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ABSTRACT: Graduate training is a key element in producing a scientific workforce that reflects the nation’s diversity. This paper
examines data from a 2013 American Chemical Society (ACS) survey of 2,544 chemistry masters and doctoral students and reveals
barriers to reaching this goal. Multivariate statistical analyses indicate that women reported significantly less supportive relationships
with advisors. Women were less likely to plan to finish their degrees, and for PhD students, the discrepancy was larger for students at
the start of their graduate program. Women were also less likely to pursue the next level of training, and the gender difference related
to postdoctoral plans was greater for those who identified with a racial—ethnic group traditionally underrepresented in chemistry
(underrepresented minority, URM). URM students who were beyond the first year of their graduate program reported significantly
less supportive relationships with peers. They were also less likely to have funding sufficient to meet their needs and more often used
personal resources including loans. Despite these difficulties, URM students were more likely to definitely plan to finish their
degrees, and men who identified as URM were more likely to plan to pursue postdoctoral work. Independent of gender and
identification as URMs, students in more highly ranked schools reported less advisor support. Extensive open-ended comments
indicated that large proportions of the students desired more attention and meaningful feedback from advisors and changes within
their programs to promote support for students and advisor accountability. Suggestions for future research are given, and a
companion commentary discusses needed directions for change.

KEYWORDS: Graduate Education/Research, Women in Chemistry, Minorities in Chemistry

Numerous authors and organizations have noted the variables, nor the comments given by the students. The ACS
importance of diversity in scientific professions. A graciously provided access to the data so that we could
scientific workforce that incorporates all segments of society examine, in greater detail, issues related to support and
not only enhances the number of people in the field but also inclusivity in chemistry graduate education.

the quality of work.'™® Graduate training is a key element in Recently, using these data, we published a paper that
developing this diverse workforce. During this training, examined the experiences and plans of 1,375 graduate students
students not only learn technical aspects of their chosen in the 100 departments that receive the largest amount of
areas, but also they develop commitment to the field. However, federal research support.”* We limited our analysis to students
substantial literature has documented ways in which students in the middle of their graduate programs, omitting those at the
of color, women, and those who are the first generation in their start of their training and those who had been in their program
families to attend college have less supportive graduate longer than five years. Using multivariate statistical analyses,
experiences than other students. There appear to be several we found that women, and especially those who identified as
contributing factors, including the support of academic members of racial—ethnic groups historically underrepresented
advisors or mentors,””" support from peers and co-workers, in chemistry (underrepresented minority, or URM), were
a “sense of belonging” or Commun}ty:::_lé subtle negative significantly less likely to report positive relationships with
interactions or “microaggressions”,”"" """ and financial sup- their advisors. Issues with adequate advice were especially

port.””" Research has also documented the ways in which
students’ experiences vary across departments with varying
levels of prestige.'”**

In 2013, the American Chemical Society (ACS) conducted a
survey of graduate student members designed to understand
their views of “career plans and preparation, student—advisor
relationships, and support mechanisms” with the long-term
goal of producing “a more positive and productive graduate
student experience”.”’ The survey was administered in August

serious within the most highly ranked departments. Men who
identified as URMs were less likely to report supportive
interactions with fellow graduate students or postdocs; both
men and women who identified as URMs were less likely to
have financial support adequate to meet their needs. Women
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2013, and a report of the findings was completed later that Received: June 1, 2021
year. While the ACS report noted significant differences in Revised:  September 27, 2021
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ethnic minority, it did not examine other relationships between
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were significantly less likely to express commitment to finishing
their degree or pursuing a postdoc and entering a professorship
at a research university, even when they had more supportive
advisors. In contrast, students who identified as URMs were
more likely to have these aspirations. Thus, our analysis
generally supported the previous literature regarding the
difficulties faced by women and people of color in their
STEM graduate programs.

This paper expands on the previous analysis by examining a
broader sample: both PhD and masters students, students at all
colleges and universities represented in the sample, and
students at all points in their graduate careers. While our
earlier analysis included first-generation student status as a
control variable, in this paper we specifically examine the
relationship of first-generation status and its intersection with
gender and identification as a URM. A substantial proportion
of chemistry graduate students are from countries other than
the U.S, and we test the extent to which our findings hold
when international students are not included in the analysis.
We examine whether minority-serving institutions, such as
historically Black colleges and universities (HBCUs), might
provide more supportive environments.””*® With this ex-
panded sample, we examine, using multivariate statistical
techniques, the association of departmental context and
students’ gender, identification as an URM, and first-
generation status with four dependent variables: (1) the
quality of the student—advisor relationship, (2) the support
received from fellow graduate students and postdocs, (3) the
adequacy of funding, and (4) the commitment to completing
the degree and pursuing further work. We also examine
students’ comments regarding (1) their graduate experiences
and (2) suggestions for improving chemistry graduate
education. (Extensive details of our analysis are in the
Supporting Information.) We end with a discussion of our
results and suggestions for further research. We believe that
our findings have important implications for current policies
and pg:;ctices, and a companion paper addresses this topic in
detail.

B METHODOLOGY

Sample and Measures

The sample included 2,544 chemistry graduate students,
limited to those who provided information on gender,
identification as a URM, and parental education. There were
94% who were in PhD programs. The students were enrolled
in 240 different departments, and we examined two measures
related to departmental context. (A full list of the institutions
and details on sample selection are in the ACS report of the
data.*®) Our first contextual measure was the rank of the
department in federal research funding as reported by the
National Science Foundation in the year of the survey. The
departments were grouped into four categories: those in the
top 20, those ranked 21—50, those ranked 51—100, and those
that were unranked. Because a majority of graduate students
were in the higher-ranked departments, this grouping resulted
in categories with an approximately equal number of students.
The second contextual measure indicated whether the
student’s university had been designated as a minority-serving
institution (MSI) by the U.S. Department of Education, a list
that includes HBCUs, tribal colleges, and schools that serve
substantial proportions of URM students.”®
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Most of our statistical analyses focused on four quantitative
measures of students’ graduate experiences and plans: (1)
relationship with their advisor, based on a series of 22
questions including areas such as involvement in research,
availability, encouragement, and fair treatment (Cronbach’s «
0.94); (2) support from fellow graduate students and
postdocs, a dichotomous variable distinguishing those who had
the support they desired from those who did not; (3) a five-
point scale measuring the extent to which students deemed
their financial support “adequate to meet the cost of living”
where they lived; and (4) expectations of finishing their degree,
a dichotomous variable distinguishing those who definitely
planned to finish from others. To supplement these analyses,
we examined whether or not students had a primary advisor;
the source of their financial support, distinguishing “official”
departmental support such as assistantships or fellowships from
personal funds, such as jobs or loans; whether they had
switched research groups at some point; the extent to which
they reported having experienced any “problems directly
related to [their] graduate program”; plans for advanced study
after finishing their degree; and what they would change if they
began their graduate program anew. (See pages 1—3 of
Supporting Information for details on measure construction
and content validity.)

Open-ended questions provided additional information on
students’ graduate experiences including their relationship with
advisors, why they had changed a research group, and
problems they had encountered related to their graduate
program. Others involved thoughts on how the graduate
experience could be improved. In total, we examined students’
answers to 10 questions. One of the authors carefully read and
grouped responses into categories that reflected the nature of
students” views as well as understandings from the research
literature. Standard techniques of inductive analysis, including
multiple sweeps through the data and the use of broad
categories, as well as subcategories, were used. All coding was
conducted without knowledge of students’ sociodemographic
characteristics or responses to other questions.

Analysis

Simple bivariate statistics (i t tests, and analysis of variance)
were used to compare responses of masters and PhD students
and those in minority-serving and other institutions. Multiple
regression techniques were used to examine the association of
students’ gender, identification as a URM, first-generation
status, year in their program, and department rank with the
dependent variables. The multivariate analyses were conducted
separately for masters and PhD students. For the masters
students, ordinary least-squares (OLS) and logistic regressions
were used; for the PhD students, mixed-model regressions,
which controlled for the clustering of students within
departments, were used. With dichotomous dependent
measures, we used logistic regressions and, to help aid
interpretation, reported odds ratios rather than the unstandar-
dized regression coefficients, for these analyses. Series of
models that included tests of possible interaction effects were
examined. This was important to test the presence of
intersectionality.””

Our analysis of students’ comments and views was
descriptive in nature, using the common themes identified in
the coding process described above. We looked at the
frequency in which various themes were expressed and
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common threads in students’ descriptions of their experiences
and suggestions for change.

B FINDINGS

Characteristics of the Sample

About half (48%) of the students were women, but women
were more likely to be in masters (59%) than PhD (48%)
programs (y* = 6.42, p = 0.01). There were 10% who identified
with a race—ethnic group other than Asian or non-Hispanic
white, that is, as a URM. A slightly greater percentage of URM
students were in masters than PhD programs (14% versus
11%), but this difference was not large enough to be
statistically significant. Almost half of the students (47%)
reported that both parents had at least a bachelor’s degree,
while about a third (30%) reported that neither parent had
completed college. There was no difference in first-generation
status between those in masters or PhD programs. Over half
(58%) of the masters students were in their first year, almost
one-fifth (19%) were in their second year, and the remainder
had been in their program for 3 or more years. The majority
(78%) of the PhD students were in their first through fourth
years. One-fourth were international students, with the
majority (72%) from China, India, and other Asian countries.
International students were significantly more likely to be men
(r* = 38.1, p < 0.001) and first-generation college graduates
(* = 43.07, p < 0.001). Students who identified as URM, first-
generation students, and international students were signifi-
cantly less likely to be in the top-ranked schools (correlations,
respectively, were —0.05, p < 0.01; —0.16, p < 0.001; and
—0.15, p < 0.001). Less than 2% of the respondents,
representing 11 departments, were in MSIs (Tables S1—S3).

Over 90% of the students, in both masters and PhD
programs, reported that they had a primary advisor. Those in
MSIs were slightly more likely to have an advisor (94% versus
91%), but this difference was not large enough to be
statistically significant. Among PhD students, those in
departments ranked in the top 100 were significantly more
likely to have a primary advisor (odds ratio = 1.58, p < 0.0S;
Tables S5—S8). Taken together, our descriptive analysis of the
sample indicated sufficient variation on all variables to support
the use of multivariate analyses of our research question
regarding the association of students’ graduate experiences
with gender, identification as URM, first-generation status, and
departmental context.

Statistical Analysis of Students’ Experiences

Sections below summarize results of our statistical analyses
focused on four major dependent variables: (1) student—
advisor relations, (2) peer support, (3) adequacy of funding,
and (4) commitment to finishing the degree and pursuing
further training.

Relations with Advisors. On average, students rated their
relationships with their advisors as slightly positive (mean =
3.63, sd = 3.80 on a S-point scale, Table S1). Students at MSIs
viewed their advisors similarly to those of students at other
institutions, but PhD students rated their advisors as slightly,
but significantly, more supportive than masters students (Mppp,
= 3.64, My e = 345, t = 2.63, p = 0.009, Table S4). The
multivariate analyses indicated that both masters and PhD
students in the first years of their programs were significantly
more likely to report that their advisors were supportive. (For
masters students, b = —0.21, p < 0.001; for PhD students, b =
—0.17, p < 0.001, Table S11). In addition, among PhD
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students, support varied significantly by gender, identification
as a URM, and department rank (bgpqe = —0.10, p < 0.01;
burw = 0.18, p < 0.01, and b,y = —0.17, p < 0.001; Table
S11). These relationships are depicted in Figure 1. The lowest
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Figure 1. Average scores on scale of advisor support by gender, rank
of school and identification as URM. Scale scores ranged from 1 to S,
with $ indicating the most supportive relationships. There were 1,111
students in departments ranked at S1 or lower (980 non URM and
131 who identified as URM) and 1,225 in the top SO departments
(1,125 non-URM and 100 URM).

levels of support were reported by women (both URM and
non-URM) in the top S0 departments, followed by men in
those departments. The highest levels were reported by men in
the lower-ranked departments and men who identified as a
URM in the top 50 departments. However, the interactions of
gender, identification as URM, and rank were not statistically
significant. These associations remained when international
students were omitted from the analysis (Tables S9—S11).
Support from Peers and Postdocs. Almost three-fifths
of the students (59%) indicated they had support from peers
and postdocs at the level that they would like to receive. There
was no significant difference between those at MSIs or other
schools, or those in PhD or masters programs. However, there
were strong and significant differences between those who did
or did not identify as URMs. Among masters students, almost
two-thirds of the non-URM students (63%) but about half that
percentage (37%) of the URM students reported receiving the
desired level of support (odds ratio (OR) = 0.27, p < 0.0,
Table S12). These results were similar for men and women.
Among PhD students, the pattern reflected differences
associated with the intersection of gender, identification as a
URY, and year in their program. (Relevant odds ratios (OR)
from the logistic mixed-model regression of receiving desired
support were as follows: ORg, ... = 0.88, n.s.; ORypy=-50, p <
0.01; ORgyy, = 145, p < 0.01; ORgpe, = 1.38, p < 0.05;
ORfemale*URM = 209, p< 001, ORURM*ﬁfthyr+ = 038, p < 005,
Table S14.) These relationships are depicted in Figure 2. On
average, students in the earlier years of their PhD program
reported having more peer support than those in later years,
but the difference was substantially greater for those who
identified as URMs and other students. Among URM students
in the later years of their PhD programs, only half of the
women and less than two-fifths of the men (38%) reported
having the peer support that they wanted. In contrast, at all
points in their program, close to three-fifths or more of the
non-URM students, both men and women, reported having
the desired support. Results did not differ across departments
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Figure 2. Percentage of PhD students receiving the support that they
desired from graduate student peers and postdocs, by gender,
identification as URM, and year in program.
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of different ranks or when international students were omitted
(Tables S12—S14).

Funding. While two-thirds of students agreed that funding
was adequate to meet their needs, this response was
significantly less common among students in masters
programs, at MSIs, or in the nonranked departments (M, on
S point scale, for masters students = 3.15, sd = 1.19; M for PhD
students = 3.67, sd = 1.18, t = 5.32, p < 0.001; at MSIs, M =
2.67, sd = 1.43; at predominantly white institutions (PSIs), M
=3.65, sd = 1.18, t = 5.58, p < 0.001; at nonranked schools, M
= 3.30, sd = 1.29; at ranked schools, M = 3.76, sd = 1.12, t =
8.91, p < 0.001). Masters students and those at MSIs were also
significantly more likely to rely on personal sources of financial
support such as employment, help from families, and loans.
(For masters students, M = 36%, sd = 39.0; for PhD students,
M = 6%, sd =15.2, t =20.83, p < 0.001; for PWI students, M =
8%, sd = 18.9; for MSI students, M = 14%, sd = 22, t = 2.34, p
= 0.02; Table S4).

The mixed-model multivariate analyses, which controlled for
the rank of departments as well as gender, first-generation
status, and year in the program, indicated that PhD students
who identified as URMs were significantly less likely to see
their funding as adequate and more often relied on personal
sources of support. However, the analysis also revealed
important differences between URM students in the first
year of their program and those in later years. Among first-year
students, those who identified as URMs were slightly more
likely than other students to report that their funding was
adequate and that a larger proportion of their support came
from “official” sources such as RAs, TAs, or fellowships.
Among those in their second year or later, the situation sharply
reversed with students who identified as URM less likely to
report adequate funding, smaller proportions of funds from
“official” sources, and greater reliance on personal sources such
as loans or family help. (See Figures 3 and 4.) Again, this
pattern remained when international students were omitted
from the analysis. (In the mixed-model analysis of rating of
adequacy of funding, b, = —0.38, p < 0.001; by, = 0.01, p
= 0.90; by istyear = 0-61, p < 0.001; for two way analysis of
variance of percent of funding from personal resources,
Fiperaction = 8:24, p = 0.004, Tables S15—-S18.)

Completing the Degree and Further Training. More
than three-fourths of the students (77%) reported that they
would definitely complete their degree. This response was
significantly more common for students at MSIs (94%,
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Figure 3. Average rating of adequacy of funding by identification as
URM and year in program.
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Figure 4. Percent of funding obtained from personal resources, such
as loans, family, outside employment, by identification as URM and
year in program, PhD students.

compared to 77% for students at PSIs, y* = 7.41, p = 0.006),
students in masters programs (86%, compared to 77% for PhD
students, > = 7.79, p = 0.005), and international students
(86%, compared to 74% for noninternational students, y* =
35.06, p < 0.001). Multivariate analyses indicated that PhD
students were more likely to believe they would definitely
complete their degree if they identified as a URM (ORypy =
1.52, p < 0.05) or were a first-generation college graduate
(OR e, = 141, p < 0.01), but less likely to do so if they were
women (ORg e = 0.80, p < 0.05) or in the first year of their
program (ORjgy., = 0.43, p < 0.001). The gender difference
was substantially stronger among first-year students than more
advanced students (OR;emle#lstyr = 055, p < 0.01).
Independent of these factors, PhD students with more
supportive advisors and more supportive peers were more
likely to definitely plan to finish (OR4, = 2.22, p < 0.001;
OR = 1.21pcere P < 0.10). However, these variables were not
related to completion plans of masters students. Department
rank was not associated with commitment to finishing for
either masters or PhD students, and the general pattern of
results remained when international students were omitted.
About a third of the masters students definitely planned to
pursue a PhD, and another 42% said that they might do so.
Women were slightly less likely than men to plan to continue
advanced studies, but this difference declined somewhat when
advisor support was included as a control variable (from OR =
0.43, p < 0.05 to OR = 0.47, p < 0.10). A third of the PhD
students planned to seek a postdoctoral fellowship, with those
at MSIs and international students more likely to do so (52%
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of students at MSTs, compared to 39% for students at PSIs, y*
= 3.16, p = 0.08; 53% of international students, compared to
35% for noninternational students, y* = 58.55, p < 0.001).
Results of the mixed-model regressions indicated that students
with more supportive advisors were substantially more likely to
definitely plan to pursue a postdoc (ORSUPMv =159, p <
0.001). Women were less likely than men to plan a postdoc.
This difference was more marked among those who identified
as URM and remained significant when support of the advisor
was equalized (ORgpqe = 0.67, p < 0.001; ORypy = 1.98, p <
0.01; ORgpaterurm = 040, p < 0.01). Among students in the
first year of their programs those who were first-generation
college students were significantly more likely to plan
postdoctoral training (ORlstgen = 1.17, p = 048; ORygyeer =
0.39, p < 0.001; ORyggensistycar = 2.22, p < 0.01). The rank of
department was not significantly associated with postdoctoral
plans, and results were virtually identical when international
students were omitted (Tables S19—S22).

Students’ Experiences and Recommendations: Qualitative
Data Analysis

At the end of the survey, students were asked whether, if they
were to start their studies again, they might change their field
of study, institution, or advisor. Less than a third (31%) of the
students indicated they would make no changes, while
substantially more (43%) indicated that they would change
two or three of these areas, most often their institution or
advisor (Table S23). Sixty percent of the students gave open-
ended comments, and they provide important insights into
their concerns. Students were more likely to give comments if
they had less supportive relationships with advisors and peers
or less adequate funding, but there was no systematic
association of giving comments with students’ sociodemo-
graphic characteristics or departmental rank. In addition, there
were no systematic associations of these variables with the
types of comments that were given or the extent to which
students would change their graduate careers if they were to
start again (Tables S24—S27). In other words, among those who
commented (threefifths of all respondents), men and women
students, URM and non-URM students, first-generation and non-
first-generation students, and those from ranked and nonranked
departments made very similar observations regarding their
graduate experiences and needed changes in their departments.
Pages in the SI that include the anonymized comments are
noted below, and readers are encouraged to peruse that
material to sense the intensity with which many students
expressed their concerns.

Students’ Experiences. About 10% of the students
reported that they had switched research groups at some
point. Slightly more than half of the reasons for doing so
(54%) involved factors such as a shift of research interests, lack
of funding, changing programs or institutions, an advisor
retiring or moving to another institution, or relatively minor
incompatibilities with an advisor, such as differences in
preferred management styles and personal dissimilarities.
However, over two-fifths (46%) cited more troublesome issues
including challenging lab cultures, unenjoyable work, conflict
with or feeling unsupported by an advisor, and inappropriate/
unprofessional behavior from peers or an advisor (Table S29
and pp 85—92 in Supporting Information).

In describing relations with their advisors, two-fifths of the
comments included high praise or relatively neutral sentiments.
However, the remainder described negative experiences.
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Students reported feeling unsupported: advisor apathy, lack
of opportunity for growth, ineffective mentorship, and scant
career preparation or advice. Other responses included feeling
that their work went unrecognized and that they were not
adequately compensated. Several described their advisor as
having unrealistic expectations and poor communication and
management skills. Respondents also complained about their
advisors being too busy and largely unavailable to assist them
or provide guidance. Overwhelmingly, it appeared that
students desired more attention and more meaningful feedback
from their advisors, as well as a system that promotes advisor
accountability (Table S28 and pp 47—84).

Sixteen percent of the students indicated that they had
experienced “problems directly related to [their] graduate
program”. In describing these problems, over half of the
students mentioned lack of support, financial burdens, and lack
of opportunities. Students also felt frustrated by the onerous
number and convoluted nature of graduation requirements, the
lack of course offerings, the rigor of exams, and the lack of
publication assistance. They reported very little guidance and
feeling as though their department simply did not care about
them. About a quarter of the comments (24%) dealt with
treatment by others. They described issues with their advisors
including unavailability, poor advising capabilities, unprofes-
sional behavior, unrealistic expectations, little direction, and
academic differences. Fewer respondents described difficulties
with their peers, but some commented on facing discrim-
ination, harassment, and racism, as well as a general lack of
community. Finally, a quarter of the comments involved
managerial issues, including a lack of communication between
department administration and students, delays in payroll,
unclear graduation requirements, undefined rules and regu-
lations, and ambiguous policies. Respondents felt that their
departments were too political, had ineffective leadership, and
were fiscally irresponsible, which occasionally resulted in
students leaving or changing groups. Additionally, students felt
that there were insufficient accountability measures for
inappropriate behavior (Table S30, pp 93—114 in Supporting
Information).

Students’ Suggestions for Change. The survey included
several opportunities for graduate students to share thoughts
on how their departments could be more supportive. Over
three-fifths of the students requested additional benefits, most
often better health insurance, including dental and vision
coverage. Students also wanted better and more affordable
parking or transit provisions, help with housing, better
maternity and paternity leave, and increased access to childcare
facilities, as well as financial help in the form of reduced
student fees, lower tuition costs, and larger salaries. Apart from
these monetary benefits, some students requested more
community building activities and help with career develop-
ment (Table S31, pp 115—153 in Supporting Information).

Finally, students were asked to provide suggestions on how
their department could improve the quality of their experience,
and a third did so. Their comments were often extensive and
thoughtful, falling into five general categories. Almost half
(46%) stressed the need for greater support, both financial,
such as higher stipends and help with fees not covered through
RA or TA appointments, and social, including building a more
inclusive and supportive community. A number called for
updating lab equipment and aging infrastructure, altering the
curriculum, and providing help with career preparation. Many
asked for better feedback, clearer descriptions of requirements
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and deadlines, consistency in expectations, and additional ways
for students to voice their concerns without retribution. They
noted wanting more interaction with faculty and having the
opportunity to build relationships with faculty members. Some
indicated wanting committee members to be more involved in
the student research and academic experience, and several
suggested offering management or leadership development
courses for faculty (Table S32, pp 174—225 in Supporting
Information).

B SUMMARY AND DIRECTIONS FOR FUTURE
RESEARCH

Our analyses provide important insights into inequities in the
experiences of chemistry graduate students. The findings also
suggest directions for additional research involving each of the
key dependent variables, as well as other areas.

First, we found that women were significantly less likely to
have supportive relationships with their advisors, and the
gender gap was slightly larger for students who identified as
URMs. The open-ended comments vividly illustrate the wide
range of issues students encountered with their advisors. The
fact that comments were generally similar across sociodemo-
graphic groups, including gender and identification as URM,
indicates the extent to which the lack of supportive advising
permeates the culture of the discipline and affects all students.
Future research could focus on both the elements of a good
advisor relationship and how such relationships could be
developed and nurtured for all. Special attention should be
given to the larger gender gap for students who identified as
URM and the greater disadvantages faced by women in this
group.

Second, students who identified as URM and were beyond
the first year of their program were significantly less likely to
receive desired support from peers or postdocs, a disturbing
finding given the importance of peer interactions in building
future careers and scientific advancements. However, the
survey questions that dealt with this topic were relatively
general in nature, and future research should delve into this
area more thoroughly. Do our results reflect the types of
microaggressions that have been documented in other
disciplines?”'’™*° Why did results differ between first-year
students and those later in their programs? Might it involve
differences in the nature of graduate programs between the first
and later years, or other variables? Our sample was cross-
sectional in nature, rather than longitudinal. A design that
allows the tracking of individuals over time, such as a panel
study, could provide greater understanding.

Third, we found that PhD students who identified as URM
and were farther along in their programs were markedly less
likely to report adequate funding and more likely to rely on
personal resources such as jobs, help from family, or loans.
Because our earlier analysis™* focused only on students in the
middle of their graduate program, this finding was unforeseen
and warrants more attention. We also found no indication that
the pattern varied across departments at different ranks,
although it would be important to examine other contextual
variables. In addition, it is important to study the long-term
implications of URM students having to rely more heavily on
personal resources to finance their education. Given the vast
differences in wealth between families of color and other
families in the U.S., as well as documented differences in
college debt,”® one could speculate that this differential in
graduate funding would only widen the overall gap in financial
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resources. Longitudinal research designs would be optimal to
illuminate this finding.

Fourth, even though PhD students who identified as URM
were less likely to receive peer support or adequate funding
(and, if women, less likely to have supportive advisors), they
were more likely to definitely plan to finish their degrees and
pursue a postdoc. Future research could examine factors that
contribute to these students’ dedication and resilience in face
of challenging circumstances. As well, MSI students, both those
who did and who did not identify as URM, were significantly
more likely to definitely plan to finish their degree and pursue a
postdoc, even though there was no difference in their support
from advisors or peers. As the number of students in these
schools in our sample was quite small and the departments
were diverse in student population and historical traditions,
including HBCUs and those that serve largely Latinx
populations, it would be important to replicate our work
with a larger sample of MSI schools.

Finally, while a growing literature provides compelling
evidence that first-generation students face unique challenges
in higher education,®”** we found little indication of this
pattern among the students in our sample. In fact, like URM
students, they were more likely to plan to complete their
degree. As detailed in the Supporting Information, we
conducted several additional analyses to examine this finding,
all resulting in similar conclusions: First-generation students
did not report different experiences in their graduate training,
at least with the variables we examined, yet did report greater
commitment to finishing their degree (Tables S35—S38).
There are several possible explanations that deserve additional
research. Perhaps chemistry is more welcoming than other
disciplines to first-generation students. Perhaps students
experienced difficulties in undergraduate years, but these are
less common in graduate training either because graduate
training differs from undergraduate work or first-generation
students who enter chemistry graduate programs differ from
other undergraduates in key ways. Alternatively, it is possible
that the survey did not adequately tap the issues that are of
concern to first-generation students or how their experiences
might differ. Longitudinal studies following students of diverse
backgrounds from the start of their baccalaureate work might
be revealing.

Several limitations to this study deserve mention. First, only
a small number of masters students were in the sample, and
future work should include a larger sample. This is especially
important given the overrepresentation of first-generation
students, women, and those who identify as URM within
this group. Second, future studies could use sampling plans
that would increase the proportion of students who identify as
URM, increasing statistical precision of analyses. Third, future
studies could examine additional contextual measures,
including, but not limited to, the gender and racial—ethnic
composition of departmental faculty and student—advisor
pairs. Future survey questions should incorporate more
contemporary understandings of gender identification and
explore how sexual orientation and disability status are
associated with graduate experiences. Finally, as the data
analyzed here were gathered in 2013, it would be important to
examine the extent to which our findings might have changed
over time. The ACS recently surveyed graduate students using
an instrument similar to the one used for our work, and
analysis of those data could be informative.
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B CONCLUSION

The importance of growing a scientific workforce that reflects
the diversity of our nation is widely recognized, and graduate
training is a key element in this process.”””* The results of this
study, involving over 2,000 graduate students, reveal a number
of difficulties faced by women and those who identify with
racial—ethnic groups traditionally underrepresented in STEM.
Women reported less supportive relationships with advisors
and were less likely to plan to finish their degrees or pursue the
next level of training. Those who identify as URM reported less
supportive relationships with peers and inadequate levels of
funding in the later years of their graduate programs. Despite
these difficulties, they were more likely to definitely plan to
finish their degrees and pursue postdoctoral work. Students
from all backgrounds and types of schools had similar
descriptions of issues in their programs and presented
extensive suggestions for change. The results suggest several
directions for future research as well as alterations in practices
and policies that can be implemented by graduate students,
faculty, departments, funding agencies, and professional
organizations. We believe that these changes are so vital that
a more extended discussion is given in a companion
document.”’
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