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Abstract

Misconceptions/misunderstandings are a basic problem often encountered in topics in education. “Misunderstandings”
commonly observed about evolution makes it difficult for biology teachers to teach this topic. Reasons that are related
to teachers are a basic source of misconceptions. Misconceptions can increase incrementally if their source is teachers.
This study aims to determine the nature and scope of nonscientific views about evolution in preservice science teachers.
An important step in correcting misconceptions or misunderstandings is to first determine the frequently observed
misunderstandings. This study investigates and compares the misconceptions of students who have completed an
evolution course and those who have not. The results showed that an evolution course considerably decreased the
misconceptions. The most frequently observed misconceptions were; considering evolution as the effort to bring living
things to perfection, associating evolution only with Darwin, identifying evolution with metamorphosis, thinking that
living things evolve to accommodate, and having only a human-focused perspective about evolution. The idea that
believing in evolution is an alternative to believing in a creator; that it is not possible for someone to believe in a creator
and, at the same time in evolution, or vice versa also appeared as a noteworthy misconception revealed by the study.
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1. Introduction

Evolution, which examines the origins of living organisms and their genetic connections, and explains the underlying
reasons of common characteristics and differences observed in living beings, is the most striking and meaningful theme
of the living world (Dobzhanzky, 1973). It is not possible to understand biology without understanding evolution, by
reason that it is the sole theory which meaningfully combines the knowledge related to all domains of biology (Futuyma,
2008; Freeman & Herron, 2002; Lerner, 2000; Tidon & Lewontin, 2004). In addition to the in-depth understanding of
the various domains of biology, a mutual interaction in other sciences like mathematics, geology and philosophy is
needed in order to understand evolutionary biology as well. Teachers have a significant role in the transition of
knowledge in these domains (Tidon & Lewontin, 2004). In order to popularize the scientific perspective of evolution in
an accurate way, the role of secondary and high school teachers is especially important. Anderson (2007) has indicated
that it is of significance to be first aware of teacher views regarding evolution and to evaluate their confidence in
teaching evolutionary concepts, in order to make recommendations on evolutionary theory in different cultures and
educational systems.

Any mistake in the transition or learning of knowledge causes problems in the construction of further knowledge. For
this reason, misunderstanding or misconception is a noteworthy instructional issue. Misunderstanding/misconception is
defined as “any conceptual idea different from the generally accepted scientific consensus” (Garnett & Treagust, 1990).
Results have emerged indicating that biology students in colleges and universities do not learn as much as their
instructors think. The number of undergraduate biology students with scientifically inaccurate ideas has become a
particular source of concern (Bishop & Anderson, 1990; Nehm & Reilly, 2007a). Both teachers and students learn what
is meaningful to them, even it is incorrect. Misconceptions generally result in critical future learning problems.
Scientifically inaccurate ideas in the long-term memory affect the perception and interpretation of new knowledge
because these previous ideas create a basis for interpreting and making sense out of affective inputs. Misconceptions
related to biology continue from secondary education through university and affects the basis of understanding of
science (Coll & Treagust, 2003). Studies have reported that both teachers and preservice teachers have misconceptions
about particular topics in biology (Burgoon et al., 2011). Global studies on the education of evolution have shown that
non-scientific ideas (generally labeled “misconceptions”) about the topic of evolution are frequent at every education
level (e.g., Moore et al., 2006; BouJaoude et al., 2011; Kagan & Sanders, 2013). Miller (2006) has indicated that one
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possible reason behind society’s low-level acceptance of evolution could be the lack of understanding of biological
concepts. Besides the public’s extensive lack of understanding about evolution (Abraham et al., 2009), a large number
of misconceptions about biological evolution has been stated (Alters & Alters 2001; Miller, 2006). The scope of these
misconceptions can vary from minor misunderstanding to ones completely rejecting the theory (Alters & Alters 2001;
Dagher & BouJaoude 2005; Evans 2001; Mazur 2004; McComas, 1994, McComas 2006; Sadler 2005).

This study took the views of preservice teachers who did or did not participate in a comprehensive course about
evolution and investigated the misconceptions. Even if secondary education is included in compulsory education, some
students do not have to take biology-based courses which make it important to teach the fundamentals and process of
evolution at a cognitively appropriate and basic level within the scope of the secondary education school science course.
Finding new and innovative ways of detecting and clearing up misconceptions teachers might possess in order to
improve science education is necessary (Burgoon et al., 2011). Therefore, this study investigated evolution-related
misconceptions of preservice science teachers who have a significant role at diverse education levels from primary to
high school. With this purpose in mind, preservice science teachers’ views/thoughts about evolution were collected and
their misconceptions were identified.

2. Method

Preservice teachers’ views about evolution were collected by requiring them to complete sentences with their own ideas.
This study is a qualitative study and the motive behind using this method is to reveal preservice science teachers’
misconceptions through open-ended statements about evolution. This technique was designed adapting two techniques;
free word association (Kurt et al., 2013) and metaphor technique (Y1lmaz, 2016).Data were collected using a worksheet
requiring them to complete the sentence “To me, evolution
IS e s
T2 1T ” (Karatas, 2019).
With this open-ended sentence structure, data were collected on students’ views about evolution and reasons behind
these views. In most test techniques, students need to select one of the available options. However, in this method,
students are encouraged to write their personal views about evolution and the reason behind this view. Considering the
data obtained by the sentence structure, students’ views about evolution were collected under certain themes and
published as a separate article (Karatas, 2019). Students’ in-depth responses were further analyzed and their
misconceptions about evolution were revealed. Results were collected and analyzed under different groups of
misconceptions.

2.1 Participants

For this study, science education undergraduate students were selected because the more misconceptions observed in the
preservice teachers, the more efficient it is to detect these misconceptions, as it passes on through education by way of
teachers.

Data were collected from 190 preservice teachers in the Science Education Department of the Educational Faculty of a
university. The evolution course is compulsory in the eighth term of the program of the science education department.
The same curriculum is administered in all educational faculties in Turkey; a different curriculum is not used due to a
regional variation. All of the participating preservice teachers are Muslims. The study group consisted of senior
preservice teachers who completed the evolution course, and sophomores and juniors who have not taken the course yet.
The aim of collecting data from students who completed or did not complete the course is both to determine
misconceptions and to reveal the effect of completing a comprehensive education process on misconceptions. Data were
collected from a total of 190 students, of whom 91 were senior preservice teachers who completed the course and 99
sophomores and juniors who did not participate in the course. These fundamental topics were taught in the evolution
course: geological evolution process, the importance of within species variance, natural selection, effect types of natural
selection, adaptation, genetics of population, factors altering genetics of population (microevolution factors), the
biological species term and speciation, barriers to speciation, geographical isolation and allopatric speciation,
macroevolution, sympatric speciation, speciation through autopolyploid and allopolyploid, and mutations and the
mutation of developmental genes, in particular. The content knowledge is of critical importance for teaching evolution.
The complete teaching of all these a fore mentioned topics is performed in only a period of one term, these fundamental
topics can be taught over a period of 14 weeks. The data were collected after the senior preservice teachers completed
the course and from other students (sophomores and juniors) at the end of the spring term.

2.2 Validity and Reliability

In order to ensure the validity of the study, the students who did and did not participate in the evolution course were
included in the study. Thus, data triangulation was provided (Merriam, 2009) and, therefore, a comparative analysis was
applied to the misconceptions of the students who did and did not take the course. Also, by including direct excerpts of
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the data about misconceptions, readers were provided the opportunity to see the raw data. Therefore, they were given
the opportunity to make their own inferences and interpretations (Y1ldirim & Simsek, 2008; Merriam, 2009).

3. Results

Misconceptions were detected in 57 of the 190 preservice teachers participating in the study, which corresponds to 30%
of the students. This misconception rate is a considerably high rate observed on a particular topic. However, the vast
majority of this rate (43.43%) was the misconceptions encountered in the students who have never taken an evolution
course. The sophomores and juniors have not taken the evolution course yet and possessed a high rate of
misconceptions (Table 1). Even though there are major area courses related to biology and evolution-related ideas in
these courses from time to time, a high number of misconceptions were encountered in this group of preservice teachers
(Table 1). The same table showed the rate of misconceptions for the senior preservice teachers decreased considerably
after they completed the evolution course. However, as seen in Table 1, there were still misconceptions observed also
among the students who completed the evolution course. 14 out of 91 students had misconceptions even though they
completed the course. Despite the decrease in the number of misconceptions among the students completing the course,
the misconceptions were not fully cleared up; however, it is accurate to state that their frequency dropped. Table 2
shows the number of misconceptions and some example sentences.

Table 1. Distribution of misconceptions

Students who did not take the Students who completed Total

evolution course the evolution course.

(Sophomores and juniors) (Seniors)

N % N % N %
Number of students with 43 43.43 14 15.38 57 30.00
misconceptions
Total students number 99 91 190

The misconception that evolution always occurs towards the stronger, better and more perfect was one of the most
frequently observed misconceptions. Evolution was perceived as a process where the strong survive, and will achieve
near perfection, and the weak will surely be eliminated (Table 2).

The students’ sole human-focused perspective of evolution was the second most encountered misconception. It is a
striking result that only human evolution is mentioned, which is actually effective in the diversification of all living
beings on this planet. In addition to this, the statement that humans came into existence from apes was another
misconception.

Another misconception is the idea that living beings change throughout life in order to comply with changing
environmental conditions. The proposition that an organism changes when conditions change in order to adapt is
extremely in accurate. A large number of misconceptions were encountered with this idea (Table 2). In addition, the
description of evolution as a metamorphosis was also frequently encountered. Metamorphosis in biology is the process
of change a living organism goes through during its existence (for example, egg-larva-butterfly). Alteration and
metamorphosis are two biological terms for the same meaning in Turkish. The term metamorphosis, defined as a living
organisms’ accomplishment of developing through a profound physical change throughout its life-cycle, was frequently
observed in the sentences describing evolution.

Another misconception encountered was some of the preservice teachers’ assumptions that evolutionary and creation
theories are opposing views. The perception is noted that if someone accepts one of these two polar ideas, perceived as
the alternative to the other, then the other should be rejected was a dominant view of the preservice teachers.
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Table 2. Examples and frequencies of the most frequently observed misconceptions

Misconception Frequency Example sentence

Students explaining evolution as 14 Evolution is a change necessary to reach perfection.

gaining better characteristics Evolution is a change that increases the number of dominant

species, the extinction of weak species over time; this has
been the situation from the beginning of life.

Species, which are adapted to their biotope, are dominant,
and like the competition, are always popular.

Students explaining evolution with 13 Evolution is a science defending that human beings came
a human-related perspective into existence from apes, because evolution is change.

Evolution is Darwin, because it reminds me of the transition
from apes to humans.

Students explaining evolution as a 10 To me, evolution is chemical and physical changes living
change a living being/organism beings go through from birth to death.

goes through during life To me, evolution is the change of living beings over time,

because each living being is born, grows, and changes.

Students explaining evolution with 9 Evolution is change, metamorphosis, and adaptation, because
metamorphosis biotope and environmental conditions change.

Evolution is the change created from one generation to other,
because its definition is parallel with metamorphosis.

Students considering 5 Evolution is composed of a ridiculous theory, because
Evolution/Creation  theories  as Darwin needed a reference point since he was unable to
alternatives to each other. accommodate the Creation in his thinking; therefore, he

established this idea from this opinion.

Evolution is a theory, describing that humans come into
existence from apes, I do not believe in evolution, because
Allah created us from the earth.

Other 6

4. Discussion

Misconception is a problem when teaching difficult topics, which is also is apparent in the teaching of evolution. The
results of the study showed that the rate of students with misconceptions is high among students who have not taken the
evolution course. This result might imply that the lack of knowledge or superficial knowledge of evolution results in
both the rejection of evolution and misconceptions related to evolution. Studies have reported that as conceptual
understanding improves, the rate of rejection diminishes and the number of misconceptions decreases (Glaze et al.,
2015; Deniz et al., 2008; Deniz & Sahin 2016). Table 1 illustrates that as the level of knowledge increases, the number
of misconceptions decreases. Nonetheless, despite the increase in knowledge level about evolution, some
misconceptions remained in students who had completed the evolution course. In fact, researchers have frequently
argued that it is difficult to correct and clear up misconceptions (Nehm & Schonfeld, 2007a). Additionally, the high
number of misconceptions encountered in students who had not taken the evolution course might also indicate that
evolution education provided at the secondary and high school level creates misconceptions (Table 1). Further studies
can clarify this point.

Another response was the idea that living beings always, in line with their needs, evolve to a stronger, better, and more
perfect being was a frequently encountered misconception. Some students even described evolution as the effort to
always reach perfection. On the contrary, this inaccurate perception is not the situation in nature. In nature, descriptions
like good, positive, or negative are subject to change depending on the circumstances. A living organism, despite being
a simple organism, can sometimes gain an advantage completely due to chance, thus, live in better conditions and
reproduce more. The organism does not necessarily put extra effort in gaining this advantage (Futuyma, 2008).
Evolution should not be regarded as a bitter struggle among living beings. The current misconception that evolution
occurs as a result of bitter competition and struggle among living beings has been reported by many researchers (Nehm
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& Schonfeld, 2008; Crawford, Zembal-Saul, Munford, & Friedrichsen, 2005). It has also been stated that the
misconception that only the strong survive and that living things go through adaptation in line with their needs are
encountered among secondary school students (Abrie, 2010; Crawford, Zembal-Saul, Munford, & Friedrichsen, 2005;
Zuzovsky, 1994; Nehm & Schonfeld, 2008; Bishop & Anderson, 1990). It has been shown that graduate biology
students have explained the evolutionary processes with a deterministic perspective (Zaim-Idrissi et al., 1993). This
common misconception, observed at different educational levels from secondary to university level and in different
countries, might indicate that both evolution and the nature of living things are not fully understood. It should be
considered that natural selection and adaptation are difficult concepts to understand around the globe. Studies have
revealed that teachers have similar misconceptions (Aleixandre, 1994; Nehm, Kim, & Shepard, 2009; Nehm &
Schonfeld, 2007b). Other studies have pointed out that preservice teachers do not give up their misunderstandings even
after completing research-based evolution courses (Rutledge & Warden, 2000). The results of this study also supported
this finding in the preservice teachers. Nehm and Shonfeld (2007b) have conducted an instructive study to clear up the
misconceptions of some preservice science teachers. They reported that the preservice teachers’ misconceptions
decreased in number but did not cease to exist. All of these studies as well as this study’s results were consistent.
Teachers have insufficient knowledge of the evolutionary theory (Nunez 2012, Rutledge & Warden, 2000), of natural
selection (Nunez, 2012, Anderson, Fisher, & Norman, 2002), and of fundamental mechanisms of macroevolution
(Catley, 2006; Nunez, 2012). Abrie (2010) mentioned that teachers with misconceptions most likely transmit these
misconceptions to their students, which results in diverse problems ranging from students’ lack of understanding to the
rejection of evolution. Teachers have difficulties in identifying students’ evolution-related misconceptions (Aleixandre,
1994). Studies have found that teachers themselves can have misconceptions, that they are not generally aware of their
students’ misconceptions, and that even if they are, they are unable to alter their teaching strategies accordingly (Halim
& Meerah, 2002). For this reason, teachers can not correct misconceptions and therefore cause the transfer of similar
misconceptions to new generations in the educational process. This problem can be one of the underlying reasons for
the misconceptions revealed in both this study and other studies commonly found across the world.

The sole human-focused perspective of evolution was another misconception frequently observed. This perspective is
attributed to the information about the creation of human beings stated in sacred texts as an absolute fact. Similarly, this
study has reported the belief that human beings were created superior and separate was the reason for the rejection of
evolution (Blackwell et al., 2003). The underlying reason for this result might be accepting the creation of human
beings depicted in sacred texts as a scientific fact, rather than perceiving it as a metaphor. Furthermore, studies
conducted on this issue noted a tendency to accept the evolution of some plants and animals, despite a sharp objection
to human evolution from students as well as society (Miller et al., 2006; Blackwell et al., 2003). The origin of humans
constituted the main source of conflict in accepting the theory of evolution, resulting from the belief that we, as humans,
are closer to a higher sacred being compared to other living beings or are created special (Blackwell et al., 2003).
However, evolution does not conflict with the creation belief. Believing in evolution does not mean rejecting the
creation belief, or vice versa. In fact, there are some metaphors in sacred texts describing evolution as humans were
created from the earth and woman was created after man (gender evolution).

The misconception that evolution refers to a living being consciously changing to adapt to changing life conditions
throughout was encountered in 14 out of the 190 students. Similar misconceptions were found in other studies (Mpeta,
2014; Nehm & Schonfeld, 2008; Bishop & Anderson, 1986; Bishop & Anderson, 1990; Crawford et al., 2005).
Lamarck’s understanding of evolution, which is taught at the secondary school level, explains the change species go
through for adaptation at the level of organisms, not at the level of species, which causes misconceptions. From this,
students might pose questions like “why do living organisms close to caves not lose their sight, and can they develop
new abilities, why can we not try this, and why do apes today transform to humans?”” The knowledge that the organism
never changes throughout its lifetime and the change occurs at the level of population can only be understood by
students who take a comprehensive evolution course. Indeed, some students in this study, who took the evolution course,
accurately identified evolution as the change of populations.

Some students’ description of evolution as a metamorphosis was also encountered frequently. However, metamorphosis
in biology is the stages from egg to larva to adult that a living organism goes through. For example, frog larva lives in
water and its morphologies are similar to small fish, while adult ones are terrestrial and their morphologies have nothing
in common with larva of the same species. Some students described evolution by using the metamorphosis term, which
might stem from the fact that metamorphosis is synonymous with change in Turkish. In fact, Alters et al. (2002) has
expressed this problem, reasoning that the daily and scientific use of some evolution related terms are different from
each other. For example, the daily use of the English words, adapt, adaption, and fitness are different from their
scientific use; misconceptions related to these words has been determined (Bishop & Anderson, 1986; Alters et al.,
2002). Similar to explaining evolution with the Lamarckian theory, explaining evolution with the metamorphosis term
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indicates that the student has an understanding that an organism changes throughout life. This reasoning not only points
outs misconceptions related to evolution but also underlines an in sufficient comprehension of fundamental genetics and
the genetic process. Genetics and evolution are related topics and a lack of understanding of genetics results in difficulty
in learning and understanding evolution. Nineteen of the 190 students in this study believed that an organism evolves
due to changing circumstances throughout the life-cycle. This misconception was encountered among 10% of the
students, which can be considered quite high. No living organisms in nature perform a conscious or unconscious change
either naturally or on purpose during the course of life from birth to death. A living being is born with inherited genetic
characteristics. These genetic characteristics, managed by the living being are exposed to nature. These genetic
characteristics in death are the same as in creation. Living organisms can keep pace with change, within tolerance, when
the circumstances are changed. When a change challenges the tolerance boundaries of the living being it dies. Therefore,
the organism does not have a chance to adapt itself to changing circumstances. What is changed after natural selection is
not the organism itself, but the characteristics of that species’ population. Therefore, a living being’s conscious
adaptation or its effort to adapt to changing circumstances is not the focus. Tekkaya and Kilic (2012) also determined
that the changes in population characteristics are explained with the Lamarckian theory. Other researchers have also
highlighted that the Lamarckian theory of evolution is latently dominant in students’ explanations of evolution
(Zuzovsky, 1994; Bishop & Anderson, 1986). Nehm and Schonfeld (2017b) have stated that based on teachers’
incorrect responses regarding evolution and natural selection in accurate ideas like the Lamarckian theory remain in
grained even among teachers from diverse cultures and educational systems.

Modern Evolutionary Synthesis, which is today accepted as the valid evolutionary theory, is distant from the one
offered by Darwin. However, evolution is still identified with Darwin’s theory and Darwinism (Futuyma, 2008;
Freeman & Herron, 2002; Sanders & Makotsa, 2016), which implies that the modern evolutionary synthesis is not
sufficiently emphasized in textbooks and evolution education. Some students in this study explained evolution with a
direct reference to Darwin and put forward interpretations only related to Darwin (Table 2). Modern evolutionary
synthesis is different from Darwin’s theory of evolution. Students’ emphasis on Darwin is another indicator of their
nodding acquaintance with evolution. The students identified with this misconception have not taken the evolution
course. These results show that the modern evolutionary synthesis should be emphasized more at the secondary
educational level.

Another reason for the large number of misconceptions in teaching evolution is that this topic is more difficult when
compared to other topics in biology. Understanding the mechanisms of evolution can only be successful after learning
many other independent fundamental topics. Creating this fundamental comprehension in students, contrary to other
topics in biology, requires a large amount of knowledge and background; therefore, it is a difficult process for both the
teacher and the student. Teachers may accept that every student understands the entire process completely but facts
reflect otherwise. Therefore, it is normal to encounter misconceptions in students as acquiring knowledge of evolution
which constitutes a scope of a course, rather than a single topic or unit. For example, the topic of the circulatory system
or photosynthesis can be understood in a few lessons but understanding evolution requires an understanding of a wide
range of disciplines (systematics, genetics, anatomy, etc.) as well as comprehensive evolutionary education. Therefore,
it is difficult to sufficiently understand evolution at the secondary and high school educational level. The educational
process idealized by the teacher is not valid for every student. No matter how well the topic or lesson is taught, the
desired level of comprehension may not be achieved due to students’ individual differences
(interest/uninterested/having or not having a sense of wonder). Considering these differences, encountering a large
number and types of misconceptions in a topic like evolution is understandable. To address these problems not only in
the teaching of evolution but also in other courses, there is a need for effective, evidence-based pedagogic applications
for all teachers and students. This can help to determine and clear up misconceptions, and obtain accurate scientific
knowledge. One way to improve the quality of teachers, especially preservice teachers, is to help them to gain the
capacity to always question misconceptions and to work with their colleagues and educators to recognize and minimize
misconceptions in biology (Gomez-Zwiep, 2008). Studies have shown that all teachers should address their
misconceptions, and be supported in teacher education programs to effectively help their students (Burgoon et al., 2011).
Higher education programs in science should be proactive in helping preservice teachers develop effective applications
to break the cycle of misconceptions, and determine, minimize, and enhance the possibility of eliminating
misconceptions (Asay & Orgill, 2010; Driver et al., 2000).

In conclusion, evolution occurs in every living population and should be emphasized in the design of textbooks or
teaching evolution courses. The characteristics an organism possesses at birth will not change, but that populations will
change over different generations with time, should be emphasized. Animations or applications demonstrating that
natural selection and adaptation occurs at the population level are fundamental. Furthermore, particular attention should
be focused on the misconception that evolutionary and creation theories are not opposing theories, believing in one does
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not mean rejecting the other. It should be emphasized that it is not accurate to perceive evolution as a living organisms’
process to perfection and that living organisms do not have such a will or conscious.
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