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ABSTRACT: Many cultural and institutional barriers have
prevented chemistry from realizing greater calls for diversity in
academia. Though recent work has elucidated how the measures of
success used in academia can disadvantage students from
underrepresented groups at the undergraduate level, thorough
understanding of how success metrics are valued by minoritized
students at the graduate level is lacking. Here, we use data
generated from the UC Berkeley Department of Chemistry’s
student-led climate survey to investigate both how graduate
students prioritize and how faculty employ common metrics for
graduate student success. Results revealed that faculty undervalued
metrics preferred by students from underrepresented groups
(URGs) in STEM such as underrepresented people of color,
women, LGBTQ+ students, and first-generation students. Priorities of students that do not identify as underrepresented displayed
no statistically significant differences compared to faculty values. Questions regarding publication record, one of the often-used
measures of success in STEM academia, suggest that graduate students, particularly those belonging to URGs, challenge the use of
publication record as the primary metric of success in graduate school. These findings highlight some of the ways that definitions of
academic success can be exclusionary for graduate students from underrepresented backgrounds and encourage re-envisioning
graduate school success in ways that reflect the values of diverse student populations.
KEYWORDS: Graduate Education/Research, History/Philosophy, Testing/Assessment, Marginalized Populations,
Broadening Participation, Cultural Relevance, STEM Pathways, Women in Chemistry

■ INTRODUCTION

Despite receiving significant attention and widespread
awareness, the crisis of marginalization of women and
underrepresented people of color (URPOC) continues to
persist in STEM disciplines. In the US, 30% of the population
identify as Black, Indigenous, and People of Color (BIPOC),
yet they account for only 10% of chemistry doctoral recipients
and 6% of faculty at research institutions. Women in chemistry
likewise experience significant attenuation in higher education,
representing 41% of chemistry graduate students and 20% of
faculty at research institutions.1,2 Myriad research has been
devoted to understanding this marginalization, highlighting
institutional barriers,3 discrimination,4 stereotype threat,5 and
belonging uncertainty6,7 as factors to address.
Recent work has examined definitions of student success in

STEM education through the lens of critical race theory,
asserting that historical views of student success enforce
cultural hegemony and ultimately translate to policies and
structures that harm minoritized students.8 Students from
underrepresented backgrounds often define success differently
from the most literature-prevalent success metric, the grade

point average (GPA). Through interviews, first-generation
undergraduates revealed qualitative, emotional themes for
success, such as self-efficacy and passion, and explicitly rejected
notions of success related to exam performance or GPA.9

Minoritized students are thus forced to either conform to a
value system designed and enforced by the majority,
underperform in these chosen metrics, or choose to leave
the system entirely.10

In higher levels of STEM academia, quantitative metrics shift
to those related to research productivity and output. For
decades, publication rate has been the key indicator for success
in the academy, often defined by the mantra “publish or
perish”.11 Publication records are a key factor in hiring and
tenure decisions, academic promotions, and allocation of grant
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funds.12,13 The field of bibliometrics has employed statistical
methods to generate various models for research productivity
beyond raw publication count that have gained widespread use,
including journal impact factor, h-index, and g-index.14−16

These measures attempt to capture the significance of a
scientist’s contributions by weighing the number of publica-
tions with citation count over time. The application of these
measures in an increasingly competitive field has resulted in a
rise of publication-related fraud and manipulation, as scientists
struggle to secure scarce funding.17 Furthermore, it is well-
established that these metrics contribute to the marginalization
of underrepresented groups in STEM: women and under-
represented minorities publish at lower rates, are less
represented in high-impact journals, and are less likely to be
cited for their work than their well-represented counter-
parts.18−20

While efforts have been made to incorporate undergraduate
student input in defining notions of academic success, work to
understand how STEM graduate students prioritize various
metrics of success during their doctoral program is lacking.21

Graduate program climate surveys have shown recent success
as mechanisms for understanding graduate student perceptions
and implementing evidence-based interventions, particularly
with regard to improving student mental health.22,23 Here, we
present an examination of how graduate students in the UC
Berkeley Department of Chemistry view graduate student
success using primary data generated via the Department’s
annual climate survey.24,25 We sought to address two research
questions:

1. How do graduate students and faculty in chemistry
prioritize the varied measures of success for graduate
students?

2. Are success metric preferences influenced by graduate
student identity?

Graduate student rankings of success metrics reveal
differences in priorities between students from various
underrepresented groups (URGs) and non-URG students. In
this study, URGs encompasses URPOC, women, first-
generation students, LGBTQ+ individuals, students with
disabilities, and low socioeconomic status (low-SES) students.
Student values were also compared to success metrics
employed by faculty in their assessment of graduate students.
Analyses reveal that, on average, priorities diverge between
faculty and URG graduate students while faculty and non-
URG graduate student priorities align. These results highlight
the importance of setting clear expectations between graduate
students and faculty in STEM and underscore the importance
of elevating minoritized student voices in rethinking frame-
works for success in chemistry higher education.

■ THEORETICAL FRAMEWORK
This study draws on the frameworks of cultural capital, social
reproduction, and critical race theory (CRT) to investigate
value systems in STEM academia. Theories of cultural capital
and social reproduction posit the perpetuation of social
inequalities via socialization of culturally relevant skills,
preferences, and norms.26 Educational settings reinforce and
reward cultural capital that aligns with the values of the
dominant class, providing institutional recognition and
conversion social hierarchies into academic hierarchies.27

Some educational research has used theories of cultural capital
to construct deficit notions of minoritized groups: Minoritized

groups are to blame for unequal outcomes due to failure in
required metrics.28 However, more recent work has recon-
ceptualized cultural capital through CRT, rejecting deficit
notions of minoritized individuals.29 CRT challenges the
dominant ideology and looks to dismantle “notions of
colorblindness, meritocracy, deficit thinking, linguicism, and
other forms of subordination”.30 Intersectionality is a core
commitment of CRT, recognizing that discrimination crosses
multiple planes of identity, including race, gender, class,
sexuality, and disability.31 Framing cultural capital through
CRT recognizes that structures center the power with the
majority and fail to recognize the values of minoritized
communities. With this understanding, dominant modes of
cultural capital in settings such as higher education may be
challenged with skills, abilities, and knowledge valued by
marginalized voices. This work in particular aims to garner
input from underrepresented doctoral students to reframe
modes of success in graduate school that may better serve the
priorities of all graduate students.

■ METHODS
Since 2018, the Department of Chemistry at UC Berkeley has
administered an annual climate survey to understand faculty
and graduate student perspectives on issues pertaining to
inclusivity, diversity, and wellness in the department.24,25

Discussions held in the accompanying Chemistry Department
Information and Brainstorming Session (cDIBS) in which
faculty, postdocs, and graduate students discuss survey results
led to initial conception of a survey section concerning
publication and success metrics. Success metrics questions
were subsequently designed by a graduate student committee
responsible for climate survey design and administration.
Questions were finalized following input from faculty stake-
holders, including the Chair of the Department of Chemistry
and Associate Dean for Diversity, Equity, and Inclusion (DEI).
All survey data analyzed and discussed herein were collected

in the 2021 academic climate survey administered over 14 days
in March 2021. Graduate students and faculty received a
unique link to the online survey via their UC Berkeley email
using the Qualtrics LLC platform. All respondents offered
informed consent and were notified that completion of the
survey was voluntary at the start of the survey. The “anonymize
responses” function in Qualtrics was used to remove
identifying information from survey responses. The study
was approved by the UC Berkeley institutional review board,
protocol ID#2019-10-11732. The 2021 survey included the
new success metric section: graduate students were asked four
questions related to their perception of publications as a metric
for graduate student success (Table S1); faculty were asked
three questions related to publication as a metric of assessment
for their own careers as well as how important publication
record is in evaluating their graduate students (Table S2).
Graduate students and faculty were also asked to rank seven
common metrics for assessing graduate student success
(Tables S3 and S4). Demographic information on identi-
fication with underrepresented group(s) was collected for
graduate students (SI) but was not for faculty as such
information could compromise anonymity. Ensuring anonym-
ity has been crucial for encouraging continued engagement of
graduate students and faculty. The graduate student response
rate for the 2021 survey was ∼40% (154/387), and the faculty
response rate was ∼40% (26/63), which is consistent with
response rates from previous years.24,25 The demographic
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background of the surveyed graduate student population is
provided in Table S9. Certain demographic identifiers are not
gathered for the department (sexual orientation, socio-
economic status, first-generation, and disability status) and
thus are not reported. The statistical significance of differences
in distribution between groups was calculated using the
Mann−Whitney U test. All statistical analyses were performed
using IBM SPSS Statistics 27.

■ RESULTS

Academic Publication as the Key Metric for Graduate
Student Success

The full distribution of graduate student and faculty responses
to publication questions are presented in Figure 1. In general,

members of the department agree that publications are an
important metric of their personal successes (Figure 1a).
However, there are large disparities in how publications should
be and are utilized in the assessment of graduate student
success. About 40% of faculty respondents agree that they use
publication record as the primary metric to gauge mentees’
success, while only ∼27% of graduate students believe their
advisor assesses them in this manner (Figure 1b). Further-
more, very few (∼12%) graduate students believe academic
papers should be used as the primary metric to gauge their
success (Figure 1c). Though a majority of graduate students
(∼70%) and faculty (∼88%) agree that the impact of a
publication is more important than the number of publications,
faculty tend to endorse impact over quantity less strongly
(Figure 1c).
These data were further analyzed on the basis of self-

identified URG status. As our definition of URGs encompasses
many underrepresented groups, including women, they
constitute the majority of respondents (67% of graduate
student responses). However, the constituent groups are
underrepresented across multiple facets of STEM, ranging
from the undergraduate to the faculty level, and thus are
considered URG members despite their majority designation
in our responses. Graduate students who identified as members
of a URG were less likely than their non-URG peers to agree
with the statement: “publishing academic papers should be the
primary metric used to gauge graduate student success” (p <
0.05, Figure 2). No other questions about publication values
achieved statistical significance when disaggregated by URG
status.

Divergent Priorities of Graduate Students by
Demographic Group

Histograms containing the rank order distribution of graduate
student success metrics as determined by faculty, URG
graduate students, and non-URG graduate students are
shown in Figure 3 (full data set in Supporting Information).
Both faculty and graduate students generally indicated the
“ability to develop new research projects” as the most
important factor for assessing graduate student success.
“Publication record”, “Mentorship”, and “Scientific presenta-
tion” were given moderate priority while “Teaching”, “Time
spent working”, and “DEI and outreach work” were ranked
lower on average. Non-URG students’ priorities aligned more

Figure 1. Distribution of responses regarding publication as a metric
for success. (a) Graduate student and faculty responses pertaining to
publication as a personal success metric. (b) Responses related to use
of publication by faculty advisors to judge graduate student success.
(c) Responses evaluating if publication impact is more important than
quantity. *** indicates p < 0.001.

Figure 2. Response distributions for “publishing academic papers
should be the primary metric used to gauge graduate student success”,
grouped by URG-identity. URG-identity was self-reported on the
basis of affiliation with any individual URG as outlined in the
Supporting Information. * indicates p < 0.05.
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closely with the values of faculty; no metrics displayed a
statistically significant difference in distribution between
faculty and well-represented graduate students. URG students,
however, ranked publication record as a lower priority success
metric than did faculty (p = 0.031). It is worth noting that non-
URG students ranked publications lower than faculty as well,
but the shift was just outside of statistical significance (p =
0.058). Other visible preferences that were not statistically
significant include a lower priority of scientific publication by
URG students, an increased priority of DEI and outreach work
by URG students, and lower priority of time spent working by
both graduate student groups relative to faculty.
When separated by underrepresented group affiliations

(URPOC, women, LGBTQ+, first-generation students, and
low socioeconomic status), various statistically significant shifts
in priorities emerge between graduate student affinity groups
as well as relative to the metrics faculty use for student
assessment. Full distributions of rank order responses may be
found in Tables S6−S8, while significant disparities are shown
in Figure 4. Graduate students who identified as URPOC de-
emphasized the value of publication record (p = 0.019) while
placing more value on DEI and outreach work (p = 0.039)
compared to faculty. Women graduate students showed a
similar tendency toward publication record, rating this metric
as much lower priority than did faculty (p = 0.0083). LGBTQ+

students likewise had a strong preference for DEI and outreach
work (p = 0.0046) and de-emphasized publication record (p =
0.043). This pattern is also observed in first-generation
students (outreach p = 0.048, publication p = 0.037).
Interestingly, the values of low socioeconomic status students
statistically align with faculty.

■ DISCUSSION

Gap in Graduate Student and Principal Investigator
Success Metrics

These data display the discrepancy between the metrics of
success faculty apply to graduate student mentees and the
priorities reported by graduate students in the Chemistry
Department at University of California, Berkeley. UC Berkeley
graduate students from backgrounds that are historically well-
represented in STEM have goals and priorities that more
closely align with the assessment metrics of faculty than
students from URGs. Various underrepresented groups,
including underrepresented people of color (URPOC),
LGBTQ+ individuals, and first-generation students, value
DEI and outreach work significantly more than such work is
valued by faculty. This may be tied to the well-established
phenomenon of “cultural taxation” or “invisible work”, where
URGs are asked and expected to spend significantly more time

Figure 3. Graduate student ranking distribution of success metrics. Students ordered their priorities from 1 to 7, with 1 indicating the highest
priority metric. Faculty, URG-identifying graduate student, and non-URG graduate student mean rankings for each metric are indicated via black,
red, and green dotted lines, respectively.
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devoted to diversity-related mentorship and service often at the
expense of time spent researching.32−34 Underrepresented
individuals not only must shoulder this burden of additional
service but also find their work unrecognized as essential by
their advisors and peers.
The data presented here indicate that our graduate student

population as a whole rejects the use of publishing as a primary
indicator for graduate student success. This finding aligns with
many challenges to the hegemony of publishing the Ph.D.
evaluation.8,35−39 We find this effect, however, is more
pronounced for students from minoritized groups. Historically
marginalized students are significantly less likely to agree with
the statement “Publishing academic papers should be the
primary metric to gauge graduate student success” than their
well-represented peers. Almost every minoritized group of
graduate students valued publication record significantly lower
than faculty advisors. Considering the notable disparities in
publication for women and BIPOC scientists, this challenge to
publication as a graduate student’s primary evaluative metric
should be expected. Though other underrepresented groups
such as LGBTQ+ students face discrimination and systemic
inequalities in STEM, information about publication rate is
unavailable due to a lack of data.40,41

Taken together, these results demonstrate how “common
sense” modes of evaluation and success in STEM can
contribute to exclusion and alienation of underrepresented
individuals. URGs in STEM must reconcile their values with
the evaluation metrics of their faculty advisors, who mostly
represent the dominant class (white, heterosexual, male). This
dissonance of values can harm graduate students’ sense of
belonging in STEM, which is linked to lowered retention and
achievement.42,43 Indeed, the culture of publishing is under-
stood to impact URG sense of belonging negatively at all levels
of academia.6 Meanwhile, our data suggest that non-URG
trainees, on average, find their values more closely reflected in
the values of their advisors. This mismatch in values may stem
from the ambiguity in what a “successful” outcome is for a
graduate student.37 Some may define success as the attainment
of a Ph.D., while others may define success based on their
career goal. Thus, the path to achieving each different success
outcome will naturally necessitate different benchmarks and
milestones throughout graduate school. It is well-established
that graduate students in chemistry find research faculty
careers to be most strongly encouraged by their advisors,
despite waning interest in academic careers across STEM.44

However, this supported path is much less likely to be a
desired path for women in STEM, and in particular women

Figure 4. Box plot of success metric priority rankings separated by graduate student identity. A response of 1 indicates the highest priority metric,
and 7 indicates the lowest priority. Mean ranking of each group is indicated by a black circle, while outliers are shown with blue circles. * indicates p
< 0.05, ** indicates p < 0.01.
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from underrepresented racial or ethnic groups prefer non-
research careers following completion of their degree.45

We note that the culture and expectations of graduate
students and faculty at a large research institution such as UC
Berkeley may not be representative of those across chemistry
academia. However, graduate students from top-ranking
institutions such as UC Berkeley produce a larger share of
future faculty than other research institutions. This may affect
the real and perceived career interests of graduate students and
faculty toward academia, where publication metrics remain the
strongest indicator for a successful faculty appointment.46

Thus, we hope this work inspires the increased collection of
community-level, quantitative data to explore the evaluative
structure of chemistry.

Building Inclusive Evaluation in Chemistry

Steps to remove this barrier to equity can take place both on
the individual and institutional scales. Clear communication of
expectations between graduate students and faculty advisors
can ensure values of both parties are aligned and has been
shown to improve graduate student confidence and motiva-
tion.47 Additionally, systematic feedback between mentees and
mentors is known to empower graduate students to address
areas of their experience that need improvement, while training
in “Culturally Aware Mentoring” shows promise for teaching
mentors to better serve mentees from minoritized popula-
tions.48 Even the act of affirming one’s own values can
positively impact their sense of belonging.49 Taken together,
there are many practices that individual research groups can
adopt to ensure the goals and priorities of graduate student
mentees are reflected throughout their training.
Deeper scrutiny of publishing and promotion in STEM via

principles from CRT sheds light on how the current system
upholds the power of the majority. Moving away from a
publication-dominant values system may better serve groups
with diverse priorities. However, the current structure of
STEM academia may make it difficult for faculty to shift their
focus away from publication as the dominant notion of success
for themselves and for mentees. Publication metrics not only
factor in hiring, promotion, and tenure of faculty but also are
correlated with successful grant funding.50−52 Accumulation of
funding enables financial support of more graduate student and
postdoc researchers, leading to increased research output,
establishing a publication “feed-forward loop”.53−57 Many
funding agencies have incorporated criteria to emphasize
mentorship and outreach, including the National Science
Foundation and the Natural Sciences and Engineering
Research Council of Canada Athena Scientific Women’s
Academic Network. This represents meaningful progress
toward valuation of nonpublication metrics, and further
commitment to such efforts better support marginalized
researchers.
Alternative systems, such as those employed at the

University Medical Center Utrecht, seek to rectify the
“evaluation gap” by shifting the Ph.D. candidate evaluation
such that it no longer focuses on publications, abstracts, or
academic awards. Instead, assessment relies on a holistic self-
evaluation of accomplishments of which the candidate is most
proud, including those historically defined as “invisible
work”.58 Recently, Utrecht University has extended this shift
to the faculty level by replacing impact factor and h-indices in
hiring and promotion decisions with standards such as
commitment to teamwork and efforts to promote open

science.59 This initiative aims to shirk measures that
“contribute to a “productification” of science” and instead
focus on factors that promote open science. Other avenues for
reimagining scientific impact focus on centering the mentor-
ship as an evaluation metric, whereby measures of acquired
skills, self-efficacy, and well-being of mentees may be
quantitatively tracked using surveys.60 Incorporating the values
and voices of historically marginalized groups into a new
academic model of success is key to establishing chemistry as
an equitable pursuit for all.
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Enseign. Supeŕ. 2017, 47 (3), 54−75.
(33) Jimenez, M. F.; Laverty, T. M.; Bombaci, S. P.; Wilkins, K.;
Bennett, D. E.; Pejchar, L. Underrepresented Faculty Play a
Disproportionate Role in Advancing Diversity and Inclusion. Nat.
Ecol. Evol. 2019, 3 (7), 1030−1033.
(34) University of Oregon Social Sciences Feminist Network
Research Interest Group. The Burden of Invisible Work in Academia:
Social Inequalities and Time Use in Five University Departments.
Humboldt J. Soc. Relat. 2017, 39, 228−245.
(35) Yeung, N. Forcing PhD Students to Publish Is Bad for Science.
Nat. Hum. Behav. 2019, 3 (10), 1036−1036.
(36) Coriat, A.-M. PhD Merit Needs to Be Defined by More than
Just Publications. Nat. Hum. Behav. 2019, 3 (10), 1007−1007.
(37) Hartnett, R. T.; Willingham, W. W. The Criterion Problem:
What Measure of Success in Graduate Education? Appl. Psychol. Meas.
1980, 4 (3), 281−291.
(38) Wilsdon, J.; Allen, L.; Belfiore, E.; Campbell, P.; Curry, S.; Hill,
S.; Jones, R.; Kain, R.; Kerridge, S.; Thelwall, M.; Tinkler, J.; Viney, I.;
Wouters, P.; Hill, J.; Johnson, B. The Metric Tide: Report of the
Independent Review of the Role of Metrics in Research Assessment and
Management; Higher Education Funding Council for England, 2015.
DOI: 10.13140/RG.2.1.4929.1363.
(39) Harshman, J. Review of the Challenges That Face Doctoral
Education in Chemistry. J. Chem. Educ. 2021, 98 (2), 259−269.
(40) Cech, E. A.; Waidzunas, T. J. Systemic Inequalities for LGBTQ
Professionals in STEM. Sci. Adv. 2021, 7 (3), eabe0933.

Journal of Chemical Education pubs.acs.org/jchemeduc Article

https://doi.org/10.1021/acs.jchemed.1c00429
J. Chem. Educ. 2022, 99, 338−345

344

http://oxide.jhu.edu/2/demographics
https://www.nsf.gov/statistics/srvydoctorates
https://doi.org/10.1187/cbe.17-09-0210
https://doi.org/10.1187/cbe.17-09-0210
https://doi.org/10.1187/cbe.17-09-0210
https://doi.org/10.1126/science.1245936
https://doi.org/10.1126/science.1245936
https://doi.org/10.3389/fpsyg.2019.00150
https://doi.org/10.3389/fpsyg.2019.00150
https://doi.org/10.3389/fpsyg.2019.00150
https://doi.org/10.3389/fpsyg.2019.00150?urlappend=%3Fref%3DPDF&jav=VoR&rel=cite-as
https://doi.org/10.1371/journal.pone.0233431
https://doi.org/10.1371/journal.pone.0233431
https://doi.org/10.1371/journal.pone.0233431
https://doi.org/10.1371/journal.pone.0233431
https://doi.org/10.3389/fpsyg.2019.01114
https://doi.org/10.3389/fpsyg.2019.01114
https://doi.org/10.3389/fpsyg.2019.01114?urlappend=%3Fref%3DPDF&jav=VoR&rel=cite-as
https://doi.org/10.1187/cbe.20-09-0223
https://doi.org/10.1187/cbe.20-09-0223
https://doi.org/10.1080/07294360.2018.1463973
https://doi.org/10.1080/07294360.2018.1463973
https://doi.org/10.1080/07294360.2018.1463973
https://doi.org/10.3102/0013189X20972718
https://doi.org/10.3102/0013189X20972718
https://doi.org/10.1111/acem.12482
https://doi.org/10.1111/acem.12482
https://doi.org/10.1038/465860a
https://doi.org/10.1073/pnas.0507655102
https://doi.org/10.1073/pnas.0507655102
https://doi.org/10.1126/scitranslmed.3002249
https://doi.org/10.1126/scitranslmed.3002249
https://doi.org/10.1007/s11192-006-0144-7
https://doi.org/10.1089/ees.2016.0223
https://doi.org/10.1089/ees.2016.0223
https://doi.org/10.1089/ees.2016.0223
https://doi.org/10.1038/504211a
https://doi.org/10.1371/journal.pone.0189136
https://doi.org/10.1371/journal.pone.0189136
https://doi.org/10.1371/journal.pone.0205929
https://doi.org/10.1371/journal.pone.0205929
https://doi.org/10.1187/cbe.17-11-0229
https://doi.org/10.1187/cbe.17-11-0229
https://doi.org/10.1187/cbe.17-11-0229
https://doi.org/10.1021/acs.jchemed.9b00611?urlappend=%3Fref%3DPDF&jav=VoR&rel=cite-as
https://doi.org/10.1021/acs.jchemed.9b00611?urlappend=%3Fref%3DPDF&jav=VoR&rel=cite-as
https://doi.org/10.1021/acs.jchemed.8b00188?urlappend=%3Fref%3DPDF&jav=VoR&rel=cite-as
https://doi.org/10.1021/acs.jchemed.8b00188?urlappend=%3Fref%3DPDF&jav=VoR&rel=cite-as
https://doi.org/10.1021/acs.jchemed.9b00163?urlappend=%3Fref%3DPDF&jav=VoR&rel=cite-as
https://doi.org/10.1021/acs.jchemed.9b00163?urlappend=%3Fref%3DPDF&jav=VoR&rel=cite-as
https://doi.org/10.1021/acs.jchemed.9b00163?urlappend=%3Fref%3DPDF&jav=VoR&rel=cite-as
https://doi.org/10.1021/acsomega.1c01305?urlappend=%3Fref%3DPDF&jav=VoR&rel=cite-as
https://doi.org/10.1021/acsomega.1c01305?urlappend=%3Fref%3DPDF&jav=VoR&rel=cite-as
https://doi.org/10.1002/aehe.3601
https://doi.org/10.1002/aehe.3601
https://doi.org/10.1080/1361332052000341006
https://doi.org/10.1080/1361332052000341006
https://doi.org/10.1177/1077800414557825
https://doi.org/10.1177/1077800414557825
https://doi.org/10.2307/1229039
https://doi.org/10.2307/1229039
https://doi.org/10.7202/1043238ar
https://doi.org/10.7202/1043238ar
https://doi.org/10.7202/1043238ar
https://doi.org/10.1038/s41559-019-0911-5
https://doi.org/10.1038/s41559-019-0911-5
https://doi.org/10.1038/s41562-019-0685-4
https://doi.org/10.1038/s41562-019-0727-y
https://doi.org/10.1038/s41562-019-0727-y
https://doi.org/10.1177/014662168000400301
https://doi.org/10.1177/014662168000400301
https://doi.org/10.13140/RG.2.1.4929.1363?urlappend=%3Fref%3DPDF&jav=VoR&rel=cite-as
https://doi.org/10.1021/acs.jchemed.0c00530?urlappend=%3Fref%3DPDF&jav=VoR&rel=cite-as
https://doi.org/10.1021/acs.jchemed.0c00530?urlappend=%3Fref%3DPDF&jav=VoR&rel=cite-as
https://doi.org/10.1126/sciadv.abe0933
https://doi.org/10.1126/sciadv.abe0933
pubs.acs.org/jchemeduc?ref=pdf
https://doi.org/10.1021/acs.jchemed.1c00429?urlappend=%3Fref%3DPDF&jav=VoR&rel=cite-as


(41) Freeman, J. B. Measuring and Resolving LGBTQ Disparities in
STEM. Policy Insights Behav. Brain Sci. 2020, 7 (2), 141−148.
(42) Tibbetts, Y.; Harackiewicz, J. M.; Canning, E. A.; Boston, J. S.;
Priniski, S. J.; Hyde, J. S. Affirming Independence: Exploring
Mechanisms Underlying a Values Affirmation Intervention for First-
Generation Students. J. Pers. Soc. Psychol. 2016, 110 (5), 635−659.
(43) Hurtado, S.; Ruiz Alvarado, A. R.; Guillermo-Wann, C.
Creating Inclusive Environments: The Mediating Effect of Faculty
and Staff Validation on the Relationship of Discrimination/Bias to
Students’ Sense of Belonging. JCSCORE 2015, 1 (1), 59−81.
(44) Sauermann, H.; Roach, M. Science PhD Career Preferences:
Levels, Changes, and Advisor Encouragement. PLoS One 2012, 7 (5),
No. e36307.
(45) Gibbs, K. D. G., Jr.; McGready, J.; Bennett, J. C.; Griffin, K.
Biomedical Science Ph.D. Career Interest Patterns by Race/Ethnicity
and Gender. PLoS One 2014, 9 (12), No. e114736.
(46) van Dijk, D.; Manor, O.; Carey, L. B. Publication Metrics and
Success on the Academic Job Market. Curr. Biol. 2014, 24 (11),
R516−R517.
(47) Hund, A. K.; Churchill, A. C.; Faist, A. M.; Havrilla, C. A.; Love
Stowell, S. M.; McCreery, H. F.; Ng, J.; Pinzone, C. A.; Scordato, E. S.
C. Transforming Mentorship in STEM by Training Scientists to Be
Better Leaders. Ecol. Evol. 2018, 8 (20), 9962−9974.
(48) Byars-Winston, A.; Womack, V. Y.; Butz, A. R.; McGee, R.;
Quinn, S. C.; Utzerath, E.; Saetermoe, C. L.; Thomas, S. B. Pilot
Study of an Intervention to Increase Cultural Awareness in Research
Mentoring: Implications for Diversifying the Scientific Workforce. J.
Clin. Transl. Sci. 2018, 2 (2), 86−94.
(49) Tibbetts, Y.; Harackiewicz, J. M.; Priniski, S. J.; Canning, E. A.
Broadening Participation in the Life Sciences with Social−
Psychological Interventions. CBE Life Sci. Educ. 2016, 15 (3), es4.
(50) Venable, G. T.; Khan, N. R.; Taylor, D. R.; Thompson, C. J.;
Michael, L. M.; Klimo, P. A Correlation Between National Institutes
of Health Funding and Bibliometrics in Neurosurgery. World
Neurosurg. 2014, 81 (3), 468−472.
(51) Rezek, I.; McDonald, R. J.; Kallmes, D. F. Is the H-Index
Predictive of Greater NIH Funding Success Among Academic
Radiologists? Acad. Radiol. 2011, 18 (11), 1337−1340.
(52) Neumann, Y. Predictors of Funding in Academic Fields. Res.
High. Educ. 1978, 9 (2), 115−122.
(53) Kaatz, A.; Lee, Y.-G.; Potvien, A.; Magua, W.; Filut, A.;
Bhattacharya, A.; Leatherberry, R.; Zhu, X.; Carnes, M. Analysis of
National Institutes of Health R01 Application Critiques, Impact, and
Criteria Scores: Does the Sex of the Principal Investigator Make a
Difference? Acad. Med. 2016, 91 (8), 1080−1088.
(54) Taffe, M. A.; Gilpin, N. W. Racial Inequity in Grant Funding
from the US National Institutes of Health. eLife 2021, 10,
No. e65697.
(55) Györffy, B.; Herman, P.; Szabó, I. Research Funding: Past
Performance Is a Stronger Predictor of Future Scientific Output than
Reviewer Scores. J. Informetr. 2020, 14 (3), 101050.
(56) Rosenbloom, J. L.; Ginther, D. K.; Juhl, T.; Heppert, J. A. The
Effects of Research & Development Funding on Scientific
Productivity: Academic Chemistry, 1990−2009. PLoS One 2015, 10
(9), No. e0138176.
(57) Jacob, B. A.; Lefgren, L. The Impact of Research Grant Funding
on Scientific Productivity. J. Public Econ. 2011, 95 (9), 1168−1177.
(58) Utrecht University. Changing recognition and rewards for PhD
candidates. https://www.uu.nl/en/education/graduate-school-of-life-
sciences/phd/during-your-phd/changing-recognition-and-rewards-
for-phd-candidates (accessed 2021-08-25).
(59) Woolston, C. Impact Factor Abandoned by Dutch University in
Hiring and Promotion Decisions. Nature 2021, 595, 462.
(60) Davies, S. W.; Putnam, H. M.; Ainsworth, T.; Baum, J. K.;
Bove, C. B.; Crosby, S. C.; Côté, I. M.; Duplouy, A.; Fulweiler, R. W.;
Griffin, A. J.; Hanley, T. C.; Hill, T.; Humanes, A.; Mangubhai, S.;
Metaxas, A.; Parker, L. M.; Rivera, H. E.; Silbiger, N. J.; Smith, N. S.;
Spalding, A. K.; Traylor-Knowles, N.; Weigel, B. L.; Wright, R. M.;
Bates, A. E. Promoting Inclusive Metrics of Success and Impact to

Dismantle a Discriminatory Reward System in Science. PLoS Biol.
2021, 19 (6), No. e3001282.

Journal of Chemical Education pubs.acs.org/jchemeduc Article

https://doi.org/10.1021/acs.jchemed.1c00429
J. Chem. Educ. 2022, 99, 338−345

345

https://doi.org/10.1177/2372732220943232
https://doi.org/10.1177/2372732220943232
https://doi.org/10.1037/pspa0000049
https://doi.org/10.1037/pspa0000049
https://doi.org/10.1037/pspa0000049
https://doi.org/10.15763/issn.2642-2387.2015.1.1.59-81
https://doi.org/10.15763/issn.2642-2387.2015.1.1.59-81
https://doi.org/10.15763/issn.2642-2387.2015.1.1.59-81
https://doi.org/10.1371/journal.pone.0036307
https://doi.org/10.1371/journal.pone.0036307
https://doi.org/10.1371/journal.pone.0114736
https://doi.org/10.1371/journal.pone.0114736
https://doi.org/10.1016/j.cub.2014.04.039
https://doi.org/10.1016/j.cub.2014.04.039
https://doi.org/10.1002/ece3.4527
https://doi.org/10.1002/ece3.4527
https://doi.org/10.1017/cts.2018.25
https://doi.org/10.1017/cts.2018.25
https://doi.org/10.1017/cts.2018.25
https://doi.org/10.1187/cbe.16-01-0001
https://doi.org/10.1187/cbe.16-01-0001
https://doi.org/10.1016/j.wneu.2013.11.013
https://doi.org/10.1016/j.wneu.2013.11.013
https://doi.org/10.1016/j.acra.2011.06.017
https://doi.org/10.1016/j.acra.2011.06.017
https://doi.org/10.1016/j.acra.2011.06.017
https://doi.org/10.1007/BF00977393
https://doi.org/10.1097/ACM.0000000000001272
https://doi.org/10.1097/ACM.0000000000001272
https://doi.org/10.1097/ACM.0000000000001272
https://doi.org/10.1097/ACM.0000000000001272
https://doi.org/10.7554/eLife.65697
https://doi.org/10.7554/eLife.65697
https://doi.org/10.1016/j.joi.2020.101050
https://doi.org/10.1016/j.joi.2020.101050
https://doi.org/10.1016/j.joi.2020.101050
https://doi.org/10.1371/journal.pone.0138176
https://doi.org/10.1371/journal.pone.0138176
https://doi.org/10.1371/journal.pone.0138176
https://doi.org/10.1016/j.jpubeco.2011.05.005
https://doi.org/10.1016/j.jpubeco.2011.05.005
https://www.uu.nl/en/education/graduate-school-of-life-sciences/phd/during-your-phd/changing-recognition-and-rewards-for-phd-candidates
https://www.uu.nl/en/education/graduate-school-of-life-sciences/phd/during-your-phd/changing-recognition-and-rewards-for-phd-candidates
https://www.uu.nl/en/education/graduate-school-of-life-sciences/phd/during-your-phd/changing-recognition-and-rewards-for-phd-candidates
https://doi.org/10.1038/d41586-021-01759-5
https://doi.org/10.1038/d41586-021-01759-5
https://doi.org/10.1371/journal.pbio.3001282
https://doi.org/10.1371/journal.pbio.3001282
pubs.acs.org/jchemeduc?ref=pdf
https://doi.org/10.1021/acs.jchemed.1c00429?urlappend=%3Fref%3DPDF&jav=VoR&rel=cite-as

