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Abstract
Creationist religious views have a large in�uence on the public’s views and learning related to evolution,
especially human evolution. Creationism has been shown to reinforce students’ design teleological
stance, which creates challenging conceptual obstacle for learning evolution. The purpose of the current
study was to determine if students with creationist views responded differently to education intended to
directly challenge design teleological reasoning in the context of a human evolution course, compared to
students with naturalist views. In a convergent mixed-methods design this study combined pre- and post-
semester survey data (N = 48) on student endorsement of teleological reasoning, acceptance of
evolution, and understanding natural selection, with thematic analysis of student re�ective writing on
their understanding and acceptance of natural selection and teleological reasoning. This study found
that students with creationist views had higher levels of design teleological reasoning and lower levels of
acceptance of evolution at the beginning of the semester, compared to students with naturalist views
(p<0.01). Students with creationist views experienced signi�cant (p<0.01) improvements in teleological
reasoning and acceptance of evolution. While the changes teleological reasoning, understanding and
acceptance experienced by students with creationist views were similar in magnitude to changes in
students with naturalist views, creationists never achieved levels of evolution understanding and
acceptance seen in students with naturalist views. Thematic analysis revealed that a majority of students
believed that religion and evolution are discordant. However, over one-third of students expressed
openness to learning about evolution alongside their religious views. This paper describes pedagogical
practices to help students understand their own teleological reasoning and support students with
creationist views who are learning about evolution.

Introduction
Charles Darwin’s theory of evolution by natural selection in his On the Origin of Species (1) was largely
viewed as heretical in the Christian historical context in which it was published (Kampourakis 2020). Prior
to the publication of Darwin’s theory, the Christian view of creationism was articulated by William Paley,
who argued that organisms are so complex, that they could only be created by a designer. Paley further
argued that since organisms are more complex and superior than anything created by humans, their
designer must be God (2). Even after more than 160 years of evidential support for Darwin’s theories,
Paley’s Christian views of creationism continue to have an outsized in�uence on the public’s views and
learning related to evolution, particularly human evolution. A 2018 Pew Research Center survey found
that 18% of adults in the United States believe that humans have always existed in their current form (and
therefore, have not evolved); 48% believe that humans have evolved, but that God or a higher power
played a role; and 33% believe that humans evolved by natural forces (3). Other recent US public opinion
surveys have shown that 38% of US adults have creationist views on human origins (4) and 52%
disagreed that humans have evolved from other animal species (5). In contrast, an overwhelming
majority of non-religiously a�liated US adults believe that humans have evolved over time (3).
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Although people of Christian faith have a wide range of attitudes toward evolution (6, 7), numerous
studies have shown that one’s level of religiosity negatively impacts their acceptance of evolution (8–11).
In a recent study of undergraduates in a human evolution course, we reported a signi�cant positive
correlation between level of religiosity and endorsement of teleological reasoning, as well as signi�cant
negative correlations between religiosity and acceptance and understanding of evolution (12). One
potential cognitive mechanism by which Christian creationism may in�uence evolution acceptance and
learning is its reinforcement of design teleological reasoning because creationists believe, fundamentally,
that God is the designer of living things (13). Many previous studies have shown that people who believe
in God have higher levels of unwarranted, design teleological reasoning (14–17) than non-believers.
Efforts to attenuate student design teleological reasoning are relevant to science educators because
numerous authors have suggested that design teleological reasoning disrupts student ability to learn
about biology, especially evolution (18–27) and yet, science educators may underestimate the prevalence
of the teleological bias and its cognitive impacts (28). Therefore, understanding the relationship between
creationism, students’ endorsement of design teleological reasoning, and accepting and understanding of
natural selection is imperative to improving the public’s knowledge of evolution. To replace the design
teleological bias with veridical views on the natural world is cognitively challenging, but necessary to
accurately understand biological sciences (29, 30). Additionally, decreasing teleological thinking in an
effort to facilitate greater understanding and acceptance of evolution has implications that reach beyond
the classroom as application of evolution to societal issues such as climate change and health decisions
can help students make more educated decisions grounded in science (Barnes and Bronwell, 2016).

Several authors (6, 12, 22, 26, 27, 30–33) have proposed that a goal of teaching evolution is to explicitly
address the design teleology stance and provide opportunities for students to experience conceptual
con�ict from which they can come to regulate their teleological reasoning as they realize that design-
based explanations are insu�cient. However, the extent to which creationism affects students’ responses
to such pedagogies challenging design teleology has not been tested.

The purpose of the current study was to determine if students with creationist views responded
differently to education intended to directly challenge design teleological reasoning in the context of a
human evolution course, compared to students with naturalist views. We also assessed whether
pedagogy directed at design teleological reasoning differentially affected students’ understanding and
acceptance of natural selection. We hypothesized that students with creationist views would enter a
human evolution course with higher levels of design teleological reasoning, lower levels of evolution
acceptance, especially related to macroevolution and human evolution, and lower levels of understanding
of natural selection, compared to their counterparts with naturalist views. We additionally hypothesized
that students with creationist views would have smaller learning gains in these variables in response to a
course on human evolution and direct pedagogical challenges to design teleological reasoning.

In a mixed-methods design, we combined pre- and post-intervention quantitative assessments of
teleological reasoning, evolution acceptance, and understanding of natural selection, with thematic
analysis of student re�ective writing on evolution acceptance and personal experience of design



Page 4/23

teleological reasoning. We sought to extend the existing literature by (1) differentially quantifying
changes in teleological reasoning over the course of the semester in response to explicit instruction on
teleological reasoning between two groups: students with and without creationist views, (2) differentially
quantifying changes in acceptance and understanding of natural selection between groups, and (3)
gaining a deeper qualitative understanding of student perceptions of potential discordance or
compatibility between religion and the study of evolution. This study presents data on the impact of
creationist views on student endorsement of design teleology and acceptance and understanding of
natural selection in undergraduates at the beginning, during, and end of a human evolution course.
Educational recommendations to support students encountering conceptual barriers associated with
creationism will be presented.

Methods

Participants
Forty-eight undergraduate students (N = 48, mean age (SD) = 23.5 (7.3) years, 64.5% female) in a course
on the evolutionary principles of health volunteered for all aspects of this study, which occurred at a
public liberal arts college in the Southeastern United States during three consecutive Fall semesters. This
study was deemed exempt from further review by the Institutional Review Board at UNC Asheville and all
participants provided signed informed consent prior to participating in the study.

This course explored fundamental concepts of human evolution, teleological thinking, disease processes
attributable to evolution, and environmental and social evolutionary mismatches in the modern world
which contribute to disease. By examining evolutionary principles of health and disease, students gained
insights into how humans have adapted to various environments, and why particular diseases occur in
the modern world. This course consisted of lectures, group discussions on readings, weekly quizzes, and
a �nal paper exploring the evolutionary principles of a chosen disease. One aim of this course was
frequent discussion on design teleological reasoning, including the potential disruption of teleology to
students’ learning about evolution, particularly human evolution. To accomplish this aim there were three
consecutive weekly quizzes in the �rst month of the semester asking students to identify the statement(s)
with design teleological reasoning out of a list of otherwise veridical evolutionary statements. Students
were also asked to re-write the teleological statements with veridical evolutionary mechanisms. Once
quizzes were graded, the correct answers to these quizzes were discussed with students. This course and
its teleology interventions are described in more detail in a previous study (12).

Assessment
Students completed three quantitative surveys during the �rst and last weeks of the semester, in the order
presented below. The �rst survey measured students’ understanding of natural selection with the
Conceptual Inventory of Natural Selection (CINS), which consists of 20 multiple-choice questions each
with one correct answer (34) and has been shown to be valid and reliable (34, 35). The second survey
was a 36-item survey of teleological reasoning adapted from the larger measure created by Kelemen et al
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(36), which originally included 100 one-sentence explanations for “why things happen,” to which
participants responded “true” or “false”. Kelemen et al (2013) presented the explanations as timed, two-
alternative forced-choice statements. In the current study, the Kelemen et al (2013) measure was adapted
to include 20 test sentences and 16 control sentences (4 true causal explanations, 5 true teleological
explanations, 4 false causal explanations, and 3 false teleological explanations), chosen at random from
each statement type in the original study. Only student responses to the unwarranted teleological
statements were included in the analysis. A further adaptation of the original measure is the use of a 5-
point Likert scale in the current study to determine the student’s level of agreement, rather than the
previously used timed, two-alternative forced-choice test. The third measure included the 24-item
Inventory of Student Evolution Acceptance (I-SEA) which has been shown to be a reliable measure of
evolution acceptance in college students (37, 38). This survey also included student demographic
information, level of prior exposure to evolution, number of previous courses on evolution in high school
and college, level of religiosity, and speci�c religious a�liation. Level of religiosity was assessed by
asking students to self-report how important religion was in their life, using a 4-point Likert-type scale,
ranging from not important to very important. An additional survey question on the pre-semester survey
asked: Which of the following views comes closest to your belief about the origins of the world? (a) God
created the world or (b) The world is the product of purely natural forces like the Big Bang or evolution
(39). Students who selected the former option were categorized as having creationist views (CV) and
students who selected the latter option were categorized as having naturalist views (NV).

Additionally, during the tenth week of the semester, students were asked to complete written responses to
the following four open-ended questions: 1) Please describe your level of acceptance of evolution. 2)
Have your views on evolution changed since an earlier point in your life? If so, what has caused this
change? If not, please describe your reasons. 3) Have the readings and discussions in class been
consistent with your views about life or has it been challenging? Please explain your answer. 4) Please
describe your thinking about the causes of nature, evolution, and human life, rather than the purpose. Has
your use of teleology changed?

Quantitative Analysis
Mann-Whitney U tests examined between-group (CV vs. NV) differences at both pre- and post-semester.
Wilcoxon signed-rank tests examined paired within-group differences between pre-and post-semester.
Values are presented as mean (SD) and effect sizes are presented as Hedges’ g.

We also ran three independent multiple regressions to determine the relative in�uence of each variable on
understanding of natural selection at post-semester (CINS-post), the change in CINS score, and
acceptance of human evolution at post-semester. GraphPad Prism Version 9.3.1 (San Diego, CA) was
used for all statistical analyses, except for the multiple regression analyses and effect sizes, which were
calculated with R (R Foundation for Statistical Computing, Vienna, Austria. Statistical signi�cance was
set at p < 0.01, after Bonferroni correction for �ve comparisons per measured variable.

Qualitative analysis
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Two reviewers conducted a thematic analysis on the student responses to the open-ended questions. The
�rst step of the thematic analysis was for both reviewers to independently read each student response
and determine recurring themes mentioned. The reviewers then independently re-read the student
responses and identi�ed when the themes were mentioned. If a student mentioned the theme at least
once in their responses to any of the open-ended questions, a score of “1” was recorded for that theme in
the student’s response. Once interrater reliability of this method was established (12), the total number of
mentions from one reviewer (JW) was summed across students for each theme. Only the themes related
to students’ views on religion and learning/acceptance of evolution were included in this analysis.

Results
Of the 48 students who completed all surveys at both pre- and post-semester, 15 (31%) had creationist
views and 31 (65%) had naturalist views. Two students (4%) selected both (a) God created the world and
(b) The world is the product of purely natural forces like the Big Bang or evolution, and were subsequently
dropped from further analysis because the option to choose both answers was not offered as a choice.
Six percent (6%) of the students were sophomores, 35% juniors, 54% seniors, and 4% post-baccalaureate
students. There were no group differences in number of prior courses on evolution or the students’ self-
reported level of prior exposure to evolution (p > 0.05). Self-reported religious a�liation included: 10%
Catholic, 0% Eastern Religion, 15% Fundamental Christian, 2% Jewish, 0% Muslim, 17% Other Protestant,
19% Other, and 36% reported None. On the importance of religion in the students’ lives, 35% listed “not
important,” 21% “slightly important,” 17% “moderately important,” and 25% listed “very important.”
Students with creationist views (CV) had higher levels of religiosity than students with naturalist views
(NV), at both pre- (CV mean (SD): 3.40 (0.63) vs. NV mean (SD): 1.74 (1.03); p < 0.0001) and post-
semester (CV mean (SD): 3.56 (0.63) vs. NV mean (SD): 1.48 (0.68); p < 0.0001). There was no change in
level of religiosity across the semester for either group.

Endorsement of teleological reasoning
Students with creationist views (CV) entered the class with higher endorsement of teleological reasoning
than students with naturalist views (NV) (Hedges’ g = 0.73; p = 0.0089) (Table 1). Over the semester,
endorsement of teleological reasoning decreased for both CV (Hedges’ g=-1.12; p = 0.0041) and NV
(Hedges’ g=-1.24; p < 0.0001), but the magnitude of teleology change was similar between groups.

Understanding of natural selection
Understanding of natural selection (CINS score) was similar between groups at pre-semester (Hedges’ g = 
0.74; p = 0.037), but signi�cantly higher for the NV group compared to CV at post-semester (Hedges’ g = 
1.30; p = 0.00049). Understanding of natural selection increased over the semester for both CV (Hedges’ g 
= 0.70; p = 0.010) and NV (Hedges’ g = 0.76; p < 0.0001), but the magnitude of change did not differ
between groups. Yet, at the end of the semester understanding of natural selection in the CV group
remained lower in magnitude than the NV group at pre-semester, indicating that the CV group never
achieved the NV group level of understanding of natural selection.
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Multiple linear regression determined the relative in�uence of each measured variable (CINSpre,
teleological reasoningpost, ISEApost, and view on life’s origins (CV vs. NV)) on student post-semester

understanding of natural selection (Table 2): R2 = 0.53; F(4, 41) = 11.40, p < 0.0001 (Adjusted R2 = 0.48).
Together, these variables accounted for 48% of the variance with signi�cant unique variance contributed
by incoming understanding of natural selection and whether the student had creationist or naturalist
views. Therefore, the student’s baseline natural selection understanding (CINSpre) and their views on life’s
origins, creationist or naturalist, were the greatest predictors of their �nal understanding of natural
selection. These same two factors, CINSpre and their views on life’s origins, were also the greatest

predictors of pre- to post-semester change (CINSdiff) score on the CINS (Table 3, R2 = 0.44; F(4, 41) = 7.97,

p < 0.0001 (Adjusted R2 = 0.38), with other measures controlled. In this latter regression model, having
naturalist views correlated with larger CINSdiff score.

Acceptance of evolution
Acceptance of evolution (I-SEAtotal) was signi�cantly higher for the NV group compared to CV at both pre-
(Hedges’ g = 1.35; p = 0.00023) and post-semester (Hedges’ g = 2.03; p < 0.0001) (Table 1). Level of
acceptance increased during the semester for the NV group (Hedges’ g = 0.57; p = 0.0003), but not for the
CV group. Even at post-semester, the magnitude of acceptance of evolution for the CV group remained
below acceptance levels for the NV group at the beginning of the semester.

Further analysis of the I-SEA subscales showed additional differences in evolution acceptance between
groups (Table 4). The NV group had higher acceptance of macroevolution compared to the CV at both
pre- (Hedges’ g = 1.45; p = 0.00011) and post-semester (Hedges’ g = 2.05; p < 0.0001) (Table 4). The NV
group’s acceptance of macroevolution increased (Hedges’ g = 0.46; p = 0.0017) during the semester, but
there was no such change in the CV group. However, the magnitude of macroevolution acceptance
change did not differ between groups.

Acceptance of microevolution did not signi�cantly differ between groups at pre-semester. The NV group
had increased acceptance of microevolution during the semester (Hedges’ g = 0.58; p = 0.0022), but the
CV group did not change. At post-semester, the NV group had signi�cantly higher acceptance of
microevolution compared to the CV group (Hedges’ g = 1.31; p = 0.00042) (Table 4).

Acceptance of human evolution increased for both CV (Hedges’ g = 0.45; p = 0.0016) and NV (Hedges’ g = 
0.56; p = 0.00071) during the semester and the changes for both groups were similar in magnitude
(Table 4). But, the NV group had higher magnitude of human evolution acceptance compared with the CV
group at both pre- (Hedges’ g = 1.50; p < 0.0001) and post-semester (Hedges’ g = 2.03; p < 0.0001). In fact,
human evolution acceptance for the CV group remained lower at post-semester than the level of human
evolution acceptance for the NV group at pre-semester (Hedges’ g = 1.01; p = 0.0035).

To control for all other variables and determine the relative in�uence of each variable (CINSpre,
Teleological reasoningpre, and view on life’s origins (CV vs. NV)) on students’ post-semester acceptance of
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human evolution, we conducted a multiple linear regression (Table 5): R2 = 0.55; F(3, 41) = 16.78, p < 
0.0001 (Adjusted R2 = 0.51). Together, these variables accounted for 51% of the variance in student
acceptance of human evolution scores, with signi�cant unique variance contributed only by the student’s
creationism vs naturalist views.

Qualitative analysis
In the thematic analysis of the responses to the open-ended questions 66.7% of students mentioned
religion in their responses to four open-ended questions. Examples include,

I am at a crossroads when it comes to evolution. Being raised in a Christian household, we never really
talked about evolution, so it is interesting to learn about different ways the earth came about. I will say,
this class has opened my eyes to many things, because the research is certainly there and is compelling.
So, the crossroads I am at is balancing my beliefs in Christianity but also wanting to learn more about the
earth and the human race as a whole. I would say my ideas of evolution have de�nitely developed from
what they were before. As someone who didn’t really understand or accept evolution (mostly because I
wasn’t introduced to it) I didn’t really know much about its concepts. But this semester has been
extremely fascinating in understanding viewpoints on how we’ve developed.

I’m a creationist. It is undeniable that microevolutionary occurrence has happened at a cellular level but I
do not believe that we evolved over billions of years.

"I struggle to say that I believe in evolution in its entirety, due to my being raised as a Christian."

Of those who mentioned religion in their responses, 73.5% mentioned religion as a perceived obstacle to
learning or accepting evolution, as if religion and evolution cannot be compatible with each other or are
mutually exclusive. For example,

"Growing up as a Christian at �rst it was hard to connect with the content of what we were reading and
discussing in class. After learning about it, I can see and understand the ideas of evolution. I'm not 100%
sure if I accept it, just from my religious background but I'm not opposed to learning more about
evolution."

"I grew up in a household where religion was not present and so evolution has always been an easy
concept for me to digest and to understand."

Evolution is a topic that I have not had much experience with growing up. I grew up in a Christian home
with creationism as the main topic I was taught throughout my life. My Christian faith and beliefs are still
extremely important to me, and are the way I see and view the world today. Coming into this class, I told
myself to keep an open mind and strive to learn as much as I could about a topic I had not only hardly
ever talked about in my childhood, but was also starkly different from my current beliefs. While I have
appreciated the many different topics and discussions we have had in class, as well as the thought-
provoking questions and readings, if I am to be fully honest I would have to say that up to this point there
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is still a lot about evolution that is hard for me to accept. I acknowledge the fact that there is a plethora of
information that I am not an expert in, nor would I claim to know everything about Evolution or
Christianity either. There is so much I still want to learn and understand, but a few months of this class
has not been enough to change my thoughts about the world and my faith that have been characteristic
of my life up to this point. Throughout this class there have been many points in time where I have
struggled with questions and topics that have been hard to reconcile with my own beliefs. I think the one
thing that has changed in my own head is just hearing and understanding that Evolution is simply
change over time. I think this idea was largely absent in any mention of evolution throughout my life.
Again, I believe that there is much I do not know on the arguments and research for evolution and that is
something I hope to continue to educate myself on and learn. I have greatly appreciated hearing and
learning so much about a topic that was not spoken of much in my upbringing, and it has been a very
enlightening experience. However, even still evolution is di�cult for me to accept in the present moment
as I believe that God created the world, we are not here on accident, and there is intentional design in
every human being. Along with this line of thinking, I also struggle with the concept of an extremely old
earth and have always heard and believed that the earth was much younger than this.

“This course has been challenging because it does contradict my faith and personal beliefs. My faith is
something that is real. I choose to live my life trusting that God is my Creator and will continue to provide
my basic needs and that I need Jesus Christ as my savior."

"I have believed in evolution for a long time. My belief really started when I moved away from religion in
my personal life."

A smaller portion of students (39.2%) mentioned that they are able to hold their religious views and their
acceptance of evolution in mind together. For example,

While I still believe that there may be higher powers at work in the universe, I do not believe that these
higher powers had any say in evolution or that anything happens for a reason when it comes to
mutations and adaptations.

"Evolution does not con�ict with my spirituality because they can exist in tandem. We may all be
expressions of God but that doesn't take away from the hard evidence that we evolved from apes. Both
can be true. If anything, the wondrous process of evolution validates and strengthens my faith in the
divine mysteries of the universe."

I am almost leading a double life with what I believe. I believe in evolution to an extent but I also have
faith. This class has made this a struggle for me! Accepting both has been an interesting journey this
semester.

"It is interesting to me as a Christian to believe in both evolution as well as god. There's a level to my
acceptance as well as to my belief."
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Discussion
The data presented in this exploratory study provide preliminary evidence describing the in�uence of
creationist views on levels of design teleological reasoning and acceptance and understanding of natural
selection in students in an undergraduate course on human evolution. The purpose of this study was to
evaluate quantitative data alongside a thematic analysis of student re�ective writing on their experiences
of religion, increasing awareness of teleological reasoning, and acceptance of evolution by natural
selection. Taken together, these data reveal the real and perceived challenges that people with creationist
views face when learning evolution.

As hypothesized, students with creationist views entered the human evolution course with signi�cantly
higher levels of design teleological reasoning compared with students with naturalist views. Several
previous studies have shown that people with religious, especially, fundamentalist Christian, views are
more likely to explain the existence of behaviors and origins of entities in the natural world with reference
to design that serves a purpose, function, or goal (14). According to this view, Christians believe that God
is the sole design agent for things in the natural world. The design-based teleological stance is reinforced
by the creationism of fundamental Christianity (15). Numerous reports have described design-based
teleological reasoning as an impediment to accurate learning of natural selection (18, 21, 22, 27) and
other biological sciences (40). Level of endorsement of teleological reasoning was recently shown to be
the strongest predictor of understanding of natural selection prior to a course on evolution (12).

Importantly, and perhaps surprisingly, students with creationist views were highly receptive to instruction
on design-based teleology. In fact, the data presented indicate that student endorsement of teleological
reasoning declines in magnitude similarly in both CV and NV groups in response to pedagogical activities
intended to teach students to regulate their teleological reasoning. By the end of the semester, students
with creationist views had lower levels of teleological reasoning than the NV group began the semester
with. This �nding suggests that religious faith does not restrict students to a design-based stance on
nature, but that CV students can learn to regulate their teleological reasoning. Nonetheless, religious faith
does appear to represent a sizeable emotional and conceptual obstacle for students with CV when
learning about evolution (22). Students with CV have been taught that God has a purposeful plan and
being confronted with the reality that evolution is directionless and devoid of a greater meaning can
cause these students to feel as though their belief system is incompatible with this new information. As a
result, they may face an emotional, cognitive, and/or existential con�ict (41, 42). Our data show that
having creationist views is indeed a strong predictor of both lower understanding of natural selection at
the end of the semester and decreased learning of natural selection over the course of the semester.

While the theory of evolution itself is not controversial, there is political controversy around the teaching
of evolution among creationists, which may cause CV students to perceive evolution and religion as
antithetical (43). In their re�ective writing, some students expressed a clear discordance between their
belief in God and full acceptance of evolution or an inability to fully accept evolution as a result of their
religious upbringing. However, no student directly attributed their perceived challenges of thinking about
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evolution non-teleologically to their belief in Christianity. Our data support efforts of science instructors to
teach about the disruptive impact of design-based teleological explanations alongside the veridical
evolutionary mechanisms. Encouragingly, our data also show that students with creationist views are
responsive to these messages. It is possible that this latter �nding may be speci�c to only students with
creationist views who chose to take a human evolution course. Perhaps these students are more open to
non-teleological thinking and human evolution instruction than people with creationist views in the
general public who would be unwilling to take a course on human evolution. Barnes et al suggested that
teaching the application of evolution, in this case the application of evolution to understanding human
health and disease, may enhance the ease of acceptance, especially acceptance of human evolution
(18). Future research should look at the difference between applied and non-applied evolution courses
and the level of acceptance in NV and CV students.

While magnitude of teleological reasoning of the CV group declined over the course of the semester to
levels similar to the NV group at pre-semester, acceptance and understanding of natural selection did not
approach pre-semester NV levels. Both the CV and the NV group demonstrated signi�cant gains in natural
selection understanding, but the CV group mean CINS score at post-semester remained below the NV
group mean CINS score prior to instruction. In fact, as discussed above, having creationist views was a
signi�cant predictor of lower post-semester understanding of natural selection. Therefore, our data
indicate that students with creationist views began the course on evolution with a signi�cant knowledge
gap on natural selection, despite similar levels of prior education on evolution. If the primary objective of
a course on evolution is to improve understanding of natural selection, our data indicate that those with
creationist views are capable of achieving learning gains similar to those with naturalist views, but they
are not able to catch up with those with naturalist views by the end of the semester. Unfortunately, we
were unable to directly associate student course grades with their quantitative data or re�ective writing
due to anonymous data collection to protect privacy of our sample. However, we suspect that given the
signi�cantly lower CINS scores of the CV group at post-semester compared to the NV group, students
with creationist views likely ended the semester with lower grades. Future research should investigate
whether students with creationist views are at a grade-disadvantage in evolution courses, or science
courses more generally, as a result of the presence of creationist views and/or a design-teleology stance.

The CINS does not include questions of understanding of human evolution, which was the focus of this
course. Instead, it assesses general knowledge of evolutionary mechanisms using other animals (e.g.,
guppies, lizards, and �nches), requiring a generalized understanding of natural selection. It is possible
that students in the NV group were more capable than the CV group of applying the evolutionary
concepts presented on humans to other species.

The CV group had lower overall acceptance of evolution than the NV group at both pre- and post-
semester. Acceptance of evolution in the CV group did not change over the course of the semester, as it
did in the NV group. The I-SEA allows a more granular look at component parts of evolution acceptance,
namely macroevolution, microevolution, and human evolution (37). The three sub-disciplines of
evolutionary study carry different levels of acceptance for people with creationist views. Macroevolution
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is the study of speciation and the evolution of new taxonomic groups over long periods of time and is
challenging for those who believe that God created immutable organisms (44). As predicted, students in
the CV group entered the course with signi�cantly lower acceptance of macroevolution than those with
naturalist views and acceptance of macroevolution remained lower over the semester for the CV group.
Acceptance of macroevolution did not change in the CV group, but did increase for the NV group.

In contrast, people with creationist views tend to be more accepting of microevolution because it
describes small, less conspicuous changes within a species (13). Consistent with this, our data showed
no group difference in acceptance of microevolution at the beginning of the semester, but the NV group
did make signi�cant gains in microevolution acceptance over the course of the semester which did not
occur for the CV group. These data suggest that students in the NV group were more receptive to learning
about microevolution than the CV group, which was not predicted. Smith presented evidence that
acceptance may lead to belief in evolution over time, even if there was initial resistance (45). Future
research could assess the levels of acceptance of evolution in CV students over multiple semesters of
exposure to evolution education.

Perhaps most relevant in a course on human evolution is level of student acceptance of human
evolution. Students in the NV group had higher acceptance of human evolution compared to the CV
group at both pre- and post-semester. This is consistent with the public opinion surveys showing that
people with fundamental religious, especially creationist, views believe that God created humans and
tend to disagree with human evolution (3, 4). Surprisingly, students in the CV group did demonstrate
signi�cant gains in their acceptance of human evolution over the semester, suggesting that students with
creationist views are receptive to learning about human evolution. However, the CV group’s human
evolution acceptance at post-semester remained lower than the NV group’s human evolution acceptance
prior to instruction. Therefore, similar to the CINS scores, acceptance of human evolution in the CV group
never caught up with the levels of the NV group. In fact, multiple regression analysis showed that having
creationist views, along with incoming understanding of natural selection, were predictors of lower
human evolution acceptance at the end of the semester.

The thematic analysis showed that the majority of students who mentioned religion in their re�ective
writing on acceptance of evolution described a potentially insurmountable con�ict between religion and
accepting evolution. The majority of students (73.5%) who mentioned religion in their re�ective writing,
described believing that religion and evolution are discordant. Even several students with naturalist or
atheistic views wrote that they believe in evolution because they did not grow up in a religious family,
describing a perceived con�ict between the two. Consistent with this �nding, a Pew Center Research
survey found that people who are not a�liated with a religious tradition are more likely to think that
science and religion con�ict (76%), while about half of surveyed evangelical Protestants and Catholics
believe science and religion are mostly compatible (46). Over one-third (39.5%) of students in our study
mentioned an interest in or willingness to learn more about evolution alongside their religious views, an
openness that is sometimes referred to as theistic evolution (13) or accommodation (47). Below, we
discuss ways to support these students’ learning of evolution.
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Limitations
The primary limitation of this study is its small sample size, which compromises generalizability to the
wider population. Further affecting generalizability is the fact that students who strictly oppose human
evolution are doubtful to elect a class on human evolution, which may cause selection bias and skewed
data toward acceptance and decreased teleological thinking compared with a representative sample. The
extent to which the wider population of people with creationist views could alter their endorsement of
design teleology and acceptance and understanding of evolution is unknown. However, this study does
provide evidence to support pedagogies directed at decreasing design teleology.

Another limitation is our use of a single dichotomous question to determine whether students have
creationist or naturalist views on life’s origins. This method may not have captured students’ true or
nuanced views on the origins of life. For example, two students in our sample selected both options,
suggesting that our two options, presented as such, did not match their views (data from these students
were discarded). Perhaps a third option that a higher power created life and that evolution had an
in�uence, should have been included as an option (39).

Another limitation is that all data were collected anonymously to protect privacy of students, which
prevented the direct linking of quantitative data with qualitative responses or �nal course grades.
Therefore, we were unable to determine if certain themes in student writing were related to the
quantitative measures of design teleological reasoning, understanding natural selection, or acceptance of
evolution. Another limitation may be the result of students trying to meet their perceived expectations of
the professor (41). This could lead to students not sharing their true beliefs about evolution in their open
responses or selecting a choice on the survey because they know that is the correct answer in terms of
the course but not because they actually think it is correct. However, the anonymity of the responses and
surveys hopefully attenuated the extent to which this occurred. A further potential limitation identi�ed by
Gouvea and Simon is that the wording of questions in the surveys may cause students to acknowledge a
teleological statement as correct because they identify a true relationship between two variables, however
the use of a Likert scale in this study sought to address this by not requiring students to fully accept or
reject each statement (48). Furthermore, it is possible students may be confused by questions, especially
ones that implicitly rather than explicitly present teleology (48).

Implications for Teaching
The data presented adds support to the �ndings of many others that students with creationist views have
higher endorsement of design-teleological reasoning and lower acceptance and understanding of natural
selection. This study adds to previous work by also showing that similar levels of improvement on all of
these measures were evident in both groups. Taken together, our quantitative and qualitative data support
the idea that religion, even creationism, and evolution do not have to be strictly opposed within students’
thinking. Many instructors do not address this perceived con�ict, but this study supports the stance of
Barnes and Brownell that allowing room for open discussion may help CV students accept evolution to a
greater extent than if their views on life’s origins are rejected outright (49). Therefore, evolution instructors
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should assess student views on the origins of life and their openness to evolution in order to �nd ways of
supporting student learning for students with diverse backgrounds. Our data indicate that students with
creationist views who choose to take a course on human evolution are more likely to begin the course
with higher levels of teleological endorsement, likely resulting from their greater exposure to design-based
theology (14, 15). We agree with Barnes et al (6) that evolution should be taught in agnostic, rather than
atheistic, terms in order to facilitate learning in students with creationist views, especially those who are
open to learning about evolution. In teaching this course, we utilized advocacy and procedural neutrality,
two approaches described by Hermann as being effective in the teaching of evolution (50). Advocacy
speci�cally targets increasing student understanding which can lead to improved acceptance, and
neutrality is aimed at promoting acceptance. Both approaches allow opportunities for students to
investigate their own views on evolution (50).

Our data also provided further evidence that ingrained teleological reasoning is a mechanism for
decreased understanding of evolution. We encourage evolution instructors to discuss the ubiquity,
universality, and potential pitfalls of design-based teleological reasoning and the potential reinforcing
in�uence of fundamental religious views, particularly creationism, on teleological reasoning as part of a
course on evolution. The purpose of this discussion with students is not to be critical of their creationist
views, but to describe the documented challenges in an evolution classroom associated with those views.
Awareness of the understanding and acceptance de�cits associated with creationist views may motivate
some students to think deeper about the evolution evidence and their own beliefs and design-based
teleological reasoning. While some authors have suggested that students with creationist views be
examined separately in evolution courses from students with naturalist views (6), we believe the
instructor should provide support to students with religious views in this important critical thinking
process by providing opportunities for students to self-assess and receive feedback on their teleological
tendencies. Such support is intended to acknowledge, not ignore, that there can be tension between the
concepts of evolution and one’s religious views (43). This approach does not disregard the value of one’s
religious beliefs, but emphasizes that science is uniquely able to explain the natural world (43). The
evolution teacher will be better positioned to achieve greater learning gains across students with diverse
backgrounds when they acknowledge the tension between religious and scienti�c thinking, the
differences between the two ways of understanding life, and the effects of teleology on learning.

Despite being commonly used in scienti�c explanations, design teleological reasoning is learned behavior
and can be modi�ed with additional causal evolution evidence and opportunities for re�ection on one’s
cognitive biases. A course on human evolution provides opportunities for the instructor to exhibit a strong
scienti�c foundation with appropriate uses of teleological thinking patterns, which has the potential to
modify students’ cognitive processes (22, 32, 33). We presented evidence to show that directly addressing
the tendency to rely on design teleological reasoning and to challenge this way of thinking supports
students’ conceptual change (30). To decrease design teleological reasoning and increase evolution
learning, we suggest the pedagogical methods presented here: a series of quizzes which ask the student
to identify and then re-write the teleological statement, class discussion on design teleology with
numerous examples, and re�ective writing on one’s experiences with teleological thinking.
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Tables
Table 1 Mann-Whitney U tests of the group differences between those with Creationist views and those
with naturalist views are described below. Wilcoxon tests assessed within-group differences. Mean (SD)
and effect size (Hedges’ g) are reported.
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  Creationist

(n=15)

Naturalist

(n=31)

Effect size

Teleological reasoning      

    Pre 3.40 (0.41) 2.84 (0.87) 0.73*

    Post 2.53 (0.89) 1.78 (0.78) 0.90*

    Effect size  -1.12* -1.24***  

Natural selection understanding      

    Pre 8.93 (2.74) 11.94 (4.49) 0.74 

    Post 10.87 (2.42) 15.16 (3.56) 1.30**

    Effect size 0.70 0.76***  

I-SEA-total      

    Pre 88.20 (12.96) 106.20 (13.22) 1.35**

    Post 92.67 (13.52) 113.30 (7.75) 2.03***

    Effect size 0.32 0.57**  

*p < 0.01; **p < 0.001; ***p < 0.0001

Table 2 Results from a multiple linear regression of post-semester student understanding of natural
selection (CINS).

  B SE B

Intercept 10.91 5.64

CINS-pre 0.44*** 0.12

Teleological reasoningpost -0.31 0.60

ISEA-totalpost -0.004 0.044

Creationist views -2.83* 1.22

Adjusted R2     0.48  

*p < 0.05, **p < 0.01, ***p < 0.001
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Table 3 Results from a multiple linear regression of pre- to post-semester change in student
understanding of natural selection (CINSdiff).

  B SE B

Intercept      -8.84  1.54

CINS-pre 0.53***  0.10

Teleological reasoningdiff -0.32 0.58

ISEA-totaldiff 0.048 0.040

Creationist views -2.69** 0.92

Adjusted R2     0.38  

*p < 0.05, **p < 0.01, ***p < 0.001

 

Table 4 Mann-Whitney U tests of the group differences on the I-SEA sub-scales between those with
Creationist views and those with naturalist views is described below. Wilcoxon tests assessed within-
group differences. Mean (SD) and effect size (Hedges’ g) are reported.
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  Creationist

(n=15)

Naturalist

(n=31)

Effect size

I-SEA-macroevolution      

    Pre 29.00 (4.12) 35.52 (4.54) 1.48***

    Post 29.53 (4.97) 37.48 (3.13) 2.08***

    Effect size 0.12 0.50**  

I-SEA-microevolution      

    Pre 32.20 (4.77) 35.39 (4.71) 0.67

    Post 33.27 (3.92) 37.81 (3.12) 1.33**

    Effect size 0.25 0.61*  

I-SEA-human evolution      

    Pre 27.00 (6.13) 35.29 (5.07) 1.53***

    Post 29.87 (5.68) 37.97 (2.73) 2.77***

    Effect size 0.49** 0.66**  

*p < 0.01; **p ≤ 0.001; ***p ≤ 0.0001

Table 5 Results from a multiple linear regression of post-semester student acceptance of human
evolution (I-SEA human evolution subscale).

  B SE B

Intercept 46.32 5.28

CINS-pre -0.06 0.21

Teleological reasoning-pre -2.69* 1.23

Creationist views -6.15** 1.58

Adjusted R2        0.49  

*p < 0.05, **p < 0.01

Figures
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Figure 1

Box and whisker plots of (A) student endorsement of teleological reasoning, (B) understanding of natural
selection, and (C) acceptance of evolution (ISEATotal), at pre- and post-semester for the evolution course
for students with creationist views (CV, gray) and naturalist views (NV, white). P-values and means (+) are
shown.
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Figure 2

Box and whisker plots of ISEA subsections (A) macroevolution, (B) microevolution, and (C) human, at pre-
and post-semester for the evolution course for students with creationist views (CV, gray) and naturalist
views (NV, white). P-values and means (+) are shown.


