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STEM higher education in the U.S. has long been an uninviting space for minoritized 
individuals, particularly women, persons of color, and international students 
and scholars. In recent years, the contemporary realities of a global pandemic, 
sociopolitical divides, and heightened racial tensions, along with elevated levels of 
mental illness and emotional distress among college students, have intensified the 
need for an undergraduate STEM education culture and climate that recognizes 
and values the humanity of our students. The purpose of this article is to advance 
a more humanized undergraduate STEM education and to provide a framework to 
guide efforts toward achieving that vision. We argue that humanizing approaches 
recognize and value the complexity of individuals and the cultural capital that they 
bring to their education, and that this is particularly important for empowering 
minoritized students who are subordinated in status in STEM higher education. 
A STEM education that centers students’ humanity gives rise to equity and 
promotes human well-being and flourishing alongside knowledge acquisition 
and skill development. We  then offer a guiding framework for conceptualizing 
the broader ecosystem in which undergraduate STEM students are embedded, 
and use it to outline the individual and collective roles that different stakeholders 
in the ecosystem can play in humanizing STEM education.
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Introduction

The culture of science, technology, engineering, and math (STEM) disciplines has 
historically been critiqued as being inhospitable and hostile, especially toward White women, 
racially minoritized students, and students with minoritized identities of sexuality and/or gender 
(Miller et al., 2021; National Center for Science and Engineering Statistics, 2021). Perhaps this 
is because STEM fields are “designed to attract White men who are heterosexual, abled-bodied, 
Christian or atheist, middle-class and above” (McGee, 2020, p. 634). From creating a chilly 
climate toward women in STEM (e.g., Beede et al., 2011; Jorstad et al., 2017) to perpetuating 
institutional racism (e.g., McGee, 2020; McGee et  al., 2021), current STEM culture is an 
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uninviting space for many students and faculty (Allen, 2017; McGee, 
2020). In addition, students who identify as LGBTQ+ must navigate 
anti-LGBTQ+ discourses, hypermasculinity, and invisibility in their 
STEM communities (Cech and Waidzunas, 2021; Miller et al., 2021).

Thus, it should be  little surprise that White women and 
minoritized students are consistently underrepresented in 
undergraduate STEM education and the STEM workforce when 
compared proportionally to overall population numbers in the 
United States (National Science Board, National Science Foundation, 
2022). Studies have also shown that international students and faculty 
experience similar issues of discrimination and exclusion (e.g., George 
Mwangi et al., 2016; Laufer and Gorup, 2019) in the academy, despite 
the fact that they comprise at least one-fifth of the STEM workforce 
(National Science Board, National Science Foundation, 2022) and are 
lauded as knowledge producers who bring increased visibility and soft 
power to the United States, especially in globally competitive STEM 
fields (Yao and Viggiano, 2019).

Over the last 3 years, the challenges of a global pandemic, widened 
sociopolitical divides, and heightened racial tensions have increased 
the sense of urgency around the need to address the pervasive and 
long-standing unwelcoming culture of STEM higher education. Well-
documented increases in mental illness, substance use, and other 
forms of emotional distress among students in higher education 
provide further impetus for change (National Academies of Sciences, 
Engineering, and Medicine, 2021). U.S. higher education has a unique 
responsibility to ensure that the future generations of scientists and 
engineers that it educates are simultaneously prepared to solve the 
world’s most vexing problems through discovery and innovation, and 
positioned to do so amid a rapidly shifting world. At the same time, 
U.S. higher education must ensure that the STEM ecosystem is 
equitable and inclusive to address persistent inequities that “shuts out 
and diverts away too many talented individuals, limiting opportunities 
for discovery and innovation, and our national potential for the 
greatest impact” (The White House, 2022). We believe that key to 
achieving these important goals is creating an undergraduate STEM 
education culture and climate that recognizes and values the humanity 
of our students.

Motivated by these concerns, the purpose of this article is to argue 
for a more humanized undergraduate STEM education and to provide 
a framework to guide efforts toward achieving that vision. We begin 
by addressing our own positionalities as scholars and as humans, 
because we recognize that our positionalities frame our approach to 
this topic. Next, we articulate what we mean by “humanizing STEM 
education,” how humanizing approaches are essential to equity and 
why this is an imperative right now. At the core of humanizing 
approaches is recognition of the complexity of individuals and the 
importance of educating the whole student. To that end, we then offer 
a guiding framework for conceptualizing the broader ecosystem in 
which undergraduate STEM students are embedded, and the ways in 
which all stakeholders in that ecosystem can contribute to the 
development of a higher education culture that centers students’ 
humanity. We use this framework to outline the ways in which we can 
move toward meaningful action by articulating reasonable, common 
sense suggestions for stakeholders in different parts of the ecosystem, 
including the faculty, student affairs, university leadership, university 
libraries, professional associations, and external stakeholders. Our aim 
is to help these stakeholders gain insights on how their individual and 
collective actions can be  harnessed to create a humanized STEM 

campus ecology. We  end with far-reaching recommendations for 
future directions for research and practice, knowing that humanizing 
undergraduate STEM education will require continued, indefatigable 
investment in time, energy, and resources.

Before moving further into this article, we want to make clear how 
we operationalize the term “minoritized” throughout this manuscript. 
We ascribe to the use of “minoritized” rather than “minority” as a way 
to reflect “an understanding of ‘minority’ status as that which is 
socially constructed in specific societal contexts” (Stewart, 2013, 
p. 184). That is, students are minoritized as a result of a process rather 
than as an assumed identity (Benitez, 2010), and this terminology is a 
start in moving toward a more humanizing approach to undergraduate 
students. Thus, in subsequent sections, we  refer to minoritized 
students – which typically would include women, people of color, and 
international students – as those who are subordinated in status in 
STEM higher education.

Author positionalities

We recognize the importance of author positionality, which 
illuminates how we  approach the topic of undergraduate STEM 
education reform. Most importantly, we offer insights on who we are 
in relation to humanizing STEM education, which is consistent with 
a relational and humanistic approach in education. We engage in 
reflexive practices as a way to emphasize “the importance of self-
awareness, political/cultural consciousness, and ownership of one’s 
perspective” (Patton, 2002, p. 64). As a result, we are made aware of 
our positionality, operationalized as “how one is positioned in contrast 
to those being studied” (Yao and Vital, 2018, p. 194), and describe how 
we are positioned simultaneously with and against our topic.

The authors began the work that led to this paper through their 
work on a subcommittee of the National Academies of Science, 
Engineering, and Medicine’s Roundtable on Systemic Change in 
Undergraduate STEM Education. The subcommittee was assigned the 
task of exploring ways in which undergraduate STEM education could 
become more holistic and humanizing. This paper reflects our views 
as individuals that the system of undergraduate STEM education lacks 
understanding and appreciation for the conditions within STEM that 
dishonor the humanity of minoritized students and faculty (Turk-
Bicakci and Berger, 2014; McGee, 2020). Collectively, we have nearly 
a century of accumulated experience in STEM higher education, 
focusing on examining, building, and offering safe spaces - physical, 
psychosocial, and emotional - for minoritized students to persist in 
STEM. We represent the often forgotten front lines of STEM reform 
that have kept alive the promise of a STEM career for minoritized 
students and the hope of a diverse STEM workforce for the nation.

While it is a single professional endeavor that has brought us into 
collaboration with each other, we are both varied and unified in our 
perspectives on the criticality of prioritizing our own humanity in 
STEM. On one hand, our individual but similar experiences of – and 
exasperation with – marginalization, exclusion, aggression, and 
delegitimization have provided a foundation from which our ideas 
and interactions can easily flow and flourish into meaningful 
contributions to the knowledge base. On the other hand, the problem-
solving approaches we find useful, and the theoretical and practical 
frames that guide our thinking, are not as common among us. 
Additionally, we represent varied social identities, some of which offer 
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us a lens of privilege in understanding STEM higher education and 
others that come by way of disempowering lived experiences. 
Individually, we  all identify as cis gender; and either as African 
American woman, Asian American woman, Native American man, 
or White woman. Our geographical origins span the entire continental 
United States. Each of us has over 10 years of experience in higher 
education, as faculty and/or administrator, representing the broadest 
range of institution types – from Tribal Colleges and Universities and 
other community colleges and to major research institutions to 
Historically Black Colleges and Universities.

Many authors have noted the myriad ways in which diversity adds 
strength to groups (Roberge and Van Dick, 2010; Nielsen et al., 2018). 
We posit that it is not merely our diversity that is our strength but our 
capacity to attend to our humanity, and the ways in which our 
humanity has been shaped by our diverse lived experiences, that gives 
us strength as a collective. This paper represents that strength and 
serves as evidence that uniquely different worldviews can exist in a 
common space, without any of them being disadvantaged, dismissed, 
reduced, or made to suit an overgeneralized narrative about 
marginalized groups in STEM. As such, we not only present the best 
of who we  are and the best of what we  can do as scholars and 
educators; we also, hopefully, provide hope for others that humanizing 
STEM is a real possibility for our lifetime.

What is humanized STEM education?

A fully humanized STEM higher education centers on teaching 
students, not disciplines, in a way that recognizes and values the 
complexity and humanity of our students. We argue that first and 
foremost, this requires an educational environment that honors 
students for the multiple forms of cultural wealth, including social, 
linguistic, and familial capital (Yosso, 2005) they bring to their 
education. Our emphasis on cultural wealth is particularly salient 
because students from minoritized backgrounds, who possess an 
“array of cultural knowledge, skills, abilities, and contacts” (Yosso, 
2005, p. 69), suffer the greatest negative impacts of the historically 
racist and gendered cultures and climates within STEM. Humanizing 
undergraduate STEM education in ways that foreground the lived 
experiences of all minoritized students is essential for all students and 
their communities to thrive.

Ultimately, a STEM education culture that embraces students’ 
humanity is one that centers equity and creates a learning environment 
that supports the mental, emotional, physical, and academic well-
being of all students. We argue that well-being is not only a critical 
factor in students’ academic success (National Academies of Sciences, 
Engineering, and Medicine, 2021) but it is an important outcome of 
higher education itself (Finley, 2016). In light of the vexing and 
multiplying challenges discussed at the outset of this article, the 
immediate and intentional focus on humanizing undergraduate 
STEM education is a national imperative that can no longer be ignored 
or left un-operationalized. To that end, we call for postsecondary 
educators in U.S. higher education, and all those with vested interests 
in the viability of the nation’s global competitiveness in science and 
engineering, to enact systemic- and individual-behavior-level changes 
to advance a humanizing approach to undergraduate STEM education, 
specifically one that puts student overall well-being at the center of the 
STEM academic enterprise. Such an approach requires a keen 

awareness of and appreciation for our roles in teaching students, not 
just disciplines; honors students’ humanity, ideologies, and ways of 
knowing; and gives students experiences that nurture and promote 
human well-being and flourishing alongside knowledge acquisition 
and skill development.

Theoretical framework

Our guiding framework for humanizing undergraduate STEM 
culture is inspired by an ecological model of human development that 
is grounded in the psychological and educational research literature 
(Bioecological Systems Theory; Bronfenbrenner and Ceci, 1994; 
Bronfenbrenner and Morris, 2006). We use this framework to envision 
the ecology of undergraduate STEM education. In it, students are 
centered as the primary focus, and other system levels represent 
multiple aspects of undergraduate STEM teaching and learning (e.g., 
faculty, advisors, associations, etc.). This guiding framework enables 
us to conceptualize and articulate the roles that all stakeholders in the 
educational ecosystem can play in promoting undergraduate STEM 
student learning, persistence, and well-being.

Figure 1 provides an illustration of our application of this model 
to an example undergraduate STEM student’s ecosystem; however, 
it is not meant to be a complete depiction of the entire ecosystem. 
The framework views the student in interaction with a set of nested 
environments or ecological systems – from micro to macro levels. 
Students live, work, and learn within multiple specific environments, 
or “microsystems,” including but not limited to academics, 
co-curriculars, student life/student affairs, family, and work settings. 
The student is viewed as an active agent in the ecosystem, with 
development being shaped by reciprocal interactions between the 
person and their contexts. Importantly, students’ interactions with 
these immediate contexts do not happen in isolation of one another. 
Rather, the relationships between students’ microsystems, also 
known as the “mesosystem,” have implications for individual 
student development. Students may have congruent, separate, or 
conflicting experiences in different microsystem settings; strong 
and supportive links between microsystems lead to optimal 
outcomes (Bronfenbrenner and Morris, 2006), whereas 
disconnected or conflicting microsystem contexts may lead to 
dehumanizing experiences.

Students’ immediate environments also interact with and are 
influenced by “exosystems,” or broader institutional structures that 
do not directly impact the student (e.g., faculty reward systems) yet 
still affect the student’s interactions with their immediate contexts 
(e.g., by influencing faculty teaching practice). All of these system 
levels are embedded within a “macrosystem” of cultural beliefs, 
practices, and value systems and a particular historical time period 
(part of the “chronosystem”) that affect the conditions and processes 
that exist within the microsystem. These broader system levels can 
help us identify institution and discipline stakeholders who are 
removed from the daily life of students yet still have a critical role 
to play in humanizing the STEM learning environment. A major 
implication of the model is that a humanized STEM ecosystem is 
more likely when all members of the academic community see it as 
their responsibility to contribute and, at a minimum, work in 
awareness of each others’ roles, or at best, engage in coordinated or 
collective action.
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How can we humanize undergraduate 
STEM education? Considerations for 
practice

This application of the Bronfenbrenner model provides a useful 
frame for comprehensively describing the ways in which students’ 
interactions with their immediate and more distal contexts in the 
undergraduate STEM ecosystem can serve to humanize (or 
dehumanize) their educational experiences. We  argue that all 
members of the academic community must see it as their responsibility 
to work to create, to the best of their abilities, an equitable and 
empathy-based environment that values the cultural wealth of all 
students and places student well-being at the center of the academic 
enterprise. This goal will require work within specific environments, 
as well as intentional efforts to bridge across commonly siloed settings, 
to increase awareness and support collective action.

In considering the applications of the ecological model to practice, 
we focus on the role of stakeholders that, arguably, have the greatest 
impact on STEM student outcomes: student affairs and student 
services, academic advisors, faculty, university administration, 
university libraries, national associations, and external stakeholders/
champions. In the sections that follow, we  offer a set of 
recommendations as a first step toward modeling what can 
be  achieved if practices are proposed while simultaneously 
recognizing, appreciating, and honoring the humanity of our 
colleagues and counterparts – their intuitions, attitudes, cultural 
beliefs, and disciplinary expertise. To that end, the reader is only 
encouraged to ponder, critique, and evaluate these suggestions for 
feasibility and perhaps potential for adaptability. We caution against 
assuming the practices noted below are appropriate for all institutional 
contexts and human capacities; we recognize that higher education 
institutions are all organized and governed differently and neither can 

FIGURE 1

A framework to guide humanizing efforts: bioecological systems theory. Items in purple are those that relate to the higher education industry per se, 
representing the stakeholders with responsibility to humanize STEM education.
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be fully captured or considered in a single article such as this. Thus, 
we encourage all readers to consider the recommendations below 
within their own institutional contexts.

Students

Students are at the heart of the imperative to humanize 
undergraduate STEM education, and the ecological model positions 
them as active participants in the STEM ecosystem. A considerable 
amount of research, moreover, has explored the way in which students 
can take responsibility for navigating their undergraduate STEM 
careers (e.g., Goodlad, 1998; Colvin and Ashman, 2010; Yao et al., 
2021). Despite the demonstrated role of student agency, we argue that 
it is the responsibility of institutional and discipline stakeholders, not 
students, to humanize STEM education. Indeed, an emphasis on 
changing institutions and systems rather than changing students is a 
central tenet of anti-deficit based approaches to inclusive and equitable 
education (e.g., García and Guerra, 2004; Peck, 2021). Therefore, in 
considering the applications of the ecological model for human 
development (Bronfenbrenner and Ceci, 1994; Bronfenbrenner and 
Morris, 2006) to the student level, we  focus on the role of other 
stakeholders in amplifying the impact of student voices within the 
STEM education ecosystem and empowering students toward greater 
agency and self-actualization in STEM education.

Student affairs and student services

Student affairs and student services support the academic and 
personal development of students and generally center on student 
experiences outside of the classroom or in a co-curricular environment 
(e.g., residential life, student health and mental health centers, 
multicultural centers, writing centers). As such, these stakeholders are 
ideally positioned to provide broad and multifaceted support for 
varying dimensions of student well-being and development, yet this 
context is often overlooked when it comes to improving students’ 
STEM education experiences. Given that student affairs and student 
services work is characterized by community building, collaboration, 
and inclusivity (Espinosa and Nellum, 2015), these administrators 
may be  ideally suited to assist in the success of underrepresented 
STEM students, whose identities are not reflected in a critical mass on 
their campus and/or in the classroom. Student affairs professionals are 
often academically trained in student development theory and are well 
positioned to contribute to humanized education through student 
programming that promotes well-being and embraces difference and 
culturally responsive approaches to relationship building.

Student affairs and student services administrators could also 
consider ways to engage with stakeholders in other microsystems. For 
instance, how might they connect their work to the undergraduate 
STEM curriculum to facilitate learning and development outside the 
classroom? How might they foster faculty interactions with STEM 
students in spaces beyond classrooms and labs, such as living learning 
communities? How can they engage minoritized STEM students who 
could benefit the most from connecting to a community that allows 
them to feel supported while allowing them to be  their authentic 
selves (Starr et al., 2022)? For example, Purdue University created the 
Women in Science Programs (WISP) learning community that has a 

goal of “offering support by addressing issues of isolation in the STEM 
field” (Purdue University, 2023). As a result, the program seeks to 
increase persistence in STEM by offering a variety of programs, 
including tutoring and mentoring for participants.

Academic advising

Academic advisors often exist in a liminal space between student 
affairs and academic affairs at an institution. Yet academic advisors are 
critical to student support because advisors guide students in 
educational and career pathways throughout students’ collegiate 
career. Thus, it is imperative for academic advisors to consider how to 
approach their advising of STEM undergraduates in humanizing and 
culturally sustaining ways. How can academic advisors move toward 
advising models that honor the humanity of undergraduate 
STEM students?

One approach is to adopt assets-based advising to create 
congruent and supportive connections between students’ educational 
pathways and their experiences in other microsystem contexts (e.g., 
family, work, STEM classroom). Assets-based advising includes 
actively naming and supporting the needs of racially and gender-
minoritized students in STEM (Suárez and Beatty, 2022). From an 
asset-based perspective, advisors should avoid the advising traditions 
of linear progress and assumptions of students’ backgrounds which 
historically have molded students into a STEM template that has 
historically marginalized racially and gender-minoritized students. 
Rather, advisors must consider how they can understand and account 
for the complexities of students’ lives, including their cultural contexts, 
multiple knowledges, and mental and emotional well-being. 
We recognize that not all academic advisors are familiar with assets-
based advising, so we recommend that institutions encourage their 
advising staff to participant in NACADA: The Global Community in 
Academic Advising learning opportunities, including online resources 
related to strengths-based advising and learning communities focused 
on STEM advising (NACADA, 2023).

Faculty

Adjunct professors, teaching professors, tenure track professors, 
deans, and department chairs can also be  called upon to adopt 
practices that more firmly put students at the center of what they do 
(Killpack and Melon, 2017). Some faculty actions may be carried out 
individually, and others collaboratively across an academic program. 
For instance, like academic advisors, faculty can increase their 
awareness of and create congruent connections with students’ 
experiences in other settings, such as: becoming familiar with student 
support systems on campus and advocating for student utilization and 
adopting teaching practices that center care and empathy (Estrada 
et al., 2018). They can also design their courses to meet the needs of 
students with diverse experiences and identities, such as those with 
full time jobs, illness or mental health issues, or familial responsibilities 
For example, using in-class time, rather than out-of-class time for 
group work, or grouping students with similar schedules, can ensure 
that group participation is accessible to all students. In addition, 
building structured flexibility into courses, such as the ability to 
choose between assignments, options to make-up or revise 
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assignments, or specifications or mastery-based grading schemes, can 
make it easier for students to balance non-academic responsibilities 
with course responsibilities and learning (White et al., 2021; White 
and Sangster, 2022).

Other potential faculty actions include centering on how and what 
they teach. For instance, adoption of active and collaborative 
pedagogies, which have been repeatedly demonstrated to support 
better and more equitable student learning (e.g., Theobald et al., 2020), 
may serve to create an educational environment that is more 
welcoming of minoritized students, many of whom come from 
communities that value cooperation and collectivism more than 
individualism (e.g., Brown, 2008). Faculty can also create learning 
experiences that center students’ humanity by offering opportunities 
for students to find a sense of purpose in their learning or promoting 
their personal and ethical development; these sorts of experiences 
have proven to be particularly important for promoting a sense of 
belonging among minoritized students (National Academies of 
Sciences, Engineering, and Medicine, 2018), in part because they place 
greater value on collective and community priorities (Brown, 2008; 
White et al., 2021). Example approaches include case- or problem-
based learning, inquiry learning, community-engaged learning, or 
authentic assignments (e.g., Wiggins, 1998; Goeden et  al., 2015; 
Rodenbusch et al., 2016) and infusing themes such as ethics, well-
being, and identity into the curriculum (e.g., see the Being Human in 
STEM initiative developed at Amherst College; Bunnell et al., 2023). 
Ultimately, faculty must consider—how can they responsibly create 
inclusive learning environments that can contribute to broadening 
participation in STEM fields?

University leadership/administration

Arguably, university administrators are the most essential 
stakeholder responsible for creating an institutional culture in which 
the humanizing of undergraduate STEM education can occur. 
Although it is well-established that top-down mandates from 
university leaders are generally insufficient for broad change 
(Henderson et al., 2011), university administrators, particularly those 
at high levels in higher education institutions, do often determine 
institutional priorities and set the campus tone for excellence and 
inclusion through communication, modeling and resource allocation. 
The role of communication was perhaps most evident immediately 
following the murder of George Floyd and the onset of the COVID-19 
pandemic when our academic leaders made numerous policy and 
position statements expressing concern for the state of our democracy 
and the wellbeing of all individuals on their campuses.

Language, however, is not sufficient for building institutional 
capacity for a humanized undergraduate STEM culture. Additional 
moves could include modeling, as in Howard University President 
Frederick’s (2022) announcement of a Mental Health Day for the 
entire campus, bringing recognition to others’ efforts toward 
humanizing STEM education, and investing resources in actions and 
infrastructure that can help all institutional stakeholders in 
contributing to a humanized STEM. Moving forward, leaders could 
consider: what institutional conditions will encourage and support 
other stakeholders in honoring the humanity of our students? How 
can we bring visibility to this work? How can we elevate student voices 
and support their agency?

University libraries

University libraries are a key stakeholder in providing a welcoming 
environment for all students, and creating open and equitable access 
to library resources and spaces. Over the last decade, university 
libraries have reduced barriers to entry by extending their services and 
resources beyond the halls of the physical building by offering digital 
scholarship services and research methods workshops, making 
primary sources and research materials available through digitization, 
and curating datasets and digital collections. Librarians also work with 
faculty to identify and use open and accessible educational resources 
(OAER) and create digital repositories to reduce the cost of books and 
other class materials. By providing alternate access to materials and 
services, librarians support a broader range of scholarship and 
learning that fosters equitable access to all students, and specifically 
minoritized populations (e.g., Hardin et al., 2019).

University libraries can also contribute to a more humanized 
educational environment by actively diversifying the library’s collections 
and amplifying the voices of minoritized scholars so that libraries play a 
role in sustaining the cultural wealth of minoritized communities rather 
than eliminating it (Paris and Alim, 2017; Moreno and Jackson, 2020). 
In addition to purchasing and showcasing resources published by 
scholars with minoritized identities, libraries can help faculty to diversify 
and decolonize the curriculum and curate library guides for diversity in 
STEM (Morales et al., 2014; Coalition for Diversity and Inclusion in 
Scholarly Communications, n.d.). University libraries can also 
collaborate across campus with other microsystems to support 
undergraduate STEM education. For example, the University of Illinois 
Chicago Undergraduate Experience Program develops strategic 
partnerships between the libraries and other units in the student’s 
ecosystem to holistically support student success (Moreno and Jackson, 
2020). In one such partnership, a collaboration between the Libraries 
and the Writing Center addressed the observation that first-year writing 
students were struggling with evidence gathering by embedding research 
consultations early in the writing process (Moreno and Jackson, 2020). 
Libraries, moreover, may also work to humanize STEM students’ 
ecosystem by recognizing and leveraging the ways in which they straddle 
the academic and social spaces, or microsystems, of students (Moreno 
and Jackson, 2020). For instance, the Undergraduate Experience 
Program creates a “Wall of Encouragement” during finals period to 
provide a public venue for students to encourage each other and express 
themselves during a stressful period. Moving forward, librarians might 
ask, how can libraries build programs and partnerships to support 
STEM education, particularly in both the physical and virtual spaces?

Disciplinary societies and associations

Disciplinary societies and associations play a key role in shaping 
the systems that undergraduate STEM students navigate because they 
shape the behaviors, expectations, and norms of STEM cultures 
(National Academy of Sciences, National Academy of Engineering, 
and Institute of Medicine, 2005). However, in many ways, disciplinary 
societies and associations, as racialized organizations (Ray, 2019), 
contribute to the same centuries-old traditions, conventions, practices, 
and beliefs that have historically disproportionately advantaged some 
while marginalizing others in STEM. Therefore, while the national 
reports and convenings are necessary, it is questioned whether or not 
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they are sufficient for bringing about true and lasting change. Thus, 
disciplinary societies and associations should consider, how can 
associations design and deploy far more audacious reform agendas 
aimed at empowering and emboldening stakeholders of undergraduate 
STEM education? Indeed, the “non-humanized” stakeholder is 
powerless in seeing, advocating for, or acting in pursuit of the 
humanity of undergraduate STEM students.

As an example, the American Association of Colleges and 
Universities (AAC&U) emerges as a national exemplar in shifting 
stakeholders, namely faculty and university administrators, from 
relying too heavily on over-prescribed “tools” to knowing and trusting 
themselves as undergraduate STEM reformers; and from over-
generalizing their lived experiences to building their capacity to 
critically question, examine, and understand the uniqueness of their 
institutional contexts. AAC&U’s TIDES Institute (Mack et al., 2019; 
American Association of Colleges and Universities, 2023b) and Project 
Kaleidoscope STEM Leadership Institute (American Association of 
Colleges and Universities, 2023a) are designed to shape faculty and 
administrators through reflection and professional development 
around leadership for change. In another example, the American 
Physical Society and the American Association of Physics Teachers 
have collaborated to develop a comprehensive guide, Effective Practices 
for Physics Programs (EP3), to promote unit-level reflection and 
student-centered systemic improvement, These examples illustrate how 
disciplinary societies and associations can become advocates for 
humanized undergraduate STEM education and also provide 
scaffolding for change in stakeholders at other levels of the ecosystem.

External stakeholders/public advocates and 
champions

External stakeholders and public advocates include entities such as 
the U.S. government, science centers and museums, science laboratories, 
non-profit organizations, and the business industry. These entities, which 
sit at the exosystem level, are unlikely to have a direct influence on 
undergraduate STEM students but can contribute to efforts humanize 
their education by bringing attention, dialogue, and resources to the 
imperative and the work regionally and nationally. These stakeholders 
can create the conditions to support a more equitable and empathy-
based STEM culture, influencing the experiences students encounter in 
their more immediate contexts, through the provision of visible models, 
external legitimacy, policy and process development, resource allocation, 
and collaboration. For instance, the National Academies of Sciences, 
Engineering, and Medicine Roundtable on Systemic Change in 
Undergraduate STEM Education that has brought this group of authors 
together represents an effort to generate interest and foster dialogue 
among academic scientists and educators, policy makers, federal officials 
and the business community about the need for STEM education reform 
and how to achieve that goal (e.g., National Academies of Sciences, 
Engineering, and Medicine, 2020). Stakeholders in the STEM workforce 
could also contribute by intentionally shifting their mindset to 
recognizing and embracing cultural wealth among prospective and 
current employees through hiring, recognition, and advancement 
practices. Nonetheless, like disciplinary societies, many of these entities 
were themselves shaped by a STEM culture and practices that served to 
dehumanize and marginalize. As a result, external stakeholders might 
begin by asking themselves, what are our contributions to the current 
STEM culture? What would a shift look like and how could it bring about 

much needed change? How can our visibility and collaborations with 
other stakeholders in the STEM education ecosystem be leveraged to 
advance change?

Recommendations and future 
directions

We recognize that every higher education institution is unique, 
especially when considering institutional type, campus climate, and 
resource allocation. As a result, we understand that we cannot provide 
step-by-step instructions on specific tasks to move toward a humanized 
undergraduate STEM education. To this end, we take the bold position 
of resisting conventional approaches that propose recommendations 
for reforming undergraduate STEM education, which far too often 
treat the reformer like a “machine” that must employ tools or protocols 
to achieve specific tasks. Sadly, this approach lacks any regard for the 
lived experience of the reformer and the extent to which the wisdom 
of that lived experience can yield a better outcome for undergraduate 
STEM students. Here, we aim to model for the reader a humanized 
undergraduate STEM education that honors the reader’s humanity and 
their capacity to translate both the practical considerations noted above 
and the recommendations proposed here into actions and interventions 
that are reasonable and appropriate given the conditions in which the 
reader is expected to implement them.

In previous sections, we provided suggestions for stakeholders in 
undergraduate STEM education as a way to open the conversation for 
humanizing undergraduate STEM education. In addition, we recognize 
that silos exist in higher education institutions; however, we argue that 
it is critical to find ways to bridge these silos in order to effectively 
humanize STEM education. For example, STEM faculty could also 
consider partnering with stakeholders in other microsystems to 
connect programming related to their courses to support students in 
addressing barriers to success, such as time management (student 
success units) or information literacy (libraries), or to other domains of 
personal development, such as the arts (e.g., art museums, performing 
arts centers) or career aspirations (e.g., career centers, industry partners).

Ultimately, it is imperative for all stakeholders to increase awareness 
of their roles as well as others’ responsibilities in STEM education. In 
demonstrating a deeper understanding of each higher education sector’s 
roles, responsibilities, and resources, stakeholders could then move 
toward collective action and strategic planning to consider how to 
humanize undergraduate STEM education. For example, curriculum 
design often falls under the purview of faculty, yet power collaborations 
that also include co-curricular learning could be done by engaging with 
student affairs, such as through STEM-focused student organizations 
or living-learning communities. Another example includes embedding 
education about mental health and wellbeing in all aspects of students’ 
lives, which requires some collaborative training for administrators, 
faculty, advisors, and student affairs staff.

Humanizing undergraduate STEM education requires investment 
from each individual, committed to doing the difficult work of 
transforming education. In considering how to move toward a 
humanized undergraduate STEM education, we  encourage all 
stakeholders to start with asking reflective questions of themselves, 
their collaborators, and institutions:

 • What makes this work meaningful to you?
 • What are you willing to sacrifice for this?
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 • How are you  willing to be  an advocate for your students, 
especially minoritized STEM students?

 • How are you  willing to advocate for institutional and 
systemic change?

 • How will you resist the status quo?

Ultimately, the responsibility for designing and demanding a 
humanized undergraduate STEM education lies with us, not our 
students. We must put student well-being, not content mastery, at the 
center of the STEM academic enterprise. When we  humanize 
undergraduate STEM education, we focus on teaching students, not 
disciplines; and we embrace what they bring to their education (e.g., 
cultural wealth) rather than emphasize their deficits. In doing so, 
we give all students, particularly minoritized students, an opportunity 
to gain scientific knowledge and skill alongside – not at the expense 
of – well-being and human flourishing.

Data availability statement

The original contributions presented in the study are included in 
the article/supplementary material, further inquiries can be directed 
to the corresponding author.

Author contributions

CY, AFG, KM, CM, JP, LP, and LY contributed to conception and 
design of the manuscript and drafted specific sections of the manuscript. 
CY and AFG revised, connected, and expanded the text. All authors read 
earlier versions of the manuscript and contributed to revision.

Acknowledgments

The authors are members of the National Academies Roundtable on 
Systemic Change in Undergraduate STEM Education (https://www.
nationalacademies.org/our-work/roundtable-on-systemic-change-
inundergraduate stem-education) and were inspired to write this 
article by their conversations at Roundtable meetings. The article 
represents the authors’ views and not those of the National 
Academies of Sciences, Engineering, and Medicine. The 
Roundtable is supported by the National Science Foundation, 
Award #2015899. Any opinions, findings, and conclusions or 
recommendations expressed in this material are those of the 
author(s) and do not necessarily reflect the views of the National 
Science Foundation.

Conflict of interest

The authors declare that the research was conducted in the 
absence of any commercial or financial relationships that could 
be construed as a potential conflict of interest.

Publisher’s note

All claims expressed in this article are solely those of the 
authors and do not necessarily represent those of their affiliated 
organizations, or those of the publisher, the editors and the 
reviewers. Any product that may be evaluated in this article, or 
claim that may be made by its manufacturer, is not guaranteed or 
endorsed by the publisher.

References
Allen, A. M. (2017). Do we know who is really doing the planting? A case study of 

traditionally white institutions identified as top degree producers of black engineering 
undergraduates [Unpublished doctoral dissertation]. University of Pittsburgh.

American Association of Colleges and Universities. (2023a). Project Kaleidoscope 
(PKAL). Available at: https://www.aacu.org/initiatives/project-kaleidoscope

American Association of Colleges and Universities. (2023b). Teaching to increase diversity 
and equity in STEM institute. Available at: https://www.aacu.org/event/2023-tides

Beede, D., Langdon, T., McKittrick, G., Khan, B., and Doms, M. (2011). Women in 
STEM: A gender gap to innovation. Washington, DC: U.S. Department of Commerce, 
Economics and Statistics Administration.

Benitez, M. Jr. (2010). “Resituating culture centers within a social justice framework” in 
Culture centers in higher education: perspectives on identity, theory, and practice. Ed. L. D. 
Patton (Sterling, VA: Stylus Publishing), 119–134.

Bronfenbrenner, U., and Ceci, S. J. (1994). Nature-nurture reconceptualized in 
developmental perspective: a bioecological model. Psychol. Rev. 101, 568–586. doi: 
10.1037/0033-295x.101.4.568

Bronfenbrenner, U., and Morris, P. A. (2006). “The bioecological model of human 
development” in Handbook of child psychology: Theoretical models of human development. 
eds. R. M. Lerner and W. Damon (Hoboken, NJ: John Wiley & Sons Inc), 793–828.

Brown, A. V. (2008). Effectively educating Latino/a students: a comparative study of 
participation patterns of Hispanic American and Anglo-American university students. 
J. Hisp. High. Educ. 7, 97–118. doi: 10.1177/1538192707313929

Bunnell, S. L., Jaswal, S. S., and Lyster, M. B. (2023). Being human in STEM: Partnering 
with Students to Shape Inclusive Practices and Communities. Sterling, VA: 
Stylus Publishing.

Cech, E. A., and Waidzunas, T. J. (2021). Systemic inequalities for LGBTQ 
professionals in STEM. Sci. Adv. 7:eabe0933. doi: 10.1126/sciadv.abe0933

Coalition for Diversity and Inclusion in Scholarly Communications. (n.d.). Toolkits 
for equity project. Available at: https://c4disc.pubpub.org/toolkits-for-equity

Colvin, J. W., and Ashman, M. (2010). Roles, risks, and benefits of peer mentoring 
relationships in higher education. Mentor. Tutor. 18, 121–134. doi: 
10.1080/13611261003678879

Espinosa, L. L., and Nellum, C. J. (2015). Five things student affairs professionals can 
do to support diverse students in STEM (issue brief). NASPA Research and Policy 
Institute. Available at: https://files.eric.ed.gov/fulltext/ED607499.pdf

Estrada, M., Eroy-Reveles, A., and Matsui, J. (2018). The influence of affirming 
kindness and community on broadening participation in STEM career pathways. Soc. 
Iss. Polym. Rev. 12, 258–297. doi: 10.1111/sipr.12046

Finley, A. (2016). Well-being: an essential outcome for higher education. Change 48, 
14–19. doi: 10.1080/00091383.2016.1163163

Frederick, W. (2022). Letter to the Howard University Community. Available at: https://
president.howard.edu/from-the-president/viewpoints/announcing-campus-closure-
mental-health-day

García, S. B., and Guerra, P. L. (2004). Deconstructing deficit thinking: working with 
educators to create more equitable learning environments. Educ. Urban Soc. 36, 150–168. 
doi: 10.1177/0013124503261322

George Mwangi, C. A., Peralta, A. M., Fries-Britt, S., and Daoud, N. (2016). “Academic 
motivation and experiences of international students of color in STEM” in Exploring the 
social and academic experiences of international students in higher education institutions. 
eds. K. Bista and C. Foster (Hershey, PA: IGI Global), 197–211.

Goeden, T. J., Kurtz, M. J., Quitadamo, I. J., and Thomas, C. (2015). Community-based 
inquiry in allied health biochemistry promotes equity by improving critical thinking for 
women and showing promise for increasing content gains for ethnic minority students. 
J. Chem. Educ. 92, 788–796. doi: 10.1021/ed400893f

Goodlad, S. (1998). Mentoring and tutoring by students. London: Routledge.

Hardin, E. E., Eschman, B., Spengler, E. S., Grizzell, J. A., Moody, A. T., Ross-Sheehy, S., 
et al. (2019). What happens when trained graduate student instructors switch to an open 
textbook? A controlled study of the impact on student learning outcomes. Psychol. 
Learn. Teach. 18, 48–64. doi: 10.1177/1475725718810909

https://doi.org/10.3389/feduc.2023.1175871
https://www.frontiersin.org/journals/education
https://www.frontiersin.org
https://www.nationalacademies.org/our-work/roundtable-on-systemic-change-inundergraduate stem-education
https://www.nationalacademies.org/our-work/roundtable-on-systemic-change-inundergraduate stem-education
https://www.nationalacademies.org/our-work/roundtable-on-systemic-change-inundergraduate stem-education
https://www.aacu.org/initiatives/project-kaleidoscope
https://www.aacu.org/event/2023-tides
https://doi.org/10.1037/0033-295x.101.4.568
https://doi.org/10.1177/1538192707313929
https://doi.org/10.1126/sciadv.abe0933
https://c4disc.pubpub.org/toolkits-for-equity
https://doi.org/10.1080/13611261003678879
https://files.eric.ed.gov/fulltext/ED607499.pdf
https://doi.org/10.1111/sipr.12046
https://doi.org/10.1080/00091383.2016.1163163
https://president.howard.edu/from-the-president/viewpoints/announcing-campus-closure-mental-health-day
https://president.howard.edu/from-the-president/viewpoints/announcing-campus-closure-mental-health-day
https://president.howard.edu/from-the-president/viewpoints/announcing-campus-closure-mental-health-day
https://doi.org/10.1177/0013124503261322
https://doi.org/10.1021/ed400893f
https://doi.org/10.1177/1475725718810909


Yao et al. 10.3389/feduc.2023.1175871

Frontiers in Education 09 frontiersin.org

Henderson, C., Beach, A., and Finkelstein, N. (2011). Facilitating change in 
undergraduate STEM instructional practices: An analytic review of the literature. 
Journal of Research in Science Teaching, 48, 952–984. doi: 10.1002/tea.20439

Jorstad, J., Starobin, S. S., Chen, Y., and Kollasch, A. (2017). STEM aspiration: the 
influence of social capital and chilly climate on female community college students. 
Community Coll. J. Res. Pract. 41, 253–266. doi: 10.1080/10668926.2016.1251358

Killpack, T. L., and Melón, L. C. (2017). Toward inclusive STEM classrooms: what 
personal role do faculty play? CBE Life Sci. Educ. 15, 1–9. doi: 10.1187/
cbe.16-01-0020

Laufer, M., and Gorup, M. (2019). The invisible others: stories of international 
doctoral student dropout. High. Educ. 78, 165–181. doi: 10.1007/s10734-018- 
0337-z

Mack, K., Winter, K., and Soto, M. (2019). Culturally responsive strategies for reforming 
STEM higher education: Turning the tides on inequity. Leeds, England: 
Emerald Publishing.

McGee, E. O. (2020). Interrogating structural racism in STEM higher education. Educ. 
Res. 49, 633–644. doi: 10.3102/0013189X20972718

McGee, E. O., Botchway, P. K., Naphan-Kingery, D. E., Brockman, A. J., Houston, S., 
and White, D. T. (2021). Racism camouflaged as impostorism and the impact on black 
STEM doctoral students. Race Ethn. Educ. 25, 487–507. doi: 
10.1080/13613324.2021.1924137

Miller, R. A., Vaccaro, A., Kimball, E. W., and Forester, R. (2021). “It’s dude culture”: 
students with minoritized identities of sexuality and/or gender navigating STEM majors. 
J. Divers. High. Educ. 14, 340–352. doi: 10.1037/dhe0000171

Morales, M., Knowles, E. C., and Bourg, C. (2014). Diversity, social justice, and the 
future of libraries. Portal 14, 439–451. doi: 10.1353/pla.2014.0017

Moreno, T. H., and Jackson, J. M. (2020). Redefining student success in the academic 
library: Building a critically engaged undergraduate engagement program. Res. Library 
Issues, 6–25. doi: 10.29242/rli.301.2

NACADA. (2023). The global community for academic advising. Available at: https://
nacada.ksu.edu/

National Academies of Sciences, Engineering, and Medicine (2018). The 
integration of the humanities and arts with sciences, engineering, and medicine in 
higher education: Branches from the same tree. Washington, DC: The National 
Academies Press

National Academies of Sciences, Engineering, and Medicine. (2020). Recognizing 
and evaluating science teaching in higher education: Proceedings of a workshop–
in brief.

National Academies of Sciences, Engineering, and Medicine (2021). Mental health, 
substance use, and wellbeing in higher education: Supporting the whole student. 
Washington, DC: The National Academies Press

National Academy of Sciences, National Academy of Engineering, and Institute of 
Medicine. (2005). The role of professional societies in facilitating interdisciplinary research. 
Washington, DC: The National Academies Press

National Center for Science and Engineering Statistics (2021). Women, minorities, and 
persons with disabilities in science and engineering: Special report NSF21-21. Alexandria, 
VA: National Science Foundation

National Science Board, National Science Foundation (2022). Science and engineering 
indicators 2022: The state of U.S. science and engineering. NSB-2022-1. Alexandria, VA: 
National Science Foundation.

Nielsen, M. W., Bloch, C. W., and Schiebinger, L. (2018). Making gender diversity 
work for scientific discovery and innovation. Nat. Hum. Behav. 2, 726–734. doi: 10.1038/
s41562-018-0433-1

Paris, D., and Alim, H. S. (2017). Culturally sustaining pedagogies: Teaching and 
learning for justice in a changing world. New York, NY: Teachers College Press.

Patton, M. (2002). Qualitative research and evaluation methods. 3rd Edn. Thousand 
Oaks, CA: Sage Publications.

Peck, F. (2021). Towards anti-deficit education in undergraduate mathematics 
education: how deficit perspectives work to structure inequality and what can be done 
about it. Primus 31, 940–961. doi: 10.1080/10511970.2020.1781721

Purdue University. (2023). Women in science programs (WISP). Available at: https://
www.purdue.edu/learningcommunities/profiles/science/women_in_science.html

Ray, V. (2019). A theory of racialized organizations. Am. Sociol. Rev. 84, 26–53. doi: 
10.1177/0003122418822335

Roberge, M. É., and Van Dick, R. (2010). Recognizing the benefits of diversity: when 
and how does diversity increase group performance? Hum. Resour. Manag. Rev. 20, 
295–308. doi: 10.1016/j.hrmr.2009.09.002

Rodenbusch, S. E., Hernandez, P. R., Simmons, S. L., and Dolan, E. L. (2016). Early 
engagement in course-based research increases graduation rates and completion of 
science, engineering, and mathematics degrees. CBE Life Sci. Educ. 15:ar20. doi: 10.1187/
cbe.16-03-0117

Starr, L., Yngve, K., and Jin, L. (2022). Intercultural competence outcomes of a 
STEM living-learning community. Int. J. STEM Educ. 9, 1–15. doi: 10.1186/
s40594-022-00347-x

Stewart, D. L. (2013). Racially minoritized students at US four-year institutions. J. 
Negro Educ. 82, 184–197. doi: 10.7709/jnegroeducation.82.2.0184

Suárez, E., and Beatty, C. C. (2022). Advising in science education: critiquing where 
we have been, moving toward an equitable and holistic advising approach. Sci. Educ. 
106, 1299–1317. doi: 10.1002/sce.21745

The White House. (2022). Equity and excellence: A vision to transform and enhance 
the U.S. STEMM ecosystem. Available at: https://www.whitehouse.gov/ostp/news-
updates/2022/12/12/equity-and-excellence-a-vision-to-transform-and-enhance-the-u-
s-stemm-ecosystem/

Theobald, E. J., Hill, M. J., Tran, E., Agrawal, S., Arroyo, E. N., Behling, S., et al. (2020). 
Active learning narrows achievement gaps for underrepresented students in 
undergraduate science, technology, engineering, and math. Proc. Natl. Acad. Sci. U. S. 
A. 117, 6476–6483. doi: 10.1073/pnas.1916903117

Turk-Bicakci, L., and Berger, A. (2014). Leaving STEM: STEM Ph. D. Holders in non-
STEM careers. Washington, DC: American Institutes for Research.

White, W., and Sangster, P. (2022). Exploring wellbeing and remote learning using the 
Delphi method: engaging teacher education students as co-producers of practice. J. 
Teach. Educ. Educ. 11, 7–32.

White, K. N., Vincent-Layton, K., and Villarreal, B. (2021). Equitable and inclusive 
practices designed to reduce equity gaps in undergraduate chemistry courses. J. Chem. 
Educ. 98, 330–339. doi: 10.1021/acs.jchemed.0c01094

Wiggins, Grant. (1998). Ensuring authentic performance. Chapter 2  in educative 
assessment: Designing assessments to inform and improve student performance. San 
Francisco: Jossey-Bass, 21–42.

Yao, C. W., Bush, T., Collins, C., Tuliao, M., Briscoe, K. L., and Dang, N. L. T. (2021). 
Exploring STEM undergraduate self-regulated learning at a Vietnamese transnational 
university. J. Compar. Int. Higher Educ. 13, 6–21. doi: 10.32674/jcihe.v13i1.2203

Yao, C. W., and Viggiano, T. (2019). Interest convergence and the commodification of 
international students and scholars in the United States. J. Commit. Soc. Change Race 
Ethnicity 5, 81–109. doi: 10.15763/issn.2642-2387.2019.5.1.81-109

Yao, C. W., and Vital, L. M. (2018). Reflexivity in international contexts: implications 
for US doctoral students international research preparation. Int. J. Dr. Stud. 13, 193–210. 
doi: 10.28945/4005

Yosso, T. J. (2005). Whose culture has capital? A critical race theory discussion 
of community cultural wealth. Race Ethn. Educ. 8, 69–91. doi: 
10.1080/1361332052000341006

https://doi.org/10.3389/feduc.2023.1175871
https://www.frontiersin.org/journals/education
https://www.frontiersin.org
https://doi.org/10.1002/tea.20439
https://doi.org/10.1080/10668926.2016.1251358
https://doi.org/10.1187/cbe.16-01-0020
https://doi.org/10.1187/cbe.16-01-0020
https://doi.org/10.1007/s10734-018-0337-z
https://doi.org/10.1007/s10734-018-0337-z
https://doi.org/10.3102/0013189X20972718
https://doi.org/10.1080/13613324.2021.1924137
https://doi.org/10.1037/dhe0000171
https://doi.org/10.1353/pla.2014.0017
https://doi.org/10.29242/rli.301.2
https://nacada.ksu.edu/
https://nacada.ksu.edu/
https://doi.org/10.1038/s41562-018-0433-1
https://doi.org/10.1038/s41562-018-0433-1
https://doi.org/10.1080/10511970.2020.1781721
https://www.purdue.edu/learningcommunities/profiles/science/women_in_science.html
https://www.purdue.edu/learningcommunities/profiles/science/women_in_science.html
https://doi.org/10.1177/0003122418822335
https://doi.org/10.1016/j.hrmr.2009.09.002
https://doi.org/10.1187/cbe.16-03-0117
https://doi.org/10.1187/cbe.16-03-0117
https://doi.org/10.1186/s40594-022-00347-x
https://doi.org/10.1186/s40594-022-00347-x
https://doi.org/10.7709/jnegroeducation.82.2.0184
https://doi.org/10.1002/sce.21745
https://www.whitehouse.gov/ostp/news-updates/2022/12/12/equity-and-excellence-a-vision-to-transform-and-enhance-the-u-s-stemm-ecosystem/
https://www.whitehouse.gov/ostp/news-updates/2022/12/12/equity-and-excellence-a-vision-to-transform-and-enhance-the-u-s-stemm-ecosystem/
https://www.whitehouse.gov/ostp/news-updates/2022/12/12/equity-and-excellence-a-vision-to-transform-and-enhance-the-u-s-stemm-ecosystem/
https://doi.org/10.1073/pnas.1916903117
https://doi.org/10.1021/acs.jchemed.0c01094
https://doi.org/10.32674/jcihe.v13i1.2203
https://doi.org/10.15763/issn.2642-2387.2019.5.1.81-109
https://doi.org/10.28945/4005
https://doi.org/10.1080/1361332052000341006

	Humanizing STEM education: an ecological systems framework for educating the whole student
	Introduction
	Author positionalities
	What is humanized STEM education?
	Theoretical framework
	How can we humanize undergraduate STEM education? Considerations for practice
	Students
	Student affairs and student services
	Academic advising
	Faculty
	University leadership/administration
	University libraries
	Disciplinary societies and associations
	External stakeholders/public advocates and champions

	Recommendations and future directions
	Data availability statement
	Author contributions

	References

