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Abstract

Purpose — Supporting the advancement of science, technology, engineering and mathematics (STEM) in ways
that help to ensure the health, prosperity, welfare and security of the nation has been central to the mission of
the US National Science Foundation (NSF) since 1950, the year Congress created the agency. Preparing a highly
qualified and diverse STEM workforce plays a central role in supporting this mission. The paper aims to
discuss these issues.

Design/methodology/approach — Over the past several decades, many positive steps have been taken
throughout the US education system to help ensure a more diverse STEM workforce. Even so, women remain
underrepresented among STEM faculty in higher education, especially at the upper ranks. Contributing to
women’s underrepresentation are systemic obstacles to the recruitment, retention and promotion of women of
different racial, ethnic, disability, sexual orientations and nationality statuses.

Findings — The NSF ADVANCE Program is designed to address these barriers. Success for ADVANCE is,
therefore, best defined in terms of the changes made to the structures and climates of academic workplaces,
rather than in numbers of women hired, retained or promoted in any one institution at a given point in time.
Originality/value — This introduction briefly examines the origins of ADVANCE, key transitions in the
program over time, its reach nationally and internationally, and its future.

Keywords Gender, Equity, Organizational change, STEM faculty, Culture and climate, Systemic change

Paper type General review

National Science Foundation (NSF) ADVANCE: origins

The NSF ADVANCE program, which was developed under the leadership of the NSF Office of
the Director and with the support of a design committee comprised of representatives from each
of the seven NSF Directorates, issued the first call for ADVANCE proposals in 2001 (www.nsf.
gov/crssprgm/advance/implementation.jsp). Recognizing the need for ensuring attention to
gender equity in each STEM discipline, the ADVANCE Implementation Committee (AIC) was
also created in 2001 to work with the ADVANCE program officer to implement the NSF-wide
program. The first call for proposals included tracks for fellowship, leadership and institutional
transformation (IT) proposals (NSF, 2001). Of these three tracks, the IT track with its focus on
systemic change within US institutions of higher education (IHEs) represented a new NSF
program model for broadening the participation of underrepresented groups in STEM. [HEs
seeking ADVANCE IT awards were required to develop strategies for reducing institutionalized
gender inequities.

Any opinions, findings, conclusions or recommendations presented are only those of the authors and
do not necessarily reflect the views of the National Science Foundation.
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Multiple factors contributed to the initial focus on supporting systemic change. Among
these was the 1999 Massachusetts Institution of Technology (MIT) report which found that
systemic inequities were negatively affecting female faculty’s compensation and resources
and a related report by the leadership of nine prestigious research universities (Campbell,
2001; LaVaque-Manty, 2010; Massachusetts Institute of Technology Committee on Women
Faculty, 1999; Vest et al,, 1999). Other contributors included recommendations to NSF from
researchers studying gender and STEM, data from recipients of NSF grants to women, and
over two decades of research pointing to institutionalized inequities, cultural barriers
and implicit biases built into organizations in the form of policies, work arrangements, and
routinized practices (e.g. Acker, 1990; Britton, 2001; Collins, 2000; Crenshaw, 1995; Foschi,
1996; Kanter, 1977; Long and Fox, 1995; Massachusetts Institute of Technology Committee
on Women Faculty, 1999; Reskin, 1978; Rosser, 1995; Rosser, 2004; Rosser, 2017; Steinpreis
et al, 1999; Valian, 1998; Xie and Shauman, 2003). Foundational knowledge about
institutional inequities has grown with each new ADVANCE IT cohort, revealing the
complexity of systemic barriers to equity and the need for more innovative change
strategies (e.g. Bystydzienski and Bird, 2006; Mason and Goulden, 2002; Morimoto and
Zajicek, 2014; National Academy of Sciences, 2006; Stewart et al,, 2007; Sturm, 2006).

The ADVANCE program’s focus on gender, systemic barriers to equity and the STEM
academic workforce, vs diversity in general and the broader STEM workforce or the STEM
“pipeline” was unique among other broadening participation NSF grant programs. This focus
has facilitated the accumulation of knowledge, the translation of that knowledge into actionable
change efforts and dissemination of change strategies across IHEs. The focus on STEM faculty
is also strategic given the crucial roles STEM faculty have in mentoring undergraduate and
graduate students and postdoctoral trainees, developing research questions and methods,
communicating science to the public and guiding the national STEM research agenda.

NSF ADVANCE: program portfolio and transitions
Looking back over the past decade and a half of NSF ADVANCE, important transitions have
occurred to the program design. In the early years of ADVANCE, aspects of previous models
that focused on providing STEM research support to individual researchers were still evident
in the fellowship and leadership tracks. Although these “grants [made to individual women]
were often powerfully effective for those individuals, the environment those people worked in
was not changing and often did not support their success” (Alice Hogan, former ADVANCE
Program Officer, cited in LaVaque-Manty, 2010, p. 22). Reports to NSF pointing to the
feasibility, impact, sustainability and scalability of systemic change efforts from the first 19 IT
institutions and NSF site visits during this time helped move the NSF ADVANCE program
even more toward institutional and systemic change. Figure 1 provides a timeline for the
different tracks of the NSF ADVANCE program and the total number of awards in each track.

The IT track has been a part of ADVANCE since 2001. As of fall 2018, there are
70 ADVANCE IT institutions (including alumni ITs) nationwide. Recent IT projects have
extended earlier ADVANCE research by illuminating the complexities of intersectionality,
or the interconnectedness of multiple structures of social inclusion and exclusion, and add to
our understanding of why increasingly sophisticated strategies are required to address
intersectional inequities (Armstrong and Jovanovic, 2017; Hunt et al, 2012). Other recent
studies reveal, for example, the complexities associated with how gender, intersectionality,
faculty service workloads, work-life balance and department culture affect faculty
advancement (e.g. Campbell and O'Meara, 2014; Jackson et al, 2017). Others build on
research about microaggressions in the academic workplace to examine how bystanders
can best address these infractions (e.g. Banyard et al, 2015).

Scholars studying the IT cohorts have published numerous journal articles and books
focusing on institutional change efforts (Branch, 2016; Bilimoria and Liang, 2012; Fox, 2008;
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Laursen and Rocque, 2010; Rosser and Chameau, 2006; Stewart et al., 2007). Analyses based
on ADVANCE IT cohorts have also resulted in the syntheses of systemic change strategies
such as the StratEGIC Toolkit website (Laursen and Austin, 2014).

The ADVANCE literature to date has often focused on the first two cohorts of IT
grantees. Researchers investigating the impacts of these projects should keep in mind that
these early grants were likely impacted by a 20 percent minimum cost share requirement for
IT projects (NSF, 2001), which resulted in an average award of $4.3m for each five-year
project. Later IT cohorts did not have the cost share requirement due to changes in the NSF
cost sharing policies (National Science Board, 2004). The ADVANCE IT awards following
these changes averaged $3.3m for each five-year project, suggesting significant differences
in scope between these IT project cohorts.

We now turn our attention to the other ADVANCE tracks, especially those that represent
important efforts by NSF to diversify the types of IHEs participating in the ADVANCE
program, and to scale-up and disseminate promising systemic change strategies. About
one-third of the total ADVANCE investment since 2001 has supported efforts to scale-up
and disseminate systemic change strategies.

The NSF ADVANCE program introduced Partnership proposals in 2006 to adapt
promising IT strategies to new contexts, support national STEM discipline-specific projects,
and to include non-profit organizations. Between 2006 and 2018, 88 IHEs and 11 non-profit
STEM organizations were involved in Partnership awards made under the “Partnerships for
Adaptation, Implementation and Dissemination,” “Partnerships for Learning and Adaptation
Networks” and Partnerships tracks. The Partnership awardees include 19 prior IT awardees
that proposed to facilitate the adaptation of IT strategies by other institutions and
stakeholders, thereby extending the reach of the original ADVANCE investments. In total,
Partnership awards supported the adaptation of promising IT strategies to 43 IHEs. One early
example is the 2008 collaboration between Skidmore College and Union College, which focused
on implicit bias training for faculty, administrators and students, and on addressing related
issues including promotion from associate to full professor. This collaboration built on the
innovations of earlier IT grantees, including Virginia Tech, University of Wisconsin—-Madison
and University of Michigan Ann Arbor (NSF award No. 0820080; http://sun.skidmore.union.
edu/index.html). The Partnership portfolio also includes non-academic organizations such as
professional societies because of their influence on the culture and climate of STEM disciplines
and the academic workforce. For example, the Association for Women in Science’s (AWIS)
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work with the leadership of 18 other scientific societies sought to enhance the transparency of
STEM awards and recognition processes, and to implement best practices for increasing
gender equity (NSF award No. 0930073; Cadwalader et al, 2014).

To further diversify the types of institutions participating in the ADVANCE program, the
IT-Catalyst track (previously “IT-Start”) was added in 2008. Between 2008 and 2016, the
IT-Catalyst track supported 37 institutions with grants ($200,000-300,000) to undertake
institutional self-assessments focusing on gender equity for faculty and to pilot organizational
change strategies. The IT-Catalyst track helped diversify the types of institutions participating
in the ADVANCE program with 40 percent of IT-Catalyst awards going to minority-serving
institutions and over 50 percent to predominantly undergraduate institutions, including the
program’s first community colleges: Brunswick Community College (NSF award No. 1008660)
and Ivy Technical Community College (NSF award No. 1209019). The success of the
Partnerships projects to adapt promising IT strategies led to the Adaptation track, which
enables IHEs and non-profit organizations to adapt and implement promising IT strategies
without the expectation for innovating systemic change strategies or for original research on
gender equity in STEM academics, both of which were required as a part of the IT projects.

The 2019 ADVANCE solicitation has four program tracks, all of which focus on systemic
institutional change strategies: Institutional Transformation, Catalyst, Adaptation and
Partnerships (NSF, 2019). Expectations that all ADVANCE proposals include an intersectional
perspective began in the 2016 ADVANCE solicitation (NSF, 2016) and continues in the 2019
ADVANCE solicitation (NSF, 2019). The focus on intersectionality was informed by
ADVANCE grantee research and related research on the complexity of barriers to equity
confronted by STEM faculty of different social identities — including gender, race, ability/
disability, ethnicity, sexual orientation and nationality (e.g. Armstrong and Jovanovic, 2015;
Branch, 2013; Brown, 2000; Browne and Misra, 2003; Burrelli, 2009; Caroline and Johnson, 2007;
Malcom et al., 1976; Malcom and Malcom-Piquex, 2013; Morimoto and Zajicek, 2014; Ong, 2011;
Ong et al, 2011, 2016; Wu and Jing, 2011).

NSF ADVANCE: program reach

The $315m NSF investment in ADVANCE between 2001 and 2018 equates to approximately
0.27 percent of the total NSF budget during this time. This investment has directly reached
177 different IHEs with an NSF ADVANCE grant of some type (i.e. about 5.3 percent of all
non-profit US IHESs). Publications by ADVANCE institutions, which commonly center on the
changes in academic workplace policies and procedures, have examined topics including
faculty recruitment and hiring practices, work-life balance programs, mentoring programs,
and promotion and tenure policies. This body of research indicates that institutional changes
in policies, practices, and cultures are associated with increases in institutions’ collection and
use of faculty data, changes in policies that affect how hiring processes are carried out, new
mentoring and work-life balance programs, and changes in how promotion and tenure
processes are conducted. Systemic institutional changes are, in turn, linked to increases in
faculty job satisfaction and commitment, and over the long term the numbers of faculty hired
and retained who are women (e.g. Callister, 2006; Rosser and Chameau, 2006; Bilimoria ef al,
2008; Lundquist et al, 2012; Mason et al., 2013; Settles et al, 2006; Smith et al, 2015).

The reach of the ADVANCE program extends beyond the program’s direct grantees.
Dissemination of ADVANCE strategies occurs through grantee research publications and
presentations, and through the purposeful dissemination of practices by ADVANCE grantees.
Among the ADVANCE program’s most significant outcomes are the organizational change
models that have been developed, studied and improved by ADVANCE grantees and then
adapted by others with and without NSF funds. One early example is the Strategies and Tactics
for Recruiting to Improve Diversity and Excellence (STRIDE) committee developed under the
University of Michigan at Ann Arbor's ADVANCE IT project (NSF award No. 0123571).
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The STRIDE model has been adapted by numerous US and international academic institutions,
companies, professional societies and US national research laboratories (http://advance.umich.
edu/strideCommittee.php). Another promising strategy is the “Advocates and Allies” model
based on earlier “equity advisor” models and further developed by the North Dakota State
University to recruit male STEM faculty to become allies in the effort to enhance gender equity
in STEM (NSF award no. 0811239 and no. 1500604). The spread of ADVANCE strategies,
furthermore, has resulted from the mobility of ADVANCE leaders. Over 400 faculty and
administrators have served as ADVANCE principle and co-principle investigators and
thousands more faculty and administrators participated in ADVANCE activities since 2001.
Many of these people have taken ADVANCE-developed strategies and tools with them as they
move from ADVANCE institutions to new positions. Dr Luis Falcon, who is now Dean of Fine
Arts, Humanities and Social Sciences at the University of Massachusetts—Lowell, conveys one of
the many examples of ADVANCE diffusion. Previously, as Vice-Provost for Graduate
Education at Northeastern University, Dr Falcon was a co-PI on NUs 2008 ADVANCE IT
project (NSF award no. 0811170). Because NU ADVANCE had adapted the Michigan STRIDE
model, Dr Falcon had also trained as a STRIDE facilitator. Then, when he moved to the
University of Massachusetts—Lowell as a Dean in 2012, Dr Falcon incorporated STRIDE
principles and strategies developed by ADVANCE institutions to enhance applicant,
interviewee and candidate diversity in hiring processes in his college. These activities were
later implemented and expanded across the institution, including to non-STEM colleges without
NSF funds. These efforts helped position UMASS Lowell to be more competitive for and receive
an ADVANCE IT grant in 2016 to advance additional innovative systemic change strategies
(NSF award no. 1629761) (personal communication with Dr Luis Falcon, January 2018; www.
uml.edu/Research/ADVANCE).

Another example comes from Dr Theresa Lee who was a Department Chair at the
University of Michigan Ann Arbor before moving to the University of Tennessee at
Knoxville (UTK) in 2012 to become the Dean of the College of Arts and Sciences. When
Dr Lee arrived, she worked with the Provost to support and encourage senior STEM faculty
to create their own version of a STRIDE committee. Three UTK faculty members
participated in the 2013 “Strategies Toward Excellent Practices (STEP) in Departments”
workshop at Michigan (originally supported by ADVANCE Partnership NSF award no.
0620022). The UTK STRIDE committee began soon thereafter, implementing training for
search committees. Through the STRIDE committee and with funding from the Office of the
Provost, UTK continues to provide search committee training and workshops on retention,
inclusion, and departmental climate (https://stride.utk.edu/, personal communication with
Dr Soren Sorensen, January 2018). These efforts helped position UTK for an NSF
ADVANCE Adaptation award (NSF award no. 1760382) under the leadership of Materials
Science and Engineering Professor and Department Head, Dr Veerle Keppens (https:/news.
utk.edu/2018/08/30/nsf-funds-project-to-help-ut-recruit-retain-female-faculty-in-stem/).

The sustainability of ADVANCE IT initiatives depends on the extent to which
institutions and organizations establish and sustain structures and cultures conducive to
their ADVANCE equity-enhancement efforts. Examination of ADVANCE IT websites
conducted by NSF ADVANCE program personnel revealed approximately two-thirds of
these institutions continue to support and promote ADVANCE activities. These activities
are often housed in “ADVANCE” or other institutional offices (e.g. Diversity and Inclusion,
Faculty Affairs or Faculty Development and Success offices, Women in Science programs).
Institutional ADVANCE activities have often expanded to include more than gender and
more than just STEM departments and faculty. The University of California at Irvine, one of
the first IT awardees, institutionalized UCI ADVANCE in 2006 and expanded the Office of
Inclusive Excellence’s scope to include race, ethnicity, disability, in addition to gender but
maintains a focus on faculty issues (https:/inclusion.uci.edu/advance/about-us/).
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Another institution with more than a decade of sustained ADVANCE work is the University
of Wisconsin—-Madison’s Women in Science and Engineering Leadership Institute, a
research center that leads ADVANCE activities on campus, nationally and internationally
(http://wiseli.engr.wisc.edu/).

The NSF ADVANCE program, in addition to its national impact, serves as a model for
equity internationally. Governing bodies and research organizations across the globe
recognize NSF ADVANCE. A European Commission report by the Expert Group on Structural
Change notes, for example, that “the US has led the way with the ADVANCE programme [sic]’
in funding initiatives to address “the structural barriers contributing to the well-known leaky
pipeline phenomenon,” and that these efforts have “led to a shift in focus towards addressing
the structural transformation of institutions, using a systemic, comprehensive and sustainable
approach” (European Commission, 2012, p. 6). As noted in the 2012 “Equality and Status of
Women in Research” report, the Global Research Council, comprised of the heads of national
STEM funding agencies from around the world, recognized NSF ADVANCE’s unique
“approach to encouraging gender equality in research” and its focus on “culture change in
RPOs [Research Performing Organizations] through institutional transformation grants”
(Metcalfe and Day, 2016, p. 13). The same report recognizes the prestige that ADVANCE
awards bring to US [HEs, and explains that the “European H2020 funding for INTEGER
[Institutional Tranformation for Effecting Gender Equality in Research] is modelled on the
ADVANCE program” (Metcalfe and Day, 2016, p. 13).

NSF ADVANCE: the future

One goal for the future is to facilitate the dissemination and translation of ADVANCE
strategies to more stakeholders and organizations. ADVANCE grantees have produced
over 200 peer-reviewed journal publications and conference proceedings and at least
28 books or book chapters on systemic change and gender equity in STEM academia.
In addition, toolkits, presentations and training materials are available on grantee
websites for download and use by others. To capitalize on the potential value of these
resources and knowledge, the NSF ADVANCE program awarded a five-year grant to
AWIS in 2017 to launch an ADVANCE Resource Coordination (ARC) Network (NSF
award no. 1740860). The ARC Network “strives to advance STEM equity in academia” by
cultivating collaborations among diverse audiences and sharing evidence-based best
practices for affecting change in STEM workplaces (www.equityinstem.org/about/). Also
promising for the future are new systemic change projects such as the STEM Equity
Achievement (SEA Change) initiative led by the American Association for the
Advancement of Science. The SEA Change project, which was catalyzed with NSF
ADVANCE workshop support in 2016, seeks to appraise the “[s]ystematic transformation
efforts of participating institutions” and “as part of the [SEA Change] assessment” to
award “bronze, silver or gold ratings for their efforts” to these IHEs (www.aaas.org/news/
sea-change-program-aims-transform-diversity-efforts-stem).

Whether or not the ADVANCE program will be in place for another 18 years is yet to be
determined. One positive sign is the February 2019 release of a new NSF ADVANCE
solicitation (NSF 19-552) calling for new proposals in fiscal years 2019 and 2020. If the
ADVANCE program is sustained in the long term, there is no doubt that it would continue
to learn from its past investments and make changes to the program as necessary to address
emerging issues, new research, and changing contexts. According to the new solicitation,
the future for ADVANCE, at least in the short term, will include more partnerships between
IHEs and organizations to scale up and diffuse promising practices, and more discipline
specific ADVANCE projects to address the uniqueness of STEM disciplinary cultures and
the varying representation of women in each STEM discipline. Given the success of NSF
ADVANCE in the first 18 years, prospects are bright. ADVANCE has demonstrated that a
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relatively modest federal grant program can contribute important new knowledge
and strategies to address systemic barriers to broadening participation in the STEM
academic workforce.
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