SVANVIAN YVHVYI

GT0¢

MISCONCEPTIONS IN BIOLOGY EDUCATION: A
REVIEW OF RELEVANT RESEARCH

A MASTER’S THESIS

BY

BAHAR KUMANDAS

THE PROGRAM OF CURRICULUM AND INSTRUCTION
IHSAN DOGRAMACI BILKENT UNIVERSITY
ANKARA

MAY 2015






To my family



MISCONCEPTIONS IN BIOLOGY EDUCATION: A REVIEW OF RELEVANT
RESEARCH

The Graduate School of Education
of

Ihsan Dogramaci Bilkent University

by

Bahar Kumandas

In Partial Fulfilment of the Requirements for the Degree of

Master of Arts
in

The Program of Curriculum and Instruction
Ihsan Dogramaci Bilkent University
Ankara

May 2015



BILKENT UNIVERSITY
GRADUATE SCHOOL OF EDUCATION
MISCONCEPTIONS IN BIOLOGY EDUCATION: A REVIEW OF RELEVANT
RESEARCH

Bahar Kumandas

May 2015

| certify that | have read this thesis and have found that it is fully adequate, in scope
and in quality, as a thesis for the degree of Master of Arts in Curriculum and
Instruction.

Dr. Armagan Ateskan

I certify that | have read this thesis and have found that it is fully adequate, in scope
and in quality, as a thesis for the degree of Master of Arts in Curriculum and
Instruction.

Prof. Dr. Alipasa Ayas

| certify that | have read this thesis and have found that it is fully adequate, in scope
and in quality, as a thesis for the degree of Master of Arts in Curriculum and

Instruction.

Prof. Dr. Mustafa Sozbilir

Approval of the Graduate School of Education

Director: Prof. Dr. M.K. Sands



ABSTRACT

MISCONCEPTIONS IN BIOLOGY EDUCATION: A REVIEW OF RELEVANT

RESEARCH

Bahar Kumandas

M.A., Program of Curriculum and Instruction

Supervisor: Dr. Armagan Ateskan

May 2015

Misconceptions are an obstacle to comprehend scientific phenomena. Since
misconceptions are a significant problem at all levels of education, studies have been
increasing in the field of biology education. The aim of the study was to explore the
patterns of the articles about biology misconceptions in Turkey and to reveal general
tendencies. To meet this aim, 67 articles were selected through 1SI Web of
Knowledge, Scopus, EBSCOhost, ULAKBIM and ASOS Index databases published
from 2000 to 2014. Meta-synthesis (thematic content analysis) method was used to
explore characteristics, purposes, themes and patterns, data collection tool types,
research methods, sample and sample sizes, and data analysis methods of these
articles. Selected articles were subjected to the adapted version of the Paper
Classification Form developed by Sozbilir, Kutu & Yasar (2012). The results show
that articles about misconception in biology are mostly published in international
journals and written in Turkish. These articles mainly focus on identifying
misconceptions. Most of the studies’ samples were pre-service teachers. The sample



size of the studies varied between 31-100. Qualitative and quantitative research
methods were equally dominate over mixed method, which was less preferred. The
findings also indicate that more studies have been undertaken in environment and
ecology, and genetics and cell division. Achievement and diagnostic tests were the
most common data collection tools and used multiple choice and open-ended
question types. This review is expected to inform educators, teachers, pre-service
teachers and curriculum developers about themes and patterns in misconception

research.

Key words: misconception, biology education, content analysis



OZET

BiYOLOJi EGITIMINDE KAVRAM YANILGILARI: iLGIiLI

ARASTIRMALARIN INCELEMESI

Bahar Kumandas

Yiiksek Lisans, Egitim Programlar1 ve Ogretim

Tez Yoneticisi: Dr. Armagan Ateskan

Mayis 2015

Kavram yanilgilari, bilimsel olgularin anlagilmasi i¢in bir engeldir. S6z konusu
kavram yanilgilar1 egitim hayatinin her asamasinda belirgin bir sorun oldugundan,
biyolojide kavram yanilgilart alaninda yapilan ¢alismalar artmaktadir. Bu ¢alismanin
amaci, biyolojide kavram yanilgilar1 alaninda Tiirkiye’ de yapilmis olan ¢aligsmalari
incelemek ve bu alanda yaygin olan egilimleri belirlemektir. Bu amag¢ dogrultusunda,
ISI Web of Knowledge, Scopus, EBSCOhost, ULAKBIM ve ASOS Index veri
tabanlarinda 2000 ile 2014 yillar1 arasinda yayimlanan 67 makale incelenmistir.
Makalelerin 6zellikleri, konulari, amaglari, veri toplama araglari, arastirma
yontemleri, 6rneklem 6zellikleri ve veri analiz yontemlerini incelemek i¢in meta-
sentez (tematik igerik analizi) yontemi kullanilmistir. Se¢ilen makaleler, S6zbilir,
Kutu & Yasar (2012) tarafindan gelistirilen “ Makale Siiflandirma Formu” nun bu
calismaya uyarlanmis bigimi ile incelenmistir. Arastirma bulgularina gore, biyolojide
kavram yanilgilar ile ilgili makalelerin bircogu uluslararas1 dergilerde Tiirkce olarak

yaymlanmistir. Makaleler, cogunlukla kavram yanilgilarini belirlemeye
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odaklanmaktadir. Orneklemlerin gogunu hizmet dncesi dgretmenler olusturmaktadir.
Calismalarin 6rneklem biiytikligi 31 ile 100 arasinda degismektedir. Nicel ve nitel
arastirma yontemleri, daha az tercih edilen karma yonteme kiyasla esit bir iistiinliik
saglamaktadir. Ayrica s6z konusu bulgular, ¢evre, ekoloji, hiicre boliinmesi ve genetik
konularinin daha yaygin olarak calisilan alanlar oldugunu gostermektedir. Basar1 ve
kavram yanilgilari testleri en yaygin kullanilan veri toplama araci olurken, bu testler
cogunlukla ¢oktan se¢meli ve agik Uglu sorulardan olugmaktadir. Bu ¢alismanin,
arastirmacilara, 6gretmenlere, hizmet oncesi 6gretmenlere ve egitimcilere bu alandaki

egilimlerin neler oldugu konusunda yardime1 olmasi beklenmektedir.

Anahtar Kelimeler: kavram yanilgilari, biyoloji egitimi, i¢erik analizi
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CHAPTER 1: INTRODUCTION

Introduction
This study aims to explore research articles about biology misconceptions in Turkey,
looking for patterns to reveal general tendencies. Since misconceptions are a
significant problem at all levels of education, studies about this issue have been
increasing in the field of biology education. It is hoped that this review will inform
educators, teachers, pre-service teachers, textbook writers and curriculum developers
about themes and patterns in misconception research. This chapter includes the
background of the study, the statement of the problem, and the purpose, the research

questions, the significance and definition of the key terms.

Background

Concepts represent common changeable features of objects, events, ideas, thoughts
and actions (Malatyali & Yilmaz, 2010). Students develop concepts at an early age
when they explore their physical and social world. If these concepts are different
from scientific thoughts they are referred to as misconception. Especially when these
misconceptions make perfect sense to learners they are difficult to change or shed
(Allen, 2010). A misconception can be defined as the knowledge of an individual
about a concept that is essentially different from the commonly endorsed scientific

implication of this concept (Yagbasan & Giilgicek, 2003).

A misconception compromises the learning process. Meaningful learning eliminates
information that confuses students and promotes meaningful connections between
previous and new knowledge. The Ministry of National Education (MoNE) describes

1



In the early 1980s, the importance of meaningful learning was associated with
constructivist learning (Ozgiir, 2004). According to cognitive constructivism, learners
construct their own knowledge. Piaget (1972) defined constructivist learning as
acquisition of knowledge through independent investigation and curiosity and
developing methodology to serve these knowledge rest of the life. Learning is an active
process. Allowing students to build the ideas on their minds freely is a crucial role to
support meaningful learning. Hence, teaching correctly is not enough to be sure

knowledge are acquired and constructed by the students meaningfully (Piaget, 1972).

In 2004, MoNE implemented new curriculum reforms in science education based on the
constructivist approach (MoNE, 2005). The approach asserts that knowledge cannot be
transferred from teacher to students directly; it is re-constructed by students and
converted into a new format. Science and Technology Curriculum (2005) provides the
following principles of constructivism:
e The learning processes of the students are affected by their prior knowledge,
their attitudes, their values, their point of views and their aims
e Information and abilities are not transferred from teachers to students through
educational applications
e Learning is not a passive process so it requires the effective participation of the
student which forms “student-centred” education
e The aim of science education should be not only to develop current
knowledge, but also to ensure being regulated and re-constructed ineradicably
e People may internalize, organize or refuse as evolution of new information while

they try to make sense of the world (MoNE, 2005, p.13).



Biology is an integral part of science education. Science is introduced to students first in
elementary school in Life Science. Students cover basic science concepts and increase
awareness of their bodies and the environment (MoNE, 2009). Students are taught
specific biology topics in middle school in science and technology. Then, at the high
school level, science is divided into physics, chemistry and biology. Since elementary
school constitutes the foundation of science education, constructing correct and
meaningful information about biology at this stage has a significant role to avert
misconceptions. Moreover, teachers need to have higher knowledge levels and correct
ideas in order to prevent and correct student misconception. In the literature many
studies conducted in Turkey have shown that teachers and pre-service teachers hold
some misconceptions as well as students (Celikler & Aksan, 2011; Giines et. al., 2010;
Tekkaya, Capa, & Yilmaz, 2000; Yakisan, Selvi, & Yiiriik, 2007). The number of
studies about misconceptions in biology is significant part of biology education. Hence,
identifying an overall image of related studies and classifying them systematically have

gained importance.

Problem
There are many factors that affect the learning process of students and their
performance in educational settings. One of the major factors that affect students’
learning processes is the scientifically inaccurate conceptions (misconceptions) of
students. Students retain their misconceptions throughout their school life unless they

are corrected in a timely manner.

Several studies in Turkey have been conducted in the field of biology and most of them
showed that teachers, teacher candidates and students held some misconceptions about

some biology topics such as photosynthesis (Kose, Ayas & Tas, 2003; Ozay & Oztas,
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2003), the greenhouse effect (Arsal 2010; Celikler & Aksan, 2011), osmosis - diffusion
(Cinici, Sozbilir & Demir, 2011; Kdse, 2007), aerobic and anaerobic respiration (Yiiriik
& Cakir, 2002), enzymes (Atav, Erdem Yilmaz & Giictim , 2004; Kurt, 2013; Selvi &

Yakisan, 2004). However, no studies have been conducted to review all of these studies.

In order to promote efficient and meaningful learning, describing the origins of
misconceptions and finding ways to correct them or prevent them from developing are
important (Tekkaya, 2002). Given that misconceptions are significant problems for all
levels of education, it is understandable that the numbers of academic studies about this
topic have increased. These studies identify methods to elicit misconceptions, identify
the kind of misconceptions students and pre-service teachers have, and prevent them
from being created in the first place. This study presents a general overview of the

patterns for academic research in the related area.

Purpose
The purpose of this study is to analyse studies that were conducted in the area of
misconceptions in biology according to their characteristics, research topics, sample and
grouping, methodologies and data collection methods. Hence descriptive
statistics is used to illustrate a general overview of the patterns for academic studies in

this area. Published articles are analysed in this study.

Research questions

The following research questions are explored in this study:
1) What are the characteristics of research studies about misconceptions in biology
in terms of the language, year of the articles, type and name of the journals in

which articles are published?



2) What are the purposes of research studies about misconceptions in biology?

3) What are the themes and patterns in research studies about misconceptions in
biology?

4) What research methods are used in research studies about misconceptions in
biology?

5) What data collection tools are used in research studies to investigate
misconceptions in biology?

6) What are the sample and size of the conducted studies about misconceptions in
biology?

7) What data analysis methods are used in studies about misconceptions in

biology?

Significance

Although there are several studies that have been conducted in the area of
misconceptions in biology, a comprehensive review of these studies in Turkey has yet to
be conducted. This study aims to explore the patterns of the research articles about
biology misconceptions in Turkey and to reveal general tendencies in the area of
research topics, types, and methodology. It is hoped that this review will inform
educators, teachers, pre-service teachers and curriculum developers about themes and
patterns in misconception research. This collection of articles and reviewed literature
provides information about the following:

e Which biology topics have more misconceptions

e What kind of misconceptions students have

e How teachers can handle the misconceptions of students

e Which methods are preferred for correction of misconceptions

5



Studies based on pre-service science or biology teachers’ misconceptions are analysed
in the study. This is because the first stage in avoiding students’ misconceptions is to
ensure that teachers have no such misconceptions.

Finally, collecting these studies gives an idea about gaps in the research such as missing

topics or strategies that could be considered for future research.

Definition of key terms
Biology: Biology is the science of life.
Concept: Carnap (1967) calls the word of concept also as object and defined as
“properties and classes, relations in extension and intension, states and events, what is
actual as well as what is not” (Carnap, 2003, p.5).
Conceptual change: Hewson (1992) defines the conceptual change as possibility of
reconstructing the concept for the better.
Constructivism: Piaget (1972) clarified the definition of constructivism as “A student
who achieves a certain knowledge through free investigation and spontaneous effort
will later be able to retain it; he will have acquired a methodology that can serve him for
the rest of his life” (p.93).
Misconception: Misconceptions are incorrect ideas which distant from the actual
scientific phenomena. Driver (1988) defines misconceptions as children’s ideas about
natural phenomena before they learn science in school.
Meaningful learning: Meaningful learning is defined as “new information is linked
with existing concepts in existing cognitive structures through an interactive process in
which the new information changes slightly; the new information is subsumed” (Moe,

2011, p.32).



CHAPTER 2: REVIEW OF RELATED LITERATURE

Introduction
The purpose of the literature review is to provide information and a framework about
the current study. First, literature on biology education in Turkey is analysed. Second,
content analysis studies about biology education in Turkey are investigated. Then,
teaching biology concepts in general is analysed. Finally the definition of, sources of,

methods to identify and ways to correct misconceptions are explored.

Biology education

Biology education in Turkey

The purpose of Turkish national education is to educate individuals to feel responsible
toward society, to respect human rights, and to have mentally, morally, spiritually,
physically and emotionally balanced and healthy personalities as well as to think
scientifically (Basic Law of National Education, 1973; No: 1739). Turkish national
education aims to pursue innovation in the area of science and technology according to
the needs of the country (Basic Law of National Education, 1973; No: 1739). Especially
in recent years, with advances in technology and adaptation to a constructivist approach,
Turkey has been undergoing innovation and development in science education that
affects our everyday lives. With biology being an integral part of science education,
these innovations and developments influence patterns in biology education as well.
The biology curriculum had already been renewed periodically starting from 1993 (Gtil
& Sozbilir, 2015). Nevertheless, at the present time, one of the main problems that
confronts advances in the education system in Turkey is still dedication to traditional
means of instruction. For instance, the experiments in the laboratory classes in Turkey

7



are mostly conducted under the supervision of teachers; this demonstration of the
method makes students passive learners. However, as a solution to the problems faced,

the education system is innovated by updating the curriculum (Akgay, 2014).

The latest change of the biology curriculum provides students to be more involved to
their learning (MoNE, 2013). The new biology curriculum helps students make
connections between daily life experiences and biological concepts; this enables
students to have an active role in their learning processes (MoNE, 2013). Furthermore,
the curriculum has been organized in a fashion that encourages experiments and

laboratory studies (MoNE, 2013).

Biology is obligatory in the 9" and 10" grades. The primary purpose of the new biology
curriculum is to motivate students with concrete examples. Later, students in the upper
grades develop more abstract and in-depth concepts (MoNE, 2013). Moreover, the new
biology curriculum strives to empower students to make their own decisions for their
future by providing them with a broad perspective (MoNE, 2013). MoNE (2013) states
the objectives in the new biology curriculum educate individuals to:
e Have sufficient knowledge, skills and understanding about basic theories,
concepts, processes and practices in biology
e Participate actively in biological discussion and evaluate issues accordingly
e Be conscious consumers of scientific knowledge and practices, that are
encountered in daily life

e Become willing to learn science as a lifelong process (pp.i).

Biology education provides an understanding of universe and life, so it has an important

science field in people’s lives (MoNE, 2013). Scientific researches in the field of

8



biology education lead to develop efficient education and to evaluate current aspects

(Basic Law of National Education, 1973; No: 1739).

Content analysis studies about biology education in Turkey

In order to interpret the development of science education as well as to visualize
patterns in science education content analysis studies of science papers have been done
(Calik, Unal, Costu & Karatas, 2008; Evrekli, inel & Denis & Balim, 2011; Sézbilir,

Kutu & Yasar, 2012; Topsakal, Calik, & Cavus, 2012).

However, few of the studies are focused in biology education. Giil and Sozbilir (2015)
analysed 633 biology education research articles published Turkey from 1997 to 2012
under different categories. A total of 143 articles were classified as “learning” as subject
matter and 10.90 % of the articles focused on misconceptions. The findings showed that
environmental issues, cells, animal structure and functions were the most researched

topics.

The study of Kose, Giil and Konu (2014) provides an analysis of research published
during the years 2002-2013 about biology education from ULAKBIM database. A total
of 251 studies were examined according to the key words of biology education. Results
showed that the most studied biology topics were evolution and environment with nine
and eight instances respectively. There were 16 studies of misconceptions in the area of

studies about education teaching-learning.

Topsakal, Calik and Cavus (2012) determined trends in Turkish biology education by
analysing 138 graduate theses according to year, research interest, sampling method and
research methodology. Researchers suggested that further studies should be carried out

to identify patterns in Turkish biology education.

9



Giiven et al. (2014) reviewed 112 environmental education studies published in Turkey
between 2007 and 2011. The studies were grouped by: publication year, language,
participants, research design, research topic, data collection tools and data analysis
methods. Most of the studies were at university level. Researchers suggested that further

studies should be done in the area of environmental education.

Bozdogan (2011) investigated studies about global warming conducted between 1992
and 2009. A total of 62 scientific publications were analysed in the world and in
Turkey. The studies reported a large number of misconceptions about environmental

issues at all levels of education.

Erdogan, Marcinkowski and Ok (2009) analysed environmental education research
published over the years 1997-2007 in Turkey. They categorized 53 studies according to
research method, socio-demographic characteristics of the subjects, and environmental
literacy constituents. Results showed that knowledge of ecology and natural history, and
knowledge of environmental problems and issues, were taken into consideration as main
parts of environmental education. On the other hand, cognitive skills and
environmentally responsible behaviours were given less importance. Erdogan,
Marcinkowski and Ok (2009) suggested, in order to reveal and correct students’
misconceptions and develop their cognitive skills about environment and ecology,
conceptual-change oriented instructional methods should be integrated into the

curriculum.

Teaching concepts in biology

According to the researchers such as Ayas (2012), a concept means the first association

that comes to one’s mind when a substance or object is mentioned. Carnap (1967)

10



describes concepts as “properties and classes, relations in extension and intension, states

and events, what is actual as well as what is not >’ (p.5).

Some of the events and experiences we encounter in our daily lives are related to
biology. Hence, students encounter biological concepts in their daily lives and may
construct idiosyncratic ideas that are different from accepted knowledge. When students
come to the class, they experience cognitive dissonance. They develop new information
on previous experiences, probably adapted from the situations that they encounter inside

and outside of school (Driver, 1988).

In order to provide correct scientific knowledge, to reconstruct or remove pre-existing
knowledge, teaching concepts is an important role for teachers. Driver (1988) believed
teaching should not only give direct knowledge, but also provide discussion of the
meanings. Mintzes, Wandersee and Novak (2001) suggest “quality over quantity,
meaning over memorizing, and understanding over awareness” help students to acquire
“real understanding” of biology concepts (p.118). As Ayas (2012) states teaching
concepts should not be taught by giving their definitions. Teachers who teach biology
should give information based on students’ needs and expectations and help students to
alter their experiences to given information levels that allow them to establish

relationship with daily life (Yagbasan & Giilgigek, 2003).

Teachers’ ideologies in terms of respect to science, learning environment, and teaching
material may influence students’ meaningful learning biological concepts. Therefore,
lesson materials and teaching methods should be taken into consideration regarding
students’ motivation and interest towards learning biology. Atic1 and Bora (2004)

investigated the most used teaching methods in biology education and found that

11



explanation was the predominant teaching method, over demonstration and question-
answering. In their research, Kaya and Giirbiiz (2010) reported that teachers began to
give more importance to instructional materials according to high school students’
perceptions through survey. Teachers with low confidence about subject knowledge
apply basic teaching techniques such as simple practical work, questioning and
prescriptive texts (Jarvis & Pell, 2004). Students’ understanding of concepts may relate
to their teachers’ content knowledge. In the literature, some studies showed teachers’
positive attitudes, beliefs and perceptions towards biology and content knowledge
increased their students’ interest in learning, and thinking scientifically (Akar &

Yildirim, 2011; Fulmer, 2013; Jarvis & Pell, 2004).

As Yagbasan and Giilgigek (2003) state, applying conceptual change strategies (e.g.,
concept mapping, concept cartoons, conceptual change texts) in classroom teaching
supports meaningful learning and eliminates misconception. Lappi (2013) explains
conceptual change as “Students sometimes misunderstand or misinterpret scientific
content because of persistent misconceptions that need to be overcome by science
education—a learning process typically called conceptual change.” (p. 1347).
According to Tekkaya (2003), conceptual change is effective and logical, replacing

existing inaccurate knowledge and ideas with scientifically acceptable information.

Misconceptions

A misconception can be identified as something that people believe, but that are not
actually correct. In broad terms, misconceptions correspond to the ideas that have
personal perceptions and meanings in students’ articulations that are defective (Bahar,

2003). In the literature, misconceptions are also indicated to as “alternative conception”

12



(Kurt & Ekici, 2013, p.885; Kurt, 2013, p. 211; Dikmenli, Cardak & Oztas, 2009,
p.429; Cinici, 2013, p.645), “misunderstanding” (Kili¢ & Saglam, 2009, p.227;
Kirbaslar, Baris & Unal, 2009, p.158), “students’ non-scientific conceptions (Cinici,

2013, p.646), “children’s informal ideas” (Mak, Yip & Chung, 1999, p.161).

Yip (1998) explains misconception as the numerous concepts and ideas posed by
students that are inconsistent with scientific knowledge. According to Tekkaya, Capa
and Yilmaz (2000) definition of misconception is students' alternative ideas or solutions
against scientific concepts and methods. Driver (1988) defines misconception as
children’s ideas about natural phenomena before they learn science in school. Sanders
(1993) define misconception as “incorrect mental constructs that are firmly held by the

learner and thus resistant to change” (pp.919).

Sources of misconceptions

Misconceptions are the output of a divergent set of current daily language, direct
observation of natural objects and acts, formal instructional interference and the mass
media which are shaped by personal experiences (Moe, 2011). Misconceptions may
come from certain experiences that are commonly shared by many students. Asci,
Ozkan and Tekkaya (2001) indicate that children hold misconceptions that are advanced
before and during their formal educational settings. Social interaction and daily life
conversation causes spreading misconceptions. Novak (1987) believes social
environments such as school and classroom are important roles to facilitate or inhibit

acquiring or modifying and correcting misconceptions.

Students’ misconceptions may arise from acquisition of inadequate and incorrect

information before the instruction. (Novak, 1987). Murat, Kanatli and Unisen (2011),
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reported cartoons are effective in the formation of misconceptions. For example,
students may acquire inaccurate information about animals’ gestation, eating habits and
behaviours (Murat, Kanatli & Unisen, 2011). As Yip (1998) points out, some biological
concepts, -such as the quality of life, animals and plants, photosynthesis, respiration, gas
exchange and inheritance- are most affected by real-life experiences prior to instruction.
Another origin of misconception is teachers’ insufficient subject area knowledge and
competence (Mak, Yip & Chung, 1999; Sanders, 1993). In addition, teachers’ preferred
books that are used in the classes may have some confusing and incorrect sections with

long and baffling questions.

When students encounter new knowledge they may think it is unfamiliar and hard to
understand. Students’ biases to the new knowledge may cause to reject understanding of
actual meaning of scientific phenomena. In order to prevent acquisition of such
incorrect or distorted knowledge, it is essential for the teacher to ascertain whether

students have lectured the anchoring concepts before instruction (Yip, 1998).

Students may need to have pre-requisite knowledge for the construction of a new
concept. Absence of these concepts may be caused developing distorted views. When
students combined newly learned concepts with their undeveloped concept, it may cause
misconceptions (Asc1, Ozkan & Tekkaya, 2001). In addition, Yagbasan and Giilgigek
(2003) state students’ pre-knowledge may cause inaccurate learning while they

construct new information on existing ones.

Since biology topics are mostly related to each other, current misconceptions prevent
meaningful learning for the next steps of instructions. Therefore, before introducing and
scientific concepts, students’ current ideas about these concepts can be discovered

(Allen, 2010).
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Methods to identify misconceptions

The identification of students’ misconceptions is critical to effective teaching and
learning in science. Hence, the fundamental stage to promote accurate learning
outcomes is preventing the misconception before it develops (Allen, 2010). In this
stage, teachers have an important role to recognize students’ ideas, to appreciate ideas
that students bring to the classroom and to search and apply which processes fit for

reconstructing students’ conceptions (Driver, 1988).

Several strategies and techniques that are used for exploring students’ cognitive
structures and ideas also help to modify existing incorrect ideas. Elicitation methods
inform educators and teachers about what students actually believe about the scientific
phenomena. Posner, Strike, Hewson, and Gertzog (1982) believe that learning arises
against the background of students’ present ideas. When students encounter new
concepts, they grasp them or change their existing ones; they call this process
conceptual change. Cakir (2008) defines conceptual change as recognizing, evaluating
and reconstructing. He explained that the first step to correct existing concepts requires
recognition of the nature and presence of the current conceptions. It seems that students
can develop their metacognition to acquire new and correct knowledge. Metacognition
is being aware of individual’s learning process. It is defined by Flavell (1979) as the
ideas we have about our own cognitive processes in terms of experiences and

knowledge (as cited in Schwartz & Timothy, 2002).

There are some conceptual change strategies that are also use to elicit students’
cognitive structures. These include following: word association tests (Kurt, 2013; Kurt
& Ekici, 2013), prediction-observation and explanation (Bilen & Kdose, 2013), concept

mappings (Kose, 2007; Tekkaya, 2003) , students’ drawings and writings (Kurt, 2013;
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Kurt & EKkici, 2013), classroom debates, laboratory and computer based instruction
(Maras & Akman, 2009) and conceptual change texts(Akyiirek & Afacan, 2013; Aydin

& Balim, 2013; Keles & Aydin 2012; Tekkaya 2003).

The ways to correct misconceptions
After the recognition of misconceptions, the next step is correcting them (Allen, 2010).
Hence, students’ misconceptions carried through their educational life are a significant

barrier for their achievements and learning processes.

If teachers are to diagnose or become familiar with their students’ views, they can apply
some strategies accordingly (Cakir, 2008). A constructivist teaching approach is useful
to prevent and fix students’ misconceptions. Constructivist theories support learning as
a social improvement involving language, real world situations and cooperation among
learners (Ozgiir, 2004). Jean Piaget proposed that a constructivist education allows
students to increase their ability to discover new ideas and construct new knowledge
with regarding their personal interests and different level of intelligences (Ozgiir, 2004).
According to this constructivist theory, teachers should allow students to be in an
effective learning environment in order to gain meaningful and persistent knowledge.
As Cakir (2008) indicates, the classroom environment is the essential factor in which
students should feel free to express their ideas about the concept without concern for the

rightness or wrongness of these ideas.

Students’ existing knowledge should be revealed; if they have current misconceptions,
they should be resolved and missing information supplemented. Since some topics have
abstract terms and students have difficulty comprehending them, different teaching

methods and techniques should be applied as much as possible. Further, appropriate
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activities should be developed for each student's level and the relevant models,
experiments, educational games, concept maps should be prepared to increase students’

understanding of and attention to the lesson (Tatar & Koray, 2005).

Allen (2010) asserts that some explicit ideas to correct misconceptions and facilitate
students’ individual construction of knowledge include using a social setting for
learning, allowing student autonomy, engagement and motivation, providing open-
ended questions, promoting higher-order thinking, and increasing peer dialogue with
group activities. In addition, some techniques that are used to determine misconceptions
may be applied to treat students’ incorrect beliefs. In conclusion, several studies have
shown that treatment with conceptual change strategies are helpful for eliminating on
the present misconceptions of students (Bilen & Kose, 2013; Keles & Kefeli, 2010;

Kose, 2007; Sesli & Kara, 2012).

Misconceptions in biology
Many students have misconceptions about what science actually is and how it works.
Biology is one of the courses in which students experience difficulty (Keles & Kefeli,
2010). The content and complexity of biological notions, common ideas, deficiency of
biological knowledge and additionally the hidden nature of many key processes cause
biology to be an especially hard subject to teach and to learn (Sesli & Kara, 2012).
Moreover, its abstract nature and scientific terminologies make biology confusing. As

Tekkaya (2002) indicates:

Many world[sic] in biology are used in an alternative way in daily life, for this
reason, some misconceptions may arise from the use of words that mean one
thing in everyday life and another in a scientific context such as food,

respiration, and population.(p. 260)
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Undoubtedly, students hold some difficulties about understanding of certain concepts.
Bahar (2002) interviews with pre-service teachers resulted in a list of the most difficult
topics in biology concepts for students to comprehend. Genetic engineering, mitosis,
gametes, alleles and genes came to the top of the list while diffusion and osmosis and
obtaining food by animals and plants were perceived as the least difficult topics. The
study included reasons why learning genetics was difficult and students reported
language and terminology, lack of teacher confidence, content and time allowance,
mathematical expression and numeracy and confusion between the similar topics.
Tekkaya, Ozkan and Sungur (2001) also found in their study that genes, chromosomes,
mitosis and meiosis, Mendelian genetics, hormones and nervous system were the topics

Turkish high school students found to be difficult to learn.

In the literature, many studies show that teachers and pre-service teachers, as the
students, hold some misconceptions (Artun &Costu, 2011; Kirbaslar, Baris & Unal,
2009; Kurt, 2013; Yakisan 2013; Yakisan, Selvi & Yoriik 2007). Furthermore, it has
been found that biology textbooks contain important misconceptions that affect

learning (Cobaonoglu & Sahin, 2009; Dikmenli, Cardak & Oztas 2009).

Tekkaya, Capa and Yilmaz (2000) suggest that one of the important reasons for
misconception is differences between scientific terminology and use of these terms in
daily life languages, such as “respiration” and “breathing” and “seal” and “sea dog”
(p.145). Another example is confusing vegetables and fruits. Everyone in society calls
some plants vegetables such as aubergine, cucumber and tomato, when in scientific
terms they are fruits because they bear seeds (Yangin, Sidekli & Gokbulut, 2014). It is
highly possible that students’ misconceptions may be oriented by daily life

conversations.
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Related literature shows that student misconceptions may arise from their experiences,
the language used during daily communications, their teachers’ content knowledge and
their textbooks. Teaching strategies and the students’ learning environment play an
important role in identifying and correcting misconceptions. As misconceptions have an
impact on students’ learning processes and are a significant problem at all levels of
education, studies about misconception have been increasing in the field biology
education. The review of the literature provided information about what kind of
misconceptions students have, which methods are preferred to elicit and correct
misconceptions and how these misconceptions are originated. Given the increase in
research related to biology misconceptions, there is a need to review these studies to
better inform teacher educators, teachers and pre-service teachers about themes and
patterns, we can more effectively address student misconceptions, and ideally prevent

them from forming in the first place.

19



CHAPTER 3: METHOD

Introduction
This part of the study gives information about the methodology for the current study.
First the research design is explained in detail, and the target sample is defined. Next,
the instrumentation used is identified along with reliability and validity strategies.

Finally, the data collection and data analysis methods are explained.

Research design

In recent years, many research studies have been done to determine and address
students’ and pre-service teachers’ misconceptions in Turkey. However, there is not
yet any research which completely includes and reviews these studies. The purpose
of this study is to investigate a number of articles that were conducted in that area

and to analyse them accordingly.

In this study, content analysis method is used. The method is based on the analyses
and presentation of collected information. Neuendorf (2002) defines content analysis
as “a summarizing, quantitative analysis of messages that relies on the scientific
method and is not limited as to the types variables that may be measured or the
context in which the message are created or presented’’ (p.10). Krippendorff (2004)
states that content analysis is “a research technique for making replicable and valid
inferences from texts (or other meaningful matter) to the context of their use’’ (p.18)
Moreover, content analysis has been described as “research methodology that applies

a set of procedures to make valid inferences from text” (Weber, 1985, p.9).
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Sarantakos (1998) indicates content analysis is a documentary method that studies
the “content” of documents and analyse them in a qualitative or/and quantitative
way. As Falkinghan and Reves (1985) indicate, content analysis provides a general
framework to quantify the studies of a particular field: For example, what research
methods are preferred, what are themes and patterns being followed, and what types
of output arise. They explain that the method consists of creating a database of
attributes designated to each paper or study by the reviewer and then examine the
relationships in the data. Collecting data provides ways to make comparisons about
the attitudes of various groups of people separated by date, geographic location,
culture, or country (Fraenkel & Wallen, 1985). In this study, selected articles are

systematically analysed through content analysis.

Overall, various researchers concur that articles are reviewed to identify and
underline their specific focus. Calik and Sozbilir (2014) have grouped content
analysis under three subheadings; these are meta-analysis, meta-synthesis and
descriptive content analysis. In this study, the meta-synthesis is used as the research
design. Meta-synthesis involves analysing and evaluating a group of studies that are
conducted within the same domain (Calik & S6zbilir, 2014). For this study,
however, a limited number of articles (n=67) were analysed; therefore a more
apropos description of this design is an in-depth investigation and interpretation of

selected articles through meta-synthesis.

Selecting sample studies
In this study, biology misconception research studies by Turkish educators were
subjected to a content analysis. To identify the target population, first, key words

germane to misconceptions in biology education were identified including,
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alternative conception and misunderstanding. The timeframe for the study was
designed to be from 2000 to 2014. Database search engines such as; ISI Web of
Knowledge, Scopus, EBSCOhost, ULAKBIM and ASOS Index databases were

reviewed according to determined key words above.

Second, it was decided to limit the search to research-based studies rather than
theoretical studies. Furthermore, the study focused research on with pre-service
teachers and elementary, middle and high school students; therefore, studies with
different populations (e.g., university students other than pre-service teachers) were
eliminated. Finally, 67 articles were reviewed and analysed according to the different

categories in the code book.

Instrumentation
In this study, each selected article was subjected to an adapted version of the “Paper
Classification Form (PCF)” developed by So6zbilir, Kutu and Yasar (2012). Some
categories were modified according to meet the needs of this study. The

instrumentation is explained below, as well as its coding and classification.

Instrument design, coding and classification
Content analysis method requires designing and implementing a coding scheme. The
form used for this study was composed of seven parts, labelled parts A through G.

e Part A includes some descriptive information about the studies such as title,
author/s name, authors’ nations, journal name including year, volume, issue
and pages, journal type as national and international, and language of articles.

e Part B was used to classify the studies according to their purposes. The part is

divided into 6 sections; investigation cognitive structure, treatment of
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students, identifying misconception, conceptual understanding difficulties,
determination causes of misconception and others.

Part C was used to identify the biological topic that was being investigated,
such as cell biology, cell division and/ or genetics, environment and ecology,
chemistry of life, classification of living organisms, world of living creatures
and photosynthesis and respiration. The topics were classified according to
Ministry of National Education high school curriculum.

In Part D, the research methods were categorized as qualitative, quantitative
or mixed.

Part E provides information about the number and types of data collection
tools. The articles which use achievement, diagnostic and attitude and
conceptual understanding tests. are categorized their question types in this
part.

Part F gives information about the sample size and grouping.
Part G classifies studies according to data analysis method including

qualitative and quantitative analysis.

Method of data collection

As it is stated above a total of 67 research articles are listed in “Appendix A” were

selected for this study and subjected to content analysis. Following the key word

search, the title, date and the content of the articles were examined. The research

questions and the following exclusion criteria were used to eliminate articles that did

not meet the needs of the study;

The studies did not consider elementary, middle and high school students and
pre-service teachers.

The studies were theoretical approach rather than empirical.
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e The studies were about misconception but did not include requested key

words.

Method of data analysis
This study used descriptive content analysis method, conducted according to

following procedures defined by Fraenkel and Wallen (2009):

1. Determine purpose

2. Select units of analysis

3. Develop coding categories
4. Code the material

5. Analyse and interpret the results

Data analysis methods were explained according to Fraenkel and Wallen (2009)’s

procedures:

Determine purpose: Content analysis begins with determination of specific objectives

concerning what the researcher want to study. In this study, the purpose of the

research was determined and the research questions were formulated.

Select units of analysis: The relevant units to be used for conducting and reporting

the analysis should be selected before the researcher begins the analysis (Fraenkel
&Wallen, 2009). As stated before, content analysis is used in this research with the

unit of articles that selected according to the some features.

Develop coding categories: Categories might orient from research question and

should be anchored in a review of relevant literature and similar studies (Prasad,
2008). While developing coding categories, new categories are added to the code

book and some of them are changed according to the needs of this study.
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Code the material: Coding the unit of selected studies into categories is called coding

and individuals who do coding are called coders (Prada, 2008). Careful training of
coders is essential to reliable coding. In this study, however, the target articles are
subjected to the coding by the researcher and 12 % of the articles are checked and

discussed by other investigators.

Analyse and interpret the results: The end product of the coding process must be

numbers to visualize general patterns and characteristics of the studies (Fraenkel
&Wallen, 2009). In this study, data are analysed through the descriptive statistics by
using the Statistical Package for Social Science (SPSS) package, version 19.0 and

excel.

Calik and Sozbilir (2014) list some essential components for meta-synthesis that

needs to be taken into consideration during the data analysis:

e Analysis and coding processes applied in the meta-synthesis should be
explained

e The limitations of meta-synthesis should be clearly stated (i.e., narrowing key
words for the studies that are subjected)

e The precautions taken for validity and reliability of meta-synthesis should be

clarified (p. 35)

Validity and reliability

In content analysis, reliability and validity are paramount to the integrity and strength
of the research (Neuendorf, 2002; Sarantakos, 1998). Validity is checked by
comparing expected and acquired results while reliability is ensured by comparing

the results of two independent coders. In order to ensure valid and reliable
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classification, a code book was created for the study and more than one coder

conducted the coding.

Fraenkel and Wallen (2009) define the term validity, in research to indicate the
usefulness, meaningfulness and correctness of any instrument used by a researcher to
access and interpret. Neuendorf (2002) states validity aims to answer “Are we really
measuring what we want to measure?”(p.12). In this research, the adapted version of
“Paper Classification Form (PCF)” developed by Sozbilir, Kutu and Yasar (2012)
was used. According to the needs of the study, some categories were added while
some were changed or shortened. To ensure the validity of the adapted instrument,
the researcher read the articles and compared how they could be coded by the PCF.
The target of the article, topics and types of questions were added while data
collection tools, research method and data analysis method were changed or

shortened (see Appendix B).

The term reliability has been defined by Fraenkel and Wallen (2009) as “The
consistency of scores or answers provided by an instrument” (p.154). A coding tool
is reliable if it produces consistent results at different times, even when used by
different researchers (Krippendorff, 1986; Sarantakos, 1998). Bauer (2000) defines
reliability as “agreement among interpreters” (p.143). In this study, intercoder
reliability was used. It sometimes called reproducibility (Krippendorf, 1986, p.130;
Weber, 1985, p.16) which refers to use of a coding procedure by more than one
individual producing similar results (Prasad, 2008; Weber, 1985). To measure
reliability, first, 12 % of the sampled articles were selected randomly, and along with
the instrument, given to other educators and master students. They were instructed to

use the instrument to analyse the articles. The results were compared with the
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researcher’s findings and any differences were discussed. Any disagreements about
the classifications were addressed by a meeting of the graduate committee to come to

consensus.
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CHAPTER 4: RESULTS

Introduction
This chapter gives detailed information about the findings of the study that was
obtained from a content analysis of the articles related to misconception in biology.
The results of each research question are presented using percentages and

frequencies in tables and figures.

Findings of the study
The data were obtained from research studies about misconception in biology
published in Turkey from 2000 to 2014. A total of 67 research articles were
subjected to content analysis and coded using an adapted version of the Paper

Classification Form (PCF) developed by So6zbilir, Kutu and Yasar (2012).

Research Question 1: What are the characteristics of research studies about
misconceptions in biology in terms of the language, year of the articles, type and

name of the journals in which articles are published?

In this study, the characteristics of the studies were analysed by identifying the
language of the articles, publication year, type and the name of the journal. The list

of the articles that were subjected to the content analysis are given in Appendix A.

Table 1
Languages of the articles
f %
English 27 40.3
Turkish 40 59.7
Total 67 100
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Regarding the languages of articles, Table 1 above indicates that the percentage of
the articles published in Turkish (59.7%) is higher than the articles published in
English (40.3%). Figure 1 presents the number of Turkish and English articles and

distribution of languages by the journal types as national and international.

30

m Turkish m English

25

20 -

15 -

Frequency

national international

Figure 1. Language of the articles over national and international journals

Regarding national journals, more articles were published in Turkish (n=23) while
there was only one article written in English. As shown in Figure 1, amount of
articles written in Turkish within international journals is much higher than the
amount of articles in English published in national journals. There were 25 articles in
English published mostly in international journals although there was a large number
of articles in Turkish (n=18) in international journals as well.

The studies were mostly published in international journals including Journal of
Baltic Science Education (10.4%), Hacettepe University Journal of Education

Faculty (9.0%) and Journal of Turkish Science Education (7.5%) (See Appendix C).

Figure 2 below shows the percentage of articles published about misconception in

biology from 2000 to 2014. The results found remarkable fluctuations; of the articles
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investigated for this study, most were published in 2013 (20.9%). There were also

notable amount of studies in 2012 (13.5%) and 2009 (12%), while 2004 has lowest

numbers of articles published with 1.5%. Moreover, there was a sharp decrease in the

amount of articles published in 2014 and no study was published 2001.
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Figure 2. Percentages of studies across years (2000-2014)

Research Question 2: What are the purposes of research articles about

misconceptions in biology?

The analysis of the purpose of the articles, involved classifying them into six targets

areas:

Identification of the misconception
Investigation of cognitive structure
Treatment with conceptual change strategies
Determining causes of misconception
Investigation of books and

Other areas

30



As seen from Figure 3, the identification of the misconception is the main target area
for most of the articles (44.1%). Around 20.2% of the articles focused on a treatment
to observe the effectiveness of an instructional strategy for preventing or eliminating

misconceptions. A similar amount of the articles (19.1%) investigated cognitive

structures.
50 -
45 | 4405

Identify Investigate Treatment Determine Book Others
misconception cognitive causes of investigation
structure misconception

Figure 3. Purposes of research studies (%)

The articles that focused on treatment by conceptual change strategies were classified

according to the following methods:

Analogy and modelling

o Computer and laboratory
o Concept cartoon

o Concept mapping

o Conceptual change text
J Cooperative learning
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o Dual situated learning model

o Mind map

o POE (Prediction- Observation- Explanation)

The distributions of the articles that focused on these methods are represented in
Table 3 below. As seen from the table, concept mapping (n=6) is the most popular
method used to prevent or eliminate misconceptions. It is notable that, the amount of
articles that focus on treatment increases from the period of 2000-2004 (n=2) to the

period of 2010-2014 (n=14) sharply.

Table 2
Treatment methods

Year

2000-2004 2005-2009 2010-2014 Total

Analogy and modelling 0 0 1 1
Computer and laboratory 1 1 0 2
Concept cartoon 0 0 2 2
Concept mapping 0 2 4 6
Conceptual change text 1 0 3 4
Cooperative learning 0 1 1 2
Dual situated learning 0 1 0 1
Mind map 0 0 1 1
POE(Prediction- 0 0 2 2
Observation- Explanation)

Total 2 5 14 21

Research Question 3: What are the themes and patterns in research studies

about misconceptions in biology?

Table 4 represents the distribution of themes and patterns throughout the years and
Figure 4 shows the topics that were studied during the period from 2000 to 2014. For

Table 4, the articles were divided into four main areas: General topics, Cell biology,
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Human health and physiology, and Environment and ecology. More specific topics

were categorized within these main areas.

Table 3
Distribution of themes and patterns over the years (2000-2014)
Year
Total
2000-2004 2005-2009 2010-2014

General topics 8 20 20 48
Biology as a science 0 1 0 1
Genetic and/or cell division 2 5 7 14
Biotechnology 0 2 0 2
Chemistry of life 1 3 2 6
Microbiology 0 0 3 3
Plant biology 2 3 1 6
Classification of living organism 0 2 5 7
Respiration and photosynthesis 3 4 2 9
Cell Biology 1 4 4 9
Cell structure and organelles 0 2 1 3
Diffusion and osmosis 1 2 3 6
Human health and physiology 2 2 7 11
Endocrine glands 0 0 1 1
Immune system 0 0 1 1
Excretion system 1 0 2 3
Blood circulatory system 0 0 2 2
Reproductive system 1 1 1 3
Digestive system 0 2 0 2
Environment and Ecology 5 5 6 16
Greenhouse Effect and/or global 1 1 5 7
warming
Ozone layer depletion 0 1 0 1
World and living things 2 0 3
Transformation of energy 2 2 1 5
Total 16 32 37 85

Overall, the main topic of environment and ecology (n=16) was most popular.
Within this area, interest in the Greenhouse Effects and/or global warming increased
sharply while others fluctuated during 2010-2014 periods. Among the general topics,
genetic and cell division (n=14) included the most topics studied from 2000 to

2014. Human health and physiology became more popular to investigate over time,
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especially peaked in the period of 2010-2014. The topics in the human health and

physiology fluctuated throughout the years.

Notable among the specific topics, interest in studying misconceptions related to
microbiology and classification of living organisms increased throughout the
timeframe used for this study. Investigations of the cell biology topics remained the
same for the last two periods while only one article was published in the 2000-2004
period. The total amount of articles increased from the period of 2000-2004 (n=16)

to the period of 2010-2014 (n=37).

When Figure 4 is examined, it indicates that the most popular area of researched is
the environment and ecology topic since 18% of the studies fall within this category.
Within this topic area, the Greenhouse Effect and global warming (7.2%) is widely
studied. The next most popular area researched is a general topic area, genetic and
cell division (15.7%). Another general biology topic that was the focus of research
was respiration and photosynthesis (10.8%). The main topic area of human health

and physiology comprises 14.4% of the studies.

In addition, biology as a science, endocrine glands, immune system and ozone layer

depletion are the less preferred topics to study with 1.2% proportions for each.
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Research Question 4: What research methods are used in studies about

misconceptions in biology?

In order to analyse research methods used, articles were classified as qualitative,
quantitative and mixed research methods. Figure 5 compares the percentages of
applied research methods. Among the articles investigated, 43% were qualitative and

45% quantitative; only 12% used mixed methods.

Quantitative
45%

Figure 5. Research methods

Research Question 5: What data collection tools are used in research studies to

investigate misconceptions in biology?

In terms of classification of data collection tools, articles were classified according to
the following categories: questionnaire, conceptual understanding test, achievement
test, diagnostic test, attitude test, drawing- writing, a free word association test,
concept cartoons, interview, roundhouse diagraming, observation, documents and

other areas.
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Figure 6. Data collection tools (%)

The analysis shows that the most popular data collection tools were achievement
tests (17.8%), diagnostic tests (18.7%) and interviews (11.9%). Among other data
collection tools, concept cartoons and roundhouse diagraming have slightly usage

with 0.8% and 1.7% respectively.
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Figure 7.Number of data collection tools (%)

37



With regard to the number of data collection tools, Figure 7 above indicates that
most of the reviewed studies were conducted using a single data collection tool
(55.4%), while 35.5% used combination of two different data tools. Just over 9% of

the studies relied on three or four data collection tools.
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Figure 8.Types of questions (%)
Figure 8 shows the types of questions used within achievement, diagnostic, attitude
and conceptual understanding tests. The studies that use these types of data
collection methods were categorized based on the following question types: multiple
choice, open ended, two-dier multiple choice and Likert type. The most popular
question types were multiple choice (41%) and open-ended (38%). Two-dier

multiple choice (8%) and Likert type (6%) questions were used less frequently.

Research Question 6: What is the sample and size of the conducted studies
about misconceptions in biology?

When Figure 9 is investigated, it appears that 41.2% of the articles were conducted
with pre-service teachers. There were also studies targeting middle (25%) and high
school (23.5%) students. A few of the studies (5.9%) collected data from elementary

school students.
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Figure 9. Studied samples in research studies about misconception in biology (%)
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Figure 10. Sample size in research studies about misconceptions in biology (%)

Concerning the sample sizes of the articles, a significant proportion of the studies
were with sample sizes ranging from 31 to 100 as shown at Figure 10. The next most
frequently used sample size was from 101- 300 (28.4%).Very few of the studies

sampled less than 10 participants or over 1.000 (1.5% each).



Research Question 7: What data analysis methods are used in studies about
misconceptions in biology?

Regarding to the data analysis methods, studies were classified using quantitative
methods with descriptive and/or inferential statistics or using qualitative methods.
Table 5 indicates that more than half of the studies were analysed with quantitative
methods, the remainder used qualitative data analysis methods. Articles belonging

quantitative analysis method employed descriptive (25.4%) and inferential (28.2%)

statistics.
Table 4
Data analysis methods
f %
Quantitative 40 54.0
Descriptive Statistics 19 25.7
Inferental Statistics 21 28.3
Qualitative 34 46.0
Total 75 100
Summary

This chapter provided detail information about the analysis of 67 articles about
misconception in biology published between 2000 and 2014 in Turkey.
In order to determine the status of articles, findings were showed by tables and

figures.
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CHAPTER 5: DISCUSSION
Introduction
In this chapter, the results that were provided in the previous chapter are discussed.
First, a general explanation of the results is given, along with the major findings for
the seven research questions are discussed. Second, the implications for practice and

further research are discussed. Last, the limitations of the study are stated.

Overview of the study

The aim of this study was to review articles about misconceptions in biology
published from 2000 to 2014 in Turkey. To meet this aim, 67 articles were selected
through ISI Web of Knowledge, Scopus, EBSCOhost, ULAKBIM and ASOS Index
databases. Meta-synthesis (thematic content analysis) method was used to explore
characteristics, purposes, themes and patterns, data collection tool types, research
methods, sample and sample sizes, and data analysis methods of these articles.
Selected articles were subjected to the adapted version of a Paper Classification
Form developed by S6zbilir, Kutu & Yasar (2012); see Appendix B. Findings for the
data analysis were given in Chapter 4 in detail. The results show that articles about
misconception in biology are mostly published in international journals and written
in Turkish. These articles mainly focus on identifying misconceptions. Most of the
studies’ samples were pre-service teachers. The sample size of the studies varied
between 31-100. Qualitative and quantitative research methods were equally
dominate over mixed method, which was less preferred. The findings also indicate
that more studies have been undertaken in environment and ecology and genetic and

cell division. Achievement and diagnostic tests were the most common data
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collection tools and used multiple choice and open-ended question types.

In the following section, the major findings and possible reasons for these findings
are discussed under seven sub-sections:

1. Characteristics of articles about misconceptions in biology

2. Purposes of articles about misconceptions in biology

3. Themes and patterns in articles about misconceptions in biology

4. Research methods in articles about misconceptions in biology

5. Data collection tools in articles to investigate misconceptions in biology

6. Samples and sample sizes of articles about misconceptions in biology

7. Data analysis methods in studies about misconceptions in biology

The major findings

Characteristics of articles about misconceptions in biology in terms of the
language, year of the articles, type and name of the journals in which articles
are published

For this study, 67 articles were analysed to identify in which journals they were
published, their language and in which years they were published during the study

period.

According to the results, the articles were mostly published in international journals
including Journal of Baltic Science Education (10.4%), Hacettepe University
Journal of Education Faculty (9.0%) and Journal of Turkish Science Education
(7.5%). In their research, Kose, Giil and Konu (2014) reported that Hacettepe

University Journal of Education Faculty came to the top of the list as it published
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most articles about biology education. In addition, as this study has shown, 24
articles were published in national journals while 43 were published in international
journals. In the literature, content analysis studies for the field of science and biology
education supports that the number of articles published in international journals has
been increasing in recent years (Giil & Sozbilir, 2015; Sozbilir, Kutu & Yasar,
2012). On the other hand, of the 24 articles published in national journals, 23 were
written in Turkish. That is, Turkish educators seem to prefer writing in Turkish if
they aim to address Turkish readers. Even though there were a high number of
articles published in international journals, a considerable amount of these articles
were written in Turkish. These results are supported by other studies (Giil & Sozbilir

2015; Giiven et al., 2014; Sozbilir, Kutu & Yasar 2010).

According to the distribution of articles about misconception in biology across years,
it seems that the percentage of articles fluctuates remarkably from 2000 to 2014, with
a sharp decrease in the amount of articles from 2013(20%) to 2014 (3.1%). It is
possible that the focus on misconception is declining and other topics related to
improvement and application of new teaching strategies such as problem or project
based learning, place based learning, cooperative learning etc. are becoming more
popular to investigate (S6zbilir & Kutu, 2008). In their research, S6zbilir and Giil
(2015) showed that “teaching-focused” biology education papers dominated over
learning and attitudes, perceptions and, opinions subject matters. Most of the
“teaching-focused” biology studies were based on comparing teaching methods,
there was also large number of articles that focused on teaching materials. Kose, Giil
and Konu (2014) categorized 215 biology education researchers according to their

studied domains and reported that most of the studies conducted were concerned
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with the effect of teaching methods on student achievement and attitude. It seems
that investigation effectiveness of variety of teaching methods and materials has
gained importance among biology researchers. On the other hand, since the articles
collected from April 2014 to February 2015, this intense difference between the
amounts of articles in these two years could merely be influenced by publication

periods and were not available for the current investigation.

Purposes of articles about misconceptions in biology
The articles investigated for this study were classified in to the following six
categories based on their purpose. Each of these categories is discussed further
below:

¢ ldentification of a misconception

e Investigation of cognitive structure

e Treatment by conceptual change strategies

e Determination causes of misconception

e Investigation of books

e Others

Identification of a misconception

Misconceptions create a negative impact on students’ learning processes. In order to
engage students’ persistent and meaningful learning, teachers should be aware of
students’ misconceptions before beginning to teach (Tatar & Koray, 2005).
According to the results, the majority of publications analysed focused on identifying
one or more misconceptions (42.4%). Giil & Sozbilir (2015) classified 633 biology
education research papers according to the subject matters and reported that 69 of
143 “learning-focused” biology studies were done on the identification of

misconceptions.
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Studies that aim to identify misconceptions of pre-service teachers have an important
role on increasing awareness the learning needs of pre-service teachers; these studies
will facilitate identifying possible solutions to eliminate students” misconceptions
(Tekkaya, Capa & Yilmaz, 2000). Also, identification of misconceptions may
increase the consideration of conceptual awareness needed for teachers (Yakisan,
2013). The studies in this field inform teachers what kind of misconceptions students
have and raise teachers’ recognition of how they can handle the misconceptions of

students.

Investigation of cognitive structure

Investigating cognitive structures shows teachers and educators the ways students
think about a concept. Some teaching strategies and methods help to assess students’
understanding biological concepts. Kurt and Ekici (2013), for example, used a word
association test and the drawing-writing technique to understand pre-service
teachers’ cognitive structures. They aimed to understand how pre-service teachers

constructed knowledge and how they structured the concepts in their minds, beyond

what they know about the concepts.

As this study has shown, around 19% of the reviewed articles focused on the
investigation of cognitive structure. In the literature, several studies have shown that
investigation into the cognitive structure has gained importance among science
researches (Cinici, Sozbilir & Demir, 2011; Cakmak & Algoltekin, 2012; Kostova &
Radoynovska, 2010). Chang et al. (2010) classified 1,401 science education articles
according to their research topics and reported that articles mainly focused on
students’ conceptual understandings and conceptual change in learning process.

Investigation of cognitive structure aims to understand how students associate
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concepts in their minds, and helps students to visualise what kind of misconceptions

they have.

Treatment by conceptual change strategies

The aim of education should not only focus on eliminating the misconceptions; it
should also allow students to develop new information correctly (Gokmenoglu,
2011). Conceptual change provides the opportunity to elicit students’ prior
conceptions (Fulmer, 2013). Lappi (2013) defines conceptual change as a
transformation of prior conception to new concepts. Conceptual change strategies are
mostly used to change students’ incorrect scientific believes. According to the
results, around 20.2% of the articles focus on treatment to observe effectiveness of

conceptual change strategies on preventing or eliminating misconceptions.

In this study, articles were classified according to the following conceptual change
strategies:

e Analogy and modelling

e Computer and laboratory

e Concept cartoon

e Concept mapping

e Conceptual change text

e Cooperative learning

e Dual situated learning

e Mind map

e POE(Prediction-Observation- Explanation)
As this study has reported, concept mapping is the most popular method to change

students’ incorrect scientific believes and support meaningful learning. Koése, Giil
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and Konu (2014), however, classified biology education articles according to their
study domains. They report that laboratory and computer based instruction seem to
be the most preferred methods in biology education studies, while concept mapping

was given less importance.

In conclusion, studies focusing on treatment to observe effectiveness of conceptual
change strategies on preventing or eliminating misconceptions have been increasing
over the period of 2000-2014 (see Table 3). A content analysis studies about biology
education show that investigating the effect of different teaching methods on
instruction are foremost domain (Kose, Giil & Konu, 2014; Sozbilir & Giil, 2015).
Conceptual change strategies are expected to be used more as for instruction as well

as for a treatment method.

The determination of causes of misconception and an investigation of books

As this study has shown, only 7.15% of the articles focused on the determination of
the causes of misconceptions. The causes of misconceptions might originate because
of certain reasons such as the media, teachers’ insufficient subject area knowledge,
daily language, experiences and students’ biases to learn biology. The determination
of the causes of misconception may provide getting to the root of the problems and

help preventing possible misconceptions at an early stage of education.

Another finding of this study was that only 4.7% of the articles focused on
investigating conceptual problems and misconceptions in biology textbooks. Since
textbooks are significant resources for teachers and students, misconceptions in

textbooks influence teachers’ effectiveness in teaching and students’ learnings.
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Consequently, textbooks should be reviewed in terms of content and interrelationship

among topics. (Tekkaya,Capa & Yilmaz, 2000). So, teachers can select using

textbooks accordingly (Dikmenli, Cardak & Oztas, 2009).

Themes and patterns in articles about misconceptions in biology

In terms of themes and patterns in articles about misconceptions in biology, this
study showed that a considerable proportion of the articles (18%) focused on the
topics of environment and ecology. In the literature, a few content analysis studies
show environment and ecology are the most studied topics in biology education in

Turkey (Giil & So6zbilir, 2015; Kose, Giil & Konu, 2014).

Environment is the natural habitat of living organisms. In the literature, studies aim
to identify misconceptions about environment and ecology to prevent
misconceptions and develop meaningful learning (Arsal, 2010; Bozkurt & Koray
2002; Cakmak & Akgéltekin, 2012; Erdogan & Ozsevgeg, 2012). MoNE (2013)
aims to improve students’ awareness about the negative effects of human activities
on the environment and to be able to offer solutions to these problems in the new
biology curriculum. Science and Technology Curriculum (2013) provides the
following principles to educate students:
e To acquire information and develop inquiry about environmental sciences
e To acquire scientific research skills and offer solutions to environmental
problems in the process of discovering the nature and understanding the
human-environment relationship
e To be aware of human, society and environment interaction and to develop

awareness of the sustainable resources (p.ii)
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Misconception studies in this area intend to help students respect nature and
recognize that they are part of it. They also seek to raise students’ awareness of

environmental issues.

The second most popular area (15.7%) was genetics and cell division. There have
been a number of research studies that report genetic and cell division as the most
difficult topics to learn (Bahar, 2002; Tekkaya, Ozkan & Sungur, 2001). Therefore,
studies in this area may have increased to further understand why and how students

have difficulty with these topics.

When the literature was reviewed, it was found that Asshoff and Hammann (2008)
provided an analysis of articles about biology education published in European
Researchers in Didactics of Biology (ERIDOB) conferences and compared them
with the International Journal of Science Education (IJSE). They found that ERIDOB
involved more articles about dealing with students’ misconceptions in the fields of
genetics than IJSE. On the other hand, IJSE contained more articles about
misconception in the field of ecological topics. As parallel to the Asshoff and
Hammann (2008)’s result, this study also has reported that the most popular studied

topics were genetics and environment.

Generally, biology as a science, endocrine glands, immune system and ozone layer
depletion were the least preferred topics to study, with each comprising 1.2% of
articles investigated for this study. Students are introduced to the topic “Biology as a
Science” in 9" grade. The topic basically covers the following disciplines: interests
of biological sciences, historical development of biology, the contribution of biology
to humanity, key features of living and non-living things and importance of inorganic

and organic compounds found in living things (MoNE, 2013). So, this topic provides

49



students with the main concepts about biology, and can aid students in developing
positive attitudes towards biology and support meaningful learning. Since biology
concepts are introduced to students in middle school through Science and
Technology lessons, researchers may think students have already gotten basic

biology concepts. Consequently, very few studies have been done in this area.

The aim of this study was to show gaps in the studies about misconceptions in
biology. Based on Ministry of National Education biology high school curriculum
(see Figure 4), 20 topics were used to classify articles in this study. According to the
current classification, this study found that in Turkey, no misconception study in the
following biology topics:

e Nervous system

e Sensory organs

e Support and movement system

e FEvolution

Moreover, the result of this study has shown that articles about the environment and
ecology have mostly focused on the Greenhouse Effect and global warming.
However, some topics such as biodiversity, sustainability, natural resources, and
human effects on pollution, are not given enough importance. In their studies,
Erdogan, Marcinkowski and Ok (2009) report that environmentally responsible
behavior and socio-political knowledge received very little attention in the area of

environment and ecology studies.

As is stated in Chapter 2, biology topics are mostly related to each other; hence,

current misconceptions about one concept prevent meaningful learning of other
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concepts. The findings from this study indicate that publications about
misconceptions in biology have been increasing (see Table 4). This growth may
provide researchers and teachers with better understanding about core points of

students’ difficulties and origins of misconceptions.

Research methods in articles about misconceptions in biology

In this part of the study, articles were classified according to their research methods:
quantitative, qualitative and mixed. Patton (1987) defines the quantitative method as
the standardization of various opinions and experiences into determined categories.
He also defines the qualitative method as direct observation and description of
events, people, behaviours, and situations. Mixed research involves the mixing of
quantitative and qualitative research methods.

In the literature, content analysis studies show that researchers widely preferred
quantitative methods in biology and science education in Turkey (Erdogan,
Marcinkowski & Ok, 2009; Giiven et. al., 2014; Sozbilir & Giil, 2015; Sozbilir, Kutu
& Yasar, 2012). Giiven et. al. (2014) suggested that qualitative methods require more
time to conduct than quantitative and mixed method. However, this study found that
qualitative (43%) and quantitative (45%) research were employed with similar
proportions. It may be that the nature of misconception studies requires deeper
investigation into cognitive structures than on interpreting numerical values. In
addition, mixed (12%) method was used least frequently. Mixed method may
provide even deeper understanding of the study and support the validity of the
research. As Schram (2014) states interview with a sample group before a survey
provide answers to why and how questions are answered in a certain way can help

researchers decide what to include in the survey.
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Data collection tools in articles to investigate misconceptions in biology

Types of data collection tools

In terms of data collection tools, the articles were classified according to the
following categories: questionnaire, conceptual understanding test, achievement test,
diagnostic test, attitude test, drawing- writing, a free word association test, concept
cartoons, interview, roundhouse diagraming, observation, documents and other areas.
The result of the classification showed that diagnostic test, achievement test and
interviews were the most commonly used tools to investigate students’ and pre-

service teachers’ misconceptions in biology.

Achievement tests and diagnostic tests were mostly developed by researchers and
aimed to learn students’ understandings of the related concepts. In the literature,
many studies report that achievement tests were frequently used data collection tools
in biology education (Goktas et al. 2012; Kizilaslan, S6zbilir & Yasar, 2012;
Sozbilir, Kutu & Yasar, 2012). However, test-like assessment tools evaluate what
students know about the concepts instead of how they know (MoNE, 2015). It seems
that researchers prefer to use test-like assessments because they are easy to prepare

and mark (So6zbilir, Kutu & Yasar, 2012).

In this study, the third most popular method was interviews. Face-to-face interactions
with students might be the easiest way to understand their thinking. However, they
may reflect what somebody wants to hear instead of what they actually believe
(Allen, 2010). On the other hand, students may be more able to express concepts
with their own words (Tatar & Koray, 2005). Moreover, the interview format allows
students to give feedback and correct any inaccurate beliefs about the phenomena

immediately.
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Additionally, concept cartoons and roundhouse diagraming were the least methods in
the studies. As stated above, conceptual change strategies have been mostly used to
change students’ incorrect scientific beliefs. In the literature, some studies showed
these strategies are used to discover students’ cognitive structures (Akyiirek &
Afacan, 2013; Ekici, Ekici & Aydin, 2007; Kurt, 2013; Ratinen, Viiri, & Lehesvuori,

2013).

Number of data collection tools

Regarding to the number of data collection tools, most of the studies used a single
data collection tool (55.4%), while 35.5% used the combination of two different data
tools (see Figure 7). Content analysis studies in the literature show that studies tend
to use one data collection tool (Giil & Sozbilir, 2015; Sozbilir & Kutu, 2008;
Sozbilir, Kutu & Yasar, 2012). Sozbilir, Kutu and Yasar (2012) argue that to
improve reliability and validity, more than one data collection tool should be
employed. Especially, using a single data collection tool in studies that investigate
cognitive structures is not enough to acquire in-depth and strong results (Kurt &
Ekici, 2013). In the literature, some misconception studies use more than one data
collection tools to support results (Akylirek & Afacan, 2013; Cinici, 2013; Kurt,

2013).

Types of questions

When investigating the types of questions (see Figure 8), multiple choice questions
(41%) were the most popular question types used for achievement, diagnostic,
attitude and conceptual understanding tests. In the literature, some content analysis

studies found that multiple choice type achievement tests are widely used (Giil &
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Sozbilir, 2015; Sozbilir, Kutu & Yasar, 2012). Er, Ramamurthy and Pook (2014)
argue that multiple choice type questions can efficiently assess students’ cognitive
skills, such as analysis, synthesis and evaluation. Although multiple choice questions
can assess students’ level of knowledge and cognitive skills, they may not provide
enough information to discover students’ cognitive structures. Sanders (1993)
indicates that not all incorrect answers identified during research studies necessarily
show students have misconceptions. He goes on to further comment that while
researchers perform tests during their studies and report the results accordingly, they
should discriminate between true misconceptions and wrong answers. Therefore, test
type questions may not provide adequate evidence to understand students’

misconceptions and their cognitive structures.

Open ended questions (38%) were the second most popular question types on the
tests for this study. In their research, Giil and Sozbilir (2015) reported that only 42 of
231 achievement tests consisted of open-ended questions in biology education.
Hence, open-ended questions might be the most preferred method of data collection

in misconception studies.

Samples and sample sizes of articles about misconceptions in biology

As this study has shown, the majority of the studies (40.9%) sampled pre-service
teachers. The reason for this result is probably that teachers’ insufficient subject area
knowledge and misconceptions may be an origin of misconception.

If pre-service teachers’ misconceptions are not revealed or corrected, when they
become teachers they may transfer their misconceptions to students (Yangin, Sidekli
& Gokbulut, 2014). Increasing the number of studies done by pre-service teachers

helps them to become aware of and eliminate their misconceptions (Yakisan, 2013).
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Biology is introduced to students in middle school in the classes of science and
technology. Then at the level of high school, science is divided into physics,
chemistry and biology. So, middle school establishes the foundation of biology
education. Subsequently, this study found that 24.2% of the articles sampled middle
school students and the same amount sampled high school students. The reasons for
their selection of this population may be that this is the age when students are
constructing meaning and understanding about biology, and is an ideal time to avoid
misconceptions. On the other hand, even though students are not introduced to
biology in elementary school, they still meet some concepts about biology.
Unfortunately, only a few articles (6.1%) focused on elementary students’

misconceptions about biology.

Data analysis methods in studies about misconceptions in biology

Compared to the number of data analysis methods, the number of quantitative
analysis method (n=38) was slightly more than qualitative analysis method (n=33).
The reason is probably that in quantitative method researchers can interpret the data
numerically and can measure the effect of an independent variable on dependent
variables (Fraenkel & Wallen, 2009) Especially, studies that used experimental
design may aim to compare new attempts with old ones (Calik, Unal, Costu &

Karatag, 2008).

Implications for practice

Misconceptions are a major factor that affects students’ learning processes. Students
retain their misconceptions throughout their schooling unless they are corrected in a
timely manner. In order to attain effective learning process for students the following

actions are suggested:
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Curriculum developers, educators and teachers should give more importance
to content of biology curriculum and textbooks; they should arrange seminars
or meetings to discuss and evaluate current subject matter.

In order to prevent misconceptions and promote meaningful learning,
conceptual change strategies such as concept mapping, concept cartoon, word
association test should be supported in classrooms as alternative teaching
methods and assessments.

Students’ misconceptions in biology may originate from other subjects, such
as chemistry, physics and physical education. Supporting interdisciplinary
training with activities and examples may support students’ meaningful

learning and help teachers observe students’ learning processes efficiently.

Implications for further research
At the present, there are not enough studies that investigate how the social
environment affects students’ misconceptions. As a result, studies should be
increased on this area.
More studies should be conducted on how students’ communication
influences misconceptions and how parents affect students’ misconceptions.
For further studies, how misconceptions in specific topics influence learning
in other biology should be investigated.
Important concepts in biology, such as the nervous system, sensory organs,
support and movement system, evolution are under-investigated regarding
misconceptions. Future studies should focus on these topics
Finally, studies focusing on the causes of misconceptions and studies with

elementary school students should be considered important and increased.
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Limitations

There were number of limitations in this study:

The study was limited to digital media and electronic databases of scientific
publications in the field of education. Therefore, articles published in
scientific journals between 2000- 2014 were used for this.

Since there are several studies about misconceptions, only key words
(misconception, alternative conception or misunderstanding and biology or
biology education) of the articles were scanned to select the studies

Only research-based articles were examined in this study. Theoretical
research and studies with university students other than pre-service teachers
were not explored even if they included the key words misconception and
biology or biology education.

The studies’ samples considered elementary, middle and high school students

and pre-service teachers.

57



REFERENCES

Ackermann, E. (2001). Piaget’s constructivism, Papert’s constructionism: What’s
the difference?.Retrieved from
http://learning.media.mit.edu/content/publications/EA.Piaget%20_ %20Papert
pdf

Allen, M. (2010).Misconceptions in primary science. Glasgow, UK: McGraw-Hill.

Asshoff, R., & Hammann, M. (September, 2008). Content analysis of the ERIDOB
proceedings and 431 comparison with the International Journal of Science
Education. A selection of papers presented at the VIith Conference of
European Researchers in Didactics of Biology (ERIDOB), Woudschoten
Conference Center, Zeist, The Netherlands, 431-446.

Asct, Z., Ozkan S. & Tekkaya C. (2001) Students’ misconceptions about respiration.
Egitim ve Bilim, 26(120), 29-36.

Akar, E. O., & Yildirim, A. (2011). Influence of teacher perceptions of students on
teaching high school biology. Eurasian Journal of Educational Research,
(44), 19-32.

Akgcay, S. (2014). The consistency among curriculum, textbooks and placement tests
in terms of elementary biology education in Turkey. Pegem Journal of
Education & Instruction, 4(2), 1-24.

Akyiirek, E., & Afacan, O. (2013). Determination and removal of 8th grade students’
misconceptions about the unit of “cell division and inheritance” by using
analogy with conceptual change texts. Ahi Evran Universitesi Kirsehir Egitim

Fakiiltesi Dergisi, 14(1), 175-193.

58


http://learning.media.mit.edu/content/publications/EA.Piaget%20_%20Papert.pdf
http://learning.media.mit.edu/content/publications/EA.Piaget%20_%20Papert.pdf

Arsal, Z. (2010). The greenhouse effect misconceptions of the elementary school
teacher candidates. Elementary Education Online, 9(1), 229-240.

Artun, H., & Costu, B. (2011). Unveiling primary student-teachers’ misconceptions
about diffusion and osmaosis. Journal of Turkish Science Education, 8(4),
117-127.

Atav, E., Erdem, E., Yilmaz, A., & Giliciim, B. (2004). The effect of developing
analogies for meaningful learning of the subject of enzymes. Hacettepe
Universitesi Egitim Fakiiltesi Dergisi, 21-29.

Aticy, T., & Bora, N. (2004). Orta 6gretim kurumlarinda biyoloji egitiminde
kullanilan 6gretim metotlarinin ders 6gretmenleri acisindan degerlendirilmesi
ve Oneriler. Afyon Kocatepe Universitesi Sosyal Bilimler Dergisi , 6(2), 51-
64.

Ayas. A. (2012). Kavram Ogrenimi. In S. Cepni (Ed.), Kuramdan uygulamaya fen ve
teknoloji 6gretimi (pp.151-205). Ankara: Pegem.

Aydin, G., & Balim, A. G. (2013). Students’ misconceptions related to subjects of
“cell division and heredity”. Journal of Research in Education and Teaching,
2(1), 338-348.

Bahar, M. (2002). Students' learning difficulties in biology:Reasons and solutions.
Kastamonu Egitim Dergisi, 10(1), 73-82.

Bahar, M. (2003). Misconceptions in biology education and conceptual change
strategies. Educational Sciences: Theory & Practice, 3(1), 55-64.

Bauer, M.W.(2000). Classical content analysis:a review. In M. W. Bauer. & G.
Gaskell. (Eds.), Qualitative researching with text,image and sound (pp.131-

151). London: SAGE Publications.

59



Bilen, K., & Kése, S. (2013). Effective strategy on concept learning POE (Predict-
Observe-Explain)“Substance transport in plants”. Mehmet Akif Ersoy
Universitesi Egitim Fakiiltesi Dergisi, 21-42.

Bozdogan, A. E. (2011). A collection of studies conducted in education about
“global warming” problem. Educational Sciences: Theory & Practice, 11(3),
1618-1624.

Bozkurt, O., & Koray, O. C. (2002). Primary school students' misconceptions about
greenhouse effect in environment education. Hacettepe Universitesi Egitim
Fakiiltesi Dergisi, (23), 67-73.

Carnap, R. (2003). The logical structure of the world and pseudoproblems in
philosophy. California: California Press.

Chang, Y. H., Chang, C. Y., & Tseng, Y. H. (2010). Trends of science education
research: an automatic content analysis. Journal of Science Education and
Technology, 19, 315-331.

Cinici, A. (2013). Turkish high school students’ ideas about invertebrates: General
characteristics and classification. International Journal of Environmental &
Science Education, 8(4), 645-661.

Cinici, A., Sozbilir, M., & Demir, Y. (2011). Effect of cooperative and individual
learning activities on students' understanding of diffusion and osmosis.
Eurasian Journal of Educational Research, (43), 19-36.

Cakmak, M., & Akgoltekin, A. (2012). 8. sinif 6grencilerinin sera etkisi hakkindaki
bilgi diizeylerinin ve kavram yamlgilarinin tespit edilmesi. Dicle Universitesi

Sosyal Bilimler Enstitiisii Dergisi, (7), 144-158.

60



Cakir, M. (2008). Constructivist approaches to learning in science and their
implications for science pedagogy: a literature review. International Journal
of Environmental & Science Education, 3(4), 193-206.

Calik, M., & Sozbilir, M. (2014). Parameters of content analysis. Education and
Science, 39(174), 33-38.

Calik, M., Unal, S., Costu, B., & Karatas, F. O. (2008). Trends in Turkish science
education. Essays in Education, 23-46.

Celikler, D., & Aksan, Z. (2011). Determination of pre-service elementary science
teachers’ knowledge level about greenhouse effect. Uludag Universitesi
Egitim Fakiiltesi Dergisi, 24(1), 31-45.

Cobanoglu, E. O., & Sahin, B. (2009). Underlining the problems in biology textbook
for 10th grades in high school education using the suggestions of practicing
teachers. Journal of Turkish Science Education, 6(2), 75-91.

Dikmenli, M., Cardak, O., & Oztas, F. (2009). Conceptual problems in biology-
related topics in primary science and technology textbooks in Turkey.
International Journal of Environmental & Science Education, 4(4), 429-440.

Driver, R. (1988). Changing conceptions. Tijdschrift voor Didactiek der B-
wetenschappen 6(3), 161-197.

Dogan, S., Kivrak, E., & Baran, S. (2004). The levels of secondary school students
making connection between daily life and the knowledge gained during
biology lectures. Erzincan Egitim Fakiiltesi Dergisi, 6(1), 57-63.

Er, H. M., Ramamurthy, S., & Pook, P. (2014). Can learning outcomes in cognitive
domain be assessed effectively using multiple choice questions? A study in
an undergraduate pharmacy curriculum. International e-Journal of Science,

Medicine & Education, 8(3), 9-18.

61



Erdogan, A., & Ozsevgeg, L. C. (2012). The effects of concept cartoons on
eliminating students’ misconceptions: Greenhouse effect and global warming.
Turkish Journal of Education, 1(2), 1-13.

Erdogan, M., Marcinkowski, T., & Ok, A. (2009). Content analysis of selected
features of k-8 environmental education research studies in turkey, 1997-
2007. Environmental Education Research, 15(5), 525-548.

Evrekli, E., Inel, D., Denis, H., & Balim, A. G. (2011). Methodological and
statistical problems in graduate theses in the field of science education.
Elementary Education Online, 10(1), 206-218.

Falkingham, L. T. & Reeves, R. (1998). Context analysis- a technique for analysing
research in a field, applied to literature on the management of R and D at the
section level. Scientometrics, 42(2), 97-120.

Fraenkel, J.R. & Wallen, N.E. (2009). How to design and evaluate research in
education(7th ed.). New York, NY: Mc Graw Hill.

Fulmer, G. W. (2013). Constraints on conceptual change: How elementary teachers’
attitudes and understanding of conceptual change relate to changes in
students’ conceptions. Journal of Science Teacher Education, 24(7), 1219-
1236.

Gokmenoglu., R. (2011).Lise 9. sinif 6grencilerinde inorganik maddelerle ilgili
karsilasilan kavram yanilgilarinin aragtirilmas: (Master’s thesis).Retrieved
from CoHE Thesis Center.

Gil, S., & Sozbilir, M. (2015). Biology education research trends in Turkey. Eurasia

Journal of Mathematics, Science & Technology Education, 11(1), 93-109.

62



Giines, T., Dilek, N. S., Demir, E. S., Hoplan, M., & Celikoglu, M. (2010).
Ogretmenlerin kavram dgretimi, kavram yanilgilarini saptama ve giderme
calismalari tizerine nitel bir arastirma. International Conference on New
Trends in Education and Their Implications, 936-944.

Giingor, B. (2009). Insanda sindirim sistemi konusunda ilkégretim 7.sumf
ogrencilerinin kavram yanilgilarinin kokenlerinin belirlenmesine yonelik
boylamsal bir ¢calisma (Doctoral dissertation).Retrieved from CoHE Thesis
Center.

Giiven, E., Kaplan, Z., Vainlioglu, S., Giil, K. S., Hamalosmanoglu, M., & Bozkurt,
0. (2014). Review of the studies about environmental education: Current
status in Turkey. Necatibey Faculty of Education Electronic Journal of
Science and Mathematics Education, 8(2), 1-18.

Harb, N., & EI-Shaarawi, A. (2006). Factors affecting student performance. Munich
Personal RePEc Archive Paper No. 13621. Retrieved from
http://mpra.ub.uni-muenchen.de/13621/

Hewson, P. W. (1992). Conceptual change in science teaching and teacher
education. Paper presented at the National Center for Educational Research
on Documentation and Assessment, Madrid, Spain

Hill, L. H. (2014). Graduate students' perspectives on effective teaching. Adult
Learning Quarterly, 25(2), 57-65.

Jarvis, T., & Pell, A. (2014). Primary teachers’ changing attitudes and cognition
during a two-year science in-service programme and their effect on pupils.

International Journal of Science, 26(14), 1787-1811.

63


http://mpra.ub.uni-muenchen.de/13621/

Kaya, E., & Giirbiiz, H. (2010). The evalution of the teaching materials using by
biology teachers according to the high school student. EKEV Akademi
Derqgisi, (43), 217-228.

Keles, P. U., & Aydin, S. (2012). Determining effectiveness of conceptual change
texts used on instruction of 5th grade classification of living things subjects.
Erzincan Universitesi Fen Bilimleri Enstitiisii Dergisi, 5(2), 133-150.

Keles, E., & Kefeli, P. (2010). Determination of student misconceptions in
“photosynthesis and respiration” unit and correcting them with the help of cai
material. Procedia Social and Behavioral Sciences, 2(2), 3111-3118.

Kilig, D., & Saglam, N. (2009). Development of a two-tier diagnostic test to
determine students’ understanding of concepts in genetics. Eurasian Journal
of Educational Research, 1(1), 227-244.

Kirbaslar, G., Baris, C. C., & Unal, M. (2009). A study on pre-service science
teachers misunderstanding of fermentation. Hacettepe Universitesi Egitim
Fakiiltesi Dergisi, (37), 158-168.

Kizilaslan, A., Yasar, M.D., & Sozbilir, M. (2012, June). Inquiry based teaching in
Turkey: A content analysis research reports. X.ulusal Fen Bilimleri Ve
Matematik Egitimi Kongresi,Nigde

Krippendorff, K. (1986). Content analysis: An introduction to its methodology.
California: Sage Publications.

Kostova, Z., & Radoynovska, B. (2010). Motivating students’ learning using word
association test and concept maps. Bulgarian Journal of Science and

Education Policy, 4(1), 62-98.

64



Kose, S., Ayas, A., & Tas, E. (2003). The effects of computer-based instruction on
misconceptions: photosynthesis. Pamukkale Universitesi Egitim Fakiiltesi
Dergisi, 2(14), 106-112.

Kose, E., Giil, S., & Konu, M. (2014). The study of biology education researches
published at Ulakbim Social Sciences database in Turkey. The Journal of
Academic Social Science, (2), 265-276.

Kose, S. (2007). The effects of concept mapping instruction on overcoming 9th
grade students' misconceptions about diffusion and osmosis. Journal of Baltic
Science Education 6(2), 16-25.

Kése, S., Costu, B., & Keser, O. F. (2003). Determination of students'
misconceptions in acience activities throught POE method. Pamukkale
Universitesi Egitim Fakiiltesi Dergisi, 1(13), 43-53.

Kurt, H. (2013). Determining biology student teachers’ cognitive structure on the
concept of “Enzyme”. Gazi Universitesi Gazi Egitim Fakiiltesi Dergisi,
33(2), 211-243.

Kurt, H., & Ekici, G. (2013). Determining biology student teachers’ cognitive
structure and alternative concepts on the concept of*‘bacteria”. International
Periodical For The Languages, Literature and History of Turkish or Turkic,
8(8), 885-910.

Lappi, O. (2012). Qualitative quantitative and experimental concept possession,
criteria for identifying conceptual change in science education. Science &
Education, 22, 1347-13509.

Mak, S. Y., Yip, D. Y., & Chung, C. M. (1999). Alternative conceptions in biology-
related topics of integrated science teachers and implications for teachers

education. Journal of Science Education Technology, 8(2), 161-170.

65



Malatyali, E., & Yilmaz, K. (2010). The importance of concepts in the constructivist
learning process: An examination of concepts from pedagogical angle. The
Journal of International Social Research, 3, 320-332.

Maras, M., & Akman, Y. (2009). The understanding level and comprehension
mistakes of students about cell biology. Milli Egitim Dergisi(181), 146-151.

Mintzes, J. J., Wandersee, J. H., & Novak, J. (2001). Assessing understanding in
biology. Journal of Biology Education, 35(3), 118-124.

Murat, M., Kanadli, S., & Unisen, A. (2011). Yedinci sinif 6grencilerinin
hayvanlarin iremesi, biiylimesi ve gelismesi konusundaki kavram yanilgilar
ve olas1 kaynaklar1. Journal of Turkish Science Education, 8(1), 179-197.

Moe, J.,M. (2011). Conceptual understanding of science through archaeological
inquiry (Doctoral dissertation).Retrived from MSU ScholarWorks.

MoNE-Basic Law of National Education (1973). Fundamental principles T.C. Resmi
Gazete, 14574, 24 June 1974. Retrieved from
http://mevzuat.meb.gov.tr/html/temkanun_1/temelkanun_1.html

MoNE- Ministry of National Education. (2005). /lkégretim fen ve teknoloji dersi (4-
5. Simiflar) ogretim programi. Ankara: Devlet Kitaplar1 Midiirliigi Basim
Evi.

MoNE- Ministry of National Education. (2009). /lkégretim 1, 2 ve 3. Sumiflar hayat
bilgisi dersi 6gretim programi ve kilavuzu. Ankara: Devlet Kitaplar
Midiirliigii Basim Evi.

MoNE- Ministry of National Education. (2013). /lkégretim kurumlar: ( ilkokullar ve
ortaokullar)fen bilimleri dersi (3, 4, 5, 6, 7 ve 8. Swiniflar) ogretim programi.

Ankara: Devlet Kitaplar1 Midiirliigii Basim Evi.

66



MoNE- Ministry of National Education. (2013). Biyoloji dersi (9-12. Swmnflar)
ogretim programi. Ankara: Devlet Kitaplar1 Miidiirliigi Basim Evi.

Nelson., K. (2002). Language in cognitive development. UK, Cambridge: Cambridge
University press.

Neuendorf, K. A. (2002). The content analysis guidebook. Thousand Oaks, CA: Sage
Publications.

Novak, J. D. (1987). Proceedings of the International Seminar: Misconceptions and
educational strategies in science and mathematics. Ithaca, New York.

Ozgiir, O. (2004). Constructivism in Piaget and Vygotsky. The fountain on life,
knowledge and belief (48). Retrieved from
http://www.fountainmagazine.com/lIssue/detail/ CONSTRUCTIVISM-in-
Piaget-and-Vygotsky

Ozay, E., & Oztas, H. (2003). Secondary students' interpretations of photosynthesis
and plant nutrition. Journal of Biological Education, 37(2), 68-70.

Oztas, H., & Ozay, E. (2004). Biyoloji dgretmenlerinin biyoloji 6gretiminde
karsilastiklari sorunlar (Erzurum 6rnegi). Kastamonu Egitim Dergisi, 12(1),
69-76.

Patton, M. Q. (1987). How to use qualitative methods in evaluation. Newbury Park:
SAGE Publications.

Piaget, J. (1973). To understand is to invent: The future of education. New York:
Grossman Publishers.

Posner, G. J., Strike, K. A., Hewson, P. W., & Gertzog, W. A. (1982).
Accommodation of a scientific conception: Toward a theory of conceptual

change. Science Education, 66(2), 211-227.

67



Ratinen, 1., Viiri, J., & Lehesvuori, S. (2013). Primary school student teachers’
understanding of climate change: comparing the results given by concept
maps and communication analysis. Research in Science Education, 43, 1801—
1823.

Rutherford, J.F. & Ahlgren, A. (1990). Science for all Americans. New York, NY:

Oxford University Press.

Sanders, M. (1993). Erroneous ideas about respiration: The teacher factor. Journal of
Research in Science Teaching, 30(8), 919-934.

Sarantakos, S. (1998). Social research .New York, NY: Palgrave Macmillan.

Schram, A. B. (2014). A mixed methods content analysis of the research literature in
science education. International Journal of Science, 36(15), 2619-2638.

Schwartz. B. L & Timothy J. Perfect. T. J. (2002). Applied metacognition. Retrieved
from http://catdir.loc.gov/catdir/samples/cam033/2002024499.pdf

Selvi, M., & Yakisan, M. (2004). Misconceptions about enzymes in university
students. Gazi Egitim Fakiiltesi Dergisi, 24(2), 173-182.

Sesli, E., & Kara, Y. (2012). Development and application of a two-tier
multiplechoice diagnostic test for high school students’. Journal of Biological
Education(4), 214-225.

Silverman, D. (2013).A very short, fairly interesting and reasonably cheap book
about qualitative research (2nd ed.). New Delhi: SAGE Publications.

Sozbilir, M., & Kutu, H. (2008). Development and current status of science
education research in Turkey. Essays in Education, 1-22. Retrieved from

http://www.usca.edu/essays/specialedition/MSozbilirandHulyaKutu.pdf

68



Sozbilir, M., Kutu, H.,Yasar, M.D. (2012).Cultural perspectives in science education.
Science Education Research and Practice in Europe: Retrospective and
Prospective, 5, 341-374.

Tatar, N. ve Cansiingii Koray, O.(2005).11kdgretim 8. smif 6grencilerinin “Genetik”
tinitesi hakkindaki kavram yanilgilarinin belirlenmesi. Kastamonu Egitim
Fakiiltesi Dergisi, 13 (2), 415-426.

Tekkaya, C. (2002). Misconceptions as barrier to understanding biology. Hacettepe
Universitesi Egitim Fakiiltesi Dergisi(23), 259-266.

Tekkaya, C. (2003). Remediating high school students' misconceptions concerning
diffusion and osmaosis through concept mapping and conceptual change text.
Research in Science and Technological Education, 21(1), 5-16.

Tekkaya, C., Capa, Y., & Yilmaz, O. (2000). Biyoloji 6gretmen adaylarinin biyoloji
konularindaki kavram yanilgilari. Hacettepe Universitesi Egitim Fakiiltesi
Dergisi, 140-147.

Tekkaya, C., Ozkan, O., & Sungur, S. (2001). Biology concepts perceived as
difficult by Turkish high school students. Hacettepe Universitesi Egitim
Fakiiltesi Dergisi(21), 145-150.

Topsakal, U. U., Calik, M., & Cavus, R. (2012). What trends do Turkish biology
education studies indicate? International Journal of Environmental & Science
Education, 7(4), 639-649.

Vosniadou, S. (2001). How children learn.Retrieved from
http://www.ibe.unesco.org/publications/EducationalPracticesSeriesPdf/prac0

7e.pdf

69


http://www.ibe.unesco.org/publications/EducationalPracticesSeriesPdf/prac07e.pdf
http://www.ibe.unesco.org/publications/EducationalPracticesSeriesPdf/prac07e.pdf

Yagbasan, R., & Giil¢igek, C. (2003). Describing the characteristics of
misconception on science teaching. Pamukkale Universitesi Egitim Fakiiltesi
Dergisi, 1(13), 102-120.

Yakisan, M. (2013). The alternative conceptions of pre-service teachers concerning
the status of organelles during cell division. Journal of Baltic Science
Education, 12(6), 813-828.

Yakisan, M., Selvi, M., & Yiiriik, N. (2007). Biyoloji 6gretmen adaylarinin tohumlu
bitkiler hakkindaki alternatif kavramlari. Tiirk Fen Egitimi Dergisi.

Yangin, S. (2013). Pre-service classroom teachers’ mislearnings of classification of
the plant kingdom and the effect of porphyrios tree on removing them.
Journal of Baltic Science Education, 12(2), 178-190.

Yangin, S., Sidekli, S., & Gokbulut, Y. (2014). Prospective teachers’ misconceptions
about classification of plants and changes in their misconceptions during pre-
service education. Journal of Baltic Science Education, 13(3), 105-117.

Yapici, U., Hevedanli, M., & Oral, B. (2009). The effect of cooperative learning and
traditional teaching methods on students’ attitudes and achievement in
systematic of seed plants laboratory course. Pamukkale Universitesi Egitim
Fakiiltesi Dergisi(26), 63-69.

Yilmaz, A., & Morgil, 1. (1992). Tiirkiye'de fen 6gretiminin genel bir
degerlendirilmesi, sonuglar ve dneriler. Hacettepe Universitesi Egitim
Bilimleri Dergisi(7), 269-278.

Yip, D.-y. (1998). Identification of misconceptions in novice biology teachers and
remedial strategies for improving biology learning. International Journal of

Science, 4(20), 461-477.

70



Yiiriik, N., & Cakir, O. (2002). Lise dgrencilerinde oksijenli ve oksijensiz solunum
konusunda goriilen kavram yanilgilarinin saptanmasi. Hacettepe Universitesi
Egitim Fakiiltesi Dergisi, (18), 185-191.

Wandersee, J. H., Mintzes, J. J., & Novak, J. D. (1994). Research in alternative
conceptions in science.Handbook of research on science teaching and
learning. New York: Macmillan Publishing Company.

Weber, R. P. (1985). Basic content analysis. Beverly Hills: SAGE Publications.

Wirth,K.,R., & Perkins, D. (2008). Learning to learn.Retrived from

http://www.macalester.edu/academics/geology/wirth/learning.pdf

71


http://www.macalester.edu/academics/geology/wirth/learning.pdf

APPENDICIES
Appendix A: List of articles

Akpinar, E. (2007). The effect of dual situated learning model on students’
understanding of photosynthesis and respiration concepts. Journal of Baltic
Science Education, 6(3), 16-26.

Akyiirek, E., & Afacan, O. (2012). Determining the 8th grade students’
misconceptions in the unit of “cell division” by using roundhouse
diagramming. Uluslararas: Egitim Programlart ve Ogretim Calismalar
Derqgisi, 2(3), 47-58.

Akyiirek, E., & Afacan, O. (2013). Determination and removal of 8th grade students’
misconceptions about the unit of “cell division and inheritance” by using
analogy with conceptual change texts. Ahi Evran Universitesi Kirsehir Egitim
Fakiiltesi Dergisi, 14(1), 175-193.

Arsal, Z. (2010). The greenhouse effect misconceptions of the elementary school
teacher candidates. Elementary Education Online, 9(1), 229-240.

Artun, H., & Costu, B. (2011). Unveiling primary student-teachers’ misconceptions
about diffusion and osmaosis. Journal of Turkish Science Education, 8(4),
117-127.

Atilboz, G. (2004). 9th grade students’ understanding levels and misconceptions

about mitosis and meiosis. Gazi Egitim Fakiiltesi Dergisi, 24(3), 147-157.

72



Aydin, G., & Balim, A. G. (2013). Students’ misconceptions related to subjects of
“cell division and heredity”. Journal of Research in Education and Teaching,
2(1), 338-348.

Aykurt, C., & Akaydin, G. (2009). Biyoloji 6gretmen adaylarinda bitkilerde madde
tasinmasi konusundaki kavram yanilgilari. Kastamonu Egitim Dergisi, 17(1),
103-110.

Bahar, M., Bag, H., & Bozkurt, O. (2008). Pre-service science teachers'
understandings of an environmental issue: ozone layer depletion. Ekoloji,
18(69), 51-58.

Bilen, K., Kose, S., & Usak, M. (2011). The effect of laboratory activities designed
based on Predict- Observe- Explain (POE) strategy on pre-service science
teachers’ understanding of osmosis and diffusion subject. Pamukkale
Universitesi Sosyal Bilimler Enstitiisii Dergisi, (9), 115-127.

Bilen, K., & Kdse, S. (2012). Effective strategy on concept learning poe (predict-
observe-explain) “substance transport in plants”. Mehmet Akif Ersoy
Universitesi Egitim Fakiiltesi Dergisi, (24), 21-42.

Bozkurt, O., & Koray, O. C. (2002). Primary school students' misconceptions about
greenhouse effect in environment education. Hacettepe Universitesi Egitim
Fakiiltesi Dergisi, (23), 67-73.

Bulunuz, N., Jarrett, O., & Bulunuz, M. (2008). Fifth-grade elementary school
students’ conceptions and misconceptions about the fungus kingdom. Journal
of Turkish Science Education, 5(3), 32-46.Kilig, D., & Saglam, N. (2009).
Development of a two-tier diagnostic test to determine students’
understanding of concepts in genetics. Eurasian Journal of Educational

Research, (36), 227-244.

73



Can, B. T., Yasadi, G., Sénmezer, D., & Kesercioglu, T. (2006). Do the scenarios
and concept maps eliminate the misconceptions in science education?
Hacettepe Universitesi Egitim Fakiiltesi Dergisi, (31), 133-146.

Cinici, A., S6zbilir, M., & Demir, Y. (2011). Effect of cooperative and individual
learning activities on students' understanding of diffusion and osmosis.
Eurasian Journal of Educational Research, (43), 19-36.

Cinici, A. (2013). Turkish high school students’ ideas about invertebrates: General
characteristics and classification. International Journal of Environmental &
Science Education, 8(4), 645-661.

Cakmak, M., & Ake¢oltekin, A. (2012). 8. sinif 6grencilerinin sera etkisi hakkindaki
bilgi diizeylerinin ve kavram yanilgilarinin tespit edilmesi. Dicle Universitesi
Sosyal Bilimler Enstitiisti Dergisi, (7), 144-158.

Cakilcioglu, U., Bahsi, M., & Tiirkoglu, 1. (2007). Fen bilgisi 6gretmen adaylarmin
difiizyon ile ilgili kavram yanilgilari. Dogu Anadolu Bolgesi Arastirmalar
Dergisi.

Cetin, G., Ertepinar, H., & Geban, O. (tarih yok). Developing and implementing an
instructional technology aided conceptual change approach in teaching
ecology concepts at ninth grade. The Turkish Online Journal of Educational
Technology, 3(1), 27-31.

Ceken, R. (2014). Primary school teacher education students' misconception on
waste. International Journal of Academic Research, 6(3), 19-23.

Cobanoglu, E. O., & Sahin, B. (2009). Underlining the problems in biology textbook
for 10th grades in high school education using the suggestions of practicing

teachers. Journal of Turkish Science Education, 6(2), 75-91.

74



Cokadar, H. (2012). Photosynthesis and respiration processes: prospective teachers’
conception levels. Education and Science, 37(164), 81-93.

Dikmenli, M., Cardak, O., & Oztas, F. (2009). Conceptual problems in biology-
related topics in primary science and technology textbooks in Turkey.
International Journal of Environmental & Science Education, 4(4), 429-440.

Dikmenli, M. (2010). Misconceptions of cell division held by student teachers in
biology: A drawing analysis. Scientific Research and Essay, 5(2), 235-246.

Ekici, F., Ekici, A., & Aydin, F. (2007). Utility of concept cartoons in diagnosing
and overcoming misconceptions related to photosynthesis. International
Journal of Environmental & Science Education, 2(4), 111 — 124,

Erdogan, A., & Ozsevgeg, L. C. (2012). The effects of concept cartoons on
eliminating students’ misconceptions: greenhouse effect and global warming.
Turkish Journal of Education, 1(2), 1-13.

Geng, M. (2013). Prospective elementary teachers’ misconceptions in biology lesson:
urinary system sample. International Journal on New Trends in Education
and Their Implications, 4(3), 178-187.

Glines, T., Dilek, N. S., Hoplan, M., & Giines, O. (2012). Hkégretim 8. siif
ogrencilerinde fotosentez ve solunum konusunda olusan kavram yanilgilari.
Journal of Educational and Instructional Studies in the World, 2(1), 42-47.

Giingor, B., & Ozgiir, S. (2009). The causes of the fifth grade students
misconceptions originated from didactic about digestive system. Necatibey
Faculty of Education Electronic Journal of Science and Mathematics

Education, 3(2), 149-177.

75



Keles, P. U., & Aydin, S. (2012). Determining effectiveness of conceptual change
texts used on instruction of 5th grade classification of living things subjects.
Erzincan Universitesi Fen Bilimleri Enstitiisii Dergisi, 5(2), 133-150.

Kete, R. (2006). 6. sinif fen bilgisi biyoloji konularinda kavram yanilgilari. Dokuz
Eyliil Universitesi Buca Egitim Fakltesi Dergisi, (19), 63-70.

Kete, R., Horasan, Y., & Namdar, B. (2012). Investigation of the conceptual
understanding difficulties in 9th grade biology books about cell unit.
Elementary Education Online, 11(1), 95-106.

Kilig, D., & Saglam, N. (2009). Development of a two-tier diagnostic test to
determine students’ understanding of concepts in genetics. Eurasian Journal
of Educational Research, (36), 227-244.

Kirbaslar, G., Baris, C. C., & Unal, M. (2009). A study on pre-service science
teachers misunderstanding of fermentation. Hacettepe Universitesi Egitim
Fakiiltesi Dergisi, (37), 158-168.

Kose, S. (2008). Diagnosing student misconceptions: using drawings as a research
method. World Applied Sciences Journal, 3(2), 283-293.

Kose, S., Ayas, A., & Tas, E. (2003). The effects of computer-based instruction on
misconceptions: photosynthesis. Pamukkale Universitesi Egitim Fakiiltesi
Dergisi, 2(14), 106-112.

Kose, S. (2007). The effects of concept mapping instruction on overcoming 9th
grade students’ misconceptions about diffusion and osmosis. Journal of
Baltic Science Education, 6(2), 16-25.

Kurt, H. (2013). Determining biology student teachers’ cognitive structure on the

concept of “Enzyme”. Gazi Universitesi Gazi Egitim Fakiiltesi Dergisi,

33(2), 211-243.

76



Kurt, H. (2013). Turkish student biology teachers’ conceptual structures and
semantic attitudes towards microbes. journal of Baltic Science Education,
12(5), 608-639.

Kurt, H. (2013). Determining biology teacher candidates’ conceptual structures about
energy and attitudes towards energy. Journal of Baltic Science Education,
12(4), 399-423.

Kurt, H., & Ekici, G. (2013). Determining biology student teachers’ cognitive
structure and alternative concepts on the concept of*‘bacteria”. International
Periodical For The Languages, Literature and History of Turkish or Turkic,
8(8), 885-910.

Kurt, H. (2013). Biology student teachers’ cognitive structure on the concept of
“immunity”. Dicle Universitesi Ziya Gokalp Egitim Fakiiltesi Dergisi(21),
242-264.

Kurt, H., & Ekici, G. (2013). What is a virus? Prospective biology teachers’
cognitive structure on the concept of virus. International Online Journal of
Educational Sciences, 5(3), 736-756.

Maras, M., & Akman, Y. (2009). The understanding level and comprehension
mistakes of students about cell biology. Milli Egitim Dergisi, (181), 146-151.

Murat, M., Kanadly, S., & Unisen, A. (2011). Yedinci siif 6grencilerinin
hayvanlarin iiremesi, biiylimesi ve gelismesi konusundaki kavram yanilgilar
ve olasi kaynaklar1. Journal of Turkish Science Education, 8(1), 179-197.

Ozay, E., & Oztas, H. (2003). Secondary students' interpretations of photosynthesis

and plant nutrition. Journal of Biological Education, 37(2), 68-70.

77



Ozdemir, O. (2005). The misconception of primary 8th grade studens concerning
genetics and biotechnology. Ondokuz Mayis Universitesi Egitim Fakiiltesii
Derqgisi, (20), 49-62.

Ozsevgeg, L. C., & Kocadag, Y. (2013). The effects of scenario based learning
approach to overcome the students’ misconceptions about inheritance.
Hacettepe Universitesi Egitim Fakiiltesi Dergisi, 28(3), 83-96.

Ozgiir, S., & Pelitoglu, F. C. (2008). The investigation of 6th grade student
misconceptions originated from didactic about the “digestive system” subject.
Educational Sciences: Theory & Practice, 8(1), 149-159.

Ozgiir, S. (2013). The persistence of misconceptions about the human blood
circulatory system among students in different grade levels. International
Journal of Environmental & Science Education, 8(2), 255-268.

Sesli, E., & Kara, Y. (2012). Development and application of a two-tier multiple
choice diagnostic test for high school students’ understanding. Journal of
Biological Education, 46(4), 214-225.

Sinan, O., Yildirim, O., Kolakiilah, M., & Aydin, H. (2006). Preservice primary
science teachers’ misconceptions about proteins, enzymes and protein
synthesis. Gazi Egitim Fakiiltesi Dergisi, 26(1), 1-16.

Tatar, N., & Koray, O. (2005). Determination of the misconceptions of the 8th grade
students in primary school about “genetics” unit. Kastamonu Universtiy
Education Journal, 13(2), 415-426.

Tekkaya, C., Capa, Y., & Yilmaz, O. (2000). Bivoloji 6gretmen adaylarinin genel
biyoloji konularindaki kavram yanilgilari. Hacettepe Universitesi Egitim

Fakiiltesi Dergisi, (18), 140 - 147.

78



Temelli, A. (2006). Determination of misconceptions concerning genetic subjects of
high school students’. Kastamonu Education Journal, 14(1), 73-82.

Temelli, A., Cakmak, M., & Seyhan, B. C. (2011). The impact of the concept maps
used for internal secretion glands on students’ academic success. Dicle
Universitesi Ziya Gokalp Egitim Fakiiltesi Dergisi, 17, 146-159.

Topsakal, U. U., & Altindz, N. (2010). The perception levels of elementary school
teacher candidates about greenhouse effect. Erzincan Egitim Fakiiltesi
Dergisi, 12(1), 147-163.

Tiirkmen, L., Dikmenli, M., & Cardak, O. (2003). IIkdgretim 6grencilerinin bitkiler
hakkindaki alternatif kavramlar1. Afyon Kocatepe Universitesi Sosyal Bilimler
Derqgisi, 5(2), 53-70.

Ugulu, 1. (2009). Determination of retention of students” knowledge and the effect of
conceptual understanding. Biotechnology & Biotechnological Equipment,
23(1), 14-18.

Ijrey, M., Sahin, B., & Sahin, F. (2011). Teacher candidates’ misconceptions relating
basic ecology concepts and environmental problems. Ege Egitim Dergisi,
1(12), 22-51.

Yakisan, M., Selvi, M., & Yiiriik, N. (2007). Biyoloji 6gretmen adaylarinin tohumlu
bitkiler hakkindaki alternatif kavramlar1. Journal of Turkish Science
Education, 4(1), 60-79.

Yakisan, M. (2013). The alternative conceptions of pre-service teachers concerning
the status of organelles during cell division. Journal of Baltic Science

Education, 12(6), 813-828.

79



Yangin, S. (2013). Pre-service classroom teachers’ mislearnings of classification of
the plant kingdom and the effect of porphyrios tree on removing them.
Journal of Baltic Science Education, 12(2), 178-190.

Yangin, S., Sidekli, S., & Gokbulut, Y. (2014). Prospective teachers’ misconceptions
about classification of plants and changes in their misconceptions during pre-
service education. Journal of Baltic Science Education, 13(3), 105-117.

Yesilyurt, S., & Giil, S. (2011). The development and application of worksheet
towards transport and circulatory systems unit. Uludag Universitesi Egitim
Fakiiltesi Dergisi, 24(1), 247-261.

Yorek, N. (2007). Determination of student conceptual understanding of cell using
student drawings at grades 9 and 11. Dokuz Eyliil Universitesi Buca Egitim
Fakiiltesi Dergisi, 107-114.

Yéoriik, N., & Cakir, O. (2000). Lise dgrencilerinde oksijenli ve oksijensiz solunum
konusunda goriilen kavram yanilgilarinin saptanmasi. Hacettepe Universitesi

Egitim Fakiiltesi Dergisi, (18), 185 - 191.

80



Appendix B: Paper classification form
This code book prepared to guide the content analysis study about the dissertations
and thesis. There are seven main parts in this code book and each of them designed
to gather information about the features of the documents. The operational
definitions of the categories provided in this code book and while coding the

documents use these definitions.

A. Information about article;

1. Title: 4. Journal name:
a. Year:
b. Volume:

2. Author: C. Issue:
d. Pages:

3. Author nation

71 31. Turkish
71 32.Foreign
1 33.Mixed

5. Journal type
51. National

52. International

6. Language
1 61. Turkish
1 62.English
1 63. Other

. Target of the article

1. Investigate cognitive structure

2. Treatment

4.Conceptual understanding difficulties

B

[

[

71 3.ldentify misconception
[

1 5.Determine causes of misconception
[

6. Book investigation
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0

7.Other

Please write the title...............

C. Topic

1 1. Biology as a science 1 8. Human health and physiology
1 2. Cell biology 1 8.1. Endocrine glands

1 2.1. Cell structure and 1 8.2. Immunity

organelles 71 8.3. Excretion system

1 2.2.Diffusion and osmosis 71 8.4. Blood circulatory system
1 3. Genetic and/ or cell division 71 8.5. Reproductive system
71 4.Biotechnology 1 8.6. Digestive system
1 5. Chemistry of life 1 9. Environment and ecology
1 6. Classification of living organism 7 9.1. Greenhouse effect
1 7. World of living creatures and/or global warming
1 71. Microbiology 71 9.2. Ozone layer depletion
1 72.Plant biology 1 9.3. World and living things

71 9.4.Transformation of energy
1 10. Respiration and
photosynthesis
D. Research Method
71 1.Quantitative
71 2.Qualitative
1 3.Mixed
E. Data Collection Tools
A. Number of data collection tools
01 02 0 o4 5

B. Types of data collection tools
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1 1. Questionnaire 1 11. Interview
1 2. Achievement test 1 12.0bservation
1 3.Conceptual understanding test 1 13.Documents
1 4.Diagnostic test "1 14.Other
1 5. Drawing-writing Please write the
] 6. A free word association title...............
1 7. Roundhouse diagramming
] 9.Concept cartoons Types of questions
[ 10. Attitude test (Please write the 1 a. Multiple choice
title............... ) 1 b. Open-ended
1 c. Likert
1 d. Two-dier multiple choice
1 e. Others
F. Sample
A. Sample B. Sample size
71 1.Pre-service teachers 1 1.Between1to 10
"1 2.Elementary school (1-4 grades) 1 2.Between 11 to 30
71 3.Middle school (5-8 grades) 1 3.Between 31 to 100
71 4.High school (9-12 grades) 1 4.Between 101 to 300
71 5. Others 1 5.Between 301 to 1000
Please write the title................ ] 6.0ver 1000

G. Data Analysis

1. Quantitative

1 11.Descriptive statistics
(frequency/percentage tables, charts,

central tendency measures)

1 12.Inferential statistics (t-test,
ANOVA/ANCOVA, correlation,

factor analysis, regression)
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Qualitative
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