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ABSTRACT

The evolution education experiences of students of color represent an emerging area of
research, because past inquiries indicate these students have differential outcomes, such
as lower evolution acceptance and severe underrepresentation in evolutionary biology.
Religion is often an important support for students of color who are navigating a science,
technology, engineering, and mathematics culture that privileges White nonreligious
students. For instance, religion helps mitigate the negative effects of racism, but religious
students are also more likely to experience conflict when learning evolution. In this nation-
wide study, we examined the extent to which strong religiosity among students of color
can explain their lower evolution acceptance. We surveyed students in 77 college biol-
ogy courses across 17 states and found that Black/African American students tend to be
more religious and less accepting of evolution than any other racial/ethnic identity group
and that Hispanic students tend to be slightly more religious and slightly less accepting
of evolution than White students. Importantly, we find that religious background is an
important factor associated with Black and Hispanic students’ lower levels of evolution
acceptance. This study suggests that the biology community should become more inclu-
sive of Christian religious students if it wishes to foster inclusive evolution education for
Black and Hispanic students.

INTRODUCTION

Students of Color Have Differential Evolution Education Outcomes

Students of color possess unique cultural wealth for persisting in the face of adversity
(Yosso, 2005), but a breadth of research documents that these students still face many
disadvantages in science, technology, engineering, and mathematics (STEM) education
(Hurtado et al., 2007; Holdren et al., 2010). Emerging research suggests that, specifically,
the evolution education experiences of students of color may differ from those of White
students (Graves, 2019). Several recent studies have found that biology students of color,
on average, accept evolution less (Metzger et al., 2018; Sbeglia and Nehm, 2018), under-
stand evolution less (Mead et al., 2015), and may feel a diminished sense of belonging
in evolutionary biology (O'Brien et al., 2020). Further, Black/African American,’

'In this article, we choose to use the term “Black/African American,” because our study population identified
as Black/African American on our surveys and the term is more inclusive than “Black” or “African American”
alone; not all those who identify as Black have recent African ancestry and not all who identify as Black in our
classrooms consider themselves American. However, researchers use different terms, such as just “Black” or just
“African American” to describe individuals, so when referring to other studies/data, we use the terminology of
the authors of those studies/data.
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Hispanic,” and Native American students, on average, experi-
ence lower gains in acceptance of evolution after evolution
instruction compared with White or Asian students (Sbeglia
and Nehm, 2018). Given that evolution is a foundational com-
ponent of biology education (American Association for the
Advancement in Science, 2011), these experiences may con-
tribute to the underrepresentation of these groups in biology
(Mead et al., 2015; Salazar et al., 2019). So why do students
struggle with accepting evolution or feeling a sense of belong-
ing within evolutionary biology? One potential explanation is
that students struggle with a perceived conflict with their reli-
gious beliefs when learning evolution (Barnes et al., 2017a,b,
2020b; Barnes and Brownell, 2017, 2018; Truong et al., 2018).

The High Proportion of Religious Christians among

Black and Hispanic Students May Explain Their Levels

of Evolution Acceptance

Both Black/African American and Hispanic individuals are more
likely to identify as Christian (Pew, 2009¢), and Christians are
more likely to reject evolution (Pew, 2009a; Gallup, 2019).
Black/African American and Hispanic individuals, on average,
also report higher levels of commitment to a religion (religiosity),
which is one of the strongest factors associated with lower accep-
tance of evolution (Glaze et al., 2014; Dunk et al., 2017; Barnes
et al., 2019). Further, religious biology students can feel as if they
do not fit in with the secular culture of biology, experience nega-
tive remarks about religion from their professors and peers, and
feel as though revealing their religious identity would be a disad-
vantage to them if they were to pursue a career in biology (Barnes
et al., 2017b; Barnes and Brownell, 2018). Christian college stu-
dents perceive that there is a negative stereotype about the abili-
ties of Christians in science and even experience stereotype threat
on assessments that they are told measure their scientific ability
(Rios et al., 2015). Thus, the higher proportion of strong religious
backgrounds among Black/African American and Hispanic stu-
dents may explain in part the differential evolution perceptions
researchers have documented between students of color and
White students (Mead et al., 2015; Metzger et al., 2018; Sbeglia
and Nehm, 2018; Salazar et al., 2019; O’Brien et al., 2020). This
would suggest, that in order to be inclusive of many students of
color, evolution educators would need to be inclusive of Chris-
tians. However, a complication in thinking about race/ethnicity®

’In this article, we choose to use the term “Hispanic” to capture this ethnicity,
because our study population identified as Hispanic on our survey. However,
researchers use different terms such as “Latino,” “Latina,” “Latin@,” and “Latinx”
that may be more inclusive of individuals who are of Latin American origin but are
not descended from native Spanish speakers, so when referring to other studies/
data, we use the terminology of the authors of those studies/data.

*In defining race, we adopt the definition of the American Association of Physical
Anthropology (AAPA): “Race does not provide an accurate representation of
human biological variation. It was never accurate in the past, and it remains inac-
curate when referencing contemporary human populations. Humans are not
divided biologically into distinct continental types or racial genetic clusters.
Instead, the Western concept of race must be understood as a classification system
that emerged from, and in support of, European colonialism, oppression, and dis-
crimination. It thus does not have its roots in biological reality, but in policies of
discrimination. Because of that, over the last five centuries, race has become a
social reality that structures societies and how we experience the world. In this
regard, race is real, as is racism, and both have real biological consequences”
(AAPA, 2019). In line with this definition, we refer to “race” throughout this arti-
cle as a social identity (which often has negative consequences for an individual’s
experiences due to racism) and not a biological classification.
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and Christian identity is that, among students of color, certain
racial/ethnic groups, on average, tend to have Christian affilia-
tions that could be perceived as more compatible with evolution
and the culture of biology than other Christian affiliations.

Hispanic Individuals, on Average, Tend to Identify

as Catholic

The most prevalent religious affiliation of Latinx individuals is
Catholicism (Pew, 2015). Catholic individuals are underrepre-
sented in science, but are less underrepresented than other
Christian groups. Twenty-four percent of the American public
identifies as Catholic, while only 10% of scientists report this
affiliation (Pew, 2009c). However, 28% of the public identifies
as evangelical Protestant and only 4% of scientists identify as
evangelical Protestant (Pew, 2009c, 2015). Forty-eight percent
of Latinx individuals are Catholic, and 19% are evangelical
Protestant (Pew, 2015). Because Catholic individuals tend to be
more accepting of evolution compared with evangelical Protes-
tant individuals (Gallup, 2019), it may be that, on average, His-
panic students do not struggle to accept evolution as much as
Black/African American students who identify more closely
with evangelical Protestant Christian affiliations.

Black/African Americans, on Average, Have Strong Protes-
tant Christian Backgrounds and Beliefs

Seventy-eight percent of African Americans identify as Protes-
tant, and 59% belong specifically to historically Black Protestant
churches (Pew, 2009b). Among the general U.S. population,
Black/African Americans score higher on religiosity measures
than any other racial/ethnic group, including Hispanic individ-
uals. Eighty-one percent of African American individuals said
that they are “very certain” about their belief in God compared
with 61% of White individuals and 59% of Hispanic/Latino
individuals (Pew, 2015). Further, 75% of African American indi-
viduals said that religion is an important part of their lives com-
pared with 49% of White individuals and 59% of Hispanic/
Latino individuals (Pew, 2015).

Research indicates that the importance of religion in Black/
African American culture extends to Black/African American
college students. African American college students at elite uni-
versities are more likely to attend religious services at least once
per week and to report that they are more observant of their
religion compared with White and Hispanic/Latino students
(Mooney, 2010). Therefore, it is likely that Black/African Amer-
ican students in college biology classes tend to be more reli-
gious compared with students with other racial/ethnic identi-
ties and thus may accept evolution less than students from
other racial/ethnic groups (Mead et al., 2015; Salazar et al.,
2019; O'Brien et al., 2020). Indeed, Mead et al. (2015), found
that Black/African Americans in the biology community at two
STEM conferences for students of color reported being more
religious than those from other racial/ethnic groups.

Intersectionality of Racism and Secularism May
Exacerbate Negative Evolution Education Outcomes
Critiques of single-axis frameworks in activism and theory have
a long history, particularly among Black feminists, including but
not limited to Sojourner Truth (1851), bell hooks (1981), Audre
Lorde (1984), Patricia Hill Collins (1986), Angela Davis (1983),
and the Combahee River Collective (1983). The term

CBE—Life Sciences Education « 19:ar59, Winter 2020



“intersectionality” was originally coined by Kimberlé Crenshaw
to describe the complexity of discrimination experienced by
Black women due to the interlocking systems of oppression of
racism and sexism that cannot be adequately described using
single-axis frameworks (Crenshaw, 1989; Collins, 1990) and
has since been used to describe the experiences of women of
color in STEM (Morton and Parsons, 2018). In our study, the
interlocking systems of oppression would be racism and secu-
larism in academic biology. If a student identifies as Black/Afri-
can American and/or Hispanic and Christian, they will experi-
ence discrimination based on at least two axes of oppression in
science. Similar to Crenshaw’s analysis of race and gender
intersectionality, it may be the case that being both a student of
color and a Christian may create extra and/or unique barriers
to success in STEM compared with only holding a Christian
identity or identifying as a person of color. Thinking about the
intersection of racial/ethnic identity and Christian identity both
in evolution education and STEM retention studies could help
instructors better understand how to support students of color
(Dunk et al., 2019). In this study, we examined whether being
both religious and Black/Hispanic would predict lower evolu-
tion acceptance than being religious and White.

Situating the Current Study

High levels of religiosity among students of color may be asso-
ciated with differences in their levels of evolution acceptance,
but past studies have not been able to fully explore this relation-
ship (Bailey et al., 2011; Mead et al., 2015; O’Brien et al., 2020).
To our knowledge, no studies have explored potential intersec-
tionality between race/ethnicity and religiosity with respect to
evolution acceptance. In this study, we explore whether there is
a negative compounding effect of race/ethnicity and religiosity
on students’ evolution acceptance. Further, past studies have
not been able to evaluate the role of religiosity as a mediator of
Black/African American, Hispanic, Asian, and White student
evolution acceptance. In this study, we aimed to evaluate how
religiosity might be associated with different levels of evolution
acceptance among undergraduate biology students of color
with different racial/ethnic identities.

We also disaggregate students of color to explore their evolu-
tion acceptance separately. Students of color are often analyzed
as a single group in biology education studies because of the
small numbers of these students in study samples (i.e., Eddy
et al., 2015; Jordt et al., 2017; Cooper et al., 2018; Metzger
et al., 2018; Rodriguez et al., 2018; Sbeglia and Nehm, 2018;
Ballen et al., 2019; Estrada et al., 2019; Meaders et al., 2019).
The frequent argument for grouping them is that, although
these individuals have different experiences based on their
respective races/ethnicities, they share a common experience of
being marginalized and underrepresented in institutions of
higher education based on their race/ethnicity. However, Black/
African American, Hispanic/Latinx, Native American/Alaskan
Native, Native Hawaiian/Pacific Islander, and Asian people have
vastly different histories and experiences of racial discrimination
in the United States. Lumping these groups together may be

“In these studies, Asian students are sometimes included as a group in analyses
with students of color, sometimes included with White students, sometimes con-
sidered separately from other groups, and sometimes are not included in the anal-
yses at all.
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particularly inappropriate for evolution education studies.
Among people of color, Americans with different racial/ethnic
identities have different levels of support for the teaching of evo-
lution (Salazar et al., 2019), and STEM students with different
racial/ethnic identities have different levels of a sense of belong-
ing within evolutionary biology (O’Brien et al., 2020). Thus,
conclusions made about these students’ acceptance of evolution
from past studies that have aggregated all of them into a single
group in their analyses (Metzger et al., 2018; Sbeglia and Nehm,
2018) could lead to inaccurate interpretations about the accep-
tance of evolution of students from different racial/ethnic back-
grounds. For instance, we may assume Hispanic and Black/Afri-
can American biology students have equally lower evolution
acceptance rates when only one group experiences lower evolu-
tion acceptance. In this study, we aimed to collect data from a
large enough number of biology students to be able to disaggre-
gate Black/African American, Hispanic, Asian, and White stu-
dents’ evolution acceptance.

Finally, we test both a mediation model and a moderation
model to see whether differences between the religious back-
ground of groups are associated with the differences in evolu-
tion acceptance between groups and whether these mediations
are weaker or stronger for different religious backgrounds.

RESEARCH QUESTIONS

1. On average, are Black/African American, Hispanic, Asian,
and White undergraduate biology students’ levels of religios-
ity and acceptance of evolution statistically different?

2. Is there a compounding negative association of race/ethnic-
ity and religion on students’ evolution acceptance? In other
words, are Black/African American or Hispanic students
who are religious less accepting of evolution than White stu-
dents who are religious?

3. Are the differences in evolution acceptance between stu-
dents with different race/ethnicities (Black/African Ameri-
can and White; Hispanic and White) associated with their
differing levels of religiosity?

METHODS

We identified instructors of biology courses through their insti-
tutional profiles and also recruited instructors via the Society
for the Advancement of Biology Education Research Listserv. To
maximize the sample size of Hispanic and Black/African Amer-
ican students for statistical analyses, we wanted to recruit
instructors from minority-serving institutions and large-enroll-
ment institutions in the United States where greater than 5% of
the student population identifies as Hispanic or Black/African
American. We used the directory of biology faculty from each of
the institutions that met these criteria, and if the “courses
taught” listed on the instructor’s profile included introductory
biology, the instructor’s name, email, and institution were
recorded in a spreadsheet. Many websites did not explicitly
state which courses instructors taught, and in these cases their
names and emails were recorded. We emailed these instructors
and asked them if they would be willing to send out a link to a
Qualtrics survey to the students in their class and offer a small
amount of extra credit for completing the survey. All activities
were approved by Arizona State University’s Institutional
Review Board protocols nos. 8191 and 3910.
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We collected data on student racial/ethnic identities and
their religiosity, religious affiliations, and acceptance of evolu-
tion from 9856 students across 77 biology courses that were
offered from Fall 2017 to Spring 2019 across 17 different states.
The survey was open for ~1-2 weeks for each data collection to
give students enough time to complete it.

Measures

We asked students to self-identify from the following list of
racial/ethnic identities: (1) American Indian, Native American,
or Alaskan Native, (2) Asian, (3) Black/African American, (4)
Native Hawaiian or Other Pacific Islander, (5) Hispanic (6)
White, (7) other not listed, and (8) prefer not to answer. Stu-
dents were instructed that they could check more than one box
if they held multiple identities. We also asked students to
self-identify from the following list of religious affiliations:
agnostic, atheist, Buddhist, Christian—Catholic, Christian-The
Church of Jesus Christ of Latter Day Saints, Christian-Protes-
tant, Christian—other, Christian-nondenominational, Hindu,
Jewish, Muslim, nothing in particular, other faith, and decline
to state. We also asked students to report their gender, age and
their parents’ highest level of education to control for poten-
tially confounding demographic factors, because gender, age,
and parents’ level of education are sometimes related to evolu-
tion education outcomes (Bailey et al., 2011; Baker, 2013;
Rissler et al., 2014; Sbeglia and Nehm, 2018).

To measure acceptance of evolution, we used the previously
published Inventory of Student Evolution Acceptance (I-SEA),
which includes 24 statements with which students agree or dis-
agree on a five-point scale. The I-SEA measures acceptance of
microevolution (e.g., “natural selection is a reasonable explana-
tion that describes the ways in which groups of organisms have
changed over time”), acceptance of macroevolution (e.g., “I
think that new species arise from ancestral species”), and accep-
tance of human evolution (e.g., “like other organisms, the
human species is a result of evolution from an ancestral group”).
We chose to use the I-SEA instead of other published instru-
ments such as the Measure of Acceptance of the Theory of Evo-
lution or the Generalized Acceptance of Evolution Evaluation
(Rutledge and Warden, 1999; Smith et al., 2016), because the
I-SEA is the only instrument that disaggregates student accep-
tance of microevolution, macroevolution, and human evolu-
tion, each of which has been shown to be a different construct
(Nadelson and Southerland, 2012; Sbeglia and Nehm, 2019).
Further, the I-SEA addresses many limitations of other accep-
tance of evolution measurement tools (Barnes et al., 2019;
Sbeglia and Nehm, 2019). The reliability of each scale in this
study was high (microevolution acceptance: o. = 0.87; macro-
evolution acceptance: o.= 0.87; human evolution acceptance: o
=0.92).

We used four items from a previously published instrument
used in the psychology of religion to measure student religiosity
(Cohen et al., 2008). The items measure the intrinsic strength of
one’s religious identity (e.g., “I consider myself a religious per-
son”) and participation in religious activities (e.g., “I attend reli-
gious services regularly”) and are similar to other common
measures used both in studies of religion (Dingemans and Van
Ingen, 2015; Ecklund et al., 2018) and studies of evolution
acceptance (Rissler et al., 2014; Dunk et al., 2017). The instru-
ment consisted of four items with which the students agree or
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disagree on a five-point scale. A higher number on the scale
indicates higher religiosity. The reliability of the scale in this
study was high (o = 0.91).

Analyses
We used R v. 3.6.2 for all analyses (R Core Team, 2019).

Following the recommendation from Sbeglia and Nehm
(2018), we converted I-SEA Likert responses into linear interval
scale measures (Linacre and Wright, 1993; Boone, 2016) by
running three unidimensional Rasch models (acceptance of
microevolution, macroevolution, and human evolution). We
also converted religiosity Likert responses into linear interval
scale measures by running a unidimensional Rasch model. For
all Rasch models, we modified the Likert scale coding to start at
zero (i.e., 0 = strongly disagree to 4 = strongly agree, instead of
1-5). We ran polytomous partial-credit Rasch models (Robitzsch
et al., 2018) and used a weighted maximum-likelihood estima-
tion (WLE) in the R package TAM to calculate theta values, that
is, person measures using the function tam.wle. These person
measures were used as the measures of acceptance of microevo-
lution, macroevolution, human evolution, and religiosity in the
rest of the analyses (see Supplemental Figures 1-4 for Wright
maps). We examined the eigenvalues of the residuals for each
Rasch model to check that a unidimensional model is a good fit
for the data. We assessed item fit using the msq.itemfit function,
which computes weighted mean squares infit and outfit statis-
tics based on weighted likelihood estimates. Finally, we exam-
ined the expected a posteriori/plausible value reliability index
(EAP/PV), a measure of item reliability, and the WLE person
separation index, a measure of person reliability that estimates
whether a similar order of person abilities would be generated
by items of similar difficulty.

To ensure that we had at least 25 students at each intersec-
tion of race/ethnicity and religion for statistical analyses (see
Supplemental Table 1), we divided students into four racial/
ethnic groups® (Black/African American, Asian, Hispanic, or
White) and four religious affiliations (Christian—Catholic,
non-Catholic Christian, no affiliation [atheist, agnostic, or noth-
ing in particular], and other faith [Hindu, Buddhist, Muslim,
Jewish, or other faith]).

To examine how student religiosity and evolution accep-
tance vary by race/ethnicity, we used linear mixed models
(LMMs) with course as a random effect; race/ethnicity as a pre-
dictor; and religiosity, microevolution acceptance, macroevolu-
tion acceptance, and human evolution acceptance as response
variables using the R package nlme (Pinheiro et al., 2014). We
dummy coded all categorical variables for all the analyses with
the following reference levels: gender: female; race/ethnicity:
White; religious affiliation: no religious affiliation; parent edu-
cation: less than high school; region: West. We calculated esti-
mated marginal means of slopes of the relationship between
religiosity and evolution acceptance and did pairwise compari-
sons with the p values adjusted for multiple testing using the

SThere were racial/ethnic identities that were not prevalent enough for analyses.
We coded students who checked “American Indian,” “Native American,” ‘“Alaskan
Native,” “Native Hawaiian,” “Other Pacific Islander,” and “other not listed,” as
“other race/ethnicities.” We also included “multiracial” students in this category,
because their experiences are likely to be different from students who exclusively
checked one box for their racial/ethnic identity. The results from these students
are not included in the analyses presented in the main text of the article.

CBE—Life Sciences Education « 19:ar59, Winter 2020



Religiosity \

Evolution Acceptance
Race/Ethnicity * Microevolution
(White Ref.) * Macroevolution
* Human Evolution

Race/Ethnicity .
(White Ref.) .

Race/ethnicity and Evolution Acceptance

Religious Affiliation:
* Christian-Catholic

Religiosity / * Christian- not Catholic
* No Affiliation

Evolution Acceptance
Microevolution
Macroevolution

* Human Evolution

FIGURE 1. (a) Simple mediation model with religiosity as the mediator for the relationship between race/ethnicity and evolution accep-
tance. (b) Moderated mediation model with religiosity as the mediator and religious affiliation as the moderator. These figures do not
include the random effects and covariates that are included in our statistical analyses.

Tukey method to determine significant differences between
groups in the R package emmeans (Lenth et al., 2018). We con-
verted religiosity and age to z-scores before the analyses so that
the resulting regression coefficients are standardized.

We examined whether there was a compounding negative
effect of identifying as Black/African American, Hispanic, or
Asian at higher religiosity levels on evolution acceptance. Thus,
we examined whether identifying as either Black, Hispanic, or
Asian at higher religiosity levels resulted in lower evolution
acceptance compared with identifying as White at higher religi-
osity levels. We did a similar analysis using religious affiliation
in place of religiosity (Catholic, non-Catholic Christian, and no
affiliation) to assess whether there is a compounding negative
effect of race/ethnicity and religious affiliation on acceptance of
evolution. We again used LMMs to examine acceptance of
microevolution, macroevolution, and human evolution as the
response variable, with course as a random effect (varying
intercepts). In these models, we included covariates (religious
affiliation, age, gender, parent education [five levels], and
region [seven levels]) and an interaction between race/ethnic-
ity and religiosity or affiliation as the predictors. We calculated
estimated marginal means and did pairwise comparisons with
the p values adjusted for multiple testing using the Tukey
method to determine significant differences between groups.

Finally, to see whether differences in levels of evolution
acceptance by race/ethnicity can be explained by religiosity, we
ran mediation analyses using a regression model-based
approach in the mediation package (Tingley et al., 2014) in R
following the methods developed by Imai et al. (2010). Media-
tion analyses are essentially causal in nature; however, because
we are using observational and not experimental data, we tried
to avoid making any causal claims in our description of the
results. To estimate the mediation effect, we ran two models:
the “mediator model,” in which the mediator is the outcome
variable and all the covariates are the predictors; and the “out-
come model,” in which the mediator along with the covariates
are predictors. Using these two models as inputs, the mediate
function calculates the estimated average mediation effect, that
is, in our case the association of race/ethnicity with evolution
acceptance that can be attributed to differences in religiosity of
students with different racial/ethnic backgrounds. We chose to
run simple mediations with religiosity as the mediator rather
than religious affiliation, because religiosity is a continuous
variable that lends itself better to analyses than categorical reli-
gious affiliation. Further, we hypothesized that religious affilia-
tion broadly is not directly associated with evolution acceptance
in our study population but is indirectly associated through reli-
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giosity. Therefore, not including religious affiliation in our
mediation models does not violate the assumption of sequential
ignorability made in the mediation analyses (for more details,
see Imai et al. 2011). Figure 1a illustrates the model we tested.
For this mediation, our “mediator model” was an LMM with
religiosity as the outcome; course as a random effect with vary-
ing intercepts; and race/ethnicity, age, gender, parent educa-
tion, and region as predictors. Our “outcome model” was an
LMM with evolution acceptance as the outcome; course as a
random effect (varying intercepts); and race/ethnicity, religios-
ity, age, gender, parent education, and region as predictors. We
had three outcome models, one each for microevolution, mac-
roevolution, and human evolution acceptance. We used the
mediate function with our mediator models and outcome mod-
els to calculate the mediation effects. This function calculates
the average mediation effects and the average direct effects of a
predictor (race/ethnicity) on a response variable (acceptance of
evolution) given a mediator (religiosity) using quasi-Bayesian
Monte Carlo simulations to calculate confidence intervals and
statistical significance of the mediation. Using “White” as the
reference group and “Black/African American” as the compari-
son group, we ran mediation analyses for microevolution accep-
tance, macroevolution acceptance, and human evolution accep-
tance, with the number of simulations set to 1000. Next, we
repeated the mediations with “Hispanic” compared with
“White.” We did not run mediations for Asian students, because
their religiosity levels were similar to those of White students.
The data and R script used for analyses are available in the
Supplemental Material. We refer the readers to Imai et al
(2011) for a detailed description of this mediation method.

To determine whether the mediation results would be differ-
ent depending on students’ religious affiliation (Catholic,
non-Catholic Christian, and no affiliation), we ran a moderated
mediation model (Figure 1b). For these analyses, the models
were the same as described earlier, but with the addition of
religious affiliation as a covariate. We ran three moderated
mediation models for each pair of race/ethnicity categories to
estimate the mediated effect of religiosity for students with dif-
ferent religious affiliations (Christian-Catholic, non-Catholic
Christian, and no affiliation). We did not run a moderated
model for the other faith category, because it lumped together
students from many vastly different faiths, making it difficult to
interpret.

Positionality
We acknowledge that our research team’s identities influence

and potentially bias our research. M.E.B, H.M.D., G.M.S., and
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S.E.B. all identify as White, whereas K.S. identifies as South
Asian, and T.M.H. identifies as Black. Our team’s religious iden-
tifications include agnostic (M.E.B. and K.S.), atheist (G.M.S.
and S.E.B.), Christian-Jehovah’s Witness (T.M.H.), and Chris-
tian—Catholic (H.M.D.). We bring our disciplinary expertise to
this work as discipline-based education researchers in biology
education (M.E.B., K.S., HM.D., TM.H., and S.E.B.), an educa-
tional psychologist (G.M.S.), and instructors and students in
undergraduate biology courses (M.E.B., H.M.D., TM.H., and
S.E.B.).

RESULTS

Population

Nine thousand six hundred and twenty students in total com-
pleted the survey with the religiosity, acceptance of evolution,
and racial/ethnic identity instruments. Of these students, 581
(6%) were Black/African American, 1585 (16%) were His-
panic, 1512 (16%) were Asian, 4673 (49%) were White, and
1269 were multiracial (13%). Twenty-six percent of students
were Catholic, 28% were non-Catholic Christian, 10% identi-
fied with a non-Christian religion, and 36% were nonaffiliated
(atheist, agnostic, or nothing in particular). Consistent with our
expectations, most Hispanic students identified as Catholic
(55%) and most Black/African American students (62%) iden-
tified as non-Catholic Christian. Supplemental Table 1 shows
the distribution of students by race/ethnicity and religious affil-
iation. Fewer than 2% of data were missing from students, so
no imputation of data was necessary (Meade and Craig, 2012).
After removing students with missing data and removing multi-
racial/other race/ethnicity students, we had a total of 8192 stu-
dents whose data we used in our analyses. Supplemental
Table 2 shows the distribution of students by region and race/
ethnicity.

Rasch models

Weighted mean-squares item fit statistics (WMNSQ, equal to
infit MNSQ) were within the acceptable range for all Rasch
models. WMNSQ values of 0.7 to 1.3 logits are considered
acceptable, and in our case, these lay between 0.7 and 1.3 for
religiosity, 0.9 and 1.2 for microevolution, 0.8 and 1.3 for mac-
roevolution, and 0.8 and 1.4 for human evolution. All of our
reliability measures had an acceptable value, that is, were
greater than 0.7. The EAP/PV was 0.88 for religiosity, 0.85 for
microevolution, 0.87 for macroevolution, and 0.91 for human
evolution. Person reliabilities as estimated by WLE person sep-
aration index, which estimates whether a similar order of per-
son abilities would be generated by items of similar difficulty,
were 0.83 for religiosity, 0.79 for microevolution, 0.84 for mac-
roevolution, and 0.88 for human evolution. The first eigenval-
ues of residuals of all our Rasch models were less than 2, indi-
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FIGURE 2. Religiosity by student racial/ethnic identity. Religiosity
was estimated using a Rasch model and is on a logit scale. Violins
show the distribution of the data; gray bars in the middle of the
violins indicate the interquartile range, and black lines in the
middle of these bars indicate the median; and black lines stretching
out from the bars indicate first/third quartile £ 1.5 interquartile
range. The same letter above the violins indicates that groups are
similar, and a different letter indicates that they are statistically
different based on post hoc Tukey comparisons.

cating that the data were unidimensional and a unidimensional
model was appropriate. See Supplemental Table 3 fit statistics
for all our Rasch models.

Finding 1: On Average, Black/African American Students
Were More Religious Than Students with All Other Racial/
Ethnic Identities

Pairwise contrasts show that Black/African American students
were, on average, significantly more religious than students
with all other racial/ethnic identities and Hispanic students
were slightly more religious than Asian and White students
(Figure 2 and Table 1). See Table 1 for estimated marginal
means for religiosity by race/ethnicity.

Finding 2: On Average, Black/African American Students
Accepted Evolution Less Than Students with All Other
Racial/Ethnic Identities

Black/African American students had, on average, lower micro-
evolution acceptance, macroevolution acceptance, and human
evolution acceptance than students with any other racial/eth-
nic identity (all p < 0.05). Hispanic students and Asian students
also had lower microevolution acceptance, macroevolution
acceptance, and human evolution acceptance than White stu-
dents, but higher than Black/African American students (all p <
0.05) (Figure 3). One explanation for the lower evolution
acceptance for Asian students might be caused by their

TABLE 1. Estimated marginal means derived from an LMM for religiosity and evolution acceptance among college students with course as
a random effect with varying intercepts (see Supplemental Table 4 for post hoc comparisons)

Race/ethnicity Religiosity SE Microevolution Macroevolution SE Human evolution SE

White -0.11 0.074 0.16 0.067 0.14 0.068 0.18 0.084
Black 0.93 0.106 -0.67 0.095 —-0.56 0.092 -0.84 0.116
Hispanic 0.17 0.085 -0.28 0.077 -0.09 0.076 -0.23 0.095
Asian -0.25 0.089 -0.38 0.080 -0.09 0.079 -0.17 0.098
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FIGURE 3. Student acceptance of (a) microevolution, (b) macro-
evolution, and (c) human evolution by racial/ethnic identity. All
evolution acceptance measures were estimated using the Rasch
models and are on a logit scale. Violins show the distribution of the
data; gray bars in the middle of the violins indicate the interquartile
range, and black lines in the middle of these bars indicate the
median; and black lines stretching out from the bars indicate first/
third quartile £ 1.5 interquartile range. The same letter above the
violins indicates that groups are similar, and a different letter
indicates that they are statistically different based on post hoc
Tukey comparisons.

Race/ethnicity and Evolution Acceptance

reluctance to pick the “strongly agree” option when answering
about controversial topics (Grandy, 1996; Wang et al., 2008).

Finding 3: Highly Religious Black/African American and
Hispanic Students Were Just as Accepting of Evolution as
Highly Religious White Students

We found that Black/African American, Hispanic, and Asian
students at higher religiosity levels were just as accepting of
evolution as White students, indicating no evidence that there
was a compounding negative effect of religiosity and race/eth-
nicity on acceptance of evolution. When we plotted the rela-
tionship between religiosity and evolution acceptance disaggre-
gated by students’ racial/ethnic identities, we found that, at
high religiosity levels, students of all racial/ethnic identities had
similarly low levels of acceptance of evolution, but at low levels
of religiosity, there were greater differences between students
with different racial/ethnic identities (Figure 4). Thus, although
there was a significant interaction, it was not in the direction we
would have expected if a compounding negative effect of rac-
ism and secularism was present (slope contrasts in Table 2).
The relationship between religiosity and evolution acceptance
was weaker for students of color according to all measures of
evolution acceptance (microevolution: Black/African American
[-0.07 £ 0.04], Hispanic [-0.12 £ 0.03], Asian [-0.12 £ 0.02],
and White [-0.2 + 0.01]; macroevolution acceptance: Black/
African American [-0.15 + 0.03], Hispanic [-0.15 + 0.02],
Asian [-0.14 + 0.02], and White [-0.27 + 0.01]; human evolu-
tion acceptance: Black/African American [-0.28 + 0.04], His-
panic [-0.27 + 0.03], Asian [-0.21 *+ 0.03],White [-0.39 +
0.02]; also see Supplemental Figure 5). This indicates that,
although Black/African American and Hispanic students tended
to be more religious, the relationship between evolution accep-
tance and religiosity also tended to be slightly weaker for these
students.

We also found that Christian (Catholic and non-Catholic)
Black/African American, Hispanic, and Asian students were just
as accepting of evolution as Christian White students, once
again indicating no evidence of a compounding negative effect
of religious affiliation and race/ethnicity on acceptance of evo-
lution. There was a statistically significant interaction between
religious affiliation and race/ethnicity, but just as with religios-
ity, the interaction was in the opposite direction that we would
have expected if there were a compounding effect; there were

a b c
@ QU e 41w ® W
21 -
2 2i5 Race/ethnicity
5 o é é —— White FIGURE 4. Scatter plots of evolution
‘_g‘ % 01 T; 0.0 acceptance measures against religiosity
3 ‘ 3 () — Black measures with overlaid Ordinary Least
g -2 S g - S . - .- Squares regression lines broken down by
= S E2 a4 students’ racial/ethnic identities: (a)
4 N L B Asian microevolution acceptance, (b) macroevolu-
i 50 tion acceptance, and (c) human evolution
acceptance. The points were jittered for
bl — Bl clarity; darker points indicate multiple
5 10 15 20 5 10 15 20 5 10 15 20 overlapping points, and gray spread around
Religiosity Religiosity Religiosity the lines indicates 95% confidence intervals.
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TABLE 2. Pairwise contrasts of estimated marginal means of slopes of the relationship between religiosity and evolution acceptance?

Microevolution Macroevolution Human evolution
Contrast estimate SE p value Estimate SE p value estimate SE p value
White-Black -0.14 0.04 0.004 -0.12 0.04 0.003 -0.11 0.04 0.06
White-Hispanic -0.08 0.03 0.009 -0.12 0.02 <0.001 -0.12 0.03 0.00
White-Asian -0.09 0.03 0.003 -0.14 0.02 <0.001 -0.18 0.03 <0.0001
Black-Hispanic 0.05 0.05 0.645 0.00 0.04 1.00 -0.01 0.05 1.00
Black-Asian 0.05 0.04 0.684 -0.01 0.04 0.98 -0.07 0.05 0.50
Hispanic-Asian 0.00 0.03 0.999 -0.02 0.03 0.95 -0.06 0.04 0.32

aSignificant differences mean that the relationship between religiosity and evolution acceptance differs in steepness of the slope between the groups. These estimates
were derived from LMMs for evolution acceptance among college students with course as a random effect with varying intercepts (see Supplemental Table 5 for para-

meter estimates of the LMMs).

bigger differences between nonreligious students with different
racial/ethnic backgrounds than among Christians (Catholic and
non-Catholic). There was some evidence of a compounding
effect of race/ethnicity and religious affiliation in the case of
microevolution acceptance (see Table 3 for pairwise contrasts
within each religious affiliation and Supplemental Figures 6-8).
Together, these results showed that religious background (reli-
giosity or religious affiliation) and race/ethnicity did not have a
compounding effect on evolution acceptance. Next, we explore
whether the higher average religiosity of Black/African Ameri-
can and Hispanic students was associated with their lower evo-
lution acceptance.

Finding 4: The Religious Backgrounds of Black/African
American and Hispanic Students Were Associated with
Their Lower Levels of Evolution Acceptance

Our mediation analyses revealed that a large portion of the dif-
ferences between Black/Hispanic and White student evolution
acceptance levels was associated with their higher than average
religiosity levels. The average mediation effect of religiosity on
race/ethnicity and evolution acceptance was —0.26 for micro-
evolution acceptance, —0.32 for macroevolution, and —0.47 for
human evolution acceptance (all p < 0.001). However, regard-
less of the evolution acceptance measure, a large proportion of
the difference in evolution acceptance between White and
Black/African American students was associated with religios-
ity (32% for microevolution acceptance, 48% for macroevolu-
tion acceptance, and 49% for human evolution acceptance;

Table 4). Religiosity was also a strong mediator for macroevolu-
tion and human evolution acceptance among Hispanic students
(67% and 50%, respectively) and a weaker mediator of micro-
evolution acceptance (22%).

These results illustrate that Black/African American students,
on average, had lower levels of evolution acceptance than stu-
dents from any other race/ethnicity and their higher than aver-
age religiosity was associated with the different levels of evolu-
tion acceptance between Black/African American and White
students. Hispanic students only had slightly lower levels of evo-
lution acceptance than White students, and their higher than
average religiosity was also associated with that difference.

The mediation results were similar when broken down by
Catholic, non-Catholic Christian, and unaffiliated students. Our
moderated mediation analyses with religiosity as the mediator
and religious affiliation (Catholic, non-Catholic Christian, and
no affiliation) as the moderator (Figure 1) did not yield any
significant differences between religious affiliations (Table 5;
see full results, including confidence intervals for the estimates,
in the Supplemental Material). For example, the proportion
mediated by religiosity was 10% for microevolution acceptance,
23-24% for macroevolution acceptance, and 24% for human
evolution acceptance, respectively, for Catholics, non-Catholic
Christians, and those who were not affiliated with any religion.
For Hispanic and White students, even though the mediation
effect was similar across affiliations, this moderated mediation
model showed a low mediation effect, suggesting that religious
affiliation was associated with most of the effect of religious

TABLE 3. Pairwise contrasts of estimated marginal means of the relationship between religious affiliation and evolution acceptance®

Microevolution Macroevolution Human evolution
Religion Contrast estimate SE p value estimate SE p value estimate SE p value
No affiliation Black-White -0.93 0.16 <0.001 —-0.60 0.15 <0.001 —-0.65 0.18 <0.01
No affiliation Hispanic-White —-0.46 0.09 <0.001  -0.26 0.08 0.01 -0.38 0.10 <0.01
No affiliation Asian-White -0.99 0.08 <0.001 -0.77 0.07 <0.001 -1.03 0.09 <0.001
Catholic Black-White -0.40 0.18 0.25 -0.21 0.16 1.00 -0.12 0.20 1.00
Catholic Hispanic-White -0.21 0.08 0.08 —-0.09 0.07 1.00 -0.12 0.09 1.00
Catholic Asian-White -0.25 0.12 0.42 -0.06 0.11 1.00 -0.21 0.14 1.00
Non-Catholic Christian ~ Black-White -0.31 0.09 0.01 -0.07 0.08 1.00 -0.20 0.11 0.57
Non-Catholic Christian ~ Hispanic-White -0.10 0.11 1.00 0.11 0.10 1.00 -0.15 0.13 1.00
Non-Catholic Christian ~ Asian-White —-0.40 0.13 0.02 —-0.08 0.12 1.00 -0.29 0.15 0.42

“These estimates were derived from LMMs for evolution acceptance among college students with course as a random effect with varying intercepts (see Supplemental
Table 6 for parameter estimates of the LMMs).
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TABLE 4. Results from the mediation analyses using 1000 quasi-Bayesian Monte Carlo simulations to calculate confidence intervals and

statistical significance?

Black/African American Hispanic
Estimate  95% CI lower 95% CI upper Estimate 95% CI lower 95% CI upper
Microevolution Mediation effect -0.26 —-0.30 -0.21 -0.07 -0.11 —-0.04
Direct effect -0.55 -0.70 -0.41 -0.25 -0.35 -0.15
Total effect —-0.81 -0.96 —-0.66 -0.33 —-0.43 -0.21
Prop. mediated 0.32 0.26 0.4 0.23 0.14 0.36
Macroevolution Mediation effect -0.32 -0.37 -0.27 -0.09 -0.13 -0.05
Direct effect -0.34 -0.46 -0.21 0.05 -0.14 0.05
Total effect -0.66 -0.79 -0.53 -0.14 -0.24 —-0.04
Prop. mediated 0.48 0.40 0.60 0.67 0.34 1.96
Human evolution =~ Mediation effect -0.47 —0.55 -0.4 -0.14 -0.19 —-0.08
Direct effect -0.49 -0.63 -0.36 -0.13 -0.24 -0.01
Total effect -0.96 -1.13 —-0.78 -0.27 -0.40 -0.14
Prop. mediated 0.49 0.41 0.58 0.51 0.30 0.92

aMediation effect indicates the amount of the association of racial/ethnic identity with evolution acceptance that is mediated by religiosity; it is essentially an estimate
of the average change in evolution acceptance corresponding to what would be observed if the measures of religiosity observed among Black/Hispanic students were to
change to the values observed among White students. Direct effect indicates the amount of the association of racial/ethnic identity with evolution acceptance not related
to religiosity. Proportion (“Prop.”) mediated shows the proportion of total association of racial/ethnic identity with evolution acceptance that can be attributed to religi-

osity. Bolded estimates indicate p < 0.05.

background on evolution acceptance and not religiosity
(Table 5). This is because Hispanic students were not
significantly more religious than White students once religious
affiliation and other covariates such as gender, age, region, and
parents’ level of education were accounted for. However, Black/
African American students were more religious than White stu-
dents, even after controlling for religious affiliation and covari-
ates (Supplemental Figure 9). Together, these results show that
religious background was an important mediator for the rela-
tionship between race/ethnicity and evolution acceptance. The
difference in evolution acceptance between White and Hispanic
students was largely explained by the higher likelihood of His-
panic students identifying as Catholic. However, both religiosity
and religious affiliation contributed to the difference in evolu-
tion acceptance between White and Black/African American
students.

DISCUSSION

This study shows that higher levels of religiosity and religious
affiliation among Black/African American and Hispanic stu-
dents can be a factor associated with their lower levels of evo-
lution acceptance. Particularly, we found that Black/African
American students had the highest levels of religiosity and low-
est levels of evolution acceptance among students from all
racial/ethnic backgrounds. Hispanic students had slightly
higher levels of religiosity compared with White and Asian stu-
dents and slightly lower evolution acceptance compared with
White students. These results are in line with results from other
studies that measured related constructs (Bailey et al., 2011;
Mead et al., 2015; Salazar et al., 2019), but our study uniquely
conducted mediation analyses to show that lower rates of evo-
lution acceptance among Black/African American college biol-
ogy students were mediated by their higher than average religi-
osity. We also uniquely show that slightly lower levels of
evolution acceptance among Hispanic biology students were
mediated by their slightly higher levels of religiosity. Finally, this

CBE—Life Sciences Education « 19:ar59, Winter 2020

study revealed very little evidence of a compounding effect of
racism and secularism on evolution acceptance; however, expe-
riencing both racism and secularism in evolutionary biology at
the same time could affect evolution acceptance in other more
complex ways that cannot be captured through a quantitative
study. Overall, these data illustrate that religious identity is
important to consider for evolution education outcomes for
Black/African American and Hispanic students.

Religiosity as a Support for Students, not a Deficit

It is often the discourse in science community (often from non-
religious White men) that a religious identity is not valuable to
students or the science community (Dawkins, 2009; Coyne,
2015; Krauss, 2015), but this is a potentially destructive percep-
tion for some Black/African American students. Indeed, prior
STEM education theory highlights the unique cultural capital
that students of color bring to STEM environments (Yosso,
2005) and religion may be important cultural capital. Research
and history document that Black/African American individuals
have used religion as unique cultural capital in their lives and in
their education. Christian Protestantism was, and continues to
be, an important part of Black/African American culture that
can help mitigate the negative effects of racism and oppression
by providing meaning and social support for individuals in
these communities. Indeed, longitudinal data have revealed
that religious involvement among African American individuals
moderates the effects of racism on psychological distress
(Ellison et al., 2008). This importance of religion to the lives of
Black/African Americans has been documented for at least 40
years (Taylor et al., 1996, 2003), but can partially be traced
back to enslaved Africans in the United States who were often
not able to practice the traditions of their native religious
cultures (Weisenfeld, 2015). Enslaved Africans and their African
American children created robust and unique Christian reli-
gious cultures that helped them endure their dehumanization
and oppression (Weisenfeld, 2015; Grendler et al., n.d.). After
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TABLE 5. Results from the moderated mediation analyses using 1000 quasi-Bayesian Monte Carlo simulations to calculate confidence

intervals and statistical significance®

Black/White
Catholic Non-Catholic Christian No affiliation
Microevolution Mediation effect -0.05 -0.05 -0.05
Direct effect —-0.48 —-0.48 -0.49
Total effect -0.54 —0.54 -0.54
Prop. mediated 0.10 0.10 0.10
Macroevolution Mediation effect —-0.07 —-0.07 —-0.07
Direct effect -0.24 -0.24 -0.24
Total effect -0.31 -0.31 -0.31
Prop. mediated 0.23 0.24 0.23
Human evolution Mediation effect -0.11 -0.11 -0.11
Direct effect -0.34 -0.34 -0.34
Total effect -0.45 —-0.45 -0.45
Prop. mediated 0.24 0.24 0.24
Hispanic/White
Microevolution Mediation effect 0.00 0.00 0.00
Direct effect -0.24 -0.25 -0.25
Total effect -0.24 -0.25 -0.25
Prop. mediated 0.00 0.00 0.00
Macroevolution Mediation effect 0.00 0.00 0.00
Direct effect -0.09 -0.09 -0.09
Total effect —-0.09 -0.09 -0.09
Prop. mediated 0.01 0.01 0.03
Human evolution Mediation effect 0.00 0.00 0.00
Direct effect -0.20 -0.21 -0.21
Total effect -0.21 -0.21 -0.21
Prop. mediated 0.03 0.01 0.01

aMediation effect indicates the amount of the association of racial/ethnic identity with evolution acceptance that is mediated by religiosity after controlling for religious
affiliation. Direct effect indicates the amount of the association of racial/identity with evolution acceptance not related to religiosity. Proportion (“Prop.”) mediated shows
the proportion of total association of racial/ethnic identity with evolution acceptance that can be attributed to religiosity. Bolded estimates indicate p < 0.05. See Sup-
plemental Table 7 for full moderation mediation output, including 95% confidence intervals.

the Civil War, Christian religion was closely associated with the
education and social mobilization of African Americans,
because Christian organizations helped to establish churches
and educational institutions among African Americans (Weis-
enfeld, 2015). Therefore, it is important that mentors and
instructors in biology recognize the value of religion in the lives
of their students.

Diversifying Evolutionary Biology

Given that the field of evolutionary biology awards very few
PhDs to Black/African American students, the outcomes from
this study should be concerning if we aim to diversify evolution-
ary biology. Mead et al. (2015) reported that only one PhD was
awarded to an African American student in evolutionary biol-
ogy in the year 2011, and current data suggest that these num-
bers have not improved. We aggregated data from 2015 to 2017
from the National Center for Education Statistics, which tracks
PhDs awarded nationwide, and compared PhDs awarded in dif-
ferent biology subfields to students with different racial/ethnic
identities (Figure 5). We found that underrepresentation of
Black/African American students was greater in the fields of

19:ar59, 10

evolutionary biology and ecology compared with biomedicine
or nursing. While the biomedical and nursing sciences awarded
5 and 10% of their PhDs to Black/African American students,
ecology and evolutionary biology both only awarded 1% of
their PhDs to Black/African American students. Further, we
found that Black/African American students are represented
less in these fields than students from all other racial/ethnic
identities (Figure 5). In terms of recruiting and retaining Black/
African American students, evolutionary biology and closely
related fields are falling short, and this has not improved since
at least 2011.

Prior research shows that evolution instructors are hesitant
to discuss interactions between science and religion while
teaching evolution (Barnes and Brownell, 2016), but this cur-
rent study reveals how this could be particularly disadvanta-
geous to Black/African American and Hispanic religious stu-
dents. Our prior work has advocated for the use of Religious
Cultural Competence in Evolution Education (ReCCEE) as a
means to improve the evolution education outcomes for
religious college biology students (Barnes and Brownell, 2017);
these data suggest that this framework may be particularly
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FIGURE 5. Data adapted from the National Center for Education Statistics (2015-2017)
illustrating the percent of PhDs awarded to students, broken down by field and student
racial/ethnic identity. The dashed line represents the percent of individuals with each
racial/ethnic identity in the general U.S. population from the most recent U.S. census data
(2010). If the bar does not reach the dashed line, then these students are considered

underrepresented in each field.

beneficial for religious Black/African American students. The
instructional practices that fall under the umbrella of ReCCEE
could help these students reduce their perceived conflict
between religion and evolution (Barnes et al., 2017a; Truong
et al., 2018). For instance, one ReCCEE practice includes high-
lighting relevant religious scientist role models who accept evo-
lution (Barnes and Brownell, 2017; Holt et al., 2018). One of
the prior studies examining evolution education outcomes of
African American students found that these students placed
emphasis on the importance of role models in a discipline for
guiding their interests (Mead et al., 2015). One such role model
that evolution instructors could introduce to students is Dr.
Joseph Graves, a prominent African American evolutionary
biologist who considers himself part of a religious community.
He was the first African American to ever earn a PhD in evolu-
tionary biology (Graves, 2004) and was an author on both prior
studies that explored the evolution education outcomes of Afri-
can American students (Bailey et al., 2011; Mead et al., 2015).

This study highlights how important it is to consider not
only race/ethnicity in terms of diversity efforts, but also the
relationship between race/ethnicity and religiosity. One expla-
nation for why Black/African Americans continue to be so
severely underrepresented in evolutionary biology, despite
national efforts to diversify based on race/ethnicity, could be
that there is an implicit, and sometimes explicit, bias against
evangelical Protestant Christians in science. Christian college
students believe they are negatively stereotyped about their
ability in science and experience stereotype threat on assess-
ments they believe are measuring their scientific ability (Rios
et al., 2015). Further, biology faculty members rate evangelical
Christian students as less competent, less hireable, and less lik-
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able when evaluating them for a biology
PhD program (Barnes et al, 2020a).
Therefore, Black/African American stu-
dents may be concerned about how they
are perceived based on their religious iden-
tity and may experience stereotype threat
based on their religious identity in addi-
7% tion to their racial identity. This implies
5% a9 that we must be conscious of the relation-
° ship between Black/African American

I . I identity and religiosity.

Intersectionality and Interaction
Effects between Race/ethnicity and
Religion

Although we found evidence for media-
tions, we did not find the same evidence
for a compounding negative effect of race/
ethnicity and religion on students’ evolu-
tion acceptance. The results from the inter-
actions between race/ethnicity and religi-
osity for evolution acceptance were
significant, but these results indicated
larger differences between students from
different race/ethnicities at lower levels of
religiosity and not at higher levels of religi-
osity. This could mean that other differ-
ences between groups of students, such as
knowledge of evolution, history of evolu-
tion in supporting racism, and differences in how one responds
to surveys based on cultural differences, could exacerbate the
differences between groups of students when they are less reli-
gious. Further, although Black/African American and Hispanic
students were more religious on average than White students
were, the relationship between high religiosity and low evolu-
tion acceptance was stronger among White students than His-
panic and Black/African American students. This indicates that
perhaps highly religious Black/African American and Hispanic
students are attempting to reconcile their religious beliefs with
evolution to a greater extent than highly religious White
students.

The Importance of Disaggregating Racial/ethnic Minori-
ties in Evolution Education Studies
We found different results for Hispanic and Black/African
American students, and this suggests researchers should avoid
aggregating these students into a single group in evolution
education studies. Compared with White and Asian students,
we found that Hispanic students had slightly higher religiosity
measures, and this mediated their slightly lower evolution
acceptance measures. However, Black/African American stu-
dents were much more religious and much less accepting of
evolution on all measures, which we would not have been able
to determine had we aggregated these students with Hispanic
students. Further, we also were able to show that, for Hispanic
students, being Catholic was more important than the strength
of their religiosity for explaining their evolution acceptance.
We also were able to show that Asian students, on average,
had slightly lower evolution acceptance than White students,
even though they had similar levels of religiosity. In one previous
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study, it was also found that Asian students, on average,
accepted evolution slightly less than White students (Sbeglia
and Nehm, 2018). This finding warrants further exploration.
Prior studies on Asian student survey response patterns sug-
gests Asian students might not accept evolution less but that
they may have been avoiding the “strongly agree” options due
to cultural norms. Past studies indicate that Asian students may
avoid extreme response options, particularly when answering
questions about topics such as evolution that might be per-
ceived of as controversial (Grandy, 1996; Wang et al., 2008),
and this could explain these results. However, in other studies,
Asian students have been grouped in with other non-White stu-
dents (Metzger et al., 2018) or aggregated with White students
to compare them to Black, Latino, or Hispanic students (Salazar
et al., 2019). These results highlight some of the methodologi-
cal issues that arise when researchers are categorizing Asian
students and indicate that researchers should consider evaluat-
ing Asian students as a separate group in future analyses.

LIMITATIONS AND FUTURE RESEARCH

We did not include other variables in our models that are related
to students’ evolution acceptance (such as understanding of
evolution), which could have improved the accuracy of our esti-
mates, and we encourage future research to consider these vari-
ables. Further, we did disaggregate among racial/ethnic groups
in this study, but we could have disaggregated students even
further. For instance, we did not disaggregate African American
students from Black students who are not American (i.e., Black
students who were born in Africa or the Caribbean) or from
Black students who are not African (i.e., Jamaican or Haitian
students), and these students could have different levels of evo-
lution acceptance and may have different average levels of reli-
giosity. Also, we did not disaggregate Asian students, even
though Chinese, Filipino, Indian, Korean, Japanese, Vietnam-
ese, and other South Asian and Southeast Asian students have
been shown to have different educational outcomes in studies
(Kim, 2002; Nguyen et al., 2015). We were also not able to
disaggregate students who identified with multiple race/ethnic-
ities or students who are international. Ultimately, this illus-
trates some of the limitations of using a quantitative survey to
capture a social construct that is as complex as race/ethnicity.
Future qualitative work can help illuminate some of the poten-
tial nuances of the interactions between race/ethnicity and reli-
giosity on students’ evolution acceptance.

Religiosity only partially mediated Black/African American
and Hispanic students’ lower evolution acceptance, so religios-
ity is not the only factor influencing these students’ evolution
acceptance. This is an important area for future research to
explore, and it is likely that prior injustices committed against
Black people from the scientific community and the unique
history of scientists using evolution in racist ideology plays a
role in Black/African American perceptions of evolution. In
the past, some people have used evolution to justify racist and
oppressive policies and the dehumanization of other races/
ethnicities (Graves, 2004, 2019; Coyne, 2015; Bailey et al.,
2011; Donovan et al., 2019). Since the 19th century, people
have often attributed atrocities such as the eugenics move-
ment and racial injustices during the Second World War to the
emergence of evolutionary thinking (Numbers, 2006). Even
recently, college students reported thinking that accepting evo-
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lution leads to society becoming more racist (Brem et al.,
2003), and many African American students at a historically
black college agreed that evolution is a racist theory (Bailey
et al., 2011). To our knowledge, no research has explored
whether Black/African American college biology students
have these concerns to a greater extent than students of other
racial/ethnic identities and how this might be related to their
experiences while learning evolution. Important future
research would be to explore how these factors may interact
with Black/African American students’ experiences while
learning evolution.

CONCLUSIONS

In this nationwide study, we found that Black/African American
college biology students, on average, are less accepting of evo-
lution than Hispanic, Asian, and White students. Further, we
found that Black/African American students’ higher than aver-
age religiosity mediated their lower than average evolution
acceptance. Hispanic students were slightly less accepting of
evolution than White students, which was mediated by their
slightly higher rates of religiosity. These data have implications
for increasing diversity within evolutionary biology. If the evo-
lution education community wants to attract and retain diverse
talent, then perhaps it is not sufficient to only focus our efforts
on initiatives based on race/ethnicity, but we must also create
inclusive evolution education for Black/African American and
Hispanic individuals with religious beliefs.
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