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Abstract

African Americans and other ethnic minorities are severely underrepresented in
both graduate education and among the professoriate in ecology and evolutionary
biology (EEB). In the present research, we take a social psychological approach to
studying inclusion by examining interrelationships among challenges to inclusion,
the sense of belonging, and interest in pursuing graduate education in EEB. We con-
ducted a survey of African American (N=2360), Latino/a/Hispanic (N=313), White
(N=709), and Asian/Asian American (N=2524) college undergraduates majoring in
science, technology, engineering, and math fields and used the results to test several
interrelated hypotheses derived from our theoretical model. Compared to Whites,
ethnic minorities were more likely to experience challenges to inclusion in EEB
(e.g., less exposure to ecology, fewer same-race role models, discomfort in outdoor
environments). Challenges to inclusion were associated with a decreased sense of
belonging in EEB educational contexts. Finally, experiencing a low sense of belong-
ing in EEB educational contexts was associated with lower interest in pursuing grad-
uate education in EEB. Sense of belonging in EEB was especially low among Afri-
can Americans relative to Whites. We discuss the implications of the study results
for educational interventions.
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1 Introduction

Historically, ethnic minorities have been excluded from participation in many sci-
ence, technology, engineering, and math (STEM) fields and ethnic disparities in par-
ticipation continue into the present day (e.g., Smith and White 2011; OECD 2006).
In the U.S., STEM fields are dominated by White men and African Americans,
Hispanics/Latino/a Americans, and Native Americans are recognized as underrep-
resented minorities (URMs) because people from these groups obtain advanced
degrees in STEM fields at rates lower than their representation in the U.S. popu-
lation (National Science Foundation, National Center for Science and Engineering
Statistics, NSF, NCSES 2017). Systemic barriers affect the participation of URMs in
STEM fields (e.g., Clotfelter et al. 2005; Riegle-Crumb and Grodsky 2010a; Young
2005). Although African Americans, Latinos/as, and Native Americans are under-
represented in STEM as a whole, there is tremendous variability across STEM fields
in the representation of ethnic minorities! (e.g., Leslie et al. 2015; NSF, NCSES
2015).

African Americans in particular are severely underrepresented in graduate pro-
grams and as faculty in departments specializing in ecology and evolutionary biol-
ogy (EEB), commonly federated subdisciplines of biology dealing with how organ-
isms interact with each other and their environment. In 2014, African Americans
earned less than 1.8% of the Ph.D.’s awarded in EEB-related subfields (Ecology,
Evolutionary Biology, Botany, Entomology, Marine Biology, Wildlife Biology,
Zoology, NSF, NCSES 2015). During that same year, African Americans earned
5.1% of Ph.Ds. awarded in non-EEB related subfields of biology, and 6.4% of all
Ph.Ds. awarded. Given that African Americans constitute 13% of the US population,
they are clearly underrepresented among all Ph.D. recipients—but, the problem is
particularly severe in EEB.?

The goal of the present research is to shed light on factors that may contribute
to the underrepresentation of African Americans and other ethnic minorities in
EEB graduate education. We focus on interest in graduate education among college
undergraduates because graduate school is a critical juncture in the higher education
pipeline where students make important decisions about their disciplinary speciali-
zation and becoming academic professionals. The vitality of the EEB profession,
as in any field of study, is a reflection of the diversity, professional development,
interests, and worldview of the people posing questions and formulating hypothe-
ses within the field (Armstrong et al. 2007). Evolutionary biologists and ecologists
contribute to understanding and responding to some of the most serious problems

! We use the term “ethnicity” to refer to a population group with common cultural traditions and a
shared history. We use the terms African Americans, Native Americans, Latinos/as, Asians, and Whites
without implying any biological significance to these designations. We use these designations because
they are commonly used in U.S. culture and become socially meaningful when membership in a particu-
lar ethnic group results in differential treatment and access to resources within society (see Jones et al.
2013).

2 To our knowledge, comparable data on ethnic minority participation in EEB in countries besides the
U.S. is not publically available. We return to this point in the general discussion.
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threatening human and other inhabitants of Earth, including climate change, emerg-
ing disease, invasive species, and consequences of loss of biological diversity. The
very low rate of completion of Ph.D.’s in EEB by African Americans and other
minorities has downstream consequences for the diversity of applicant pools for
postdoctoral researcher and faculty positions in EEB-focused academic departments
at universities, and researcher positions at federal agencies and non-governmental
organizations specializing in EEB, with a concomitant effect on diversity in the EEB
profession as a whole. Using a social psychological approach, we examine potential
challenges to inclusion in EEB, focusing on the central role of sense of belonging in
EEB and the question of whether a reduced sense of belonging in EEB is associated
with lower interest in pursuing graduate education in EEB.

1.1 Patterns of participation in STEM and EEB

Despite having generally positive attitudes towards STEM and relatively strong
intentions to major in STEM fields, URM students are less likely to complete under-
graduate STEM degree requirements than White students (Riegle-Crumb and King
2010b; O’Brien et al. 2015; Young 2005; Zhang et al. 2004). Systemic differences
in teacher quality, school funding, and course-taking at the high school level can
leave URM students less prepared than White students for rigorous college STEM
majors. African American and Latino/a students are more likely to be enrolled in
high schools with lower teacher quality and less school funding compared to White
students (Clotfelter et al. 2005; Ingersoll 2002). In addition, compared to White stu-
dents, African American students tend to take fewer math and science courses in
high school, are less likely to take AP math and science courses (which are less
likely to be offered at under resourced schools), and are less likely to take costly
AP math and science exams (O’Sullivan and Grigg 2001; Riegle-Crumb and King
2010b; College Board 2014). In response, many scholars have advocated for increas-
ing institutional accountability for inequitable outcomes between URM students and
White students (Bauman et al. 2005; Dowd and Bensimon 2015).

While factors such as teacher quality, school funding, and course-taking in high
school provide explanations for the underrepresentation of African Americans rela-
tive to Whites among STEM majors more generally, they are unlikely to explain the
variation in representation of African Americans within different STEM disciplines
such as biology. For example, it is unlikely that teacher quality can fully account
for the relatively lower levels of representation among African Americans obtaining
Ph.D.’s in EEB (1.8%) compared to non-EEB (5.1%) subfields of biology. Thus, in
addition to differences in preparation that result from unequal access to resources,
there are likely to be other factors that influence the representation of African Amer-
icans and other minorities in EEB. STEM fields can vary tremendously in the cul-
tures found within their field and these culture differences may affect the participa-
tion of URMSs (Leslie et al. 2015). STEM fields with cultures that view success as a
result of brilliance tend to have fewer minorities than STEM fields with cultures that
view success as a result of hard work. In other words, STEM cultures that promote
fixed theories of intelligence appear to be less welcoming to URMs than STEM
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cultures that promote malleable theories of intelligence (e.g., see also Murphy and
Dweck 2010; Rattan et al. 2018). Mismatches between the cultural background of
students and institutional culture can have far reaching negative consequences for
students (Edman and Brazil 2009; Smith et al. 2014; Stephens et al. 2012a, b). Thus,
in addition to group differences in access to resources, features of the organizational
culture present in STEM fields are another factor that can promote or hinder the par-
ticipation of different groups in STEM.

The pattern of participation among underrepresented groups in EEB differs from
the pattern in many other STEM fields. First, STEM fields with low representa-
tion of African Americans are generally fields with low representation of women
(Leslie et al. 2015). Whereas African Americans have extremely low representation
in EEB, women now outnumber men among PhD recipients and new tenure-track
hires (Fox 2018; NSF, NCSES 2015). In 2014, women constituted 52.3% of PhDs
awarded in EEB (NSF, NCSES 2015). Second, in addition to African Americans,
Latinas/os (6.6%), Native Americans (0.2%), and Asians (3.7%) are all underrepre-
sented among EEB Ph.D. recipients relative to their presence in the U.S. population.
The underrepresentation of Asians in EEB is particularly surprising given their rela-
tively high rates of participation (12.6%) in non-EEB related subfields of biology.
The pattern of representation in EEB—Ilow representation of ethnic minorities, but
relatively high representation of women—departs from many other STEM fields.

1.2 The role of sense of belonging

In the present research, we adopted a social psychological approach to studying the
underrepresentation of ethnic minorities in EEB. We theorized that group differ-
ences in access to resources and mismatches between students and the institutional
culture present in EEB leave African American students, and potentially other URM
students, vulnerable to feeling a lower sense of belonging in EEB contexts compared
to White students. A person’s sense of belonging in a particular academic domain
refers to that person’s feelings of membership and acceptance in the domain (Gilbert
et al. 2015; O’Brien et al. 2017; Good et al. 2012; Rattan et al. 2018; Walton and
Cohen 2007). African Americans can be vulnerable to feeling uncertain about their
belonging in predominantly White college-level academic environments because of
their underrepresentation and experiences of exclusion at these institutions (Wal-
ton and Cohen 2007, 2011). Moreover, STEM contexts may be especially likely to
undermine feelings of belonging among historically underrepresented groups (Rat-
tan et al. 2018).

A reduced sense of belonging can have a host of negative outcomes includ-
ing reduced interest, motivation, achievement, and even negative health outcomes
(e.g., Cheryan et al. 2009; Good et al. 2012; Rattan et al. 2018; Walton and Carr
2012; Walton and Cohen 2007; Walton and Cohen 2011). For example, when envi-
ronmental cues present in STEM contexts undermine the belonging of underrep-
resented groups, they can experience lower STEM course grades, less interest in
STEM courses, and less interest in pursuing STEM majors. The sense of belonging
is critically important to achievement and interest in STEM courses for all students
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Fig. 1 Proposed theoretical model

including ethnic minorities, White women, and White men. However, features of
the STEM environment are much more likely to have a negative impact on sense of
belonging among members of underrepresented groups (Rattan et al. 2018; Cheryan
et al. 2009). Thus, sense of belonging is an important social psychological mecha-
nism through which features of institutional environments may lead to inequitable
STEM outcomes including underrepresentation.

In the present study, we examined the role of sense of belonging in EEB con-
texts in predicting interest in pursuing a graduate education in EEB among an eth-
nically diverse sample of college students. The primary focus was on identifying
factors that promote the underrepresentation of African Americans in EEB, the most
extremely underrepresented group in EEB. We also included students from the other
three largest ethnic groups in the U.S.: Whites, Latinos/as, and Asians.> We hypoth-
esized that African Americans and other ethnic minority students would be more
likely than White students to experience potential challenges to inclusion resulting
from factors such as inequitable access to resources (e.g., Young 2005) and a mis-
match between their culture and the culture present in university EEB environments
(see also Smith et al. 2014; Stephens et al. 2012a, b). In turn, potential challenges
to inclusion may reduce feelings of belonging in STEM contexts. Finally, a reduced
sense of belonging in EEB contexts may lower an individual’s interest in pursuing a
graduate education in EEB. See Fig. 1.

1.3 Potential challenges to inclusion

In theorizing about potential challenges to inclusion that may affect feelings of
belonging in EEB contexts, we deliberately cast a wide net. First, we sought to
examine potential challenges to inclusion that stem from inequitable distribution of
resources (e.g., Dowd and Bensimon 2015) as well those that stem from cultural
mismatches between the cultural backgrounds of students compared to organiza-
tional culture present in EEB (e.g., Stephens et al. 2012a, b). Second, we drew from
the social psychological, educational, and sociological literatures on the challenges
to inclusion for minorities and women in STEM fields more generally that may also

3 We attempted to recruit a sample of Native American participants but were ultimately unsuccessful.
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affect inclusion in EEB (e.g., Dasgupta 2011; Smith et al. 2014). Finally, we sought
to extend the work of past researchers who had examined the challenges to inclusion
faced by ethnic minorities in EEB, many of which are unique to the EEB context
(Armstrong et al. 2007; Bailey et al. 2011; Graves 2019; Mead et al. 2015).

1.3.1 Knowledge and familiarity with EEB

At the high school level, African American and Latino/a students are more likely
than Whites to be enrolled in schools where teachers do not hold a bachelor’s degree
or minor in their subject area (Clotfelter et al. 2005; Ingersoll 2002). This differential
access to quality teachers could potentially lead to group differences in knowledge
and familiarity with EEB. There is some evidence that, compared to Whites, African
Americans may have less knowledge and exposure to EEB (Mead et al. 2015). Mead
et al. (2015) found that African Americans were more likely than Whites to have
misconceptions about evolution; however, the finding is limited by an extremely
small sample size. Moreover, the differences between Whites and other ethnic
minority groups including Latinos/as, Puerto Ricans, and Native Americans were all
nonsignificant, which also could be an artifact of the small sample size. Thus, addi-
tional research is needed to determine whether there are ethnic group differences in
knowledge and exposure to EEB and to what extent knowledge and exposure to EEB
is related to a sense of belonging in EEB contexts.

1.3.2 Exposure to role-models

Because ethnic minorities are underrepresented among the professoriate in EEB,
most ethnic minorities will have less exposure to same-race role models than Whites
(see also, Graves 2019). Role models can have a big impact on young adults’ deci-
sions to pursue a career in science (e.g., Dasgupta 2011). Most researchers have
argued that ingroup role models (e.g., same-sex role models, same-race role models)
are most effective for motivating student interest in STEM careers (e.g., Dasgupta
2011; Marx and Roman 2002; Marx and Goft 2005). In contrast, Drury et al. (2011)
have suggested that role models do not need to be of the same gender as the student
to have a positive impact. To date, the role model literature in STEM has primarily
focused on women and thus less in known about the importance of same-race role
models for the success of ethnic minorities (see Chemers et al. 2011; Syed et al.
2011 for exceptions). In the present research, we examined exposure to role models
and the relationship between exposure to role models and a sense of belonging in
EEB.

1.3.3 Access to outdoor recreation and comfort outdoors

Early life experiences with nature and outdoor environments may play a role in
shaping interest in EEB professions. EEB often requires interaction with organisms
in natural environments; consequently, college students who had outdoor exposure
early in life might be more attracted to EEB relative to those students who were not
afforded similar exposure. A case study of African American students participating
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in the Ecological Society of America’s Strategies for Ecology Education, Develop-
ment, and Sustainability (SEEDS) program revealed that 92% reported exposure to
the natural environment at a young age (Armstrong et al. 2007). African Americans
are less likely than White and Latino/a Americans to have opportunities to spend
time as children engaged in outdoor activities such as swimming, wildlife view-
ing, hiking, camping, and fishing (Larson et al. 2011). In addition, African Ameri-
cans are less likely than Whites to visit national parks and forests for many reasons
including ease of access and concerns about safety or discrimination (Cordell et al.
1990; Cordell et al. 2004; Floyd 1998; Krymkowski et al. 2014; Solop et al. 2003;
Taylor et al. 2011). These group differences in outdoor recreation access could lead
to group differences in comfort in outdoor environments which, in turn, could affect
feelings of belonging in EEB.

1.3.4 Religious belief as a source of cultural mismatch

Religious beliefs may serve as a potential source of a cultural mismatch that can
affect the sense of belonging in EEB contexts. While the majority of Americans
believe in God (Gallup 2016; Gervais and Najle 2018; Pew 2018), the percentage
of scientists who believe in God is much smaller (Pew 2009a). Moreover, with vocal
religious critics like Richard Dawkins, evolutionary biologists in particular may be
perceived as hostile to religious belief (Dawkins 2006). African Americans are sig-
nificantly more religious than many other American ethnic groups, overwhelmingly
identifying as Protestant Christian (Pew 2009b). Thus, African Americans may
be more likely than Whites to experience a real or perceived religious difference
with their EEB faculty members that could affect their feelings of comfort in EEB
contexts.

There is some evidence that religiosity may function as a challenge to inclusion
in EEB (Bailey et al. 2011; Mead et al. 2015). Religiosity is negatively associated
with exposure to evolutionary theory, knowledge about evolution, and acceptance of
evolution (Hawley et al. 2011; Rissler et al. 2014). In a sample of African American
college students, Bailey et al. (2011) found that the more religious students were,
the less knowledge they had of evolution (see also Mead et al. 2015). Moreover,
religiosity is also associated with having moral objections to the theory of evolution
(Hawley et al. 2011). Thus the cultural mismatch between the religious beliefs of
students and those of EEB faculty who are not generally trained to navigate religious
differences and moral objections to evolution may create a challenge for inclusion
that leads to lower sense of belonging in EEB contexts.

1.3.5 Communal values as a source of cultural mismatch

Cultural mismatches between students’ values and the perceived goals afforded
by a career in STEM may also be a challenge to inclusion in STEM (Brown
et al. 2015; Diekman et al. 2017; Fuesting et al. 2017; Smith et al. 2014).
Careers in STEM are frequently perceived by students as affording individu-
alistic goals such as achievement and power, but not as affording communal
goals such as helping others and serving the community. For students from a
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communally-oriented culture who endorse communal goals, this disconnect
between their own goals and the perceived goal affordances of a career in STEM
can reduce motivation to pursue a career in STEM (Smith et al. 2014; see also
Diekman et al. 2017). For example, Native American college students with
strong communal values who were pursuing STEM careers felt a reduced sense
of belonging, reduced motivation, and reduced intentions to persist in STEM rel-
ative to Native American college students with weaker communal values (Smith
et al. 2014). Although Native Americans also strongly endorsed individualis-
tic goals, individualistic goals were unrelated to STEM outcomes among Native
Americans.

One possible explanation for the low representation of ethnic minorities in
EEB is that they tend to endorse communal goals and this focus may create a
mismatch between the goals that students believe are afforded by a career in
EEB and their personal goals. Although we are unaware of any direct test of this
hypothesis in EEB, there is evidence that African Americans, Latinas/os, and
Asians all tend to have strong communal values (e.g., Oyserman et al. 2002). In
the present research, we examine whether a communal goal orientation can serve
as a challenge to inclusion in EEB that lowers students’ sense of belonging.

1.4 Overview

We conducted an online survey of college undergraduates majoring in STEM
disciplines in order to test several hypotheses about ethnic differences in experi-
encing potential challenges to inclusion in EEB, the relationship between poten-
tial challenges to inclusion in EEB and sense of belonging, and, finally, the rela-
tionship between a sense of belonging and interest in pursuing a graduate degree
in EEB. We examined the role of challenges to inclusion that were relatively
specific to EEB (e.g., comfort outdoors) and whether known STEM-inhibiting
factors (e.g., exposure to role models) were also relevant in EEB. Although our
primary focus was in identifying the factors that may promote the underrep-
resentation of African Americans in EEB, we included students from the four
largest ethnic groups in the United States: Whites, African Americans, Latinos/
as, and Asians. The inclusion of the four groups provided the ability to identify
challenges that might be especially relevant or unique to African Americans. Of
note, African Americans, Latinos/as, and Asians are all underrepresented among
EEB Ph.D. recipients although to varying degrees.

Based on our theoretical framework and the available literature, we gener-
ated several hypotheses about group differences in the experiences of African
Americans and Whites that may help to explain the underrepresentation of Afri-
can Americans in EEB. The comparisons between other ethnic minorities and
Whites were more exploratory. In addition, we also generated hypotheses about
the relationship between challenges to inclusion and sense of belonging, and
between sense of belonging and interest in graduate school that we expected to
hold across all ethnic groups.
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1.4.1 Hypothesis 1

Relative to Whites, African Americans will be more likely to experience challenges
to inclusion in EEB contexts. We examined several potential challenges to inclusion
including knowledge of evolution, exposure to ecology, exposure to EEB role mod-
els, exposure to same-race EEB role models, comfort in the outdoors, religiosity,
moral objections to evolution, and communal goals.

1.4.2 Hypothesis 2A
Relative to Whites, African Americans will feel a lower sense of belonging in EEB.
1.4.3 Hypothesis 2B

Regardless of an individual’s ethnic background, the potential challenges to inclu-
sion in EEB will be related to sense of belonging in EEB. That is, knowledge of
evolution, exposure to ecology, comfort in the outdoors, and exposure to role models
(in general or of the same race) will be positively associated with a sense of belong-
ing in EEB. In comparison, religiosity, moral objections to evolution, and communal
goals will be negatively related to sense of belonging in EEB.

1.4.4 Hypothesis 3A

Relative to Whites, African Americans will report less interest in graduate school in
EEB.

1.4.5 Hypothesis 3B

Regardless of an individual’s ethnic background, sense of belonging in EEB will
predict interest in graduate school in EEB.

2 Method
2.1 Participants

There were 2213 participants who consented to be in the study. We retained the data
from 2181 participants (98.6%) who completed at least one relevant study measure.
Degrees of freedom vary across analyses due to missing data. The present paper
focuses on 1906 monoracial college students from the four largest ethnic groups
in the U.S.: African Americans (N=360), Latinos/as/Hispanics (N=313), Whites
(N=709), and Asian/Asian Americans (N=524). Native Americans (N=46) were
not included in the present analyses due to insufficient sample size. In addition, mul-
tiracial (N=229) individuals were not included in the current analyses because of
ambiguity about how to best categorize these individuals (e.g., White-Asian biracial
individuals likely have very different experiences in EEB than Black-Latino biracial
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Table 1 Demographic characteristics of the sample

African American Latina/o White Asian All
Age 20.93, 20.71,, 20.47, 20.45,, 20.59
Income 4.25, 4.34, 5.63, 5.17, 5.04
% Female 54.0, 539, 65.8, 63.2,, 61.0
% 1st year 30.4, 32.8, 27.0, 28.6, 29.0
% US citizen 95.2, 93.9, 98.4, 81.3, 92.4
% 1st generation 36.4, 55.9, 25.7, 33.0, 34.7
% Full-time status 717.6, 66.8, 84.4, 88.1, 82.1
% Biology majors 33.1, 27.2, 33.1, 34.7, 32.6
% Ecology classes 56.9, 54.5, 522, 53.1, 53.7
% Evolutionary Bio classes 56.6, 542, 54.1, 57.7, 55.5

Income was measured on a Likert-type scale. Numbers within the same row that do not share the same
subscript differ at p <0.05. All statistics are based only the participants who responded to each question
and do not include missing data

individuals and thus it may not be appropriate to categorize them in one superor-
dinate “multiracial” category). The sample included individuals from all 50 states,
plus the District of Columbia and Puerto Rico. Participants’ average age was 20.59
(SD=1.92); 61% identified as female, 38% identified as male, and 1% identified as
transgender or other. Only participants who indicated that they intended to major
in a STEM field were eligible to participate; of these, biology was the most com-
monly listed major (32.6%). Over half of participants reported having taken at least
one class in ecology (53.7%) and in evolutionary biology (55.5%). The proportion
of students majoring in biology and that reported taking ecology and evolutionary
biology courses did not vary across participants from different ethnic backgrounds,
all ps>0.13. See Table 1 for additional demographic information in aggregate form
and broken down by ethnicity.

2.2 Procedure

Ethical approval for the study was obtained from the university Institutional Review
Board. We contracted with Qualtrics Panels to recruit an online sample to take the
survey. We originally sought to recruit 300 individuals from each of the following
ethnic groups: African Americans, Latinos/as, Whites, and Asians, along with 150
Native Americans. In addition to belonging to one of these five ethnic groups, par-
ticipants also needed to be between 18-26 years old, currently working on an under-
graduate degree at a college or university, and planning to major in a STEM field in
order to qualify for participation in the study. Qualtrics Panels encountered difficulty
recruiting Native Americans and therefore we terminated the survey before reaching
our desired Native American sample size. We surpassed our recruitment goals for
all other ethnic groups.

Participants viewed an online consent form prior to starting the study. The con-
sent form informed participants that the goals of the study were to assess their
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interest in pursuing different academic disciplines. After participants consented to
participate, they completed the study measures in a randomized order. Once par-
ticipants had completed the key study measures, they completed additional demo-
graphic information. Participants who completed the study received the equiva-
lent of $3 in compensation from Qualtrics Panels for their time. The research team
had no way to connect participant responses to their identity and thus participant
responses were anonymous.

2.3 Measures

Unless indicated otherwise, participants responded to all study measures by indicat-
ing their agreement on a 0-6 Likert-type scale with end points labeled “Strongly
Disagree” and “Strongly Agree.” To calculate participants’ scores on each meas-
ure, we reverse coded items where appropriate, and averaged their responses across
items.*

2.3.1 Challenges to inclusion

2.3.1.1 Evolutionary knowledge We assessed evolutionary knowledge (e.g., “Muta-
tions can be passed down to the next generation,” a=0.64) with four items adapted
from the Evolutionary Attitudes and Literacy Survey (EALS; Hawley et al. 2011).

2.3.1.2 Exposure to ecology We assessed participants’ exposure to ecology with five
items (e.g., “Ecology is a subdiscipline of biological science,” a=0.80).

2.3.1.3 Role models In order to gauge how much exposure participants had to role
models in EEB, participants answered three questions (e.g., “How many professors
could you name in the fields of ecology and/or evolutionary biology?” a=0.70).
Participants responded on a 0—4 Likert-type scale where 0 was labeled “none” and 4
was labeled “4 or more.”

2.3.1.4 Same-race role models Following each question about role models, partici-
pants were immediately asked a follow-up question about how many of the profes-
sionals they knew in EEB were from a similar racial/ethnic background as them-
selves. They responded using the same scale as the role-model questions (¢=0.79).

# In addition to the measures reported here, we also assessed participants’ knowledge of graduate school
funding mechanisms, misconceptions about evolution, their interest in handling or harming vertebrate
or invertebrate animals, their perceptions of the prestige and their interest in various subdisciplines of
biology, their perceptions of careers in ecology and evolutionary biology, and their perceptions of ideal
characteristics of jobs. We decided to limit the scope of the current paper to the measures reported here
for various reasons including problems with reliability of some of these measures and the fact that some
of these measures were single items. Please contact the authors for additional information about these
measures.
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2.3.1.5 Outdoor comfort We assessed participants’ comfort in outdoor environ-
ments with 10 items (e.g., “I enjoy spending extended amounts of time in the out-
doors,” a=0.77).

2.3.1.6 Religiosity We assessed religiosity with three items that measured frequency
of religious attendance, perceived importance of faith in daily life, and perceived
influence of religion in daily decision making (e.g., “How much does religion influ-
ence your daily decision making?,” «=0.88) All three items were assessed on a 0—-6
point Likert-type scales and higher scores indicated greater religiosity.

2.3.1.7 Moral objections to evolution We assessed moral objections to evolution
(e.g., “People who accept evolution as fact are immoral,” a=0.84) with three items
adapted from EALS (Hawley et al. 2011).

2.3.1.8 Communal goals We assessed participants’ endorsement of communal goals
by asking them to rate the importance of six different communal goals (e.g., help-
ing others, serving humanity; see Diekman et al. 2010). Participants rated each goal
on a 0-6 Likert-type scale with end points labeled “Not at all Important” and “Very
Important.” Participants’ ratings of the six items were averaged to create communal
goal measure (o= 0.74).

2.3.2 Sense of belonging in field

2.3.2.1 Belonging in evolutionary biology We assessed participants’ feelings of
belonging in evolutionary biology with five items adapted from Walton and Cohen
(2007) and Good et al. (2012) (e.g., “I would feel like I belong in an evolutionary
biology class,” a=0.78).

2.3.2.2 Belonging in ecology We assessed participants’ feelings of belonging in
ecology with the same five items as belonging in evolutionary biology except that we
replaced the words “evolutionary biology” with “ecology.” (a=0.76).

2.3.2.3 Belongingin college We assessed participants’ general feelings of belonging
in college with five items (ax=0.75) adapted from Walton and Cohen (2007; e.g., “I
feel I belong in my college classes™).

2.3.3 Educational pursuits
2.3.3.1 Interest in evolutionary biology graduate programs We assessed partici-

pants’ interest in graduate programs in evolutionary biology with five items (e.g., “I
would find it interesting to attend graduate school in evolutionary biology,” «=0.88).

> We also assessed endorsement of individualistic goals because it is part of the measure used by Diek-
man and colleagues. However, we did not have hypotheses about this measure. Additional analyses
revealed it did not predict the outcome variables. Therefore, we did not include it in the present analyses.
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Tablf.e 2 .ANOVA t.able of F » e

ethnic differences in proposed

challenges to inclusion Knowledge of Evolution 3.65 0.012 0.01
Familiarity with Ecology 4.22 0.006 0.01
Role Models 3.03 0.028 0.01
Same-race Role Models 102.47 0.001 0.15
Outdoor Comfort 34.94 0.001 0.06
Religiosity 39.58 0.001 0.06
Moral Objections to Evolution 34.16 0.001 0.06
Communal Goals 10.63 0.001 0.02

p<0.001 rounded to 0.001

Table 3 Ethnic differences in proposed challenges to inclusion

African American Latina/o White Asian All

Knowledge of Evolution 4.19,, 4.17, 4.36y 428, 4.28
Exposure to Ecology 425, 431, 447, 435, 4.37
Role Models 1.55, 1.58,, 1.65, 1.48, 1.57
Same-race Role Models 0.90, 0.80, 1.45, 0.54, 0.99
Outdoor Comfort 3.57, 3.75, 4.04, 3.48, 3.75
Religiosity 3.66, 2.50, 2.38, 2.48, 2.66
Moral Objections to Evolution 2.69, 2.00, 1.56, 1.81,, 1.91
Communal Goals 4.63, 4.59,, 4.29, 443, 4.44

Means within the same row that do not share the same subscript differ at p <0.05

2.3.3.2 Interest in ecology graduate programs We assessed participants’ interest
in graduate programs in ecology with five items (e.g., “I would find it interesting
to attend graduate school in ecology,” a=0.88).

3 Results
3.1 Challenges to Inclusion

Hypothesis 1 focused on the differences between African Americans and Whites.
We expected that African Americans would report experiencing more potential
challenges to inclusion in EEB than Whites. In order to test Hypothesis 1, we
conducted a multivariate analysis of variance in which the proposed challenges
to inclusion were the dependent measures and ethnicity was a between-subjects
variable. This analysis was highly significant, V=0.36, F (24, 5292)=30.30,
p<0.001, n>=0.12. Next, we conducted univariate ANOVAs to determine which
of the proposed challenges to inclusion revealed significant ethnic differences.
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All of the proposed challenges to inclusion showed statistically significant ethnic
group differences. We conducted posthoc tests in order to determine which ethnic
groups showed statistically significant differences. See Tables 2 and 3.

Consistent with Hypothesis 1, compared to Whites, African Americans reported
less exposure to ecology, less comfort in outdoor environments, fewer same-race role
models, greater religiosity, more moral objections to evolution, and more communal
goals. African Americans also had less knowledge of evolution than Whites, but this
difference did not quite achieve statistical significance (p =0.060). Finally, there were
no differences between African Americans and Whites in exposure to role models of
any race. Thus, with a few caveats, there was strong support for Hypothesis 1—that
African Americans would experience more potential challenges to inclusion in EEB
than Whites.

Because Latinos/as are also underrepresented in EEB relative to Whites, we also
compared these groups. However, these analyses were more exploratory in nature.
Compared to Whites, Latinos/as reported less knowledge of evolution, less comfort
in outdoor environments, fewer same-race role models, more moral objections to evo-
lution, and more communal goals. However, Latinos/as did not differ from Whites in
their exposure to ecology, exposure to role models of any race, or in religiosity. Thus,
Latinos/as reported many, but not all, of the same potential challenges to inclusion in
EEB as African Americans.

Finally, because Asians are underrepresented in EEB compared to Whites (an anom-
aly among STEM fields), we also compared the responses of Asians to Whites. Asians
reported less exposure to role models of any race and less exposure to same race role
models, and less comfort outdoors. However, Asians did not differ from Whites in their
knowledge of evolution, exposure to ecology, religiosity, moral objections to evolution,
or communal goals. Thus, Asians reported some, but not all, of the same potential chal-
lenges to inclusion in EEB as African Americans.

3.2 Sense of Belonging

There were two primary hypotheses with regards to sense of belonging. First, we
expected that African Americans would report lower sense of belonging in EEB rela-
tive to Whites (Hypothesis 2A). Second, we expected that challenges to inclusion
would predict sense of belonging across individuals regardless of their ethnic back-
grounds (Hypothesis 2B). In order to test Hypothesis 2, we conducted hierarchical
regression analyses. On the first step, we entered ethnicity along with several relevant
covariates (e.g., college major). This allowed us to first explore whether there were any
differences between African Americans and Whites in sense of belonging. On the sec-
ond step, we entered the proposed challenges to inclusion. This allowed us to examine
the relationship between challenges to inclusion and sense of belonging, controlling for
ethnicity and the covariates.

@ Springer



Why are there so few ethnic minorities in ecology and evolutionary... 463

Table 4 Predictors of sense of belonging in evolutionary biology

r p t p
Step 1: R2=0.20, F(6, 1726)=71.70, p <0.001
African American versus White —0.10%* —0.10%* —4.08 0.001
Latino/a versus White -0.01 -0.023 -0.97 0.331
Asian versus White -0.02 —0.023 —0.96 0.337
Biology Major 0.18%:* 0.13%:* 5.97 0.001
Evolutionary Biology Courses 0.23%* 0.20%* 9.22 0.001
College Belonging 0.35%* 0.34%* 15.60 0.001
Step 2: AR?=0.19 F(8, 1718)=65.49, p <0.001
African American versus White —0.10%* 0.04 1.70 0.090
Latino/a versus White -0.01 0.02 0.90 0.367
Asian versus White -0.02 0.05 1.83 0.068
Biology Major 0.18%* 0.05%* 2.32 0.020
Evolutionary Biology Courses 0.23%%* 0.14%%* 6.43 0.001
College Belonging 0.35%* 0.20%* 9.38 0.001
Knowledge of Evolution 0.32%* 0.12%* 542 0.001
Exposure to Ecology 0.29%%* 0.05% 2.15 0.032
Role Models 0.327%: 0.15%:* 5.41 0.001
Same-race Role Models 0.17%%* 0.01 0.26 0.792
Outdoor Comfort 0.38%* 0.20%* 9.15 0.001
Religiosity —0.22%%  —0.17%* -791 0.001
Moral Objections to Evolution —0.32%%  —0.20%* -891 0.001
Communal Goals 0.11%* 0.02 0.83 0.409

Table provides information on the Pearson r (zero order) correlation between each predictor variable and
sense of belonging in evolutionary biology, standardized regression coefficients, and the test of signifi-
cance for each regression coefficient. *p <0.05, **p <0.001

3.2.1 Sense of belonging in evolutionary biology

Ethnicity was dummy coded into three separate variables that compared African
Americans (+1) to Whites (0), Latinos/as (+1) to Whites (0), and Asians (+1)
to Whites (0). On Step 1, we entered the dummy coded ethnicity variables along
with several proposed covariates including the general sense of belonging in col-
lege, whether or not students were biology majors, and the number of evolution-
ary biology courses participants had taken. Step 1 was significant, R*=0.20, F (6,
1726)=71.70, p<0.001. See Table 4. Consistent with Hypothesis 2A, African
Americans had a significantly lower sense of belonging in evolutionary biology as
compared to Whites. The other two ethnic groups did not differ from Whites. In
addition, all three of the covariates were significant.

On Step 2, we entered all of the proposed challenges to inclusion, AR*=0.19, F
(8, 1718)=65.49, p<0.001. Consistent with Hypothesis 2B, the more participants
were knowledgeable about evolution, had exposure to ecology, had role models of
any race, and were comfortable outdoors, the more they felt a sense of belonging
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Table 5 Predictors of sense of belonging in ecology

r B t P
Step 1: R2=0.24, F(6, 1736)=88.79, p <0.001
African American versus White —0.06%* —0.07* -3.20 0.001
Latino/a versus White -0.02 -0.04 —1.81 0.070
Asian versus White —0.05* -0.04 -1.79 0.073
Biology Major 0.18%* 0.13%* 6.04 0.001
Ecology Courses 0.26%* 0.24%%* 11.45 0.001
College Belonging 0.38%* 0.37%* 17.40 0.001
Step 2: AR?=0.15 F(8, 1728)=52.60, p <0.001
African American versus White —0.06%* 0.03 1.28 0.200
Latino/a versus White -0.02 0.00 0.01 0.990
Asian versus White —0.05* 0.03 1.08 0.280
Biology Major 0.18%%* 0.06%* 2.80 0.005
Ecology Courses 0.26%* 0.16%* 7.35 0.001
College Belonging 0.38%* 0.22%* 10.29 0.001
Knowledge of Evolution 0.27%* 0.05* 2.24 0.025
Exposure to Ecology 0.34%% 0.12%% 5.21 0.001
Role Models 0.327%* 0.11%* 3.87 0.001
Same-race Role Models 0.19%* —0.004 -0.15 0.878
Outdoor Comfort 0.47%%* 0.29%%* 12.96 0.001
Religiosity —0.08%** —-0.06* -2.84 0.005
Moral Objections to Evolution —0.21%* —0.13%* -5.59 0.001
Communal Goals 0.17%* -0.01 -0.21 0.838

Table provides information on the Pearson r (zero order) correlation between each predictor variable and
sense of belonging in ecology, standardized regression coefficients, and the test of significance for each
regression coefficient. *p <0.05, **p <0.001

in evolutionary biology. Also consistent with Hypothesis 2B, greater religiosity
and moral objections to evolution were associated with feeling a lower sense of
belonging in evolutionary biology. Finally, two findings failed to support Hypoth-
esis 2B—same-race role models and communal goals were both unrelated to sense
of belonging in evolutionary biology. Of note, the group difference between Afri-
can Americans and Whites in sense of belonging was no longer significant once the
challenges to inclusion were included in the model.

3.2.2 Sense of belonging in ecology

We conducted an identical hierarchical multiple regression analysis in which sense
of belonging in ecology was the criterion variable. On Step 1, we entered ethnicity
along with the proposed covariates (general sense of belonging in college, whether
or not students were biology majors, and the number of ecology courses participants
had taken), R?=0.24, F (6, 1736)=288.79, p<0.001. See Table 5. Consistent with
Hypothesis 2A, African Americans had a significantly lower sense of belonging in
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ecology as compared to Whites. The other two ethnic groups did not differ from
Whites. All three of the covariates were significant.

On Step 2, we entered all of the proposed challenges to inclusion, AR*=0.15, F
(8, 1728)=52.60, p<0.001. Consistent with Hypothesis 2B, the more participants
were knowledgeable about evolution, had exposure to ecology, had role models of
any race, and were comfortable outdoors, the more they felt a sense of belonging in
ecology. Also consistent with Hypothesis 2B, greater religiosity and moral objec-
tions to evolution were associated with feeling a lower sense of belonging in ecol-
ogy. Finally, two findings failed to support Hypothesis 2B—same-race role models
and communal goals were both unrelated to sense of belonging in ecology. Once
again, the group difference between African Americans and Whites in sense of
belonging was no longer significant once the challenges to inclusion were included
in the model.

3.3 Educational pursuits

There were two primary hypotheses regarding educational pursuits. First, we
expected that African Americans would report less interest in graduate school in
EEB relative to Whites (Hypothesis 3A). Second, we expected that sense of belong-
ing in EEB would predict interest in graduate school across individuals regardless of
their ethnic backgrounds and after accounting for challenges to inclusion (Hypoth-
esis 3B). In order to test Hypothesis 3, we conducted hierarchical regression anal-
yses. On the first step, we entered ethnicity along with several relevant covariates
(e.g., college major). This allowed us to first explore whether there were any differ-
ences between African Americans and Whites in interest in graduate school. On the
second step, we entered the proposed challenges to inclusion and sense of belong-
ing. This allowed us to examine the relationship between sense of belonging and
interest in graduate school controlling for challenges to inclusion, ethnicity, and the
covariates.

3.3.1 Graduate school in evolutionary biology

On Step 1, we entered ethnicity along with the proposed covariates (whether or not
students were biology majors, and the number of ecology courses participants had
taken), R?=0.19, F (5, 1724)=81.19, p<0.001. See Table 6. Contrary to Hypoth-
esis 3A, African Americans expressed more interest in graduate school in evolu-
tionary biology as compared to Whites. Latinos/as also expressed more interest in
graduate school compared to Whites whereas Asians did not differ from Whites. In
addition to these ethnic differences, both of the proposed covariates were significant.

On Step 2, we entered all of the proposed challenges to inclusion along with sense
of belonging in evolutionary biology, AR*=0.27, F (9, 1715)=97.31, p<0.001.
At Step 2, consistent with Hypothesis 3B, sense of belonging in evolutionary biol-
ogy emerged as a strong predictor of interest in graduate school even with all of the
other predictors in the model. In addition, several of the challenges to inclusion also
predicted interest in graduate school. For example, individuals who reported more
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Table 6 Predictors of interest in evolutionary biology graduate school

r 5} t p
Step 1: R2=0.19, F(5, 1724)=81.19, p <0.001
African American versus White 0.10%* 0.10%* 4.15 0.001
Latino/a versus White 0.06* 0.08* 3.27 0.001
Asian versus White —-0.07* —0.03%* —1.36 0.175
Biology Major 0.14%* 0.06* 2.58 0.010
Evolutionary Biology Courses 0.41%* 0.40%* 18.11 0.001
Step 2: AR?=0.27 F(9, 1715)=97.31, p<0.001
African American versus White 0.10%* 0.10%* 441 0.001
Latino/a versus White 0.06* 0.10* 4.74 0.001
Asian versus White —-0.07* 0.05* 2.16 0.031
Biology Major 0.14%* 0.06* 2.94 0.003
Evolutionary Biology Courses 0.41%* 0.21%* 10.20 0.001
Knowledge of Evolution 0.14%* 0.001 0.07 0.947
Exposure to Ecology 0.15%* 0.003 0.16 0.876
Role Models 0.35%:* 0.03 1.05 0.296
Same-race Role Models 0.31%* 0.10%* 3.55 0.001
Outdoor Comfort 0.327%* 0.15%:* 7.36 0.001
Religiosity 0.11%* -0.02 -1.02 0.310
Moral Objections to Evolution 0.32%* 0.41%* 19.19 0.001
Communal Goals 0.21%* 0.03 1.33 0.184
Sense of Belonging in EB 0.38%* 0.37%* 16.69 0.001

Table provides information on the Pearson r (zero order) correlation between each predictor variable and
interest in evolutionary biology graduate school, standardized regression coefficients, and the test of sig-
nificance for each regression coefficient. *p <0.05, **p <0.001

same race role models and greater comfort in the outdoors expressed more interest
in graduate school in evolutionary biology. Somewhat surprisingly, individuals who
had stronger moral objections to evolution reported more interest in graduate school
in evolutionary biology. Finally, the comparisons between each of the three ethnic
minority groups and Whites were significant even after the additional variables were
added to the model.

3.3.2 Graduate school in ecology

On Step 1, we entered ethnicity along with the proposed covariates (whether or not
students were biology majors, and the number of ecology courses participants had
taken), R2=0.25, F (5, 1738)=118.08, p<0.001. See Table 7. Contrary to Hypothe-
sis 3A, African Americans expressed more interest in graduate school in ecology as
compared to Whites. In addition, Latinos/as also expressed more interest in graduate
school than Whites whereas Asians expressed equal interest to Whites. In addition
to these ethnic differences, both of the proposed covariates were significant.
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Table 7 Predictors of interest in ecology graduate school

r 3 t D
Step 1: R2=0.25, F(5, 1738)=118.08, p <0.001
African American versus White 0.11%* 0.11%* 4.60 0.001
Latino/a versus White 0.07* 0.08%* 3.30 0.001
Asian versus White —0.10%* —0.04%* —1.64 0.101
Biology Major 0.12%* 0.05%* 248 0.013
Ecology Courses 0.48%* 0.47%* 22.45 0.001
Step 2: AR?=0.23 F(9, 1729)=86.74, p <0.001
African American versus White 0.11%* 0.09%* 4.29 0.001
Latino/a versus White 0.07* 0.10% 4.83 0.001
Asian versus White —0.10%* 0.04 1.71 0.087
Biology Major 0.12%* 0.04* 241 0.016
Ecology Courses 0.48%* 0.24%* 11.75 0.001
Knowledge of Evolution 0.10%* 0.01 0.45 0.653
Exposure to Ecology 0.15%* —0.01 —-0.48 0.629
Role Models 0.36%* 0.04 1.65 0.099
Same-race Role Models 0.32%* 0.08* 2.90 0.004
Outdoor Comfort 0.34%#: 0.14%#: 6.81 0.001
Religiosity 0.18%* 0.003 0.15 0.878
Moral Objections to Evolution 0.35%* 0.35%%* 16.84 0.001
Communal Goals 0.24%* 0.04 1.89 0.059
Sense of Belonging in Ecology 0.41%* 0.33%* 15.26 0.001

Table provides information on the Pearson r (zero order) correlation between each predictor variable and
interest in ecology graduate school, standardized regression coefficients, and the test of significance for
each regression coefficient. *p <0.05, **p <0.001

On Step 2, we entered all of the proposed challenges to inclusion along with
sense of belonging in ecology, AR*=0.23, F (9, 1729)=86.74, p<0.001. At
Step 2, consistent with Hypothesis 3B, sense of belonging in ecology emerged
as a strong predictor of interest in graduate school. In addition, several of the
challenges to inclusion also related to interest in graduate school in ecology. For
example, individuals who reported more same race role models and greater com-
fort outdoors expressed more interest in graduate school in ecology. In addition,
and somewhat surprisingly, individuals who had stronger moral objections to evo-
lution reported more interest in graduate school in ecology. Finally, the compari-
sons between African Americans and Whites and between Latinos/as and Whites
remained significant even after the additional variables were added to the model.
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4 General discussion

The goal of the present study was to shed light on factors that may contribute to
the underrepresentation of ethnic minorities in EEB, with a particular focus on
the most underrepresented group in these fields, African Americans. To accom-
plish this goal, we tested a theoretical model of how a number of potential chal-
lenges to inclusion in EEB could impact students’ sense of belonging in EEB and
their interest in pursuing graduate school in this discipline. We surveyed a diverse
and large group of college-aged African American, Latino/a, Asian, and White
undergraduates majoring in STEM in the U.S.

On the whole, we found strong support for several of the hypotheses. Consist-
ent with the first hypothesis, responses to our survey suggest that African Ameri-
cans experience more potential challenges to inclusion in EEB than Whites. Afri-
can Americans reported less exposure to ecology, fewer same-race role models,
less comfort in outdoor environments, were more religious than Whites, had more
moral objections to evolution, and more communal goals. Responses of other ethnic
minorities suggest that they experience many of the same challenges to inclusion
as African Americans. Latino/a participants reported less knowledge of evolution,
fewer same-race role models, less comfort in outdoor environments, more moral
objections to evolution, and more communal goals than Whites. Asians reported
more misconceptions about evolution, less exposure to role models of any race and
less exposure to same race role models than Whites, and less comfort outdoors.
However, Asians did not differ from Whites in their religiosity, moral objections to
evolution, knowledge of evolution, exposure to ecology, or communal goals.

Consistent with predictions (Hypothesis 2A), African Americans reported a
lower sense of belonging in EEB than Whites did even after controlling for a more
generalized sense of belonging in college. However, Latinos/as and Asians did not
differ from Whites in their feelings of belonging in EEB after controlling for a more
generalized sense of belonging in college. This finding suggests that the climate in
EEB may be particularly foreign or hostile to African Americans relative to other
groups.

In addition to identifying group differences in potential challenges to inclusion
and sense of belonging in EEB, we also sought to understand how challenges to
inclusion more generally relate to the sense of belonging in EEB. Many, although
not all, of the potential challenges to inclusion that we identified were associated
with a reduced sense of belonging in EEB (Hypothesis 2B). Knowledge of evolu-
tion, exposure to ecology, and feeling comfortable outdoors were all related to hav-
ing a greater sense of belonging in both ecology and evolutionary biology. On the
other hand, being religious and having moral objections to evolution were related
to having a lower sense of belonging in evolutionary biology. Thus, challenges to
inclusion that are likely the results of access to resources (e.g., knowledge, feeling
comfortable outdoors) and challenges that are likely the result of real or perceived
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cultural mismatches between students and EEB faculty (e.g., religion) were both
related to feelings of belonging. Moreover, the relationship between challenges to
inclusion and sense of belonging remained after statistically controlling for ethnicity.

Two challenges to inclusion in STEM and EEB participation that have been iden-
tified in the past, access to same-race role models (e.g., Graves 2019) and communal
goals (e.g., Smith et al. 2014), were unrelated to sense of belonging. Although hav-
ing role models was important to a sense of belonging in EEB, it did not matter if
these role models were of the same race.® This finding was particularly surprising
and we return to it later. We had also predicted that having communal goals might
inhibit feelings of belonging, but this prediction was also not supported. One pos-
sibility is that EEB, in comparison to other STEM fields, is more likely to be per-
ceived as affording communal values and goals. When STEM fields are perceived
as affording communal goals, then people with communal goals are more attracted
to STEM fields (Diekman et al. 2017). The present findings suggest that in STEM
fields such as EEB that show atypical patterns of participation in graduate education
(e.g., high participation rates of women, low participation rates of ethnic minori-
ties), it may be especially important to examine discipline-specific factors (e.g.,
comfort outdoors) that may affect feelings of belonging.

We hypothesized that African Americans would report lower interest in attend-
ing grad school in EEB than Whites (Hypothesis 3A); however, this hypothesis was
not supported. In fact, African Americans and Latinos/as were both more interested
in EEB grad school than Whites. Because African Americans and Latinos/as face
more challenges to inclusion than Whites, it was surprising that they reported higher
levels of interest in graduate school in EEB than Whites. It is possible that ethnic
minorities generally have higher educational aspirations compared to Whites and
are therefore more interested in graduate school in any field, including evolutionary
biology and ecology.

Finally, we hypothesized that the sense of belonging in EEB would predict inter-
est in graduate school in these fields (Hypothesis 3B). Consistent with our predic-
tions, we found that sense of belonging continued to predict interest in graduate
school even after controlling for ethnicity, whether or not students were biology
majors, the number of EEB courses they had taken, and all of the potential chal-
lenges to inclusion that we identified. The results of the current study build on a
growing literature demonstrating the importance of feelings of belonging for both
members of underrepresented groups and groups that are well-represented (Good
et al. 2012; Rattan et al. 2018; Walton and Cohen 2007).

4.1 Limitations and future directions

Although the present research sheds light on the factors that may contribute to the
underrepresentation of minorities in EEB, there are several limitations that should
ideally be addressed in future research. Although we obtained an economically

% Of note, zero-order correlations between same-race role model and sense of belonging and between
communal goals and sense of belonging were significant. These relationships disappeared in the regres-
sion analyses.

@ Springer



470 L.T.O'Brien et al.

diverse group of students from all 50 states who attended a wide variety of edu-
cational institutions, it was not a random sample. In the future, it would be ideal if
researchers were able to obtain representative samples. In addition, future research-
ers should consider restricting their sample to biology majors. Finally, we were
unable to obtain a sufficient sample of Native Americans. Like African Americans,
Native Americans are severely underrepresented in EEB and thus studying this
group in the future will be extremely important.

In addition to limitations of the present sample, we also had to rely on a self-
report measure of participants’ interest in attending graduate school in EEB as
opposed to measuring a more behavioral outcome such as applications to graduate
school in EEB. Because attitudes and behavior are only moderately correlated (e.g.,
Ajzen and Fishbein 1977), it will be important for future researchers to study the
factors that predict applications to graduate programs in EEB. In the future, longitu-
dinal research that is able to predict both recruitment and retention of ethnic minori-
ties into EEB programs will be of critical importance (e.g., see Merolla and Serpe
2013).

In the present paper, we compared ethnic minority students to White students to
test for group differences in challenges to inclusion, sense of belonging, and interest
in graduate school. Such comparisons run the risk of essentializing group differ-
ences and reinforcing White students as the “normative” group (e.g., see Hegarty
and Pratto 2004). We have tried to point out that group differences in representation
arise from group differences in access to resources and cultural mismatches between
the organizational culture present in EEB and the cultural backgrounds of students,
rather than any sort of inherent or biological difference. The fact that challenges
to inclusion have a negative impact on belonging, regardless of one’s ethnicity, is
consistent with this argument. Furthermore, we believe that the solution to group
differences in representation lies in making additional resources available, making
changes in institutional culture, and in making institutions accountable for ineq-
uitable outcomes (e.g., Dowd and Bensimon 2015). Nonetheless, moving beyond
a focus on factors that hinder underrepresentation among ethnic minorities to a
focus on factors that encourage overrepresentation among Whites may help future
researchers to more fully understand group differences in representation.

Finally, it is unclear to what extent the findings in the present research would
generalize to ethnic minorities in EEB in countries outside the U.S. We are una-
ware of the existence of comparable national statistics on the extent to which people
of African descent or other ethnic minorities are underrepresented in EEB outside
of the U.S. Obtaining cross-country comparative data on minority representation
within the sciences is difficult, in part, due to differences in how (and whether)
countries collect data on ethnicity (OECD 2006, 2018). Nonetheless, the available
research suggests that minority participation varies greatly across fields of science
(Elias et al. 2006; Smith and White 2011; Wong 2015). By taking a cross-cultural
approach to examining the representation of ethnic minorities in EEB in countries
outside the U.S., researchers may be able to gain additional insight into the factors
that affect participation.
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4.2 Implications for efforts to increase minority representation in EEB

The results of this study suggest several actions that may increase the representation
of African Americans and other minorities in graduate education in EEB. For exam-
ple, involving African Americans, Latinos/as, and Asians in outdoor activities (e.g.,
hiking and camping) may make more them comfortable in environments where
ecologists and evolutionary biologists frequently work and thereby increase these
ethnic minority groups’ interest in EEB graduate education. African Americans in
particular are less likely than Whites to have opportunities to spend time as chil-
dren engaged in outdoor activities (e.g., Larson et al. 2011). Surveys of visitors and
non-visitors to National Parks and National Forests in the U.S. found significantly
lower participation of minorities, especially African Americans, in outdoor recrea-
tion experience compared to Whites (Cordell et al. 1990; Cordell et al. 2004; Floyd
1998; Krymkowski et al. 2014; Solop et al. 2003; Taylor et al. 2011). Grassroots
groups such as Outdoor Afro (https://outdoorafro.com/) seek to increase participa-
tion of African Americans in outdoor activities through an approach that combines
social media and training others to lead groups of African American on experiences
in nature (Meraji 2015). Many agencies of government, such as the National Park
Service, are also engaged in efforts to make parks and outdoor experiences acces-
sible, welcoming, and sensitive to the needs of minority visitors (Krymkowski et al.
2014; Taylor et al. 2011).

In addition, cultural differences in religiosity as well as the moral objections to
evolution cannot be ignored in efforts to increase URM’s sense of belonging in EEB
educational contexts (or other science fields that are rooted in evolution). A large
proportion of the U.S. population is religious and disbelieves in evolution. African-
Americans and Latinos/as are more religious than the U.S. population as a whole
and scientists in particular (Pew Research 2009a, b). One method to improve reli-
gious students’ feelings of belonging in EEB contexts might be teach EEB faculty to
navigate conversations around religion (e.g., Graves 2019).

Another way to increase feelings of belonging among ethnic minority students
and Whites who come from under resourced schools is to increase knowledge and
understanding of evolution. Unfortunately, in-depth courses in evolution are rarely
offered in high school and African Americans and Latinos/as are more likely than
Whites to be taught science by teachers without a bachelor’s degree in science (e.g.,
Clotfelter et al. 2005). Thus, most students enter college with only vague knowledge
of key principles of evolution. Thankfully, effective, online resources for teaching
evolution to students of all ages have been developed over the past decade or so
(e.g., EVOS, see Wilson 2005). Activities in high schools and MSIs that expose stu-
dents to this content have the potential to change perceptions about evolution and
increase students’ interest in learning more about it.

The present finding that role models of any race can increase minorities’ sense of
belonging in EEB was surprising and contrary to our hypothesis that same-race role
models would be critically important to minorities’ sense of belonging. Although
the results of the present study did not show a unique effect of same-race role mod-
els on feelings of belonging, it would be misguided to conclude that same-race role
models are unimportant to the experiences of minorities in EEB (Graves 2019). For
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example, same-race role models were related to interest in graduate education in
EEB, even after controlling for a host of other variables. Moreover, past research
suggests that same-race role models may be more important to some underrepre-
sented minority students than others (Chemers et al. 2011; Syed et al. 2011). Fur-
thermore, increasing the diversity of EEB graduate programs and on the faculties of
majority universities may also increase retention of minorities who choose to pursue
graduate education in EEB (e.g., Drury et al. 2011) as well as their long-term suc-
cess. When students see themselves reflected in the composition of faculty, they are
inspired to challenge themselves and achieve higher standards of performance (Dee
2005; Hurtado and Alvarado 2013). Despite the specific benefits of same-race role
models, the openness to graduate education in EEB expressed by participants and
the positive effects of role models from any racial background for ethnic minority
participants bodes well for efforts to diversify this field.

4.3 Conclusion

Inequity in the inclusion of ethnic minorities relative to Whites in EEB persists
despite decades of NSF investment in broadening participation across STEM fields
and parallel efforts by EEB professional organizations to increase minority partici-
pation (e.g., Ecological Society of America SEEDS Program https://esa.org/seeds
/, Society for the Study of Evolution https://www.evolutionsociety.org/, American
Institute of Biological Sciences Diversity Programs https://www.aibs.org/diversity/).
These efforts to increase the representation of minority groups in EEB stem, in part,
from recognition that diversifying EEB is essential to the quality of the science pro-
duced within EEB (Armstrong et al. 2007). However, diversifying EEB is also a
social justice issue of making career opportunities within the field available to peo-
ple from all backgrounds.

The present study demonstrated that discipline-specific factors (e.g., comfort out-
doors, moral objections to evolution) were critical to understanding challenges to
inclusion faced by ethnic minorities in EEB. Moreover, the results suggested that
these challenges to inclusion may affect interest in graduate school by reducing stu-
dents’ sense of belonging in EEB. Thus, interventions that target discipline-specific
challenges to inclusion in EEB may offer the best chance for success at increasing
the participation of ethnic minorities in EEB graduate education and ultimately in
the professoriate. Likewise, other STEM disciplines with severe underrepresenta-
tion of ethnic minorities may benefit from careful examination of discipline-specific
challenges to inclusion that can have downstream consequences for feelings belong-
ing and interest in graduate education.
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