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Abstract

The theory of evolution is the fundamental backbone to the discipline of biology, yet many students possess
misunderstandings. The teacher is the most important school-based factor in student learning, and therefore to
improve students’ understandings of evolution, we must better prepare teachers. The purpose of this paper is
three-fold. First, we reviewed empirical research studies focused on K-12 teachers regarding evolution education

from 1993 to 2011 with the purpose of identifying major themes of research and corresponding findings. Second,
we used our understandings of current findings to inform the development and articulation of five goals for
teacher preparation. Third, we discuss implications of this work for teacher preparation initiatives and directions of
future research. We found that current evolution education research specific to K-12 teachers falls within four major
themes, which collectively inform the development of five goals for preparing teachers to teach evolution. We
argue that teachers should: (1) develop content knowledge of evolution; (2) develop understandings of the nature
of science related to evolution; (3) develop acceptance of evolution as valid within science; (4) develop knowledge
of and strategies for handling the public controversy; and (5) develop pedagogical content knowledge for teaching
evolution. Based on our review, evolution courses and professional development initiatives for K-12 teachers should
integrate the five goals, with more attention to teaching evolution in the classroom. Investigating the nature of
teachers’ acceptance of evolution and pedagogical content knowledge for teaching evolution are areas of research

in need of continued pursuit.
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The theory of biological evolution is a fundamental frame-
work in biology. It explains the diversity of life, and helps
us understand how and why populations change over
time. Scientists use the theory of evolution as a frame-
work to address a multitude of real-world dilemmas, such
as developing strategies to combat resistant insect popula-
tions that are destroying crops (Lenormand et al. 1999),
and tracking genetic changes in viruses like the common
cold, swine flu, and HIV with the goal of developing vac-
cines (Zimmer 2001). Evolutionary theory has also helped
scientists conserve species that are vital for the survival
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of various ecosystems (Simberloff and Stiling 1996) and
develop green technologies (Arnold 2008). Thus, to help
students become active citizens in solving global issues
(Trefil and Obrien-Trefil 2009), understanding biological
evolution is imperative for becoming scientifically literate.

Evolution has consistently appeared in U.S. science edu-
cation reform documents as a unifying concept for K-12
students to understand, including the Benchmarks for
Science Literacy (American Association for the Advance-
ment of Science AAAS 1993), the National Science Edu-
cation Standards (National Research Council 1996), and
the Atlas for Science Literacy (American Association for
the Advancement of Science AAAS 2001). In the recently
developed framework for the Next Generation Science
Standards (National Research Council 2011), evolution
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plays an increasingly prominent role in the K-12 cur-
riculum. By the 12th grade, students are expected to
understand the role of genes and mutation in evolution,
evidence for evolution, natural selection, speciation, des-
cent from common ancestry, and evolutionary relation-
ships. Evolution is included in the national curriculum in
many countries, including the United Kingdom (Cleaves
& Toplis 2007), The Netherlands (Schilders et al. 2009),
South Korea (Kim and Nehm 2011), and South Africa
(Abrie 2010), among others.

Despite the attention of evolution in reform documents,
research demonstrates that K-12 students possess nu-
merous misunderstandings. For example, students tend
to think there is little genetic variation within populations
(Greene 1990; Rudolph and Stewart 1998), traits change
due to an organism’s need for it to change (Anderson
et al. 2002), and that animals are unique and cannot be
the products of change (Evans 2008). Students often view
evolution as a purposeful, goal-driven process rather than
the accumulation of natural events (Moore et al. 2002;
Settlage 1994), and have difficulty grasping the nature of
deep time necessary to understand large-scale evolution-
ary trends (Catley and Novick 2009). Also, students’ mis-
understandings of the nature of science (NOS) itself and
their religious beliefs can interfere with understanding
evolution (Dagher and BouJaoude 2005; Moore et al.
2011; Sandoval and Morrison 2003). This leads us to
the question, ‘How can we improve student understand-
ing and abilities to use evolutionary concepts to explain
natural-world phenomena?” To improve student under-
standing, we must turn our attention to teachers.

The teacher is the most important school-based factor in
student learning (Goldhaber and Anthony 2003; National
Research Council 2001). K-12 teachers have substantial
potential to improve student understandings of evolu-
tion, and therefore science teacher educators must think
about how to prepare them accordingly. However, as
Nehm et al. (2009) point out, there is a lack of consen-
sus on the outcomes of teacher preparation regarding
evolution education: ‘a critical question facing science
teacher educators is how teacher preparation programs
can facilitate coordinated conceptual articulation of know-
ledge, beliefs, and behavior with regard to the teaching of
evolution’ (p. 1141). Therefore, the purpose of this paper
is to examine what we know about teachers’ knowledge,
beliefs, and practice regarding evolution education, and
articulate goals to better prepare K-12 teachers to teach
evolution. To do that, we reviewed the empirical evolution
literature with the purpose of understanding the different
themes of research regarding K-12 teachers. We then
summarized the major findings within each theme, and
used them to inform the development of five goals for
preparing teachers to teach evolution. Last, we argue
that these goals should be implemented in preservice
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teacher education coursework and professional develop-
ment experiences, and posit directions of future research.

Review: Major Themes of Research on K-12
Teachers and Evolution Education

In 1992, researchers from across the world met at the
Evolution Education Research Conference to discuss and
synthesize current findings and suggest future directions
for research (Good et al. 1992). The vast majority of stud-
ies presented at the conference focused on student un-
derstandings. The editors of the conference proceedings
specifically highlighted the dearth of research on teachers,
and suggested an increased focus on teachers in addition
to students. Following up on this directive, we reviewed
evolution education studies with a focus on teachers since
the proceedings of the conference. Using Education Full
Text, ERIC, and SCOPUS databases, we searched for re-
search studies from 1993 to 2011, representing an 18-year
span. We used various combinations of the following terms
to guide our search: teach, teacher, teaching, evolution,
natural selection, science, intelligent design, and creationism.
We examined all articles from these searches, and combed
through the reference lists to search for additional articles.
Using the criteria that the studies had to be data-driven,
focused on K-12 teachers, and published in peer-reviewed
journals, we arrived at a final count of 52 articles. We then
read all of the articles, noting the following: (1) sample
population by grade level (elementary, middle school,
secondary) and years of experience (preservice, inservice);
(2) research methods (survey, case study); and (3) major
findings (see Additional file 1). As findings from each
study were identified and summarized, we began develop-
ing overarching themes of research to help us organize
the current knowledge about K-12 teachers and evolution.
Using an inductive and emergent approach (Hatch 2002),
these themes were revised as more findings were identi-
fied to eventually become inclusive of all of the studies.
We then synthesized and grouped the major findings
into each theme. We found that research on teachers re-
garding evolution education could be categorized into
four themes: (1) teachers’ content knowledge of evolu-
tion and the nature of science; (2) teachers’ acceptance
of evolution; (3) teachers’” willingness to teach evolution;
and (4) teachers’ knowledge, beliefs, and practice for
teaching evolution to K-12 students. Below, we present
the four themes and corresponding findings.

Theme #1: teachers’ content knowledge of
evolution and nature of science

Researchers have examined K-12 teachers’ content know-
ledge of evolutionary concepts, particularly at the preservice
level. Evolutionary content knowledge has been measured
primarily through the use of multiple-choice question-
naires developed by separate research teams (Abrie 2010;
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Kim and Nehm 2011; Moore and Kraemer 2005; Rutledge
and Warden 2000; Vlaardingerbroek and Roederer 1997).
Questions focus on factual information related to evolu-
tion, for example understanding the age of the Earth or
identifying the core concepts associated with natural se-
lection (Rutledge and Warden 2000). Other researchers
have studied students’ essay responses to natural-world
scenarios (Hahn et al. 2005; Jimenez-Aleixandre 1994;
Nehm et al. 2009; Zuzovsky 1994). In addition, Crawford
et al. (2005) recorded preservice teachers’ discussions
while completing an online natural selection project, and
Nadelson (2009) analyzed preservice teachers’ lesson plans
following an evolution web-based tutorial. These studies
focused on teachers’ understanding of natural selection,
deep time, and the nature of science.

Teachers’ misunderstandings

Findings related to evolutionary content knowledge re-
vealed that many teachers possessed misunderstandings
related to the processes of change in populations, specif-
ically regarding natural selection. Rather than viewing
change in populations from a Darwinian perspective, in
which organisms best suited for a particular environment
are more likely to reproduce and pass their genes to
the next generation, many teachers possessed under-
standings in line with Lamarck’s ideas. For example,
Zuzovsky (1994) had preservice science teachers answer
open-response questions related to pesticide and anti-
biotic resistance, changes in human populations, and
inheritance of traits at the beginning of an evolution
course. In one cohort, 19 of 27 teachers used Lamarckian
perspectives to answer the questions, including ideas that
organisms need to change, modifications are based on use
or disuse of traits, and traits acquired through interaction
with the environment are inherited. Crawford et al. (2005)
found that 18 of 21 preservice teachers entered their
methods course with misconceptions similar to Zuzovsky.
Studies of practicing teachers reveal similar content know-
ledge issues regarding natural selection as those with
preservice teachers (Jimenez-Aleixandre 1994). Misunder-
standings of natural selection were reported by Nehm et al.
(2009), who studied 167 beginning pre-certified teachers
in New York with an average of two years of teaching ex-
perience. There were no significant differences between
biology and non-biology teachers with regard to their use
of key concepts of natural selection to explain an evolu-
tion scenario. Rutledge and Warden’s (2000) study of 989
practicing secondary biology teachers in Indiana revealed
that <60% of teachers responded correctly on questions
related to understanding environmental change, repro-
ductive success, process of evolution, and the role of gen-
etic variability in natural selection. In addition to natural
selection, 21 preservice teachers’ fictitious stories of human-
oid evolution in a study by Hahn et al. (2005) also revealed
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that they did not grasp the nature of deep time needed for
evolution to occur.

A few researchers have investigated teachers’ under-
standings of aspects of the nature of science in conjunc-
tion with evolution. Rutledge and Warden’s (2000) study
revealed that secondary biology teachers had misunder-
standings of the goals of science and the tentative nature
of scientific knowledge. Other researchers have highlighted
teachers’ misunderstandings of scientific theories (Jackson
et al. 1995) and their view that evolution is ‘only a theory’
(BouJaoude et al. 2011).

Interventions and content knowledge

Nadelson’s (2009) study of 64 preservice teachers of vary-
ing subject area and grade-level concentration revealed
that they continued to possess misconceptions of natural
selection and the nature of science in their constructed
lesson plans following a 30-minute web-based tutorial.
However, two studies suggest that an evolution course
improved teachers’ understanding. The teachers in Nehm
and Schonfeld’s study (2007) had many misconceptions of
natural selection but significantly increased their know-
ledge at the conclusion of an evolution-specific course.
Zuzovsky (1994) also described a constructivist evolution
course that allowed preservice teachers to score their
original answers to evolution questions at the begin-
ning of the course, and therefore became aware of their
misunderstandings.

Summary of major findings

The major finding regarding teachers’ evolutionary con-
tent knowledge is that many teachers possess misunder-
standings related to natural selection, deep time, and the
nature of science similar to their K-12 students. This is
in spite of previous coursework in biology or prior research
experiences. Moreover, comparing Nadelson’s (2009) study
regarding a 30-minute tutorial to Nehm and Schonfeld’s
(2007) study of an evolution-specific course, evidence sug-
gests that one-day interventions are not likely to be as
effective at improving teachers’ content knowledge when
compared to a semester-long course or intensive profes-
sional development experience.

Theme #2: teachers’ acceptance of evolution

The second major theme of research regarding K-12
teachers and evolution education is teacher’s acceptance
of evolution. Acceptance has been measured primarily
through multiple choice questionnaires or surveys with
Likert-scale responses (Aguillard 1999; Fowler and Meisels
2010; Kose 2010; Losh and Nzekwe 2011a, b; Scharmann
1994; Shankar and Skoog 1993). Many researchers have
used items from Rutledge and Warden’s (1999) instru-
ment, the Measure of Acceptance of the Theory of Evolu-
tion (MATE) (Abrie 2010; Deniz et al. 2008; Kim and
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Nehm 2011; McCrory and Murphy 2009; Rutledge and
Warden 2000; Trani 2004). Other methods used to under-
stand teachers’ acceptance of evolution have included in-
terviews (Aguillard 1999; Boujaoude et al. 2011; Goldston
and Kyzer 2009) and concept maps (Rutledge and Mitchell
2002). Whereas the construct of evolution content know-
ledge has been mostly associated with understandings of
evolutionary mechanisms such as natural selection, items
measuring acceptance of evolution have been typically
linked to broader evolution topics, including: (1) evolu-
tionary timeframes (‘the Earth is 4 billion years old” -
Fowler and Meisels 2010); (2) descent from common
ancestry (‘Over billions of years all plants and animals
on earth (including humans) descended (evolved) from a
common ancestor (e.g., a one-celled organism)’ - McCrory
and Murphy 2009); (3) human evolution (‘Humans are
too complicated to have come to be through natural pro-
cesses, their existence reflects the will of an intelligent
designer’ - Losh and Nzekwe 2011a); (4) evidence for
evolution (‘The available data are ambiguous as to whether
evolution actually occurs’ - Rutledge and Warden 1999);
(5) whether evolution is valid within the scientific com-
munity (‘Most scientists accept evolutionary theory to
be a scientifically valid theory’ - Rutledge and Warden
1999); and (6) the relationship between evolution and
religious beliefs (‘Human beings have developed over
millions of years from less advanced forms of life, but
God guided this process, including the creation of hu-
man beings’ - Levesque and Guillaume 2010). Below we
discuss the nature of teachers’ acceptance, factors asso-
ciated with acceptance, and the role of interventions
with acceptance.

Nature of teachers’ acceptance

A few studies have examined teachers’ acceptance of
evolution with a direct statement on a questionnaire or
survey. Findings indicate that a significant number of
teachers are unsure about or do not personally accept
evolution. Rutledge and Mitchell’s study (2002) of 552
practicing secondary biology teachers in Indiana revealed
that 67% of participants accepted evolution, with 19%
undecided and 14% not accepting. Abrie (2010) found
that only 40% of 46 secondary preservice teachers in
South Africa accepted evolution, with 12% of teachers des-
ignated as uncertain, and 48% being rejecters. Kose (2010)
found that 30 of 38 Turkish secondary biology teachers
rejected evolution. Studies that have used the MATE
(Rutledge and Warden 1999) report average teacher scores
between 20 (low acceptance) and 100 (high acceptance).
Most studies report scores associated with moderate or
just breaking into the high levels of acceptance: 50.95 for
132 preservice Turkish teachers (Deniz et al. 2008); 77.59
for 989 practicing biology teachers in Indiana (Rutledge
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and Warden 2000); and 73.79 for 84 secondary preservice
teachers in Korea (Kim and Nehm 2011).

Studies reporting findings that differentiate between
acceptance items reveal two themes. First, teachers tend
to accept the notion that evolution is valid within the
scientific community more than other items (Rutledge
and Warden 2000). Aguillard (1999) reported that 84%
of over 300 teachers agreed that evolution has valid sci-
entific foundation. Moore and Kraemer (2005) reported
that all 107 of their teacher participants in Minnesota
agreed that ‘most scientists believe that the modern the-
ory of evolution is scientifically valid; and 88% personally
agreed there is scientific validity to evolution. In con-
trast, the least accepted items tended to be associated
with human evolution. Only 66% of 307 Texas biology
teachers agreed that ‘humans are the product of evolution’
in a study by Shankar and Skoog (1993), with McCrory
and Murphy (2009) reporting 62% of 112 teachers for a
similar item. Human evolution was also the least accepted
item in Rutledge and Warden’s (2000) study.

Several studies indicate that elementary teachers are less
likely to accept evolution when compared to secondary
teachers. Levesque and Guillaume (2010) found that 39%
of elementary preservice teachers believed humans were
created in their current form <10,000 years ago; their
acceptance of evolution was lower than the U.S. national
average. Other studies comparing grade level revealed lower
levels of acceptance for elementary teachers when com-
pared to secondary teachers (Fowler and Meisels 2010;
Losh and Nzekwe 2011b).

Factors associated with acceptance
Our review of empirical studies revealed three primary
factors that are associated with teachers’ acceptance or
lack of acceptance of evolution: (1) religious beliefs; (2)
understandings of the nature of science; and (3) biology
and evolution coursework. A fourth possible factor, evolu-
tion content knowledge, has been shown to have a weak
association with acceptance. These are discussed in turn.
The factor most widely associated with acceptance of
evolution is personal religious beliefs. Many teachers
believe in a supernatural creator and/or subscribe to
the teaching of a holy book such as the Bible or Quran.
Studies have found negative correlations to exist between
acceptance and religious convictions (Abrie 2010; Trani
2004) - that is, the stronger the religious conviction, the
less likely a teacher will accept evolution. Losh and
Nzekwe (2011a, b) examined several variables related to
663 preservice teachers’ pseudoscience beliefs. Although
their sample included teachers of varying grade-level
concentration and subject area, religiosity measures were
the largest predictors of the creationism and evolution
indices. A fundamentalist view, or exclusivist view, in
which teachers believe their religion is the only ‘correct’
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view of the world has been found to correlate strongly
with lack of acceptance (Losh and Nzekwe 2011b). Kose
(2010) reports that 70% of Turkish secondary biology
teachers who rejected the notion that evolution has oc-
curred over millions of years believed in religious accounts
literally. Similarly, Levesque and Guillaume (2010) found
that 93% of elementary preservice teachers who believed
in the Bible literally rejected evolution. In contrast to
teachers with fundamentalist views, Trani’s study (2004)
of secondary biology teachers in Oregon revealed that
teachers with moderate religious convictions did not score
significantly different on measures related to under-
standing or acceptance. However, teachers with moder-
ate convictions often accept some evolutionary topics
while rejecting others. Teachers who feel some conflict
between their religious beliefs and evolution tend to
accept the mechanisms of evolution, but believe there is
an ultimate creator or greater purpose to the process
(Dodick et al. 2010; Goldston and Kyzer 2009; Meadows
et al. 2000; Winslow et al. 2011). Tomczyk and Bugajak
(2009) found that 80% of Polish teachers who believed
in an ultimate aim of evolution saw no conflict between
religion and evolution because they could reconcile evo-
lution within their teleological viewpoints. Moreover,
BouJaoude et al. (2011) found that some Muslim and
Christian secondary science teachers in Lebanon felt
they could not accept the proposition of human evolu-
tion while accepting other aspects.

The second factor associated with teachers’ acceptance
of evolution is the understanding of the nature of science.
A few studies indicate that teachers’ understanding of
NOS are associated with their religious beliefs (Nehm
and Schonfeld 2007; Trani 2004), whereby teachers with
strong religious convictions are less likely to perform
well on NOS measures. Teachers who do possess more
sophisticated understandings of NOS are more likely to
accept evolution. Rutledge and Warden (2000) reported
a significant association between Indiana teachers’ scores
on a NOS subscale and acceptance subscale within the
same instrument. Rutledge and Mitchell (2002) found a
similarly positive correlation in a different Indiana teacher
sample, revealing that teachers who had taken a NOS
course were more likely to accept evolution.

Several studies document positive correlations between
prior biology or evolution coursework and acceptance of
evolution. Rutledge and Mitchell (2002) found significant
associations between previous credit hours earned in
biology and acceptance, with the largest percentage of
accepters earning >40 undergraduate or graduate biology
credits. A significant association also existed between tak-
ing an evolution course and accepting evolution, which is
supported by Kose’s (2010) study as well. In addition,
Asghar et al. (2007) found that 71% of Canadian elem-
entary preservice teachers responded positively to an
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acceptance item following a basic science course with
evolution content, representing a higher percentage of
acceptance for elementary majors than what was found
in other studies.

Although exposure to biology and evolution course-
work seems to be associated with acceptance of evolu-
tion, it is less clear whether or not teachers’ individual
knowledge of evolution content influences acceptance.
Rutledge and Warden (2000) report a significant correl-
ation between teachers’ scores on a content knowledge in-
strument and their acceptance score on the MATE
(Rutledge & Warden, 1999). Deniz et al. (2008) also found
a significant correlation between Turkish preservice sec-
ondary teachers’ understanding and acceptance using the
same instruments. However, the variable of understanding
only accounted for 3.3% of the variance in teachers’ ac-
ceptance. Using different measures, Nehm et al. (2009)
found a weak association between knowledge and
beliefs regarding evolution, and argue that the two
are distinct constructs. This supports the notion that
improving teachers’ understanding of evolution, in and
of itself, is unlikely to greatly influence their personal
acceptance.

Interventions and acceptance

A few studies have examined teachers” acceptance during
or after some form of an evolution or nature of science
intervention. Schrein et al. (2009) described a one-day
evolution workshop they developed and conducted for
11 Arizona middle and secondary science teachers. The
workshop focused on a number of evolution education
topics, including students’ misconceptions, resources to
teach evolution, acceptance of evolution, legal issues, and
standardized testing. Six of the participants’ MATE scores
improved after the workshop, although two participants’
scores decreased. Two other studies investigated teachers’
views of evolution as a valid scientific theory during a
preservice teacher course. Scharmann et al. (2005) de-
scribed a middle and secondary science methods course
in which they taught NOS in an explicit-reflective man-
ner, highlighting criteria used to evaluate the validity of
knowledge claims. During three iterations of the course,
they asked preservice teachers to place intelligent design
and evolution along a ‘scientific to less scientific’ con-
tinuum. By the third implementation, all six participants
placed intelligent design toward the ‘less scientific’ end
of the scale. Through continued iterations of the NOS
unit, Smith and Scharmann (2008) examined the nature
of conceptual change undergone by three selected cases.
These three participants eventually viewed evolution as
being more valid than intelligent design, but experienced
varying degrees of emotional turmoil. Smith and Scharmann
(2008) noted the importance of allowing the science-religion
issues to surface naturally and be handled with respect.
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Summary of major findings

A major finding related to acceptance is that, when dir-
ectly asked, at least one-third of teachers assert that they
do not accept evolution or are undecided, with elemen-
tary teachers being less likely to accept evolution than
secondary teachers. Teachers are more willing to accept
evolution as valid within the scientific community when
compared to other items. A significant portion of teachers
who accept some aspects of evolution are likely to accept
microevolution processes while rejecting the broader,
larger-scale aspects (for example, speciation, descent with
common ancestry, and the notion that humans are a prod-
uct of evolution). Two important factors associated with
rejecting evolution include teachers’ religious beliefs per-
ceived to be in conflict with evolution, and misunderstand-
ings of NOS. Exposure to biology and evolution coursework
is positively correlated with acceptance, though the associ-
ation between an individual teacher’s understanding and
acceptance of evolution has been shown to be weak.
During instructional units of evolution, discussing science-
religion issues in an up-front manner and explicitly teach-
ing NOS has the potential to help teachers view evolution
as scientifically valid.

Theme #3: teachers’ willingness to teach evolution
The third theme of research addressed the extent to which
teachers are willing to teach evolution. Findings related to
this theme can be divided into four areas: beliefs about
whether evolution or creationism should be included in
the curriculum; instructional time allotted for evolution
or creationism teaching; factors associated with instructional
time; and curricular topics emphasized. Most studies relied
on teachers’ self-reported answers to survey questions.

Beliefs about including evolution or creationism in
the curriculum

Several studies have asked secondary teachers about their
views regarding whether evolution or creationism should
be included in the curriculum. Results indicate that a sub-
stantial percentage of teachers do not believe evolution is
a necessary part of the curriculum, or believe creationism
should be taught in conjunction with evolution. Abrie
(2010) examined 46 preservice teachers’ attitudes toward
evolution education following the compulsory inclusion of
evolution in the national curriculum of South Africa in
2008. The study revealed that only 42% believed it should
be compulsory, while 44% believed students should have
the option to not attend class during evolution instruction.
Kose (2010) found that 84.2% of Turkish preservice
teachers believed both evolution and creationism should
be included. Studies in the U.S. report similar findings
(Jackson et al. 1995; Shankar and Skoog 1993). In Berkman
and Plutzer’s (2011) large-scale study of 926 practicing
teachers, only 28% of teachers were strong advocates of
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teaching evolution, with 60% of participants advocating
for some aspects of evolution to be taught, and 13% being
advocates for teaching creationism or intelligent design.
Moreover, Osif’s (1997) study revealed that one-third of
teachers in Pennsylvania advocated for the teaching of
‘creation science, with no significant difference between
science and English teachers. For those teachers who do
believe evolution should be included, most do not believe
it is a unifying theme in the discipline of biology, and
therefore view it as a stand-alone unit. Weld and McNew
(1999) report that 57% of 224 teachers viewed it as a uni-
fying theme, with 47% of 307 teachers in Shankar and
Skoog’s (1993) study, and only 28% in Berkman et al’s
(2008) large-scale study of 939 practicing biology teachers
in the U.S.

Instructional time for teaching evolution or creationism
Findings indicate that teachers spend no more than a few
weeks on teaching evolution in the secondary biology cur-
riculum. The most time spent was reported by Donnelly
and Boone (2007), in which Indiana teachers spent an aver-
age of 14 days. Other studies revealed quicker timeframes;
Berkman et al’s (2008) national survey of 939 teachers
revealed an average of 13.7 hours, Rutledge and Mitchell
(2002) found that a majority of teachers spent <7 days,
and the greatest percentage of teachers in Aguillard’s
(1999) study only spent 2.5 to 5 days. In line with studies
on teachers’ beliefs about whether creationism should
be taught, approximately 20% to 30% of teachers self-
reported that they included creationism when teaching
evolution (Aguillard 1999; Berkman et al. 2008; Moore
2007; Weld and McNew 1999).

Factors associated with instructional time

Three major factors were discussed in the literature as
potentially being associated with teachers” willingness to
teach evolution or creationism as well as instructional
time allotted in the classroom. These include: (1) under-
standing and acceptance of evolution; (2) teachers’ attitudes
toward state and national standards; and (3) evolution
coursework.

Two studies reported positive associations between
teachers’ understanding of evolution and instructional
time (Shankar and Skoog 1993; Trani 2004). However,
the factor most frequently associated with instructional
time in the literature was teachers’ acceptance. Trani
(2004) investigated the associations among many differ-
ent variables related to teachers and evolution educa-
tion, and found the association between acceptance and
instructional time to be the second strongest correlation.
Several other studies report that teachers who accepted
evolution spent more time teaching it in the classroom
(Aguillard 1999; Berkman et al. 2008; BouJaoude et al.
2011; Rutledge and Mitchell 2002; Trani 2004). BouJaoude
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et al. (2011) found that eight of nine Lebanese teachers
who accepted evolution believed it should be taught. In
Aguillard’s (1999) study, 43% of secondary biology teachers
in Louisiana who viewed evolution as scientifically valid
devoted more than five class periods to evolution instruc-
tion, whereas 70% of rejecters committed less than five
class periods.

Another factor associated with teaching evolution is
teachers’ attitudes and understandings of state standards
(Berkman and Plutzer 2011). Donnelly and Boone (2007)
developed an instrument to investigate 225 biology teachers’
attitudes toward the Indiana state standards and their evo-
lution teaching practices. The results indicate that teachers’
attitudes toward the evolution standards were strong pre-
dictors of their instructional time for teaching evolution.
The teachers found the evolution standards to be useful,
particularly to justify their teaching of evolution to adminis-
trators and parents. Similarly, six preservice teachers relied
on their knowledge of the state curriculum to justify
teaching evolution in simulated parent-teacher conferences
(Dotger et al. 2010). Other studies report that teachers
are less likely to teach evolution if the state or national
standards are not clear or leave evolution out (BouJaoude
et al. 2011; Goldston and Kyzer 2009). Moreover, a lack of
adequate evolution standards could be contributing to the
teaching of creationism, as Moore (2004) found that 27%
of 103 biology teachers in Minnesota believed they had
the choice to teach creationism in the science curriculum.

Whereas the literature is consistent regarding the asso-
ciations of acceptance and attitudes toward standards with
instructional time, findings regarding the third factor -
evolution coursework - are less clear. Nehm et al. (2009)
did not find a significant association between evolution
coursework and advocacy for teaching evolution. Nearly
half of 167 science teachers in New York City advocated
for teaching creationism. In another study by Nehm and
Schonfeld (2007), teachers who increased their content
knowledge through an evolution course were not more
likely to advocate for teaching evolution. However, Berkman
and Plutzer (2011) reported that teachers who were advo-
cates of evolution education were more likely to have taken
an evolution course. Other studies support this assertion as
well (Aguillard 1999; Donnelly and Boone 2007).

Curricular topics emphasized

In line with findings regarding teachers’ beliefs about what
evolution topics should be taught in the curriculum, re-
searchers who asked teachers to report the topics they
teach during evolution instruction reveal mostly micro-
evolution processes while leaving out macroevolution.
Several studies revealed that teachers emphasized natural
selection, mutations, and evidence for evolution while
ignoring such topics as speciation, descent from common
ancestry, and human evolution (Aguillard 1999; Schulteis
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2010; Shankar and Skoog 1993; Tidon and Lewontin 2004;
van Dijk 2009).

Summary of major findings

Findings in the literature indicate that at least one-third
of teachers do not advocate for teaching evolution or
advocate for teaching some version of creationism in the
classroom. In line with the majority of teachers who se-
lectively accept evolution (microevolution but not macro-
evolution), teachers who do teach evolution in some
capacity typically teach natural selection as a stand-alone
unit rather than broader evolution topics as a unifying
theme. The factor most consistently reported as being
associated with willingness to teach evolution is accept-
ance, whereby teachers who accept evolution are more
likely to teach it in the classroom. In addition, develop-
ing positive attitudes toward evolution standards at the
state and national level seems to support increased in-
structional time in the classroom.

Theme #4: teaching evolution to K-12 students
The fourth theme of our review focused on teachers’
knowledge, beliefs, or practice regarding the teaching of
evolution to K-12 students. In addition to several survey
studies (Asghar et al. 2007, Fowler and Meisels 2010;
Schulteis 2010; Weld and McNew 1999), a few studies
incorporated qualitative data sources and analysis (Cleaves
and Toplis 2007; van Dijk 2009; Veal and Kubasko 2003).
We discuss this theme in terms of teachers coping with
the controversy, knowledge of students’ understandings
of evolution, and strategies for teaching evolution.

Coping with the controversy

Studies have documented teachers’ perceptions of the
controversy related to teaching evolution. Many teachers
report feeling uncomfortable with handling the contro-
versial nature of teaching evolution, and are concerned
about offending students (Asghar et al. 2007; Weld and
McNew 1999). Cleaves and Toplis (2007) found that 20%
of 35 preservice teachers and nearly half of 29 experienced
secondary science teachers in the U.K. had encountered
challenges from students when teaching evolution. This is
potentially exacerbated by social pressure to avoid teach-
ing evolution by administrators and parents (Fowler and
Meisels 2010; Schulteis 2010; Veal and Kubasko 2003).
Moore and Kraemer (2005) compared survey responses of
Minnesota biology teachers from 1995 (1 =91) and 2003
(n=107) regarding their teaching of evolution. The per-
centage of respondents indicating that both parents and
administrators applied pressure not to teach evolution
increased from 1995 to 2003 (12% to 25% for parents and
4% to 8% for administrators). As such, a typical strategy
for teachers is to avoid any mention of the controversy
when teaching evolution (Jackson et al. 1995; Schilders
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et al. 2009). A case study by Oliveira et al. (2011) exam-
ined a beginning biology teacher’s attempts to deal with
the evolution/creationism controversy during a three-
week evolution unit. Although the teacher (Mr. Howe)
was polite and maintained a neutral stance to make stu-
dents feel comfortable, the discussions lacked the ‘intel-
lectual ferment’ necessary to help students deeply
consider evolution. Their in-depth analysis of the social
dimensions of the unit revealed that students were will-
ing to share ideas and opinions, but Mr. Howe missed
opportunities to manage these ideas and give credence
to the scientific perspective.

Knowledge and beliefs of students’ understandings
of evolution

Few studies have examined teachers’ knowledge or beliefs
about students’ understandings of evolution. Two studies
reported that not all teachers believe students are capable
of understanding evolution (Aguillard 1999; Schulteis 2010).
Jimenez-Aleixandre (1994) examined teachers’ abilities to
analyze 14-year-old students’ answers to natural selection
scenarios. Both preservice and practicing teachers had dif-
ficulties identifying the underlying conceptual difficulties
in students’ alternative conceptions, for instance a view of
evolution as intentional and purposeful. However, two
studies reported that teachers possessed knowledge of stu-
dents’ difficulties with evolution. Veal and Kubasko (2003)
reported that biology teachers were better able to identify
students’ misconceptions when compared to geology
teachers. van Dijk (2009) interviewed nine German biol-
ogy teachers who had five or more years of teaching
experience, and found that the participants identified
many types of preconceptions, including a failure to
understand intra-species variation, a goal-directedness
view of adaptation, a view of selection occurring on the
individual level, and misunderstandings of descent from
common ancestry.

Strategies for teaching evolutionary concepts

Studies with empirical findings related to teachers’ know-
ledge or practice of teaching evolution in the classroom
are limited. In a survey of teachers in Oklahoma, 66%
agreed with the National Association of Biology Teachers
statement that teaching evolution requires discussion and
lab activities (Weld and McNew 1999), yet there is no
evidence as to whether they used such strategies. In one
study of teachers’ practices, Marcelos and Nagem (2011)
investigated whether or not 63 Brazilian teachers used
Darwin’s ‘tree of life’ analogy to teach the concepts of
speciation and large-scale trends in evolution. While 58%
of the teachers reported making some comparisons be-
tween evolution and a tree in their instruction, data from
other survey items, focus group interviews, and classroom
observations indicated that the teachers lacked knowledge
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of teaching the analogical features of the tree of life
representation.

Only two studies in our search explicitly examined the
nature of teachers’ pedagogical content knowledge (PCK)
for teaching evolution - that is, how teachers combined
their knowledge of instructional strategies, students’ un-
derstandings, curricula, and/or assessment for teaching
evolution to K-12 students (van Dijk 2009; Veal and
Kubasko 2003). As mentioned above, van Dijk (2009) stud-
ied experienced teachers’ knowledge of students’ precon-
ceptions of evolution, and also the extent to which teachers
connected that knowledge to instructional strategies. She
found that the teachers could identify specific examples
for teaching evolution (for example, finches, peppered
moths, and dog breeding) but their representations were
not always linked specifically to students’ misunder-
standings. A few studies have indicated that teachers feel
a lack of preparedness to teach evolution, and desire more
professional development (Asghar et al. 2007; Sanders
and Ngxola 2009). Griffith and Brem (2004) found that
teachers desired not only access to curricula, but detailed
lesson plans:

More than just a list of things to do, they asked for
lessons that included narratives that described the
experiences and emotions that had accompanied
previous implementations of the lessons, provided tips
and strategies that helped things move along more
smoothly or led to teachable moments, and discussed
how the lesson did or did not have a lasting effect on
students, the classroom, and the teacher. (p. 805)

Thus, there is evidence suggesting that teachers would
benefit not only from interventions aimed at improving
content knowledge, but also efforts focused on develop-
ing PCK for teaching evolution.

Summary of major findings

Findings indicate that teachers are unsure how to deal
with the controversial nature of evolution in the class-
room. The few studies focusing on how teachers teach
evolutionary concepts suggest that beginning teachers
have difficulties identifying students’ misconceptions
and both beginning and experienced teachers have diffi-
culties with responding to students’ misconceptions with
targeted instructional strategies. Moreover, studies report
that teachers desire more access to lesson plans and cur-
ricula for teaching evolution.

Goals for preparing teachers to teach evolution

After synthesizing the major findings regarding teachers’
knowledge, beliefs, and practice regarding evolution edu-
cation, we considered how the findings informed specific
goals for teacher preparation. Our analysis resulted in five
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goals. In Figure 1, we map the themes of research to the
goals they support. We discuss our rationales and articu-
late each goal in the following section.

Goal #1: content knowledge

Several studies report that K-12 teachers possess misun-
derstandings of evolution similar to the literature on
students’ misunderstandings (Abrie 2010; Crawford
et al. 2005; Hahn et al. 2005; Nehm et al. 2009;
Zuzovsky 1994). The research on teacher knowledge
suggests that, while not sufficient by itself, strong sub-
ject matter knowledge is essential for effective science
teaching (Abell 2007). Preservice teachers who have
been exposed to evolution instruction in secondary sci-
ence classrooms are still graduating with misunderstand-
ings. Content knowledge of evolution must therefore
remain an explicit goal for teacher preparation. Although
scientists do not always find it necessary to distinguish
between ‘micro’-evolution and ‘macro’-evolution, the lit-
erature demonstrates that teachers often selectively accept
microevolution, while rejecting the broader view of
macroevolution. We recommend the following areas be
explicitly addressed during teacher preparation (Catley
et al. 2005; Freeman and Herron 2001; University of
California - Berkeley 2012; Zimmer 2010):

e Mutations as a source of genetic variation

e Mechanisms of evolution - the various ways
evolution occurs in nature, including natural
selection, sexual selection, and genetic drift. In
particular, teachers should understand and be able
to use the core concepts of natural selection
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(genetic variation in populations, struggle for
existence, differential reproduction, and heredity of
favorable traits - National Research Council 1996,
2011) to explain natural-world phenomena
Microevolution - observing changes in populations
over a relatively short time period (a few
generations). Teachers should learn to track genetic
changes in populations using Hardy-Weinberg laws
of equilibrium

Speciation - the factors involved and modes by which
populations diverge into new species, including
geographic isolation, bottlenecking, and hybridization
Macroevolution - tracking large-scale trends in
species over a relatively long period of time (for
example, millions of years). Teachers should develop
understandings of broader evolutionary concepts,
including evidence for evolution, evolutionary
timeframes, descent from common ancestry, and
phylogenetic relationships among different taxa.
Moreover, it would be helpful for teachers to
understand how large-scale trends in evolution
(macroevolution) represent the culmination of
evolutionary processes (microevolution) over time.
Thus, it should be a goal for teachers to understand
that macroevolution and microevolution are not
disconnected concepts

Evidence for evolution - including biogeography,
fossils, DNA analysis, morphological comparisons,
and embryology

These topics are identified as important both by scientists
(Freeman and Herron 2001; Zimmer 2010) and reform
documents (American Association for the Advancement

Content Knowledge Acceptance Willingness Teaching Evolution
Many teachers Many teachers do not Many teachers do not teach Many teachers feel
Findings misunderstand natural accept evolution or accept evolution or only teach uncertainty about teaching
selection, deep time, and only microevolution microevolution evolution and lack
the nature of science knowledge for teaching
evolution in the classroom
Natural Nature of Associated Associated Associated Associated
selection and science Factor: Factor: Factor: Factor: Pressure and Lack of teacher
deep time (NOS) NOS Religious Beliefs Acceptance Standards uncertainty knowledge
v Understand evolutionary Understand scientific questions, Understand Accept evolution Understand Defend teaching Develop knowledge of
mechanisms, microevolution, empirical evidence, nature of different ways as valid standards and of evolution curriculum, assessment,
and macroevolution scientific theories, and of knowing scientific theory supporting learners, and instructional
Goals tentativeness; construct documents strategies for teaching evolution
evidence-based explanations of
evolution
Content Knowledge Nature of Science Acceptance Controversy PCK
Figure 1 Mapping research findings to goals for teacher preparation.




Sickel and Friedrichsen Evolution: Education and Outreach 2013, 6:23
http://www.evolution-outreach.com/content/6/1/23

of Science AAAS 1993, 2001; National Research Council
1996, 2011). However, secondary biology teachers may
learn these topics in more depth than elementary teachers,
reflecting the differences in content knowledge expecta-
tions in reform documents for different age groups.

Goal #2: nature of science

Teachers’ understanding of NOS have been shown to
correlate with their acceptance of evolution (Rutledge
and Mitchell 2002; Rutledge and Warden 2000), which
in turn correlates to their willingness to teach evolution.
Thus, during instructional units on evolution, we recom-
mend that the following aspects of NOS be explicitly taught
(Lederman et al. 2002):

e Nature of Scientific Questions - Science seeks to
answer questions related to describing and
explaining the natural world

e Empirical Nature of Scientific Knowledge - Scientific
knowledge consists of descriptions and explanations
derived from humans’ inferences of empirical,
natural-world data

e Nature of Scientific Theories - Scientific theories are
broad-ranging explanations of fundamental aspects
of the natural world based upon multiple sources of
physical evidence

e Tentativeness of Scientific Knowledge - Scientific
knowledge is not static, but rather changes in light
of new evidence

Teaching these aspects of NOS could help teachers
understand science as a way of knowing by examining
the scope and limitations of science in answering certain
questions. It could help teachers understand that evolu-
tionary theory is a sturdy collection of principles rather
than an untested idea waiting to become a law. In addition,
teachers could come to understand that, like all scientific
knowledge, evolutionary theory is subject to modification
as scientists examine more evidence in the future. To
ensure that knowledge of the nature of science related
to evolution does not become inert, teachers would
benefit from engaging in scientific practices to construct
understandings of evolution. For example, preservice
teachers in Crawford et al’s (2005) study analyzed data
collected by Peter and Rosemary Grant in the Galapagos
Islands regarding a finch population (Reiser et al. 2001).
The teachers constructed evidence-based explanations
and presented them to the class to understand how the
finch population changed over time. Having teachers
construct evidence-based explanations to understand evo-
lution and then reflecting on that process will improve
their abilities to help future students engage in similar
practices.
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Goal #3: acceptance

Findings from the empirical literature reveal that accept-
ance of evolution is an important construct for teaching
evolution. At least one-third of K-12 teachers in different
parts of the world proclaim that they are undecided or
do not accept evolution (Abrie 2010; Kose 2010; Rutledge
and Mitchell 2002), and acceptance is the construct most
consistently associated with willingness to teach evolution
and instructional time in the classroom (Berkman et al.
2008; Rutledge and Mitchell 2002; Trani 2004). Thus,
teacher education programs must address this problem.

The factor most widely reported as negatively corre-
lated with acceptance is teachers’ religious beliefs (Abrie
2010; Losh and Nzekwe 2011a, b; Trani 2004). In particu-
lar, teachers who possess an exclusivist view in which
there is only one way of knowing the world are likely to
reject evolutionary theory (Levesque and Guillaume 2010;
Losh and Nzekwe 2011b). Nehm et al. (2009) point out,
‘there is little agreement about whether knowledge and
belief change are legitimate goals of evolution education’
(p. 1141). While we certainly invite teachers to accept the
abundance of data and interpretations that support evolu-
tionary theory as we do, we also concur with other science
educators who argue that personal acceptance or belief in
evolution should not be the primary goal for teaching
evolution to students (National Academy of Sciences
1998; Smith and Siegel 2004; Southerland 2000). However,
we argue that developing acceptance of evolution as a
valid scientific theory is an appropriate goal for future K-
12 science teachers. In several studies, teachers self-
reported that they accepted evolution as valid within the
scientific community (Aguillard 1999; Moore and
Kraemer 2005; Rutledge and Warden 2000). Teacher
educators and scientists could help teachers further
articulate this distinction between accepting evolution as
valid within science versus personally accepting evolution.
In particular, teachers must have opportunities to under-
stand basic assumptions of different ways of knowing,
such as religion and science (Evans et al. 2011). Religions
typically rely upon a combination of tenets from holy
books and belief in supernatural entities to make claims,
whereas science relies upon interpretations of physical evi-
dence to construct explanations of the natural world. In a
study by Winslow et al. (2011), Christian college students
with biology-related majors were eventually able to recon-
cile these different ways of knowing, and therefore could
accept evolution as a valid scientific theory.

Research indicates that students and teachers need to
be able to discuss evolution in a way that does not im-
mediately threaten their religious beliefs (Scharmann 1990,
Southerland and Sinatra 2003). For teachers who claim
to be creationists, it may be helpful for them to read
about the different creationist viewpoints. For example,
while conflict exists between young Earth creationism
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and evolution due to a literal interpretation of the book
of Genesis, many people find compatibility between the-
istic creationism and evolution in which a supernatural
entity does not directly interfere with the laws of nature
(Scott 1997). Upon reflection, some teachers may recognize
that their religious beliefs do not interfere with accepting
evolution to the extent they originally had anticipated. The
work of Scharmann et al. (2005) and Smith and Scharmann
(2008) demonstrate that asking teachers to place evolution
and other ways of knowing on a ‘scientific to less scientific’
continuum after targeted instructional units on knowledge
claims can help teachers view evolution as scientifically
valid. Hermann (2008) refers to such approaches as proced-
ural neutrality, in which teachers are allowed to explore
their beliefs and never asked to ascribe to an ‘either/or’
mentality in which they have to choose between accepting
evolution and adhering to religious beliefs. We recommend
this approach, with the goal that teachers learn to consider
different epistemologies, yet develop acceptance that evolu-
tion is valid within the methodologies of science.

Goal #4: handling the controversy

While there is little controversy surrounding evolution
within the scientific community, it very much persists in
the educational arena. Teachers report pressure from vari-
ous people not to teach evolution or incorporate versions
of creationism into their instruction (Moore and Kraemer
2005; Schulteis 2010; Veal and Kubasko 2003). Thus,
teachers need to develop knowledge of and strategies
for speaking with people who are opposed to evolution
education. We recommend that teachers become aware
of the following supports for teaching evolution:

e State and national standards - For teachers in
states and/or countries in which there are specific
evolution standards, it can provide an important
source of justification for teaching evolution
(Donnelly and Boone 2007; Dotger et al. 2010)

e Supporting documents - Teachers should become
aware of other supporting documents such as
position statements from professional organizations
(for example, National Association of Biology
Teachers and National Science Teachers
Association), which provide strong rationales for
teaching evolution

In addition to these support mechanisms, teacher edu-
cators can draw upon the literature on conflict resolution
to help teachers think about dealing with upset parents,
administrators, or community patrons. For example, when
confronting someone who is upset or angry, it is import-
ant to maintain eye contact, keep a low tone of voice, clar-
ify the person’s concerns, and provide justifications in a
confident manner (Brunner and Lewis 2007; Wellington
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1999). It would be helpful for teachers to engage in
role-plays of simulated parent-teacher conferences and
other potential interactions in which they practice
defending the teaching of evolution using these strategies
(Dotger et al. 2010).

Goal #5: pedagogical content knowledge

A few studies indicate that teachers lack knowledge for
teaching evolution (Marcelos and Nagem 2011; van Dijk
2009). The most neglected area of teacher preparation is
PCK, as we found no examples in which PCK was an ex-
plicit goal for preparing teachers to teach evolution. Even
if teachers develop robust understandings of evolution
and accept it as scientifically valid, research suggests it
will not be sufficient for making it comprehensible for
students (Abell 2007). Based upon Magnusson et al. (1999)
model of PCK, teachers should develop knowledge for
teaching evolution in the following categories:

e Knowledge of Curriculum - includes knowledge of
the content goals to be addressed at particular grade
levels, as well as the K-12 vertical alignment of
evolution goals and ways in which evolution
connects to other topics in the horizontal
curriculum. Teachers will need to become familiar
with the local, state, or national standards that guide
the curriculum. It would be helpful for teachers to
understand how the standards develop through the
K-12 vertical curriculum. For example, in the
framework for the recently proposed Next
Generation Science Standards in the U.S. (National
Research Council 2011), students are expected to
understand that some organisms are better suited to
their environments than others by the end of grade
5. Students then become introduced to the concept
of natural selection by the end of grade 8. Despite
the fundamental nature of evolution to the discipline
of biology (Zimmer 2010), many teachers do not
report viewing or teaching evolution as a unifying
theme (Berkman et al. 2008; Weld and McNew 1999).
Therefore, we also recommend an increased focus
on helping teachers understand and be able to
articulate how evolutionary theory explains,
incorporates, or connects to other topics across the
horizontal curriculum

e Knowledge of Assessment - includes knowledge of
assessments specifically designed to reveal students’
conceptions of evolution. For example, Anderson
and Fisher (2002) developed many concept
cartoons, in which a question is asked and cartoon
characters provide different responses. Aside from
the correct answer, the incorrect answers are based
on common student misconceptions. Another
assessment is an instrument called the Conceptual
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Inventory of Natural Selection (CINS), developed
by Anderson et al. (2002). This instrument could be
used at the beginning, middle, and end of the unit
to track students’ understanding and inform future
instructional decisions

e Knowledge of Learners - includes knowledge of
student difficulties with the topic. In the case of
evolution, this could involve students thinking
evolution is based on the organism’s need to survive
(Anderson et al. 2002), a goal-directed view of
evolution (Settlage 1994), or misunderstandings
about the nature of scientific theories (Sandoval and
Morrison 2003). Thus, common misconceptions
derived from the research literature should be
explored when preparing teachers to teach evolution

e Knowledge of Instructional Strategies - includes
knowledge of specific resources and strategies for
teaching evolution. The practitioner literature is
replete with interactive activities to teach evolution,
including class simulations in which students act as
predators and ‘hunt’ organisms over multiple
generations (Sickel and Friedrichsen 2012; National
Academy of Sciences 1998; Tieman and Haxer 2007),
analyze data from finch populations in the Galapagos
Islands (DeFina 2002), track changes in populations
using mathematical models (Winterer 2001), and use
phylogenetic analysis to determine the relatedness of
different groups of animals (Franklin 2010). Wei et al.
(2012) discuss the multiple websites available that
specifically target evolution instruction, including the
Understanding Evolution website (University of
California - Berkeley 2012), and the National Institute
of Health (National Institute of Health 2012).
Moreover, the Public Broadcasting System website
has videos of experienced teachers teaching evolution
that can be viewed for professional development
(Public Broadcasting System 2012)

We recommend that teachers not only gain access to
the instructional resources mentioned above, but also
use them to practice planning and teaching lessons. In
doing so, teachers will begin to make connections across
the knowledge bases and construct specialized, topic-
specific knowledge for teaching evolution.

Implementing the goals in teacher preparation
and professional development programs

We have presented five goals for preparing teachers to
teach evolution. However, the question of how to imple-
ment these goals during teacher preparation programs
remains unclear. We believe one option is the develop-
ment of a course for preservice teachers specific to evo-
lution education. Throughout our review of empirical
studies on K-12 teachers, it became apparent that
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evolution courses have mixed results on teachers’ know-
ledge, beliefs, and practice. Some studies have docu-
mented positive correlations between evolution
coursework and willingness or advocacy for teaching evo-
lution (Aguillard 1999; Berkman and Plutzer 2011), while
other studies report no significant differences (Nehm
and Schonfeld 2007; Nehm et al. 2009). As several stud-
ies did not explain the nature of the evolution course, it is
difficult to know the factors that explain these varied re-
sults. However, we conjecture that most evolution courses
focus solely on evolution content knowledge. While con-
tent knowledge is an important goal for preparing teachers,
research indicates that it has a weak association with ac-
ceptance (Nehm et al. 2009; Southerland and Sinatra 2003),
which is an important predictor for willingness to teach
evolution in the classroom (Berkman et al. 2008, Rutledge
and Mitchell 2002; Trani 2004). We therefore recommend
that teacher preparation programs develop an evolution
education course that integrates the five goals listed above.
We envision that such a course could potentially be co-
taught by a biologist and science educator, and would be
required for middle school and secondary biology edu-
cation majors. This course would integrate content and
pedagogy similar to content courses for elementary edu-
cation majors (Weld and Funk 2005).

Acknowledging that new course development and
changes to course requirements in college programs are
challenging, another option would be to integrate the
five goals throughout science methods courses (Scharmann
et al. 2005), graduate courses (Nehm and Schonfeld 2007),
or through professional development programs aimed
specifically at evolution education (Schrein et al. 2009).
In particular, more professional development for elemen-
tary teachers is warranted given that they are more likely
to reject evolution and possess misunderstandings. We
believe the five goals could be implemented during pro-
fessional development programs in similar ways to the
preservice course, and adapted to particular grade ranges.
Drawing on the five goals and going beyond content
knowledge has the potential to give K-12 teachers a
solid foundation for feeling more confident in teaching
evolution as well as the practical knowledge to teach
it effectively.

Directions for future research

Our review of the empirical literature on K-12 teachers
and evolution education resulted in several questions for
future research, primarily in the areas of teacher acceptance
and PCK for teaching evolution. Regarding acceptance,
research has indicated that understanding of evolution
and acceptance of evolution are weakly associated, if at
all (Southerland and Sinatra 2003; Nehm et al. 2009).
However, Nadelson and Southerland (2010) conducted
a study in which they specifically targeted biology students’



Sickel and Friedrichsen Evolution: Education and Outreach 2013, 6:23
http://www.evolution-outreach.com/content/6/1/23

understanding of macroevolution, and found a correlation
between understanding and acceptance. Since measures of
acceptance tend to focus on macroevolution ideas (descent
from common ancestry, deep time), this finding is logical,
and supports an increased focus on understanding macro-
evolution in teacher preparation. Continued research in
this area, both with students and teachers, would be help-
ful. In addition, a potential problem with using measures
of acceptance such as the MATE (Rutledge and Warden
1999) is that they include both items about personal un-
derstandings of evolution (‘the age of the Earth is less than
20,000 years’) as well as items about acceptance of evolu-
tion as valid within the scientific community (‘evolution is
a scientifically valid theory’). Therefore, the total MATE
score combines these two constructs. We argue that ac-
ceptance of evolution as valid within the scientific commu-
nity should be the primary goal in evolution education,
and therefore it needs to be isolated when studying teacher
acceptance. Specifically, does acceptance of evolution as a
valid scientific theory correlate to increased instructional
time for evolution in the curriculum and/or willingness
to teach macroevolution in addition to microevolution?
Answering this question will provide important implica-
tions for preparing teachers to teach evolution.

The second area that needs to be further researched is
teachers’ PCK for teaching evolution. Even if teachers
understand, accept, and are willing to teach evolution, we
know very little about how they teach evolution in the
classroom. There are many questions to be investigated in
this area. What is the nature of beginning teachers’ PCK?
How does an evolution course with the five goals we
present in this paper influence teachers’ PCK, if at all?
How does teachers’ PCK and practice of teaching evolu-
tion improve student understanding? Analyzing the nature
of teachers’ PCK in the classroom will require more in-
depth case studies with multiple data sources, including
classroom observations, interviews, and artifacts such as
lesson materials, teacher reflections, and student work.
Studies such as these will provide more specific indicators
for how teacher knowledge is developing, what facilitates
or constrains that development, and the extent to which
teachers are helping students understand evolution.

Conclusions

In this paper, we synthesized the empirical findings on
K-12 teachers regarding evolution education. We then
used the findings to develop five goals for preparing
teachers to teach evolution: (1) develop content know-
ledge of evolution; (2) develop understandings of the
nature of science related to evolution; (3) develop ac-
ceptance of evolution as valid within science; (4) develop
knowledge of and strategies for handling the public con-
troversy; and (5) develop pedagogical content know-
ledge for teaching evolution. We recommended that the
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five goals become integrated in evolution courses dur-
ing preservice teacher preparation programs and inservice
teacher professional development initiatives. Last, we
recommended directions for future research, including
studies that examine the implementation of the five
goals and their influence on teacher development and
ultimately student learning. We are hopeful that articu-
lating current findings, goals for teacher preparation based
upon those findings, and future research avenues can serve
as a starting point for improving teacher preparation, which
in turn will improve students’ understandings of evolution.
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