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Abstract 

There exists a disconnect between instruction about biological evolution and acceptance of evolution by students.  

This disconnect prevents students from applying the theory to their lives or to their understanding of the field of 

biology. We examine the literature for common barriers to the acceptance of evolution, correlates with acceptance of 

evolution, and potential means by which education might result in increased levels of acceptance among students.  

We find that by changing the way that teachers themselves are taught, and by altering the methods teachers use to 

teach, it is likely that student acceptance of evolution can increase from instruction.     
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Introduction 

Biological evolution is the central organizing 

theory of the field of biology [Dobzhansky, 1973; 

American Association for the Advancement of 

Science (AAAS), 1993, 2011; Bybee, 1997; 

Kagan, 1992; National Association of Biology 

Teachers (NABT), 2010; National Research Council 

(NRC), 1996].  Without evolutionary theory, biology 

is reduced to an assemblage of tangential and loosely 

connected facts.  Despite possessing a unifying theory, 

biology as a subject is still frequently viewed by 

students as being a disparate and nonsensical field 

requiring extensive levels of memorization of 

seemingly unrelated topics (Nomme, 2014).  Given 

this perceived disconnect between topics, every aspect 

of biology becomes more difficult or even impossible 

to understand and is therefore avoided by many 

students (Nomme, 2014).   

A major factor contributing to the dissociation of 

concepts in biology is the fact that the unifying 

element (evolutionary theory) is so widely rejected.  

Nearly a third of American adults firmly reject 

evolution (Miller et al., 2006), and less than a quarter 

accept evolution of humans (Lovely & Kondrick, 

2008).  Among educators, evolution is occasionally 

rejected and frequently ignored or marginalized as to 

evade what is perceived as avoidable conflict with 

both students and parents (Lerner, 2000; Farber, 2003; 

Olivera et al,. 2011; Verhey, 2005; Goldston & Kyzer, 

2009).  This widespread rejection within the general 

populous comes despite near complete consensus 

among scientists (Pew Research Center, 2015; Alters 

& Alters, 2001).  If the central organizing theory of the 

entire field of biology is rejected, then there is some 

question as to the utility of attempting its instruction at 

all.  If what is taught isn’t internalized, then it becomes 

nothing more than trivia.  Biology is generally 

considered a part of a general education at all levels, 

yet students that do not receive instruction about or 

that do not accept evolution are less likely to retain the 

information (Nehm & Schonfeld, 2007) or transfer 

their understanding to applications outside of the 

course itself (Nehm & Reilly, 2007; Catley & Novack, 

2009; Fowler & Zeidler, 2016).  

Instruction Does Not Mean Acceptance 

Understanding that evolution is almost 

universally accepted by scientists, one might postulate 

that rejection of evolutionary theory is related to 

general ignorance of the subject matter.  This might 

seem particularly plausible given that most students 

are unable to properly articulate what evolutionary 

theory posits (Robbins & Roy, 2007), and there is a 

correlation between knowledge of evolution and 

acceptance (Weisberg et al., 2018).  As knowledge of 

evolution generally increases with instruction (Kim & 

Nehm, 2011; Moore et al., 2011) it has been frequently 

hypothesized that acceptance of evolution should be 

positively correlated with instruction and knowledge 

of evolution, especially natural selection (Anderson et 

al., 2002; Bishop & Anderson, 1990; Demastes et al., 

1995; Lord & Marino, 1993; Nehm & 

Schonfeld, 2008; Sinatra et al., 2003).  However, these 

studies have revealed no such correlation. For 

example, Sinatra et al. (2003) found that after 

instruction about photosynthesis, evolution of 

animals, and human evolution that students’ 

acceptance of photosynthesis, the non-controversial 

control, went up significantly, but there was no such 

increase in acceptance for either animal nor human 

evolution following similar instruction on these topics. 

Though some studies have shown an increase in 
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acceptance with instruction (Weisberg et al., 2018; 

Robbins & Roy, 2007), particularly outside of the 

United States (Akyol et al., 2010; Kim & Nehm 2011; 

Ha et al., 2012), it more often seems to be an effective 

means of temporarily increasing knowledge of 

evolution, but not acceptance (Bishop & Anderson, 

1990; Demastes et al., 1995;  Jensen & Finley 1996, 

Sinatra et al. 2003, Asterhan and Schwarz 2007, 

Stover and Mabry 2007, Rutledge & Sadler 2011; 

Deniz & Donnely, 2011;  Lawson & Worsnop, 1992; 

Crawford et al,. 2005; Cavallo & McCall, 2008).  

Thus, the correlation between understanding and 

acceptance likely indicates that acceptance is a 

predictor of understanding and not the other way 

around (Smith & Siegel, 1994).   

If biology is going to remain a meaningful part of 

a general education, then it stands to reason that we 

need to teach it in such a way that promotes retention 

of the material and the application thereof by the 

students to the real world.  If students are going to 

accomplish these goals, then we need to teach it in 

such a way that they can accept what is being taught.  

As acceptance is not, generally, correlated with 

instruction it leads to the question, what can we do to 

make instruction about evolution truly effective? To 

answer this question, we engaged in a detailed look at 

the literature to see what ideas have been presented 

and tested that might, if implemented in classrooms, 

increase the efficacy of biology teaching by increasing 

acceptance of biological evolution.   

The Correlates of Acceptance 

Many factors such as per capita gross domestic 

product (Heddy & Nadelson, 2012), parents’ 

education level (Deniz et al., 2008), conservative 

political orientations (Nadelson & Hardy, 2015), and 

feeling of certainty (Ha et al,. 2012), have been shown 

to be correlated with acceptance of evolution. Some of 

the most frequently observed correlates are religiosity 

and basic science literacy (Heddy & Nadelson, 2012, 

Glaze et al., 2015), particularly with understanding of 

evolution and of the nature of science (Cofré et al., 

2018; Dunk et al., 2017; Lombrozo et al., 2008; Trani, 

2004; Glaze et al., 2015; Cavallo et al., 2011; Carter & 

Wiles, 2014; Weisberg et al., 2018).  Generally, 

religiosity is found to have a negative correlation with 

acceptance of evolution in that the more religious an 

individual is, the less likely they are to accept 

evolution (Heddy & Nadelson, 2012; Glaze et al., 

2015). Conversely, correct understanding of the nature 

of science and of evolutionary theory are positively 

correlated with acceptance (Lombrozo et al., 2008; 

Trani, 2004, Glaze et al., 201; Cavallo et al., 2011; 

Weisberg et al., 2018).  As stated previously, 

knowledge of evolution is not always found to be 

correlated with acceptance. When knowledge and 

acceptance are correlated, it sometimes only makes a 

difference in students that were undecided on the 

subject before instruction (Wilson, 2005; Ingram & 

Nelson, 2006). It could be that knowledge and 

understanding are not always synonymous because 

constructing such an understanding can be impeded by 

misconceptions both present in students and taught by 

instructors (Blackwell et al,. 2003; Sinatra et al., 2008; 

Yates & Marek, 2014).  Assuming a causative 

relationship between these correlates and acceptance, 

one could conceivably increase acceptance of 

evolution by doing any of the following: increasing 

students’ understanding of the nature of science, 

increasing students’ correct understanding of 

evolutionary theory particularly of “macroevolution”, 

or the idea that the small-scale “micro” evolutionary 

steps can accumulate and lead to speciation (Nadelson 

& Southerland, 2010), or by decreasing students’ 

religious conviction. 

Reduce Religiosity 

Considering the negative correlation between 

religiosity and acceptance of evolution, many teachers 

and popularizers of science have attempted to confront 

the apparent incompatibility of science and religion by 

attempting to discredit the religious beliefs of the 

students (Dawkins, 2016; Mahner & Bunge, 1996).  

While this may be effective for some, it is also likely 

that it simply reinforces the belief that science and 

religion are incompatible and therefore hinders 

acceptance in those who are unconvinced that they 

should abandon their religious beliefs.  In addition, 

promoting an accurate understanding of students’ 

religious doctrine and discussing ways in which 

science and religion can be reconciled can lead to 

higher levels of acceptance of evolution even among 

highly religious students (Brickhouse et al., 2000; 

Manwaring et al., 2015; Barnes et al., 2017).  Winslow 

et al., (2011) found that among Christian students 

raised as creationists, acceptance was possible when 

students were presented with evidence, when they 

were encouraged to examine the literalness of the 

scriptural accounts of creation, when evolution was 

presented as something unrelated to their eternal 

salvation, and when their professor was viewed as a 

religious role model who accepted evolution.  Holt et 

al., (2018) found that “The single factor linked with 

the reduction in both creationist reasoning and in 

students’ perceived conflict between evolution and 

their worldview through a semester was the presence 

of a role model.”   

Along those lines, it is essential to differentiate 

between accepting and believing in evolution as belief 

and acceptance are not, necessarily, synonymous 

(Smith & Siegel, 2004).  Evolution is not a belief 

system, but a rational explanation for a host of facts 

which, to date, cannot otherwise be explained.  One 

therefore does not believe in evolution but accepts it 

as the most reasonable explanation we have given the 

facts.  This understanding is likely associated with 

understanding of the nature of science and its 

limitations, and if understood could mitigate the belief 
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that accepting evolution threatens ones’ eternal 

salvation (Winslow et al., 2011).   

All of this would suggest that, for highly religious 

students, the best way to promote acceptance might 

not be to attack their beliefs, but to aid them in 

reconciling their beliefs with science and serving as a 

non-hostile role model.  In the case that the instructor 

holds uninformed or antagonistic viewpoints towards 

religion this approach should only be implemented 

with great care (Brickhouse et al., 2000). Regardless, 

presenting science as an antithesis to religion may do 

more to promote rejection than acceptance. Whether it 

is effective or not to diminish the religious beliefs of 

students, Rice et al., (2015) found that, for university 

faculty, knowledge and acceptance of evolution were 

positively correlated, even in faculty with creationist 

viewpoints, suggesting that acceptance and knowledge 

can increase conjointly irrespective of the religious 

position of the learners.  Attacking the students’ 

religious convictions is likely not the best way to 

increase the likelihood of accepting evolution. 

Reduce Misconceptions 

Given the variation in the strength of students’ 

religious beliefs as well as the compatibility of those 

beliefs with evolutionary theory, in many instances it 

may be counter-productive to engage those 

convictions directly or indirectly.  Attempting to 

increase acceptance of evolution by confronting 

student religiosity may not always be an effective 

option for instructors.  One of the principle issues 

related to religion and science is that religious students 

may be at an increased risk of possessing 

misconceptions that hinder proper understanding of 

science generally, especially evolution (Dagher & 

BouJaoude, 1997; Sinatra et al., 2003; Blackwell et al., 

2003).  To increase the likelihood of acceptance 

among religious students it may be effective to address 

those misconceptions in lieu of confronting the 

religion directly.   

The importance of confronting misconceptions is 

not limited to religious students in any way, but such 

misconceptions permeate society irrespective of 

religiosity (Blackwell et al., 2003; Sinatra et al., 2008; 

Yates & Marek, 2014).  In some cases, people may 

claim to reject evolution based on their religious 

convictions, but this may not be the actual motivation.  

Trani, (2004) found that many teachers claimed to 

reject evolution due to their religion, but upon further 

analysis it appeared to be more due to a lack of 

understanding of the actual theory of evolution, and a 

lack of understanding of the nature of science. 

To confront the acceptance barrier of 

misconceptions one could confront those 

misconceptions directly in the classroom as a part of 

the curriculum. Misconceptions about evolution are 

numerous and include things such as those listed by 

Gregory, (2009).  Wilson, (2005) designed an entire 

course with the objective of increasing interest in, 

knowledge and acceptance of evolution.  In the course 

the researchers focused the beginning of the course on 

the implications of evolution as many of the most 

common reasons for dismissing the theory come from 

incorrect assumptions regarding its implications.  

Although some have chosen to devote the whole of a 

course to confronting such misconceptions, all biology 

courses are likely to benefit from taking time to assess 

and address the misconceptions present in the 

students. 

What may be better than correcting 

misconceptions would be to begin to teach evolution 

explicitly as early as possible to students so that they 

can develop accurate initial conceptions regarding 

evolution and the nature of science before they have 

the opportunity to construct inaccurate ones (Weiss & 

Dreesmann, 2014).  Kelemen et al., (2014) found that 

children from 5 to 8 years of age can be taught basic 

natural selection using a picture-storybook and retain 

and apply that information even several months after 

instruction.  Contrary to what many might think, 

correct understanding of evolution does not seem to be 

outside of the reasoning ability of even very young 

students.   

Capability of Teachers  

Among the major considerations which may 

prevent earlier implementation of evolution into 

curricula is the understanding of the teacher.  Being 

that we are seeking to evade misconceptions among 

learners, it is important to consider that many teachers 

of younger students themselves possess these 

misconceptions (Blackwell et al., 2003; Yates & 

Marek, 2014).  Elementary teachers, for example, may 

have a single semester or less of biology education 

before beginning teaching, a single course which may 

or may not have taught accurate principles of 

biological evolution. Teachers are often not 

sufficiently knowledgeable to correctly teach these 

concepts and may deliberately or inadvertently teach 

misconceptions explicitly in the classroom.  Even 

among more highly trained biology-specific teachers, 

such misconceptions are prevalent.  Many either teach 

these misconceptions, or use them, combined with 

concerns of parent outrage, as an excuse to avoid the 

topic altogether.  Rutledge & Mitchell, (2002) found 

that 43% of surveyed teachers completely avoided, or 

only briefly mentioned evolution in Indiana biology 

classrooms. The principle reasons that the topic was 

avoided was that the teachers felt ill-equipped in terms 

of their personal understanding or rejected it 

themselves. Some teachers do not want to teach 

evolution, others are incapable (Wiles & Branch, 

2008). Though beginning evolution education at an 

earlier age may increase the likelihood of acceptance, 

it is unlikely that our current workforce of teachers is 

adequately trained to do so. 
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If we are to have teachers that are more equipped 

to teach evolution in schools then we need a better way 

to teach not only our students, but our teachers (Weiss 

& Dreesmann, 2014; Blackwell et al., 2003). Rutledge 

& Warder, (2000) found that Indiana public high 

school biology teachers were ill-prepared by their 

academic qualifications to teach evolution, or the 

nature of science and that most college and university 

biology departments do not require evolution or nature 

of science coursework to obtain teacher certification in 

biology.  Even when attempts are made to design 

courses to increase instructor knowledge of evolution 

these courses are frequently ineffective at changing the 

way that instructors teach.  For example, a course 

taught at the graduate-level to instructors designed to 

increase instructor knowledge and reduce 

misconceptions was effective at increasing knowledge 

and reducing misconceptions, but did not reduce the 

desire of instructors to teach anti-evolutionary ideas 

(Nehm & Schonfeld, 2007) suggesting that it did not 

have an impact on instructor acceptance. 

For students and educators that have received 

quality instruction, but especially for those whose 

early-life evolution education has left them either 

uninformed or misinformed about evolution, the 

question then becomes how do we teach evolution so 

that they will be most able to understand and accept it?  

Constructivism 

Alters & Nelson, (2002) suggested teaching using 

constructivism as a means of increasing the efficacy of 

evolution teaching.  Constructivism, when applied not 

only as a theory of learning but as a theory of 

education, should promote conceptual change in 

learners because it, unlike many other educational 

theories such as behaviorism, is not capable of 

ignoring the misconceptions and past experiences of 

the students.  With behaviorism, instructors may elicit 

desired responses from learners with sustained 

reinforcement of those behavioral responses. 

However, the knowledge that they are to attain is not 

owned by the learner, but is predetermined by the 

instructor. Understanding is only measured by the 

learner behaving in the manner desired by the 

instructor (such as repeating a word or phrase) in 

response to specific stimuli (such as a test question), 

which are again determined by the instructor 

(Scheurman, 1998). Behaviorism treats learners as 

though they were a blank slate and does not account 

for the effect that their preconceived notions may have 

on their ability to learn new material (Ertmer & 

Newby, 1993). Cognitivism accepts that learners may 

have preconceived notions that may interfere with 

their ability to obtain knowledge, but it still views 

knowledge as something created outside of the learner 

and therefore something inflicted upon the learner and 

not constructed thereby (Ertmer & Newby, 1993).  

Constructivism is arguably a subset of cognitivism that 

assumes that knowledge cannot be transferred intact 

from one individual to another, but rather that all 

people construct within themselves a logical set of 

explanations for the experiences that they have had 

(Jonassen, 1999).  When we ignore the past 

experiences of a learner, we are unable to predict how 

they will incorporate the new information being 

presented into their existing schemas.  A constructivist 

classroom will raise questions and problems that 

require students to do things based on their prior 

beliefs, but that have results or answers which may not 

fit into their existing schemas requiring students to 

reexamine their existing schemas to see if they remain 

credible, or if they need to be replaced (Lawson, 

1994).  In addition to confronting incorrect schemas 

that might otherwise go undetected, such experience 

may increase overall reasoning abilities, which, as 

suggested by Lawson & Wesner, (1990), should 

decrease nonscientific beliefs in students.  These 

reasons should, at least hypothetically, make 

constructivist teaching more effective in terms of 

promoting acceptance of evolution.   

Active Learning 

Freeman et al., (2014) in a meta-analysis of 225 

studies found that the use of active learning of any kind 

increased exam scores an average of 6% and that 

failure rates in STEM courses were 55% higher in non-

active courses than in active courses.  Active learning 

was also suggested as a means of increasing 

knowledge and acceptance of evolution specifically by 

Alters and Nelson, (2002) because learning tends to 

increase in active learning classrooms.  Where 

learning increases, instructors have a greater chance of 

increasing student understanding of the two key 

knowledge correlates with evolution acceptance: the 

nature of science and of evolution.  Nehm & Reilly, 

(2007), for example, found that classes taught using 

active learning achieved higher scores on key concepts 

of natural selection and had fewer misconceptions than 

classes taught traditionally.   Active learning 

environments may too provide a greater opportunity 

for instructors to gain insight into the thoughts and 

misconceptions of their students and thus more able to 

address them deliberately in the classroom.   

Journals 

Reflective journals are already widely used in 

other fields of education such as nursing (Blake, 2005; 

Raterink, 2016; Miller, 2017), counselling (Chabon & 

Lee-Wilkerson, 2006; Hubbs & Brand, 2005), and 

statistics (Thropp, 2017).  These journals proved an 

active-learning component to the course allowing the 

students to reflect on the material (Blake, 2005; 

Thropp, 2017), as well as giving instructors critical 

feedback into the understanding and application of the 

material in their students (Chabon & Lee-Wilkerson, 

2006). In Biology classrooms, completing journaling 

assignments has been correlated with an increase in 

understanding and acceptance of biological evolution 
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(Scharmann & Butler, 2015). While the lack of a 

control in this study prevents us from knowing if 

journaling caused any portion of the increase in 

acceptance that the researchers observed, as with other 

fields, the journals helped researchers gain a clearer 

view into students’ thoughts.  Combined with the use 

of active learning in the classroom, they saw an 

increase in acceptance of evolution over the course of 

the semester.  Journals may, in and of themselves, 

increase acceptance, but at the very least journals can 

inform instructors about the major misconceptions and 

understanding of their classes so that instructors can 

modify their curricula accordingly.    

Make Evolution Relevant 

To most biologists the importance of evolutionary 

theory is obvious as it not only makes sense of the 

field, but gives us the ability to understand and predict 

many real-world, relevant phenomena such as the 

spread of disease, pest management, and the potential 

impacts of climactic change.  Many students, 

nonetheless, never see the practicality of the theory. 

Learning is often impeded because students do not see 

the relevance of the subject to their lives (Heddy & 

Sinatra, 2013).  One of the great benefits of active 

learning is that it increases the attentiveness of the 

students (Prince, 2004), but if the material is trivial and 

irrelevant then such benefits may be lost (Heddy & 

Sinatra, 2013).  Infanti & Wiles, (2014) found that 

exposing students to "Evo in the News" (news articles 

involving evolution) was correlated with increases in 

student attitudes regarding evolution and its relevance.  

Thus, we may benefit from not only explaining the 

historical importance of evolution but focusing on how 

evolution impacts modern life for our students.  Stover 

et al., (2013) found that acceptance of evolution and 

other controversial topics in science increased when 

placed in a context of public health.  As is often the 

case, science is perceived as most relevant when it is 

directly related to human health and survival.  This 

would include the evolution of diseases, drug 

resistance, herb and pesticide resistance, 

communicability of diseases from other organisms, 

selective breeding and others.  There are likely 

countless examples of ways that evolution impacts 

modern life, and the more examples we can bring to 

the students the more likely they are to listen to the 

content being shared. 

Social Identity Theory 

Social identity theory is a theory in social 

psychology that explains much about intergroup 

behavior based on their perceived membership to a 

relevant social group (Turner & Oakes, 1986; Tajfel et 

al., 1979; Tajfel & Turner, 1986). This theory led to 

the creation of self-categorization theory that 

describes the conditions under which an individual 

will identify assemblages of individuals (potentially 

including themselves) as being a group, and the 

consequences of identifying people as a group 

(Haslam, S. A., 1997). Based on these theories, social 

identities are cognitively signified as group 

stereotypes that both describe and assign beliefs, 

attitudes and behaviors that minimize differences with 

members of one’s perceived group and maximize 

differences with members of other groups whether 

those groups were formed randomly or non-randomly 

(Tajfel, 2010). As a result, people tend to be 

unreasonably critical of ideas that come from 

individuals outside of their perceived group, and 

unreasonably accepting of ideas that come from 

individuals within their perceived group (Tajfel, 

2010).  While research has not focused on the impact 

of social identity theory and in-group formation on 

evolution acceptance specifically, it would explain 

why acceptance rates vary based on factors such as 

political party and religious affiliation (Nadelson & 

Hardy, 2015). It stands to reason that students’ 

perception of their instructor as being either part of 

their in-group or not part of their in-group could 

dramatically influence the probability of evolution 

acceptance among their students. This could 

potentially be addressed by taking steps to 

approximate the stereotypes of the students’ in-group, 

or at least not deliberately portray oneself as a member 

of an out-group (Holt et al., 2018) and also by building 

a strong in-group culture in the classroom and never to 

isolate members of the class as being members of 

some other group.  

Conclusions and Future Directions 

While our understanding of the importance of 

accepting evolution and how to increase that 

acceptance is increasing, we still have much to 

accomplish.  In many cases the implementation of this 

knowledge is inhibited by the fact that teachers are 

unable or unmotivated to make the changes necessary 

to improve the quality of biology education as to 

increase student acceptance of the fundamental theory 

of evolution.  Despite the obstacles, there is great 

reason for optimism.  A greater focus on student 

understanding of the nature of science and 

evolutionary theory promises to increase student 

acceptance particularly as these topics are presented in 

an active, constructivist, and relevant way.  Gone are 

the days when we, as scientists, felt the need to engage 

in the battle of science versus religion to inform our 

students.  We do not need to tear down as much as we 

need to confront misconceptions and build, as early as 

possible, correct ideas about the mechanisms and 

implications of evolution. 

Many great ideas have been postulated regarding 

teaching strategies that are likely to increase 

acceptance.  As we focus on studies that 

experimentally test these hypotheses, we are likely to 

have greater and greater clarity as to the most effective 

ways to present science and biology to modern 

students.  As we understand how to address 
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controversial topics such as evolution we are likely to 

gain insight into how we might better inform the 

public about a host of other relevant and important 

topics that are similarly perceived as being 

controversial (e.g., reproductive technology, climate 

change).  We have long been fighting this battle, but 

we are constantly learning which battles really should 

be fought.  
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