given, and so this
categorization needs to be critically evaluated.

Additionally, QuantCrit asserts that voice and insights are
essential to understanding the experiences of marginalized
individuals. Therefore, a section of the results will be dedicated
to the known experiences of marginalized groups that were not
reflected in our data, and those experiences will be shared in
the words of interview participants who hold marginalized
identities. The reasons for why these narratives were not
elicited by our methods are discussed along with those
narratives in the section titled “theme 6: this survey is not an
appropriate tool to highlight the stories of all women.”

Finally, this study’s expressed focus on the experiences of
marginalized individuals renders comparison to majority
groups inappropriate. That is, rather than comparing women
to men, our goal is to uncover those factors with strong
predictive relationships to the faculty career interests of
women, akin to a within-group comparison. Between-group
comparisons to the dominant group (men) imply that equity
will come by making women more like men, while a focus
exclusively on the narratives and needs of women leads to
conclusions that highlight opportunities for systemic changes
that better support them. As such, all participants in this study
are women, and all conclusions are made about women. Many
of the themes that arise during data analysis are likely to be
shared by individuals of other genders, and implementing

1446

policy changes suggested by this work may also benefit people
who are not women. The goal of this work is not to propose
changes that help only women but rather to highlight the
changes that would make faculty positions a more equitable
space for women by addressing their needs.

In recognition of the fact that all science, and especially all
research about people, is affected by the identities and
perspectives of the researchers conducting the study, we wish
to elaborate on the roles of the study team and the identities
that we feel impact our respective understandings of gender
and academia. The design of the study was primarily carried
out by author M. E. H., who is a white, cisgender, asexual,
heteroromantic woman who was born in the United States. As
such, her experiences as a woman in STEM are not
compounded by other minoritized identities, and care was
taken to seek out the narratives of women with different
identities both in the literature and during interviews.

Interviews were conducted by M. E. H. and M. M. K,, who
identifies as an Asian, cisgender, heteroromantic woman who
immigrated to the United States during her teens. As an
undergraduate woman, she did not have graduate school
experience, so time was dedicated to discussing graduate
school experiences before and after the interviews to
compensate for this lack of experience. We believe that having
two women lead the interviews contributed to trust between
participants and the research team, but recognize that,
especially for women of color, it is possible that being
interviewed by two women who self-identify as majority racial
identities could make them uncomfortable or unwilling to
share sensitive topics. This was explicitly recognized at the
beginning of each interview, and the study team took time to
allow each participant to become familiar with the work and
ask questions about how their stories would affect future stages
of the project. The study team also made it explicitly clear that
participants did not need to share or elaborate on anything
they were uncomfortable discussing.

The crafting and revision of this manuscript were carried out
by M. E. H. and S. P., both of whom identify as cisgender,
white, and raised in the United States. M. E. H. is a woman in a
postdoctoral research position, and S. P. is a homoromantic
man in a faculty position. Our cultural backgrounds mean that
our personal experiences with gender roles are limited to those
experienced by cisgender individuals in the culture of the
United States. Furthermore, both have found success within
the existing structure of academia and, therefore, are likely to
overlook aspects of that system that have benefitted them in
the past. Both authors took care to examine the conclusions
being made to ensure that they focused on change at a system
level rather than framing graduate students who struggled or
expressed negative opinions with deficit language.

This study and the methods described herein were determined by the
UW-—Madison Education and Social/Behavioral Science IRB to meet
the criteria for exempt human subjects research (2020-0164).

The survey went through five primary stages of development: a
literature review, interviews, consolidation, expert review, and
cognitive interviews. During the literature review, existing work
surrounding women’s careers in STEM was collected. This literature
included work focusing not only on graduate women in chemistry but
also on undergraduates, faculty, adjacent fields such as physics and
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engineering, and STEM more broadly. This corpus of work was
viewed through the lens of SCCT, and the conclusions and
experiences reported therein were categorized according to specific
SCCT constructs (e.g., learning experiences, outcome expectations,
etc.).

Next, an interview protocol was designed based on previous work
by Lent et al*® and the themes that emerged from the literature
analysis. Since much of the previous literature focused on outcome
expectations, self-eflicacy, interests, and learning experiences, special
care was taken to explore the barriers and supports women expected
to face between now and achieving a faculty position, including those
during the application and hiring processes. Interview subjects were
recruited by email from the UW—Madison graduate student body and
the Center for Sustainable Nanotechnology (CSN) member
institutions. Volunteers were specifically recruited to ensure that
women who identified as Black and women who identified as
Hispanic or Latinx were included in the sample. This was done to
ensure that narratives and items specific to their intersectional
experiences were included in the survey.’”*® The final group of
participants included 9 women, 5 of whom identified as white, 3 of
whom identified as Hispanic or Latinx, 3 of whom identified as Black
or African American, and 1 of whom identified as Asian. Interview
participants were compensated for their time with $25 Amazon gift
cards. Interviews were carried out using Zoom during the summer of
2021, and audio recordings were transcribed using Otter. The
transcripts were coded to consensus using NVivo to identify all new
themes and narratives, which were categorized into SCCT constructs.

The literature items and interview items were then combined,
duplicates were removed, and the differing language was resolved. For
instance, the literature often discussed an “unspoken culture” of
academia regarding unspoken rules that one was expected to follow
and burdens that one was assumed to take on. When interview
participants mentioned these topics and interviewers suggested the
phrase “unspoken culture” to describe them, participants actively
revised the language to “departmental politics.” Therefore, the survey
items were revised to use language that was used by interview
participants and was most likely to be interpreted as intended by the
survey participants.

While both interviews and our previous work® suggested that
women view R1 and PUI faculty positions differently, we elected not
to add additional survey items that would differentiate between these
two settings. As such, some survey items may be more applicable to
one type of position over another (e.g, forming relationships with
students you teach). However, including items that can be applied
broadly to any type of faculty position allowed us to identify salient
themes pertaining to graduate women’s overall interest in faculty
positions.

Evidence of validity provides assurance that the survey does, in fact,
measure what we intend it to—this is crucial for establishing the
quality of evidence elicited from survey instruments.*”*" Here, we
build a validity argument®' using evidence based on the survey
content and response processes.

Two of the initial interview participants (one who identified as
white and one who identified as Black) were asked to participate in
cognitive interviews to elicit validity evidence based on response
processes. During these interviews, participants read over the survey
items with members of the study team and were asked to point out
items whose meaning they thought was unclear. The study team also
asked specific questions regarding items that had been reworded from
the interviewee’s initial language to ensure that the interviewees felt
the questions continued to represent their initial intent. At the end of
the cognitive interview, participants were asked whether they thought
that their experiences as women in graduate school were fully
represented by the questions on the survey or if they thought any
important aspects of their experience had been omitted. Both
participants agreed that their experiences were fully represented.

Finally, the survey was reviewed by three scholars with experience
in SCCT or gender equity in STEM to elicit validity evidence based
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on survey content. These scholars were asked to evaluate items for
completeness (i.e., whether they were aware of any significant themes
that were missing), unclear wording, misalignment with SCCT, and
general comments. The revisions suggested by these experts largely
focused on details of item wording in ways that made language
consistent and did not affect item meanings.

It is critical to note that we specifically chose to design a survey that
could describe the “landscape” of women’s interests in faculty careers
rather than “essence.” That is, the choice to pursue a “landscape” view
motivated the inclusion of items that are not important to every
respondent but play a major role in the decisions of a small number of
participants. Designing a survey that allows us to highlight the
narratives of marginalized groups by including items that are relevant
aligns with the QuantCrit analytical framework. Consequently, while
this survey produced quantitative data aligned with the constructs of
SCCT, its “landscape” nature prevents the acquisition of validity
evidence based on internal structure via confirmatory factor analysis.
Because items were meant to address a wide variety of experiences
within each SCCT construct, each construct should not be expected
to be unidimensional. For example, items probing self-efficacy about
research ability should not be expected to factor together with items
probing self-efficacy about teaching ability, and neither should factor
together with items probing self-efficacy regarding finding a balance
between their work and home life. Furthermore, we analyze survey
data at the item level, not the SCCT construct level, and so the
internal structure of the survey is not relevant to this work—an
exception being the one group of survey items that was intended to
measure interest in faculty careers, the analysis of which is detailed in
the Data Processing and Analysis section.

The final survey featured 316 items, grouped into sections by the
SCCT construct (although these were not labeled with the
constructs). There were 16 items associated with choice goals, 44
with interests, 64 with outcome expectations, 27 with self-efficacy
expectations, 89 with learning experiences, and 53 with supports and
barriers (proximal environmental influences). An additional 23 items
attended to demographics, or person inputs. More detailed
descriptions of each construct can be found in the Theoretical
Framework section, and the full survey can be found in the
Supporting Information.

The survey was deployed using Qualtrics via snowball sampling.
Recruitment messages were sent to the UW-—Madison chemistry
graduate student body, all CSN member groups, the CER listserv
hosted on the ChemEdX server (a mailing list that reaches many
chemistry educators and chemistry education scholars), and the
research team’s Twitter accounts with details about the study and
requests to spread the recruitment message as broadly as possible.
Requests were also sent specifically to the UW—Madison chapters of
the Society for Advancing Chicanos/Hispanics and Native Americans
in Science (SACNAS) and the National Organization for the
Professional Advancement of Black Chemists and Chemical Engineers
(NOBCChE) to recruit more participation from women who
identified as Hispanic/Latinx and Black. Survey participants were
offered the choice to enter a raffle for one of 12 Amazon gift cards
upon completion of the survey. The survey remained open for 4
weeks in November 2021, and anyone who had an unfinished
response at that time was given 24 h to complete their survey. The
median survey completion time was approximately 33 min.

Upon termination of the survey period, results were downloaded, and
incomplete responses were removed, leaving 130 total responses. 108
participants identified as Caucasian (a term which the team now
understands is harmful due to its ori§ins as part of an effort to form a
scientific basis for white supremacy,*” but this was the term used); 18
identified as Asian or Asian American; 4 as American Indian, Native
American, indigenous, or Alaskan native; 2 as Black or African
American; and 1 as native Hawaiian or Pacific Islander. Four people
chose to self-identify as a white European immigrant, Middle Eastern,
West Asian, and European. On a separate item about ethnicity, 18

https://doi.org/10.1021/jacsau.2c00175
JACS Au 2022, 2, 1443-1456


https://pubs.acs.org/doi/suppl/10.1021/jacsau.2c00175/suppl_file/au2c00175_si_001.pdf
pubs.acs.org/jacsau?ref=pdf
https://doi.org/10.1021/jacsau.2c00175?urlappend=%3Fref%3DPDF&jav=VoR&rel=cite-as

respondents identified themselves as Hispanic or Latinx. Unfortu-
nately, while particular attention was paid to recruiting women who
identified as Hispanic, Latinx, and Black, the recruitment procedure
appears to have excluded these women. It is possible that more
targeted recruiting is necessary (e.g, by obtaining IRB approval to
contact specific departments or programs), or that a different method
of data collection will be more effective in reaching this group. This
observation is elaborated on in “theme 6: This survey is not an
appropriate tool to highlight the stories of all women.” The racial and
ethnic identity distribution of study participants is summarized in
Table 2 along with other demographic information.

Table 2. Summary of Selected Demographic Characteristics
of Survey Respondents”

number of percent of
identifier participants  sample (%)
Race”
Caucasian 108 83
Asian/Asian-American 18 14
American Indian, Native American, 4 3
Indigenous, or Alaskan Native
Black/African-American 2 2
Native Hawaiian/Pacific Islander
identity not listed (see text) 4 3
Ethnicity
Hispanic or Latinx 16 12
not Hispanic or Latinx 114 88
Year in Graduate School
1 8 6
2 23 18
3 36 28
4 26 20
S+ 37 28
Chemistry Discipline”
analytical 20 15
biochemistry 24 18
chemistry education research 33 25
chemical biology 19 14
computational 18 14
inorganic 22 17
materials 24 18
organic 27 21
physical 26 20
not yet established 1 1
discipline not listed (see the Supporting 7 N
Information)
Bachelor’s Institution Type
university with research training up to 57 44
Master’s and/or Doctoral students
institution with research training up to the 64 49
undergraduate level
college with little or no research component 9 7

“Full demo%raphic information is reported in the Supporting
Information. “Percents within race and chemistry discipline categories
exceed 100 because participants were allowed to select multiple
responses.

Participants identified with a variety of different chemistry
disciplines, but the researchers’ connection to the chemistry education
community did result in a sample that overrepresented that discipline.
In addition, there were relatively few individuals who earned
undergraduate degrees at institutions with no research component,
and so themes in their experiences are unlikely to appear in the results
of this study. While some participants chose not to identify their
current institution, those who did answer indicated representation
from over 40 different institutions. Complete demographics for the
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sample can be found in the Supporting Information, and further
limitations of the sample are discussed in the Limitations section.

After downloading from Qualtrics, all data processing was performed
in R version 4.0.3. First, the responses to all items were visualized and
sorted by score within each SCCT construct. This was done to
identify preliminarily which items appeared to be the most important
and the least important, although no statistical tests were used to
make inferences about this distinction.

Next, a factor score was computed to represent how much faculty
career interest (FCI) each respondent held (see the Supporting
Information). This factor score was used as a measure of participant
FCI in all subsequent analyses. The numerical value of the FCI score
does not have a meaning. Rather, the relative value indicates a low
interest (a low FCI) or a high interest (a high FCI), and correlations
between FCI and individual item responses can indicate what
experiences and interests are most predictive of an interest in pursuing
a faculty career. The distributions of FCI and career interests indicate
that the sample included women with a variety of choice goals (Figure
2). Moreover, these distributions suggest that our participant
recruitment methods did not give preference to those who hold
only a strong interest in faculty positions.

a) | I R1
[ S PUI
[ Community College/High School
| o s Higher Ed Teach
[ T B Higher Ed Research
[ — = = Research: Public Sector
| T B Research: Private Sector
| Outreach
[ T B Policy
[ Other
0 25 50 75 100
Percentage
Definitely will Will definitely
not pursue I | pursue
b)
5 % 15- Most interested
82 1o
€8
=71
zZe 5

Least interested

0-

15 20 25

5 10
FCI Factor Score

Figure 2. (a) Career interests of survey participants from a given list
of possibilities. (b) Distribution of FCI factor scores.

Following the FCI factor construction, Spearman rho correlations
were computed between FCI and every other survey item (excluding
demographics). The Spearman rho correlation was chosen because it
is a nonparametric statistic appropriate for the ordinal nature of Likert
scale data. All correlations reported herein differ significantly
(statistically) from zero (a = 0.022, following a Benjamini—Hochberg
correction, see the Supporting Information) unless otherwise noted
and are expressed, herein, in terms of effect size: p < 0.1 is of a
negligible size, p = 0.1—0.3 is small, p = 0.3—0.5 is medium, and p >
0.5 is large. As all survey items were worded affirmatively; meaningful
correlations between an item and FCI (i.e., those statistically different
than zero and of a medium/large effect size) indicate that respondents
who score low on the item have low interest in faculty careers, and
that respondents who score high on the item have a high interest.
Finally, meaningful correlations were examined for themes in what
respondents considered important, unimportant, attractive, and
unattractive. The themes that resulted from this analysis are discussed
below.

The following section is organized as a series of themes that
arose from viewing the results corpus through an SCCT lens
rather than by an SCCT construct. Broadly, the themes
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Figure 3. (a) Respondents’ FCI based on their interest in having children during their career. (b) Respondents’ FCI based on perceptions of the
likelihood that they would be able to care for family if they were in a faculty position. (c) Respondents’ FCI based on their confidence that they
would be able to successfully balance a faculty position with the desire to spend time with family. (d) Respondents’ interests in maintaining a
romantic partnership, participating in family care, and having children during their careers. (e) Respondents’ outcome expectations about the
likelihood of each item if they were to pursue a faculty position. Orange boxes indicate a Spearman rho correlation of a medium effect size with

FCI; a red box indicates a correlation of a large effect size.

discussed here follow similar patterns wherein we explore
correlations with FCI that arose, trace the correlations to
interests that our respondents hold, compare those interests to
what self-efficacy and outcome expectations they hold, and
hypothesize about learning experiences that may have shaped
those beliefs. While many studies based on SCCT use the
framework in a quantitative fashion to build structural equation
models, there are also several that use SCCT to make sense of
qualitative themes in the same way that this work does.”>*>**

Respondents who want to have children and families are still
interested in faculty positions; ones who feel they will not have
time to care for those children and families are not.

One prominent theme in discussions around women in
faculty positions is family, including care for children and
partners. We certainly found a high interest in those themes,
but there is less of a correlation with FCI than expected.
Certainly, 36% of respondents indicated that they were
“extremely interested” in having children, with an additional
26% indicating they were “very interested” (Figure 3d).
However, there was no meaningful correlation between
interest in having children and FCI, p(130) = 0.10, p = 0.26
(Figure 3a). If women were choosing not to pursue faculty
positions due to an interest in having children, we would
expect a large, negative correlation, but this was not the case.
Items more meaningfully correlated with FCI (i.e., those of a
large effect size) included whether respondents believed it was
likely that they would be able to care for family if they got a
faculty position (Figure 3b) and how confident they were that
they would be able to balance a faculty position with time for
family to their satisfaction (Figure 3c). Additionally, outcome
expectations about the likelihood that participants would be
able to have children and maintain a romantic relationship
correlated with FCI with medium effect sizes (Figure 3e). To
map these trends back onto Figure 1, strong negative outcome

expectations combined with a large positive interest in family
care are reflected in a low FCI (intent to pursue a faculty
career choice goal).

The correlations between FCI and outcome expectations
about support and a lack of correlation between FCI and
interest in having children suggest that the women being
excluded from faculty positions are not the ones interested in
having children. Rather, the women being excluded are those
who hold the lowest expectations for the support and flexibility
that they will receive from their departments. Furthermore, the
support of family and maintenance of romantic relationships
appear to be just as important as having children (if not more
s0). This applies both in terms of general interest in each item
and in terms of each item’s relationship to FCI (Figure 3d).

The important distinction between women who have an
interest in having children being excluded versus women who
feel they will be supported in caring for their children or family
has several implications. First and foremost, it means the onus
for fewer women applying to faculty positions should not be
placed on women for wanting to have children: rather,
departments should be responsible for having policies that will
support women once they get there. Second, it helps to clarify
which women are currently being excluded: they are the ones
who do not expect support and the ones who expect that they
will have little time, money, or resources to care for family.
There is ample evidence that women with intersecting
marginalized identities, and especially women of color, are
particularly unsupported by academic departments.*>~** This
marginalization due to their intersectional identity is some-
times referred to as the "double bind,” reflecting the particular
exclusion of those individuals.***’ Therefore, it is likely that
this group of excluded women disproportionately contains
women of color, queer women,””>" women with disabil-
ities,"”*>? and other women with multiple marginalized
identities. Finally, the women in our study are focused on
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Figure 4. For all items, red boxes indicate Spearman rho correlations of a large effect size with FCI, and orange boxes indicate those of a medium
effect size. (a) Respondents’ interests in each item during their career. (b) Respondents’ confidence that they would be able to do each task
successfully if they were in a faculty position. (c) Respondents’ expectations that they would encounter or experience each item if they were in a
faculty position. (d) How frequently respondents have experienced each item during graduate school.

caring for their significant others and extended families as
much or more than they are focused on having children.
Therefore, it is important to provide not only support for
childcare and similar programs but also flexibility in ways that
allow women to maintain relationships.

Respondents want balance and do not expect it; also, they have
not experienced it.

Another theme that arose was a perception of faculty
positions being associated with a culture of overwork and high
expectations, accompanied by a parallel theme of a desire for a
balance between life and work. Roughly half of the respondents
report that they believe it would be “extremely likely” for them
to be expected to fill many roles, face high expectations,
encounter a stigma (the word used by interview participants)
favoring the work side of work—life balance, and face a fast-
paced, publish-or-perish culture (Figure 4c). These expect-
ations seem to come from vicarious learning experiences:
almost half of women report that they “constantly” witness
other graduate students feeling like they should work more,
and 24% of respondents report never seeing a faculty member
with a work—life balance that they would be content with
(Figure 4d). Furthermore, women indicated that they had
relatively low expectations for the potential to participate in
hobbies, have a satisfactory work—life balance, and leave work
at work if they were to enter a faculty position (Figure 4c).
Half of the women expected that it was “not at all likely” they
would be able to leave work at work. They also expressed that
they were not very confident that they would be able to
maintain a balance between their work and family or work and
hobbies, reflecting the structural barriers that they would have
to overcome to do so (Figure 4b). All these low expectations
are in stark contrast to the strong interest women express in
leaving their work at work and maintaining hobbies in their
future careers (Figure 4a). As was the case for theme 1, theme
2 findings map back onto Figure 1 as negative outcome
expectations, a low self-efficacy, and a high interest in work—
life balance resulting in a low FCI (choice goal).

Like the trends with respect to family, the graduate women
most likely to leave academic career paths are not those who
are especially interested in work—life balance: the correlations
between interest in leaving work at work and maintaining
hobbies are not meaningful. Rather, the women who seek other
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careers are the ones who are not confident that the structural
barriers in academia will allow them to have any sense of
balance in their lives. This is shown by the correlations of large
effect size between FCI and both the expectation that a faculty
position would allow for work—life balance, self-efficacy in
one’s ability to balance family with that position, and the
expectation that work could be left at work. Again, the
excluded women are those who expect faculty positions to not
be compatible with other life goals.

Our results also illuminate what may have contributed to
these expectations of graduate student women: many of the
things they expect are also reported as common learning
experiences. For instance, almost half report constantly seeing
others feeling that they should work more and a similar
number constantly experience burnout and shame that they
should be working more (Figure 4d). There are a wide variety
of experiences with whether PIs explicitly encourage women to
maintain work—life balance, and a similarly wide range of
experiences with how satisfied women are with their current
work—Tlife balance (Figure 4d). There are negative correlations
of small effect size between these learning experiences and FCI
(see Tables S7—S10 in the Supporting Information) that may
have contributed to outcome expectations and interest in
faculty positions, which also suggests that these experiences
impact women’s interests in faculty careers.

The key to this discussion about balance is that women are
not trying to avoid hard work. That is, there is no correlation
between wanting to have hobbies or leave work at work and
interest in a faculty position. Instead, women who express less
interest in a faculty position have less confidence that they will
be able to do those things in a faculty position. Like the
discussion about children, it is important to highlight here that
the problem is not women wanting balance: rather, it is how
departments respond to that desire. The implication is that
departments must adopt a more holistic set of values related to
success (i.e., hiring, promotion, and tenure) so that it becomes
explicit that those requirements can be met even if faculty
decide to spend time on the “life” side of work—life balance.
This also includes implicit elements of department culture,
such as the expectation to attend evening meetings and
activities and the expectation that individuals respond to
communications on weekends and in the evenings.

Furthermore, these expectations begin before women
become faculty, as demonstrated by the prevalent learning
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experiences surrounding high expectations and burnout.
Therefore, the expectations of graduate students must also
change. Guidelines, administrators, advisors, and co-workers
that continue to normalize an unbalanced working schedule
and stigmatize spending time on hobbies will solidify these
expectations for graduate women and influence them to pursue
careers outside of academia.

Women do not expect to be able to maintain their mental and
physical health during their path to a faculty position or after
they attain one.

Another trend of particular concern is that women reported
relatively low self-efficacy in their ability to maintain both
physical and mental health if they were to enter faculty
positions. As with the expectations present regarding work—life
balance, these expectations are informed by their learning
experiences from graduate school. Namely, women frequently
reported experiences of stress, anxiety, burnout, depression, a
lack of belonging, and social isolation (Figure Sa), many of
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Figure S. For all items, red boxes indicate a Spearman rho correlation
of a large effect size with FCI, and orange boxes indicate those of a
medium effect size. (a) How frequently respondents have experienced
each item during graduate school. (b) Respondents’ confidence that
they would be able to do each task successfully if they were in a
faculty position. (c¢) How much respondents expect they would face
each support or barrier between now and earning a faculty position.

which had negative correlations of a small effect size with FCI.
Many other sources have also reported on these mental health
trends among graduate students in recent years’*>> and the
effects it has on women’s persistence in STEM.>

Equally relevant to the question of why women choose to
avoid academic positions is the correlation of a medium effect
size between FCI and how much respondents predicted they
would have time to deal with health or outside stressors
(Figure Sb). An alarming number of graduate women also
predicted they would experience worsened health if they were
to pursue a faculty position—even if they believed a future
position would support their health, they believe they would
need to sacrifice health to get there (Figure Sc).
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Given how little time the women in our study feel they
would have outside of work, it is unsurprising to see that they
believe a faculty position would have a negative impact on their
health. In a continuing trend from the previous two sections,
this is not about women who have health concerns leaving
academia: it is about women’s concerns that the process of
applying for faculty positions will cause them mental and
physical harm. This concern is informed by their learning
experiences in graduate school, and so those experiences need
to change if more women are to enter faculty positions. The
more that women experience and witness poor mental and
physical health outcomes as graduate students, the less likely
they will be to want to continue participating in an academic
environment.

The women interested in faculty positions are the ones who
want to teach and have had positive teaching experiences.

The next theme emerges from comparing responses
regarding research, teaching, and mentoring. Kruskal—Wallis
tests indicated statistically significant differences between the
response distributions for those three topics in terms of
interest [H(2) = 11.21, p=3.68 X 1073, €2 = 0.09], outcome
expectations about training [H(2) = 26.91, p = 1.43 X 1075, ¢
= 0.21], and self-efficacy [H(S) = 69.13, p = 1.55 X 107", ¢* =
0.54] (Figure 6). Post-hoc Mann—Whitney tests with
Bonferroni correction for multiple comparisons were used to
compare all pairs of groups. Roughly half of the women were
either “very” or “extremely” interested in all three topics (left
panel); only mentoring and teaching appeared to differ
meaningfully in response distribution (with a medium effect
size). However, their outcome expectations regarding training
indicate that they expect more training in research than in
mentoring and teaching (with a medium effect size, middle
panel). Oddly, this still left women with lower self-efficacy
regarding research than either mentoring or teaching (with a
strong effect size, right panel).

Also of note is that 4 of the 10 correlations between a survey
item and FCI of a large effect size concerned teaching,
mentoring, and students. Namely, these items were an interest
in mentoring, an interest in teaching in a classroom, an interest
in forming relationships with students, and confidence in one’s
ability to form relationships with students (Table S4,
Supporting Information). There were also correlations of a
medium effect size between FCI and whether a person has had
enjoyable or exciting teaching experiences. These all suggest
that women who are considering moving away from academia
are also those who have less interest in teaching (which is
understandable) and those who have had poor teaching
experiences.

Interestingly, low expectations for sufficient mentoring and
teaching training do not translate to a lower self-efficacy.
However, this does not capture how graduate students
currently feel about their abilities. For instance, if a student
were particularly confident in their current teaching abilities,
they may feel that they will meet teaching expectations without
additional training. Since the mitigation of the effects of future
training depends on past experiences, it is reasonable that
positive teaching experiences during graduate school have a
strong effect on whether an individual has an interest in
teaching and, therefore, whether they wish to continue to a
faculty position. Putting time and resources into making sure
women have successful and enjoyable teaching experiences
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Figure 6. For all items, red boxes indicate a Spearman rho correlation of a large effect size with FCI, and orange boxes indicate those of a medium
effect size. Dashed lines indicate statistically significant pairwise differences according to post-hoc Mann—Whitney tests with appropriate
Bonferroni corrections. Left panel: respondents’ interests in each item during their career. Middle panel: whether respondents expect they would
receive sufficient training in each category if they were to enter a faculty position. Right panel: how confident respondents are that they would be
able to complete each responsibility if they were to enter a faculty position.
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Figure 7. Orange boxes indicate a Spearman rho correlation of medium effect size between the indicated item and FCI. (a) Respondents’ interests
in each item during their career. (b) Respondents’ confidence that they would be able to do each task successfully if they were in a faculty position.
(c) Respondents’ expectation that the item would occur between now and obtaining a faculty position (d) Respondents’ expectations that they
would encounter or experience each item if they were in a faculty position.

may, therefore, help promote interest in faculty positions by However, similar to previous themes, the expectations for
improving women'’s self-efficacy toward teaching. Furthermore, these desires to become a reality were relatively low. Most
the high confidence in teaching ability despite low expectations pointedly, women had very low outcome expectations that they
of training may reflect that women perceive their departments would be satisfied by the pace of change in their departments,
to place a low value on teaching responsibilities and that their and likewise, low expectations that a department they worked
teaching does not have to be high quality to meet expectations. for would change to meet the needs of its faculty, staff, and
The disconnect between how respondents value teaching and students (Figure 7d). There is a distinct contrast between
how they perceive institutions to value teaching may also these low expectations about department policy shifting to

contribute to a low interest in faculty positions. meet the needs of a community and the correlation of a

medium effect size between interest in shaping department
policy and FCI Specifically, it indicates that women who
express an interest in faculty positions are likely to have an
interest in changing department policy, and yet they expect

Women want to work with a department that shares their
morals and values but do not expect that to be achievable.
Additional interests that women reported as principal to

their future careers were working for an institution that shared their efforts to yield little change. Similar to other themes, the
their morals and values as well as working for a department women who do not believe departments will meet the needs of
that valued and took steps to improve diversity, equity, and their communities are the ones who will likely be excluded by a
inclusion (Figure 7a). For both interests, 45% of women slow-moving change.
reported these as “extremely important,” with an additional Respondents also reported low outcome expectations that
38% ranking an alignment of morals as “very important” and they would be able to work for a department that aligns with
27% ranking a focus on DEI as “very important.” their values and morals if they were to start a faculty position,
1452 https://doi.org/10.1021/jacsau.2c00175
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with similar results regarding expectations that the department
they worked for would value and take steps to support
diversity, equity, and inclusion (Figure 7d). Women also
reported a low confidence in their ability to balance their
values with those of their institution if they were to be in a
faculty position (Figure 7b). Finally, two-thirds of respondents
indicated that they thought it was “very” or “extremely” likely
that the institution they worked for would value individual
achievements and progress over those of the community,
which was a drawback that several participants mentioned
during interviews. These results support the idea that women
do not believe that departments value a sense of community
and support.

As noted in Figure 7, there are also several correlations of a
medium effect size between FCI and the items mentioned
above: outcome expectations regarding whether a department
would change to meet the needs of its community, support
DEI efforts, and align with an individual’s morals and values, as
well as self-efficacy regarding one’s ability to maintain a
satisfactory balance with their department’s values. All of these
reiterate the tenor of the results presented thus far: the women
leaving are not the ones with differing morals and values or
even strong morals and values, but rather the ones who do not
feel their departments will support them going forward
according to their own morals and values. This aligns with
the SCCT framework wherein interests and outcome expect-
ations for whether those interests will be achievable both
influence choice goals.

It is worth noting that these correlations do not specify
which values or morals respondents feel are unlikely to be
shared by their departments. However, the other prominent
findings of this work are likely candidates for what women feel
would be lacking: support for people caring for families,
support for a balanced life, care for mental and physical health,
and on a more academic note, and the recognition and training
of teaching skills instead of just research. Additionally, women
indicate that they expect the pace of change to be slow. While
this is expected within academic behemoths (particularly ones
controlled by the government), departments can work to
streamline the processes of ascertaining the needs and values of
their communities and then shifting departmental policies to
match those needs and values.

This survey is not an appropriate tool to highlight the stories of
all women.

Alongside the validation of this survey as a tool for
connecting women’s experiences, goals, and observations to
their career choices, it is important to highlight where it falls
short. As detailed in the “Survey Development and Deploy-
ment” section, care was taken to ensure that the survey
included items that reflected the experiences of women who
identified as Black, Hispanic, or Latinx because there is
evidence that those women face unique challenges as a result
of their intersecting marginalized identities.**~*’ These women
were explicitly included in the interview processes, and all
experiences they shared were included in the survey questions
(none were cut for not being shared by other participants).
Furthermore, one of the two cognitive interview participants
also identified as Black, and she indicated that she felt the
survey accurately captured her experiences. Finally, survey
participants were recruited from the same student group whose
members participated in interviews with the hope that those
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who interviewed would convey the trust built with the study
team to other potential survey participants.

However, only three survey participants identified as Black,
which means that the items important to reflecting their
unique stories were not common enough to appear in the
overall analysis, and there were too few responses to report or
analyze those responses separately. Commonly, this would be
reported in a limitations section as a limitation of the sample
population. However, we argue that this is a limitation of the
study design: because of the chosen study design, important
stories are missing from the quantitative survey results or
hidden within broader themes. For instance, one interview
participant shared her experience with an orientation training:

“We had a microaggressions training that was just kind of a,
not as effective as it should have been. Um or I think it was
more harmful to the students of color who were in the room
versus like educational and impactful. Um so that’s definitely a
tough experience that has always kind of snuck up on me.”

She then described the departmental response to the staff
member in whom she confided: “I know that she did talk to,
um, I think to people who kind of like organize it, and to see if
maybe, there’s any way we can change it. But, um, when she
got back to me, it seemed like, uh, they were kind of like things
are already set in stone, and we can’t make too many changes.
Um, so kind of like, we’ve done this for years, so why change it
now?”

Through the lens of the SCCT model shown in Figure 1,
this experience shows an emotional arousal learning experience
(a harmful TA training and departmental reluctance to change
to protect her) that could feed into the participant holding
outcome expectations that future departments would be
similar. The themes of slow change and impact on mental
health both showed up in our results, but this manifests in a
unique way for women of color that is not apparent in the
survey analysis. This is further apparent in another moment
with a different interview participant, who shared the
following:

“I think the whole thing about my like Black face, white
space is kind of the, the people before you will be suffering
somehow in my specific group of people, um, Black people, to
be specific, um, you know, people had to go to those protests
and get hosed down. I mean, they didn’t have to, but like they
did, you know, and they did that sacrifice. And it costs a lot of
people a lot of things. And I think for me, my protest, it kind
of, it kind of aims at a department that is toxic to me, like, I will
put a lot on the line, and just being in academic spaces is
already hard enough, you know, um, I just say that is my
sacrifice. And I am not going to just be hardcore and go like, at
the very front of the protest line, or whatever, like right in front
of the SWAT team, or, you know, I'm giving kind of a parallel
story here. But I, I have a limit on where I'm going to stay
independent in that crowd.”

Again, this likely ended up as part of theme 3, centered on
mental health, and theme 5, working for a department that
shares an individual’s morals and values. However, the degree
to which it manifests and the specific feelings encompassed in
that theme are hidden because the survey item “Feeling like
grad school is like a fight” did not resonate with as many
participants as “mental health.”

Theme 6 emphasizes that even though the survey may have
the ability to capture the experiences of Black, Hispanic, and
Latinx women, that becomes irrelevant if the structure of the
study itself keeps their responses in the minority. Moreover,
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this discussion highlights the need for future qualitative work
to explore those narratives more deeply.

The overarching message communicated by this work is that
largely, graduate women’s interests in leaving academia are not
due to a trait or interest that they hold. Rather, a low FCI is
more closely tied to the outcome expectations and self-eficacy
that women hold about faculty positions. The learning
experiences recounted above suggest that women feel they
do not receive the support they need in graduate school and,
therefore, expect to receive little support as faculty members.
Overall, this work highlights the ways in which learning
experiences inform graduate students’ outcome expectations
and, therefore, inform their interests and career choice goals
(Figure 1). The connection between graduate school
experiences and outcome expectations about faculty positions
suggested by our findings means that changes need to be made
at both the graduate student and faculty levels.

First, graduate programs need to shift to support women
better in the areas mentioned above. This would include clear
policies around family, time off, and health that normalize
women taking time to address these concerns and standardize
the policies for doing so in ways that do not put women at a
disadvantage for needing to address other priorities. This may
include adjusting timelines for graduation or shifting the
requirements for graduation from a program to make them
more accommodating of disruptions. Additionally, while
changes in individual research group policies are a step in
the correct direction, these changes ultimately need to be
codified at the department or institution level for the
protection of graduate students. Results also suggest that
curating positive teaching experiences may encourage more
women to pursue faculty positions.

Second, graduate students’ perceptions of faculty positions
are based on the reality of faculty positions, so that reality
needs to change if women are to become more interested.
Therefore, in addition to policies that allow graduate students
flexibility, compassion, and understanding when they encoun-
ter outside stressors, these results suggest that similar policies
need to be implemented for faculty. Again, these would include
shifting requirements for hiring and tenure that do not penalize
women for taking time to address family, mental and physical
health, and other concerns. The vicarious learning that women
experience during graduate school by observing their advisors
has an important influence on their beliefs and eliminating the
exclusion of women at all levels is important if women are to
be invited into academia.

It is also important to acknowledge that policy change at
either level likely will not be sufficient on its own: there will
need to be an accompanying culture shift to support people in
taking advantage of those policies. In places where flexibility
does exist, people may still choose not to take advantage of
that flexibility (e.g., family leave) for a fear that others around
them may perceive them as weak or unsuccessful. Even when
that support exists, the current competitive culture of academia
leads to scenarios where 42% of women report constantly
feeling the need to compare their success to the success of
others (Figure 8). A more community-focused culture would
likely help mitigate this pressure.

Cultural and policy shifts at the department level will also
need to be supported by corresponding shifts by funding
agencies and metrics used for national and global recognition.
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Figure 8. Responses to performance accomplishment item #12: The
extent to which respondents report experiencing the need to compare
their success to those of their peers.

Just as graduate students operate within a department-level
system, departments operate within a greater context that
values certain metrics. Along with departments giving women
support in upholding their values, both departments and
funding agencies will need to place a higher value on activities
that women pursue, such as mentoring, outreach, science
communication, and departmental service work. This would
mean giving those activities a greater weight in decisions about
admissions, hiring, funding, tenure, and awards. We also
recognize that these shifts will need to be tailored to local
environments and invite others to use and adapt the methods
shared herein to explore the needs of their particular
environments.

One major limitation of this work has been discussed at length
in theme 6. Namely, this was not an appropriate study design
to elicit the stories of women with intersecting marginalized
identities. Furthermore, similar to our previous survey work,’
this survey also was not designed to address the experiences of
women who hold many other marginalized identities, including
indigenous women, queer women, trans women, and disabled
women. All these groups face unique struggles in graduate
school, but there was not sufficient literature regarding those
narratives as the apply specifically to the experiences of people
holding each intersectional identity in chemistry faculty
positions to incorporate them into this study. Additionally,
the experiences of those individuals would require a different
set of questions targeted specifically at their experiences and,
therefore, would be best addressed in a separate and targeted
study. We strongly encourage researchers interested in
furthering this work to explore the barriers and supports
present for any of those groups of women.

The conclusion that women feel unsupported in academia and
STEM is not a new one. What this work does is emphasize the
connection between the feelings of chemistry graduate
students and the low number of women applying to faculty
positions in chemistry. This suggests that to bring more
women into those positions, departments need to support not
only their faculty but also the graduate students that are in the
process of choosing career paths. The academic community
does not consist only of faculty, and fostering growth requires
care for all participants. Finally, when considering the
implications of this work, it is important to consider that
when women indicate that they want a department or
institution to share their values, those values must manifest
not only as performative acts of support but also as policy
changes that adjust the distribution of money, awards,
admission, hiring, and promotion in ways that tangibly value
the skills and ideals that women find most important.
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