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ABSTRACT

Evolution is controversial among students and religiosity, religious affiliation, understand-
ing of evolution, and demographics are predictors of evolution acceptance. However,
quantitative research has not explored the unique impact of student perceived conflict
between their religion and evolution as a major factor influencing evolution acceptance.
We developed an instrument with validity evidence called “Perceived Conflict between
Evolution and Religion” (PCoRE). Using this measure, we find that, among students in 26
biology courses in 11 states, adding student perceived conflict between their religion and
evolution to linear mixed models more than doubled the capacity of the models to predict
evolution acceptance compared with models that only included religiosity, religious affili-
ation, understanding of evolution, and demographics. Student perceived conflict between
evolution and their religion was the strongest predictor of evolution acceptance among
all variables and mediated the impact of religiosity on evolution acceptance. These results
build upon prior literature that suggests that reducing perceived conflict between stu-
dents’ religious beliefs and evolution can help raise evolution acceptance levels. Further,
these results indicate that including measures of perceived conflict between religion and
evolution in evolution acceptance studies in the future is important.

INTRODUCTION

Evolution is a foundational component of every level of biology education (American
Association for the Advancement in Science [AAAS], 2011; Brownell et al., 2014).
However, many college biology students in the United States reject most of evolution
that has taken place during the history of life on Earth and only accept that small
microevolutionary changes have occurred in populations over short periods of time
(Nadelson and Southerland, 2012; Sbeglia and Nehm, 2019; Barnes et al., 2020a; for
a review article, see Pobiner, 2016). Decades of research has examined the causes of
this rejection of evolution among students (Lawson and Weser, 1990; Rutledge and
Warden, 2000; Brem et al., 2003; Sinatra et al., 2003; Weisberg et al., 2018), and reli-
giosity and religious identification have been documented as key factors correlated
with evolution rejection (Glaze, 2017; Dunk and Wiles, 2018; Barnes et al., 2019).
However, the psychological construct of perceived conflict between religious beliefs and
evolution has been explored less and may be a more direct source of rejecting evolu-
tion than the more commonly studied construct of religiosity (Nehm and Schonfeld,
2007; Barnes et al., 2017a, 2020a).
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In this study, we created a new instrument to measure per-
ceived conflict between a student’s religion and evolution,
including students’ perceived conflict between evolution and
their 1) belief in God,! 2) personal religious beliefs, 3) religious
teachings, and 4) religious communities’ beliefs. We provide
validity evidence of the new instrument based on content and
internal structure (American Educational Research Association,
American Psychological Association, and National Council on
Measurement in Education [AERA et al.], 2014) by analyzing
prior qualitative literature and conducting Rasch analysis on
response data collected from students in college introductory
biology classes (n = 2275). We also examined process response
validity through cognitive interviews with students and provide
validity evidence based on relationships with other variables
(AERA et al., 2014), including concurrent validity (e.g., correla-
tion with prior measures of similar constructs) and relationship
with other important variables (e.g., acceptance of evolution).
Specifically, we explored whether perceived conflict between
students’ religion and evolution can explain acceptance of evo-
lution to a greater extent than religiosity, religious affiliation,
and other factors associated with low evolution acceptance,
such as a low understanding of evolution. Further, we explored
whether the associations of religiosity and religious affiliation
with lower evolution acceptance may be moderated and/or
mediated by students’ perceived conflict between their religions
and evolution.

We assert that this shift in focus from religion as the source
of rejection of evolution to perceived conflict with religion as
the source of rejection can help instructors increase student
acceptance of evolution. While a student’s religious identity is
unlikely to change, prior research illustrates that instructors can
reduce their students’ perceived conflict between religion and
evolution while teaching evolution (Barnes and Brownell,
2017). We hope that this new instrument will help researchers
explore how to reduce perceived conflict between students’ reli-
gious beliefs and evolution and increase students’ evolution
acceptance.

BACKGROUND

College Biology Student Acceptance of Evolution

Can Be Low

Evolution is different from many other core concepts taught in
biology, because it can be controversial among students (AAAS,
2011; Barnes et al., 2020a). Many college biology students do
not think billions of years of macroevolutionary patterns are
real and that humans share a common ancestor with the rest of
life on Earth. For instance, it has been shown that 30% of intro-
ductory college biology students in the United States do not
think that life on Earth shares a common ancestor (Barnes
et al., 2020a). Thus, evolution is different from topics such as
photosynthesis and cellular respiration, because as students
learn more about photosynthesis or cellular respiration, they
are almost certain to believe what they are learning is true;
however, with evolution, students may not become more

'We recognize that, for polytheistic religions, the term “gods” would be more accu-
rate than “God” to describe deities, but because the majority of religious students
in the United States belong to a monotheistic religion, we used the term “God” in
our study and in this article. We encourage the readers to think of this term as
inclusive of any religion’s higher power(s).
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accepting of evolution as they learn more about evolution
(Sinatra et al., 2003; Hermann, 2012).

Motivated reasoning and identity-protective cognition can
explain the differential impacts of students’ understanding of
evolution on their acceptance of evolution compared with other
topics such as photosynthesis and cellular respiration. Identi-
ty-protective cognition is a form of motivated reasoning and
occurs when some one reasons toward a conclusion that is more
aligned with their social identity rather than what is most accu-
rate, because the more accurate information is a threat to their
identity (Kahan et al., 2007; Kahan, 2017). Students accept
that photosynthesis and respiration are true as they learn it,
because these topics present no threat to their identities. How-
ever, individuals can perceive a conflict between evolution and
their religious identities, which may reduce the positive impact
of understanding evolution on acceptance of evolution (Weis-
berg et al., 2018) due to identity-protective cognition and moti-
vated reasoning.

How Are Religiosity and Religious Affiliation Related to
Acceptance of Evolution?

Religious affiliation refers to the religion with which a person
identifies, such as Christianity or Hinduism, and religiosity
refers to the strength of some one’s religious identity (Cohen
et al., 2008). Students who affiliate with Christian religions and
who score high on measures of religiosity tend to be less accept-
ing of evolution (Glaze et al., 2014; Rissler et al., 2014; Dunk
et al., 2017; Barnes et al., 2019). Similar patterns have been
demonstrated for Muslim students (Barnes et al., unpublished
data; Jensen et al., 2019). However, if rejection of evolution is
a result of identity-protective cognition, then it is not religiosity
or religious affiliation itself that is causing students’ rejection of
evolution, but it is actually the extent to which students per-
ceive a conflict between their religious identities and evolution.
In fact, a student can be highly religious and still accept evolu-
tion (Winslow et al., 2011; Barnes et al., 2017b, 2021; Barnes
and Brownell, 2018), suggesting it is not religiosity itself that is
the most direct construct related to low evolution acceptance.

Perceived Conflict between Evolution and Religion May
Be a Major Explanatory Variable for Students’ Evolution
Acceptance
Perceived conflict between some one’s religion and evolution is
distinct from their religiosity and religious affiliation. For
instance, some one can be a highly religious Buddhist who per-
ceives no conflict between their religion and evolution or a
moderately religious Christian who perceives a high amount of
conflict between their religion and evolution. This conflict can
originate from personal beliefs, from teachings of religious
texts, from other religious individuals who interact with that
person, or even from evolution instructors; the source of con-
flict is likely to be different for each person. For instance, stu-
dents could perceive high conflict between religion and evolu-
tion within their religious communities, but low conflict
between their own personal religious beliefs and evolution.
Perceived conflict between religion and evolution has been
reported in qualitative research studies with students, and these
studies suggest a significant impact of students’ perceived con-
flict on their evolution acceptance. Multiple studies have docu-
mented the specific conflicts that students perceive between
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their religions and evolution; students discuss how they per-
ceive a conflict with their belief in God and evolution (Winslow
et al., 2011; Barnes et al., 2017a), and they highlight specific
religious beliefs about the creation of the universe and timeline
of creation that they perceive to be in conflict with evolution
(Winslow et al., 2011; Barnes et al., 2017a, 2020c). Students
have also reported how their evolution acceptance is impacted
by perceived conflict with evolution among their religious com-
munities and the teachings of their religions in houses of wor-
ship and religious texts (Barnes et al., 2020c). Conversely, stud-
ies have shown that students can be religious and experience no
conflict between evolution and their personal religious beliefs
or religious communities (Barnes et al., 2017b), and students
who reported lowering their perceived conflict between their
religions and evolution also reported increasing their accep-
tance of evolution (Winslow et al., 2011). But despite the evi-
dence from qualitative research that perceived conflict between
religion and evolution may be a major factor impacting student
evolution acceptance, quantitative studies on evolution accep-
tance rarely measure students’ perceived conflict between their
religions and evolution (for exceptions, see Nehm and Schon-
feld, 2007; Barnes et al., 2020a), but instead measure religiosity
or religious affiliation (Glaze and Goldston, 2015; Dunk et al.,
2017; Barnes et al., 2019).

There Are Gaps in the Current Literature on Students’ Per-

ceived Conflict between Their Religions and Evolution

Due to the lack of quantitative research on students’ perceived
conflict between religion and evolution, there are gaps in our
knowledge of this variable and its relation to students’ evolu-
tion acceptance levels. We do not know the average levels of
students’ perceived conflict between their religions and evolu-
tion, whether these levels differ depending on students’ reli-
gious affiliations, and to what extent perceived conflict between
religion and evolution can account for lower levels of evolution
acceptance among students. Finally, we do not know the extent
to which specific conflicts in different domains of a student’s
religious life (personal religious beliefs, belief in God, religious
teachings, and within a religious community) may differentially
predict students’ evolution acceptance levels.

RESEARCH QUESTIONS

1. To what extent does average perceived conflict between reli-
gion and evolution vary across students with different reli-
gious affiliations?

2. To what extent does students’ perceived conflict between
their religions and evolution predict their evolution accep-
tance levels more than other commonly measured variables
related to evolution acceptance?

a. Do certain domains of perceived conflict predict evolu-
tion acceptance more than other domains of conflict?

3. To what extent does perceived conflict between religion and
evolution mediate and/or moderate the relationship
between evolution acceptance and religiosity?

METHODS

These data were gathered as part of a larger study examining
the impact of Religious Cultural Competence in Evolution Edu-
cation (Barnes and Brownell, 2017) on undergraduate biology
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students’ evolution acceptance and their perceived conflict
between religion and evolution. We recruited instructors via the
Society for the Advancement of Biology Education Research
Listserv, a network Listserv of community college instructors in
California, and through personal connections with community
college instructors in Arizona. We also used the directories of
biology faculty from institutions in which there are large-enroll-
ment introductory biology courses to identify and contact
instructors. We asked instructors 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 Universi-
ty’s Institutional Review Board protocol 8191.

We collected data from students across 26 biology courses
that were offered in 11 states (Arizona, Utah, Texas, New York,
Alabama, Minnesota, North Carolina, South Carolina, Florida,
California, and Oklahoma) at the beginning of the semester
before they learned evolution. Courses were introductory biol-
ogy courses for majors and nonmajors. The survey was open for
~1-2 weeks for each data collection to give students enough
time to complete it. The survey questions used in analyses as
well as the order in which the questions were presented to stu-
dents can be found in the Supplemental Material.

Positionality

We acknowledge that our research team’s identities influence
and potentially bias our research. Our team’s religious identifi-
cations include agnostic, atheist, Christian, and no religious
identification. We bring our disciplinary expertise to this work
as discipline-based education researchers in biology education,
a psychometrician, and instructors and students in undergradu-
ate biology courses.

Measures
Previously Developed Measures. 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 disagree on a five-
point scale. The I-SEA measures acceptance of microevolu-
tion (e.g., “natural selection is a reasonable explanation 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
acceptance of human evolution (e.g., “like other organisms,
the human species is a result of evolution from an ancestral
group”; Nadelson and Southerland, 2012). We chose to use
the I-SEA instead of other published instruments such as the
Measure of Acceptance of the Theory of Evolution 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 acceptance of
microevolution, macroevolution, and human evolution, each
of which has been shown to be a different construct (Nadel-
son and Southerland, 2012; Sbeglia and Nehm, 2019). Fur-
ther, the I-SEA does not have other limitations of other
acceptance of evolution measurement tools (Barnes et al.,
2019; Sbeglia and Nehm, 2019).

To measure religiosity, we used four items from a previ-
ously published instrument used in the psychology of reli-
gion to measure student religiosity (Cohen et al., 2008). The
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items measure the intrinsic strength of one’s religious iden-
tity (e.g., “I consider myself a religious person”) and partici-
pation in religious activities (e.g., “I attend religious 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 instrument con-
sisted of four items with which the students agree or disagree
on a five-point scale. A higher number on the scale indicates
higher religiosity.

We 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—Protestant, Christian—Other, Christian—-nonde-
nominational, Hindu, Jewish, Muslim, nothing in particular,
other faith, and decline to state. Students who chose a religious
affiliation other than agnostic, atheist, nothing in particular,
and decline to state were presented with our novel perceived
conflict between religion and evolution measure described in
further detail below in the Development and Validation of
the Perceived Conflict between Religion and Evolution (PCoRE)
Measure section.

We collected information to use as control variables in our
analyses, including understanding of evolution, age, gender,
race/ethnicity, and parent educational levels, because these
variables are often related to acceptance of evolution (Bailey
et al., 2011; Baker, 2013; Rissler et al., 2014; Sbeglia and
Nehm, 2018). To measure students’ evolution understanding,
we used two subscales on the Evolutionary Attitudes and
Literacy Survey (EALS; Hawley et al. 2010). We used the two
subscales (14 items) from the instrument that measure “evo-
lutionary knowledge” (e.g., “In most populations, more off-
spring are born than can survive”) and “evolutionary miscon-
ceptions” (e.g., “Evolution is a linear progression from
primitive to advanced species”). Students were asked to
decide whether each item was true or false or whether they
did not know enough to answer based on their evolution
understanding. We chose to use the EALS to measure evolu-
tion understanding, because it has been used in other evolu-
tion education studies (Short and Hawley, 2015; Dunk et al.,
2017) and has shown evidence of reliability and validity
among college students (Hawley et al., 2010) and the items
do not appear to conflate evolution acceptance with evolu-
tion understanding, which is a criticism of other evolution
understanding measures (Glaze and Goldston, 2015; Smith
and Siegel, 2016; Barnes et al., 2019). 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. Students were instructed
that they could check more than one box if they held multiple
identities, and those students who did choose more than one
box were categorized as multiracial. We also asked students
to report gender, age, and parents’ highest level of education
to control for potentially confounding demographic factors
related to evolution education outcomes (Dunk et al., 2017;
Sbeglia and Nehm, 2018; Barnes et al., 2019, 2020b). All
survey questions analyzed, in the order they were presented
to students, are in the Supplemental Material.
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Development and Validation of the Perceived Conflict
between Religion and Evolution (PCoRE) Measure

We previously developed and published a unidimensional per-
ceived conflict instrument that consisted of only four items
(Barnes et al., 2020a), but in this study, we created a novel
multidimensional instrument that contains 20 items to improve
upon the prior instrument. We expected the new 20 items to fall
on four dimensions of conflict: perceived conflict between
1) one’s belief in God and evolution, 2) one’s personal religious
beliefs and evolution, 3) the teachings of one’s religion and evo-
lution, and 4) one’s religious community and evolution. We
chose the four dimensions of conflict based on prior literature
and interviews with students that indicated there are differ-
ences in perceived conflict across these different dimensions of
one’s religious life (Winslow et al., 2011; Barnes et al., 2017a,
2020c; Barnes and Brownell, 2018; Truong et al., 2018). For
instance, students may perceive broadly that they cannot
believe in God and accept evolution (e.g., that one has to be an
atheist to accept evolution), or they may perceive that more
specific religious beliefs (e.g., humans were created by God sep-
arately from other animals) conflict with accepting evolution.
Students may also perceive that specific religious teachings
(e.g., that the Earth was created in seven literal days) conflict
with evolution or that their religious communities do not accept
evolution.

Our previous measure also did not specify whether students’
perceived conflict was with microevolution, macroevolution,
human evolution, and/or the common ancestry of life. Prior
work shows that students typically perceive less conflict
with nonhuman microevolution than human macroevolution
(Nadelson and Southerland, 2012; Sbeglia and Nehm, 2019;
Barnes et al., 2020c). Thus, we created five items for each of the
four dimensions of conflict that inquire about perceived conflict
at different scales or contexts of evolution, including microevo-
lution of nonhumans, microevolution of humans, macroevolu-
tion of nonhumans, macroevolution of humans, and the com-
mon ancestry of life. Because items on the perceived conflict
instrument were constructed to measure conflict between one’s
personal religion and evolution, we did not present this instru-
ment to students who were not affiliated with any religion or
did not disclose their religious affiliations.

The prior literature on perceived conflict between religion
and evolution was our primary source of content validity for this
measure (AERA et al, 2014) and guided the generation of
items for the instrument. See Table 1 for a complete list of items
in the final instrument.

To provide evidence of response process validity (AERA et al.,
2014), we conducted cognitive interviews (Willis, 2004; Garcia,
2011; Castillo-Diaz and Padilla, 2013) with 10 undergraduate
biology students who explained to the interviewer their thought
processes as they answered each question on the survey. This
helped us confirm that students were answering the questions
based on their perceived conflict between religion and evolu-
tion and not an extraneous construct.

To provide evidence for validity based on the internal struc-
ture (AERA et al., 2014) of the measure, we used Rasch dimen-
sionality analyses. We followed the approach described by
Sbeglia and Nehm (2018). We fit three polytomous par-
tial-credit models: a unidimensional model with all 20 items
(irtmodel = PCM in TAM), a two-dimensional model with
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TABLE 1. Perceived conflict between religion and evolution survey items on the four dimensions of conflict®

Perceived conflict between belief in
God and evolution (PCgod)

My belief in God makes it harder
to believe that all of life on
Earth evolved from ancient
microscopic life.

My belief in God makes it harder
to believe that humans evolved
from ancient ape ancestors.

My belief in God makes it harder
to believe that nonhuman life
evolved from previous different
species.

My belief in God makes it harder
to believe that humans have
changed over time due to
evolution.

My belief in God makes it harder
to believe that nonhuman life
has changed over time due to
evolution.

Perceived conflict b/w personal
religious beliefs and evolution
(PCbelief)

My personal religious beliefs
make it harder to believe that
all of life on Earth evolved
from ancient microscopic life.

My personal religious beliefs
make it harder to believe that
humans evolved from ancient
ape ancestors.

My personal religious beliefs
make it harder to believe that
nonhuman life evolved from
previous different species.

My personal religious beliefs
make it harder to believe that
humans have changed over
time due to evolution.

My personal religious beliefs
make it harder to believe that
nonhuman life has changed
over time due to evolution.

Perceived conflict b/w teachings
of religion and evolution
(PCteachings)

The teachings of my religion
contradict that all of life on
Earth evolved from ancient
microscopic life.

The teachings of my religion
contradict that humans
evolved from ancient ape
ancestors.

The teachings of my religion
contradict that nonhuman life
evolved from previous
different species.

The teachings of my religion
contradict that humans have
changed over time due to
evolution.

The teachings of my religion
contradict that nonhuman life
has changed over time due to
evolution.

Perceived conflict b/w religious
community’s beliefs and
evolution (PCcommunity)

My religious community does not
believe that all of life on Earth
evolved from ancient micro-
scopic life.

My religious community does not
believe that humans evolved
from ancient ape ancestors.

My religious community does not
believe that nonhuman life
evolved from previous different
species.

My religious community does not
believe that humans have
changed over time due to
evolution.

My religious community does not
believe that nonhuman life has
changed over time due to
evolution.

aStudents chose options on a five-point Likert scale from “strongly disagree” to
acceptance in our final models after controlling for other variables.

10 items in each dimension (dimension 1 = PCgod + PCbelief,
dimension 2 = PCcommunity + PCteachings; irtmodel = PCM2
in TAM), and a four-dimensional model with five items in each
dimension (dimension 1 = PCgod, dimension 2 = PCbelief,
dimension 3 = PCcommunity, dimension 4 = PCteachings;
irtmodel = PCM2 in TAM; Table 1). The multidimensional
models used a multidimensional random coefficients multino-
mial logit formulation. We compared the fit of these three
models using likelihood ratio tests. We also used the Rasch
residuals approach by conducting a principal component anal-
ysis of the residuals of the unidimensional Rasch model. If the
data fit the unidimensional model, the model residuals are
expected to be small and without structure, as indicated by a
low eigenvalue of the first contrast, that is an eigenvalue less
than 2 (Boone, 2016; Sbeglia and Nehm, 2018). A correlation
matrix between all items on the perceived conflict scale can be
found in Supplemental Figure 1. Results from the Rasch analy-
sis show the four-dimensional model was the best-fitting model
(see Wright map for this model in Supplemental Figure 2). We
confirmed that there was no further dimensionality by examin-
ing the eigenvalues of the residuals of the four unidimensional
models, each corresponding to one of the four dimensions in
the four-dimensional model (see more details in the Results
section).

To provide evidence of concurrent validity (AERA et al.,
2014), we administered the new perceived conflict survey and
our previously published perceived conflict survey (Barnes
et al., 2020a) to 494 students in introductory biology classes in
Florida, Texas, and Oklahoma. We ran bivariate correlations
between each of the four items from the previous survey and
the summed score of the corresponding five-item expanded
scale of the new survey. All measures were moderately cor-
related (r = 0.55-0.65) indicating that these novel instruments
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“strongly agree.” PCteachings and PCcommunity items were not predictive of evolution

have a level of concurrent validity with the previous instru-
ment’s items, but also measure something unique that is not
measured by the previous instrument.

Other validity evidence based on relations to other variables
(AERA et al., 2014) of the novel instrument is illustrated
throughout the rest of our analyses; we explore the contribution
of students’ perceived conflict between their religions and evo-
lution to students’ evolution acceptance beyond other variables
shown to be related to evolution acceptance (religiosity, reli-
gious denomination, understanding of evolution, age, race/
ethnicity, gender, and parent educational levels).

Analyses

We used R v. 3.6.2 for all analyses (R Core Team, 2020). We
used the R package TAM for all the Rasch modeling (Bates
et al., 2015; Robitzsch et al., 2020). We used the R packages
nlme, Ime4, and MuMlIn for linear mixed models and to calcu-
late corrected Akaike information criterion (AICc) values and
conditional R? values (Barton, 2019; Pinheiro et al., 2019). We
used the package mediation in R for the mediation analyses
(Tingley et al., 2014).

Rasch Models

We used Rasch models to analyze and score the dichotomous
and Likert-scale responses (Linacre and Wright, 1993; Boone,
2016). Rasch models are statistical models that are members of
item response theory (e.g., Hambleton et al., 1991), a modern
paradigm for design, analysis, and scoring of instruments mea-
suring people’s latent psychological traits. Using Rasch models
to analyze and score Likert scales can overcome several limita-
tions of the traditional method of simply converting Likert-scale
responses to numbers, that is, converting a five-point Likert
scale to values from O to 4 and analyzing these numbers with
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statistical procedures. First, the traditional method assumes
that the psychological distance between any two adjacent
responses on the Likert scale is equal. However, that might not
be the case for a five-point “strongly disagree” to “strongly
agree” scale. The psychological distance between “agree” to
“strongly agree” might be smaller than that between “neither
agree nor disagree” to “agree” (Boone, 2016). The Rasch mod-
els account for varying psychological distances between adja-
cent responses and yield equal-interval measures, also known
as logit scale measures. Second, different items within a scale
might differ in how agreeable they are (Boone, 2016). For
example, in evolution acceptance scales, items about microevo-
lution acceptance might be more agreeable than items about
human evolution acceptance. Unlike the traditional Likert scal-
ing method that assigns the same numbered scale to all items
indiscriminately, Rasch models also account for the variable
“agreeabilities” across items with its parameters of the statisti-
cal model. Finally, Rasch models calibrate item difficulties, that
is, the “agreeability” of an item, and “person ability,” that is, the
measure of the latent trait, on the same linear scale (Stachl and
Baranger, 2020). Hence a series of Rasch analyses can be done
to examine the characteristics of the measurement instrument
to assist with understanding the instrument and making poten-
tial improvements. The person ability measures are equal-inter-
val logit scale measures and can be subsequently used in para-
metric statistical analyses.

For the I-SEA scale, we ran three unidimensional Rasch
models with items pertaining to acceptance of microevolution,
macroevolution, and human evolution to convert the Likert-
scale responses to equal-interval logit scale measures. We also
converted religiosity Likert-scale responses and evolution
understanding dichotomous responses into equal-interval logit
scale measures by running a separate unidimensional Rasch
model for each. We modified the Likert-scale coding to start at
zero, as required by the TAM package for all Likert scales. Again,
we ran polytomous partial-credit Rasch models and used a
weighted maximum-likelihood estimation in TAM to calculate
theta values, that is, person abilities. These person ability mea-
sures were used as the measures of acceptance of microevolu-
tion, macroevolution, human evolution, religiosity, and evolu-
tion understanding in the rest of the analyses (see Supplemental
Figures 3-7 for all Wright maps). We examined the eigenvalues
of the residuals for each of these Rasch models to ensure that a
unidimensional model is suitable for the data.

For all of our Rasch models, we assessed item fit by examin-
ing weighted mean-squares infit and outfit statistics computed
using the msq.itemfit function based on weighted likelihood
estimates. Finally, we checked for item reliability using the
expected a posteriori/plausible value reliability index (EAP/PV)
and for person reliability using the weighted likelihood estima-
tion (WLE) person separation index, which estimates whether
items of similar difficulty would generate a similar order of per-
son abilities.

Linear Mixed Models

Because of the nested nature of our data, that is, several stu-
dents within a class were surveyed, we used linear mixed mod-
els with class as a random effect with varying intercepts for our
analyses. We dummy coded all categorical variables for all the
analyses with the following reference levels: gender: woman;
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race/ethnicity: White; religious affiliation: Non-Catholic Chris-
tian; parent education: less than high school. A full demo-
graphic table of study participants is provided in Supplemental
Table 1.

To compare the Rasch measures from the four different
dimensions of the perceived conflict scale, we used delta dimen-
sional alignment (Schwartz, 2012; Castellano et al., 2016) and
a weighted maximum-likelihood estimation to calculate the
theta values, that is, person ability. These person ability mea-
sures were used as measures of students’ perceived conflict
between evolution and their 1) belief in God, 2) personal reli-
gious beliefs, 3) religious teachings, and 4) beliefs of their reli-
gious communities.

Assessing whether Average Perceived Conflict between
One’s Religion and Evolution Varies across Religious Affilia-
tions. We ran four linear mixed models with our four perceived
conflict measures as the outcome variables and religious affilia-
tion as the predictor. For these models, we controlled for all
demographic variables, that is, age, gender, race/ethnicity, and
parent education, and took the nested nature of the data into
account by including class as a random effect. Next, we calcu-
lated 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.

Evaluating whether Students’ Perceived Conflict between
Their Religions and Evolution Account for Their Evolution
Acceptance Levels to a Greater Extent Than Religiosity,
Religious Affiliation, and Evolution Understanding. We com-
pared two sets of linear mixed models with microevolution,
macroevolution, and human evolution acceptance I-SEA scores
as outcome variables, respectively:

1. Models with religiosity, religious affiliation, evolution under-
standing, gender, race/ethnicity, age, and parent education
as predictors. These models serves as the baseline models.

2. Models with all the predictors listed above plus all four per-
ceived conflict measures as predictors.

We used the class surveyed as a random effect in all the
models (see correlation matrix between all predictor variables
in Supplemental Figure 8).

We compared model fit between the two models above for
each outcome variable using two approaches:

1. Using an information theoretic approach to compare the
Akaike information criterion (AIC) values of the two kinds of
models. Lower AIC values indicate better model fit.

2. Comparing the conditional R? (i.e., coefficient of determina-
tion) values of both kinds of models using the function
r.squaredGLMM from the R package MuMIn (Bartori, 2019).
Conditional R? is the variance explained by the model includ-
ing both fixed and random effects (Nakagawa et al., 2017).
A higher conditional R? value indicates that the model
explains a greater proportion of variance in the data.

Assessing whether Perceived Conflict between Religion and
Evolution Mediate and/or Moderate the Relationship
between Evolution Acceptance and Religiosity. Perceived
conflict between religion and evolution could affect the
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FIGURE 1. Mediation (a) and moderation (b) models for the relationships between religiosity, evolution acceptance (macroevolution and
human evolution), and perceived conflict between evolution and one’s religion (belief in God, religious beliefs, religious teachings, and

among their religious community).

relationship between evolution acceptance and religiosity in
two main ways, which are not mutually exclusive:

1. It could moderate the relationship between religiosity and
evolution acceptance, that is, the relationship between reli-
giosity and evolution acceptance may be different at differ-
ent levels of perceived conflict. Specifically, at lower levels of
perceived conflict, we may not observe a relationship
between religiosity and evolution acceptance.

2. Tt could mediate the relationship between religiosity and
evolution acceptance, that is, religiosity could affect evolu-
tion acceptance indirectly through perceived conflict.

We examined the moderation effect by adding an interaction
between religiosity and each of the four perceived conflict mea-
sures in four separate models for each evolution acceptance
measure to the linear mixed models described in the previous
section.

We used a regression model-based approach for our media-
tion analyses following the methods developed by Imai et al.
(2010). The advantage of this approach for mediations is that it
allows us to take the nested nature of our data into account by
incorporating linear mixed models. We ran four sets of media-
tion models with each of the four perceived conflict measures as
the mediator. The outcome variables were macroevolution and
human evolution acceptance. Because microevolution accep-
tance was not found to be negatively associated with religiosity
in our linear mixed models, we did not run mediation models
for microevolution acceptance.

In the mediation package, to estimate the mediation effect,
one has to run two models, the “mediator model” with the
mediator as the outcome and all the covariates as predictors
and the “outcome model” with the mediator and covariates as
predictors. Next, we use the mediate function and input these
two models to calculate the estimated average mediation effect,
in our case, the association of religiosity with evolution accep-
tance that can be attributed to differences in perceived conflict
reported by students with different levels of religiosity. The
mediate function also estimates the average direct effects of a
predictor on a response variable, in our case, the association of
perceived conflict with evolution acceptance. Figure 1 illus-
trates the models we tested.

In our case, the “mediator model” was a linear mixed model
with one of the four perceived conflict measures as the outcome
and religiosity, religious affiliation (Non-Catholic Christian,
Catholic, Jewish, Muslim, Hindu, and Buddhist), evolution
understanding, race/ethnicity, age, gender, and parent educa-
tion as predictors. Our “outcome model” was a linear mixed
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model with evolution acceptance as the outcome and a per-
ceived conflict measure between evolution and religion, religi-
osity, religious affiliation, evolution understanding, race/eth-
nicity, age, gender, and parent education as predictors. We had
two outcome models for each of the four perceived conflict
measures and one each for macroevolution and human evolu-
tion acceptance, for a total of eight models. Applying the medi-
ate function, we calculated the average mediation effects and
the average direct effects using 1000 quasi-Bayesian Monte
Carlo simulations to calculate confidence intervals and statisti-
cal significance of the mediation. The data and R script used for
analyses are available in the Supplemental Material. We refer
the readers to Imai et al. (2010) for a detailed description of
this mediation method (Imai et al., 2010).

RESULTS

Population

A total of 3807 students completed the survey. Of these stu-
dents, 1199 (31.5%) students did not specify any religious affil-
iation (they chose atheist, agnostic, nothing in particular, or
decline to state), so they did not answer the questions in the
perceived conflict instrument, because this instrument is
focused on personal religious beliefs. In the remaining data set
of 2608 students who specified a religious affiliation, less than
2% of data were missing, so we did not impute any data follow-
ing prior recommendations (Meade and Craig, 2012). After
removing students with missing data, our data set contained
data for 2567 students that we used for the Rasch analyses. For
the linear mixed models, we also removed data from students
who declined to state their demographics, picked the option
“other faith” for religious affiliation, or picked “nonbinary” or
“other” for gender. So, our final data set consisted of 2275 stu-
dents for linear mixed models.

Of these 2275 students, 1119 (49%) were non-Catholic
Christian (mostly Protestant and nondenominational Chris-
tians), 885 (39%) were Catholic Christians, 57 (3%) were Jew-
ish, 100 (4%) were Muslim, 65 (3%) were Hindu, and 49 (2%)
were Buddhist. Two hundred and thirteen (9%) were Black/
African American; 465 (20%) were Hispanic; 209 (9%) were
Asian; 1133 (50%) were White; 57 (3%) were Native Ameri-
can, Pacific Islander, or another race/ethnicity; and 198 (9%)
students clicked more than one box for race/ethnicity, and these
students were categorized as multiracial.

Rasch Models

Dimensionality of the Perceived Conflict Scale. The four-di-
mensional model had the highest log-likelihood and lowest AIC
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values, indicating that it is the best-fitting model (log likelihood
= -10,201, AIC = 20,581.7 compared with log likelihood =
—-10,555 and AIC = 21,275.9 for the two-dimensional model
and log likelihood of —11,681 and AIC = 23,523.9 for the unidi-
mensional model). The eigenvalue of the first contrast was 4.82
for the unidimensional model, suggesting that the unidimen-
sional model was not a good fit to the data. The eigenvalues of
the first contrast for the four unidimensional models, each cor-
responding to one of the dimensions of our four-dimensional
model, were all lower than 1. This confirms that the four-di-
mensional model is appropriate for the data and no further
dimensions are needed.

Fit Statistics for All the Rasch Models: Four-Dimensional
Perceived Conflict Model, Unidimensional Religiosity Model,
Microevolution, Macroevolution, and Human Evolution
Acceptance Models, and Evolution Understanding
Model. The first eigenvalues of residuals of the religiosity
model, the three evolution acceptance models, and the evolu-
tion understanding model were less than 2, indicating that the
data were unidimensional, and a unidimensional model was
appropriate. Weighted mean-squares item fit statistics
(WMNSQ, equal to infit MNSQ) for all our Rasch models were
largely within the acceptable range (i.e., 0.7-1.3 logits).
WMNSQ values lay between 0.9 and 1.2 for perceived conflict,
0.9 and 1.2 for religiosity, 0.97 and 1.1 for microevolution, 0.8
and 1.3 for macroevolution, 0.9 and 1.5 for human evolution,
and 0.9 and 1.1 for evolution understanding. For all our models
measuring psychological attitudinal constructs, the reliability
measures had an acceptable value, that is, were greater than
0.7. The evolution understanding model had a lower reliability,
but this is acceptable for tests measuring content knowledge of
a domain (see, e.g., Carlson et al., 2010, pp. 136-138). The
EAP/PV reliability index, a measure of item reliability, was 0.82
for religiosity, 0.84 for microevolution, 0.85 for macroevolu-
tion, and 0.91 for human evolution, but it was only 0.56 for
evolution understanding. EAP/PV values for the perceived con-
flict with belief in God, religious beliefs, religious teachings, and
religious community dimensions of the perceived conflict scale
were 0.94, 0.94, 0.93, and 0.92, respectively. Person reliabilities
as estimated by WLE person separation index, which estimates
whether a similar order of person abilities would be generated
by items of similar difficulty, were 0.74 for religiosity, 0.78 for
microevolution, 0.84 for macroevolution, and 0.89 for human
evolution, but only 0.51 for the evolution understanding model.
WLE separation index values for the perceived conflict with
belief in God, religious beliefs, religious teachings, and religious
community dimensions of the perceived conflict scale were
0.87, 0.89, 0.87, and 0.89, respectively. See Supplemental
Tables 2 and 3 for fit statistics for all Rasch models.

Finding 1: Non-Catholic Christian and Muslim Students
Show the Highest Levels of Perceived Conflict between
Evolution and Religion

Perceived conflict levels on all four measures were highest for
non-Catholic Christian students, followed by Muslim students,
for perceived conflict with belief in God and personal religious
beliefs, and Catholic students for perceived conflict with reli-
gious teachings and religious community. None of the perceived
conflict measures for Muslim students were significantly differ-
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ent from non-Catholic Christian students (all p > 0.6). Gener-
ally, Jewish, Buddhist, and Hindu students had lower perceived
conflict measures than non-Catholic Christian, Muslim, and
Catholic students. However, levels of perceived conflict with
religious teachings for Jewish students were not significantly
different from non-Catholic Christian, Muslim, and Catholic
students. There was wide variation in the levels of perceived
conflict within their religious community for Jewish students,
such that they were not significantly different from Catholic,
Muslim, and Hindu students (Figure 2). See Supplemental
Table 4 for estimated marginal means and standard errors.

Finding 2: Perceived Conflict between Religion and Evolu-
tion Predicts Evolution Acceptance More Than Religiosity,
Religious Affiliation, Evolution Understanding Levels, and
Demographics

Models that included perceived conflict measures as predictors
had much lower AIC values compared with models that did not
include them, indicating significantly better model fit (Table 2).
Moreover, conditional R? values for the models that included
perceived conflict measures as predictors were much greater
than the models that did not include these measures (Table 2).
This means that adding perceived conflict measures signifi-
cantly improved the model and the resulting model explained a
greater proportion of the variation in evolution acceptance.
Moreover, perceived conflict with students’ belief in God had
the largest and most negative slope compared with all other
predictor variables for predicting acceptance of microevolution
(-0.45 = 0.05 SE), macroevolution (—0.48 + 0.04 SE), and
human evolution (-0.64 + 0.05 SE; see Table 3 for full regres-
sion model output). Perceived conflict with students’ religious
beliefs also had a large negative slope for predicting acceptance
of microevolution (—0.34 + 0.05 SE), macroevolution (-0.28 +
0.04 SE), and human evolution (-0.45 + 0.05 SE). Perceived
conflict with students’ religious communities and perceived
conflict with religious teachings did not have a significant neg-
ative effect on evolution acceptance. Contrary to expectations,
perceived conflict with students’ religious communities had a
small statistically significant positive slope for predicting micro-
evolution acceptance (0.11 + 0.04 SE) and perceived conflict
with religious beliefs had a small positive slope for predicting
human evolution acceptance (0.08 + 0.04 SE; Table 3). These
positive slopes are due to correlations between these perceived
conflict measures and the perceived conflict with God and per-
ceived conflict with religious beliefs measures. This was con-
firmed by running models that did not include any of the other
perceived conflict measures and evaluating the slopes, which
were negative in these models.

Finding 3: When Students Perceive Less Conflict between
Evolution and Their Belief in God, Their Religiosity Is a
Weaker Predictor of Their Evolution Acceptance

For macroevolution acceptance, there was a significant interac-
tion between religiosity and perceived conflict with one’s belief
in God and evolution (estimate + SE = —0.056 + 0.022, p =
0.009), but not for any of the other three perceived conflict
measures (all p > 0.09). For human evolution acceptance, again
there was a significant interaction between religiosity and per-
ceived conflict with one’s belief in God and evolution (estimate
+ SE = -0.062 £ 0.025, p = 0.015). This implies that the slope
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FIGURE 2. Student perceived conflict between evolution and (a) belief in God, (b) personal religious beliefs, (c) religious teachings, and

(d) beliefs of religious community by religious affiliations. All perceived conflict measures were estimated using Rasch models and areon a
logit scale. The shape of the violin shows the distribution of the data (where the violin is thicker, there are more data points); gray bar in the
middle of the violin indicates the interquartile range, black line in the middle of the bar indicates the median, and black lines stretched out
from the bar indicate first/third quartile + 1.5 interquartile range. The same letter on top of the violins indicate that groups are similar, and
different letters indicate that they are statistically different based on post hoc Tukey comparisons.

of the relationship between religiosity and evolution acceptance
is more negative at higher levels of perceived conflict with evo-
lution and one’s belief in God, that is, when perceived conflict
between belief in God and evolution is higher, religiosity has a
stronger negative effect on evolution acceptance (Figure 3). In
contrast, at lower levels of perceived conflict with students’
belief in God, the relationship between religiosity and evolution
acceptance is weaker. There was also a significant interaction
between religiosity and perceived conflict with evolution among
one’s religious community for human evolution acceptance
(estimate = SE = —0.053 + 0.027, p = 0.047). However, there

CBE—Life Sciences Education « 20:ar42, Fall 2021

was no significant interaction between religiosity and the
remaining two perceived conflict measures for human evolution
acceptance, that is, perceived conflict between evolution and
religious teachings and personal religious beliefs. This suggests
that the relationship between religiosity and evolution accep-
tance is similar at different levels of perceived conflict between
evolution and one’s personal religious beliefs, religious teach-
ings, and beliefs of one’s religious community (see Supplemen-
tal Tables 5-7 for full regression output and Supplemental
Figure 9 for scatter plots of evolution acceptance measures
against religiosity measures broken down by students’ perceived

20:ar42,9
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8509.00

8236.50 7505.31

0.20
0.46
0.44
0.25
0.25
0.48

0.14
0.35
0.33
0.18
0.18
0.37

0.12
0.28
0.26
0.14
0.15
0.30

Models without any perceived conflict measures

7624.73
7715.66
8352.57

6855.32

7772.61

Models with only perceived conflict with belief in God

6950.32

7812.26
8188.72
8150.33
7723.17

Models with only perceived conflict with personal religious beliefs
Models with only perceived conflict with religious community
Models with only perceived conflict with religious teachings

Models with all perceived conflict measures

7391.48

8371.55

7403.50

7529.87

6807.28

aHigher R? and lower AICc values indicate that the models with perceived conflict measures best fit the data. Both models included course as a varying intercept random effect, and religiosity, religious affiliation, evolution

understanding, race/ethnicity, age, gender, and parent education as predictors.

conflict between evolution and religion). There was no signifi-
cant interaction between religiosity and any of the perceived
conflict measures for microevolution acceptance.

Finding 4: Perceived Conflict between Belief in God and
Evolution Mediated the Relationship between Religiosity
and Evolution Acceptance

Our mediation analyses showed that a large proportion of the
difference between evolution acceptance of high-religiosity stu-
dents and low-religiosity students was associated with differ-
ences in their perceived conflict between their belief in God and
evolution (67% for macroevolution acceptance and 52% for
human evolution acceptance; Table 4). The average mediation
effect of perceived conflict with belief in God was —0.16 for
macroevolution and —0.23 for human evolution acceptance (all
p < 0.001). Similarly, a large proportion of the difference in
evolution acceptance between students with high and low reli-
giosity levels was associated with differences in the perceived
conflict between students’ religious beliefs and evolution (56%
for macroevolution acceptance and 45% for human evolution
acceptance). The average mediation effect of perceived conflict
with personal religious beliefs was —0.14 for macroevolution
and —0.19 for human evolution acceptance (all p < 0.001). On
the other hand, perceived conflict with evolution among one’s
religious community and perceived conflict with the teachings
of one’s religion were not significant mediators of the relation-
ship between religiosity and macro- or human evolution accep-
tance (Supplemental Table 8). For mediation path models
showing coefficients before and after adding perceived conflict
with belief in God to models predicting macroevolution and
human evolution models, see Figure 4. The mediation path
models for all mediation analyses of macroevolution and human
evolution can be found in Supplemental Figure 9. These results
show that highly religious students perceive higher conflict
between their belief in God and their personal religious beliefs
and evolution leading to lower levels of evolution acceptance.

DISCUSSION

In this paper, we developed PCoRE, a novel instrument that
measures students’ perceived conflict between religion and evo-
lution. This measure includes students’ perceived conflict
between evolution and their 1) belief in God, 2) personal reli-
gious beliefs, 3) religious teachings, and 4) religious communi-
ties’ beliefs. Content validity evidence was gathered based on
prior qualitative literature, and Rasch dimensionality analysis
confirmed that a four-factor solution resulted in the best model
fit statistics, providing internal structure validity evidence for
the new instrument (AERA et al., 2014). Correlations with prior
measures of perceived conflict provided concurrent validity evi-
dence. Further, we gathered process response validity evidence
through cognitive interviews with students and validity based
on relationships with other important variables such as accep-
tance of evolution (AERA et al., 2014).

In the prior literature, the strongest predictors of students’
evolution acceptance have included religiosity, religious affilia-
tion, and understanding of evolution (Glaze et al., 2014; Dunk
et al., 2017; Barnes et al., 2019). In this study, we found that,
even after controlling for these variables, perceived conflict
between evolution and a student’s 1) belief in God and 2) per-
sonal religious beliefs were the strongest predictors of evolution

CBE—Life Sciences Education « 20:ar42, Fall 2021



Conflict with Religion and Evolution

'50°0 > d 21edIPUI SIOqUINU PIP[OG,

STl L0'T 0€'l 9OUBLIEA TeNPISSY

80000°0 €00 £0°0 90UBLIEA S109]J0 WIOpUEY

0C°'6¢SL 099089 0S'CCLL DIV [°POIN

09°LELE~ 0€9LE€~ STHEBE— pooyIayI] 80] [PPOIN

06070 ST'0 920 8580 €T'o 200~ 1440 910 cro- 92139p 5, 191SBIN<
0120 +1°0 810 00€°0 cro €1°0- L2'0 ST'0 cro— 93189p S, 1215
€L€°0 +1°0 €T'0 10€0 cro (AN 998°0 ST°0 200 92139p s J0[aYPRg
6€¥°0 910 cro 0850 +1°0 80°0— S840 LT°0 S0°0— 93189p $,91BI00SSY
€92°0 ST'0 LT°0 9€L’0 €10 +0°0— 9%S°0 ST'0 60°0— 939][00 aWog
9€1°0 ST°0 [4a4l] 1€S0 €10 80°0— 01¥°0 910 €T'0— [00yds YSIH

(Tooyos y3ny> :JoI) UOHEINPS JUdIRJ
080°0 900 0T'0 0590 SO0 200 8€0°0 90°0 €1'0- 9B
c¥0°0 €0°0 90°0 LEO'0 200 S0°0 L69°0 €00 100 28y
6C1°0 8T°0 LT 0~ 880°0 ST'0 9T'0— £9T°0 610 12°0— _YIo
1€9°0 (0] S0°0— 95€'0 800 800 €vL0 0oT'0 €00 [erRINMA
€00°0 80°0 vC0- 9.0 £0°0 S0°0— €Cro 800 €1°0— Xune
2620 010 or'0— €CL0 800 €00 8400 (0] 8T°0— Aoeld
CIT0 cro 610~ 860°0 0oT'0 JAN() €1€0 €10 €10~ Uelsy
(IYM :§o1) HyPIUYIL /00y
€200 0co LE0 02,0 LT°0 90°0— €80°0 12°0 LE0 siyppng
00€°0 0co 12°0 €080 LT°0 +0°0— TLT0 120 60— npury
€CL0 10 S0°0— 6680 Zro 200 66S°0 ST'0 80°0— WISnA
800°0 81°0 L¥'0 ST10°0 ST°0 LEO L850 610 (0] ysimar
100°0> 90°0 9¢€'0 100°0> S0°0 0co L26'0 L0°0 10°0 Jnoyied
(uensLy) d1oyIe)-Uou :JoI) Uoneryje sno3nay
c¥0°0 +0°0 80°0 6110 €00 S0°0 0020 +0°0 S0°0— S3UIyDEa) SNOLII[AI YIIM IDIJUOD PIAIDID]
660°0 +¥0°0 90°0— Y120 €00 00— S00°0 +0°0 1o AIunuwwod snoLgIa1 UMM DIFUOD PIAIIS]
100°0> S0°0 SH'0- 100°0> 00 8C°0— 100°0> S0°0 veo0- SJoI[oq SNOISI[AI [IIM 1DI[JUOD SATIR]
100°0> S0°0 +9°0— 100°0> +0°0 8¥°0— 100°0> S0°0 Sy'0- POD UI JI[9q YIIM IDI[JUOD PIATRDI]
S3INSEIW UONIN[OAD YIIM IDT[JUOD PIAIRIISG
100°0> €0°0 8T°0 100°0> 200 Y10 100°0> €0°0 g0 urpuelsiapun uonN[oAy
100°0> €0°0 61°0— 900°0 200 L0°0— 100°0> €0°0 v1'0 Aysorsiy
L10°0 +1°0 ¥€0- 8690 cro S0°0— £L0S°0 ST°0 (0] (3dodronuy)
anfea d qs anfep anfea d qs anfep anfea d qs anfep

Qoueidodoe uonnjoAe ueuwiny

Qoueydoooe UONNJOAS0IIBIA

doueldadde UonNJoASOIIA

510)21pa.d se sainseaw }21)U0d pPanlad4ad INoy J1e YHM sjuaphis 963)100 Buowe aoueydadde UOIIN|OAS 10} SJ9POW PaXIw Jeaul] WOy S9)ewsa jaysweled ¢ 379V.L

20:ar42, 11

CBE—Life Sciences Education « 20:ar42, Fall 2021



M. E. Barnes et al.

a b c
[0} . 2 3
2 31 c 31 S 13
8 2 5
Q e e 9 3] Conflict with belief in God
8 - 8 @ oy e ;
| i z oW
. '< S 5 ° #e
9 _o 2 9 P} vy —_
= : : % _g \ average
9 > o == high
8 31 O 31 c 34
= S ©
: : =
= T
-6 -6 -6
e N e —r T —_—TT
4 2 0 2 4 2 0 2 4 2 0 2
Religiosity Religiosity Religiosity

FIGURE 3. Scatter plots of evolution acceptance measures against religiosity measures with overlaid ordinary least squares (OLS) regres-
sion lines broken down by students’ perceived conflict between evolution and belief in God: (a) microevolution acceptance, (b) macroevo-
lution acceptance, and (c) human evolution acceptance. The points were jittered for clarity, and darker points indicate multiple overlap-
ping points. Jittering involves adding a small amount of random noise to the data points to be able to visualize them better and is useful
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(a) (b)

Perceived Conflict Perceived Conflict
P w/ Belief in God -0.69*** 0.23 *** w/ Belief in God _0.98***
L Acceptance of L Acceptance of
Religiosity P . Religiosity P .
-0.24%** (.0,08***)  Macroevolution L0.43%%% (-0,21%*%) Human evolution

FIGURE 4. Mediation models illustrating the mediation effect of perceived conflict between evolution and belief in God on the relation-
ship between religiosity and (a) acceptance of macroevolution and (b) acceptance of human evolution. Coefficients within the parenthesis
are the reduced coefficients after adding perceived conflict with belief in God to models.

acceptance. We also found that perceived conflict with evolu-  evolution and students’ belief in God or personal religious
tion among students’ religious communities or within their reli-  beliefs. This study builds on prior literature that suggests that
gious teachings were not significant predictors of students’ evo-  reducing students’ perceived conflict between evolution and
lution acceptance after accounting for perceived conflict with  their personal religious beliefs may increase their acceptance of

TABLE 4. Results from the mediation analyses using 1000 quasi-Bayesian Monte Carlo simulations to calculate confidence intervals and
statistical significance®

Macroevolution acceptance Human evolution acceptance
Estimate 95% CI lower 95% CI upper Estimate 95% CI lower 95% CI upper

Mediator: Perceived conflict between evolution and one’s belief in God

Mediation effect -0.16 -0.19 -0.13 -0.23 -0.27 -0.18
Direct effect -0.08 -0.13 -0.03 -0.21 -0.26 -0.15
Total effect -0.24 -0.29 -0.19 -0.43 -0.50 -0.36
Proportion mediated 0.67 0.54 0.84 0.52 0.44 0.61
Mediator: Perceived conflict between evolution and one’s personal religious beliefs

Mediation effect -0.14 -0.16 -0.11 -0.19 -0.23 -0.15
Direct effect -0.11 -0.16 -0.06 -0.24 -0.29 —-0.19
Total effect -0.24 -0.29 -0.19 -0.44 -0.50 -0.37
Proportion mediated 0.56 0.45 0.72 0.45 0.37 0.53

“Mediation effect indicates the amount of the association of religiosity with evolution acceptance that is mediated by one’s perceived conflict between evolution and one’s
belief in God. Direct effect indicates the amount of the association of religiosity with evolution acceptance not related to perceived conflict. Proportion mediated shows
the proportion of total association of religiosity with evolution acceptance that can be attributed to perceived conflict. CI, confidence interval.
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evolution (Brem et al., 2003; Winslow et al., 2011; Southerland
and Scharmann, 2013; Barnes et al., 2017a). Further, it implies
that specifically reducing students’ perceived conflict between
believing in God and evolution may be the most impactful prac-
tice for increasing student acceptance of evolution. Importantly,
to our knowledge, this study provides the first multifactor quan-
titative measure of perceived conflict between evolution and
religion that has been tested and can be implemented in future
evolution education studies.

In this study, we also found that Muslim students and Chris-
tian students who were not Catholic had the highest perceived
conflict with their belief in God and evolution, which suggests
that these students could benefit the most from reducing their
perceived conflict. Non-Catholic Christian students are approxi-
mately one-quarter of introductory undergraduate biology stu-
dents (Barnes et al., 2020b), suggesting that reducing perceived
conflict among this group could impact a sizable proportion of
undergraduate biology students and their acceptance of evolu-
tion. These results corroborate past studies demonstrating that
Muslim individuals may experience high perceived conflict with
their religions and evolution (Dagher and BouJaoude, 1997;
BouJaoude et al., 2011; Deniz et al., 2008; Yousuf et al., 2011;
Asghar, 2013; Athanasiou and Papadopoulou, 2015; Yok et al.,
2015; Stears et al., 2016; Rachmatullah et al., 2018; Unsworth
and Voas, 2018; Barnes et al., under review). Future studies
could use the PCoRE instrument to explore ways to reduce per-
ceived conflict among Muslim students.

In past studies, researchers have found that it is common
for students to think that someone has to be an atheist in
order to fully accept evolution (Winslow et al., 2011; Barnes
et al., 2020a); in the current study, we found that students’
perceived conflict between evolution and their belief in God
was the single strongest predictor of their evolution accep-
tance. Thus, a misconception that accepting evolution
requires atheism could be a deciding factor for many stu-
dents to not accept evolution. A way that evolution instruc-
tors may be able to reduce students’ perceived conflict
between evolution and belief in God is to discuss that evolu-
tion is not necessarily atheistic and that students do not have
to reject a belief in God in order to accept evolution. Biolo-
gists and science education researchers have written exten-
sively about the conflation of evolution acceptance with
atheism (Smith, 1994; Miller, 1999; Meadows et al., 2000;
Scott, 2005; Collins, 2006; Reiss, 2009; Gould, 2011; South-
erland and Scharmann, 2013; Tolman et al., 2020). In our
past study, we reported that almost half of college biology
students think that in order to accept evolution they would
have to be atheists, highlighting the prevalence of this mis-
conception (Barnes et al., 2020a). So, if perceived conflict
between belief in God and evolution is the strongest predic-
tor for evolution acceptance, it is not surprising that evolu-
tion acceptance levels among students are low. In the prior
study, although the perception that one has to be an atheist
to accept evolution was common among both religious and
nonreligious students, it was only among the highly religious
students that this perception was related to lower evolution
acceptance, lower comfort in learning evolution, and higher
perceived conflict between religion and evolution (Barnes
et al., 2020a). We advocate for instructors to describe evolu-
tion as agnostic with respect to the existence of God, owing
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the origin of the term to the evolutionary scientist Thomas
Henry Huxley,> who invented it to describe the most scien-
tific view of matters such as the existence of deities, which
are outside the abilities of scientific practices to explore
(Huxley and Huxley, 1900).

These data illustrate that it is not the extent to which a stu-
dent is religious or the religion with which they affiliate that will
predict their evolution acceptance the most, which may help
moderate instructor perceptions about how they can impact
student evolution acceptance levels. Biology instructors are
likely reluctant to try to change a student’s religious beliefs, and
studies have documented that student religiosity and religious
affiliation are unlikely to change over a college biology degree
(Kimball et al., 2009). It may be encouraging for evolution edu-
cators to see that these variables are not the most predictive
factors for students’ evolution acceptance. However, several
studies thus far have shown that it is possible to reduce stu-
dents’ perceived conflict between their religious beliefs and evo-
lution over a college biology degree (Winslow et al., 2011) or
even during one module of evolution instruction (Barnes et al.,
2017a, 2020c; Truong et al., 2018). For instance, by providing
students with examples of religious scientists who accept evolu-
tion, teaching the bounded nature of science, and making stu-
dents aware of the spectrum of viewpoints on the relationship
between religion and evolution, instructors were able to reduce
the number of students who perceived conflict between religion
and evolution by half (Barnes et al., 2017a). These strategies
can be considered culturally competent for religious students in
that they help biology instructors better communicate evolution
to religious students while being respectful of their identities.

Novel Perceived Conflict Instrument: Recommendations
for Future Use
Our novel instrument for measuring perceived conflict between
students’ religions and evolution could be used in classes and/
or in future studies examining students’ evolution acceptance.
Given that students’ perceived conflict between evolution and
their 1) belief in God and 2) other personal religious beliefs
were the two strongest predictors of evolution acceptance
among many other well-studied variables, future studies exam-
ining student evolution acceptance will be stronger if they
include these measures. Indeed, perceived conflict more than
doubled the amount of variation explained in students’ evolu-
tion acceptance when added to our models. However, perceived
conflict with evolution and 1) religious teachings and 2) the
students’ religious communities did not predict evolution accep-
tance in our regression models after controlling for other vari-
ables. Thus, instructors and researchers could administer a
shortened version of our perceived conflict instrument that
includes only the two dimensions of perceived conflict that best
predicted student evolution acceptance: 1) perceived conflict
with evolution and belief in God and 2) perceived conflict with
evolution and personal religious beliefs (Table 1).

Another recently published instrument, the “Scales of Evolu-
tionary Conflict Measure” (SECM), measures student “percep-
tions of evolutionary conflict” (Sbeglia and Nehm, 2020). In

2We acknowledge that Thomas Huxley is a problematic figure who expressed rac-
ist views with respect to human evolution. However, this does not discredit his
invention of the term “agnostic.”
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contrast to our instrument, this instrument was built to mea-
sure broader perceptions of potential conflict with evolution
that are not specific to conflict between religion and evolution
(Sbeglia and Nehm, 2020). Example items on the SECM
include: “evolutionary ideas are at odds or in conflict with my
culture/values/beliefs,” “evolutionary ideas are at odds or in
conflict with my family’s culture/values/beliefs,” and “evolu-
tionary ideas are at odds or in conflict with my community’s
culture/values/beliefs” (strongly disagree—strongly agree). Fur-
ther, some items on this measure appear to measure evolution
acceptance directly (e.g., “evolutionary ideas are at odds with
my beliefs”).

Uniquely, our new instrument specifically targeted perceived
conflict with religion, because prior qualitative literature clearly
indicated that conflict with religion is most important for evolu-
tion acceptance (Jackson et al., 1995; Dagher and BouJaoude,
1997; Goldston and Kyzer, 2009; Winslow et al., 2011). The
specificity of this measure allows researchers to identify when
the source of conlflict is religion and to quantify its association
with different levels of evolution acceptance as opposed to
other sources of conflict that may exist. Thus, we posit that the
instrument that we have developed is most appropriate to use
when investigating 1) conflict between students’ religion and
evolution, 2) how to reduce perceived conflict with religion and
evolution, and 3) how perceived conflict with religion may
relate to students’ evolution acceptance levels. Another advan-
tage of our measure is that it uniquely includes the different
contexts of evolution with which students may perceive more or
less conflict (micro- and macroevolution of non-humans, micro-
and macroevolution of humans, and the common ancestry of
life on Earth; Sbeglia and Nehm, 2019). Prior evolution educa-
tional measures have been critiqued for not specifying the con-
text of evolution, because students tend to have different levels
of perceived conflict and acceptance depending on the context
of evolution (Nadelson and Southerland, 2012; Sbeglia and
Nehm, 2019).

Limitations and Future Research

We collected data from 26 undergraduate biology courses in 11
states, but these results may not be generalizable beyond this
sample. However, we collected a large enough sample in
enough states that the results should be relevant to the science
education community in the United States. Further, these data
were collected at a single time point, and thus all results are
correlational and do not determine causation between vari-
ables. The results suggest that reducing perceived conflict
between religion and evolution may increase student accep-
tance of evolution, but intervention studies in which students’
acceptance of evolution is measured before and after reducing
students’ perceived conflict are necessary to confirm this.

This perceived conflict scale was developed to be inclusive of
any religious identity, but we acknowledge that Christians dom-
inated our sample. We encourage future validation of this scale
in populations that have larger percentages of Muslim, Jewish,
Hindu, and Buddhist students. We also acknowledge that reli-
gious identity can be contextual and that our sample from the
United States may be different from a sample of religious indi-
viduals from other countries.

Another limitation is that we used the partial credit model
(PCM) instead of the generalized partial credit model (GPCM)
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that estimates variable discrimination parameters and could
have improved model fit. We chose to use the PCM following
the convention of Rasch analysis in this particular field of
inquiry (e.g., Boone, 2016; Sbeglia and Nehm, 2018). Besides
the theoretical benefits of invariant comparison and sufficiency,
adopting a Rasch model also facilitates the use of an array of
practical tools as parts of the Rasch analysis.

CONCLUSION

In this study, we developed PCoRE, a new measure of perceived
conflict between religion and evolution. We found that the
extent to which students perceive evolution being in conflict
with their belief in God and religious beliefs represented the
strongest predictors of evolution acceptance independent of
students’ religiosity, religious denomination, understanding of
evolution, and demographics. This implies that, in order to
increase students’ acceptance of evolution, the most impactful
practice may be to reduce students’ perceived conflict between
evolution and their belief in God and their other religious
beliefs. We present a new instrument to measure students’ per-
ceived conflict between their religions and evolution as a tool
for researchers and educators to include in their future studies
and classes. Future intervention studies could target students’
perceived conflict with evolution and their belief in God and
religious beliefs to confirm that reducing this conflict will
increase student acceptance of evolution.
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