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ABSTRACT
The geosciences have a pervasive, persistent, and deeply troubling lack of diversity, despite the 
availability of a suite of well-documented, research-based strategies for broadening participation 
in STEM (Science, Technology, Engineering, and Mathematics). The pervasiveness, persistence, and 
depth of the problem indicate that the lack of diversity is systemic, and is embedded in the 
culture of our discipline, including in the academic departments where future geoscientists are 
educated. Shifting the demographics of our community will therefore require changing the culture 
of geoscience, including within our departments. Departmental change is possible and can be 
accelerated intentionally. Levers for cultural change include using data to illuminate the need; 
incentivizing the work that closes equity gaps and builds inclusive environments; and developing 
a departmental community of practice committed to just, equitable outcomes. Departmental 
discussion groups can facilitate and support both the development of a community of practice 
and the ongoing work of the community, including identifying context-appropriate solutions from 
the research literature. The SAGE 2YC project (Supporting and Advancing Geoscience Education 
at Two-Year Colleges) has used discussion groups to raise awareness and understanding of the 
factors leading to homogeneity in the geoscience community and of the strategies for achieving 
equity and inclusion. SAGE 2YC participants have successfully closed or narrowed equity gaps. As 
scientists, we have the skills necessary to gather, analyze, and interpret relevant data and to 
evaluate the efficacy of strategies we implement. As humans, we have the moral and ethical 
responsibility to do this work to improve equity and inclusion in STEM.

Introduction

With respect to race, ethnicity, gender, disability status, and 
LGBTQ+ (lesbian, gay, bisexual, transgender, and queer) 
identities, the STEM disciplines are persistently and signifi-
cantly less diverse than the general population, and the 
geosciences remain persistently and significantly among the 
least diverse of the STEM disciplines (e.g., Bernard & 
Cooperdock, 2018; Carabajal et  al., 2017; Dutt, 2020; 
Gonzales, 2019; Gonzales & Keane, 2020; Hill et  al., 2010; 
Holmes & O’Connell, 2004; Hughes, 2018; Huntoon & Lane, 
2007; Marín-Spiotta et  al., 2020; National Center for Science 
and Engineering Statistics (NCSES), 2019; Sidder, 2017; 
Wilson, 2019). This is true despite the over-representation 
of racial and ethnic minorities in the population of students 
who express an interest in STEM majors when they arrive 
at college (e.g., Asai, 2020; O’Brien et  al., 2015; Tsui, 2007); 
despite women earning more than 40% of both 

undergraduate and graduate degrees in the geosciences since 
2005 (Gonzales & Keane, 2020); and despite LGBQ students 
being more likely to participate in undergraduate research 
(Hughes, 2018), one of the most effective high-impact prac-
tices for attracting students into STEM (e.g., Kuh, 2008). 
Moreover, the intersectionality of multiple identities is an 
important aspect of diversity and inclusion (e.g., Bernard 
& Cooperdock, 2018; Núñez et  al., 2020; O’Brien et  al., 
2015; Williams et  al., 2014). For instance, women of color 
are disproportionately underrepresented in geosciences, and 
appallingly so (Bernard & Cooperdock, 2018). This lack of 
diversity, despite the demographics of arriving college stu-
dents who express interest in STEM majors, indicates that 
the STEM disciplines, including the geosciences, are driving 
interested students away. This is detrimental to the geosci-
ences (e.g., Hofstra et  al., 2020; Hong & Page, 2004; Medin 
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& Lee, 2012) and to individuals (Cleveland et  al., 2018; 
Gewin, 2020; Quaye et  al., 2019).

There is a growing awareness and acknowledgment of 
the urgent need to undertake the crucial work of fostering 
an inclusive and equitable environment in the geosciences 
(e.g., Ali et  al., 2020; Ali et  al., 2021; Asai, 2020; Beane 
et  al., 2021; Bell & Lozier, 2020; Dutt, 2020; Egger, 2020; 
Marín-Spiotta et  al., 2020; Morales et  al., 2021; Morris et  al., 
2020; Posselt et  al., 2019; Quardokus Fisher et  al., 2019; 
Walker & Dutrow, 2020). We challenge every reader, if it 
is safe for you to do so, to engage your colleagues in mean-
ingful discussions of what your department can do to work 
toward equity and inclusion in the geosciences, with the 
ultimate goal of having an anti-racist geoscience community: 
one that mirrors the demographics of the nation and that 
welcomes and supports all of its members. In doing so, we 
acknowledge that we are a team of all-White authors. While 
this article is based on observed successes, we acknowledge 
that our understanding of racism in the geosciences is lim-
ited by our lived experiences. Further, we know that not 
everyone is in a situation where it is safe to take on this 
work. We particularly call on our tenured White colleagues 
to provide support in efforts to lead your departments 
toward an anti-racist future and to become an ally for all 
of your colleagues whose identities and experiences have 
been marginalized. We offer concrete examples and resources 
from the SAGE 2YC project to support your discussions 
and the work arising from them.

SAGE 2YC: Faculty as change agents

SAGE 2YC is a national network of 2YC geoscience and other 
STEM faculty Change Agents who use evidence-based strat-
egies to support students’ academic success, broaden partici-
pation in STEM, and facilitate students’ professional pathways 
into the STEM workforce. This NSF-funded project (https://
serc.carleton.edu/sage2yc/index.html) provides a successful 
model for a data-driven approach to working toward equity, 
as well as for the design of effective discussion groups, where 
discussion leads to implementation of new practices. To date, 
there have been a total of 84 SAGE 2YC faculty participants 
in three cohorts. Professional development for project partic-
ipants has been a blend of workshops – some face-to-face 
and some online – and faculty discussion series (all online, 
with both synchronous and asynchronous components). All 
of the workshops and discussion series have incorporated 
action planning, as the project expects participants to imple-
ment some of the strategies they learn about. An overarching 
goal of the professional development activities is to spark 
changes in practice through deep engagement with 
evidence-based practices for teaching and learning. Each team 
has worked for change within their own courses, their depart-
ments/programs, and their institutions. Teams have also shared 
what they’ve learned with colleagues in their region and on 
their campuses (e.g., Eddy et  al., 2019; Iverson et  al., 2020; 
Macdonald et  al., 2019), as well as at national meetings (e.g., 
Anders & Boryta, 2019; Bair, 2019; James, 2019; Layou, 2019; 
Leinbach et  al., 2019; Mrofka & Walker, 2019; Resnick et  al., 

2019; Tvelia, 2019; Voorhees, 2018; Walker & Mrofka, 2017; 
Woodall & Braley, 2019). Figure 1 illustrates key elements of 
the SAGE 2YC professional development program supporting 
the change process: gathering data and interrogating it to 
identify needs; exploring strategies that address those needs 
through the educational research literature; developing a plan 
with measurable outcomes; and implementing the plan, using 
data to measure progress.

The SAGE 2YC final evaluation report (2020) quantifies 
remarkable progress toward closing equity gaps in student 
academic success: “For cohort 1 from year 2 to year 4, the 
course success rate rose 7% for females, 12% for racially 
minoritized students, 9% for nontraditional age students, 
and 8% for Pell-eligible students. For all groups except the 
racially minoritized group, the average course success rate 
approximated or exceeded the overall course completion rate 
by year 4 of the grant. For the racially minoritized group, 
the course success rate closed to a gap of 7% by year 4 (64% 
for the racially minoritized group in year 4 compared to 
71% for overall success)” (Bragg et  al., 2020, p. vi).

Working for change: Process model

Incentivize change

Involvement in the SAGE 2YC project is voluntary and par-
ticipants earned modest stipends for their work. As a result, 
we were able to proceed with the work of the project know-
ing that everyone was invested in the project goals, including 
broadening participation in STEM. Furthermore, SAGE 2YC 
participants needed the support of an institutional adminis-
trator, generally at the rank of Dean or higher, to participate 
in the project. If your department is not yet fully invested 
in working for diversity, equity, and inclusion (DEI), you 
may need to start by finding ways to incentivize this work. 
Consider enlisting your department chair, a Dean, or another 
administrator in developing standards to recognize and 
reward both efforts and results in this area. For example, 
cultural competency can be incorporated into annual perfor-
mance reviews, tenure, and promotion criteria (McGee, 2020, 
p. 136). Grassroots leadership by faculty members is enhanced 
when faculty are knowledgeable about the role they play as 
leaders on campus (Kezar & Lester, 2020).

Identify departmental equity and diversity gaps: 
Gather data and interrogate it

As in geoscience research, the first step in solving an edu-
cational problem is identifying a question or questions and 
gathering relevant data. The lack of diversity in STEM, and 
in the geosciences, is well-documented, but it can be worth 
reviewing national data as a department simply to make sure 
that everyone is equally informed about the historical and 
current state of affairs, as well as about the uneven and 
grossly inadequate progress in our lifetimes. In addition, we 
have found it is illuminating and highly motivating to under-
stand how national trends play out in one’s own department 
(e.g., Bair, 2019). Moreover, we are not alone in using this 
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approach. In the early years of this millennium, researchers 
at the University of Southern California developed the 
“Equity Scorecard,” a tool that allows faculty and staff to 
recognize and address racial inequities in course outcomes 
(https://cue.usc.edu/tools/the-equity-scorecard/). The Equity 
Scorecard has been implemented at colleges and universities 
throughout California, in the University of Wisconsin system, 
and beyond (e.g., Bensimon et  al., 2016; Harris & Bensimon, 
2007). Likewise, the Pathways to Results project uses data 
to identify equity gaps in educational outcomes and to mea-
sure progress toward equity (Bragg et  al., 2016).

Our specific recommendations are to compare

1. The demographics of the U.S. population to the demo-
graphics of the geoscience workforce (e.g., Gonzales & 
Keane, 2020; Ormand, 2017). This provides a national 
context for departmental data.

2. The demographics of the student population at one’s 
institution to the demographics of the students enrolled 
in courses in one’s department. Institutional demograph-
ics are available from the Integrated Postsecondary 
Education Data System (IPEDS, https://nces.ed.gov/
ipeds/) or from the National Center for Education 
Statistics (https://nces.ed.gov/collegenavigator/). Your 
institutional research office may provide access to 

course-level demographic data for the purpose of ana-
lyzing outcomes by student group or sub-group.

3. The success rates for students enrolled in each of the 
courses offered in one’s department, disaggregated by 
demographics such as race and ethnicity, gender, socio-
economic status, and any other factors your department 
is interested in. Your institutional research office has 
these data. In low-enrollment courses and programs, 
data can be aggregated over multiple academic terms, 
or even years, to protect identifying information.

4. The completion rates for students enrolled in degree 
and certificate programs in one’s department, disaggre-
gated by demographics.

A template for steps 2–4 is available on the SAGE 2YC 
project website: https://serc.carleton.edu/sage2yc/course_
data.html.

These data can be a particularly compelling way to invite 
conversation with colleagues who are not yet fully engaged 
in improving DEI in the geosciences. Mismatches between 
institutional and departmental demographics for enrollments, 
success rates, and degree completion rates raise questions 
about the causes of those differences and quantify the prob-
lems we need to address. While the lack of diversity in the 
geosciences (and in STEM) is clearly a national problem, it 

Figure 1. the saGe 2Yc framework for making departments diverse, equitable, and inclusive. in this data-driven, iterative process, a departmental team uses 
data to identify needs; reflects on the factors that contribute to those needs; explores strategies for change and develops a plan; and implements the plan, 
using data to measure progress. saGe 2Yc discussion groups focused primarily on step 3 of this process (learning about effective strategies), and we used 
other elements of the professional development program for other steps in the process. However, discussion groups could take on the full process.
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nonetheless manifests itself on a local level, and that is 
where each of us has the power to address it.

Question departmental norms and assumptions; 
identify opportunities for change

Recall that racial and ethnic minorities are overrepresented 
in the population of students who express an interest in 
STEM majors when they arrive at college (e.g., Asai, 2020; 
O’Brien et  al., 2015; Tsui, 2007), and that female students 
make up nearly 40% of the students who earn undergraduate 
degrees in geoscience, but only 24% of the geoscience work-
force (Marín-Spiotta et  al., 2020). Despite some uneven 
progress in the diversity of students earning undergraduate 
geoscience degrees (Beane et  al., 2021), diversity within the 
geoscience profession is almost unchanging, and has been 
for decades (e.g., Bernard & Cooperdock, 2018; Holmes & 
O’Connell, 2004; Sidder, 2017). It is therefore undeniable 
that the pervasive and persistent lack of diversity in the 
geosciences, and in STEM, is a systemic problem, rooted 
in the culture of our disciplines. This culture manifests itself 
in the policies and procedures of our institutions and 
departments, in our course content and curricula, and, in 
far too many cases, in the beliefs and behaviors of individ-
uals. If we are not actively working to transform this culture, 
we are tacitly supporting it. We, the authors of this paper, 
believe that we, the geoscience community, have a moral 
responsibility to work to transform this racist, sexist, ableist, 
homophobic culture. Further, we believe that this responsi-
bility rests primarily on the shoulders of those of us who 
hold power, both explicitly (tenured faculty) and implicitly 
(White faculty). Finding and cultivating allies and champions 
can provide leverage in challenging existing power structures 
(Posselt et  al., 2019; Quardokus Fisher et  al., 2019).

What are the policies, procedures, course content, cur-
ricular requirements, beliefs (both explicit and implicit), and 
behaviors that perpetuate the status quo in your department? 
What changes in policies, procedures, courses, curricula, 
beliefs, and behaviors could shift your department toward 
equity and inclusion, thereby attracting, supporting, and 
preparing a diverse population of students for careers in 
geoscience? In recent months, scientists – including many 
who belong to historically underrepresented groups – have 
been increasingly vocal about what professional societies, 
departments, and individuals can do to change the culture 
of the geosciences (e.g., Ali et  al., 2020; Ali et  al., 2021; 
Anadu et  al., 2020; Houttuijn Bloemendaal et  al., 2020; 
Marín-Spiotta et  al., 2020; Miles et  al., 2020; Morales et  al., 
2021; Morris et  al., 2020; Núñez et  al., 2020; Olcott & 
Downen, 2020; Popp et  al., 2020; Powell et  al., 2020). 
Listening to and amplifying their voices by reading and 
discussing these papers is a strong strategy for beginning 
the process of educating ourselves and our colleagues.

Gathering data on the attitudes, behaviors, and experi-
ences of department members can also be illuminating. 
Resources we know of include a departmental equity and 
inclusion self-assessment worksheet from the University of 
California, Berkeley: https://diversity.berkeley.edu/sites/

default/files/ei_adviser_tool_-_final_web.pdf and a workplace 
culture survey from UCAR (University Corporation for 
Atmospheric Research): https://www.ucar.edu/sites/default/
files/documents/related-links/2018-05/UCAR_2017_Culture_
Survey_Instrument.pdf. There are also a number of campus 
climate surveys available, such as the one from the Higher 
Education Data Sharing Consortium (https://www.hedscon-
sortium.org/heds-diversity-equity-campus-climate-survey/). 
While valuable, campus-level surveys may mask an individ-
ual department’s culture if it diverges from that of the insti-
tution overall. Unfortunately, we have been unable to locate 
a publicly available, professionally designed climate survey 
for academic departments.

Learn from prior research: Explore evidence-based 
strategies that address your department’s needs

There is a wealth of research into strategies for improving 
DEI in the STEM disciplines. Callahan et  al. (2017) provide 
a theoretical framework for improving DEI in the geosci-
ences, one that can inform and guide programmatic inter-
ventions. The literature review by Wolfe and Riggs (2017) 
highlights elements of several successful programs and 
includes recommendations to the geoscience community. 
Together, these articles provide insights into what programs 
and practices are likely to be effective in a given depart-
mental and institutional context.

There are also a number of websites that provide excellent 
starting points to learn more about effective strategies for 
improving DEI in the STEM disciplines. The NSF-funded 
ADVANCE-Geo Partnership has a wealth of resources for 
members of the geoscience community working to transform 
our workplaces: https://serc.carleton.edu/advancegeo/
resources/index.html. These resources provide research sum-
maries, examples, and reference lists on topics such as 
harassment, bullying, and discrimination; how to respond 
to hostile behaviors; creating inclusive climates; and chal-
lenges and solutions for field training and research. 
GeoReadingForEquity has an extensive reading list and a 
list of suggested actions for departments: https://www.geo-
readingforequity.com, as does the NSF-funded Unlearning 
Racism in Geoscience (URGE) project: https://urgeoscience.
org/curriculum/. Our NSF-funded SAGE 2YC project has 
engaged our faculty participants in reading and discussing 
the research literature on DEI, and has used these conver-
sations to motivate and guide faculty members in developing 
implementation plans, as we describe below.

Choose and implement strategies: Use data to measure 
progress

Action planning is an essential element of every SAGE 2YC 
discussion group. What evidence-based practices have been 
effective in departments similar to yours, facing similar 
challenges? What strategies seem particularly well-suited to 
the needs of your department? Taking a metrics-based 
approach to meeting those needs can help make your plans 
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concrete. What measurable, equity-based outcomes do you 
want to achieve, with respect to student enrollments, course 
success rates, and degree completion? What is a reasonable 
timeline for achieving those goals? Consider how long it 
will take to implement the changes you want to make, and 
also how long it will take for those changes to have the 
desired effect. Choose an interval for evaluating progress 
toward your goals – one that will allow you to measure 
your progress with respect to your intended timeline.

Using discussion groups to engage your 
colleagues

Why discussion groups?

The culture of geoscience is taught and learned, often sub-
consciously, where geoscientists are educated: in geoscience 
departments. Although it is painful to admit, our depart-
ments are hostile to certain populations of students – to 
historically underrepresented minority students, to women, 
to LGBTQ + students, to students with disabilities – and 
transformative change requires educating ourselves about 
the structures, norms, policies, and practices that have built 
this pervasive and hostile environment (Marín-Spiotta et  al., 
2020). Discussion groups provide a mechanism for engaging 
colleagues in deeper learning and substantive discussions 
on these critically important topics, and can help illuminate 
our own internal, subconscious biases. A book club, journal 
club, or other discussion group focused on equity and inclu-
sion in the geosciences, or in STEM, provides a structure 
for engaging ourselves and others in exploring the rich 
literature on the strategies that have been documented to 
be effective in mitigating equity gaps and developing wel-
coming, inclusive environments that attract, support and 
prepare all students for careers in STEM. A well-structured 
discussion group can go beyond exploration; participants in 
SAGE 2YC’s discussion groups have implemented a wide 
range of evidence-based strategies in their own teaching 
and in their departments (Ormand et  al., 2019; Bragg et  al., 
2020). The Unlearning Racism in Geoscience (URGE) proj-
ect is built on this premise as well; participants in the URGE 
project moved from reading to action by examining and 
revising departmental policies (see URGE Deliverables, 
https://urgeoscience.org/pod-deliverables/).

Efforts at departmental transformation within the STEM 
disciplines have demonstrated that the likelihood of sub-
stantive transformation increases as more members of the 
department become committed to change (e.g., Davis et  al., 
2020) and as the department develops a shared vision for 
change (e.g., Iverson et  al., 2011; Ormand et  al., 2011). For 
example, faculty learning communities provide a forum for 
professional development for faculty members and a space 
to work on collective issues (Cox, 2004). Learning in a 
community involves a focus on topics directly related to 
work issues. “Through this interaction, meanings are dis-
cussed, shared, negotiated, and developed. It is the discus-
sion of the ideas and the co-construction of knowledge that 
makes the learning and development more meaningful” 

(Engin & Atkinson, 2015, p. 165). Change efforts are sup-
ported by the collective work of faculty, and are leveraged 
by opportunities to interact and discuss new evidence-based 
practices, such as those discussed in this paper (Iverson 
et  al., 2017). These discussions can lead to changes in atti-
tudes as well as programmatic changes (Iverson et  al., 2011; 
Ormand et  al., 2011). One strength of the URGE project is 
that it was structured to take advantage of this principle, 
with participants forming self-organized “pods” of up to 
twelve members, and most pods situated in departments.

Many strategies for diversifying the STEM disciplines 
have been proposed, tested, and shown to be effective, and 
these are well documented, including in literature reviews 
(e.g., Wolfe & Riggs, 2017; Tsui, 2007). However, these 
evidence-based practices have not become widespread (e.g., 
Beane et  al., 2019, who reported on a subset of inclusive 
teaching practices). We posit that one route to adopting 
these practices in a department is to develop a community 
of practice (e.g., Wenger-Trayner & Wenger-Trayner, 2015) 
that shares a passion for achieving equity in opportunities 
and in student success within the department’s programs: a 
community of champions for DEI. This community need 
not be limited to one’s own department; it could include 
champions in other STEM disciplines on campus and 
beyond. However, we believe that it is essential to have a 
departmental community committed to DEI. Without such 
a community, attracting students from historically under-
represented populations into a department raises ethical 
questions. Students who belong to historically underrepre-
sented populations in departments that are not actively 
committed to DEI may anticipate discriminatory interac-
tions, and that anticipation – whether the discriminatory 
interactions happen or not – has negative physiological and 
psychological impacts (e.g., Pascoe & Richman, 2009; Sawyer 
et  al., 2012).

Having these discussions is a good start, but it is not 
sufficient. Doing this work requires developing 
equity-mindedness: uncovering systemic inequities and 
engaging in educational change-making strategies 
(Bensimon et  al., 2007; Dowd & Bensimon, 2014). As 
defined by Bensimon et  al. (2007), equity-mindedness 
refers to a state of thinking and knowing about how sys-
tems, policies, cultural norms, and everyday practices that 
appear to be race-neutral may in fact negatively impact 
certain individuals and groups. Equity-mindedness stim-
ulates cognitive schemas in individuals so that they can 
see inequities that would have been invisible to them in 
the past. Addressing systemic inequities requires the delib-
erate and thoughtful use of equity-focused inquiry meth-
ods that rely on data disaggregation as a precursor for 
change. SAGE 2YC data templates are designed to high-
light inequitable patterns of student outcomes, illustrating 
where gaps, as well as opportunities, exist. An 
equity-minded approach to these inequities asks how the 
educational environment contributes to them, shifting the 
focus away from the students and onto the factors that 
are preventing students from achieving their full potential 
(Bragg & McCambly, 2018).
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We suggest that a discussion group can develop into a 
community of practice committed to diversity, equity, and 
inclusion in the geosciences. “Communities of Practice are 
groups of people who share a concern or a passion for 
something they do, and learn how to do it better as they 
interact regularly” (Wenger-Trayner & Wenger-Trayner, 2015, 
quoted in Kastens, 2016). There are many advantages to 
doing this work collectively: transformational change requires 
critical mass; the community provides a mechanism for 
accountability in making progress; and working for change 
within our own department creates community ownership 
of the process and the outcomes. In addition, the discussants 
can hold each other accountable to equity-mindedness, chal-
lenging data interpretations that blame historically margin-
alized students for systemic impacts. By engaging in 
substantive discussions about DEI in STEM, we can develop 
our equity-mindedness and learn how to foster inclusive 
and equitable environments for our students and for our 
colleagues. Discussion groups provide the regular interaction 
that is needed to move from understanding to action.

Structuring effective discussion groups

From the beginning of the SAGE 2YC: Faculty as Change 
Agents project in early 2016, faculty discussion series have 
been a significant component of the professional develop-
ment program (Ormand et  al., 2020). Because our overar-
ching goal is to spark changes in practice, one explicit aspect 
woven into each of the series is the development of imple-
mentation plans: each participant chooses a strategy or 
strategies to implement from the readings and discussions. 
Over the five years of the project, we have run 19 discussion 
series, seven with an explicit focus on broadening 
participation.

SAGE 2YC discussion series are designed to meet the 
overarching goal of catalyzing changes in educational prac-
tices. A sequence of meetings is scheduled at 2–3 week 
intervals, with substantive reading or other assignments 
prior to each meeting, including prior to the first meeting. 
Materials to be read, watched, or reviewed by participants 
are selected to highlight key findings on the topic at hand. 
In addition to reviewing the materials before each synchro-
nous meeting, participants typically also complete a reflective 
exercise, posting their thoughts to a private, 
password-protected discussion board. Depending on the 
topic, participants may also be encouraged to read and 
respond to others’ posts prior to the synchronous discussion. 
Toward the end of each discussion series, participants 
develop and share their implementation plans with the 
group. Sharing implementation plans serves multiple pur-
poses: it encourages deep thinking about the details of the 
plan, imparts an element of accountability, facilitates the 
exchange of implementation ideas, and provides a mecha-
nism for peer review of everyone’s plans. Although each of 
our discussion series has been organized and coordinated 
by one or two facilitators, this work could also be distributed 
among discussion participants. We’ve had successful discus-
sion groups with as few as four participants and as many 

as twenty. In larger groups, we often utilize the breakout 
room function during our synchronous Zoom meetings.

There is no inherent reason to limit participation in such 
discussions to faculty members. If you are using a discussion 
group to shift the culture of your department toward inclu-
sion, consider making the discussion group itself inclusive: 
invite staff, postdocs, and students to participate. However, 
given the existing power differentials within departments, 
an alternative possibility would be to offer all of the depart-
mental discussion materials to all of these groups and invite 
everyone – staff, postdocs, and students – to form their 
own discussion group or groups. It is these existing power 
differentials that make understanding how to find allies and 
equity champions so crucial.

Discussion series: Examples from SAGE 2YC

SAGE 2YC discussion groups have focused on a range of 
topics, each related to at least one of the three strands of 
this NSF-funded project: supporting the academic success 
of all students, broadening participation in the geosciences/
STEM, and facilitating students’ career pathways. Each of 
these series focuses on exploring evidence-based strategies 
that address the needs identified by SAGE 2YC faculty par-
ticipants. Most discussion groups explore multiple such 
strategies, allowing participants to choose those that they 
think will work well in their institutional context. 
Descriptions of many of these discussion series are linked 
from our website: https://serc.carleton.edu/sage2yc/faculty_
discussions.html. While we believe that all three of these 
strands can positively impact DEI in geoscience courses, 
programs, and departments, some discussion series are more 
directly related to DEI than others. Here are brief descrip-
tions of three discussion series that focused on broadening 
participation in STEM; the details of each can be found on 
the project website. Each of these examples showcases a 
somewhat different format for the discussion groups: a book 
club, a journal club, and an implementation group; this 
third format assumes that participants are already familiar 
with the research literature pertaining to a topic of interest.

Whistling Vivaldi book club

One factor contributing to the lack of diversity in the STEM 
disciplines is stereotyping (e.g., Cakmakci et  al., 2011; 
Chambers, 1983). If you doubt that stereotypes affect our 
collective image of geoscientists, try doing an image search 
for “geoscientist” in your favorite internet browser. Our 
mental image may affect which students we “see” as potential 
geoscientists… and it also affects which students “see” them-
selves as potential scientists (Schinske et  al., 2016). Students 
who identify with groups that have been historically under-
represented in the geosciences face an insidious barrier to 
success: stereotype threat. Whistling Vivaldi: How Stereotypes 
Affect Us and What We Can Do, by Claude M. Steele, is an 
excellent summary of the cognitive science research into 
the phenomenon of stereotype threat and its effect on stu-
dent performance, particularly in STEM. It is an excellent 



286 C. J. ORMAnD ET AL.

starting point for anyone who wants to understand why 
students who belong to historically underrepresented groups 
might be underperforming in our courses relative to their 
potential. Moreover, the book summarizes extensive research 
into strategies that can be implemented to mitigate the 
effects of stereotype threat, thus allowing students to achieve 
their potential. The SAGE 2YC project has run the Whistling 
Vivaldi book club multiple times; our approach to this book 
is described on the project website: https://serc.carleton.edu/
sage2yc/series/vivaldi.html. One key change we made to our 
usual discussion group approach was to solicit participants’ 
reflections anonymously, prior to each discussion. We did 
this because we felt this topic was particularly likely to elicit 
responses that participants might be uncomfortable sharing 
publicly, and we felt it was important to discuss those 
responses. Reflecting on the assumptions we bring to our 
DEI work is important, and this begins with reflection on 
our biases.

Book club participants reported making evidence-based 
adjustments to their own teaching practices in several ways: 
adding values affirmation exercises to their courses; giving 
students feedback on assignments that combine the messages 
of high standards with an expectation that the student can 
meet them; explicitly teaching students to have a growth 
mindset – that is, understanding that they can develop the 
skills of a scientist through practice. Several SAGE 2YC 
teams shared what they learned from the Whistling Vivaldi 
book club with their colleagues by reproducing part or all 
of the book club experience on their own campuses.

Sense of belonging journal club

We ran SAGE 2YC journal clubs on broadening participation 
in STEM, developing students’ science identity, and fostering 
students’ sense of belonging. Whether students feel they 
“belong” has a significant impact on their course of study 
and choice of career path (e.g., Good et  al., 2012; Tellhed 
et  al., 2017; Walton & Cohen, 2007). To develop inclusive 
departments, we need to pay attention to who feels a sense 
of belonging – and to who does not – and use evidence-based 
strategies to foster a sense of belonging in our students. 
Fortunately, the research literature presents an array of suc-
cessful strategies from which to choose. When we ran this 
journal club, participants read two articles prior to the first 
discussion to establish some common knowledge about key 
concepts. After that, however, each participant chose their 
own reading(s) and reported what they learned to the larger 
group. You can see the details of how this worked on the 
project website: https://serc.carleton.edu/sage2yc/series/
belonging.html. We used this approach because our partic-
ipants teach at a wide variety of two-year colleges, in dis-
tinctly different settings, with distinctly different student 
populations. However, it would also be a strong strategy for 
a departmental discussion group that wants to take a “jig-
saw” approach to accessing a broad range of literature.

Journal club participants reported making a variety of 
evidence-based changes to support their students’ sense of 
belonging. For example, participants reported explicitly 

teaching their students about metacognition and growth 
mindset or implementing a values affirmation activity. One 
participant updated departmental displays to showcase stu-
dent research and to provide information about interdisci-
plinary student groups and activities, and noted that both 
of these improvements made the displays more inclusive of 
under-represented populations. Many SAGE 2YC teams 
shared what they learned from this journal club with their 
colleagues through workshops they led on their campuses 
or in their regions.

Scientist spotlights implementation group

SAGE 2YC implementation groups differ from our book 
clubs and journal clubs in one essential way: participants 
are already familiar with the research on the topic at hand. 
For example, our Scientist Spotlights implementation group 
built on SAGE 2YC faculty participants’ familiarity with, 
and deep interest in, research on developing students’ sci-
ence identity. In particular, our participants knew about the 
work of Jeff Schinske and colleagues, using “scientist spot-
lights” to highlight the contributions of scientists who belong 
to groups that have historically been underrepresented in 
STEM (Schinske et  al., 2016). We have referenced Schinske 
et  al.’s work in workshops and also in the journal club on 
developing students’ science identity. The goal of the imple-
mentation discussion group, then, is to provide participants 
with the time, opportunity, and support to develop plans 
to incorporate “scientist spotlights” into their own courses, 
as well as to provide peer feedback on those plans. This 
might entail developing new scientist spotlights, or it might 
mean finding existing spotlights on the Scientist Spotlights 
project website (https://scientistspotlights.org) or from other, 
similar sources. You can see how we structured this discus-
sion series on our website: https://serc.carleton.edu/sage2yc/
series/spotlights.html.

SAGE 2YC faculty “change agents” have implemented 
scientist spotlights in a variety of ways, ranging from incor-
porating information on the scientists in parallel with the 
science topics covered in courses to incorporating assign-
ments that require students to learn about scientists on their 
own. One change agent developed a set of posters show-
casing a diverse array of geoscience alumni. Her “Just Like 
Me” posters are used in classrooms, outreach events, and 
advising offices (Resnick et  al., 2019). Another change agent 
had his students research scientists who belong to groups 
that have been historically underrepresented and produce 
short videos about the scientists (Voorhees, 2018). A third 
change agent updated departmental displays to showcase 
diverse alumni who are now professional geoscientists 
(Tvelia, 2019). All of these journal club participants devel-
oped their own individualized, context-specific plans to 
incorporate scientist spotlights into their courses.

Efficacy of discussion series

At the end of each SAGE 2YC discussion series, we invite 
participants to complete an end-of-event evaluation survey. 
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Of the 32 participants in the discussion groups described 
in this paper, 21 (66%) completed the end-of-series survey. 
All (100%) of the respondents selected “agree” or “tend 
to agree” that the discussion series facilitated the exchange 
of ideas among participants, engaged them in active learn-
ing, and met the stated goals. Survey responses demon-
strate a depth of learning and an appreciation for the 
structure and format of the discussions. Many respondents 
cited learning about the topic of the series as one of the 
most valuable aspects of participation. For example, book 
club participants reported an increased awareness of ste-
reotype threat and its impact on student academic per-
formance. One wrote, “The book made me far more aware 
of how stereotypes might affect a student’s performance 
even if my actions are not necessarily negative. This made 
me aware of many subtle, inadvertent ways my classes 
may reinforce these stereotypes.” Similarly, another par-
ticipant wrote, “Becoming exposed to the research pre-
sented in the book Whistling Vivaldi really opened my 
eyes further to the topics of bias, identity threat, stereo-
types, etc on a topic that I thought I was already well 
versed in.” Yet another wrote that reading this book 
“opened my eyes to many aspects of stereotyping that I 
had not considered before.” A second theme in the com-
ments about what was most valuable to participants was 
the structure and format of the series, including the 
opportunity to discuss the readings, and related questions, 
with their colleagues. One participant also reported dis-
cussing what they were learning with their Vice President, 
including “what we are doing in our department to 
increase participation, and the success(es) and difficulties 
we have had.”

Conclusions: Recommendations and resources

Ibram X. Kendi writes (2019, p. 208) that the route to 
cultural transformation isn’t through education; it’s through 
policy. We think that both are essential. We have seen the 
power of learning to motivate faculty to work for transfor-
mative change (e.g., Kastens & Manduca, 2017; Macdonald 
et  al., 2019; Manduca et  al., 2017; McDaris et  al., 2019b; 
Ormand et  al., 2011). Nonetheless, we won’t transform the 
culture of geoscience, and of geoscience departments, until 
we change our policies and practices. Our first recommen-
dation, then, is to identify opportunities to incentivize sys-
temic change (McGee, 2020, p. 136). Enlisting the support 
of those in power – tenured faculty, the department chair, 
a Dean, a higher level administrator – is one strategy for 
developing those incentives.

Develop a departmental community committed to 
diversity, equity, and inclusion

Changing departmental policies and practices requires a 
dedicated community of champions for diversity – a com-
munity of practice focusing on DEI - working together over 
time. We know from SAGE 2YC that discussion groups can 

provide a mechanism for building such a community and 
for sustaining its efforts (Bragg et  al., 2020). You don’t need 
to have this community to begin the work; the work can 
help you find and develop the community. Figure 1 illus-
trates the iterative process we used throughout the SAGE 
2YC project.

Gather and interrogate relevant data

Do your course enrollments match the demographics of 
your institution? SAGE 2YC faculty participants have iden-
tified demographic gaps in their enrollments and have 
made changes to their course offerings, course content, 
and course descriptions to attract a more diverse popula-
tion of students into their courses or programs (e.g., 
Anders & Boryta, 2019; Bair, 2019; Benford et  al., 2019; 
Layou, 2019; Leinbach et  al., 2019; Mrofka & Walker, 2019; 
Resnick et  al., 2019; Tvelia, 2019; Woodall & Braley, 2019). 
Do your course-level outcomes data indicate equity gaps? 
Some SAGE 2YC faculty participants have identified equity 
gaps in their courses and have made changes to their 
teaching to better support the academic success of 
under-represented student populations, with significant 
success in closing the equity gaps (Bair, 2019; Bragg et  al., 
2020). A few SAGE 2YC faculty members have needed the 
support of an institutional administrator, such as a Dean, 
in obtaining the data they needed from their institutional 
research offices, but most have been able to obtain these 
data without such assistance (Bragg, pers. comm.). 
Information about how participants in the SAGE 2YC proj-
ect have interrogated their data – and the template they 
used to do so – are available on the SAGE 2YC website: 
https://serc.carleton.edu/sage2yc/course_data.html.

Question your departmental assumptions and norms

Where do your curricula present unequal barriers to dif-
ferent demographic groups? What alternatives could you 
offer that would create equivalent opportunities for learn-
ing without the barriers? Or how could you eliminate the 
barriers entirely? What can your department do to ensure 
that students who belong to under-represented groups are 
able to learn in an inclusive, supportive environment, free 
of microaggressions, harassment, bullying, and other forms 
of intimidation, in the classroom, in the lab, and in the 
field? How can your department eliminate financial barriers 
associated with learning in the field? What can you do to 
ensure that students with disabilities have equal access to 
learning? What subconscious messages are hidden in your 
hallway displays about who does geoscience and where it 
is done? What messages are conveyed by your departmental 
website? Who are your seminar speakers? Who in your 
department receives awards and scholarships? Do your 
courses downplay the colonial history of geological explo-
ration? Do you teach your students about the inequitable 
impacts of natural hazards on BIPOC (Black, Indigenous, 
People of Color) communities? If you have graduate stu-
dents, what are your graduate student admission criteria?



288 C. J. ORMAnD ET AL.

Learn from prior research: Explore effective strategies 
and develop a plan

There is no shortage of research on the lack of DEI in the 
geosciences, in STEM, and in higher education. Fortunately, 
there is also an abundance of research on successful strat-
egies and approaches for improving equity, inclusion, and 
therefore diversity in STEM, including in the geosciences 
(e.g., Ballen et  al., 2017; Carabajal et  al., 2017; Carpi et  al., 
2017; Eddy & Hogan, 2014; Estrada et  al., 2019; Huntoon 
& Lane, 2007; McDaris et  al., 2019a; Núñez et  al., 2020; 
Posselt et  al., 2019; Powell et  al., 2020; Schinske et  al., 2016; 
Sue et  al., 2019; Wolfe & Riggs, 2017). The SAGE 2YC 
project website includes extensive descriptions of several 
discussion groups, including reference lists and suggestions 
for structuring conversations, which you can adopt or adapt 
to facilitate evidence-based professional development expe-
riences for yourself and your colleagues: https://serc.carleton.
edu/sage2yc/faculty_discussions.html. You need not be lim-
ited by the topics we have explored; build your discussion 
group around the topics that are of high interest to you 
and your colleagues. The URGE project has developed a 
robust curriculum on racism in the geosciences: https://
urgeoscience.org/curriculum/. The ADVANCE-Geo 
Partnership project website has brief, informative summaries 
about many DEI-related topics: https://serc.carleton.edu/
advancegeo/resources/index.html. The Race and Equity 
Center at the University of Southern California has a set 
of racial equity tools designed for educators to use in edu-
cating ourselves and transforming our own practices: https://
www.cue-tools.usc.edu.

Choose and implement strategies; use data to  
measure progress

Take a metrics-based approach (e.g., Williams, 2014) to 
making changes in your department:

1. Set departmental goals for student enrollments, course 
success rates, and degree completion that reflect insti-
tutional demographics;

2. Set a timeline for departmental progress toward those 
goals;

3. Choose research-based strategies to move your depart-
ment toward those goals;

4. Evaluate departmental progress at regular intervals and 
adjust strategies as needed.

The SAGE 2YC project website has a suite of resources 
that can provide the scaffolding for this work in your 
department. For example, we have written a detailed descrip-
tion of how our faculty members are using student outcomes 
data from their institutional research offices to identify 
equity gaps in their own courses and departments. You, too, 
can use course-level student outcomes data, in conjunction 
with institutional enrollment data, to evaluate your own 
department’s successes and failures with respect to attracting 
and supporting students in your courses.

Make a commitment

The status quo is untenable. Together, we can transform the 
geosciences. Let’s do it.
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