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Abstract The research study investigated the possible associ-
ations among science and biology teachers’ knowledge and
belief variables concerning teaching evolution in science and
biology classes. Specifically, this study examined how a set of
variables including teachers’ understanding of evolution and
nature of science (NOS) is related to the set of variables
including teachers’ acceptance of evolution and perceptions
of teaching evolution (i.e., perceptions of the necessity of
addressing evolution in their classrooms, perceptions of the
factors that impede addressing evolution in their classrooms,
and personal science teaching efficacy beliefs regarding evolu-
tion). Data were collected from science and biology teachers
through administration of Evolution Content Knowledge Test,
Measure of Acceptance of the Theory of Evolution, Nature of
Science as Argument Questionnaire and Teachers’ Perceptions
of Teaching Evolution Scale. Canonical correlation analysis
findings suggested that teachers who had thorough understand-
ing of evolution and NOS were likely to both accept the
scientific validity of evolution and believe the necessity of
addressing evolution in the classrooms. On the other hand,
teachers with thorough understanding of evolution and NOS
did not necessarily believe that they have a stronger sense of
self-efficacy beliefs regarding teaching evolution and that there
are fewer obstacles to addressing evolution in the classroom.
The research is significant in that it provides empirical evidence
clarifying the interactions between teachers’ understanding and
beliefs in teaching evolution. Implications for science teacher
education are discussed.
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Introduction

The significance of evolution to biological sciences has
been recognized by major science and science education
organizations including the American Association for the
Advancement of Science (2006), National Academy of
Sciences (1998), National Association of Biology Teachers
(2008), and National Science Teachers Association (2003).
As a central unifying theory, it serves as an explanation of
similarities among organisms, biological diversity, and
many characteristics of the physical world which are among
the most basic characteristics of Earth (National Academy
of Sciences 1998). Thus, evolution is an essential subject
matter that provides individuals with understanding of life.
However, the theory of evolution is not well understood by
high school students (e.g., Kampourakis and Zogza 2008),
undergraduate students (e.g., Alters and Nelson 2002; Peker
et al. 2010), pre-service teachers (e.g., Akyol et al. 2010;
Crawford et al. 2005; Deniz et al. 2008; Graf and Soran
2011), as well as in-service teachers (e.g., Nehm and Reilly
2007). Indeed, these findings are not surprising considering
the extant research evidence that the theory of evolution has
not been addressed effectively in science classes (e.g.,
Hermann 2008; Moore 2007; Moore and Kraemer 2005;
Moore et al. 2006; Rutledge and Mitchell 2002; van Dijk
2009). For example, in an attempt to gain insights about the
status of evolution instruction, a series of research studies
were conducted in Minnesota by Moore and many of his
colleagues (Moore 2007; Moore and Kraemer 2005; Moore
et al. 2006). In the first study, Moore and Kraemer (2005)
investigated high school biology teachers’ views about
teaching of evolution and creationism in the years 1995
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and 2003. The study reported an increase in percentages of
teachers who addressed evolution as well as creationism in
their classrooms. Data from the 2006 study, however,
revealed the fact that even though mandated in the curricu-
lum, evolution was not emphasized in high school biology
course as intended. According to the 2007 study, Moore
found a noteworthy difference in students’ and teachers’
perceptions about teaching evolution in biology courses;
although most of the teachers stated that they gave emphasis
to evolution in biology courses, relatively few students
thought that their teachers emphasized or addressed evolu-
tion in biology courses. Along these lines, a Rutledge and
Mitchell study (2002) demonstrated that as a central and
unifying theme of biology, the theory of evolution was not
reflected in the teaching of a relatively high number of
Indiana public school biology teachers. It was reported that
a third (33%) of participating teachers devoted fewer than
three days to teaching evolution whereas 43% of partici-
pants described their teaching of evolution as avoiding or
briefly mentioning evolution in their instruction. As stressed
carlier by Nelson, Nickels and Beard (1996), although evo-
lution has an important place in modern science, teachers
tend to overlook teaching this important topic due to fear of
confrontation.

Related research dealing with effective evolution teach-
ing identified a variety of obstacles that teachers confronted
when teaching evolution. It was revealed that the problems
of teaching evolution are generally philosophical, epistemo-
logical, and conceptual (Alters and Nelson 2002; Van Dijk
and Reydon 2010; Smith 2010). More specifically, belief
about nature of scientific knowledge and knowing (Rutledge
and Mitchell 2002; Trani 2004), religious commitment
(Aguillard 1999; Eve and Dunn 1990; Griffith and Brem
2004; Rutledge and Mitchell 2002; Trani 2004), worldviews
(Cobern 1994), knowledge of evolution (Rutledge and
Mitchell 2002; Trani 2004), belief regarding scientific va-
lidity of evolution (Aguillard 1999; BouJaoude et al. 2010;
Eve and Dunn 1990; Rutledge and Warden 2000; Trani
2004), the pressure from parents and administrators
(Moore and Kraemer 2005), ineffective pedagogy in evolu-
tion education and traditional ways of teaching evolution
(Alters and Nelson 2002; Nelson 2007; Ingram and Nelson
2005; Scharmann 1994), college coursework in biology in
general, evolution in particular (Aguillard 1999), anxiety
level (Scharmann and Harris 1992), and stresses and coping
strategies to alleviate the stresses (Griffith and Brem 2004),
were reported to influence teachers’ curricular and instruc-
tional decision while teaching evolution.

A recent study by Thagard and Findlay (2010), on the other
hand, focuses especially on obstacles regarding accepting
Darwin’s theory. In their study, they summarized the main
psychological obstacles to accepting Darwin’s theory as cog-
nitive obstacles (i.e., conceptual difficulties, methodological
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issues, and coherence problems that come from perception of
alternative theories) and emotional obstacles (i.e., valued
beliefs about God, souls, and morality). They pointed out that
determining these obstacles may assist in promoting more
efficient teaching strategies to deal with opposition to theory.

As far as belief about nature of scientific knowledge and
knowing are considered, several research studies have indi-
cated the importance of individuals’ beliefs about nature of
science (NOS) in teaching and learning science, including
evolution. For example, according to Nelson (2007), a
sound understanding of NOS is not only an important out-
come on its own but also as a way of comprehending and
resolving the debate over evolution. In line with this idea,
Nelson suggested that NOS should be embedded into whole
introductory biology topics rather than being taught as a
separate topic restricted to just one chapter. Supporting
Nelson’s view, Cavallo and McCall (2008) proposed that
students’ misapprehension of scientific theories including
evolutionary theory may be an outcome of their inadequate
understanding of NOS. Additionally, according to Clough
(1994), the debate between evolution and creation traces
back to misconceptions about the NOS. Indeed, possessing
a sound understanding of the NOS was reported to have a
significant impact on individuals’ understanding and accep-
tance of evolution (Akyol et al. 2010; Johnson and Peebles
1987; Kim and Nehm 2011; Lombrozo et al. 2008; Nelson
2007; Rutledge and Warden 2000; Scharmann and Harris
1991; Smith and Scharmann 1999). For example, in one of
the studies, Cavallo and McCall (2008) found that students
who believed in the tentative NOS were more likely to
believe evolutionary theory compared to those viewing sci-
ence as fixed and authoritative. They concluded that per-
ceiving science as a dynamic process possibly makes
students more receptive to controversial topics such as evo-
lution. A number of studies indicated that individuals with
thorough understanding of evolution and NOS are likely to
believe that the theory of evolution is reliable since it is
validated through accumulation of overwhelming evidence
from varied methods; that like other scientific theories,
evolutionary theory requires scientists’ inference, imagina-
tion and creativity; and that are influenced by social factors,
their personal beliefs and previous studies; and that like
other scientific theories, evolutionary theory is subject to
change as the result of new research and perspectives but
does not develop into a law (see Lederman 2007; Lombrozo
et al. 2008; McComas 2002; National Academy of Sciences
1998). As pointed out by Stears (2011), a sound understand-
ing of NOS help students understand why evolution is
considered to be the leading principle in biology as they
develop consciousness about what a scientific theory means.
It assists them in comprehension of what is regarded as
evidence in science and accordingly adequacy of evidence
for evolution, both in the past and now (Stears 2011). In line



Evo Edu Outreach (2012) 5:477-493

479

with Stears’s ideas, it is reasonable to expect that teachers
with a sound understanding of NOS feel more self-
efficacious while teaching evolution, believing in their abil-
ities to defuse controversy that may happen in their class-
room. Czerniak and Haney (1998) reported that highly
efficacious teachers are more likely to use open-ended in-
quiry, student-centered teaching strategies, tend to have less
anxiety toward teaching science, and be more confident
about teaching science while teachers with a low sense of
efficacy are more likely to use teacher-directed teaching
strategies such as lecture and reading from the textbook
rather than hands-on instruction and spend less time devel-
oping science concepts. Moreover, it is also stressed that
least efficacious preservice elementary teachers tend to be
concerned about their own understanding of science.
Indeed, Griffith and Brem (2004) stated that providing
teachers with the latest information in evolution and
genomics, a safe place to discuss the probable social and
personal implications with other teachers, as well as with
lesson plans integrated science with social and personal
stories, lead them to feel more confident in teaching evolu-
tion. Thus, the literature mentioned above highlights that
sound understanding of NOS and evolution has a central
role in teachers’ self-efficacy beliefs for teaching evolution.
Researchers agree that teachers’ science knowledge, atti-
tudes and beliefs related to science and science teaching
can have an influence on their classroom practices (e.g.,
Stepans and McCormack 1985; Stevens and Wenner 1996;
Wenner 1993). Therefore, it can be said that for the sake of
the quality of evolution instruction, it is important for sci-
ence/biology teachers to accept the scientific validity of
evolutionary theory, have sound understanding of both evo-
lution and NOS, and have a stronger sense of self-efficacy
beliefs regarding teaching evolution. Besides, Hokayem and
BouJaoude (2008) stated that in order to understand stu-
dents’ and teachers’ perceptions of the theory of evolution,
it is vital to examine factors that may impact the growth of
their perceptions.

By emphasizing the continued tension between belief,
understanding, and acceptance of the theory of evolution,
Hokayem and BouJaoude (2008) pointed up the crucial role
that religious beliefs play in the way people view evolution-
ary theory (also see Downie and Barron 2000; Hermann
2008; Hokayem and BouJaoude 2008; Ingram and Nelson
2006; Lombrozo et al. 2008; Nadelson and Sinatra 2009;
Nehm et al. 2009; Pennock 2007). According to the most
recent study of BouJaoude et al. (2010), Lebanese teachers’
conflicting views between evolution and religious beliefs
and their knowledge of both evolution and pedagogical
approaches had an influence on their instructional decisions
regarding evolution. Likewise, in their study, Asghar, Wiles,
and Alters (2007) identified Canadian preservice elementary
teachers’ concerns that they took into consideration for their

instructional decisions about teaching evolution including
type of school where they would work, inconsistent views
between religion and evolution, inadequate understanding
of evolution, and inadequate knowledge of related teaching
techniques. In his correlational study, Trani (2004) found
that Oregon biology teachers with strong understanding of
both NOS and the theory of evolution accept evolution,
albeit they are religious and had a tendency to translate this
understanding to their practices. Moreover, Rutledge and
Mitchell (2002) stated that Indiana public high school biol-
ogy teachers’ understanding of evolution and NOS and
personal religious beliefs might contribute to both their
acceptance and teaching of evolution. By using a clinical
model of stress, Griffith and Brem (2004) identified the
stresses experienced by a population of biology teachers in
teaching evolution. The highest stress level was reported
among the teachers who had a conflict between their reli-
gious beliefs and knowledge. The study of Nadelson and
Sinatra (2009) found that acceptance significantly correlated
with both knowledge of evolution and perceived evolution
familiarity, that religiosity inversely correlated with accep-
tance of evolution, compatibility of beliefs and evolution, as
well as with the knowledge. On the other hand, no statisti-
cally significant association was detected between religios-
ity and perception of familiarity with evolution. No relation
was found between the number of courses and acceptance of
evolution. Years of experience was reported to be signifi-
cantly related to both acceptance of evolution and compat-
ibility of faith and evolution. Their study also reported that
although acceptance of evolution reported to be increased
with years of experience, this variable failed to predict
knowledge or religious commitment. Besides, years of aca-
demic experience, principal academic responsibility, level of
education, number of college level biology courses, experi-
ence with researching and teaching science, and degree of
religiosity, were statistically significantly related to the ac-
ceptance and/or the understanding of evolution. Thus,
teachers endorsing strong anti-evolution views harbored
some doubts about teaching evolution in a pedagogical-
ly responsible manner.

In the Rutledge and Mitchell study (2002) examining the
relationship between public school teachers’ acceptance of
evolutionary theory and their academic backgrounds, a sta-
tistically significant association between teachers’ accep-
tance of evolution and their exposure to courses related to
biology, evolution, and NOS was found. In an attempt to
update biology and earth science teachers’ knowledge in
NOS and knowledge of biological and geological science
content related to evolutionary theory, Scharmann and
Harris (1991) conducted a three-week summer institute.
The study produced a significant increase in understanding
and acceptance of evolutionary theory, understanding of
NOS, as well as diminished participants’ self-perceived
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anxiety level regarding teaching evolution in secondary
science classes. Similarly, Nehm and Schonfeld (2007),
although detecting a statistically significant improvement
in biology teachers’ knowledge on both evolution and
NOS at the end of a 14-week intervention, found no
change regarding their antievolutionary beliefs; many
still preferred to teach antievolutionary ideas in their
classes.

Although there is a growing body of literature on teach-
ing evolution, it is clearly necessary to gain insight about
teaching the related issue in a country like Turkey where
evolution is part of both the science and biology curricu-
lum. As well, a majority of Turkey’s population is thought
to be Muslim and there is a debate over evolution and
creationism (see Deniz et al. 2008; Peker et al. 2010;
Sayin and Kence 1999). Accordingly, this study aimed at
examining science and biology teachers’ perceptions of
teaching evolution; specifically, their perceptions of the
necessity of addressing evolution in their classrooms, per-
ceptions of the factors that impede addressing evolution in
their classrooms and their personal science teaching effi-
cacy beliefs regarding evolution. With this approach, we
may gain insights about the status of evolution instruction
from teachers’ perspective in an attempt to improve its
quality. In addition, the finding that the theory of evolution
is not taught effectively in the classrooms motivates us to
unravel the possible factors that influence teachers’ curric-
ular and instructional decisions. In addition, to develop a
better understanding of the relationship between knowl-
edge and belief, described as one of the “significant core
challenges for evolution education” by Nehm and
Schonfeld (2007) and to uncover the inconsistent findings
regarding the relationships among understanding, accep-
tance, and belief in evolution, as suggested by Smith
(2010), the current study explores how a set of variables
including science and biology teachers’ understanding of
evolution, and understanding of NOS is related to the set of
variables including teachers’ acceptance of evolution and
perceptions of teaching evolution (i.e., perceptions of the
necessity of addressing evolution in their classrooms, per-
ceptions of the factors that impede addressing evolution in
their classrooms, and personal science teaching efficacy
beliefs regarding evolution). Studying the science and bi-
ology teachers who are responsible for teaching evolution
in elementary and high schools is essential to reveal current
status of evolution teaching. According to Butler (2009),
success or failure of evolution education depends on sci-
ence (biology) teachers who function at the border of the
complex scientific and social factors that influence their
classrooms. Therefore, there is a need to examine teachers’
understanding and acceptance of evolution and their per-
ceptions about teaching evolution in an attempt to improve
evolution teaching.
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Contextual Background of the Study

In Turkey, a majority of the population is thought to be
Muslim, and there is a debate over evolution and creation-
ism (see Deniz et al. 2008; Peker et al. 2010; Sayin and
Kence 1999). In fact, according to the study of Miller et al.
(2006) on public acceptance of evolution in the U.S., Japan,
and 32 European countries, less than 30% of participating
Turkish adults accepted the concept of evolution—the
lowest proportion of acceptance of evolution among these
countries. In a similar vein, studying with 1,098 freshman
and senior undergraduate students enrolled in biology, biol-
ogy education, and elementary science education, Peker et
al. (2010) revealed that although 27.9% of the participants
accepted the theory of evolution, 20.7% rejected it, and
51.4% were undecided about whether evolution occurred.
On the other hand, Turkey, has a centralized education
system under the supervision of the Ministry of National
Education, except for higher education (see Cakiroglu and
Cakiroglu 2003; Deniz et al. 2008; Peker et al. 2010). Due
to this centralized education system, elementary and high
schools are required to follow the national curriculum asso-
ciated with subject area suggested by the Ministry of
National Education. Evolution is addressed in different
ways in the national science and biology curriculum. As
far as elementary science curriculum (grades 6-8) goes,
evolution is presented in grade 8 as a part of the unit of
“Cell Division and Inheritance” under the topic of
“Adaptation and Evolution.” Four objectives are named:
namely, students are expected to (a) explain adaptation of
living things to their environment by giving examples; (b)
explain why different organisms living in the same habitat
develop similar adaptation; (c) explain how adaptation con-
tributes to biological diversity and evolution by giving
examples; and finally, (d) give examples to different views
about evolution (Ministry of National Education 2006).
Although evolution is not discussed explicitly, some related
concepts are also covered in the curriculum. For example,
while fossils are addressed in the unit of “Earth and
Universe” in grade 6, biological diversity is mentioned as
a part of the unit of “Human Being and Environment” in
grade 7. Besides, other related and important concepts such
as mitosis, genetics, meiosis, and DNA and genetic code are
presented in grade 8. As far as the recently revised national
biology curriculum (grades 9-12) is examined, it is noted
that the curriculum guideline states that the evolution is to
be studied longitudinally in conjunction with the other study
contents (Ministry of National Education 2009). More spe-
cifically, units of the “Classification of living things and
Biological Diversity,” “Cell Division and Reproduction,”
“Heredity, Genetic Engineering and Biotechnology,” and
“Origin of the Life and Evolution” are addressed across
the grade levels (grades 9-12). However, there is a specific
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chapter on evolution in grade 12, entitled “Origin of the Life
and Evolution.” The objectives are stated as: students are
expected to (a) explain hypotheses and views pertaining to
emergence of life such as abiogenesis, biogenesis, pansper-
mia, autotroph, heterotroph, creation, and so on; (b) explain
how fossils contribute to our understanding of life by giving
examples; (c) explain how similarities and differences in
organisms’ embryological, biochemical, anatomical, and
genetic structure contribute to the explanation of evolution
by giving examples; (d) explain views related to evolution;
and (e) discuss how the process of evolution and life can be
affected by the environmental changes through time
(Ministry of National Education 2009).

Method
Participants

Convenience sampling was used in the selection of the indi-
viduals rather than schools. Ninety-nine teachers (73.7% fe-
male, 26.3% male), who worked in elementary and high
schools located in different regions of Turkey from different
socio-economic levels, voluntarily participated in the study.
Of 99 teachers, 76 were science teachers and 23 were biology
teachers. In terms of teaching experience, about half of the
participants’ (43.9%) experience ranged from two to
five years whereas 26.5%, 17.3%, and 12.2% of the partic-
ipants had experience ranged from six to ten years, more than
ten years, and one year, respectively. Participants were also
requested to self-evaluate their level of both interest and
knowledge about evolution. Of the participants, 59.2% rated
themselves as having “a little” interest in evolution and 20.4%
rated as having “a great deal” of interest in evolution while
few (3.1%) claimed not to have interest in evolution. Besides,
half of the participants reported having “sufficient” knowl-
edge concerning evolution and 43.9% reported knowing “a
little” concerning evolution whereas only 6.1% reported hav-
ing “a lot” of knowledge concerning evolution.

Measures

In the present study, four instruments were used to collect
data; (1) Evolution Content Knowledge Test, (2) Measure of
Acceptance of the Theory of Evolution (MATE), (3) Nature of
Science as Argument Questionnaire (NSAAQ) and (4)
Teachers’ Perceptions of Teaching Evolution Scale (TPTES).

Evolution Content Knowledge Test
Rutledge and Warden (2000) used a modified version of an

existing scale (Johnson 1985) to assess teachers’ understanding
of theory of evolution. The test included 21 items with one

correct answer and four distracters and covered the content
areas; natural selection, extinction processes, homologous
structures, coevolution, analogous structures, convergent evo-
lution, intermediate forms, adaptive radiation, speciation, evo-
lutionary rates, fossil record, biogeography, environmental
change, genetic variability, and reproductive success. The test
was translated and adapted into Turkish by Deniz et al. (2008).
In the present study, two of the items in the Evolution Content
Knowledge Test which did not contribute to total variability
well and reduced internal consistency were removed. In these
two items, participants were asked to identify the most com-
pelling evidence for macroevolution and give an explanation
for the rapid evolution once animal life invaded land from the
oceans. The internal consistency of the resulting test was found
to be .71 using Cronbach’s alpha.

Measure of Acceptance of the Theory of Evolution

Rutledge and Warden (1999) originally developed the
MATE to assess high school biology teachers’ acceptance
of evolutionary theory in terms of process of evolution,
scientific validity of evolutionary theory, evolution of
humans, evidence of evolution, scientific community’s view
of evolution, and age of the Earth. The MATE consists of 20
items (10 positively phrased and 10 negatively phrased
items) on a five-point Likert scale ranging from 1 (strongly
disagree) to 5 (strongly agree). In order to compute the
overall MATE score, the negative items were reversed so
that higher scores reflected higher levels of acceptance of
evolutionary theory. The MATE was translated and adapted
into Turkish by Tekkaya et al. (2010) and examined by a
group of experts in science education. In order to validate
the factor structure of the MATE for the present study,
exploratory factor analysis (EFA) was conducted. Based
on the EFA results, two items with low loadings were
eliminated. These items were about the age of Earth. The
remaining 18 items supported unidimensional factor struc-
ture assessing participants’ “acceptance of the theory of
evolution.” The internal consistency of the MATE including
18 items was found to be .94 using Cronbach’s alpha.

The Nature of Science as Argument Questionnaire

The NSAAQ was developed by Sampson and Clark (2006)
to assess epistemological beliefs about nature of scientific
knowledge, methods used to generate scientific knowledge,
what counts as reliable and valid scientific knowledge and
roles of scientists in the generation of scientific knowledge.
The NSAAQ consists of 26 contrasting alternatives items
which are divided into four subscales about nature of scien-
tific knowledge (six items): methods that can be used to
generate scientific knowledge (six items), what counts as
reliable and valid scientific knowledge (seven items), and
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what role scientists play in the generation of scientific
knowledge (seven items). Sampson and Clark (2006) com-
puted total scores to reveal participants’ views of the NOS
without focusing on subscale scores. Higher scores indicat-
ed more sophisticated views on NOS: In the NSAAQ, two
contrasting viewpoints for each item (one of the viewpoints
indicates a more naive epistemological beliefs about NOS,
the other indicates consistency with the view of science as a
process of explanation and argument) are given by using a
five-point scale. The negative items were reversed so that
higher scores reflected more consistenly the view of science
as a process of explanation and argument. The NSAAQ was
translated and adapted into Turkish by Tekkaya et al. (2010)
and examined by a group of experts in science education. In
order to validate the factor structure of the NSAAQ for the
present study, EFA was conducted. The factor analysis sug-
gested elimination of ten items to support unidimensonal
factor structure. The remaining 16 items were used to assess
participants’ “understanding of the nature of science.” In the
present study, the internal consistency of NSAAQ including
16 items, was found to be .85 using Cronbach’s alpha.

Teachers’ Perceptions of Teaching Evolution Scale

Teachers’ perceptions of teaching evolution were assessed
by the Teachers’ Perceptions of Teaching Evolution Scale.
This scale was prepared by adapting items which were used
by Lee et al. (2006), Pedretti et al. (2006), and Riggs and
Enochs (1990). Overall, the modified questionnaire includ-
ed 19 Likert-type items in three domains: teachers’ percep-
tions of the necessity of addressing evolution in their
classrooms, teachers’ perceptions of the factors that impede
addressing evolution in their classrooms, and personal sci-
ence teaching efficacy beliefs regarding evolution. In order
to validate the factor structure of the TPTES for the present
study, EFA was conducted. The factor analysis suggested
elimination of one item, and the remaining 18 items were
aggregated under three target factors: “teachers’ perceptions
of the necessity of addressing evolution in their classrooms”
(seven items), “teachers’ perceptions of the factors that
impede addressing evolution in their classrooms” (six
items), and “personal science teaching efficacy beliefs re-
garding evolution” (five items). In the current study, the
internal consistency of three domains of TPTES: “percep-
tions of the necessity of addressing evolution in their class-
rooms,” “perceptions of the factors that impede addressing
evolution in their classrooms,” and “personal science teach-
ing efficacy beliefs regarding evolution,” including seven,
six, and five items, respectively, were found to be .84, .63,
and .68, respectively, using Cronbach’s alpha. The reliabil-
ity coefficients for “perceptions of the factors that impede
addressing evolution in their classrooms” and “personal
science teaching efficacy beliefs regarding evolution” were
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somewhat low; however, it is not uncommon to have low
Cronbach’s alpha coefficient value for scales including less
than ten items (Pallant 2007).

Result
Descriptive Statistics

The descriptive results regarding teachers’ understanding of
evolution, acceptance of evolution, understanding of NOS,
perceptions of the necessity of introducing evolution into
curriculum, perceptions of the factors that impede address-
ing evolution in their classrooms, and their personal science
teaching efficacy for teaching evolution were reported in the
following sections. For the presentation of the data, the
“strongly agree” and “agree” responses were combined to
give the proportions of teachers who affirmed the statements
and the “strongly disagree” and “disagree” responses were
combined to give the proportions of teachers who dissented
with the statements.

Teachers’ Understanding of Evolution

Of 19 possible correct responses on the evolution content
knowledge test, a mean score of 9.40 (SD=3.29) was
attained by the participants. That is, participants responded
correctly to about 50% of the questions, indicating a mod-
erate level of understanding of evolution (see Table 1). For
example, even if more than one third (38.4%) of the partic-
ipants gave a correct response to an item about the evolu-
tionary theory proposed by Charles Darwin by selecting
“change in populations through time as a response to

Table 1 The frequency distributions of teachers’ correct responses to
items of evolution content knowledge test (in percentage)

Item Item topic Correct

Number response

1 Evolutionary theory proposed by Charles 38.4
Darwin

2 Homologous structure 38.4

4 Process of evolution 253

10 Role of genetic variability in natural selection ~ 34.3

11 Darwin’s theory of natural selection 51.5

14 Darwin’s theory of natural selection 44.4

16 Mechanisms contributing to genetic variability ~ 90.9
within a species

17 Example of intermediate form 57.6

18 The earliest fossils found in the geologic 323
record

19 Radiometric dating principles 19.2

20 Lamarck’s ideas on the evolutionary process 62.6
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environmental change” option, approximately the same
number of participants (35.4%) chose “change in popula-
tions through time as a result of mutations” option.
Concerning question about homologous structure, 38.4%
of the participants stated correctly that the wing of the bat
and the forelimb of the dog are similar structures due to
common ancestry, while 27.3% acknowledged that they
have a different ancestry but a common function. In another
item, the process of evolution was correctly described by
about one quarter (25.3%) as “change of populations
through time.” Many participants, however, defined the
process of evolution as “the change of simple to complex
organisms” (41.3%) and as “the development of character-
istics in response to need” (18.2%). In one of the items,
participants were asked to identify the option that best
represents Lamarck’s ideas on the evolutionary process.
Although more than half of the participants (62.6%) be-
lieved that inheritance of acquired characteristics represents
Lamarck’s ideas on the evolutionary process best, one third
(33.3%) thought that it is the survival of the fittest that
represents Lamarck’s ideas.

In another item, the reason for why Darwin’s theory of
natural selection did not fully explain how evolution could
occur when first proposed was asked. Less than half
(44.4%) gave a correct response to this question by selecting
“the fact that accurate mechanisms explaining genetic

inheritance were not widely known” option, whereas
25.3% identified the reason as the absence of biochemical
techniques to determine the genetic similarities between
species. As clearly seen from Table 1, although partici-
pants of our study seemed to be knowledgeable about the
role of meiosis in generating individual variability, they
had difficulty in understanding radiometric dating
techniques.

Teachers’ Acceptance of Evolution

Turkish teachers could be described as average with regard
to their acceptance of evolution. The scores for this sample
ranged from 1.28 to 5.00, and the average score was 3.48
(SD=.85). As evident in Table 2, regarding process of
evolution, a majority of the participants thought that “organ-
isms existing today are the result of evolutionary processes
that have occurred over millions of years” (75.7%) and “the
theory of evolution brings meaning to the diverse character-
istics and behaviors observed in living forms” (71.4%).
Also, 78.4% indicated that they did not think “organisms
exist today in essentially the same form in which they
always have.” Concerning human evolution, although over
58% expressed their agreement on the idea that “modern
humans are the product of evolutionary processes that have
occurred over millions of years,” a considerable proportion

Table 2 The frequency distributions of teachers’ responses to the MATE instrument

Percentages
Items SA A U D SD
1. Organisms existing today are the result of evolutionary processes that have occurred over millions of 444 313 3 13.1 8.1
ears
2.yThe theory of evolution is incapable of being scientifically tested 6.1 133 306 306 194
3. Modern humans are the product of evolutionary processes that have occurred over millions of years 28.6  29.6 7.1 204 143
4. The theory of evolution is based on speculation and not valid scientific observation and testing 13.1 202 162 374 13.1
5. Most scientists accept evolutionary theory to be a scientifically valid theory 143 459 214 143 4.1
6. The available data are ambiguous (unclear) as to whether evolution actually occurs 143 296 163 276 122
8. There is a significant body of data that supports evolutionary theory 175 433 165 134 9.3
9. Organisms exist today in essentially the same form in which they always have 6.2 9.3 6.2 423 36.1
10. Evolution is not a scientifically valid theory 7.1 122 184 378 245
12. Current evolutionary theory is the result of sound scientific research and methodology 134 454 175 175 6.2
13. Evolutionary theory generates testable predictions with respect to the characteristics of life 11.1 414 222 222 3
14. The theory of evolution cannot be correct since it disagrees with the creation 104 115 219 302 26
15. Humans exist today in essentially the same form in which they always have 122 11.2 4.1 378 347
16. Evolutionary theory is supported by factual historical and laboratory data 253 404 141 121 8.1
17. Much of the scientific community doubts if evolution occurs 124 289 268 247 72
18. The theory of evolution brings meaning to the diverse characteristics and behaviors observed in living 204 51 11.2 9.2 8.2
forms
19. With few exceptions, organisms on earth came into existence at about the same time 52 125 19.8 323 302

20. Evolution is a scientifically valid theory

212 394 172 131 9.1

SA strongly agree, 4 agree, U undecided, D disagree, SD strongly disagree
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of the participants (34.7%) disagreed with this statement.
Regarding the scientific validity of evolutionary theory, over
half of the participants agreed with items such as “current
evolutionary theory is the result of sound scientific research
and methodology” (58.8%) and “evolutionary theory gen-
erates testable predictions with respect to the characteristics
of life” (55.5%). Regarding the scientific community’s view
of evolution, 60.2% of the participants thought that “most
scientists accept evolutionary theory to be a scientifically
valid theory”; however, only 31.9% disagreed that “much of
the scientific community doubts if evolution occurs.” As far
as undecided items are concerned, participants expressed a
considerable level of uncertainty about items such as “the
theory of evolution is incapable of being scientifically test-
ed” (30.6%); “much of the scientific community doubts if
evolution occurs” (26.8%); “evolutionary theory generates
testable predictions with respect to the characteristics of
life” (22.2%); “the theory of evolution cannot be correct
since it disagrees with the creation” (21.9%); “most scien-
tists accept evolutionary theory to be a scientifically valid
theory” (21.4%).

Teachers’ Understanding of Nature of Science

Participants’ responses to the NSAAQ also demonstrated a
moderate level of understanding of NOS (M=3.43,
SD=.74). The scores for this sample ranged from 1.25 to
4.88. As given in Table 3, regarding the nature of scientific

knowledge, while a majority of the participants (83.5%)
thought that scientific knowledge usually changes over time
as the result of new research and perspectives, only 25.3%
thought that scientific knowledge is subjective. Concerning
items about methods used to generate scientific knowledge,
53.6% of the participants agreed that “science is best de-
scribed as a process of exploration and experiment.”
However, a considerable proportion of participants
(31.3%) was undecided about this idea. Related to reliability
and validity of scientific knowledge, less than half of the
participants thought that the reliability and trustworthiness
of data should always be questioned (44.4%) and that sci-
entists know that atoms exist because they have made
observations that can only be explained by the existence of
such particles (35.4%). On the other hand, concerning reli-
ability and validity of scientific knowledge, participants
expressed their agreement on items indicating more naive
ideas such as “a theory should be considered inaccurate if a
single fact exists that contradicts that theory” (23.5%); “the
scientific method can provide absolute proof” (20.2%); and
“when a scientific investigation is done correctly errors and
biases are eliminated” (20.2%). Besides, less than half of the
participants agreed with the items found in scientists’ role in
the generation of scientific knowledge category such as “in
order to interpret the data they gather scientists rely on their
prior knowledge, logic, and creativity” (43.9%); “the obser-
vations made by two different scientists about the same
phenomenon can be different” (39.4%); “scientists are

Table 3 The frequency distributions of teachers’ responses to the NSAAQ

Item Percentages Item
Viewpoint A AnotB 4> A= B> Bnot4  Viewpoint B
B B A

3. Scientific knowledge is subjective 253 6.1 10.1 141 444 Scientific knowledge is objective

4. Scientific knowledge does not change over 5.1 0 0 1.1 83.8 Scientific knowledge usually changes over time as
time once it has been discovered the result of new research and perspectives

14. The scientific method can provide 20.2 22.2 9.1 273 212 It is impossible to gather enough evidence to
absolute proof prove something true

15. If data was gathered during an 6.1 9.1 1.1 293 444 The reliability and trustworthiness of data should
experiment always be questioned
it can be considered reliable andtrustworthy

18. A theory should be considered inaccurate ~ 23.5 30.6 92 194 173 A theory can still be useful even if one or more
if a single fact exists that contradicts that facts contradict that theory
theory

20. In order to interpret the data they gather ~ 43.9 29.6 8.2 51 133 In order to interpret the data they have gather
scientists rely on their prior knowledge, scientists rely on logic only and avoid using their
logic, and creativity creativity or prior knowledge

23. Two scientists (with the same expertise) 20.4 245 245 133 173 Two scientists (with the same expertise) reviewing
reviewing the same data will reach the the same data will often reach different
same conclusions conclusions

25. The observations made by two different 12.1 8.1 81 323 394 The observations made by two different scientists

scientists about the same phenomenon will
be the same

about the same phenomenon can be different
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influenced by social factors, their personal beliefs, and past
research” (27.3%); and “two scientists (with the same ex-
pertise) reviewing the same data will often reach different
conclusions” (17.3%).

Teachers’ Perceptions of the Necessity of Addressing
Evolution in Their Classrooms

Participants’ perceptions about the necessity of addressing
evolution in their classrooms were evaluated by seven items
in TPTES. Results revealed that Turkish teachers had a high
degree of agreement on the necessity of addressing evolu-
tion in their classrooms (M=4.05, SD=.71). The scores for
this sample ranged from 1.14 to 5.00; higher scores reflected
higher levels of perceptions of the necessity of addressing
evolution in their classrooms. More specifically, as evident
in Table 4, a majority of the participants viewed teaching
evolution as important as teaching the rest of the science
topics (81.8%) and believed that teaching evolution was
worth the effort and time (87.9%). In addition, participating
teachers acknowledged the necessity of addressing the in-
adequacy of students’ background regarding evolution
(91.9%) and expressed their willingness to use materials in
class related to evolution if they can get them (79.8%), to
develop teaching and learning materials on evolution
(75.8%), and to participate in a program that helps teachers
deal with evolution (74.5%). On the other hand, while
relatively fewer participants (59.6%) agreed that introducing
evolution into science classes would increase students’ in-
terest in science, a considerable proportion of the partici-
pants was undecided about this item (26.3%).

Teachers’ Perceptions of the Factors that Impede
Addressing Evolution in Their Classrooms

Turkish teachers’ perceptions of the factors that impede
addressing evolution in their classrooms were assessed by
six items in TPTES. Participants’ responses uncovered

several obstacles to addressing evolution in their classrooms
(M=2.73, SD=.70). The scores for this sample ranged from
1.00 to 4.50; higher scores reflected more obstacles to
addressing evolution in their classrooms. Thus, the descrip-
tive findings suggested that participants had some difficul-
ties in addressing evolution in their classrooms. More
specifically, as shown in Table 5, a considerable proportion
of participants agreed that addressing evolution in science
classes could confuse students about their own values
(57.6%), students are not mature enough to be interested
in and understand evolution (42.5%), and science classes
addressing evolution have little influence on the achieve-
ment of students with low motivation (or low-level of par-
ticipation; 38.4%). Furthermore, participants indicated a
relatively high level of uncertainty about items including
“dealing with evolution using various teaching strategies
(role playing and group activities) is hardly possible in a
‘real’ classroom situation” (25.3%), “classes dealing with
evolution are most likely to be classes for high achieving
students” (24.2%), and “I believe that science classes
addressing evolutionary theory have little influence on the
achievement of students with low motivation (or low-level
of participation)” (22.2%).

Teachers’ Personal Science Teaching Efficacy Beliefs
regarding Evolution

Participants’ personal science teaching efficacy beliefs re-
garding evolution was evaluated by five items in TPTES. As
can be in Table 6, Turkish teachers had a moderate sense of
self-efficacy beliefs regarding teaching evolution (M=3.51,
SD=.66). In fact, they seemed not to be highly confident in
their abilities to teach evolution. The scores for this sample
ranged from 1.80 to 5.00; higher scores reflected higher
levels of personal science teaching efficacy beliefs regarding
evolution. Frequency analyses revealed that a majority of
the participants seemed to perceive themselves as having
sufficient understanding of evolution (79.4%). Relatively

Table 4 The frequency distributions of teachers’ responses regarding their perceptions of the necessity of addressing evolution in their classrooms

Item Percentages

SA A U D SD
1. I want to develop teaching and learning materials on evolution for my science/biology class 36.4 394 9.1 14.1 1
2. If I can get materials on evolution, I am willing to use them in class 21.2 58.6 13.1 5.1 2
3. I am willing to participate in a program that helps teachers deal with evolution 41.8 32.7 16.3 7.1 2
4. The inadequacy of students’ background regarding evolution needs to be addressed 48.5 43.4 6.1 1 1
5. Introducing evolution into science/biology classes will increase students’ interest in science 253 343 26.3 9.1 5.1
6. Evolution education is not as important as the rest of the science/biology curriculum 4 7.1 7.1 384 434
7. Teaching evolution is not worth the effort and time 5.1 3 4 323 55.6

SA strongly agree, 4 agree, U undecided, D disagree, SD strongly disagree
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Table 5 The frequency distributions of teachers’ responses regarding perceptions of the factors that impede addressing evolution in their

classrooms
Item Percentages (%)

SA A U D SD
2. I believe that students are not mature enough to be interested in and understand evolution 152 273 121 354 10.1

3. I believe that students are barely interested in evolution

7.1 8.1 91 424 333

4. Classes dealing with evolution are most likely to be classes for high achieving students 2 12.1 242 354 263

5. I believe that science/biology classes addressing evolution have little influence on the achievement of 81 303 222 303 9.1
students with low motivation (or low level of participation)

6. Addressing evolution in science/biology classes could confuse students about their own values 152 424 121 232 7.1

7. Dealing with evolution using various teaching strategies (role plays and group activities) is hardly 10.1  13.1 253 354 162

possible in a “real” classroom situation

SA4 strongly agree, 4 agree, U undecided, D disagree, SD strongly disagree

fewer participants seemed to be confident about their knowl-
edge necessary to teach evolution to their students ef-
fectively (62.6%) and their abilities to use various
teaching strategies to deal with evolution in science
classes (61.2%). In addition, participants expressed a
relatively high level of uncertainty related to their abil-
ities to develop teaching and learning materials about
evolution (35.4%) and their knowledge necessary to
teach evolution to their students (27.3%). Furthermore,
22% were not sure about their ability to teach evolution as
well as they did most subjects, even if they tried hard.

Teachers’ Acceptance of Evolution and Perceptions
of Teaching Evolution in relation to Their Understanding
of Evolution and Nature of Science

Canonical correlation analysis was conducted to investigate
relationships between a set of variables including teachers’
understanding of evolution and NOS and another set of
variables including teachers’ acceptance of evolution, per-
ceptions of the necessity of addressing evolution in their
classrooms, perceptions of the factors that impede address-
ing evolution in their classrooms, and their personal science
teaching efficacy beliefs for teaching evolution. The aim of

canonical correlation is to analyze the relationships between
two set of variables. In the present study, the variables in
each set were determined considering the related literature:
Because the related literature suggested that understanding
of evolution and NOS is related to acceptance of evolution
and perceptions regarding teaching evolution, one of the sets
in the analysis included understanding variables and other
set included acceptance and perception variables.
Canonical correlation analysis revealed that the first ca-
nonical correlation was .36 (13.08% overlapping variance).
With all two canonical correlations included, x*(8)=14.51,
p=.069. The first pair of canonical variates did not account
for the significant relationships between the two sets of
variables, yet the percentage of variance values revealed
that the first canonical variate pair extracts considerable
proportion of variance from set 1 (56%) and set 2 variables
(25%). Therefore, it was used as a base for interpreting the
relationship between a set of variables including teachers’
understanding of evolution and NOS and another set of
variables including teachers’ acceptance of evolution, per-
ceptions of the necessity of addressing evolution in their
classrooms, perceptions of the factors that impede address-
ing evolution in their classrooms, and their personal science
teaching efficacy beliefs for teaching evolution. The

Table 6 The frequency distributions of teachers’ responses regarding personal teaching efficacy about evolution

Percentages

SA A U D SD
1. Even when I try very hard, I do not teach evolution as well as I do most subjects 6.1 253 222 34.3 12.1
2. 1 am able to use various teaching strategies to deal with evolution in science/biology classes 15.3 459 17.3 18.4 3.1
3. I sufficiently understand what evolution is 18.6 60.8 8.2 12.4 0
4. I have confidence in developing teaching and learning materials about evolution 11.1 343 354 15.2 4
5. I have the knowledge necessary to effectively teach about evolution to my students 12.1 50.5 27.3 9.1 1

SA strongly agree, 4 agree, U undecided, D disagree, SD strongly disagree
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nonsignificant finding, despite a considerable proportion of
variance values, can be due to small sample size. Hence, the
generalization of the present findings should be viewed with
caution. We recommended replicating the present research
study with more participants.

As shown in Table 7, with a cutoff correlation of .3
(Tabachnick and Fidell 2007), all the variables in set 1 were
correlated with the first canonical variate. Among variables
in set 2, acceptance of evolution and perceptions of the
necessity of addressing evolution in the classrooms were
found to be correlated with the first canonical variate.
The first pair of canonical variates indicated that under-
standing of evolution (.70) and understanding of NOS
(.79) were associated with acceptance of evolution (.90)
and perceptions of the necessity of addressing evolution in
the classrooms (.30).

This finding implied that teachers who have thorough
understanding of evolution and NOS are likely to accept
the scientific validity of evolution and perceive the necessity
of addressing evolution in their classrooms.

On the other hand, understanding of both evolution and
NOS was not correlated with any of variables including
perceptions of the factors that impede addressing evolution
in the classrooms and personal science teaching efficacy
beliefs regarding evolution.

Besides, the percentage of variance values revealed that
the first canonical variate pair extracts 56% of variance of
the variance from set 1 variables and 25% of the variance
from set 2 variables. Redundancy values indicated that the
“acceptance of evolution, perceptions of the necessity of
addressing evolution in the classrooms, perceptions of the
factors that impede addressing evolution in the classrooms,
and self-efficacy beliefs about teaching of evolution™ variate
accounts for 7.3% of the variance in the “understanding of
evolution and nature of science.” Likewise, the “understand-
ing of evolution and nature of science” variate accounts for
3.2% of the variance in the “acceptance of evolution, per-
ceptions of the necessity of addressing evolution in the
classrooms, perceptions of the factors that impede address-
ing evolution in the classrooms, and self-efficacy beliefs
about teaching evolution” variables (Table 7).

Discussion

Evolution, as a central and unifying theme of the biological
science (Rutledge and Mitchell 2002), is one of the required
topic presented in the Turkish science and biology curricu-
lum. An understanding of contemporary views of evolution,
is therefore considered an important outcome of school
science in Turkey. Consequently, science and biology teach-
ers need to understand evolution if they are to help students
develop views consistent with those accepted by the

Table 7 Correlations,
standardized canonical
coefficients, canonical

First canonical variate

correlations, percents of Correlation  Coefficient
variance, and redundan-
cies between variables Set 1
in set 1 and variables in NOS 79 )
set 2 and thelr . Test 70 ©
corresponding canonical
variates % Of_ 56
variance
Redundancy .07
Set 2
MATE .90 1.23
Necessity 30 —-.50
Impede -.09 .14
Efficacy 29 22
% of 25

variance
Redundancy .03

Canonical .36
correlation

scientific community. It is obvious that teachers cannot
possibly teach what they do not understand and believe—in
this case, evolution. Thus, to increase quality in evolution
education, teachers should be adequately prepared to teach
evolution with confidence and possess accurate concep-
tions. Yet, the findings of the current study are not promis-
ing; Turkish teachers, similar to their counterparts in other
nations, are found to be struggling with certain difficulties
both in grasping the process of evolution and in accepting
the scientific validity of the theory of evolution. Turkish
science teachers in general do not perceive themselves high-
ly confident in their ability to teach evolution effectively and
express some doubts in their ability to function in some
important aspects of teaching evolution, such as understand-
ing concepts well enough to be effective in teaching evolu-
tion. Some participants feel that their confidence in teaching
evolution is low compared to other subjects found in the
curriculum and some are not sure whether they teach evo-
lution as well as they do other subjects even if they try very
hard. There could be several reasons for this perception. For
example, they may be thinking that they don’t understand
evolution as well as other topics presented in the curriculum
or because they are reacting to the controversial nature of
this topic. However, qualitative research depending on in-
depth interviews and classroom observations is the most
appropriate strategy for determining underlying reasons.
Although studies emphasize the importance of adopting
sound pedagogical practices when teaching evolution
(Alters and Nelson 2002), our teachers seemed to harbor
some doubt about their pedagogical content knowledge
(PCK) necessary to teach evolution effectively in their sci-
ence/biology classrooms. The results of the evolution
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concept test also confirmed their inadequate understanding
of evolution (see Table 1). For example, the majority of
teachers found it difficult to appreciate that radiometric dating
techniques rely on the fact that the Earth contains elements
which change into other elements at a constant known rate, that
the process of evolution is a change of populations through
time; that using radioactive dating techniques, the first life
seems to have appeared on the earth about 3.3 billion years
ago; and that the evolutionary theory proposed by Charles
Darwin was change in populations through time as a response
to environmental change. On the other hand, it is a highly
promising finding that teachers reported the necessity to ad-
dress evolution in the classroom. Indeed, participants’ belief in
the need of addressing evolution in the classroom is quite high
(M=4.05). For example, they indicated their willingness to
develop and use teaching and learning materials on evolution
as well as participate in a program aimed to help teachers dealt
with this topic. Further, they perceived evolution education as
important as other topics found in the curriculum and worth
effort and time. However, they were relatively undecided
whether introducing evolution increases their students’ interest
(see Table 4).

As deduced from Turkish science and biology teachers’
responses to scale related to perceptions about the factors
that impede addressing evolution in their classrooms,
“addressing evolution in science/biology classes could con-
fuse students about their own values” emerged as the most
important factor hindering their evolution instruction.
Participants, however, appeared to be undecided on whether
items including “classes dealing with evolution are most
likely to be classes for high achieving students,” “I believe
that science/biology classes addressing evolution have little
influence on the achievement of students with low motiva-
tion (or low-level of participation),” and “dealing with evo-
lution using various teaching strategies (role playing and
group activities) is hardly possible in a ‘real’ classroom
situation” impede their instruction. Of course, the factors
reported as impeders that hamper teaching evolution were
limited to ones found in the self-report instrument. Thus,
further studies are needed to reveal all potential factors by
using qualitative data collection procedures such as
interviews.

In addition, as understood from the their responses to
MATE, Turkish science and biology teachers appeared to
harbor some doubts about the scientific validity of evolution
and the scientific community’s view of evolution: they are not
sure whether the theory of evolution generates testable pre-
dictions with respect to the characteristics of life and it is
correct since it disagrees with creationism and/or whether
scientific community is in agreement if evolution occurs and
accept it to be a scientifically valid theory. Their uncertainty
was highest in the item reflecting scientific validity of evolu-
tion: “The theory of evolution is incapable of being
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scientifically tested.” Therefore, participants appeared to have
a struggle in accepting scientific validity of theory of
evolution.

Present data led to the conclusion that sound understand-
ing of evolution and NOS is related to teachers’ acceptance
of scientific validity of evolution and their perceptions
concerning the necessity of addressing evolution in their
classes. However, such understanding makes no practical
contribution to their perceived ability to teach evolution
effectively. Moreover, teachers’ understanding of evolution
and NOS is not found to be linked to their perceptions of the
factors that impede addressing evolution in Turkish science/
biology classrooms.

Firstly, we found that sound understanding of evolution
and NOS was related to perceptions of the necessity of
addressing evolution in the science classrooms. This finding
is contrast to the finding by Nehm and Schonfeld (2007),
which suggested that although it may be necessary for science
teachers to have knowledge of evolution and NOS, it is not
sufficient to impact their preference about teaching evolution.
However, supporting the present finding, Rutledge and
Warden (2000) stated that teachers’ lack of knowledge about
evolutionary theory and NOS are among potential drawbacks
to stressing evolution in the high school biology curriculum.
In addition, Maldonado-Rivera (1998) found that although
evolution was placed in the official state science curriculum,
teaching of evolution was disregarded by teachers. The author
added that teacher’s inadequate knowledge of NOS and the
structure of biological knowledge were significant factors
influencing the effectiveness of teaching of evolutionary the-
ory. Moreover, Rutledge and Mitchell (2002) and Rutledge
and Warden (2000) pointed out the importance of teachers’
understanding of evolutionary theory and NOS to make
plausible instructional and curricular decisions with regard to
teaching evolution. Definitely, for the current study, teachers
with sound understanding of evolution and NOS tend to
believe the necessity of introducing evolution into existing
curriculum.

Our findings also indicate that understanding of evolu-
tion and NOS was associated with teachers’ acceptance of
scientific validity of evolution. In fact, parallel to the current
finding, several studies in the literature resulted in positive
relationships between understanding and acceptance of evo-
lution (e.g., Deniz et al. 2008; Rutledge and Warden 2000)
and between understanding of NOS and acceptance of evo-
lution (e.g., Akyol et al. 2010; Kim and Nehm 2011;
Lombrozo et al. 2008; Rutledge and Warden 2000). Based
on these relationships, it can be concluded that acceptance
of evolution is linked to understanding of both evolution
and NOS. Indeed, it seems that understanding of NOS and
understanding of evolution may support each other, which
in turn may promote acceptance of evolution as pointed out
by Lombrozo et al. (2008).
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As stated previously, the current study indicated that
teachers’ understanding of evolution and NOS is correlated
with each of the variables including their acceptance of
evolution and perceptions of the necessity of addressing
evolution in the classrooms. Accordingly, it is reasonable
to expect that teachers’ acceptance of evolution is also
related to their perceptions of the necessity of addressing
evolution in the classrooms. In other words, it can be said that
teachers’ acceptance of evolution is likely to facilitate address-
ing the issue of evolution in their instruction. Parallel with this
idea, BouJaoude et al. (2010) confirmed that teachers’ accep-
tance and rejection of evolution obviously had an influence on
their instructional decisions. In detail, according to teachers
who did not accept or selectively accepted evolutionary theo-
ry, (a) evolutionary theory ought not to be taught, (b) time
spent for evolution and creationism ought to be the same, or
(c) evolutionary theory ought to be taught so that students can
speak their mind concerning the theory. Besides, the time
spent for evolution instruction was found to be related to
teacher’s level of acceptance of evolutionary theory in re-
search by Rutledge (1996) and Aguillard (1999). That is,
teacher’s high level of acceptance of evolutionary theory gave
rise to increase in spent time for evolution instruction. At this
point, it should be noted that in spite of the association
between teachers’ acceptance of evolution and perceptions
of the necessity of addressing evolution in the classrooms,
participating teachers of the present study demonstrated a
moderate level of acceptance of evolution. Actually, this is
an expected finding considering descriptive results indicating
that teachers had moderate level understanding of evolution
and NOS.

On the other hand, the present data revealed no evidence
that understanding of both evolution and NOS is correlated
with perceptions of the factors that impede addressing evolu-
tion in classrooms. That is, teachers with thorough under-
standing of evolution and NOS did not necessarily believe
that there are fewer obstacles to addressing evolution in their
classrooms. This finding is not surprising considering the
items used in the domain of “perceptions of the factors that
impede addressing evolution in their classrooms.” Indeed, the
items did not directly refer to factors related to understanding
of evolution and NOS. More specifically, they reflected fac-
tors involving difficulties in employment of various teaching
strategies (e.g., role playing and group activities). The items
also denoted perceptions of whether students were able to or
mature enough to deal with evolution and whether addressing
evolution in science/biology classes could confuse students
about their own values. It should be remembered that factors
reported as impeders of addressing evolution in the class-
rooms were assessed through items found in the self-report
instrument. We perceived this as a limitation of the study and
recommended using qualitative data collection procedures
such as interviews to uncover all possible factors.

Furthermore, the current study failed to indicate signifi-
cant associations between understanding of both evolution
and NOS and personal science teaching efficacy beliefs
concerning evolution. That is, teachers with thorough un-
derstanding of evolution and NOS did not necessarily be-
lieve in their knowledge and abilities to teach evolution
effectively. When items in the domain of “Teachers’
Personal Science Teaching Efficacy Beliefs regarding
Evolution” were taken into consideration, it appeared that
items reflected perceptions of whether teachers were confi-
dent about their knowledge to deal with evolution and
whether they were able to use various teaching strategies
as well as to develop teaching and learning materials re-
garding evolution. Therefore, considering the items, it can
be said that although it may be necessary to have sound
understanding of evolution and NOS, it is not adequate to
have an influence on self-efficacy beliefs regarding teaching
evolution. Providing a partial support for the current find-
ing, Abd-El-Khalick and Lederman (2000) suggested that
adequate understanding of NOS is necessary but not suffi-
cient for translation of this knowledge into practice. On the
other hand, several other researchers reported a positive and
significant relationship between science knowledge and
self-efficacy beliefs (Nadelson and Nadelson 2000;
Sarikaya et al. 2005; Tekkaya et al. 2004). More specifically,
studying perceptions and preparedness of K-8 educators
about teaching evolution, Nadelson and Nadelson (2000)
found that K-8 educators’ perceived familiarity with con-
cepts of evolutionary theory was positively related with their
perceived qualifications about teaching evolutionary theory.
In addition, according to a Tekkaya et al. (2004) study, there
was a positive and significant relationship between preser-
vice science teachers’ science knowledge and self-efficacy
beliefs. Moreover, in the study of Sarikaya and others
(2005), preservice elementary teachers’ science knowledge
level was found to make a significant contribution to their
personal science teaching efficacy beliefs. Besides, Stears
(2011) pointed out that teachers with an enhanced under-
standing of NOS feel more self-efficacious while teaching
evolution, believing in their abilities to defuse controversy
which may arise in their classroom. Certainly, it is obvious
that there is not enough research to interpret impacts of
teachers’ understanding of evolution and NOS on their
teaching efficacy beliefs regarding evolution. Hence, there
should be more research to draw conclusions about related
issue.

The present findings clearly indicate that teachers with
thorough understanding of evolution and NOS are likely to
accept the scientific validity of evolution as well as believe
the necessity of addressing evolution in the classrooms.
Accordingly, considering the importance of teachers’ accep-
tance of evolution and belief in the need of addressing
evolution in the classroom for the quality of evolution
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education, it is vital for teachers to have thorough under-
standing of not only the theory of evolution, but also fea-
tures of a scientific theory and how a scientific theory is
generated. Unfortunately, participating teachers demonstrate
moderate levels of understanding of evolution and NOS.
Therefore, there is an urgent need to develop teachers’
knowledge based on evolution as well as on NOS. This
can be achieved, for example, by designing effective in-
service training programs. Indeed, a series of study con-
ducted by a group of Turkish researchers (Cakiroglu et al.
2009; Dogan et al. 2011) provided evidence for the effec-
tiveness of an in-service program involving explicit reflec-
tive NOS instruction on the development of science
teachers’ NOS understanding. Accordingly, similar pro-
grams can also be conducted by teachers involving
content-embedded explicit reflective NOS instruction focus-
ing specifically on evolution. Several empirical research
projects have demonstrated the effectiveness of explicit
reflective context-based NOS instruction in improving both
pre- and in-service teachers’ NOS views (e.g., Matkins and
Bell 2007; Wahbeh 2009). On the other hand, the study by
Schwartz and Lederman (2002), in which two beginning
teachers having different level of NOS understanding, sci-
ence background knowledge, and experience were used as a
case study, provided evidence that understanding of NOS,
subject matter knowledge as well as perceived link between
science subject matter and NOS influenced not only teach-
ing but also learning NOS. They also found that the partic-
ipant having a great deal of science background and
possessing informed views about NOS was better capable
of addressing NOS during his teaching. In another study,
Lederman (1999) conducted a multiple case study with five
high school biology teachers with differing teaching expe-
rience to explore the association between teachers’ NOS
understanding and their classroom practice. He concluded
that teachers’ conceptions of science do not necessarily have
an effect on their classroom practice. The significance of
teachers’ experience, intentions, and students’ perceptions
were also highlighted.

Considering the important role that teacher education pro-
grams play in training qualified teachers, we suggest that
teacher education programs should be designed to promote
sound understanding of both evolution and NOS. As far as
teacher education programs are concerned, for example, Abd-
El-Khalick (2005) examined the effect of a philosophy of
science course on preservice teachers’ NOS views, percep-
tions of teaching about NOS, and instructional planning relat-
ed to NOS. His study tentatively showed that participating in a
philosophy of science course helps teacher candidates develop
deeper, more coherent NOS understanding and enables them
to translate this understanding into explicitly planned instruc-
tional sequences. He suggested developing integrated courses
organized around critical episodes in the history of science

@ Springer

that focus on the needs of science teachers. He stated that case
studies of these episodes, like the shift from a geocentric to a
heliocentric model of the solar system and the development of
evolutionary theory, could be utilized in order to acquaint
science teachers with some fundamental issues in philosophy
and sociology of science and a complete understanding of
science works and generation of some fundamental scientific
theories (see also Abd-El-Khalick and Lederman 2000 for
review). The research by Scharmann et al. (2005) with pre-
service secondary science teachers concluded that comprehen-
sion of NOS conceptions is improved when those conceptions
are presented through explicit reflective NOS instruction. In
addition, Butler’s (2009) study with college students sup-
ported the assertion that explicit and reflective NOS instruc-
tion plays a crucial role in the learning and teaching of
biological evolution. The study by Akerson et al. (2000)
provided further support for the effectiveness of a reflective,
explicit, activity-based NOS instruction on preservice teach-
ers’ NOS views. They, however, claimed that such instruction
combined with a conceptual change approach might become
more efficient. Similarly, Clough (2006), approved the impor-
tance of explicit reflective NOS instruction, he emphasized the
necessity of conceptual change for effective NOS instruction.
What is more, in order to develop student understanding and
abilities regarding evolution and NOS activities incorporating
a five-step instructional model including engagement, explo-
ration, explanation, elaboration, and evaluation were sug-
gested in “Teaching About Evolution and the Nature of
Science” (National Academy of Science 1998).

The present study has a number of limitations which might
have implications for further research studies. First, canonical
correlation analysis, despite a considerable proportion of var-
iance values, did not result in a significant relationship between
a set of variables including teachers’ understanding of evolu-
tion and NOS and another set of variables including teachers’
acceptance of evolution, perceptions of the necessity of
addressing evolution in their classrooms, perceptions of the
factors that impede addressing evolution in their classrooms,
and their personal science teaching efficacy beliefs for teaching
evolution. This can be due to small sample size. Besides, since
there were only 99 science and biology teachers participating
in the study, the results may not be reliable if generalized to
Turkey’s population as a whole. It is possible that the teachers
who were more or less supportive of the theory of evolution
voluntarily participated in the study. Thus, the generalization of
the present findings should be viewed with caution. We rec-
ommended replicating the present research study with more
participants. Second, this study was conducted with science
and biology teachers without focusing on the differences in
their responses to the self-report instruments. Future studies
with a larger sample size can examine whether science and
biology teachers differ concerning their understanding of evo-
lution, acceptance of evolution, understanding of NOS and
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perceptions of teaching evolution. Third, participants’ accep-
tance of evolution, understanding of NOS and perceptions
about teaching of evolution were measured on the basis of
self-reports. However, self-reported instruments may not cap-
ture participants’ actual thoughts, so it is desirable for further
study to make greater use of multiple methods and measures to
verify the consistency and accuracy of the self-reported data.
Fourth, items of evolution content knowledge test evaluating
understanding of evolution were limited to 19 multiple choice
questions. Thus, future studies can develop and use more
comprehensive tests or use different assessment techniques
including diagnostic tests, concept maps, and interviews to
uncover understanding of evolution. Fifth, factors reported in
the TPTES were limited to ones found in the scale. Hence,
further studies can uncover all possible factors related to
teachers’ perceptions of teaching evolution by using qualitative
data collection procedures such as interviews. Sixth, the inter-
nal consistency of two domains of TPTES; “perceptions of the
factors that impede addressing evolution in their classrooms”
and “personal science teaching efficacy beliefs regarding evo-
lution” were found to be .63 and .68, respectively, using
Cronbach’s alpha. Although these reliability coefficients were
somewhat low, it is not uncommon to have low Cronbach’s
alpha coefficient value for scales including less than ten items
(Pallant 2007). In this situation, Pallant suggested reporting
mean inter-item correlation for the items. The mean inter-item
correlations for the items of “perceptions of the factors that
impede addressing evolution in their classrooms” and “person-
al science teaching efficacy beliefs regarding evolution” were
.22 and .31, respectively, that are in the optimal range for the
inter-item correlation of .2 and .4 as suggested by Briggs and
Cheek (1986, as cited in Pallant 2007). Hence, in future
studies, additional items can be prepared and included in these
subscales to improve the reliability of the findings. Last, while
generalizations are not possible due to the correlational and
exploratory nature of the study, the results suggest that further
study of teachers’ ideas about evolution is warranted.

Despite these limitations, we feel that this study extends our
understanding of possible associations among teachers’ knowl-
edge and belief variables concerning teaching evolution in
science and biology classes. To concude: the present findings
suggest that sound understanding of both evolution and NOS
may have a crucial impact on beliefs in evolution and in the
need to introduce evolution into the curriculum. We hope that
this investigation will serve as a motivating force for further
research in the area of evolution education.
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