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ABSTRACT

RELATIVE INFLUENCE OF COGNITIVE AND MOTIVATIONAL
VARIABLES ON GENETIC CONCEPTS IN TRADITIONAL AND
LEARNING CYCLE CLASSROOMS
Dogru Atay, Piar
Ph.D. Department of Secondary Science and Mathematics Education

Supervisor  : Assoc. Prof. Dr. Ceren Tekkaya

June 2006, 230 pages

The purpose of the study is to explore relationships among elementary school
students’ gender, relevant prior knowledge, meaningful learning orientation,
reasoning ability, self-efficacy, locus of control, attitudes toward science and

achievement in genetics in learning cycle and traditional classrooms.

The study was conducted on 213 8" grade students from eight classes of two
public elementary schools in Ankara in 2005-2006 Spring-semester. Students in
the experimental group (N=104) received learning cycle instruction that helps
students acquire conceptual understanding of scientific concepts, and the students
in the control group (N=109) received traditional instruction. The students were
given Genetics Achievement Test as a pre-test before and as a post-test after the
instruction. Students were also given Learning Approach Questionnaire that

measures students’ learning orientations and Test of Logical Thinking that

v



determines students’ reasoning abilities. Students’ levels of self-efficacy, locus of

control and their attitudes toward science also were measured.

One-way ANOVA analysis revealed that learning cycle instruction improved
students’ achievement in genetics compared to traditional instruction. Stepwise
multiple regression analysis revealed that in learning cycle classrooms, the main
predictors of achievement in genetics were students’ meaningful learning
orientation (49.6%) and their attitudes toward science (11.8%). In traditional
classrooms, students’ attitudes toward science (44%) and reasoning ability (9.8%)
were the main predictors of achievement while remaining 5.7% of the variance
explained by relevant prior knowledge, locus of control and meaningful learning
orientation. This study revealed that different variables may be important for 8"

grade students’ genetics achievement in learning cycle and traditional classes.

Keywords: Meaningful learning orientation, reasoning ability, self-efficacy, locus

of control, attitude, learning cycle, traditional instruction.
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BILISSEL VE GUDUSEL DEGISKENLERIN GELENEKSEL VE OGRENME
EVRESI SINIFLARINDAKI OGRENCILERIN GENETIK KAVRAMLARINI
ANLAMASINA ETKISI
Dogru Atay, Piar
Doktora, Ortadgretim Fen ve Matematik Alanlar1 Egitimi Boliimii

Tez Yoneticisi : Assoc. Prof. Dr. Ceren Tekkaya

Haziran 2006, 230 sayfa

Bu calismanin amaci ilkogretim 6grencilerinin cinsiyetleri, 6n bilgileri, anlamli
ogrenme yaklasimlari, mantiksal diistinme yetenekleri, giidiisel inanglari, denetim
odaklar1 ve Fen Bilgisi dersine olan tutumlarinin, 6grenme evresi ve geleneksel

yaklagim siniflarinda genetik basarilari ile olan iligkisini ortaya ¢ikarmaktir.

Calismaya 2005-2006 bahar doneminde Ankara’daki iki devlet okulunda bulunan
iki yiiz on ii¢ 8. siif 6grencisi katilmistir. Deney grubundaki 6grenciler (N=104)
genetik konusunu 6grenme evresi ile, kontrol grubundaki 6grenciler (N=109) ise
geleneksel yaklasim ile islemislerdir. Ogrencilere genetik basar1 testi dn-test
olarak uygulamadan once, son-test olarak ise uygulamadan sonra verilmistir.
Calismadan once Ogrencilerin ezbere mi yoksa anlayarak mi Ogrendiklerini
olemek icin Ogrenme Yaklasimi Anketi, somuttan soyuta degisen mantiksal

islem seviyelerini belirlemek lizere Mantiksal Diisiinme Testi, giidiisel inanglarini
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Olemek i¢in gilidiisel inang Olgegi uygulanmis, denetim odaklar1 ve Fen Bilgisi

dersine karsi tutumlari da 6l¢iilmiistiir.

Tek yonlii varyans analizi (ANOVA) sonucunda 6grenme evresinin geleneksel
yaklagima gore, 6grencilerin genetik basarilarini artirict etkisi saptanmistir. Coklu
regrasyon analizi sonunda, Ogrenme evresi smiflarinda basarinin temel
belirleyicileri Ogrencilerin anlamli 6grenme yaklagimlari (%49.6) ve Fen
Bilgisi'ne yonelik olan tutumlar1 (%11.8) olarak bulunmustur. Ote yandan,
geleneksel yaklagim siniflarinda 6grencilerin Fen Bilgisi’ne ydnelik tutumlari
(%44) ve mantiksal diistinme yetenekleri (%9.8) basarinin temel belirleyicileri
olarak bulunurken, kalan %5.7’lik varyans ise 6grencilerin 6n bilgileri, denetim
odaklar1 ve anlamli 6grenme yaklasimlari ile agiklanmistir. Bu ¢alisma, 6grenme
evresi veya geleneksel yaklasimin uygulandigi sekizinci smif 6grencilerinin

genetik basarisinda farkli degiskenlerin 6nemli olabilecegini agiga ¢ikarmistir.

Anahtar Kelimeler: Anlamli 6grenme yaklasimi, mantiksal diigiinme yetenegi,

giidiisel inang, denetim odagi, tutum, 6grenme evresi, geleneksel yaklagim.
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DEFINITION OF TERMS

Some of the terms used in this dissertation may be unfamiliar for the reader.

Therefore the following definitions are provided.

Learning Cycle Instruction

The activity-oriented instructional technique at which students explore new
knowledge with minimum guidance (Johnson, 1993). Learning cycle is an inquiry
approach with three phases that are exploration at which students explore new
concepts; term introduction at which students develop relationships and concept
application that helps students apply a new understanding of their observations

(Lawson, 1996; Marek & Cavallo, 1997).

Traditional Instruction

Instructional technique that is generally employed in classrooms. In that type of

instruction, new terms and concepts are introduced by textbook, lecture or other

media that informs the student what he or she is expected to learn.
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Learning Orientation

Students’ approaches to learning which are consistent with their understanding.
(Boujaoude, 1992; Cavallo, 1996). There are two types of learning orientation:
rote and meaningful learning orientation. Ausubel (1963, 1968) describes the
formulation of the relationships between theoretical concepts in making sense of
the word as ‘meaningful learning’. In contrast to meaningful learning, in rote
learning new knowledge may be attained by verbatim memorization and
incorporating into a persons’ knowledge structure without connecting it to

information or framework previously acquired (Ausubel, 1963; Baird, 1986).

Reasoning Ability

Reasoning ability is the cognitive development level of students.

Concrete Reasoning Ability: Reasoning ability level of students at concrete
operational stage. At that stage students can think operationally, represent
transformations, and understand concrete problems. They fail to explain the
logical relationships between scientific concepts and cannot eliminate alternative
conceptions after instruction. Concrete operational stage ends at age eleven or

twelve (Piaget, 1950).
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Formal Reasoning Ability: Reasoning ability level of students at formal stage. In
formal stage children can think logically and abstractly. Formal reasoning
patterns are necessary for the elimination of some biological misconceptions and
constructing logical relationships between concepts (Lawson and Thompson,
1988). Formal thought begins to develop at age 11 or 12 and reaches an
equilibrium state at around 15 or 16 (Piaget, 1950). Chidren at that stage can use
logical symbols related to abstract concepts. There are five modes of formal
reasoning: controlling variables, proportional reasoning, probabilistic reasoning,

correlational reasoning, and combinatorial reasoning.

Self-Efficacy

Self-efficacy is "people’s judgements of their capabilities to organize and execute

courses of action required to attain designated types of performances” (Bandura,

1986, p. 391).

Locus of Control

The perceptions of students of their successes and failures. Students may have

external or internal locus of control. When the students think that their

performance was not affected even if they spent great amount of effort, they

XiX



develop external locus of control. When they believe that their academic effort

results in better outcomes, students have internal locus of control (Rotter, 1975).

Attitude towards Science

Feelings, beliefs and values of students towards science.

Achievement

To be successful in learning discipline specific facts and concepts, processing

necessary concepts, differentiating relevant with irrelevant information.
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CHAPTER1

INTRODUCTION

1.1 Background of the Study

In science, specifically in biology, there are several units and concepts many of
which are unfamiliar and difficult to remember for students. The concepts in each
unit are closely related with each other. Therefore, students face with difficulties
to understand the basic concepts of biology when they could not understand the
previously instructed concepts. Novak (1970) stated that if students could not
make these interrelations, they would show wide range of difficulties to
understand the basic concepts of biology. To be able to overcome the difficulties,
lessons should be designed in such a way that contributes the students’
understanding of some major ideas or concepts, constructing relationships
between concepts of biology and also making the students better aware of the
nature of biological inquiry. This can be done only when the teacher builds each
new lesson by considering the students’ level of understanding and performance
at earlier lessons. Designing lessons by taking the students’ understanding of
concepts into account contributes to the transfer of learned concepts for related

subjects and future learning.



Genetics has been recognized as one of the most important and difficult topics of
the biology/science curriculum. The research carried out by Finley, Steward, and
Yarroch (1982) showed that there is a general agreement among biology teachers
that Mendelian genetics, the chromosomal theory of inheritance, and the concept
of genes, are the difficult subjects for students to learn. They argued that inspide
their difficulty, they should be taught at secondary school. The concepts in
genetics such as allele, chromosome, gene, DNA, homologous chromosome are
closely linked with each other functionally and theoretically. At that point,
understanding these concepts is important to be able to provide students’
understanding of genetics in addition to cell division and fertilization. Because
understanding these concepts require qualified knowledge about the terms in
genetics. For example, to be able to understand cell division, students should
know the meaning of homologous chromosomes. Similarly, the meaning of
gametes should be known for meaningful understanding of fertilization.
Understanding Mendelian genetics also require knowledge about these concepts.
Most students are able to understand how to use diagrams to figure out the
probability of genotypes and phenotypes of offspring but trying to take it a step
further and comprehend the genetic crosses is often confused. Students have been
taught Mendelian genetics without complete understanding and providing the
correct answer does not necessarily mean the problem has been understood
(Banet & Ayuso, 2000). Students by using some personal algorithm can correctly

answer the problem without understanding the concepts they use (Hackling &



Treagust, 1984). Therefore, most of the time students’ ideas do not reveal in
learning environments and it is known that understanding major concepts is
important to build a strong base of supporting factual information and know how

to apply knowledge into new situations.

In genetics, like in any content area, students bring their preconceptions based on
their prior experiences to the learning environments. When these preconceptions
differ from those commonly accepted, they are considered misconceptions. For
effective learning, after identification of the misconceptions, the instruction
should be designed to prevent them from occurring and to make necessary
conceptual change on students’ minds. The conceptual change approach to
science instruction is designed to encourage students to alter their alternative
conceptions and is based on Piaget’s notions of assimilation, accomodation, and
disequilibrium (Wang & Andre, 1991). Posner, Strike, Hewson and Gertzog
(1982) theorized that students would remain committed to their ideas unless they
need neessary modification of their ideas to understand the subject. The student
must be dissatisfied with the existing conception, meaning the child’s ideas must
no longer make sense to the child in explaining the concept. A new idea must be
intelligible as well as plausible. Finally, the conception must be fruitful, and
make sense in many situations. The design of learning environments to promote

conceptual change in science must be based on systematic research on the



acquisiton of science concepts that require extensive reorganization of prior

knowledge (Vosniadou, loannides, Dimitrakopolou & Papademetriou, 2001).

Many researchers have prepared different instructional techniques to promote
meaningful learning mainly through conceptual change. Learning cycle is a
specific activity-oriented instructional technique designed to promote conceptual
change. The learning cycle approach has its origin in an elementary curriculum
project sponsored by the National Science Foundation in the 1960s (Karplus &
Their, 1967). An activity based elementary science program known as the
Science Curriculum Improvement Study (SCIS) firstly used learning cycle as a
teaching strategy in 1974. In an evaluation of SCIS, the learning cycle was found
to be effective in helping students develop science concepts and process skills.
Besides, research has shown that this strategy has widespread applicability to a
variety of grade levels, including college (Purser & Renner, 1983; Saunders &

Shepardson, 1987; Barman, 1992; Barman, Cohen & Shedd, 1993).

Learning cycle is an inquiry approach with three phases that are exploration, term
introduction, and concept application. When students explore new concepts
through an exploration, their new experiences cause them to reevaluate their post
experiences. This produces disequilibria in the students and he/she needs to
accommodate the concepts to reach equilibrium. In the term introduction phase,

students develop relationships, which help them apply a new understanding of



their observations. In the final stage of concept application, students gain
familiarity with the introduced concept and either assimilate or accommodate the
new concept into their schemata (Karplus, 1977). More specifically, the learning
cycle incorporates the Piagetian approach into a concise methodology of learning:
experiencing the phenomena or concept (Exploration), applying terminology to
the concept (Term Introduction), and application of the concepts into additional
conceptual frameworks (Application) (Odom & Kelly, 2000). In addition to
learning cycle model including three phases, there are other learning cycle
models, including 5 and 7 phases, namely 5E and 7E learning cycle model. SE
learning cycle model extends the three stages into five: engage, explore, explain,
elaborate and evaluate. The stages of SE model are expanded into seven stages
which are elicit, engage, explore, explain, elaborate, evaluate and extend in 7E

model.

Apart from learning cycle, conceptual change texts have been used to promote
student construction of conceptions more consistent with those accepted by the
scientific community. In conceptual change text, students are given posssible
misconceptions about the subject and then they are given the scientifically correct
concepts and definitions. So that, students are familiarized with misconceptions,
they are dissatisfied with existing concepts in their mind. After inducing
dissatisfaction, the instructor provides the learner with the correct scientific

explanation in a manner that is intelligible, plausible and fruitful.



Besides, there are cognitive and motivational factors that are related with
students’ meaningful learning of science concepts. Therefore, while developing
and implementing teaching strategies, such variables should be taken into
consideration. Reasoning ability, one of the cognitive variables, is related with
the students understanding of scientific concepts. Lawson and Thompson (1988)
claimed that formal reasoning patterns are necessary for the elimination of some
biological misconceptions and constructing logical relationships between
concepts. Students with formal reasoning ability can evaluate alternative
conceptions, discuss about the evidences that support scientific concepts and the
ones that contradict with alternative conceptions. On the other hand, concrete
operational students fail to explain the logical relationships between scientific
concepts and cannot eliminate alternative conceptions after instruction. In
addition to reasoning ability, learning approach of students is another cognitive
variable that affects meaningful understanding. Researchers stressed the
importance of meaningful learning orientation for students’ meaningful
understanding of science and reported that meaningful learning orientation
contributes, together with reasoning abilities to students’ attainment of
meaningful understanding of genetics (Cavallo & Schafer, 1994; Cavallo, 1996).
In addition to students’ meaningful learning orientation and reasoning abilities,
many studies revealed that prior knowledge was the significant predictor of

science achievement (Ausubel, 1963; Pashley, 1994).



Self-efficacy, locus of control and students’ attitudes toward science are
motivational variables that are found to be related with students’ understanding of
science concepts. Self-efficacy is defined as "people’s judgements of their
capabilities to organize and execute courses of action required to attain
designated types of performances” (Bandura, 1986, p. 391). Student self-efficacy
beliefs regarding academic performance can have important implications for
improving learning environments and, consequently, student outcomes.
Therefore, focusing on students’ academic self-efficacy increases students’
perceptions of the learning environment and their understanding. The perceptions
of students about their successes and failures may also affect learning. Students
may have external or internal locus of control. When students think that their
performance is not affected even if they spent great amount of effort, they
develop external locus of control. According to students with external locus of
control, success in the academic field mostly is related with chance. When
students have internal locus of control, they believe that their academic effort
results in better outcomes. The development of self-management skills of
students is important to develop internal locus of control. Attitudes and feelings
of students are recognized as important for science instruction. Lack of students’
enthusiasm, interest or motivation in science contributes to reduced participation
in science classes. Furthermore, science attitudes were found to have a positive
correlation with science achievement and participation in advanced science

courses (Weinburg & Englehar 1994; Lee & Burkam, 1996).



In line with the findings reported in the literatute, in the present study, the
relationship among 8" grade school students’ cognitive variables; prior
knowledge, learning approach, reasoning ability and motivational variables; self-
efficacy, locus of control, attitudes toward science in relation with students’
achievement in genetics in different types of classrooms; learning cycle and

traditional classrooms in two public schools in Ankara was investigated.

1.2 Significance of the Study

The present study was concerned with relative influence of cognitive and
motivational variables on genetic concepts in traditional and learning cycle
classrooms. While several studies have measured direct relation between these
variables and students understanding, some studies have assessed the
effectiveness of learning cycle teaching strategy on students’ understanding.
Many of these studies have focused on mainly the cognitive variables that may
contribute science achievement. Relatively few studies have addressed the
attributes of students’ motivational constructs. However, in addition to cognitive
variables, motivational constructs also important in science learning and
instruction (Pintrich, Marx & Boyle, 1993). Besides, researchers have attempted
to investigate certain variables which may contribute to students’ science
achievement without considering the influence of different teaching strategies.

This study investigates the contributions of cognitive and motivational variables



on students’ achievement in genetics in learning cycle and traditional classrooms
so that it presented which variable are the better predictor of achievement under

which teaching strategy.

This study, also presents the influence of learning cycle teaching strategy on
students’ understanding of genetics by integrating conceptual change text in the
term introduction phase of learning cycle. So that, while teacher establishing a
discussion environment, students were introduced with related scientific

terminology included in genetics unit.

To sum up, review of the literature has provided information concerning the
relationships among cognitive variables, motivational variables and students’
achievement in mainly inquiry-based science classes. However, comparisons
with other course formats have not been well documented. Hence, there is little
evidence about types of interaction in relation to type of instruction. In the present
study, our aim is to extend the finding of previous studies by comparing the
nature and extent of the relationships in two different instructional modes,
(traditional vs. learning cycle). Therefore, this study is designed to contribute to
students’ current understanding of genetics by investigating the possible
relationships among cognitive and motivativational variables in learning cycle

and traditional classes.



CHAPTER 2

REVIEW OF RELATED LITERATURE

This chapter includes six parts. First part is about the studies conducted in the
field of students’ understanding of genetics concepts, second part includes the
studies about the conceptual change, namely learning cycle and conceptual
change text, third part comprises the studies about students’ reasoning abilities,
fourth part is about the studies in the area of students’ learning orientations and
fifth part includes the studies about students’ affective variables that are self-

efficacy, locus of control and attitudes toward science.

2.1 Research on Students’ Understanding of Genetic Concepts

There is a great deal of research done on teaching and learning of genetics and
inheritance. Research has shown that students do not fully understand major
concepts in genetics such as chromosomes, genes, or alleles (Longden, 1982;
Alabaladejo & Lucas, 1988; Collins & Steward, 1989; Pashley, 1994; Lewis,
Leach & Wood-Robinson, 2000; Lewis, 2004); cannot effectively interpret some
concepts such as homozygous or heterozygous, dominance and recessiveness

(Slack & Steward, 1990; Heim, 1991); have alternative views for some processes
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such as meiosis (Hackling & Treagust, 1984; Brown, 1990; Steward, 1982;
Kinfield, 1994b; Steward, Hafner & Dale, 1990); and do not understand the
meaning of probability for genotypic and phenotypic frequencies (Browning &
Lehman, 1988). Heim (1991) stated that students incorrectly think that the
dominant form of a gene is stronger than the recessive form and when they are
together with heterozygote, the dominant allele suppresses the action of the
recessive one. He discussed the dominant and recessive relationships that may be
different at different levels of analyses between phenotype and genotype, possible

causes of dominance.

In a study carried out by Longden (1982), sources of misconceptions and
learning difficulties were identified by interviewing academically sound A-level
students who were having difficulties with genetics. The study indicated that
misconceptions were related to nature of concepts used in genetics and to
instructional strategies. Smith and Good (1984), studied about organization of
problem solving in genetics, and they stated the importance of understanding the
organization of knowledge is necessary to understand the expert problem solving

in genetics.

In 1988, Lawson and Thompson explored the relationships between seventh

grade students’ misconceptions of genetics and natural selection and four

cognitive variables: reasoning ability; mental capacity; verbal intelligence; and
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cognitive style. One hundred and thirty one seventh grade American students in
the sections of a life-science course at a public high school were included in their
study. Following instruction, students were administered a test about principles of
genetics and natural selection. Responses of the students were compared whether
reasoning ability, mental capacity, verbal intelligence and cognitive style was
related with number of misconceptions. The results of the study indicated that
only reasoning ability was related with students’ number of misconceptions.
Concrete operational students hold greater number of misconceptions compare to
formal operational students. Formal students seemed to understand that a
newborn child’s characteristics are determined by a combination of parental
genes carried in the sex cells and that environmentally induced changes in parents
will not affect the offspring. On the other hand, concrete operational students
have failed to achieve this understanding. They suggest that formal reasoning

patterns are necessary for the elimination of some biological misconceptions.

Slack and Stewart (1990) studied on 30 students in 9 to12 grade levels from five
high schools to be able to add to the understanding of students’ problem solving
strategies and to develop a model of student performance. Students had
completed three to four weeks of genetic instruction in introductory level biology
courses and solved 119 problems generated by the computer program Genetics
Construction Kit (GCK). While solving GCK problems students planned

experiments, generated and interpreted data, and reasoned from effects to causes.
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It was found that students lacked three important genetics-specific ways of
thinking about problem solving: genotypic thinking, generational thinking, and
ability to distinguish between an inheritance pattern and modifier. At the end of
the study, the three trends in general problem solving procedures were identified:
(1) unplanned approach; (2) working backward; (3) emphasis on a quantitative
level of counting numbers of individuals and using ratios in independent crosses.
Slack and Steward recommended that instruction in genetics like other field of
science should reinforce problem-solving strategies, teach not only conceptual

knowledge, but the relationship of conceptual knowledge to problem solving.

Pashley (1994) studied on students’ understanding of genetics, their
misconceptions and how they might be resolved. She worked on 96 American
secondary school students from four different educational establishments. The
students were studying syllabuses, which were virtually identical with respect to
genetics components. In the study, the chromosome model was used to resolve
the students’ misconceptions. The chromosome model was a ‘tool’ that allowed
the students to recognize where their problems lie and to see that their concepts
do not fit the accepted scientific concepts. Students asked to explain the
relationship between the 21 different pairs of genetic terms included in a test
booklet. She observed that the misconceptions centered on the terms ‘gene’ and
‘allele’ and identified three general types of misconceptions: a) Genes contain

alleles; b) Alleles contain genes; c) Genes and alleles are the same. These
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misconceptions led to confusion of other terms like homozygous, heterozygous,
dominance or recessiveness. Use of the chromosome model was defined as an
effective tool for resolving misconceptions and promoting conceptual change. It
was also found that once students had resolved any difficulty with the
relationship between gene and allele and the teachers were aware of their
students’ misconceptions, students’ performance in genetics showed a significant

improvement.

In a separate study, Lewis, Leach, and Wood-Robinson (2000) investigated the
school students’ understanding of the processes of cell division and fertilization
towards the end of the compulsory science education by pointing out to the
importance of students’ awareness of the physical relationship between
chromosomes, genes, and the genetic information. 478 students aged 14-16 took
part in the study. Students wrote their responses to written questions about
understanding of the processes, purposes and products of cell division and the
fertilization. The difficulties, which students have in understanding the purposes
and products of these processes, were discussed and the origins of some of these
difficulties were identified. For example, some of the students could not make a
distinction between meisosis and mitosis or some confused the terms used to
describe cell division. At the end of the study, it was found that students although
understood some aspects of the cell division, fertilization, and reproduction, they

had no coherent conceptual framework which could explain the whole set of
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processes. The researchers attributed to the source of all these problems to the
lack of understanding of chromosomes, genes, genetic information, the role and
nature of chromosomes. Also, students could not construct a conceptual
framework and were confused by the words used to describe the processes of cell
division. Findings of that study, not only confirm that school students have major
difficulties with cell division and the fertilization, but also identified the sources

of those difficulties.

In another study, Lewis, Leach, and Wood-Robinson (2000) investigated the
students’ ability to distinguish between genes and genetic information and the
extent to which they are aware of the continuity of genetic information between
cells within one individual. A sample of 482 young people aged 14-16, drawn
from across the ability range took part in the study. Written data were collected
using the series of written questions. Students in the study had a very poor
understanding of the purposes, processes and products of cell division and made
little distinction between meiosis and mitosis. Many students hold the
misconception that cells of different types will contain different genetic
information because they have different functions and will therefore require
different information. In that study, few students understood the distinction
between a gene and the genetic information encoded within that gene. They also
stated that without the understanding of the basic concepts it would be difficult

for the students to develop a coherent explanation as a whole.
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The misconceptions of students about the concepts of genetics were also
investigated by Banet and Ayuso (2000). They studied on 267 secondary school
students’ previous knowledge concerning some basic aspects related to the
location of inheritance information by interviews and questionnaires. They stated
that the cell structure, living organisms, sexual reproduction and the concepts of
genes, alleles and chromosomes should be taught before starting genetics. In the
same study, another sample consisting of 109 advanced secondary students were
enrolled to diagnose students’ knowledge of genetics after traditional instruction.
The results of these two studies were used to plan, implement and subsequently
modify a teaching program, based on constructivism, on 177 secondary school
students. They demonstrated that many students at the secondary school level have
significant misconceptions regarding inheritance information location. The study
also has pointed out some deficiencies in traditional genetics teaching methods.
They presented the characteristics of a teaching program that includes objectives,
activities that will be followed during different phases of instruction on inheritance
information. The role of teacher and students during that teaching program also
presented. Results obtained indicated that many students involved in this specific
teaching program on inheritance information restructured their initial
misunderstanding of the location of inheritance information and acquired a

scientific knowledge.
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As understood from the results of the above-mentioned studies, students have
considerable amount of difficulties while connecting basic concepts and
processes about genetic. Marbach-Ad and Stavy (2000) linked these difficulties
to different levels of organization of genetics concepts: macroscopic, microscopic
and submicroscopic levels of organization. They conducted a study on three
populations of students: 9" graders, 12" graders (N = 305) and preservice biology
teachers (N = 26) to probe Israeli students’ understanding at different levels of
organization of genetics concepts on their ability to connect ideas and concepts
across different levels. For these purposes, three different types of questions were
asked. One question was about molecular level. Two of the questions measured
students’ ability to make bridge between levels. It was observed that students had
difficulties in interrelating the major concepts because they are simultaneously
exposed to a variety of concepts and processes at different levels of organization,

which they cannot deal with simultaneously.

Sampson (2002) redesigned a genetics unit including the concepts of genes and
chromosome, human inheritance patterns and applied genetics. Sixty-six students
(39 female, 27 male) in a public high school in three General Biology classes
consist of sophomores and juniors were enrolled in the study. (86 percent of
students were Caucasian, 12 percent were African-American and 2 percent were
other minority groups). The units began with pretests that serve to determine the

prior knowledge of each student before entering the class and reveal the areas that
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need to be covered in more detail. Also, classroom discussions were designed
according to students’ level of prior knowledge revealed by pretests. While
implementing genetic unit, the researcher replaced paper and pencil worksheets
with laboratory activities, used online activities and problem solving activities.
Power point lecture notes with current and relevant information and eye-catching
graphics were used during the presentation of new information. Students were
given outline that they used as a tool to record pertinent information. Students
also involved in laboratory activities. Students’ performance on posttest,
activities and students’ weekly reflections were assessed for the evaluation of the
effectiveness of these techniques. The pretest for each section consisted of open-
ended questions. During the course, at each section, quizzes were given to
provide students evaluate students’ comprehension of the subject matter. The
posttest given at the end of each unit contained open ended questions found in the
pretest in addition to multiple choice and true/false questions. Sampson observed
that changes in teaching style and increase in the number of group and laboratory

activities results in increase in students’ learning and understanding of genetics.

More recently, Knippel, Waarlo and Boersma (2005), to be able to find whether
findings of other researchers can be applied to secondary genetics education in
Netherlands, concentrated on two problem categories: the abstract and complex
nature of genetics. The separation of inheritance, reproduction and meiosis in the

curriculum accounts for the abstract nature of genetic, while the different levels
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of biological organisation e.g. molecule, cell and organism contribute to its
complex nature. They carried out a case study by observing and audio typing 13
lessons of traditional general upper-secondary genetic course. In observed lessons
students were asked to solve multiple genetics problems and to calculate the
probabilities of specific traits in the next generation. Twenty-two students (aged
16-17) kept personal notebook about their learning outcomes, perceived
difficulties and questions. Then, they interviewed with six, four girls, two boys,
of these students. The results from the review study and the focus group
interviews indicated that it is important to adequately sequence the subject matter
according to the levels of biological organization and to pay attention to the
relationship between inheritance, sexual reproduction and meiosis. The case
study suggested focus should not be on solving genetic cross problems, but on
interconnecting sexual reproduction, meiosis and genetic traits. They also
examined two chapters about meiosis and Mendelian genetics of three Dutch
upper-secondary biology textbooks and no explicit conceptual relationships

between the observed chapters were found.

Rotbain, Marbach-Ad and Stavy (2006) explored the contribution of using
models in molecular genetics instruction in high school students’ understanding
of concepts and processes in genetics. In their study, with a total of 258 students,
three groups of 11th and 12th graders participated: The control group was taught

in the traditional lecture format, while the others received instructions which
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integrated a bead model, or an illustration model. In both groups the instructions
and questions asked to the students were similar. The bead model is a physical
three-dimensional model, consisting of plastic color-coded beads that represent
the major components of the genetic material (DNA and RNA) and the proteins
encoded by them. The illustrations model consists mainly of chemical formulas
of the DNA, RNA, and protein molecules. Three instruments were used in their
study: a multiple-choice, an open-ended written questionnaire and personal
interviews. Five of the multiple-choice questions were also given to students as
pretest. Their study revealed that students who used one of the two types of
models improved their knowledge in molecular genetics compared to the control
group while, the open-ended questions revealed that bead model activity was
significantly more effective than illustration activity. They stated that using three-
dimensional models and also students participation in class activities may

improve their achievement when compared to traditional instruction.

Changes in students’ knowledge structure viewed from different perspectives:
epistemological, ontological and social/affectice (Tyson, Venville, Harrison &
Treagust, 1997). For example, Venville and Treagust (1998) investigated
students’ conceptions of genes from epistemological, ontological and
social/affective perspectives. In their study, from the ontological perspective,
different mental models which was employed by the students were identified.

They stated that students assume a gene as a passive particle passed from parent
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to offspring. From a social/affective perspective, they observed that students were
not intereseted in the microscopic explanatory mechanism of genetics, although
they seem to enjoy the genetic course and participated in classroom activities.
Also, students’ ontological conceptions of gene was classified as being
intelligible, plausible and fruitful from an epistemological perspective. Results
revealed that learning about the concept of gene is an evolutionary process. Tsui
and Treagust (2004) also examined students’ conceptual learning of genetics
from an ontological perspective. They stated that gene conceptions of most
students were not sophisticated and there was litlle or no conceptual change
across ontological categories in the students’ conceptions. Young children’s
understandings of genetic concepts from ontological and epistemological
perspectives were investigated by Venville, Gribble and Donovan (2005). They
observed that while most students were familiar with terms such as gene or DNA
they did not have a conceptual understanding of what genes or DNA do. They
pointed out to the potential ontological and epistemological barriers to further

learning about genetics.

To sum up, these research studies documented students’ difficulties in
understanding of various genetic concepts, such as genes, alleles, chromosomes,
phenotype, genotype, dominance and recessiveness. To provide meaningful

learning, ways must be found to eliminate or prevent misconceptions. Various
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instructional methods can be used for this purpose. One such method involves the

use of a conceptual change approach.

2.2 Research on Conceptual Change Approach

It is known that students’ existing knowledge affects their understanding of
natural phenomena. According to Piaget (1950), new experiences were
understood by applying the preexisting mental structures to them. This process is
called as assimilation. A state of disequilibria occurs when existing structures
cannot create an understanding of the new experience. At the end of
disequilibria, learner develops new mental structure in order to understand new
experiences, called accommodation. In order to create accommodation in
individuals’ understanding Posner, Strike, Hewson, and Gertzog (1982) suggest

following four conditions:

o Dissatisfaction: Students must be dissatisfied with existing conceptions.
Therefore, major changes on their current concepts become necessary to solve

the problems.

o Intelligibility: A new conception must be easily understood. The

individual must be able to grasp how experience can be structured by a new

concept sufficiently to explore the possibilities inherent in it.
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J Plausibility: A new concept must be consistent with the other knowledge

and have the capacity to solve the problems generated by its predecessors.

o Fruitfullness: A new concept should have the capacity to be extended to
open up new areas of inquiry, to serve to resolve new problems, to suggest new

approaches.

These conditions give us a criterion to judge students’ readiness to learn new
ideas. The model of learning as conceptual change suggests these conditions,
which a new conception has to satisfy before it can be integrated with existing
knowledge. An instruction with conceptual change should provide the learner
with an explanation that is understandable, believable, and be seen to apply to
situations that produced the dissatisfaction (Posner, Strike, Hewson & Gertzog,
1982). According to Hewson and Hewson (1983), the implications of the
conceptual change model for teaching are clear. The teacher has to assure that
the students find new content to be intelligible, plausible, and fruitful, and this
can only be done by taking account of prior knowledge. Students perceive ideas
differently and the teacher must take into consideration of the ideas of the

students.
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Students perceive new knowledge differently that may require different teaching
strategies. Possible teaching strategies stated by Hewson and Hewson (1983) are

as follows:

Integration: Teacher integrates the new conceptions with existing conceptions, or

different existing conceptions with each other.

Differentiation: Teacher differentiates existing conceptions into more clearly

defined, separated, but closely related conceptions.

Exchange: Teacher exchange an existing conception for a new one, because they

contradict with one another and cannot, therefore is plausible.

Conceptual Bridging: Teacher establishes an appropriate context in which

important abstract concepts can be linked with meaningful common experiences.

Science educators have published many studies on students’ understanding of
scientific concepts. Based on these works that are mentioned some of them
above, Mintzes, Wondersee and Novak (1998; p.76) offered a set of 12

knowledge claims about understanding of conceptual change in science:
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1. Learners are not ‘empty vessels’ or ‘blank slates’; they bring with
them to their formal study of science concepts; a finite but diverse
set of ideas about natural object and events; often these ideas are

incompatible with those offered by science teachers and textbooks.

2. Many alternative conceptions are robust with respect to age,
ability, gender and cultural boundaries; they are characteristic of all
formal science disciplines including biology, chemistry, physics, and
the earth and space sciences; they typically serve a useful function in

the everyday lives of individuals.

3. The ideas that learners bring with them to formal science
instruction are often tenacious and resistant to change by

conventional teaching strategies.

4. As learners construct meanings, the knowledge they bring
interacts with knowledge presented in formal instruction; the result is
a diverse set of unintended learning outcomes; because of limitations
in formal assessment strategies, these unintended outcomes may

remain hidden from teachers and students themselves.
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5. The explanations that learners cling to often resemble those of

previous generations of scientists and natural philosophers.

6. Alternative conceptions are products of a diverse set of personal
experiences, including direct observation of natural objects and
events, peer culture, everyday language, and the mass media as well

as formal instructional intervention.

7. Classroom teachers often subscribe to the same alternative

conceptions as their students.

8. Successful science learners possess a strongly hierarchical,
cohesive framework of related concepts and they represent those

concepts at a deeper, more principal level.

9. Understanding and conceptual change are epistemological
outcomes of the conscious attempt by learners to make meanings;
successful science learners make meanings by restructuring their
existing knowledge frameworks through an orderly set of cognitive
events (i.e., subsumption, superordination, integration, and

differentiation).
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10. The differential ability to solve problems in novel, real-world
settings is attributable primarily to the advantages conferred on
individuals possessing a highly integrated, well-differentiated
framework of domain-specific knowledge which is activated through
concentrated attention to and sustained reflection on related objects

and events.

11. Learners who excel in the natural sciences habitually employ a
set of metacognitive strategies enabling them to plan, regulate, and

control their own learning.

12. Instructional strategies that focus on wunderstanding and

conceptual change may be effective classroom tools.

In their study, Hewson and Hewson (1983) applied different instructional
methods; traditional versus conceptual change strategies, to effect the learning of
scientific conceptions concerning mass, volume, and density. Ninety 9th grade
students participated in the study. For the identification of misconceptions about
the scientific conceptions of mass, volume, and density, prior to instruction
students were interweaved. During the instruction, the teacher addressed these
misconceptions in the experimental group. The students in experimental group

realized that their existing conception was not plausible and they were
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dissatisfied with their existing knowledge. The existing knowledge of students
integrated with new concepts during instruction assuming that the existing ones
are not contradictory to the thoughts of teacher. During instruction in the control
group, the new concepts were linked with existing ones without pointing out to
the misconceptions. After instruction, students were evaluated by paper and
pencil posttest. The study took about two weeks and the total teaching time
amounted to five hours for the control group and six hours for the experimental
group. At the end of the study it was found that, the experimental group
achieved significantly greater negative change scores than the control group on
the subtest for alternative conceptions of mass and volume as a result of
instruction (X* (1) = 8.7, p<0.005). Authors indicated that the experimental
group showed the better understanding of the concepts of density, mass, and
volume than control group by gaining more scientific conceptions and lost more

alternative conceptions than the control group.

In addition, Beeth (1998) studied on 12 fifth grade class students while they
were studying physical science concepts about force and motion by applying a
conceptual change instruction. During the instructions with conceptual change
model, students could monitor and improve their learning; they mentioned their
conceptions in terms of plausibility and intelligibility. Students instead of
passively receiving information, they could actively examined their own

conceptions. The reflection of students of their conceptions also helped the
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teacher to progress in learning these science concepts and plan instruction
according to these learning outcomes. Teacher could monitor the progress of
students’ development, because to assess the status of concepts of students

during instruction was possible.

Smith, Blakeslee, and Anderson (1993) examined 13 seventh grade life science
teachers to see the effect of the use of teaching strategies associated with
conceptual change model. The teachers taught units on photosynthesis, cellular
respiration, and matter recycling in ecosystems in their regular classes. The
teachers were divided into three groups. In the first group, teachers with
researchers discussed a conceptual change orientation to teaching and specific
teaching strategies. Second group attended no workshop but used curriculum
materials written by the research project staff for the photosynthesis and cellular
respiration units. Third group attended workshops and used the materials about
only photosynthesis. At the end of study the authors claimed that, appropriately
designed teaching materials can help teachers increase both their use of

conceptual change teaching strategies and their students’ success in learning.

One of the teaching procedures that promote conceptual change is learning

cycle.
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2.2.1 Research on Learning Cycle

Learning cycle is an inquiry based teaching strategy that provides conceptual
change. In learning cycle, students present their arguments, predict, and test their
hypothesis, result in the construction of knowledge. The learning cycle, that
incorporates the Piagetian approach into a succinct methodology of learning, has
three distinct phases: (a) Exploration at which teacher presents student with a
problem or task, so that students experience the phenomena or concept (b) Term
introduction at which teacher introduces the main concept of the lesson and any
new vocabulary pertinent to the concept. In that phase the teacher assumes a more
traditional role. (c) Concept application that provide opportunity to the students to
study the additional examples of the concept (Lawson, 1996; Marek & Cavallo,

1997; Odom & Kelly, 2000).

The learning cycle is a great strategy for middle school and high school science
teaching because it works, is flexible, and places realistic demands on teachers
and students (Colburn & Clough, 1997). There are many studies conducted to
measure the effectiveness of learning cycle (Wright, 1995; Lawson, 1996;
Colburn & Clough, 1997; Blank, 1999; Lee, 2003; Lauer, 2003). For example,
Schneider and Renner (1980) compared the intellectual development of students
experiencing inquiry teaching and those of students experiencing exposition. The

inquiry group was instructed by learning cycle. The researchers studied on 48
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students drawn from a sample of approximately 150 ninth grade students from a
rural junior high school in central Oklahoma. The learning cycle teaching method
with three phases was used in the inquiry group that consisted of 23 students and
25 students were assigned to the exposition group. During the study four physical
science units (static electricity, current electricity, light and optics and sound)
were presented for 12 weeks. The results of the study indicated that the learning
cycle group exhibited greater gains in intellectual development than the group

during the instructional period.

In another study, Barman, Barman and Miller (1996) compared the learning cycle
teaching approach with a textbook demonstration method of instruction to
determine whether one method was more effective in facilitating conceptual
change concerning sound. Thirty-four fifth grade students were randomly
selected and assigned to the two treatment groups. To assess the students’
understanding of specific sound concepts, an interview protocol was administered
to both groups before and immediately after instruction. Students were given a
numerical rating corresponding to their levels of understanding. To be able to
define whether there was an agreement among scores; students’ numerical values
were compared with the ratings that were established independently by two
individuals. In the study, one class received instruction using
textbook/demonstration method which was teacher centered and students in that

class read information from a textbook. Discussions and demonstrations were
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used in addition to textbook. Other class received learning cycle instruction,
which was student centered and consisted of three phases of learning cycle. In
that class, students had a chance to decide about how they will learn, questions
aroused as a result of classroom interactions. At the end of two weeks
instructional period, students who were taught using the learning cycle had a
significantly better understanding. The findings and the data from the given study
indicated that the learning cycle is an effective teaching model in helping students

refines their ideas about science concepts at a variety of grade levels.

The effectiveness of the learning cycle, concept mapping, expository instruction,
and a combination of concept mapping/learning cycle in promoting conceptual
understanding of diffusion and osmosis were studied by Odom and Kelly (2000).
The results indicated the concept mapping/learning cycle and concept mapping
treatment groups significantly outperformed the expository treatment in
conceptual understanding of diffusion and osmosis. However, they could not find

any significant difference among the learning cycle and other treatment groups.

Cavallo (2003) examined 60 ninth grade physical science students’ understanding
of chemical reactions during learning cycle. In their study, students and teachers
were familiar with learning cycle by previous lessons. The learning cycle used in
the investigation focused on the concept of chemical change and the relationship

between atoms and compounds. Two forms of open-ended essay questions were
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used for evaluation of students. One of the form included key terms by which
students could write essays and the other did not. The essays were administered at
three points: pre-learning cycle, post concept application, and after additional
concept application activities. The result of the study indicated that students who
were not given key terms prior to learning cycle, seemed to have better
understanding than the ones who were given key terms. The researcher stated that
using key terms in open-ended evaluation to elicit understanding and
misunderstanding should be used after the students constructed concept
understanding. Students’ explanations also indicated that students’ understanding

increased over the learning cycle.

In their study, Colburn and Clough (1997) proposed several tips to help teachers
while designing the learning cycle approach. These are; doing the laboratory first,
before introducing concept discussing the laboratory, requiring students to record
and present laboratory findings, providing tests that require students to use what
they did in the laboratory, providing students’ to clarify some aspects of their
thinking, helping students to invent the laboratory procedures, changing teachers’
role during laboratory activity, providing students to apply what they learned.
They stated that learning cycle is an effective teaching technique for students to
explore new science concepts. In addition to studies measuring effectiveness of
learning cycle, many researchers, while pointing out its effectiveness, presented

examples of useful learning cycles in different subjects of science. For instance,
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Wright (1995) in his article, while recommending the use of the learning cycle as
an instructional strategy, especially since it promotes logical reasoning and
applications of appropriate psychomotor skills, also presented three examples of
learning cycle instruction about plant growth, freezing point and static electricity.
Similarly, Lawson (1996) pointed that, learning cycle is better than traditional
instructional approaches because in the learning cycle the development of
thinking skills is an important goal. Many students have shown that a large
proportion of the secondary and college population have poorly developed
thinking skills (Lawson, p.39). Lawson presented an example of learning cycle
that can be used to teach Mendelian genetics. In his learning cycle method, there
were two sections. The first section includes an introduction, a materials list, a
procedure to guide to student inquiry, and a set of application questions to extend
the lesson. The second section includes content related background and teaching

tips for each phase of learning cycle.

Another example of learning cycle was presented by Blank (1999). He used a
revised learning cycle model called as metacognitive learning cycle that
emphasizes formal opportunities for teachers and students to talk about their
science ideas about ecology unit. Two science classrooms studied identical
ecology content using different pedagogical orientations. One class used
metacognitive learning cycle (MLC) and the other used Science Curriculum

Improvement Study (SCIS) learning cycle. In SCIS learning cycle students made
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predictions before exploring concepts and they also generated hypotheses to
explain new phenomena. In SCIS learning cycle formal opportunities for students
to reflect on their science ideas were not provided. In MLC, students were asked
to reveal and reflect upon conditions under which a learner constructs knowledge:
dissatisfaction, intelligibility, plausibility and fruitfulness of their science ideas
through the instruction. Only in the metacognitive classroom were students asked
to reveal their science ideas and to discuss the status of their conceptions
throughout the instruction. Results showed that students in the metacognitive
classroom did not gain a greater content knowledge of ecology, but they did
experience more permanent restructuring of their ecology understandings.
Students’ generation of causal questions helped them to develop scientific
reasoning skills and awareness of the nature of science that are important for

students.

Lawson (2000) to be able to improve students’ thinking skills, to provoke the
generation of causal questions and to help students construct meaningful concepts
developed an osmosis learning cycle. The researcher presented student material
that includes introduction, list of materials, a procedure to guide, students’
inquiry, a set of application questions to extend the lesson and the teacher
material that includes tips for teachers. Exploration phase of that learning cycle
includes observation of what happens when red onion, elodea and red blood cells

placed in distilled and salt water. After details about the molecular nature of the

35



water and salt solution are discussed, students generate alternative hypothesis that
explain their observations. Then, they test their hypothesis using nonliving model
cells made of dialysis tubing. In the concept application phase, the process of
diffusion and osmosis are introduced and the students’ explanations are
discussed. The questions for application phase were also presented in the

students’ material of the learning cycle.

Cavallo (2001) developed two learning cycles for upper elementary and middle
school students to provide better understand air and water movement. The
researcher presented steps that should be followed at each phase of learning cycle
and materials used in each learning cycle. The first learning cycle was about the
effects of temperature on air movement. In the exploration phase, students
performed laboratory activities. After the laboratory activities in the exploration
phase of first learning cycle, students understood that warm air rises and cool air
sinks. After students read statements about the laboratory activities, they made
comparisons between their own and the teacher-introduced terms. In the concept
application phase, another laboratory setup was described. In the second learning
cycle, students were observed warm water rises and cool water sinks by carrying
out another laboratory activity. Again, teacher facilitated the discussion about the
students’ statements and the students constructed one statement that summarizes

and explains the observation. The researcher also presented additional science

36



experiment for the concept application phase. It was stated that students worked
on collaborative groups and engaged in active inquiry in these learning cycles.

Similarly, Lee (2003) presented a learning cycle for elementary majors with
science majors about plant nutrition that includes collaborative work at the pair
and small group level. In that learning cycle the exploration phase started with a
question about nutrients that were required for plant growth. Then, students
designed an experiment using different nutrients as variables and collected data.
Students synthesized data into table and graphs for presentation to the class. In
the concept application phase data were discussed by the students and following
the reading assignments main concepts about plant nutrition were introduced. For
the application phase several procedures were presented by the researcher:
chemical testing of different soils to see their nutrient components, examining
fertilizer containers for nutrient present, relating fertilizer use instructions to the
nutrient. He stated that the exploration and application phases provide
opportunities for either cooperative or collaborative learning, which are ideal
teaching strategy for learning cycles. With cooperative learning, students’ roles
can be structured during active laboratory time and by collaborative learning,

teachers can encourage interdependence in classroom.

The teacher perceptions of the learning cycle are also important for providing

students’ meaningful understanding of the scientific literacy. Since appropriate

usage of learning cycle instruction affects students’ understanding. In science,
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constructing a learning cycle lesson requires instructors who are qualified, and
informed about the phases of learning cycle. Reap (2000) carried out a study to
describe and explore the teachers’ use of learning cycle and general
understanding of the teaching paradigm. The researcher also examined teacher
characteristics and practices of a master and a novice learning cycle science
teacher and identify possible patterns in their understanding and implementation
of paradigm in the classroom. Seventy experienced teachers in grade 6 and 12
were enrolled in the study. These teachers all worked in districts that support the
application of learning cycle science and the use of learning cycle curricula. Also
a master and novice learning cycle teacher was chosen from the pool of 70
participants. The learning cycle survey was sent to participants of the study. The
survey consisted of the two parts. The first part included 17 items, which
obtained the demographic and descriptive information about the learning cycle
teachers. Second part consisted of 13 items that investigated teachers’
understanding of learning cycle. Analysis of the surveys showed no significant
difference in master and novice teacher understandings of learning cycle. One
master and novice learning cycle teacher were interviewed; lessons of these
teachers were observed and videotaped. However, the differences in the
implementation of the learning cycle were observed. The master learning cycle
teacher showed a more developed teaching philosophy and had more engaged
extensive interactions with students. The novice learning cycle teacher held a

more naive teaching philosophy and had fewer, less developed interactions with
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students. While master teacher was using diverse questioning techniques, the

novice teacher used more rote response questions.

Barman (1992) described the evaluation of a technique that introduced
elementary science methods students to the learning cycle and provided them
with a mechanism for using this strategy with current elementary science
textbooks. In that technique, students experienced several learning cycle lessons
and they were asked to analyze a chapter of a current elementary science
textbook to determine whether its chapters follow the learning cycle format.
Students discussed their analyses and they were asked to select a chapter from
their science textbook, organize its lessons to follow the learning cycle. For the
evaluation of the technique, another sample consisted of forty-eight preservice
teachers in two different sections of an elementary science method class at a large
Midwestern University were used. The study showed that the preservice teachers
need several opportunities to work through elementary science lessons, that
follow this approach and that they need practice in developing, using, and

evaluating learning cycle lessons.

As summarized in the related literature, learning cycle, which is a specific

activity-oriented instructional technique, promotes conceptual change while

providing better understanding of scientific concepts.
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2.2.2 Research on Conceptual Change Texts

Another conceptual change approache that facilitate conceptual change is
conceptual change text. Conceptual change texts have been used to promote
student construction of conceptions more consistent with the accepted by
scientists to help students acquire a more complete conceptual understanding of
scientific concepts. In the conceptual change texts, students are asked explicitly
to predict what would happen in a situation before being presented with
information that demonstrates the inconsistency between common
misconceptions and the scientific conception (Chambers & Andre, 1997).
Conceptual change text is designed to change students’ misconceptions, focuses
on strategies to promote conceptual change by challenging students’
misconception, producing dissatisfaction, followed by a correct explanation,

which is both understandable and plausible to the students.

There are many studies conducted to measure the effectiveness of conceptual
change texts. For example, the effects of conceptual change text manipulations
with gender, interest and experience in electricity on learning fundamental direct
current concepts examined by Chambers and Andre (1997). The study showed
that the conceptual change text did lead to better conceptual understanding of
electricity concepts. When interest level, experience and prior knowledge were

included in the analysis, conceptual change text led to better understanding of
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electricity concepts than did the traditional text, and the effect of gender was
eliminated. The researchers stated that conceptual change text manipulations are

likely to be effective for both man and woman.

Another study that examines the effect of text design on conceptual change
concerning photosynthesis was carried out by Mikkila (2001). Two hundreds and
nine 5th grade students studied either a traditional text version about
photosynthesis or a conceptual change text version. Students were evaluated by
pretest and posttest scores. As a result students who studied the conceptual
change text design performed statistically better than the traditional text group

on post-tests.

As a result of the previous studies, it can be concluded that conceptual change
texts are the valuable tools for providing conceptual change in addition to

learning cycle.

2.3 Research on Students’ Reasoning Abilities

Teaching methods and materials should be consistent with students’ level of

conceptual development. Because childrens’ cognitive status changes over time

and they will not learn if they do not have the required cognitive skills.

According to Piaget (1950) children in the concrete operational stage are able to

41



take another’s point of view and take into account more than one perspective
simultaneously. They can think operationally, represent transformations, and
understand concrete problems. Piaget thought that the concrete operational stage
ended at age eleven or twelve. On the other hand, only children in formal stage
can think logically and abstractly. According to Piagetian model, formal thought
begins to develop at age 11 or 12 and reaches an equilibrium state at around 15 or
16. Chidren at that stage can use logical symbols related to abstract concepts.
Piaget considered formal operational stages as ultimate stage of development and
stated that although the children still have to revise their knowledge base, their

way of thinking is powerful, as it would get.

Students’ level of cognitive development is related with their meaningful
understanding of science because science processes requires intellectual skills
used in collecting and analyzing data to solve problems. Processes such as
observing, classifying and recording data act as prerequisites for integrated
processes such as hypothesizing, controlling variables and defining operationally.
The variables that influence process skill learning are learner attributes such as
formal reasoning ability and locus of control; and rates and types of academic

engagement (Tobin & Capie, 1982).

There are many studies investigated students’ reasoning abilities and its

relationship with students’ understanding (Lawson & Renner, 1975; Ehindero,
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1979; Johnson & Lawson, 1998; Musheno & Lawson, 1998; Tobin & Capie,
1982; Valanides, 1996; BouJaoude & Giuliano, 1994). For example, in 1975,
Lawson and Renner conducted a study to assess understanding of concrete- and
formal operational concepts by concrete and formal operational students in
secondary school biology, chemistry and physics classes. One hundred thirty four
subjects were selected from a single high school in a single town over 2000
students. They identified the distribution of concrete and formal operational
students in selected biology, chemistry and physics classes: in biology sample
one subject was categorized as transitional formal, and no subjects were
determined to be fully formal operational; the chemistry sample showed a
majority of subjects somewhere in the transition between concrete operational
and formal operational; in physics sample majority of the subjects were between
concrete operational and formal operational with higher number of fully formal
operational subjects than chemistry sample by four Piagetian-styled tasks. Then
they concluded that majority of the subjects were below the levels of intellectual
development as outlined by Piaget. The major concepts taught during the year in
each science class were classified as concrete and formal operational and written
tests involving those concepts were constructed and administered. The result of
that study showed that secondary school science curricula may not be suitable for
the intellectual level of students and it should be appropriate for students’ level of
understanding. Therefore, students’ intellectual level should be major

consideration for curriculum developers.
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Ehindero (1979) investigated the relationship between performance of very bright
biology students and intellectual precocity, and compared these performances
with their low biology counterparts. He used 110 students at nine and ten grade
levels from six high schools in Nigeria. Students were classified as high and low
achievers by teachers. At the end of the study, it was found that brightness,
defined by students’ performance on the biology tests, is significantly related to

cognitive developmental precocity, especially at the formal operational level.

As Lawson and Thompson (1988) stated, reasoning abilities of the students are
one of the factors that can contribute to students’ failure to understand scientific
conceptions. They conducted a study on 131 seventh grade students to measure
whether formal operational students hold significantly fewer misconceptions than
concrete operational students. Students enrolled in a life science course in a
junior high school in Arizona. Prior to the study, students’ reasoning ability,
mental capacity, verbal intelligence and cognitive style were measured.
Instruction lasted for about one month covered the evolution and genetic units.
During instruction a standard lecture-textbook reading, which includes
discussions, textbook readings and study questions, was used. Students posttested
by an essay test about genetics and natural selection. In the study, it was stated
that for the elimination of some misconceptions, students’ formal reasoning

patterns were necessary. Concrete operational students held greater number of
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misconceptions. No significant role of mental capacity, verbal intelligence and

cognitive style in the amount of misconceptions were found.

In their study, Johnson and Lawson (1998) measured the relative effects of
reasoning ability and prior knowledge on biology achievement in expository and
inquiry classes. They examined 366 students (Mean age=23.11) enrolled in one-
semester nonmajors’ biology course. Written items involving proportional
reasoning and controlling variables were chosen to assess reasoning ability.
Students were pretested during laboratory sessions at the start of the semester to
determine their reasoning abilities and prior knowledge. Learning cycle is used in
inquiry instruction classes. To measure students’ achievement, a total semester
examinations and quiz percentages, final examination scores were used. They
found that reasoning ability limits achievement more than prior knowledge
among biology students, whether they were enrolled in inquiry or expository
classes. In inquiry classes, significant improvements in reasoning abilities of
students are also observed. The variance explained by reasoning ability in

expository classes (18.8%) was more than the one in inquiry classes (7.2%).

Musheno and Lawson (1998) conducted a study on 123 high school students from
two suburban schools in the southwestern United States to measure the effects of
learning cycle and traditional text on comprehension of science concepts by

students at different reasoning levels. The reasoning levels of the students were
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assessed using Lawson’s Classroom Test of Scientific Reasoning and students
were classified as empirical-inductive, transitional, or hypothetical-deductive
reasoners. Then, the students were randomly assigned to read either a learning
cycle or traditional text passages. After reading text passages students were given
posttest covering the concepts presented for reading comprehension. One week
later, students completed the delayed posttest, which consisted of the same
concept comprehension questions and the subjective question. Results indicated
that, students who read the learning cycle passage earned higher scores on
concepts comprehension questions than students who read the traditional
passages, at all reasoning levels. Therefore, it was also stated that learning cycle

passages effective on students’ concept comprehension at all reasoning levels.

Tobin and Capie (1982) also studied on twelve pupils from each of the thirteen
middle school science classes measuring each pupil on nine engagement modes
by using Test of Logical Thinking (TOLT). They found that formal reasoning
ability measured by TOLT as the strongest predictor of process skill achievement
and retention on science achievement. Formal reasoning ability and the locus of
control that is related to an individual’s tendency to accept responsibility for
academic success or failure were each correlated with specific engagement
modes. Formal reasoning ability was positively related with rates of generalizing

and comprehending.
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Valanides (1996), in his study used performance of 195 seventh-, eight-, and
ninth- grade students on the Test of Logical Thinking to identify differences
related to five reasoning modes. Five forms of formal logical thought which are;
control of variables, proportional, probabilistic, correlational and combinatorial
reasoning were measured among the three grade levels and between male and
female students. Result revealed that only 13.9% of the students reached formal
operational stage. He found no significant difference between female and male
students on any of the five reasoning modes. In his study, students showed low
performance on combinatorial reasoning problems. In another study, Valanides
(1997) investigated the differences related to formal reasoning abilities among
twelfth grade students attending different sections (science, economics, unified)
of four schools in Cyprus. He randomly selected 227 boys and 242 girls.
Students’ performance on TOLT was used as a measure of their cognitive
abilities. At the end of the study it was found that gender, section of study,
achievement in mathematics, and grade point average, but not achievement in
science and Greek language, contributed to predicting performance on TOLT.
Students also showed differences among performances between items related to

the same or different reasoning mode.

In the study of Oliva (2003), existing relationship between the degree of

structural coherence of students’ preconceptions in mechanics and the viability of

conceptual change is looked into. 155 tenth grade students completed a Spanish
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version of TOLT and they also were given two tests on conceptions of mechanics
both before and after instruction. It was found that students with the highest level
of formal reasoning change their alternative conceptions more easily when these
display a higher level of initial structuralization. Students showing concrete
reasoning changed alternative conceptions more easily when their conceptions

are less structured.

In the light of these studies we can say that to provide better understanding of the
scientific conceptions, teachers not only consider the prior knowledge but also

reasoning abilities of the students and design instruction accordingly.

2.4 Research on Students’ Learning Orientation

In addition to reasoning abilities of students, their learning orientation is another
cognitive variable that affects students understanding. Learning orientation refers
to the students’ approaches to learning which are consistent with their
understandings (Boujaoude, 1992; Cavallo, 1996). There are two types of
learning orientation: rote and meaningful learning orientation. Meaningful
learning is a constructive process in which the learner strives to build an
understanding of the information and observations, which make up the ‘body of
knowledge’ of science. Ausubel (1963, 1968) describes the formulation of

relationships between theoretical concepts in making sense of the word as
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‘meaningful learning’. In contrast to meaningful learning, rote learning in which
new knowledge may be attained by verbatim memorization and incorporating
into a persons’ knowledge structure without connecting it to information or
framework previously acquired (Ausubel, 1963; Baird, 1986). Relationships
between learning orientation, reasoning ability and students’ meaningful
understanding were investigated by researchers because as stated in many studies
it was observed that these wvariables affect students’ understanding and

achievement in science.

Reap and Cavallo (1992) in their study, determined possible relationships of
students’ meaningful learning orientations with their attainment of meaningful
understanding of meiosis, the Punnett square method, and the procedural and
conceptual relations between meiosis and the Punnett square method. 163 tenth
grade students from a suburban high school enrolled in their study. Scores of
learning approach questionnaire and teacher ratings of their students’ learning
approach were used to identify students’ meaningful learning orientations. Then,
students were given instruction on meiosis by their classroom teachers. Type-
written audio tutorial instructional packets that reviewed meiosis, introduced
Punnett square method and detailed relation between these subjects, were
administered to students. In their study, no significant differences between males
and females in terms of meaningful learning orientation were reported and

meaningful understanding of any of the genetic topics was observed.
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Cavallo and Schafer (1994) investigated the relationship between students’
meaningful learning orientation, relevant prior knowledge, instructional treatment
and all interactions of these variables on 163 tenth grade students’ meaningful
understanding of meiosis, genetics and relationship between these topics. In one
treatment (reception treatment) the highlighted questions and problems addressed
the relationship between meiosis and the Punnett square method and answers to
the questions were provided. In another treatment (generative treatment), same
highlighted questions and same problems in reception treatment were included
but in generative treatment, students generated the answers to questions by
themselves. The results of the correlations and multiple regressions indicated that
meaningful learning orientation contributed to the students’ attainment of
meaningful understanding independent of aptitude and achievement motivation.
They also found little effect of type of instruction (reception versus generative)

on students’ meaningful learning.

Cavallo (1996) explored the relationship between meaningful learning
orientation, reasoning ability and students’ understanding and problem solving of
topics in genetics. 189 tenth grade students in college entrance biology course
enrolled in the study. During instruction a laboratory based learning cycle
teaching procedure, which was also used throughout the district, was employed.
Students’ general level of cognitive operation and learning approaches were

measured by pencil and paper edition of the Classroom Test of Scientific
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Reasoning (CTSR) (Lawson, 1987) and Learning Approach Questionnaire (LAQ)
(Cavallo, 1996). Genetics knowledge of students was measured by the test of
genetics meaning, test of genetics problems, mental model test, developed by
Cavallo and Schafer (1994). Regression analysis showed that meaningful learning
orientation best predicted (13%) students’ understanding of genetics
interrelationships and reasoning ability best predicted (9%) students’ achievement

in solving genetics problems.

Saunders, Cavallo and Abraham (1999) investigated the relationship between
epistemological beliefs, gender, approaches to learning and implementation of
instruction in chemistry laboratory. 232 college students from an introductory
chemistry laboratory course at a large Midwestern university enrolled in their
study. Laboratory experiences were characterized as "more inquiry” or "less
inquiry”. In their study, type of instruction was not correlated with learning
approach. Meningful learning approach was not related to students’
epistemological beliefs but rote learning approach and epistemological beliefs
were correlated. However, they observed that students’ perceptions of classroom
tasks influence their choice of meaningful or rote learning strategies. Moreover,
they stated that meaningful and rote approaches to learning are not opposite

constructs.
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BouJaoude and Giuliano (1994) investigated the relationships between students’
approaches to studying, prior knowledge, logical thinking ability, and gender and
their performance in a nonmajors’ college freshman chemistry course. 220
students enrolled in the second semester of a freshman chemistry course for
nonmajors at a private university in New York State were selected for the study.
TOLT and seven subscales of the Approaches to Studying Inventory were used to
measure logical thinking ability and students’ approaches to studying
respectively. The results showed that prior knowledge, TOLT scores, and
meaning orientation accounted for the 32 % of the variance on the final
examination scores. Female students’ meaningful orientation scores were higher
than male students while male students” TOLT scores were significantly higher

than the scores of female students.

BouJaoude et al. (2004) compared students’ performance on conceptual and
algorithmic chemistry problems; investigated the relationship between learning
orientation, formal reasoning, and mental capacity and students’ performance on
conceptual and algorithmic problems; and investigated interactions among these
three cognitive variables. 68 eleventh grade students enrolled in science sections
of three Lebanase schools. Learning orientation, formal reasoning and mental
capacities were measured using LAQ, TOLT, and the Figural Intersection Test.
Study showed that meaningful learners were better than the rote learners on a test

of conceptual problems while there were no difference between both levels in

52



algorithmic problems. As a result of multiple regression and stepwise multiple
regression analyses, three cognitive variables were found to be the predictors for
26% of the variance in performance on conceptual chemistry problems. Both
learning orientation and formal operational reasoning had significant
contributions at 0.05 levels. It was also stated that meaningful learners
outperformed rote learners on the test of conceptual problems. No significant

differences were observed for both levels of algorithmic problems.

In the light of related literature, we can say that besides reasoning ability and
prior knowledge, students’ meaningful learning orientation is an important

predictor of students’ understanding of science.

2.5 Research on Students’ Affective Variables

Teachers generally want their students’ cognitive engagement in the lessons.
They want their students to think critically and creatively about the content to be
learned, to realise what they know and do not know, to use different strategies for
learning that increase their understanding of the material (Linnenbrink &
Pintrich, 2003). Teachers also want students to be engaged in the content or tasks
in terms of their interest, value, and affect. Because, in addition to the cognitive
variables, affective variables also have impact on students’ understanding (Strike

& Posner, 1992; Cavallo, Rozman & Potter, 2004; Kang, Scharmann, Noh &
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Koh, 2005). Teachers are always concerned with increasing student engagement
and learning. Therefore, they should also consider students’ affective variables to
increase the level of understanding. In the same classroom some students are
involved, engaged, and motivated for schoolwork while others are disengaged
and reluctant. That situation is not only related with students’ cognitive
development but also their motivations to learn. The students are motivated to
learn when they are excited, the subjects are interesting or when they think that
the concepts are important and worth learning. Motivation research has shown
that these feelings and beliefs about interest and value lead to more student
engagement and learning (Pintrich & Schunk, 1996). Self-efficacy, locus of
control and attitudes toward science are three of these affective variables that may

affect students’ understanding.

Self-efficacy is part of social cognitive theory, which postulates that human
achievement depends on interactions between one’s behaviors, personal factors
(e.g., thoughts and beliefs), and environmental conditions (Bandura, 1986, 1997).
Self-efficacy beliefs are defined as “‘people’s judgments of their capabilities to
organize and execute courses of action required to attain designated types of
performances’” (Bandura, 1986, p. 391). With respect to the link between
personal factors and behaviors, much research shows that students’ self-efficacy
beliefs influence such achievement behaviors as choice of tasks, effort,

persistence, and achievement (Schunk, 1995; Bandura, 1997). Also, efficacy
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beliefs of students can be affected by students’ behaviors. When students note
their goal progress and accomplishment while working on a task they think that
they are capable of performing well, which enhances self-efficacy for continued
learning (Schunk, 2003). The more a student is engaged, and especially the more
they learn and the better they perform, the higher their self-efficacy (Linnenbrink
& Pintrich, 2003). Students with high self-efficacy by engaging actively in lesson
may create a productive classroom environment. The influence of environment
on thought is evident when teachers give students feedback, which raises self-
efficacy and sustains motivation for learning. Students with high self-efficacy
also tend to work harder when they faced with difficulties (Linnenbring &
Pintrich, 2003). On the other hand, students with low self-efficacy avoid
accomplish a task (Linnenbring & Pintrich, 2003). Success increases students’
self-efficacy while failure decreases it. In their revised model of conceptual
change, Strike and Posner (1992) suggested that a student possessing a high self-
efficacy should show more conceptual change. Previous research reported that
students’ self-efficacy judgements are related to their use of cognitive and
metacognitive strategies as well as their actual performance (Pintrich & De
Groot, 1990). Students who believe they can do the task are much more likely to
recruit more adaptive cognitive and metacognitive strategies (Linnenbrink &
Pintrich, 2003). Researchers have also found that students who reported high self-
efficacy tended to persist toward achieving their goals (Pintrich & De Groot,

1990; Schunk, 1990). Therefore, a student with a higher self-efficacy may be
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more likely to engage in challenging tasks inherent in activities like discrepant
events (Kang et al., 2005). So that, using cognitive and metacognitive strategies
regardless of previous achievement or ability, work harder, taking role in
challenging task help to increase students’ conceptual change. In inquiry based,
student-centered courses, students can better assess their strengths and
weaknesses in the subject and assume control of their own learning (Shavelson &
Bolus, 1982). As stated, self-efficacy of students for self regulated learning
contributes both to students’ motivational beliefs and to the academic success
they experience (Zimmerman, 1989; Zimmerman & Martinez-Pons, 1990;

Zimmerman & Bandura, 1994).

Cavallo, Rozman & Potter (2004) studied on the relationship and influence of
self-efficacy, learning approaches, motivational goals, beliefs about science and
reasoning ability on conceptual understanding of physics and course achievement
among male and female students. The subjects were 290 college students (103
male, 187 female) attending in a structured inquiry physics course at a large
university. For providing all students to construct understanding,
discussion/laboratory in which students working collaboratevily in a group was
used. Students attended 80-minute lecture that emphasizes connections among
content with the other parts of the course and with the other courses. Students, to
be able to provide the development of their specific skills or abilities, were given

questions/problems and exercises. In lectures students were also given weekly
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quizes. At the end of study, students were administered a final exam. Moreover,
the tests and questionnaires measuring students' learning approaches,
motivational goals, self-efficacy, epistemological beliefs, scientific reasoning
abilities, and understanding of central physics concepts, were administered to
participants at the beginning and at the end of the study. In the study, self-
efficacy was found to be positively correlated with meaningful leaming (r = .381)
and learning goals (r = .345) for both males and females and negatively correlated
(r = -.366, p = .01) with rote learning among females only. Female students’
concepts understanding were best predicted (33%) by higher self-efficacy and
reasoning ability. For male students, learning goals and rote learning negatively
predicted physics concept imderstanding and self-efficacy positively predicted
students’ physics understanding, while together explaining 38% of the variance.
Results of the stepwise multiple regression analyses revealed that course
achievement was best predicted (35%) by reasoning ability and higher self-
efficacy. For males, learning goals and rote learning strategies negatively
predicted (45%) course achievement while it was positively predicted by self-
efficacy. The findings reveal that different variables of learning and motivation

may be important for females' success in inquiry physics compared to males.

Generalizing findings about the motivational constructs is important. Otherwise

findings can be domain specific and confined to one experimental situation. To

be able to define whether self-efficacy beliefs in addition to other motivational
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constructs: task value, ability and effort attributions, mastery performance
approach and performance avoidance achievement goal orientations do generalize
across multiple subject matter area, Bong (2004) conducted a study. 389
freshmen (all female) at a public high school in Korea enrolled in her study.
Motivational beliefs in three specific subject matters: Korean, English,
mathematics were assessed by the motivation surveys administered several times
throughout the year. The study showed that students form motivational beliefs
that are subject matter specific and that some beliefs generalize more than others
across multiple academic domains. On average, attributional beliefs appeared
least “generalizable,” followed by task value and mastery achievement-goal
orientations. Academic self-efficacy beliefs were correlated moderately, whereas
performance-approach and performance-avoidance achievement-goal orientations

demonstrated strong correlation across different contexts.

Shim and Ryan (2005) studied on the relationship between achievement goals
and changes in students’ self-efficacy, challenge avoidance, and intrinsic value in
response to grades in a short-term longitudinal study. 361 college students
coming from eight different classes and representing different disciplines,
enrolled in the study. Surveys were used to measure achievement goals. Students’
self-efficacy was measured by three items including students’ judgments of their
capability to complete their course work successfully. Data were collected at the

beginning of the semester and immediately after students received their grades on
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their first major exam or paper. At the end of the study, it was observed that when
students received high grades, a performance-approach goal was unrelated to
changes in self-efficacy; desire to avoid challenge, or intrinsic value. On the other
hand, when students received low grades, a performance-approach goal was
related to decreased intrinsic value and increased desire to avoid challenge.
Reserachers stated the importance of focusing on the mastery goals that support
self-efficacy and intrinsic value and decreasing the performance goals in the

classroom.

Kang, Scharmann, Noh and Koh (2005) examined the relationship between
students’ cognitive/motivational variables, cognitive conflict and conceptual
change. 159 seventh grade students selected from two city middle schools in
Korea enrolled in their study. The cognitive variables were logical thinking
ability, field dependence/independence and learning approach and the
motivational variables were failure tolerance, goal orientation and self-efficacy.
Students were given six pretests prior to the study. Then the preconception test
that asks a specific question and the Test of Responses to a Discrepant Events
(TRDE) that includes initial explanation, discrepant event and students’ rating
were administered. Both of these tests were given to examine the degree of
students’ cognitive conflict induced by a discrepant event. About the concept of
density, students were exposed to about 15 minutes of conceptual change

intervention, which was computer-assisted instruction. As postest a conception
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test that was designed to measure students’ understanding of basic density
concept was administered. In their study, only field dependence/ independence
was significantly correlated with cognitive conflict (p<0.01). All cognitive
variables and failure tolerance and self-efficacy from motivational variables were
significantly correlated with conceptual change. The results of stepwise multiple
regression analysis showed that logical thinking ability (28%), field dependence
/independence (4%) and failure tolerance (3%) were statistically significant
predictors of conception test scores. They concluded that the nonsignificant
relationship between meaningful learning approach and conception test scores

was linked to the characteristics of the learning topics or context of learning used.

Locus of control is another affective construct in addition to self-efficacy. The
concept of locus of control was first introduced by Rotter (1966) in explanation
of the differences between individuals in how they make attributions about their
success or failure and how this affects learning. Locus of control attempts to
bridge the gap between operant and cognitive psychology. Locus of control is the
general belief that one’s behavior can have an impact on the environment and that
one is capable of controlling outcomes through one’s own behavior (Martinez,
2003). Students may have internal or external locus of control. Students who take
an internal responsibility for their academic performance have higher levels of
overall achievement than students who take an external responsibility for their

academic performance. Internal locus of control refers to the belief that events or
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outcomes are contingent upon one’s own behavior or on relatively permanent
personal characteristics, such as ability (Rotter, 1975). Students with external
locus of control do not have any control of what happens to them has been
correlated with lower academic achievement. Control orientations have been
extensively studied and they have been found to be critical in relation to
academic achievement and motivation (Kalechstein & Nowicki, 1997). The
research literature has shown consistently that generalised locus of control is
predictive of academic achievement and related behaviours (Kalechstein &
Nowicki, 1997). For instance, Duke and Nowicki (1974) have concluded that
there is evidence of a positive relationship between an internal locus of control
and academic success. Finn and Rock (1997), pointed to external locus of control
as an explanation for academic failure. Although locus of control sounds similar
to self-efficacy, it is generalized outcome expectancy because it is concerned with
the extent to which one believes one’s behavior controls outcomes, not

confidence in one’s ability to perform certain behaviors (Bandura, 1986).

There are many studies that investigate the affects of self-efficacy and locus of
control on students understanding and achievement (Duke & Nowicki, 1974;
Wishart, 1997; Susskind, 2005; Anderson, Hattie & Hamilton, 2005). For
example, Susskind (2005) examined the effects of non-interactive computer
assisted instruction on students’ performance, self-efficacy, motivation, and

attitudes. Students were general psychology students attending a small, liberal
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arts college. Half the lectures presented to two Introduction to Psychology college
classes were taught in a traditional lecture format and half were accompanied by
PowerPoint multimedia. The first section was composed of 33 students (14 males
and 19 females) and the second section was composed of 18 students (10 males
and eight females). Each student received both traditional and PowerPoint
lectures by the same instructor by switching lecture format for providing to
examine whether students prefer PowerPoint or traditional lecture formats.
Students were asked to answer eight questions examining their self-efficacy and
behavior in the course. At the end of study it was observed that students had more
positive attitudes about the course and greater self-efficacy with use of
PowerPoint. However, lecture style did not affect academic performance. They
believed that it was easier to understand the lecture and to take notes when

PowerPoint accompanied lecture.

The development of the control expectanices was connected to perceived
reinforcement as contingent on the individuals’ behavior (Rotter, 1966). Once
expectancy is established: ‘‘Reinforcement acts to strengthen an expectancy that
a particular behavior or event will be followed by that reinforcement in the
future’’ (1966, p. 2). Carton, Nowicki, and Balser (1996) investigated the amount
of the contingent support provided by mothers of both students with internal
control expectancies and the students with external control expectancies. In their

study 51 second grade children (25 female and 26 male) and their mothers were
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videotaped while attempting puzzle-solving tasks. The children’s locus of control
of reinforcement was measured by the Children’s Nowicki-Strickland Internal-
External Locus of Control Scale prior to the videotaped puzzle solving session. In
the study, children from five elementary schools were given puzzles while their
mothers were staying with them and answering a questionnaire. After giving first
easy puzzle, in the second stage, a more difficult jigsaw puzzle was given to
student. Following that stage a third easy puzzle was given to child. All video-
taped sessions were transcribed for both verbal and nonverbal behaviour. In the
study no significant result was obtained for the easy level task. In the difficult
task mothers of boys with internal control expectancies provided more contingent
support when their sons faced with difficulties and were less likely to respond to
their son’s difficulties by performing the task for their sons. Mothers of girls with
internal  control expectancies were more ignored their daughters’
accomplishments and difficulties than mothers of girls with external control
expectancies. Thus, the results provided partial support for predictions derived
from Rotter’s social learning theory that mothers of children with internal control
expectancies would provide more contingent reinforcement, support, and

encouragement than mothers of children with external control expectancies.

Tobin and Capie (1982) in their study with twelve pupils in middle school

science classes measured each pupil on nine engagement modes. They found that

formal reasoning ability and the locus of control that is related to an individual’s
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tendency to accept responsibility for academic success or failure were each
correlated with specific engagement modes. They also revealed that, students’
total engagement and rates of attendance was significantly related with students’

locus of control.

The attitudes of students toward the subject being taught also related with
students’ control. Wishart (1997) studied with 153 postgraduate students in
teacher training to examine whether students internal locus of control were
correlated thier attitudes toward using computers and involvement in the use of
computers. Postgraduate teacher training students were tested with a
questionnaire survey of attitudes towards computers and internal locus of control.
The questionnaire asked the students to describe their attitudes towards
computers and how much experience they had of using computers as well as
asking them to complete the Internal Locus of Control Index (Duttweiler, 1984).
The internal dimension of locus of control in females and attitude towards
computers were correlated in the study. Those who are more likely to locate
control of their actions internally also hold more positive attitudes to using
computers. A significant correlation between being internally controlled and
being more prepared to use a computer was observed in the study indicating that
students with more internal locus of control are more likely to have a positive

attitude to using computers and become more involved in the use of computers.
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Beside, students’ locus of control and self-efficacy, researchers in science
education have given great attention to attitudes because of assumed relationship
between attitude and a variety of variables such as achievement, grade levels,
socioeconomic status, and gender (Bloom, 1976; Schibeci, 1984; Simpson &
Oliver, 1985; Talton and Simpson, 1986; Germann, 1988; Koballa, 1988S;
Shemesh, 1990; Freedman, 1997; Parker, 2000). For example, Friedler and Tamir
(1990) analyzed 40 studies, in the six universities of the country to compare the
achievement in science and the Israeli male and female students’ attitudes
towards science and science learning. The researchers stated that in the
elementary school boys and girls are very similar in their attitudes towards
science, in achievement in biology, in inquiry skills, in application, and in
practical work. Yet, even in these early years boys' knowledge and understanding
of physics and chemistry are somewhat better than that of girls. They also stated
that observed sex differences which exist in all areas are very large at the end of
junior high-school. In another study, Friedler and Tamir (1990) investigated 13-
14 yer old students’ degree of enjoyment in their science classes; their
perceptions of the importance of science; attitudes toward practical and non-
practical activities in science lessons; views on how difficult science is to learn in
eigth schools. The research involved the analysis of a 34 item questionnaire with
Likert-type five point attitude scale completed by 1038 students. This was
followed by conducting structured interviews with a representative sample

(N=72) of the students. It was shown that overall both boys and girls have
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positive attitudes towards science and boys have a greater preference for science.
For the development of positive attitudes the involvement of practical work in
lessons was seen as the most significant factor. The majority of students were
aware of the importance of science. Relatively few students saw it as an area of

study that they would wish to pursue beyond the age of compulsory schooling.

Johnson (1993) stated that students’ attitudes predict their achievement. In her
study, 383 college students enrolled in the course about biology concepts.
Students’ attitudes toward biology were obtained prior to the study and after the
instruction. There were two groups, which are learning cycle, and expository
group in the study. Students’ achievement was measured by biology achievement
examinations. In the study, it was found that for both types of instruction higher
attitude results in higher scores on the final examination and students’ positive

post attitude.

Francis and Greer (1999) worked on 24 grammar schools in Northern Ireland
with 2129 secondary school students to measure students attitudes toward
science. Each students was given a questionnaire including questions concerning
sex, age and science subjects taken at General Certificate and Secondary
Education and science related items. Statistical analysis demonstrated that males
had more positive attitude toward science than females and younger pupils record

a more positive attitude toward science than other pupils.
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In their study, Thompson and Soyibo (2002) investigated students’ attitudes to
chemistry and understanding of electrolysis in both experimental group and
control group. Instruction in experimental group included the use of the
combination of lecture, teacher demonstrations, class discussion and student
practical work in small groups, while control group was not exposed to practical
work. One hundred and thirty eight 138 Jamaican 10th graders (66 in the
experimental group and 72 in the control group) in two high schools enrolled in
their study. Attitudes to Chemistry Questionnaire which was adapted from
Soyibo and Pinnock’s (1998) attitudes to science questionnaire was adapted and
used to measure the subjects’ attitudes to chemistry. Understanding of
Electrolysis Test to measure the subjects’ understanding of electrolysis were used
for data collection. Two weeks before the treatment started, the two instruments
were administered to the main study subjects as pre-tests. Nine lessons were
taught during the treatment and the treatment lasted 4 weeks and the subjects
were post-tested with the instruments 2 weeks after the treatment. The study
revealed, altough two groups’ attitudes to chemistry before the treatment were
similar, the statistically significant differences between the students’ post-test
attitudes to chemistry in favor of the experimental group. It was also found that
the experimental groups’ post-test mean scores on the Understanding of
Electrolysis Test were statistically significantly better than those of the control
groups. The use of the combination of lecture, teacher demonstrations, class

discussion and practical work in small groups statistically signi. cantly improved
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selected Jamaican 10th graders’ attitudes to chemistry and understanding of
electrolysis more than the students’ attitudes in control group who were not

exposed to student practical work.

Osborne, Simon and Collins (2003) in their study which includes the review of
the major literature about attitudes to science and its implications over the past 20
years stated the importance of kind of classroom environment and activities to
raise pupils’ interest in studying school science. They also, stated the importance

of gender which may influence students’ attitudes toward science.

The relationship between students’ attitudes toward science and achievement may
be different for different teaching environments and different countries. For
example, in their study, Papanastasiou and Zembylas (2004) investigated the
relationship between attitudes towards science and science achievement for
senior high school students in Australia, Cyprus and the USA. The data for this
study were obtained from the Third International Mathematics and Science Study
(1995) database which included students in their final year of secondary school
who were taking advanced mathematics and science classes at the time of the
study. Researchers used the structural equation modeling to examine the
predictors of the attitudes. The results of the statistical analysis revealed that in
Australia, high achievement influenced the students’ positive attitudes towards

science. However, science attitudes were not able to statistically predict the
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students’ science achievement. On the other hand, in Cyprus positive science
attitudes influenced the students’ high achievement, although achievement was
not able to significantly predict their attitudes in science. In USA, results were
quite different from Australia and Cyprus. First, like in Cyprus, positive attitudes
significantly influenced high science achievement. However, the interesting
finding was that high science achievement influenced negative science attitudes.
The results of this study demonstrated the differential effects that science
achievement and science attitudes can have on each other and these effects

depends on the characteristics of the educational systems in each country.

Over the years, gender was taken great attention by the researchers in science
education because it was assumed that there was a relationship between gender
and a variety of variables such as achievement and attitude (Adamson, Foster, &
Reed, 1998; Dimitrov, 1999; Erickson & Erickson, 1984; Jones, Howe & Rua,
2000; Okeke & Ochuba, 1986; Soyibo, 1999; Weinburg & Englaher, 1994;
Young & Fraser, 1994). While some of the researchers reported significant
gender differeneces (Soyibo, 1999; Young & Fraser; 1994; Okeke & Ochuba,
1986), some others indicated no significant difference between boys and girls in
the achievement of life sciences (Dimitrov, 1999). The study carried out by
Okeke and Ochuba (1986) reported no significant difference between boys and
girls with respect to achievement in biology tests. Moreover, Dimitrov (1999)

revealed that there was no significant difference between girls and boys with
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respect to achievement in life sciences. On the other hand, Soyibo (1999) showed
that girls significantly performed better on a test of errors in biological labelling.
Another study conducted by Young and Fraser (1994), revealed significant
gender differences in biology achievement of 14 and 17 year old Australian
students in favor of the boys. Furthermore, Erickson and Erickson (1984)
indicated boys better in understanding of biology. However, generally, in many
of such studies, the significance values for the differences are not markedly large.
The situation is almost the same when the effect of gender on students’ attitude
toward science is considered. Students’ attitude toward science is dependent on
whether the life science or physical science is under consideration (Chiapetta,
Koballa & Collette, 1998). The study carried out Weinburg and Englaher (1994)
supported the idea that suggesting that students’ attitudes differ among science
disciplines. They found that although the effect was small, girls appeared to have
more positive attitude toward biology than boys. Moreover, Jones et al., (2000)
reported that while more grade boys wanted to learn about planes, cars,
computers, light, electricity, new sources of energy, more girls wanted to learn
about rainbows, healthy eating, animal communication. In addition, the study
conducted by Adamson et al., (1998) revealed that boys are more likely to work
on the projects in life sciences. These findings, in general, suggested that boys
show more positive attitude toward physical sciences whereas girls show a more

positive attitude toward life sciences.
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2.6 Summary

Studies that investigate the relationship between cognitive and motivational
variables and students’ achievement in the different subjects of science can be

summarized as follows:

1. Students have considerable amount of misconceptions that are related with
genes, alleles, chromosomes, genotype, phenotype, dominance and recessiveness
location of inheritance information (Longden, 1982; Smith & Good, 1984;
Lawson & Thompson, 1988; Heim, 1991; Marbach-Ad & Stavy, 2000; Banet &
Ayuso, 2000). Misconceptions of students about the major concepts in genetics
affect students’ understanding of reproduction, meiosis and fertilization (Lewis,
Leach & Wood-Robinson, 2000). Teachers’ awareness about students’ prior
knowledge in genetics is important for providing meaningful and effective
learning (Pashley, 1994). Researchers also suggested effective teaching strategies
or lessons for genetic instruction (Slack & Steward, 1990; Sampson, 2002,
Knippels, Waarlo & Boersma, 2005). The reasoning abilities of students are
related with students’ understanding of the concepts in genetics (Lawson &

Thompson, 1988; Slack & Stewart, 1990; Marbach-Ad & Stavy, 2000).

2. Students perceive ideas differently and the teacher must take into

consideration of the ideas of the students. Therefore, teachers develop instruction
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accordingly. Conceptual change strategies provide better understanding of
scientific conceptions (Posner, Strike, Hewson & Gertzog, 1982; Hewson &
Hewson, 1983; Smith, Blakeslee & Anderson, 1993; Beeth, 1998; Mintzes,

Wandersee & Novak, 1998).

3. Learning cycle is a specific activity-oriented instructional technique promotes
conceptual change and provides better understanding of scientific conceptions
(Schneider & Renner, 1980; Barman, 1992; Barman, Barman & Miller, 1996;
Odom & Kelly, 2000; Cavallo, 2003; Colburn & Clough, 1997; Wright, 1995;

Lawson, 1996; Blank, 1999; Lawson, 2000, Lee, 2003).

4. Conceptual change texts are the valuable tools for providing conceptual
change and for the elimination of misconceptions (Chambers & Andre, 1997;

Hynd, McWhorter, Phares & Suttles, 1994; Mikkila, 2001).

5. Reasoning abilities of the students are one of the factors that can contribute to
students’ understanding scientific conceptions. Cognitive levels of students
should be taken into consideration while developing instruction (Tobin & Capie,
1982; Lawson & Thompson, 1988; Lawson & Renner, 1975; Ehindero, 1979;
Johnson & Lawson, 1998; Musheno & Lawson, 1998; Valanides, 1996;

BouJaoude & Giuliano, 1994; Oliva, 2003).
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6. Meaningful learning approach among students is important for their
meaningful understandings of science concepts (Reap & Cavallo, 1992; Cavallo

& Schafer, 1994; BouJaoude, 2004).

7. Students motivational construct affects their understanding. Self-efficacy may
facilitate students’ engagement, performance in the classroom and can provide
conceptual change (Bandura, 1986, 1997; Zimmerman, 1989; Zimmerman &
Martinez-Pons, 1990; Strike & Posner, 1992; Pintrich & De Groot, 1990;
Zimmerman & Bandura, 1994; Schunk, 1990; Pajare, 2002; Cavallo, Rozman &
Potter, 2004; Shim & Ryan, 2005; Kong, Scharmann, Noh & Koh, 2005). Locus
of control is another factor explaning academic achievement in science (Rotter,
1966; Duke & Nowicki, 1974; Finn & Rock, 1997; Carton, Nowicki & Balser,
1996; Wishart, 1997; Susskind, 2005). In addition to self-efficacy and locus of
control, students’ attitudes may be related with a variety of variables such as
achievement, grade levels, socioeconomic status, and gender (Bloom, 1976;
Schibeci, 1984; Erickson & Erickson, 1984; Simpson & Oliver, 1985; Okeke &
Ochuba, 1986; Talton & Simpson, 1986; Germann, 1988; Koballa, 1988;
Shemesh, 1990; Friedler & Tamir, 1990; Weinburg & Englaher, 1994; Young &
Fraser, 1994; Freedman, 1997; Adamson et al., 1998; Dimitrov, 1999; Soyibo,
1999; Jones et al., 2000; Parker, 2000; Thompson & Soyibo, 2002; Papanastasiou

& Zembylas, 2004).
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This summary proposes that students’ cognitive and motivational constructs and

also type of instruction have important impacts on students’ achievement.

In the present study, we investigated the relationship among 8" grade school
students’ cognitive variables (prior knowledge, learning approaches, reasoning
abilities) and motivational variables (self-efficacy, locus of control and attitudes
toward science) in relation to students’ achievement in genetics in different types

of classrooms; learning cycle and traditional classrooms.

74



CHAPTER 3

In this chapter; the problems, sub-problems and hypoheses of the study are

presented.

PROBLEMS AND HYPOTHESIS

3.1 Problems

3.1.1 Main Problem 1

What are the relevant prior knowledge, learning approaches, reasoning abilities,

attitudes toward science, self-efficacy and locus of control of 8" grade students in

two public schools in Ankara?

3.1.1.1 Sub-problems

1. What is the relevant prior knowledge of 8" grade students in genetics?
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2. What are the 8" grade students’ learning approaches?

3. What are the reasoning abilities of 8" grade students?

4. What is the self-efficacy of 8" grade students?

5. What is the locus of control of 8" grade students?

6. What are the attitudes of 8" grade students toward science?

3.1.2 Main Problem 2

What is the effect of learning cycle instruction on 8" grade students’

understanding of genetics?

Ho(i): There is no significant effect of learning cycle instruction on 8" grade

students’ understanding of genetics.

3.1.3 Main Problem 3

What is the relationship among 8" grade students’ relevant prior knowledge,

learning approach, reasoning ability, self-efficacy, locus of control, attitudes
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toward science and achievement in genetics in learning cycle and traditional

classrooms in two public schools in Ankara?

Ho(i): There is no significant relationship among 8" grade students’ relevant prior
knowledge, learning approach, reasoning ability, self-efficacy, locus of control,
attitudes toward science and achievement in genetics in learning cycle and

traditional classrooms.

3.1.3.1 Sub-problems

1. What is the possible relationship among 8" grade students’ relevant prior
knowledge, learning approach, reasoning ability, self-efficacy, locus of control
and attitudes toward science and students’ achievement in genetics in learning

cycle classrooms?

Ho(i): There is no significant relationship among 8" grade students’ relevant prior
knowledge, learning approach, reasoning ability, self-efficacy, locus of control,
attitudes toward science and students’ achievement in genetics in learning cycle

classrooms.

2. What is the possible relationship among 8" grade students’ relevant prior

knowledge, learning approach, reasoning ability, self-efficacy, locus of control
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and attitudes toward science and students’ achievement in genetics in traditional

classrooms?

Ho(i): There is no significant relationship among gt grade students’ relevant prior
knowledge, learning approach, reasoning ability, self-efficacy, locus of control,
attitudes toward science and students’ achievement in genetics in traditional

classrooms.

3.1.4 Main Problem 4

What are the contributions of 8" grade school students’ relevant prior knowledge,
learning approach, reasoning ability, self-efficacy, locus of control and attitudes
toward science and gender on their achievement in genetics in learning cycle and

traditional classrooms?

Ho(i): There is no contribution of 8" grade students’ relevant prior knowledge,
learning approach, reasoning ability, self-efficacy, locus of control and attitudes
toward science on students’ achievement in genetics in learning cycle and

traditional classrooms.
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3.1.4.1 Sub-problems

1. Whether relevant prior knowledge, learning approach, reasoning ability, self-
efficacy, locus of control, attitudes toward science and gender of 8" grade
students contribute students’ achievement in genetics in traditional classrooms?

Ho(i): Relevant prior knowledge, learning approach, reasoning ability, self-
efficacy, locus of control, attitudes toward science and gender of 8" grade
students do not contribute to students’ achievement in genetics in traditional

classrooms.

2. Whether relevant prior knowledge, learning approach, reasoning ability, self-
efficacy, locus of control, attitudes toward science and gender of 8" grade
students contribute students’ achievement in genetics in learning cycle

classrooms?

Ho(i):Relevant prior knowledge, learning approach, reasoning ability, self-
efficacy, locus of control, attitudes toward science and gender of 8" grade
students do not contribute to students’ achievement in genetics in learning cycle

classrooms.

79



3.1.5 Main Problem 5

Which variable best-predicted students’ achievement in traditional and learning

cycle classrooms?

3.1.6 Main Problem 6
Which variable best-predicted female and male students’ achievement in

traditional and learning cycle classrooms?
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CHAPTER 4

DESIGN OF THE STUDY

The literature review, problems and hypotheses of the study were presented in the
previous three chapters. In this chapter, major characteristics of the population
and sample, selection and the description of the instruments, procedures, methods

used to analyze data are defined.

4.1 The Experimental Design

In this study, the Non-Equivalent Control Group Design as a type of Quasi-
Experimental Design was used. The random assignment of already formed
classes to experimental and control groups was employed. Intact classes were
used because it is too disruptive to the curriculum and too time consuming to
take students out of their classes for treatment. Moreover, due to
administrative rules the classes were chosen randomly not students. Design of

the study is presented in Table 4.1.
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Table 4.1 Research Design of the Study

Groups Pretest Mode of Posttest
instruction

EG  GAPRET, LAQ, TOLT, SES, LOC, ATS LCI GAPOST

CG GAPRET, LAQ, TOLT, SES, LOC, ATS TI GAPOST

In the above table, EG represents the Experimental Group instructed by
learning cycle instruction. CG represents the Control Group instructed
traditionally. GATPRE is Genetics Achievement Pretest, GATPOST is
Genetics Achievement Posttest, LAQ is Learning Approach Questionnaire,
TOLT is Test of Logical Thinking, SES is Self-Efficacy Scale, LOC is locus
of Control Scale and ATS is Attitude towards Science Scale. LCI refers to

Learning Cycle Instruction and TI refers to Traditional Instruction.

4.2 Population and Sample

All eight-grade elementary school students in the public schools of Yenimahalle
were identified as the target population of the study. There are 89 public
elementary schools in Yenimahalle. However, since it is not feasible to get in
touch with this target population, the accessible population was determined as all
eight-grade elementary school students in all public elementary schools in

Cayyolu area. There are 12 public elementary schools in Cayyolu area and two of
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these elementary schools were randomly selected as representative sample. The
study sample chosen from the accessible population was a sample of

convenience.

Convenience sampling was chosen because the schools were close to the
researcher by providing easy access. Four experimental and four control groups
enrolled in the study. While the experimental groups instructed by learning cycle,
the control groups instructed by the traditional method. 234 students (age 13-14)
assumed with similar socio-economic status, the educational level and income of
the parents enrolled in the study. Because the scores of some of the students’
were absent the scores of 213 (92 female, 121 male) students were used in the
study. The number of students that involved in one of the school was 108.
Teacher had two randomly assigned experimental group classes and two control
group classes. In the other school the number of students that involved in one of
the school was 126. Two teachers each had one randomly assigned experimental

group classes and one-control group classes instructed the students.

The content of the genetic course is same for all eight-grade students in Turkey
because of the regulations of Turkish Ministry of Education. All of the students
are familiar with the prerequisite subjects that are cell structure and function,

organic compunds and nucleic acids from their previous classes.
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4.3 Variables

There are nine variables involved in the study. The variables are categorized as

dependent variables (DV) and independent variables (IV).

4.3.1 Dependent Variable

The DV of the study is students’ Genetics Achievement Posttest scores

(GAPOST). It is continuous variable and measured on interval scale.

4.3.2 Independent Variables

Students’ gender, Genetics Achievement Pretest scores (GAPRET), students’
Learning Approach Questionnaire scores (LAQ), students’ Test of Logical
Thinking scores (TOLT), Mode of Instruction (MOI) (learning cycle and
traditional method), Self-Efficacy scores (SES), Locus of Control scores (LOC),
Attitudes towards Science scores (ATS) are the IVs of the study. The students’
gender, LAQ, TOLT, MOI, SES, LOC, and ATS are determined as discrete
variables and measured on nominal scale. Students’ GAPRET is considered

continuous variable and measured on interval scale.
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4.4 Instruments

Seven instruments were used in this study; Genetics Achievement test, Genetic
Knowledge Inventory, Learning Approach Questionnaire, Test of Logical
Thinking, Locus of Control Scale, Self-Efficacy Scale, Attitude towards Science

Scale.

4.4.1 Genetics Knowledge Inventory (GKI)

Before the study, students’ ideas about basic concepts in genetics were
investigated using Genetics Knowledge Inventory (See Appendix A). Most of the
items in the GKI were selected and adapted into Turkish from Lewis and Wood-
Robinson (2000). The purpose of the GKI is to obtain students’ ideas about
concepts in genetics and to detect their misconceptions, so that conceptual change
texts could be developed. The GKI contains four questions about the major
concepts in genetics. In the first question, after pointing out the concepts about
genetics (cell, organism, gene, alele, chromosome, DNA and nucleus) that are
familiar to them, students are asked to write them in correct order from the one
that is biggest in size to the one that is smallest in size. The second question
contains seven sub questions each measures whether students have any idea about
the concepts that are presented in question one, then require explanations for the

open ended questions about each concept. The last two questions are open-ended
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questions that measure the students’ ideas about gametes, dominant and recessive

characters.

4.4.2 Genetics Achievement Test (GAT)

The Genetic Achievement Test was developed by researcher to evaluate students’
genetics achievement (Appendix B). It consists of 20 questions: 18 multiple-
choice questions and 2 open ended questions. The objectives that were used while
developing the tests were ability to understand the relationships between concepts
of genetics, to evaluate some crosses in genetics, to explain Mendelian genetics
and to recognize main rules that base the genetic crosses. Genetic Achievement
Test was given as pretest to measure students’ relevant prior knowledge and as
posttest to measure their understanding of genetics. The reliability coefficient

calculated as 0.76.

4.4.3 Learning Approach Questionnaire (LAQ)

The Learning Approach Questionnaire is a four-point Likert-type instrument
(absolutely disagree, disagree, agree, absolutely agree) designed to measure
students’ orientations to learning ranging from meaningful to rote (Cavallo &
Schafer, 1994; Cavallo, 1996). This instrument consisted of 22 items and used a

four—point Likert-type scale ranging from “Always True” to “Never True” or
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“Strongly Disagree” to “Strongly Agree” to overcome the tendency of
respondents to select the neutral option. The test was translated and adapted to
Turkish by Yenilmez (2006) (See Appendix C). For this study Croncbach alpha

was found as 0.85.

4.4.4 Test of Logical Thinking (TOLT)

Test of Logical Thinking which is used to measure five modes of formal
reasoning: controlling variables, proportional reasoning, probabilistic reasoning,
correlational reasoning, combinatorial reasoning of the students was originally
developed by Tobin and Capie (1981). The test consists of 10 items: items 1 and
2 measures controlling variables, items 3 and 4 measures proportional, items 5
and 6 measures probabilistic, items 7 and 8 measures correlational, and items 9
and 10 combinational reasoning. Students select a response from among five
possibilities and then they are provided with five justifications among which they
choose from. The correct answer is the correct choice plus the correct
justification. Students’ performance on ten-item test was used to determine
students’ formal reasoning abilities and as a means to categorize them in the
stages of cognitive development based on Piagetian criteria. Test scores from 0-3,
4-7, and 8-10 were used as a basis for classifying the subjects as low level,
medium level and high level of formal thought (Oliva, 2003). Test of Logical

Thinking was translated and adapted into Turkish by Geban, Askar, and Ozkan
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(1992) (See Appendix D) and reliability was found as 0.81. For this study,

reliability was found to be 0.73.

4.4.5 Self-Efficacy Scale (SES)

Students’ self-efficacy was assessed by the Motivational Strategies for Learning
Questionnaire. It is a self-report questionnaire, which was originally developed
by Pintrich and Garcia (1991). It consists of two sections, a motivational
orientations and use of various learning strategies. The motivation subscales tap
into three broad areas: Value components, Expectancy components, and Affect
component. In this study, only items belonging to self-efficacy were used to
measure students’ self-efficacy. These items were translated and adapted into
Turkish by Ozkan (2003). The self-efficacy subscale consisted of nine items
regarding perceived competence and confidence in performance of class work.
Students scoring high on this subscale were sure they could learn and understand
the material being taught in the class and perform well in the class. For this study,

the reliability coefficient for SE was found to be 0.86. (See Appendix E)

4.4.6 Locus of Control Scale (LOC)

Students’ locus of control was assessed by Locus of Control Scale (See Appendix

F). This scale aims to give an idea about students’ level of internal control which
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is the level they believe their actions determine the events outside them. The LOC
scale in the present study consisted of 9 pairs of statements. Respondents were
asked to select one statement from each pair which best reflected their opinion.
The items in the scale were selected from the Locus of Control Scale developed
originally by Rotter (1966). The original scale had 29 forced choice items, which
deal with ways in which an individual views his/her capacity to control his own
reinforcement. Later Kagitcibasi (1972) adapted and translated a short version of
this scale into Turkish. The reliability coefficient of the 9-item LOC scale was

found to be 0.87 for this study.

4.4.7 The Attitude towards Science Scale (ATS)

It is a 15-item, 5 point Likert type scale developed by the (Geban, Ertepinar,
Yilmaz, Altin and Sahbaz, 1994) to determine students’ attitudes toward science
as a school subject. The choices of each item was strongly agree, agree
undecided, disagree, and strongly disagree. The reliability coefficient computed
by Cronbach alpha estimates of internal consistency of this scale was found to be
0.91. For this study, the reliability coefficient for ATS was found to be 0.89 (See

Appendix G)
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4.5 Validity of Measuring Tools

One associated professor and two assistant professors from the faculty of
Education at METU, one high school biology teacher and two science teachers
controlled the Genetics Knowledge Inventory and Geneteics Achievement Test
according to format and content of the instruments to provide content and face
validity. The appropriateness of the instruments for the grade level was also
evaluated by science teacher. Also, the Genetics Knowledge Inventory and
Genetics achievement test was pilot tested and necessary amendments were

made.

4.6 Treatment

Students in the experimental group were instructed by learning cycle. In this
study, three learning cycle lessons were designed to promote conceptual
understanding concerning genetics concepts. At the beginning, the objectives of
the course were determined by the researcher and lesson plans were developed
accordingly. Since, hands on experiences and appropriate classroom discussions
are important part of learning cycle, different activities were developed for each
distinct phases of the learning cycle. Activities were prepared to present the
student with a problem or task. Then, to be able to introduce the main concepts of

the lesson in the term introduction phases of learning cycles, conceptual change
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text (CCT) was used (See Appendix H). The conceptual change text, used in
learning cycle, included two parts: major concepts in genetics and Mendelian
genetics. The first part covered the explanations of concepts included in genetics:
chromosomes, nucleus, allele, gene, homozygote, heterozygote, phenotype,
genotype, dominant and recessive alleles and homologous chromosomes and the
relationship between these concepts. Second part of the conceptual change text,
included Mendels’ contributions to genetics, Mendels’ laws, and simple genetic
crosses. At the last phase of learning cycle, by additional activities students

studied the additional examples of the concept.

Three learning cycle lesson plans were developed each containing two separate
activities. First lesson plan was developed about the relationship between gene,
allele, chromosome, DNA, organism and nucleus. In that learning cycle, students
observed the picture of a family. Then working in groups they reported their
observations about some characteristics such as eye color, hairstyle, skin color
etc. Teacher directed the discussion of students results in which patterns are
discovered. Teacher asked students to list questions that are raised by these
observations and get students to participate in hypothesis generations. In the
introduction phase of learning cycle, conceptual change text about concepts in
genetics was given to students. Students became familiarized with terms,
interpreted their hypothesis. In the concept application phase of learning cycle,

students were given the pictures that symbolize the terms introduced in the first
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phase of learning cycle. They arranged these terms so that they deepen their

understanding of newly constructed concepts.

The second learning cycle lesson plan was developed about concepts in genetics;
dominant and recessive allele, homologous chromosome, homozygote,
heterozygote, phenotype and genotype. The activities in the learning cycle lesson
plans were adapted and translated into Turkish by the researcher from Martin,
Sexton and Franklin (2002). In that learning cycle, students again worked in
groups and given pipettes that symbolize the chromosomes of parents, and alleles
were pointed out on the pipettes with different colors. Students were asked to
identify possible offspring that can be obtained with these different colored
pipettes. They generated questions, discussed and teachers asked them to report
their hypothesis on the board. In the term introduction phase, students used again
the same conceptual change text about terms in genetics. The terms homologous
chromosome, allele, dominance, recessive, phenotype, genotype, homozygous
and heterozygous were described by the teacher after students read the conceptual
change text. In the concept application phase, students extend their idea about
these concepts by working with groups on definition of the possible phenotypes
and genotypes of puppies. So that, they used the terms they learned in the term

introduction phase and applied probability rules.
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The third learning cycle lesson plan also included two activities about genetic
crosses. In the exploration phase again students worked in groups and performed
a simple experiment. In that experiment beans symbolized the alleles of mother
and father. Teacher asked students to discuss their observations. Each group
wrote their results on the board. Students proposed hypothesis about their results.
Teachers stated that in the experiment heterozygote mother is crossed by
heterozygote father. Also, teacher stated independent assortment rule of
Mendelian genetics was explored in that experiment. In the term introduction
phase, students used second part of conceptual change text that is about
Mendelian genetics. This part of the learning cycle was teacher centered at which
teachers monitored the students to read conceptual change text and the
monohybrid cross and Punnett square were identified. In the concept application
phase of last learning cycle, students applied the terms that they learned to a

problem by discussing patterns of inheritance, deepen their understanding.

Students in the control group, on the other hand, were taught by traditional
instruction. For the students in control groups, expository text about the basic
terms in genetics and Mendelian Genetics was developed. During instruction,
students read the expository text while instruction was teacher centered. The
content and the concepts that are included in the instruction were the same as in

the learning cycle instruction. Expository text is given in Appendix I.
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The time that was required for the application was four weeks with three science
lessons in each week. After the treatment, all groups were administered Genetics
Achievement Test. One class hour also was given to experimental and control

groups to complete the test.

Before the beginning of the study, the teachers were informed about the learning
cycle teaching method and conceptual change texts and their application in class.
Before the study, for one-month period, the researcher worked with the teachers
and explained each part of the lesson plans. Teachers were trained by the
researcher by conducting examples of each activity, by explaining the possible
student outcomes for each part of the learning cycle. The teachers were explained
that while conducting the study the procedures should be standardized for
experimental and control groups that means all the conditions except the type of
instruction in learning cycle and traditional classrooms were same. The tests were
administered to all groups under same conditions; teachers’ attitudes were same

for all classess.

It is important to define whether the method of teaching; learning cycle was used
as defined in the experimental groups and whether the treatments were different
from one another for the verification of the treatment. Therefore, lesson plans
firstly were prepared according to criteria required for learning cycle instruction

and a schedule that explains each detail of the instruction with objectives was

94



developed according to these lesson plans. To increase treatment fidelity, each
teacher was trained for the appropriate application of the treatment. The schedule
contained both the ones that should be done and the others that should not be
done. Systematic controls of the lessons according the criteria developed by the
researcher were done for controlling the independent variable. So that, at the end
of the study valid interpretations of the effects were obtained, replication studies
can be carried out and the research findings may be enhanced by empirical

confirmation of the independent variables.

The students were informed about the purposes of the instruments; GKI,
GAPRET, GAPOST, LAQ, TOLT, SES, LOC Scale, ATS Scale. Before
application of the GAPRET and GAPOST, to be able to ensuring confidentiality
of research data, students were explained that the results of the study will not be
used as grades and the results of the LAQ, TOLT, SES, LOC Scale, ATS Scale
will not be given to anyone else, they will be used only by the researcher. Also,
the data obtained in the study was used only by the researcher. In the study, it was
provided that the treatment did not effect the regular program of the teachers and
the curriculum, did not affect any of the students negatively to be able to protect

participants from harm.

To be able to evaluate whether the learning cycles and conceptual change texts

were implied as intended, a checklist was developed by researcher and was given
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to teachers. So that, the researcher can ensure that the treatment was different for
experimental and control groups as predetermined by providing treatment

verification.

4.7 Procedure

At the start of the study, a detailed literature review was conducted. The
keywords; ‘Conceptual change approach and science education’, ‘conceptual
change texts and science education’, ‘learning cycle and science education’,
‘misconceptions and genetics’, ‘learning cycle and genetics’, ‘reasoning ability
and students’ achievement’, ‘learning approach and education’, ‘learning
approach and science achievement’, ‘self-efficacy and students’ achievement’,
‘self-efficacy and science education’, ‘locus of control and students’
achievement’, ‘locus of control and science achievement’, ‘students’ attitudes and

science achievement’ were determined.

After defining the keyword list, International Dissertation Abstracts, Educational
Resources Information Center (ERIC), Social Science Citation Index (SSCI),
Science Direct and Internet (google) were searched. The documents were
obtained from TUBITAK Ulakbim, Bilkent library. The obtained studies were
read and critically analyzed. Results of the various studies were compared and

contrasted. Then, four books were read carefully to be able to develop LC and
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CCT. The books were; The Study of Life (Schraer & Stoltze, 1995), Biology: The
Unity and Diversity of Life (Starr & Taggart, 1996), Concepts of Genetics (Klug

& Cummings, 1994).

The characteristics of the subjects in the study may account for observed
relationships. In this study, not the individuals but the groups were randomly
selected; therefore many subject characteristics (previous knowledge, age,
attitude and gender) might affect results of the study. To be able to overcome
with this threat, students’ gender and attitudes were included in the study.
Therefore, an attitude scale was given to students in both control and
experimental group prior to the study. Moreover, instrumentation, that is
instruments and procedures used in collecting data; and location, that is the
possibility that results are due to characteristics of the setting or location in which
the study is conducted, cannot be a threat to the study since the tests will be
administered to all groups in similar conditions and the teachers were trained
similarly. Also, implementation can be another possible threat to internal validity
since there are different teachers who may have different ability and attitude
toward the method. To able to cope with this threat each method was used with
several teachers in that each teacher had both experimental and control group and
treatment. Mortality, that may be caused by lose of subjects that are different
from those who remain, can be a threat to internal validity but making a missing

data analysis prevented it. Subject attitudes also can be possible threat to internal
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validity. To be able to eliminate that threat, subjects in both experimental and
control groups had texts about genetics and the activities that were used during
learning cycle also were done with control groups just after the completion of the
traditional instruction. Testing threat also can be another threat to internal
validity. To be able to overcome testing threat the necessary time interval was

given between pre and posttest.

This study is an experimental study. The experimental and control groups
were assumed as similar because of random assignment of classes into two

groups.

Before the treatment, instruments (LAQ, TOLT, SES, LOC scale and ATS) were
given to the teachers participating in the study to conduct the instruments to the
subjects. Teachers in the study gave one class hour to students to complete the
TOLT and appropriate time also given to complete LAQ, SES, LOC Scale and
ATS Scale. Teachers were explained that the tests; LAQ, TOLT, SES, LOC
Scale, ATS Scale should be given to each class at about same time and between
the applications of each test there should be time interval. One class hour also
was given to experimental and control groups to complete the GAPRET. The

students were told that the results of the test do not affect their grades.
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After completion of GKI, GAPRET, LAQ, TOLT, SES, LOC Scale and ATS
Scale by the students, the teachers and the researcher collected the instruments
from the students. To be able to prevent missing of any data, each instrument was

held separately for each class.

4.8 Assumptions

1. The teachers who applied this study was not biased during the treatment

2. Tests were administered under standard conditions.

3. Students answered Genetics Achievement Pre-test (GAPRET), Genetics
Achievement Post-test (GAPOST), Learning Approach Questionnaire
(LAQ), Test of Logical Thinking (TOLT), Self-Efficacy Scale (SES),
Locus of Control Scale (LOC) and Attitude Toward Science Scale (ATS)

seriously.

4.9 Limitations

1. The research findings were limited to the concepts in genetics and

Mendelian genetics.

2. The subjects of this study were limited to 213 eight grade students.

3. The study was limited to public schools.
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CHAPTER 5

RESULTS

In this chapter, the results of the analyses which were conducted to describe data

and to answer research questions were presented.

5.1 Descriptive Statistics

In this part, Main Problem 1 and related sub-problems (1-6) are answered.

Main Problem 1.

What are the relevant prior knowledge, learning approaches, reasoning abilities,

attitudes toward science, self-efficacy and locus of control of 8" grade students in

two public schools in Ankara?

The mean, median, mode, standard deviation, skewness, kurtosis and the

histograms were presented for both control and experimental groups with respect

to gender. Skewness and kurtosis values were used to check normality

assumption. The skewness and kurtosis values of all variables lies within the
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range +1, that is excellent. However the kurtosis value for self-efficacy is

between £2 that is also acceptable.

Table 5.1 Descriptive Statistics for the Variables of the Study

Instrument  Possible Actual Mean SD Skewness Kurtosis
range range

GAPRET

Girls 0-14 5.78 2.79

Boys 0-12 4.85 2.46
Total 0-20 0-20 5.38 2.69 49 A1
GAPOST

Girls 3-18 11.51 4.12

Boys 3-20 11.41 3.83
Total 0-20 3-20 11.47 3.99 -.14 -.93
LAQ

Girls 34-84 62.79 8.80

Boys 42-79 61.55 8.47
Total 22-88 34-84 62.09 8.61 -.25 12
LAQ-M

Girls 11-44 31.78 6.56

Boys 11-43 30.74 6.81
Total 11-44 11-44 31.19 6.70 -.68 46
LAQ-R

Girls 13-36 25.04 4.31

Boys 11-35 25.13 4.60
Total 11-44 11-36 25.09 4.47 -.32 43
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Table 5.1 Continued

TOLT

Girls 0-10 5.49 2.74

Boys 1-10 6.15 2.51

Total 0-10  0-10 5.86 2.62 33 17
SES

Girls 20-45 3388 531

Boys 9-45 3319 621

Total 9-45 9-45 3349 583 -55 136
LOC

Girls 0-1 0.62 0.23

Boys 0-1 0.61 0.20

Total 0-1 0-1 0.61 0.21 17 -13
ATS

Girls 30-75 5629 10.87

Boys 2275 5675 1026
Total 1575 1575 5655 1050  -74 42

The data presented in Table 5.1 are interpreted under each sub-problem.

Sub-problem 1 What is the relevant prior knowledge of 8" grade students

about genetics?

The Genetics Achievement Test (GAT) is used as pretest (GAPRET) to measure

students’ relevant prior knowledge prior to the treatment. Of a possible 20 correct

answers, a relatively low mean score of M=5.38 indicating low level of relevant
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prior knowledge is obtained. The right-skewed diagram also shows that most of

the students have low scores on GAPRET (Figure 5.1.).

Regarding gender difference, Table 5.1 suggests that girls (M=5.78) have higher

scores than boys (M=4.85) in pretest.
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N=213,00
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0
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PRETEST

Figure 5.1 Range of pretest scores

The same instrument is used as a posttest (GAPOST) to determine students’ level
of understanding about genetics at the end of the topic. The slightly above half
score (M=11.47) is obtained. The left-skewed diagram shows that most of the

students have higher scores on GAPOST (Figure 5.2.).
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Figure 5.2 Range of posttest scores

Regarding gender difference, Table 5.1 suggests that boys (M=11.41) have

slightly lower scores than girls (M=11.51) in GAPOST.

Sub-problem 2 What are the 8" grade students’ learning approaches?

The Learning Approach Questionnaire (LAQ) is used to measure students’
approaches to learning as meaningful or rote. The mean, median, mode, standard
deviation, skewness and kurtosis values are summarized in Table 5.1. The
skewness and kurtosis values all lie between +1.0 that is considered excellent for
most psychometric purposes. The possible ranges of both LAQ-M and LAQ-R
scales are 11-44. The actual ranges were 11-44 for LAQ-M and 11-36 for LAQ-

R. While students’ LAQ-M scores vary between low to high meaningful
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approaches to learning, LAQ-R scores vary between low to moderate rote
approaches to learning. The mean of meaningful learning scores (M=31.19) is
higher than rote learning (M=25.09) that means that students generally use

meaningful learning approaches than rote learning approaches.

The mean score of the total learning approaches of students is 62.1. The left-
skewed diagram also shows that most of the students have higher scores on LAQ

(Figure 5.3.).

Regarding gender difference, Table 5.1 suggests that total learning approaches of

girls (M=62.79) higher than that of boys (M=61.55).
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Figure 5.3 Range of LAQ scores
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Sub-problem 3 What are the reasoning abilities of 8" grade students?

The Test of Logical Thinking (TOLT) was used to determine formal reasoning
abilities of students. The distribution of the students’ scores is shown in Table
5.2. It suggests a non-normal distribution of scores with a mean of 5.86. The left-
skewed diagram also shows that most of the students have higher scores on

TOLT (Figure 5.4).

Five reasoning modes that are controlling variables, proportional, probabilistic,
correlational and combinatorial reasoning of the students are measured by TOLT.
The frequencies of students who give the correct answers to the items on the test
according to the reasoning modes are summarized in Table 5.3. As shown,
students performed best on 3 & 4™ jtems (71.4%) which measure controlling
variables. Students were also good at proportional (58.7%), combinatorial
(56.35%) and probabilistic reasoning (54%). They did least on correlational

reasoning (51.9%).
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Table 5.2 Number and frequencies of students according to the scores on TOLT.

TOLT Score N Frequency (%)
0 3 1.4
1 9 4.2
2 16 7.5
3 22 10.3
4 19 8.9
5 20 9.4
6 21 9.9
7 34 16
8 29 13.6
9 30 14.1

10 10 4.7

Table 5.3 Frequencies and percentages of students with respect to five reasoning

modes
Item Reasoning mode N Frequency (%)
1 Proportional 142 66.7
2 Proportional 108 50.7
Total 250 58.7
3 Controlling variables 165 77.5
4 Controlling variables 139 65.3
Total 304 71.4
5 Probabilistic 116 54.5
6 Probabilistic 114 53.5
Total 230 54
7 Correlational 103 48.4
8 Correlational 118 55.4
Total 221 51.9
9 Combinatorial 134 62.9
10 Combinatorial 106 49.8
Total 240 56.35

107



70

Std. Dev = 2,62
Mean =5,9
N=213,00

Frequency

TOLT

Figure 5.4 Range of TOLT scores

TOLT is also used to classify the subjects as low level (scores from 0-3), medium

level (scores from 4-6), and high level (scores from 7-10) of formal thought. In

the present study, 51 (24%) of the students were in low level of formal thought,

60 (28%) of the students were in medium level of formal thought, and 102 (48%)

of the students were in high level of formal thought (Table 5.4).

Table 5.4 Distribution of students with respect to level of formal thought

Formal Reasoning Level (N)

Low Medium High Total
Boys 25 37 62 124
Girls 26 23 40 89
Total 51 60 102 213
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As far as gender difference is considered majority of girls and boys in the sample
were at high level of formal thought. The number of boys at high formal
reasoning level and at medium formal reasoning level is higher than that of girls.
When the total score is considered, majority of the students are at high formal

thought.

Sub-problem 4 What is the self-efficacy of 8" grade students?

Self-Efficacy Scale is used to measure students’ judgements about their
capabilities to organize and execute courses of action required to arrive selected
types of performances (Bandura, 1986). The possible range of SES is 9-45 and
the actual range is 9-45. The distribution of the students’ scores suggests a non-
normal distribution of scores with a mean of 33.49. The left- skewed diagram
also shows that moderate number of the students have higher scores on self-
efficacy scale (Figure 5.5). This means that there is moderate number of students

with high sense of efficacy to perform given actions.

Regarding gender difference, Table 5.1 suggest that girls (M=33.19) and boys

(M=33.88) have about same levels of self-efficacy.
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Figure 5.5 Range of SES scores

Sub-problem 5 What is the locus of control of 8" grade students?

Locus of Control Scale is used to measure the perceptions of students about their
successes and failures. The possible range of LOC scale is 0-1 that is same with
the actual range. The distribution of the students’ scores suggests a non-normal
distribution of scores with a mean of 0.61. The left- skewed diagram also shows
that moderate number of students have slightly higher scores on locus of control
scale (Figure 5.6). This means they are more likely to believe that they are in

control of events.

Regarding gender difference, Table 5.1 suggests that girls (M=0.62) and boys

(M=0.61) have about same locus of control orientations.
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Sub-problem 6 What are the attitudes of 8" grade students toward

science?

The possible range of ATS scale is 15-75 and the actual range is 22-75. The
distribution of the students’ scores suggests a non-normal distribution of scores
with a mean of 56.55. The left-skewed diagram also shows that moderate number
of the students has higher scores on attitude scale (Figure 5.7). This means that
these students have positive attitudes toward science related activities while

preffering actively enrolled in these activities.

Regarding gender difference, Table 5.1 suggests that girls’ attitudes toward

science scores (M=56.75) are close to the boys’ scores (M=56.29).
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Main Problem 2.

What is the effect of learning cycle instruction on 8" grade students’

understanding of genetics?

To answer the hypothesis of main problem 2 stating that there is no significant
effect of learning cycle instruction on students’ understanding of genetics one-
way ANOVA was conducted. The result indicated that there is a significant mean
difference between experimental and control group in favor of the experimental

group (F (1, 211) = 56.182, p=.000).
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5.2 The Relationships among Variables of the Study

The main problem 2 that investigates the relationships among variables of the
study is analyzed in this part. The analyses are conducted for the experimental

group and the control group separately in terms of the variables.

Main Problem 3.

What is the relationship among 8" grade students’ prior knowledge, learning
approach, reasoning ability, self-efficacy, locus of control and attitudes toward
science and achievement in genetics in learning cycle and traditional classrooms

in two public schools in Ankara?

Pearson correlation analysis was conducted for each group to detect the
relationships that might exist among students’ prior knowledge, learning
approach, formal reasoning ability, self-efficacy, locus of control, attitudes
toward science and genetics achievement in two different types of instruction

(Table 5.5).
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148!

Table 5.5 Correlation coefficients among variables of the study for each group

Group GAPRET GAPOST LAQ TOLT SE LOC ATS
GAPRET - 319 3427 2917 217 269 336
Learning GAPOST - - 708" 538" 214" 153 694"
cycle LAQ - - - 462" 292 248" 581"
classrooms gy ; ; i ; 253" 250" 577"
SES - - - - - 282" 214
LOC - - - - - - 299"
GAPRET - -.049 112 092 -.051 073 181
Traditional GAPOST - - 075 637 2537 506" 667
classrooms LAQ - - - 209" 441" 247" 277"
TOLT - - - - 2117 4457 5597
SES - - - - - 278" 2957
LOC - - - - - - 482™

*Correlation is significant at the 0.05 level
** Correlation is significant at the 0.01 level



For the learning cycle classroom, students’ post-test scores were significantly and
positively correlated with their pre-test scores (r=.32, p=.001), meaningful
learning orientation (r=.71, p=000), formal reasoning ability (r=.54, p=.000), self-
efficacy (=21, p=.030) and attitudes toward science scores (r=.69, p=.000).
Students’ pre-test scores also significantly correlated with their meaningful
learning orientation (r=.34, p=.000), formal reasoning ability (r=.29, p=.003),
attitudes toward science (r=.34, p=.000), self-efficacy (r=.22, p=.006) and locus
of control (r=.27, p=.027). Students’ meaningful learning orientation was also
significantly correlated with their formal reasoning ability (r=.46, p=.000), self-
efficacy (r=.29, p=.000), locus of control (r=.25, p=.011) and attitudes toward
science (r=.58, p=.000). Moreover, students’ formal reasoning abilities were
significantly correlated with their attitudes toward science (r=.58, p=.000), self-
efficacy (r=.25, p=.010) and locus of control (r=.25, p=.010). Students’ attitudes
toward science also were significantly correlated with their self-efficacy (r=.21,
p=.029) and locus of control scores (r=.30, p=.002). Besides, students’ self-
efficacy was found to be related with their locus of control scores (r=.28, p=.004).
However, no statistically significant correlation between post-test scores and
locus of control was determined (p>.05). This was the only nonsignificant

correlation between the variables in learning cycle classrooms.

For the traditional classroom, students’ post-test scores were found to be

significantly correlated with their formal reasoning ability (r=.64, p=.000), self-
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efficacy (r=.25, p=.008), locus of control (r=.51, p=.000) and attitudes toward
science (r=.67, p=.000). Students’ meaningful learning orientation was
significantly correlated with their formal reasoning ability (r=.21, p=.029), self-
efficacy (r=.44, p=000), locus of control (r=.25, p=.010) and attitudes toward
science (r=.28, p=.004). Students’ pre-test scores also significantly correlated
with their attitude toward science (r=.18, p=.059). Moreover, students’ formal
reasoning ability was also significantly correlated with their attitudes toward
science (r=.56, p=.000), self-efficacy (r=.21, p=.027), locus of control (r=.45,
p=.000). Students’ attitudes toward science also were significantly correlated
with their self-efficacy (r=.30, p=.002) and locus of control (r=.48, p=.000).
Students’ self-efficacy also was found to be related with their locus of control
(r=.28, p=.003). However, no statistically significant correlation between post-
test scores and pre-test scores and meaningful learning approaches; pre-test
scores and formal reasoning ability, locus of control, meaningful learning

approaches and self-efficacy were determined (p>.05).

These results suggest that in learning cycle classrooms, students’ understanding
of genetics was related with their relevant prior knowledge, meaningful learning
orientation, formal reasoning ability, self-efficacy and attitudes toward science.
This means that students having higher prior knowledge scores, more meaningful
learning orientations, high formal reasoning abilities, high self-efficacy and have

more positive attitudes toward science had better understanding of genetics in
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learning cycle classrooms. In traditional classrooms, same as learning cycle
classrooms, students’ understanding of genetics was related with their formal
reasoning abilities, self-efficacy and attitudes toward science. Students’ post-test
scores also significantly correlated with their locus of control. This means that, in
traditional classrooms, students having higher formal reasoning abilities, self-
efficacy beliefs, and locus of control orientations and having more positive
attitudes toward science had better understanding of genetics. However,
meaningful learning orientation and relevant prior knowledge had no significant
effect on students’ understanding of the genetics in traditional classrooms.
Therefore, higher meaningful learning orientation and higher level of relevant
prior knowledge do not result in higher scores achievement in traditional

classrooms.

Main Problem 4.
What are the contributions of 8" grade school students’ relevant prior knowledge,
learning approach, reasoning ability, self-efficacy, locus of control, attitudes
toward science and gender on students’ achievement in genetics in learning cycle

and traditional classrooms?

Multiple Regression Analysis (MRC) was conducted to determine the

contributions of these variables and gender on students’ understanding for the
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learning cycle and traditional classrooms (Table 5.6). Post-test scores were the
dependent variable while the pre-test scores, meaningful learning orientation,
formal reasoning ability, self-efficacy, locus of control, attitude toward science

and gender served as independent variables.

Before conducting the multiple regression analyses, the assumptions were

checked:

1. Sample Size: According to formula given by Tabachnik and Fidell (1996)
the required sample size calculated as N=98 which is smaller than the one

that was used in the present study (N=213).

2. Multicollinearity: Multicollinearity exists when the independent variables
are highly correlated (r=.9 and above) (Stevens, 1996). In the present
study, the correlations between the independent variables are less than

that value as given on Table 5.5.

3. Outliers, Normality, Linearity, Homoscedasticity and Independence of
Residuals: To check these assumptions residual scatterplots and the
Normal Probability Plot of the regression standardized residuals were

obtained.
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Figure 5.8 Normal probability plot for control group and experimental group
In the Normal Probability Plot all points lie in a straight diagonal line means that

there are no major deviations from normality for control group and experimental

group.
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Dependent Variable: POSTEST
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Figure 5.9 Scatterplot of the standardized residuals for the control group

As shown in Figure 5.9, most of the scores concentrated in the centre for the

control group.
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Figure 5.10 Scatterplot of the standardized residuals for the experimental group
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As shown in Figure 5.10 there is no systematic patterns to the residuals indicating

that there are no outliers violating the assumptions.

Table 5.6. Independent contributions of Gender, GAPRET, LAQ, TOLT, SES,

LOC and ATS to understanding of genetics.

Mode of Instruction

Variables Traditional Instruction

Learning Cycle Instruction

B B t p B B t p
GENDER 323  .051 .803 424 .065 .008 .130  .897
GAPRET -203 -.141 -2205 .030° .042 .033 479  .633
LAQ -068  -183 2,602 .011° .199 441 5551 .000°
TOLT 441 355 4617 .000° 197 133 1.705 .091
SES 035 068  -949 345  -005 -007 -106 916
LOC 267 170 2314 023" -247 -112 -1.674 .097
ATS 127 441 5474 0000 150 385  4.568 .000"

*Significant at the 0.05 level

For the learning cycle classrooms, the multiple correlation (R) was .80 with

R’=.64. This result means that the model significantly accounted for the 64%

variation in students’ understanding in learning cycle classrooms (F=24.628,
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p=.000). Students’ meaningful learning orientation and attitudes toward science

significantly contributed to their understanding of genetics.

For the traditional classrooms, the multiple correlation (R) was .787 with R’=.62.
This means that the model significantly accounted for the 62% variation in
students’ understanding in traditional classrooms (F=23.521, p=.000). Students’
meaningful learning orientation, reasoning ability, locus of control and their
attitudes toward science significantly contributed to their understanding of
genetics. On the other hand, students’ relevant prior knowledge and meaningful
learning orientation, significantly contributed to their understanding of genetics in

negative direction.

In short, students’ attitudes toward science and meaningful learning orientations
significantly contributed to the understanding of genetics in learning cycle
classrooms. However, attitudes toward science, formal reasoning ability and
locus of control significantly contributed to students’ understanding of genetics in
traditional classrooms while relevant prior knowledge and meaningful learning

orientation contributed negatively.
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Main Problem 5.

Which variable best-predicted students’ achievement in traditional and learning

cycle classrooms?

To be able to determine which variable best predicted students’ understanding in
traditional and learning cycle classrooms stepwise multiple regression analysis

was performed (Table 5.7).

Table 5.7 Stepwise multiple regression results for the traditional and learning

cycle classrooms

B Adjusted R* F p
GAPOST
Traditional classrooms ATS 456 595 23.521  .000
TOLT 348
GAPRET -.159
LOC 181
LAQ -.151
Learning cycle classrooms LAQ 426 .614 24.628  .000
ATS 460
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For the learning cycle classrooms, results revealed that, students meaningful
learning orientation was the main predictor of performance on post-test scores,
explaining 49.6% variance, while students’ attitudes toward science explaining
remaining 11.8% variance on the post-test scores. For the traditional classrooms,
however, attitudes of the students toward science was the main predictor of
performance on the post-test scores, explaining 44% of the variance, while formal
reasoning ability accounted for 9.8%. Remaining 5.7% of the variance explained
by pre-test scores, locus of control, and meaningful learning orientations on the

post-test scores in traditional classrooms.

The results of the stepwise multiple regression analysis suggest that while

students’ attitudes toward science was the main predictor of performance on post-

test in traditional classrooms, students’ meaningful learning orientation was the

main predictor of performance in learning cycle classrooms.

Main Problem 6.

Which variable best-predicted female and male students’ achievement in

traditional and learning cycle classrooms?
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To be able to determine which variable best predicted students’ understanding in

traditional and learning cycle classrooms in relation to gender stepwise multiple

regression analysis was performed (Table 5.8).

Table 5.8 Stepwise multiple regression results for the traditional and learning

cycle classrooms with respect to gender

B Adjusted F p
R2

GAPOST

Traditional classrooms

Boys ATS Sl 502 51.885  .000
TOLT 279

Girls TOLT 538 .648 45.164 .000
ATS 485
GAPRET -.281

Learning cycle classrooms

Boys ATS 446 .609 55.229 .000
LAQ 450
LOC -.184

Girls LAQ 406 .649 50.216 .000
ATS 520
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In traditional classrooms, results of the stepwise multiple regression analysis
revealed that for boys, attitudes toward science was the main predictor of
performance on the post-test scores, explaining 46.3% of the variance, while
formal reasoning ability accounted for 3.9% on the post-test scores. On the other
hand, for girls, formal reasoning ability accounted for 47.9% while attitudes
toward science explained 11.3% variance on the post-test scores. The pre-test

scores predicted 5.6% of the variance on post-test scores, in negative direction.

For the learning cycle classrooms, attitude toward science was the main predictor
of performance of boys on pos-test scores explaining 47.5%, while meaningful
learning orientation explaining 10.7% variance on the post-test scores. Remaining
2.7% of the variance was explained by locus of control in post-test scores, in
negative direction. For girls, post-test scores were explained by meaningful
learning orientation, 54% of the variance, while attitudes toward science

explained 10.9% of the variance in post-test scores.

The results of the stepwise multiple regression analysis showed that, for boys,
attitudes toward science best predicted achievement on post-test in both learning
cycle and traditional classrooms. For girls, meaningful learning orientation
positively and significantly predicted achievement on post-test in learning cycle
classrooms, while reasoning ability was significantly predicted post-test scores in

traditional classrooms.

126



5.3 Power Analysis

For the analyses the probability of rejecting true null hypothesis (probability of
making Type I-error) was set to .05 and significance level was set to .05, because
of being widely used in educational research (Cohen, 1977). Power of this study
was set to .80. Therefore, the probability of failing to reject the false null
hypothesis (probability of making Type II-error) was found as .20 (i.e., 1- .80).
Moreover, effect size was considered as medium effect size. After that, sample
size was calculated as 158 for medium effect size (ff = 0.09) by taking the
number of variables used in the study into consideration. The study was
conducted on 213 eight-grade elementary school students and six variables were
used. That means the statistical power of the study is larger when the sample size

of the study is considered.

5.4 Conclusions

In conclusion, the main predictor of achievement in learning cycle classrooms
was students’ meaningful learning orientation. This means that, students’
meaningful learning approach was the most important determinant of students’
understanding of genetics. Students’ relevant prior knowledge, formal reasoning
ability, self-efficacy and locus of control, on the other hand, failed to account for

variance of the post-test scores, while attitudes toward science explained the
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small amount of variance (11.8%) in learning cycle classrooms. So, for students
in learning cycle classrooms, their approaches to learning are more important to

determine achievement than their attitudes toward science.

In the traditional classrooms, however, attitude toward science was the main
predictor (44%) of genetics achievement. The formal reasoning ability of students
accounted for less amount of variance (9.8%) on post-test scores. Students’
relevant prior knowledge and meaningful learning orientations negatively
predicted their achievement in genetics indicating that students with higher
relevant prior knowledge and learning approach did not necessarily have greater

achievement in genetics.

Concerning gender, in learning cycle classrooms, for boys, attitudes toward
science explained more amount of variance (47.5%) than meaningful learning
orientation on post-test scores. Small portion of the variance (2.7%) was
explained by their locus of control. However; for girls, meaningful learning
orientation was the main predictor (54%) of achievement in genetics. For girls,
contribution of attitude toward science on genetics achievement was less than that
of boys. In traditional classrooms, attitudes of boys toward science, consistent
with the results in learning cycle classrooms, explained more amount of variance
(46.3%) than formal reasoning ability. On the other hand, formal reasoning

ability was the main predictor of girls’ achievement in genetics. Their attitudes

128



toward science were the second variable that contributed to their achievement in

genetics.

The study also indicated that, the students in the learning cycle classrooms
significantly did better than the students in the traditional classrooms on the post-
test. Students’ active enrollment in class discussions and hands on activities,
emphasizing important genetic concepts and application of new knowledge to

related subjects resulted in higher achievement in learning cycle classrooms.
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CHAPTER 6

DISCUSSION

This chapter presents discussion and interpretation of the results stated in the

previous chapter and the implications and recommendations for further research.

6.1. Discussion

The study was conducted to identify relative predictive influences of 8" grade
students’ relevant prior knowledge, learning approach, reasoning ability, self-
efficacy, locus of control, attitudes toward science and gender on their genetics

achievement in learning cycle and traditional classrooms.

In traditional classrooms, the results of the present study indicated that, although
the main predictor of achievement in genetics was students’ attitudes toward
science; reasoning ability and locus of control also predicted their achievement.
However, it is necessary to note that the relevant prior knowledge and meaningful
learning orientation significantly predicted genetics achievement in negative

direction.
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When examined each variable, in traditional classrooms, the findings of the
present study revealed that students’ attitude toward science was the main
predictor of performance on post-test, explaining 44% of the variance. This
means that, when students’ attitude toward science increases, their achievement
in genetics also increases. Participants of this study had relatively high attitude
toward science (M=56.55). This result is not surprising considering the fact that
in many studies students’ attitude toward science was found to be highly related
with their achievement (Kelly, 1978; Schibeci & Riley, 1986; Johnson, 1993).
Studies showed that as attitude toward science increases, students’ enrollment in
science activities also increases, because attitudes is believed to be related to
students’ motivation, and interest (Glick, 1970; Harty, Beall & Scharmann,
1985). Increased motivation and interest may result in students’ active
participation in lessons and increased achievement in science. Genetics, although
being reported as a difficult subject (Longden, 1982; Finley, Steward & Yarroch,
1982; Alabaladejo & Lucas, 1988; Slack & Steward, 1990; Pashley, 1994;
Marbach-Ad & Stavy, 2000), positive attitude toward science at the beginning of
the lesson, may be resulted in students to be interested in learning about the
concepts in genetics; later may resulted in higher scores on their achievement.
Similar results were found in many studies. For example, Cannon and Simpson
(1985) revealed that seventh-grade students' attitudes correlated with science
achievement scores. The data from the study revealed a higher correlation

between positive attitudes toward science and higher achievement scores for
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females enrolled in the basic and advanced classes and for males enrolled in
general science classes (Cannon & Simpson, 1985). The result of the present
study is also consistent with the study of Johnson (1993). She stated that students’
attitudes predict their biology achievement in learning cycle, and expository
classes. In another study, Freedman (1997) investigating the relationship among
attitude toward science and achievement in science knowledge, concluded that
for both groups (laboratory experience and no laboratory instruction), students’
attitudes toward science correlated with their achievement on science content
examination (r=.406, r=.249), although the relationship stronger for the treatment
group. Oliver and Simpson (1988) as a result of their longitidunal study, found a
strong relationship between students’ attitudes toward science and achievement in
science. They stated that a student's self-concept of his ability to perform in
science positively correlated with achievement. On the other hand, the results of
the some studies contradict with the results of the present study. For example,
Wilson (1983) conducted a meta-analysis about the correlation between science
achievement and attitude toward science and found no consistent causal direction
between attitude toward science and achievement. Besides, in the present study,
students’ attitudes toward science in traditional classrooms significantly
correlated with their meaningful learning orientation (r=.28), formal reasoning
ability (r=.56), self-efficay (r=.30) and locus of control (r=.48) means that these
variables are related with each other. Students with high meaningful learning

orientations who attain new knowledge by connecting it to previously acquired
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information will also have positive attitudes toward science related activities.
Students who have high reasoning ability also have higher attitude toward
science. Moreover, high self-efficacy beliefs and internal control expectancies

results in higher attitude toward science.

In traditional classrooms, another predictor of students’ achievement in genetics
was students’ formal reasoning ability explaining 9.8% of the variance. Students
having higher reasoning ability had greater genetics understanding, while
students with lower reasoning ability had lower understanding of genetics. As
revealed in the present study, reasoning abilities of students are one of the factors
that can contribute to students’ failure to understand scientific conceptions
(Lawson & Thompson, 1988). There are many studies that support this finding.
For example, Cavallo (1996) in her study on students in laboratory based learning
cycle based biology course, reported that reasoning ability (9%) best predicts
students’ achievement in solving genetics problems. In another study, Lawson
and Thompson (1988) reported that reasoning ability limits achievement more
than prior knowledge among biology students, whether they are enrolled in
inquiry or expository classes. Also in the study of Johnson and Lawson (1998)
reasoning ability explained more of the variance on students achievement scores
for students in expository classes (18.8%) than students in inquiry classes (7.2%).
Valanides (1997) claimed that the role of reasoning modes of students to predict

achievement related to the nature of the subject matter and nature of the
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achievement measure. The pre- and post-test used in the present study, require
students to have knowledge about abstract concepts in genetics, not to memorize
facts but relate and comprehend concepts. Because high formal students have
hypothetical and deductive reasoning patterns, they performed better than low
formal students. As stated by Lawson and Renner (1975), when students face
with concepts that require high formal reasoning, low formal reasoners have
learning difficulties. In order for students to understand difficult concepts, such as
genetics, they must have practice applying reasoning skills to specific biological
concepts. In the present study, it was found that the majority of the students in
this study are formal reasoners. The distribution of the students’ scores on TOLT
for both learning cycle and traditional classrooms revealed that majority of the
students (48%) was at high formal level, while 24% of the students were at low
formal level. The reason for the students’ reasoning abilities to be the second
predictor of achievement explaining the 9.8% of the variance may be explained
by the high number of students having formal reasoning abilities. In addition,
finding possible correlation between students’ meaningful learning orientation
and their reasoning abilities (r=.21) indicates that these variables are related to
each other. Students who have high formal reasoning ability also have higher

meaningful learning orientation scores.

Beside attitude toward science and reasoning ability, students’ locus of control

also contributed students’ genetics achievement in traditional classrooms.
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Participants of this study had relatively high scores on locus of control scale
(M=0.61) indicating that students have internal control expectancies, and take
personal responsibilities for what happens are better to relate the concepts in
genetics. The studies examined the relation between achievement and locus of
control and concluded that there is a positive relationship between an internal
locus of control and academic success (Duke & Nowicki, 1974; Wishart, 1997;
Anderson, 2005). These studies stated that students who take an internal
responsibility for their academic performance have higher level of achievement
than who take external responsibility. Apart from, a positive correlations between
locus of control and reasoning ability (r=.45), meaningful learning orientation
(r=.25), self-efficacy (r=.29) were found. These results indicate that these

variables are related with each other.

Students’ pre-test scores and meaningful learning approaches, however, predicted
students’ achievement in negative direction. This means that having higher prior
knowledge and use of meaningful learning orientation resulted in low
achievement in genetics in traditional classes. The mean of pretest scores
(M=5.38) of participants indicates that they have low level of prior knowledge.
These results can be explained by the teacher centered, textbook oriented nature
of traditional instruction. In such classes, most of teachers do not consider the
prior knowledge of the students and students are forced to memorize facts and

information given by the teacher. This finding requires, however, further
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investigation. This study contradicts with the results of the previous research,
indicating significant positive relationships between prior knowledge and
achievement (Lawson, 1983; Johnson & Lawson, 1998; BouJaoude, Saouma &
Giuliano, 2004). For example, Lawson (1983) showed that students’ prior
knowledge positively correlated (r=.36, p<0.001) with undergraduate students’
achievement in evolution and natural selection. Also, in their study on university
students, BouJaoude et al. (2004) revealed that prior knowledge, reasoning ability
and meaning orientation accounted for 32% of the variance on the final
examination scores on chemistry course. However, Mitchell and Lawson (1988)
found that prior genetics knowledge does not account a significant amount of
variance on reading comprehension and genetics achievement test. What is more,
Johnson (1993) found no correlation between prior biological knowledge and
students’ course grade. The contribution of students’ prior knowledge on
students’ achievement is found to be related with the subject being taught
(Champagne, Klopfer & Anderson, 1980). Champagne, Klopfer and Anderson
(1980) stated that if students’ prior beliefs contradict subject matter, then their
prior beliefs cause learning to be difficult for the students. It is necessary to note
that, in this study, prior knowledge correlated with none of the variables except

posttest.

The negative predictive influence of meaningful learning orientation, however,

indicates students who use more rote learning orientations have higher
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achievement in genetics. Rote learners acquire new knowledge without
connecting it to previously learned knowledge and that is consisted with the
nature of traditional instruction. Another words, this negative correlation shows
that high achievement scores in genetics were related to beliefs that genetics can

be best learned by rote memorization for students taught traditionally.

Although attitude toward science was the main predictor of achievement in
traditional classrooms, the main predictor of achievement in learning cycle
classrooms was the students’ meaningful learning orientation, explaining 49.6%
of the variance. The finding of the present study indicates that students with more
meaningful approaches to learning and tend to make connections between the
concepts, have greater genetics understanding than rote learners. This finding is
in line with inquiry nature of the learning cycle instruction. In the learning cycle,
for example, students connect new terminology to their observations and
formulated hypothesis in exploration phase of learning cycle. Therefore, we can
say that, trying to relate new knowledge to prior one may enhance achievement.
In this study, the result indicating the predictive influence of meaningful learning
orientation is consistent with the study of Cavallo (1996), who revealed that
meaningful learning orientation explained more of the variance (13%) in the
genetics meaning as compared to reasoning ability (3%) in learning cycle
classrooms. Cavallo and Schafer (1994) investigating the relationship between

students’ meaningful learning orientation, relevant prior knowledge, instructional
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treatment and all interactions of these variables on tenth grade students’
meaningful understanding of meiosis and genetics indicated that meaningful
learning orientation contributed to students’ attainment of meaningful
understanding independent of aptitude and achievement motivation. BouJaoude
and Giuliano (1994) by investigating the relationships between students’
approaches to studying, prior knowledge, logical thinking ability, gender and
their performance in a nonmajors’ college freshman chemistry course showed
that prior knowledge, TOLT scores, and meaning orientation accounted for the 32

% of the variance on the final examination scores.

In learning cycle classrooms, students’ attitude toward science also predicted
genetics achievement, explaining 11.8% of the variance. Similar to traditional
classes, students’ attitudes are the important determinant of genetic achievement
in learning cycle classes. Learning cycle by helping students to attain meaningful
understanding of genetics concepts and develop problem solving skills provide
students actively enroll in the lesson. As stated, genetics includes many abstract
concepts and students face with difficulties while learning genetics as a whole
(Longden, 1982; Smith & Good, 1984; Lawson & Thompson, 1988; Heim, 1991;
Marbach-Ad & Stavy, 2000; Banet & Ayuso, 2000). However, when the students
have positive beliefs and feelings toward school, their engagement in lessons also
increases. Their enrollment provides better understanding of concepts by helping

students to construct relationship between new concepts. Therefore, the level of
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understanding of abstract concepts such as the ones in genetics increases. The
positive significant correlation between students’ meaningful learning orientation
and their attitudes toward science (r=.58) means that students who have higher
meaningful learning orientations results in better construction of relationships
between new concepts will have higher attitude scores toward science. Besides,
students’ reasoning ability was found to be significantly correlated with their
attitudes toward science (r=.58). Results revealed that these two variables are
related to each other. While students’ locus of control contributes students’
genetics achievement in traditional classrooms, it did not contribute in learning
cycle classrooms. The failure of the locus of control to account for a significant
amount of the variance on the students’ posttest scores may be stem from the
nature of the learning cycle instruction which promotes group working and
require students to actively enroll in class activities. On the other hand, increased

application period may reveal different results.

Although a positive correlation between self-efficacy and genetics achievement
was found, self-efficacy failed to predict genetics achievement in both traditional
and learning cycle classrooms. Participants of this study have moderate sense of
self-efficacy (M=33.49). However, Cavallo, Rozman & Potter (2004) in their
study on students’ conceptual understanding of physics, revealed that physics
achievement scores significantly correlated with female and male students’ self-

efficacy scores (r=.47, r=.58) respectively. Kang et al. (2005), in their study
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found no significant relationship between self-efficacy and students conception
test scores about density. They stated that students’ motivational characteristics
toward the specific learning material may influence their performance. Pintrich
(1999) stated that self-efficacy is relatively situation-specific, compared with
other motivational variables. Therefore, some factors such as the type of
instruction or subject being taught may influence the relationship between self-
efficacy and achievement. In the present study, it was also observed that students’
self-efficacy scores significantly correlated with their locus of control scores both
in learning cycle and traditional classrooms (r=.282, r=.278) respectively. This
result means that students having internal control expectancies also have high
self-efficacy scores. This result is not surprising, considering the fact that,
students’ self-efficacy beliefs influence their choice of task, effort and
achievement (Schunk, 1995; Bandura, 1997). When student engagement in
lessons increases they learn more and they better perform, the higher their self-
efficacy (Linnenbrink & Pintrich, 2003). Locus of control is the general belief
that one’s behavior can have an impact on the environment and that one is
capable of controlling outcomes through one’s own behavior (Martinez, 2003).
Students’ with internal control expectancies believe that when they enroll in
lessons they can achieve, they can control outcomes so that they can achieve

increasing their self-efficacy.
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Regarding gender difference, result of the stepwise multiple regression analysis
indicated that, in the traditional classroom, the main predictor of boys’
achievement was attitude toward science explained 46.5% of the variance. On the
other hand, for girls, attitude toward science explained less variance (11.3%) on
achievement score. In the experimental group, again attitude toward science was
the main predictor of boys’ achievement explaining 47.5 of the variance, while it
explained less variance (10.9%) for girls. There are studies consistent with the
present study. For example, in the study of Levin, Sabar and Libman (1991) for
boys, attitude variable accounted for 20% of the variance, while for girls, attitude
variables accounted for only 10% of the variance on science achievement.
Johnson (1993) stated that the more positive attitudes results in the higher score
on exams both for boys and girls. Murphy, Ambusaidi and Beggs (2006) claimed
that boys have more positive attitudes toward science problem solving, while
girls liked science more when they were doing experiments. The reason for
females’ lower attitudes is explained by Miller, Blessing and Schwartz (2006) as
females simply do not find science interesting or relevant to their life goal. The
result of the present study revealed that attitude toward science is important for
students’ achievement especially for boys for both learning cycle and traditional
classrooms. In the present study, for girls, the main predictor of achievement was
reasoning ability while for boys, reasoning ability explained less variance on
students’ achievement. Thus, it can be stated that, reasoning ability may have

helped compensate for females' relative lack of genetics knowledge in
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understanding and achievement. The study of Saunders and Shaperdson (1987)
that compared the development levels of reasoning abilities of sixth grades and
found a significant contribution of gender on achievement favoring males. This
means that in their study, males’ reasoning abilities explained more of the
variance. In another study, Cavallo, Rozman and Potter (2004) revealed that
female students with high reasoning ability had greater understanding of
Newtonian physics concepts and had higher course achievement. In the present
study, for girls, students’ meaningful learning orientation explained most of the
variance (54%), while for boys it explained less variance (10.7%) on students’
achievement scores in the learning cycle classrooms. This result means that girls’
approach to learning that helps them to make meaningful links among ideas and
facts results in their higher achievement scores. Also, for boys, 2.7% of the
variance in the learning cycle classrooms explained by locus of control. This
variance is low compared to their attitude toward science and meaningful
learning orientations, indicating boys’ internal control expectancies who are
motivated to learn and take personal responsibility for waht happens, relatively

have low contribution to their achievement.

This study also interested in measuring the effects of different teaching strategies
(learning cycle versus traditional instruction) on students’ genetics achievement.
Results revealed that learning cycle instruction produced better acquisition of

genetics concepts compare to traditional instruction. This study suggested the use
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of learning cycle as an alternative teaching strategy for providing students’ better
understanding of genetics concepts. Learning cycle by helping students to attain
meaningful understanding of genetics concepts and develop problem solving
skills provide students actively enroll in the lesson. In the present study,
conceptual change text was used to promote conceptual change in the term
introduction phases of learning cycles. Findings revealed that the students who
are taught in learning cycle classrooms performed significantly better on post-
test. Therefore, findings indicated that as stated by Schneider and Renner (1980),
inquiry teaching, so the learning cycle, is more effective than traditional

instruction.

To conclude, this study reveals that different variables may be important for 8"
grade students’ genetics achievement in learning cycle and traditional classes. As
a result of the study, we can say that ability of variables to determine genetics

achievement depends on the methods of instruction.

The present findings have also some instructional implications for elementary
science teachers. Students face with considerable amount of abstract concepts in
genetics instruction. Such as, different teaching strategies can be used rather than
traditional instruction for providing conceptual change. Learning cycle one of
these strategies. In this study, learning cycle is used as an alternative teaching

strategy for providing students’ better understanding of genetics concepts.
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Teachers should be informed about the applications of the conceptual change
texts and learning cycle and also about the efficiency of conceptual change texts
and learning cycle. They should develop new learning cycle lesson plans for
increasing achievement not only about genetics but also about the other subjects
of science. By active enrollment in the activities in learning cycle, students can
integrate new information into their existing knowledge that supports their
learning. This study, presents the possible predictors of achievement. Therefore,
increase in the level of these variables results in increase in the level of
achievement. Educators, curriculum developers, counselors and school
psychologists should consider these variables to be able to increase achievement.
Counselors should focus on cognitive variables that are learning approach, prior
knowledge, reasoning ability of students and also on motivational variables that
are locus of control, self-efficacy and the attitudes toward science because these
variables can promote academic success. Increasing positive attitudes toward
school and science, results in academic success. They may focus on students’
approaches to learning and their reasoning abilities, then they may contact with
teachers by providing the teachers to develop instruction accordingly. They may
develop some activities to develop internal locus of control so that the students
may manage their studying habits accordingly. They may also use some strategies
to increase self-efficacy and attitudes of students. Although, in the present study,
a positive correlation between self-efficacy and achievement was found, self-

efficacy did not predict achievement, as stated in many studies a positive
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correlation was found between self-efficacy and achievement. When teachers
become more aware of the reasoning abilities of students, they would be more
effective while adapting their instructional materials and strategies. So that,
students with different levels of reasoning abilities can benefit equally from
instruction. The instructors should consider meaningful learning orientations.
Considering the effect of motivational variables on students understanding while
designing lessons may provide better enrollment of students in lessons.
Therefore, teachers should take into account these variables to be able to increase
achievement. School administrators should inform teachers about these strategies
and encourage teachers to integrate these teaching strategies into instruction by
in-service training. They should also inform the counselors and teachers about the
effects of these cognitive and motivational variables on students’ achievement.
Education faculties of universities, if they were not included, should integrate
learning cycle and conceptual change texts as an alternative teaching method to
their teaching method courses. Universities should train preservice and inservice
teachers about these strategies. They should also integrate the effect of cognitive
variables like reasoning abilities and learning approach into courses. Education
faculties should also focus on the motivational variables like locus of control,

self-efficacy and attitudes that are the inevitable factors affecting learning.

There may be some recommendations for further research studies. For example,

learning cycle can be used during whole semester for other science topics. The
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influence of learning cycle instruction on retention can be investigated to measure
whether it promotes long-term learning. The conceptual change learning can be
investigated by ontological, social/affective and epistemological perspectives.
Moreover, the contribution of other cognitive and motivational variables such as
achievement motivation, goal orientation, beliefs or attitudes toward school on
the understanding of genetics or other topics can be investigated. Same study can
be conducted on different grade levels. In addition to learning cycle model
including three phases that was used in the present study, other learning cycle

models, including 5 and 7 phases can be used.
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APPENDIX A

GENETIK BILGI ENVANTERI

1. Asagida canli viicudunda bulunan 6 tane bolim verilmektedir.

a) Verilenlerden daha 6nce duyduklarinizin yanina X igareti koyunuz.

Hiicre
Kromozom
Gen

DNA
Organizma
Cekirdek

b) Simdi de bu bolimleri asagidaki kutularda biiyiikten kiiciige dogru

siralayiniz.
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2. Asagida hiicre cekirdegi, gen, DNA, kromozom, alel, kalitim ve gamet
terimleri hakkinda ne kadar bilginiz oldugunu o6l¢en sorular bulunmaktadir.

Sorularin yanlarinda verilen kutucuklardan sadece bir tanesini igaretleyiniz.

Hiicre cekirdegi

e Hiicre ¢ekirdegi hakkinda daha 6nce hi¢birsey duymadim L]
e Hiicre ¢ekirdegi kelimesini duydum ama ne oldugunu tam bilmiyorum L]
e Hiicre ¢ekirdegi kelimesini duydum ve hakkinda birseyler sdyleyebilirim [
Peki, simdi de asagidaki sorular1 cevaplamaya calisiniz. Bilmiyorsaniz, yanina X
isareti koyunuz.

a) Hiicre ¢ekirdegi viicudunuzun hangi bolgesinde bulunur?

b) Hiicre ¢ekirdeginin canli i¢in 6nemi nedir?

c) Hiicre ¢ekirdeginin yapisinda sizce neler vardir?

Gen

e Genler hakkinda daha once hi¢birsey duymadim L]
¢ Gen kelimesini duydum ama ne oldugunu tam bilmiyorum [
¢ Gen kelimesini duydum ve genler hakkinda birseyler sdyleyebilirim [

Peki, simdi de asagidaki sorular1 cevaplamaya ¢alisiniz. Bilmiyorsaniz, yanina X
isareti koyunuz.

a) Gen terimini tanimlayiniz.

b) Genler viicudunuzun hangi bolgesinde bulunur?

c) Genler neden 6nemlidir?

b) Genlerin yapisinda ne vardir?
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DNA
e DNA hakkinda daha 6nce higbirsey duymadim

¢ DNA kelimesini duydum ama ne oldugunu tam bilmiyorum

e DNA kelimesini duydum ve DNA hakkinda birseyler sdyleyebilirim

a) DNA viicudunuzun hangi bolgesinde bulunur?

b) DNA neden énemlidir?

Kromozom

e Kromozom hakkinda daha 6nce higbirsey duymadim

e Kromozom kelimesini duydum ama ne oldugunu tam bilmiyorum
e Kromozom kelimesini duydum ve kromozom hakkinda

birseyler sdyleyebilirim

a) Kromozomlar viicudunuzun hangi bélgesinde bulunur?

b) Kromozomlar neden énemlidir?

¢) Kromozomlarin yapisinda ne vardir?

Alel
e Alel kelimesini daha 6nce hi¢ duymadim
e Alel kelimesini duydum ama ne oldugunu tam bilmiyorum

e Alel kelimesini duydum ve hakkinda birseyler sdyleyebilirim

a) Alel kelimesini tanimlayabilir misiniz?

b) Gen, DNA, kromozom ve alel arasinda bir iligki var midir? Ag¢iklayimniz.
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Kalitim

e Kalitim hakkinda daha 6nce hig¢birsey duymadim N
e Kalitim kelimesini duydum ama ne oldugunu tam bilmiyorum [
e Kalitim kelimesini duydum ve hakkinda birseyler sdyleyebilirim L]
a) Kalitim kelimesini tanimlayabilir misiniz?

Gamet

e Gamet terimini daha 6nce hi¢ duymadim []
e Gamet terimini duydum ama ne oldugunu tam bilmiyorum ]
e Gamet terimini duydum ve hakkinda birseyler soyleyebilirim ]

a) Gamet terimini tanimlayabilir misiniz?

b) Gamete bir 6rnek verebilir misiniz?

3. a) Asagida digerlerinden farkli oldugunu diisiindiigiiniiz kelimeyi daire i¢ine
aliniz.
Mide, bobrek, kalp, sperm, kan
b) Nedeninizi aciklayimiz.

4. Insan viicudunda bulunan baskin ve c¢ekinik ozellikler hakkinda ne
sOyleyebilirsiniz? Birer 6rnek vererek agiklayiniz.

Baskin 6zellik:

Ornek:

Cekinik ozellik:

Ornek:
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APPENDIX B

GENETIK BASARI TESTI

BOLUM A

Asagidaki sorularda dogru cevabi isaretleyiniz.

1. Canl viicudunda genler tam olarak nerede bulunur?
A) Her hiicrede
B) Cekirdekte
C) Kromozomlarda
D) DNA’nin yapisinda

2. Sag rengi karakteri i¢in heterozigot olan bir anne ile heterozigot bir
babanin dort ¢ocuklari vardir. Bu ailenin ¢ocuklarinin sa¢ rengi karakteri
icin agagidakilerden hangisi sOylenebilir?

A) Sansa bagli olarak degisebilir

B) Birinci ¢ocuk kesinlikle dominant karakter 6zelligine sahiptir

C) Dort cocuktan ticii kesinlikle dominant karakter 6zelligine sahiptir
D) Tiim ¢ocuklar kesinlikle dominant karakter 6zelligine sahiptir

3. Bir ailenin arka arkaya {i¢ ¢ocugu erkek olmustur. Dordiincii ¢ocugun
erkek olma olasilig1 nedir?

A) 172 B) 1/3 C) /4 D) 2/3

4. Canlilarin yapisini belirleyen her 6zellik i¢in asagidakilerden hangisi
sOylenebilir?

A) Bir gen tarafindan kontrol edilir
B) Bir gen c¢ifti tarafindan kontrol edilir
C) 23 gen tarafindan kontrol edilir
D) 46 gen tarafindan kontrol edilir
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. Ayni canlida bulunan deri, kas ve kemik hiicre ¢esitlerinden hangisi
digerlerinden farkh genlere sahiptir?

A) Hepsi ayn1 genleri tagir

B) Hepsi farkli genleri tasir

C) Deri hiicresi digerlerinden farklidir

D) Deri ve kemik hiicreleri ayni genetik yapiya sahiptir

. Insanda kan grubu iic alelle kontrol edilir. Buna gére asagida
verilenlerden hangisi bir insanin tasiyabilecegi alel sayis1 i¢in dogru bir
agiklamadir?

A) Ug alel de ayn1 anda tagimabilir

B) Sadece iki alel bir araya gelebilir

C) Sadece bir tane alel taginabilir

D) Anne ve babanin alellerinin hepsi taginabilir

. Asagida alel ve gen terimlerine ait agiklamalardan hangisi dogrudur?
A) Alellerin yapisinda genler bulunur

B) Gen ile alel ayn1 seydir

C) Genlerin yapisinda aleller bulunur

D) Alel gen ¢esididir

8 ve 9 numaral sorular1 asagida verilen semaya (Punnet karesi) gore
doldurunuz.

A a
— A AA Aa _|
() — '7 2)
a Aa aa — |

8. Yukaridaki Punnet karesine gore (A) ve (a) harfleri agagidakilerden

hangisini temsil etmektedir?

A) Anne ve babanin kromozomlari

B) Annenin ve babanin verilen 6zellik i¢cin homozigot oldugu
C) Anne ve babanin DNA yapisi

D) Anne ve babanin gametlerindeki aleller

173



10.

11.

12.

13.

14.

Punnet karesinin digina (1) numara ile gosterilen (A) ya da (a) harfleri
neden karenin i¢indeki gibi yan yana degil de tek yazilmistir?

A) Homolog kromozomlu déllenmis yumurta hiicresi oldugu i¢in

B) Homolog kromozom ¢iftinden sadece birini tagtyan yumurta ya da
sperm hiicresi oldugu i¢in

C) Anne ya da babanin viicut hiicresini temsil ettigi i¢in

D) Ogul déllerin genotipini temsil ettigi igin

Asagida verilen, insana ait hiicrelerden hangisinin yapisinda homolog
kromozom bulunmaz?

A) Sinir

B) Deri

C) Dol yatagi
D) Sperm

Bezelyelerde yuvarlak tohum burusuk tohuma baskindir. Bir ¢aprazlama
sonucu olusan bezelyelerden 4 tanesi burusuk, 12 tanesi yuvarlaktir. Bu
bezelyeler asagidaki ¢aprazlamalardan hangisi sonucu olusabilir?
(Yuvarlak tohum: Y, Burusuk tohum: y)

A)YY xyy B) Yyx Yy O Yyxyy D)YyxYY

Asagidakilerden hangisi bir bireyin sahip oldugu alel ¢iftlerinden biri
olamaz?

A) Kirmizi ¢igek-beyaz cigcek

B) Miyop goz-mavi géz

C) Yesil tohum-sar1 tohum

D) Yapisik kulak memesi-ayrik kulak memesi

A ve B kan gruplarina sahip bir ¢iftin birinci ¢gocuklari 0 kan
grubundandur. Ikinci ¢ocuklarmin AB grubundan olma olasilig1 nedir?

A) 172 B) 1/4 C) 1/8 D) 1/16

Bir organizmanin asagida verilen yapilarindan hangisinde ayni gen grubu
bulunmaz?

A) Deri hiicresi
B) Sinir hiicresi
C) Yumurta hiicresi
D) Kalp hiicresi
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15. Asagidakilerden hangilerinin ¢aprazlanmasindan fenotipi farkl bireyler
olusabilir?

A) Melez baskin x Ar1 dol baskin
B) Ar dol baskin x Ar1 dol ¢ekinik
C) Melez baskin x Melez baskin
D) Ari dol baskin x Ar1 dol baskin

16. Asagidaki hiicrelerden hangisinin kromozomlarinda her 6zellik i¢in iki
alel bulunur?

A) Insan yumurtasi

B) Kurbaga spermi

C) Bakteri sporu

D) Balina dol yatag: epitel hiicresi

17. Mendelin ¢aprazlamalarindan elde edilen sonuglar dikkate alindiginda
asagidakilerden hangisi soylenemez?

A) Her karakter bir gen ¢ifti tarafindan kontrol edilmistir
B) Gametler olusurken aleller birbirinden ayrilir

C) Gametler alellerin her ikisini de tasir

D) Gametlerin birlesmesi rastgeledir

18. Bir canliya ait herhangi bir 6zelligin kalitsal oldugu asagidakilerden
hangisi ile anlasilir?

A) Ortam kosullarindan etkilenmesiyle

B) Canlinin yagama sansini arttirmasiyla

C) Canlinin yasami boyunca devam etmesiyle
D) Canlinin bazi dollerinde ortaya ¢ikmastyla

BOLUM B:
Asagidaki sorularin cevaplarim sorularin altinda verilen bosluklara yaziniz.

1. D: Kivircik sag
d : Diiz sa¢
A: Kahverengi goz rengi
a : Mavi g6z rengi

Yukarida insanda iki 6zellik i¢in baskin ve ¢ekinik aleller verilmistir. Bu

iki karakterin ikisi i¢inde heterozigot olan canli kag ¢esit gamet
olusturabilir?
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2. Hayatinizda yakin akrabalarindan higbirine benzemeyen, ya da yakin
akrabalarima ¢ok fazla benzeyen bir kisi ile karsilastiniz m1? Bu iki
durumun nasil miimkiin olabilecegini aciklayiniz.

176



APPENDIX C

OGRENME YAKLASIMI ANKETI

IKesinlikle

Katilmiyorum

IKatilmiyorum

Katiliyorum

1. Genellikle ilk bakista zor gibi gériinen konulari anlamak i¢in ¢ok
¢aba sarfederim.

Kesinlikle

IKatiliyorum

2. Bir konuyu ¢aligirken 6grencigim yeni bilgileri eskisi ile
iligkilendirmeye ¢aligirim.

3. Ders galigirken, 6grendigim bilgileri giinliik hayatta nasil
kullanabilecegimi diisiiniirim.

4. Konulari en iyi, 6gretmenin anlattig1 siray: digiiniidiigiimde hatirlarim.

5. Ogrenmek zorunda oldugum konulari ezberlerim.

6. Onmeli konulari tam olarak anlayana kadar tekrar ederim.

7. Ogretmenler, 6grencilerinden, sinavda sorulmayacak konular
iizerinde ¢ok fazla zaman harcamalarini beklememelidirler.

8. Birkez caligmaya bagladigimda, her konunun ilgi ¢ekici olacagina inanirim.

9. Derslerde duydugum ya da kitaplarda okudugum bazi bilgiler
hakkinda sik sik diiiiniiriim.

10. Konularin birbirleri ile nasil iliskilendigini anlayarak, yeni bir

konu hakkinda genel bir bakis agis1 edinmenin benim i¢in faydali oldugunu diigiiniiriim.

11. Anladigimdan iyice emin olana kadar dersten ya da laboratuvardan
sonra notlarimi tekrar tekrar okurum.

12. Bir konu hakkinda ¢ok fazla arastirma yapmanin zaman kaybi
oldugunu diistindiigiimden, sadece sinifta ya da ders notlarinda anlatilanlar:
ciddi bir sekilde caligirim.

13. Okumam i¢in verilen materyalleri, anlamini tam olarak
anlayincaya kadar okurum.

14. Gergek olaylara dayanan konulari, varsayima dayanan konulardan
daha ¢ok severim.

15. Bir konuda 6grendigim bilgiyi baska bir konuda dgrendigimle
iliskilendirmeye ¢aligirim.

16. Benim i¢in teknik terimlerin ne anlama geldigini anlamanin en iyi yolu ders
kitabindeki tanimi hatirlamaktir.

17. Bulmaca ve problemler ¢ozerek mantiksal sonuglara ulasmak beni
heyecanlandirir.

18. Genelde okumam i¢in verilen materyalin bana saglayacag: fayday: diisiinmem.

19. Konular ezberleyerek 6grenirim, yani 6grendigime inanana kadar ezberlerim.

20. Cogunlukla, konular ger¢ekten anlamadan okurum.

21. Bir konuyla ilgili verilen fazladan okumalar kafa karistirict olabileceginden
sadece derste grendiklerimize paralel olarak tavsiye edilen birkag kitaba bakarim.

22. Ekstra birgeyler yapmanin gereksiz oldugunu diisiindiigiim igin, ¢aligmami
genellikle derste verilen bilgiyle smirlarim.
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APPENDIX D

MANTIKSAL DUSUNME TESTI

ACIKLAMA: Bu test, ¢esitli alanlarda, 6zellikle Fen ve Matematik dallarinda

karsilagabileceginiz problemlerde neden-sonug iliskisini goriip, problem ¢6zme

stratejilerini ne derece kullanabileceginizi gostermesi agisindan ¢ok faydalidir.
Bu test i¢cindeki sorular mantiksal ve bilimsel olarak diisiinmeyi gosterecek

cevaplari igermektedir.

NOT: Soru Kitapgigi iizerinde herhangi bir islem yapmayimniz ve cevaplarinizi

yalnizca cevap kagidina yazimz. CEVAP KAGIDINI doldururken dikkat

edilecek hususlardan birisi, 1 den 8 e kadar olan sorularda her soru icin cevap
kagidinda iki kutu bulunmaktadir. Soldaki ilk kutuya sizce sorunun uygun cevap

sikkini yaziniz, ikinci kutucuga yani ACIKILAMASI yazili kutucuga ise o soruyla

ilgili soru kitapcigindaki Ac¢iklamasi kismindaki siklar1 okuyarak sizce en uygun
olanim seginiz. Ornegin 12’nci sorunun cevabi sizce b ise ve Agiklamasi
kismindaki en uygun agiklama ikinci sik ise cevap kagidimi asagidaki gibi

doldurun:

b

2

12. ACIKLAMASI

9. ve 10. sorulan ise soru kitap¢iginda bu sorularla ilgili kisimlar1 okurken nasil

cevaplayacaginizi daha iyi anlayacaksiniz.
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SORU 1: Bir boyaci, ayni biiytikliikteki alt1 oday1 boyamak i¢in dort kutu boya

kullandigina gore sekiz kutu boya ile yine ayni biiytikliikte ka¢ oda boyayabilir?

a.

b.

d.

c.

Aciklamasi:

1.

7 oda
8 oda
9 oda
10 oda
Hicbiri

.3
Oda sayisinin boya kutusuna orani daima > olacaktir.

Daha fazla boya kutusu ile fark azalabilir.

Oda sayist ile boya kutusu arasindaki fark her zaman iki
olacaktir.

Dort kutu boya ile fark iki olduguna gore, alt1 kutu boya ile fark
yine iki olacaktir.

Ne kadar ¢ok boyaya ihtiya¢ oldugunu tahmin etmek miimkiin

degildir.

SORU 2: On bir odayr boyamak icin ka¢ kutu boya gerekir? (Birinci soruya

bakiniz)
a.
b.
c.
d.
e.
Aciklamasi:

5 kutu
7 kutu
8 kutu
9 kutu
Higbiri

.2
1. Boya kutusu sayisinin oda sayisina orani dalmag diir.

2. Eger bes oda daha olsaydj, ii¢ kutu boya daha gerekecekti.

3. Oda sayisi ile boya kutusu arasindaki fark her zaman ikidir.
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4. Boya kutusu sayisi oda sayisinin yarist olacaktir.

5. Boya miktarini tahmin etmek miimkiin degildir.

SORU 3: Topun egik bir diizlemden (rampa) asagi yuvarlandiktan sonra kat
ettigi mesafe ile egik diizlemin yiiksekligi arasindaki iligskiyi bulmak icin deney

yapmak isterseniz, asagida gosterilen hangi egik diizlem setlerini kullanirdiniz?

a.lvelV
oon| b. [l ve IV
c. [ ve III
d.lIveV
@ e. Hepsi
T5em
Aciklamasi:

1. En yiiksek egik diizlemle (rampa) karst en algak olan
karsilastirilmalidir.

Tiim egik diizlem setleri birbiriyle karsilastirilmalidir.

Yiikseklik arttik¢a topun agirligi azalmalidir.

Yiikseklikler ayn1 fakat top agirliklar farkli olmalidir.

A

Yiikseklikler farkli fakat top agirliklart ayn1 olmalidir.

SORU 4: Tepeden yuvarlanan bir topun egik diizlemden (rampa) asagi
yuvarlandiktan sonra kat ettigi mesafenin topun agirligiyla olan iliskisini bulmak
icin bir deney yapmak isterseniz, asagida verilen hangi egik diizlem setlerini

kullanirdiniz?
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a.lvelV
b. II ve IV
c. [ ve IlI
d.lIveV

e. Hepsi

Aciklamasi:
a. En agir olan top en hafif olanla kiyaslanmalidir.
b. Tim egik diizlem setleri birbiriyle karsilastirilmalidir.

Topun agirlig1 arttikca, ylikseklik azaltilmalidir.

e

&

Agirliklar farkl fakat yiikseklikler ayni olmalidir.
e. Agirliklar ayni fakat yiikseklikler farkli olmalidir.

SORU 5: Bir Amerikali turist Sark Expresi’nde alt1 kisinin bulundugu bir
kompartimana girer. Bu kisilerden {icii yalnizca Ingilizce ve diger iicii ise
yalnizca Fransizca bilmektedir. Amerikalinin kompartimana ilk girdiginde
Ingilizce bilen biriyle konusma olasilig1 nedir?

a. 2del

b. 3del

c. 4del

d. 6dal

e. 6dad
Aciklamasi:

1. Ardarda ii¢ Fransizca bilen kisi ¢ikabildigi i¢in dort se¢im

yapmak gerekir.

2. Mevcut alt1 kisi arasindan Ingilizce bilen bir kisi se¢ilmelidir.
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Toplam ii¢ Ingilizce bilen kisiden sadece birinin segilmesi
yeterlidir.

Kompartimandakilerin yarisi ingilizce konusur.

Alt1 kisi arasindan, bir Ingilizce bilen kisinin yanisira, ii¢ tanede

Fransizca bilen kisi se¢ilebilir.

SORU 6: Ug altin, dort giimiis ve bes bakir para bir torbaya konulduktan sonra,

dort altin, iki giimiis ve {i¢ bakir yiiziik de aym torbaya konur. Ilk denemede

torbadan altin bir nesne ¢ekme olasilig1 nedir?

a.
b.
c.
d.

€.

Aciklamasi:

2del

3del

7de 1

21del
Yukaridakilerden higbiri

. Altin, giimiis ve bakirdan yapilan nesneler arasindan bir altin

nesne se¢ilmelidir.

Paralarin iu ve ylziiklerin gu altindan yapilmustir.

. Torbadan c¢ekilen nesnenin para ve yiizik olmasi Onemli

olmadigi i¢in toplam 7 altin nesneden bir tanesinin se¢ilmesi

yeterlidir.

. Toplam yirmi bir nesneden bir altin nesne se¢ilmelidir.

. Torbadaki 21 nesnenin 7 si altindan yapilmistir.

SORU 7: Alt1 yasindaki Ahmet’in seker almak i¢in 50 liras1 vardir. Bakkaldaki

kapal1 iki seker kutusundan birinde 30 adet kirmizi ve 50 adet sar1 renkte seker

bulunmaktadir. ikinci bir kutuda ise 20 adet kirmizi ve 30 adet sar1 seker vardir.

Ahmet kirmizi gekerleri sevmektedir. Ahmet’in ikinci kutudan kirmizi seker

cekme olasilig1 birinci kutuya gore daha fazla midir?
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a. Evet

b. Hayir

Aciklamasi:

1.

Birinci kutuda 30, ikincisinde ise yalnizca 20 kirmizi seker
vardir.

Birinci kutuda 20 tane daha fazla sar1 seker, ikincisinde ise
yalnizca 10 tane daha fazla sar1 seker vardir.

Birinci kutuda 50, ikincisinde ise yalnizca 30 sar1 seker vardir.
Ikinci kutudaki kirmizi sekerlerin orani daha fazladir.

Birinci kutuda daha fazla sayida seker vardir.

SORU 8: 7 biiyiikk ve 21 tane kiiclik kopek sekli asagida verilmistir. Bazi

kopekler benekli bazilar1 ise beneksizdir. Biiyiik kopeklerin benekli olma

olasiliklar1 kiigiik kopeklerden daha fazla midir?

a. Evet
b. Hayir
Aciklamasi:
1. Baz kiigiik kdpeklerin ve bazi biiyiik kopeklerin benekleri vardir.
2. Dokuz tane kiiciik kopegin ve yalnizca ii¢ tane biiyiik kopegin
benekleri vardir.
3. 28 kopekten 12 tanesi benekli ve geriye kalan 16 tanesi
beneksizdir.
4. Biiyiik kopeklerin % si ve kii¢iik kopeklerin %i beneklidir.
5. Kiigiik kopeklerden 12 sinin, fakat biiyiik kopeklerden ise sadece

4iiniin benegi yoktur.
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SORU 9: Bir pastanede ii¢ ¢esit ekmek, {i¢ ¢esit et ve ii¢ ¢esit sos kullanilarak

St

57

sandvicler yapilmaktadir.

Ekmek Cesitleri Et Cesitleri Sos Cesitleri
Bugday (B) Salam (S) Ketcap (K)
Cavdar (C) Pili¢ (P) Mayonez (M)
Yulaf (Y) Hindi (H) Tereyagi (T)

Her bir sandvi¢ ekmek, et ve sos i¢cermektedir. Yalnizca bir ekmek

cesidi, bir et ¢esidi kullanilarak kag ¢esit sandvi¢ hazirlanabilir?
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Cevap kagid1 tizerinde bu soruyla ilgili birakilan bosluklara biitiin olas1

sandvig ¢esitlerinin listesini ¢ikarin.

Cevap kagidinda gereksiniminizden fazla yer birakilmistir.

Listeyi hazirlarken ekmek, et ve sos ¢esitlerinin yukarida gdosterilen

kisaltilmis sembollerini kullaniniz.

Ornek: BSK= Bugday, Salam ve Ketcap dan yapilan sandvic
SORU 10: Bir otomobil yarisinda Dodge (D), Chevrolet (C), Ford (F) ve
Mercedes (M) marka dort araba yarigmaktadir. Seyircilerden biri arabalarin yarisi
bitiris sirasinin DCFM olacagimi tahmin etmektedir. Arabalarin diger miimkiin
olan biitiin yaris1 bitirme siralamalarini cevap kagidinda bu soruyla ilgili birakilan
boslukalara yaziniz.

Cevap kagidinda gereksiniminizden fazla yer birakilmistir.

Bitirme siralamalarim1  gosterirken, arabalarin  yukarida gosterilen

kisaltilmis sembollerini kulaniniz.

Ornek: DCFM vyaris1 sirastyla dnce Dodge’nin, sonra Chevrolet’in, sonra

Ford’un ve en sonra Mercedes’in bitirdigini gosterir.
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APPENDIX E

GUDUSEL INANC OLCEGI

Agiklama: Bu odlgekte, Fen Bilgisi dersine ait gilidiisel inancinizi iligkin 9 climle
ile her ciimlenin karsisnda ~ KESINLIKLE  KATILMIYORUM,
KATILMIYORUM, KARARSIZIM, KATILIYORUM, KESINLIKLE
KATILIYORUM olmak iizere bes secenek verilmistir. Her ciimleyi dikkatlice
okuduktan sonra kendinize uygun segenegi V isareti ile belirleyiniz.

Tamamnen Katiliyorum
Katiliyorum

Kararsizim
Katilmiyorum

Hi¢ Katilmiyorum

1) Siniftaki diger 6grenciler ile karsilastirildiginda Fen
Bilgisi dersinde basarili olmay1 beklerim.

2) Fen Bilgisi dersinde 6gretilen konulari
anlayabildigime eminim.

3) Fen Bilgisi dersinde basarili olacagimi diistiniiyorum.

4) Siniftaki diger 6grenciler ile karsilastirildiginda, iyi
bir 6grenci oldugumu diisiiniiyorum.

5) Fen Bilgisi dersi i¢in belirlenen gorevleri ve
problemleri en iyi sekilde yapabilecegime eminim.

6) Fen Bilgisi dersinden iyi bir not alacagim
diigiiniiyorum.

7) Siniftaki diger 6grenciler ile karsilastirildiginda,
calisma becerilerim miikemmeldir.

8) Siniftaki diger 6grenciler ile karsilastirildiginda, Fen
Bilgisi konular1 hakkinda daha fazla bilgiye sahip
oldugumu diisiiniiyorum.

9) Fen Bilgisi dersinde verilen bilgileri
Ogrenebilecegime inantyorum.
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APPENDIX F

DENETIM ODAGI OLCEGI

Asagida a ve b olarak verilen cift climlelerin hangisinin daha dogru oldugunu
diisiiniiyorsaniz onun dniine bir ¢arp1 (X) isareti koyunuz. Bazi ¢ift ciimlelerin her
ikisi de fikrinize uygun olmayabilir. Boyle bir durumda bu iki ciimleden
diisiincenize biraz daha uygun olani se¢iniz. Her ¢ift climleyi kendi basina ele
aliniz; ona cevap verirken diger ¢ift climlelerin etkisi altinda kalmayiniz.

() a Insanlarin yasamindaki iiziintiilii olaylarin ¢oguna kismen kotii
talih sebep olur.

() b Insanlarin talihsizlikleri tamamen kendi yaptiklar: hatalarin
sonucudur

() a Bu diinyada insanlar eninde sonunda hakettikleri saygiy1 goriirler

() b Bir insan ne kadar ugrasirsa ugrassin onun degeri maalesef
genellikle farkedilmez

() a Basar1 saglamak ¢ok ¢alismaya baglidir, sansla hemen hemen hig
ilgisi yoktur

() b Iyi bir isi elde etmek esas olarak dogru zamanda dogru yerde
olmaya baglidir

() a Herhangi bir vatandasin devlet kararlarina etkisi olabilir

() b Bu diinyay1 basta bulunan az sayida insan idare eder ve herhangi
bir kimsenin bu konuda yapabilecegi pek bir sey yoktur

() a Planlar yaptigim zaman o planlar1 uygulayabilecegimden hemen
hemen eminimdir

() b Cok dnceden plan yapmak her zaman akillica bir ig degildir, ¢iinkii
bir¢ok sey zaten iyi veya kotii sans isi oluyor

() a Diinya meselelerinde cogumuz anlayamadigimiz ve kontrol
edemedigimiz kuvvetlerin kurbani oluyoruz

() b Insanlar siyasi ve sosyal olaylara aktif olarak katilarak diinya

olaylarini kontrol edebilirler
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Insanlarin ¢ogu hayatlarinin ne dereceye kadar tesadiifi olaylarla
kontrol edildiginin farkinda degiller
Gergekte sans diye birsey yoktur

~ ~
~— —

Birisinin bizi gercekten sevip sevmedigini bilmek zordur
Kag tane arkadagimiz oldugu bizim ne kadar 1yi bir insan
oldugumuza baghidir

()
()

Cok zaman basima gelen iyi ve kotii olaylarda roliimiin ¢ok az
oldugunu hissederim

Sans veya talihin hayatimda 6nemli bir rol oynadigina inanmak
benim i¢in imkansizdir
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APPENDIX G

FEN BIiLGIiSi TUTUM OLCEGI

Agciklama: Bu olcekte, Fen Bilgisi dersine iligkin tutum ciimleleri ile her ciimlenin kargisinda
TAMAMEN KATILIYORUM, KATILIYORUM, KARARSIZIM, KATILMIYORUM, VE HIC
KATILMIYORUM olmak iizere bes segenek verilmistir. Her climleyi dikkatlice okuduktan sonra
kendinize uygun se¢enegi \ isareti ile belirleyiniz.

Tamamen Katilryorum

Katiliyorum
Katilmiyorum

Kararsizim

Hig¢ Katilmiyorum

1) Fen Bilgisi ¢ok sevdigim bir alandir

2) Fen Bilgisi ile ilgili kitaplar1 okumaktan hoglanirim

3) Fen Bilgisinin giinliik yagantida ¢ok 6nemli bir yeri yoktur

4) Fen Bilgisi ile ilgili ders problemlerini ¢6zmekten hoslanirim

5) Fen Bilgisi konulart ile ilgili daha ¢ok sey 6grenmek isterim

6) Fen Bilgisi dersine girerken sikint1 duyarim

7) Fen Bilgisi dersine zevkle girerim

8) Fen Bilgisi dersine ayrilan ders saatinin daha fazla olmasini
isterim

9) Fen Bilgisi dersine ¢alisirken canim sikilir

10) Fen Bilgisi konularini ilgilendiren giinliik olaylar hakkinda
daha fazla bilgi edinmek isterim

11) Diisiince sistemimizi gelistirmede Fen Bilgisi 6grenimi
onemlidir

12) Fen Bilgisi ¢evremizdeki dogal olaylarin daha iyi
anlagilmasinda 6nemlidir

13) Dersler i¢inde Fen Bilgisi dersi 6nemsiz gelir

14) Fen Bilgisi konulart ile ilgili tartismalara katilmak bana cazip
gelmez

15) Calisma zamanimin énemli bir kismini1 Fen Bilgisi dersine
ayirmak isterim
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APPENDIX H
KAVRAMSAL DEGIiSiM METNIi-GENETIK

GENETIKLE ILGILT TEMEL KAVRAMLAR

«@ Ogretmeniniz  tarafindan verilen aile resmini

AKTIVITE1 inceleyiniz. Aile bireylerinin her birini inceleyerek

benzerliklerini ve farkliliklarini belirlemeye ¢alisiniz.

Gozlemlerinizi sinifla paylasiniz.

Biyolojik yapinizla ilgili 6zellikler her zaman anne ya da babaniza mi benzer?
Boylari uzun olan anne ve babanin kisa boylu gocuklar: olabilir mi? Negatif
kan grubuna sahip olmayan bir anne babanin gocuklari negatif kan grubu
tasiyabilir mi?

Biitiin bu sorularin cevaplarini kalitim ile cevaplayabiliriz.

.‘:
\z.‘? z
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<
L

&S

&S
@«

Peki kalitim nedir?

Bazi dgrenciler kalitim kelimesini insanin DNA'sinda bulunan sahip
oldugumuz ozellikler olarak tanimlamaktadir.

Bazi dgrenciler ise kalitim ve genetik terimlerini ayirt
edememektedirler.

Uzun boy, kivircik sag, renkli goz gibi anne ve babanin sahip oldugu
karakterlerin yavrulara aktariimasina kalitim, kalitsal 6zellikleri, bu
ozelliklerin nesilden nesile nasil aktarildigini, soylar arasindaki
benzerlik ve farkhliklar: inceleyen biyoloji dalina genetik denir.

Genetik konusunu daha iyi kavrayabilmek igin gen, kromozom, DNA gibi temel
kavramlari ve bu kavramlar arasindaki iligkileri bilmemiz gerekmektedir.

P
( )

Hiicre, gen, kromozom, organizma, DNA ve gekirdek kavramlarini

- asagidaki kutularda biiyiikten kiigiige dogru siralayabilir misiniz?

}b » > » »
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Yukaridaki soruda o6grenciler organizmanin diger terimleri kapsadigini
bilmekle beraber hiicre, kromozom, gen, DNA ve cekirdek terimlerini
siralamakta zorlanmiglar ve su cevaplari vermislerdir:

Organizma, DNA molekiilinden daha biyiiktir. DNA molekiili ise
hiicreden, hiicre cekirdekten, ¢ekirdek kromozomdan, kromozomlar
ise genlerden daha biiyliktiir.

Organizm ’P DNA ’P Hiicre ’P Gekirdek ’P Kromozom ’P Gen

() Organizma DNA molekiilinden daha biiyiiktir. DNA molekiili ise
genlerden, genler hiicreden, hiicre ¢ekirdekten, g¢ekirdek ise
kromozomlardan daha biyiktdir.

Organizma (o DNA [ Gen P Hiicre | Cekirdek [P Kromozom

Organizma kromozomlardan daha biyiktir. Kromozomlar ise DNA
molekiiliinden, DNA molekiilii genlerden, genler hiicreden, hiicre ise
gekirdekten daha biyiktir.

Organizma ” Kromozom [P DNA ” Gen ” Hiicre ” Cekirdek

Ogrencilerin birgogu ise organizmanin hiicrelerden olustugunu, hiicrelerin ise
¢ekirdegi oldugunu bilmektedir; ancak siralamay asagidaki gibi yapmaktadir.

) Organizma hiicreden, hiicre ise gekirdekten biyiktiir. DNA molekiili
ise genlerden, genler de kromozomlardan daha biiyiiktiir.

Organizma ’V Hiicre ’V Cekirdek ’V DNA ’V Gen ’V Kromozom

Ya da;

@ Organizma hiicreden, hiicre ise gekirdekten biyiiktiir. Cekirdek ise
genlerden, genler, DNA molekiilinden, DNA molekili ise
kromozomlardan daha biyiktdir.

Organizma ’V Hiicre ’V Gekirdek ’P Gen ’V DNA ’V Kromozom
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bilinse de verilen siralamalardan higbiri dogru degildir.

Bu ferimler arasindaki iligkiyi agiklayalim:

Yeryliziinde yasayan ve solunum, sindirim, bosaltim, lreme ve benzeri
yasamsal faaliyetleri gergeklestiren hayvan, bitki gibi canlilara genel olarak
organizma adi verilir. Organizmanin canhllik 6zelligi gosteren en kiigiik yapi
birimi ise hiicredir. Yani sistemler, sistemleri olugturan dokular hiicrelerden
meydana gelir. Dolayisiyla organizma hiicrelerden olusur. Cekirdek ise
hiicredeki bliylime, bdlinme, onarim gibi yasamsal faaliyetlerin
denetlendigi yapidir.

Hiicrede kalitim bilgisi gekirdekte bulunur. Hiicre bélinmedigi zaman
gekirdek iginde daginik, uzun, ipliksi sekilde goriilen yapilara kromatin agi
denir. Hicre bélinmesi sirasinda kromatin iplikleri kisalip kalinlagarak
kromozom denilen yapilari meydana getirir. Kromozomlarin yapisinda DNA
(deoksiriboniikleik asit) ve protein vardir. DNA'nin yapisinda ise 4 azotlu
organik baz (Adenin (A), Timin (T), Guanin (6), Sitozin (S)), deoksiriboz
sekeri ve fosfat grubu bulunur.

censen

tiiriin bireylerinde bulunan kromozom sayisi ise aynidir. Kromozomlarin sayisi
ile canlilarin geligsmislikleri arasinda bir iliski yoktur. Mesela insanin viicut
hiicrelerinde 46 kromozom bulunurken, egrelti otunda 500 kromozom
bulunur.

Deoksiriboz

sekeri

Fosfat
grubu

Sekil 1-DNA molekiiliiniin yapisi
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3 Peki gen nedir?

Ogrencilerin birgogu gen kavramini tam olarak tanimlayamamaktadir. Gen
kavramini tanimlamalari istendiginde ise,

&) Yapisinda DNA bulunan bizi diger canlilardan farkh kilan yapidir

() Anneden ya da babadan gocuga gegen kalitsal hiicrelerdir, yapisinda
kromozom vardir.

Anne ve babanin karigimidir ve yapisinda DNA ve RNA vardir.

Insanlarin fiziki 6zelliklerinin olusmasini saglayan DNA ve RNA gendir.

Birgok ogrenci alel kelimesinin ne anlama geldigini tam olarak bilmemekte
veya alel ve gen terimlerini karistirmaktadir.

S Bazi 6grenciler alellerin yapisinda genlerin oldugunu diisiindir.

& Kimi ogrenci de gen ile alelin ayni sey oldugunu dusiindir.

(&) Bazilari da genlerin yapisinda alellerin bulundugunu distinir.

Bu tanimlamalardan &grencilerin genlerin canhlarin  belli  6zelliklerini
belirlediklerini bildikleri ama yapisi hakkinda tam olarak bilgi sahibi
olmadiklar: anlasiimaktadir.

o Kalitsal 6zellikleri kontrol eden ve yavru déllere aktariimasini saglayan
kalitsal birim gen'dir. Her insanin bir kimligi vardir. Kimliginizde
adiniz, soyadiniz ve size ait, sizi anlatan bilgiler bulunur. Sag rengi,
goz rengi, kan grubu ya da sahip oldugumuz herhangi bir genetik
hastalik gibi birgok o&zelligimiz genlerimiz tarafindan belirlenir.
Dolayisiyla bizim ozelliklerimizi belirleyen kimligimiz genlerimizdir.
Harflerin farkh kombinasyonlari ile milyonlarca kelime olusmasi gibi
DNA molekiiliiniin yapisini olusturan 4 azotlu organik bazin (A, T, 6, S)
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farkli dizilmesi sonucu binlerce gen olusur. Sonug olarak genler,
canlinin belli 6zelliklerinden sorumlu DNA bélgeleridir. Uzun bir DNA
molekiilinde farkli 6zellikleri belirleyen birgok gen bulunur.

Her canli belirli sayida ve belirli gesitte gene sahiptir. Canlinin diger
organizmalardan goriinim, kimyasal yapi ve davranis olarak farkli olmasini
saglayan sahip oldugu genleridir.

Boy uzunlugu, gigek rengi gibi herhangi bir 6zellik igin canlinin gériinisi bir
genin alel adi verilen farkh sekilleriyle belirlenir. Ornegin kirmizi ve sart, giil
renginin alelleridir. Bir genin farkli alellerinin olmasi da canlilarin gesitliligini
agtklar. Ciinki sahip oldugumuz binlerce gen ve bu genlerin binlerce aleli
vardir. Mesela uzun kirpik ve kisa kirpik, diiz ya da kivircik sag bir genin
farkli alelleridir.

&)
?( Ayni canlida bulunan farkli gesit (sinir, deri ve kas gibi) viicut
°< hiicrelerinde farkl genler mi bulunur?

Birgok 6grenci bu soruya soyle cevap vermektedir;

(&) Hepsifarkl genleri tasir

() Benzer dokularda ayni genler, farkli dokularda ise farkli genler
bulunur.

Oysaki viicut hiicrelerimizin tamaminda ayni genler bulunur.
o Viicudumuz annemiz ve babamizin reme hiicrelerinin birlesmesi ile
meydana gelen zigotun béliinerek milyarlarca hiicre olusturmasi ile
meydana gelir. O halde tek bir hiicrenin  farklhlasmasi ve gogalmasi
ile olusan bir canlinin tim hiicrelerinde ayni DNA molekiild vardir.
Hiicrelerin kemik, deri, sinir hiicresi gibi farklilasmasinin nedeni ise
DNA molekiilinde bulunan genlerden bazilarinin hiicrenin gorevine

gore aktif halde olmasindan kaynaklanmaktadir.

Genlerin DNA molekiiliiniin yapisinda bulundugunu ve kromozomlarin da DNA
molekiiliinden olustugunu 6grendik.
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CEKIRDEK

1 GEN

HUCRE KROMOZOM DNA

Sekil 2-Sekilde hiicre, gekirdek, kromozom, DNA ve gen arasindaki iligkiyi
gormektesiniz.

censen

DNA'lariniz genlerinizi igerir. Genler hiicrelerimizi olusturan proteinleri
belirler. Hiicreler de canli varliklar: yani organizmayi olusturur.

Sonug olarak organizma, hiicre, kromozom, DNA, g¢ekirdek ve gen

Organizma }; Hiicre }’ Gekirdek }» Kromozom F DNA }» Gen

Beser dgrenciden olusan gruplar olusturarak
E 1-b " - .
KTIVIT ogretmeninizden kromozom, gen, DNA, organizma,
A hiicre ve g¢ekirdek kavramlarini sembolize eden
sekilleri aliniz ve biiyiikten kiiglige dogru siralayiniz. Grup olarak yaptiginiz
siralamay! arkadaglarinizla paylasiniz.

Kromozom, DNA, gen ve alel kavramlarini 6grendiniz peki anne ve babadan
gelen aleller ogul déllerde nasil bir araya gelir?

15 gift gorap olan bir gekmece diisiiniiniiz. Sag ve sol tekten olusan goraplara
bir ¢ift gorap dediginiz gibi 6karyot canlilarin yapisinda da bir gift kromozom
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bulunur. Biri anneden digeri babadan gelen, ayni karakteri belirleyen genleri
tasiyan benzer sekil ve yapidaki bu kromozomlara homolog kromozom denir.

23 ¢ift kromozom
bulunur. Her bir giftte bulunan iki kromozom ayni boya ve ayni sekle sahiptir
ve bu kromozomlar homolog kromozomlardir. Homolog kromozomlarin ayni
bélimlerinde ayni karakterleri belirleyen genler bulunur. Sonug olarak her
gesit kromozomdan iki tane, her hiicrede de her gen gesidinden iki tane
bulunur. Déllenme sirasinda 23 kromozom anneden, 23 kromozom babadan
gelir ve 46 kromozom sayisi elde edilir. Dolayisiyla anne ve babadan gelen 23
kromozom birbirinin homologudur.

qrt

i R ar i
i fid i

1% 20 Fa | 22 Ba
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Sekil 3- Insanda bulunan 23 ¢ift kromozom
Her kromozom giftinde bulunan iki kromozom homolog kromozomlardir

Sekli inceleyiniz.
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Bir homolog kromozomdaki iki kromatid

.  Homolog kromozomlar

Sekil 4- Homolog kromozomlar

o,
j X

Sizce sinir, deri, dél yatagi ve sperm hiicrelerinden hangisinde
°« homolog kromozom bulunmaz?

oY

(& Bu soruya birgok 8grenci dsl yatagi cevabini vermektedir.

Dol yatagi iireme sisteminin bir pargasidir ve kromozom sayisi viicut

kromozom sayimiza egittir. Sinir ve deri ise dol yatag: ve diger viicut
hiicrelerimiz gibi 23 anneden ve 23 babadan olmak lizere 46 kromozoma
sahiptir. Dogru cevap sperm olmalidir. Sperm hiicreleri kromozom sayimizin
yarisina sahiptir. Dolayisi ile viicut hiicrelerimizde 46 kromozom var ise
sperm ve yumurta olarak farklilasan ireme hiicrelerimiz 23 kromozoma
sahiptir. Zigot olusumu sirasinda lreme hiicrelerinin igerdikleri
kromozomlarin bir araya gelmesi ile canlinin sahip oldugu viicut
hiicrelerindeki kromozom sayisi elde edilir.

=@ Aktivite kagidinizi alarak beser o6grenciden

2
AKTIVITE olusan gruplar olusturunuz.

?\ Insan viicudunda bulunan baskin ve gekinik karakterler igin ne
y's

5, sdyleyebilirsiniz?

Ogrenciler insanin sahip oldugu tiim &zelliklerin ya baskin ya da
gekinik oldugunu diisiinmektedirler.

Bazi 6grenciler bu soruya soyle cevap vermektedirler.
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Anne karakteri baskinsa gocuk anneye benzer, baba karakteri
baskinsa gocuk babaya benzer.

o Oysaki baskin ya da gekinik olan alellerdir, bireyler degildir. Baskin
olan, gekinik alelle birlikte bulundugu zaman etkisini gosteren alele
baskin alel (dominant) denir. Baskin olan alellerin belirledigi 6zellikler
baskin ¢zellik ya da baskin karakter adini alir. Ornegin, insanda ayrik
kulak memesi yapisik kulak memesine baskin olan bir karakterdir. Bu
durumda ayrik kulak memesi aleli ile yapigik kulak memesi aleli bir
araya geldiginde ortaya gikan birey ayrik kulak memesine sahip olur.

Dominant alelle birlikte bulundugunda etkisini gostermeyerek gizli kalan alele
gekinik alel (resesif) denir. Cekinik aleller kiigiik harfle gosterilir. Cekinik
alellerin belirledigi ¢zellikler gekinik 6zellik ya da gekinik karakter olarak
adlandirilir.

Genetikle ilgili ¢alismalarda farkli ozellikleri belirleyen aleller harflerle
gosterilir. Baskin aleller biyiik harfle gekinik aleller ise kiigiik harfle
gosterilir. Ornegin, insanda kivircik sag diiz saga baskindir. Kivircik sag alelini
D harfi ile, diiz sag alelini ise d harfi ile gosterebiliriz.

Homolog kromozomlarin karsilikh gelen bdlgelerinde bir karakterin
belirlenmesinde etkili olan bir gen gifti bulunur. Bu gen gifti ayni aleli
igerebilecegi gibi farkli alelleri de igerebilir.

Asagidaki sekilde baskin ve gekinik aleller homolog kromozomlar iizerinde
gosterilmistir.
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] | ] Babadan gelen kromozom

Anneden gelen kromozom

=g -
w ]

Sekil 5- Homolog kromozomlarda tasinan aleller

censen

Babanin tasidigr A ve B alelleri, annenin tasidigi a ve b alellerine baskindir.
Dolayisi ile bu kromozomlari tasiyan birey baskin 6zellige sahip olur. Bir canli
bir 6zellik igin ayni aleli igeriyorsa yani hem annesinden hem de babasindan
ayni aleli aldiysa bdyle canlilara homozigot (ari dél) adi verilir. Ornegin anne
ve babasindan kivircik sa¢ alelini alan bir ¢ocuk 'sagin bigimi' igin
homozigottur.

Ornek: Farelerde siyah tiiy rengi (S) kahverengi tiiy rengine (s) baskindir.
Hem annesinden hem de babasindan kahverengi tiy alelini alan fare (ss)
kahverengi tiyli olur. Bu fare tiy rengi 6zelligi igin homozigottur.

Resesif karakterler ancak homozigot durumda ortaya g¢ikar. Yukaridaki
ornege gore annesinden siyah tiiy aleli (S), babasindan kahverengi tiy aleli
(s) alan bir fare siyah tiyli olacaktir. Farkli alelleri igeren birey heterozigot
(melez=hibrit) olarak adlandirilir. Bu durumda annesinden siyah tiiy aleli (S),
babasindan kahverengi tiy aleli (s) alan bir fare (Ss) siyah tiiyli olur. Bu
durumda fare tiy rengi 6zelligi igin heterozigottur. Bir canlinin sahip oldugu
genlerin toplamina o canlinin genotipi denir. Bir canlinin belirli yas ve
gevredeki dig goriiniigiine ise o canlinin fenotipi denir. Fenotip, canlinin yasina
ve gevre kosullarina gore degisebilir.
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Ornegin,

D: Kivircik sag

d: Diiz sag

B: Kahverengi goz

b: Mavi g6z ise, DdBB genotipine sahip bir birey:

e Sagin bigimi igin heterozigot, g6z rengi igin homozigot gekiniktir.
o Fenotipi ise kivircik sag ve siyah goz olur.

Genotip

Sekil 6- Bir bitkinin genotip ve fenotipi

I

Fenotip

AKTIVITEZ®

Aktivite kagidinizi 6gretmeninizden alarak tek basina galisiniz.

CAPRAZLAMA: Dollenme olayr ile genlerin gesitli kombinasyonlar
olusturmasidir. Mesela homozigot diiz sagh bir anne ile kivircik sagl bir
babanin olusturdugu kombinasyonlara ve gaprazlamaya bakalim.

D: Kivircik sag

d: Diiz sag

DD X dd

S|

Dd Dd Dd Dd

Sekil 7- Sagin bigimi 6zelligi igin homozigot iki bireyin gaprazlanmasi

babanin ¢ocuklarinin hepsi heterozigot kivircik sagli olur.
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MENDEL ILKELERI VE GENETIK CAPRAZLAMALAR

Kalitimla ilgili pek gok sorunun cevabini bulabilmek igin Mendel'in galismalarini
ogrenmemiz gerekir.

Gregor Mendel (1822-1884), Avusturyali bir bilim adamiayni
zamanda papazdir. Mendel manastirin bahgesinde yetistirdigi
bezelyeler Ulzerinde galisarak kalitimin ana ilkelerini ortaya
koymustur. Mendel galismalarinda neden bezelyeleri segmistir,
hi¢ diiglindiiniiz mi?

Sekil 1- Gregor Mendel

e Bu bitkilerin yetistirilmesi kolaydir

e Kisa siirede ¢ok dol verir

e Bir ¢ok ¢cesidi vardir

e Bu gesitler arasindaki ¢aprazlamalardan elde dilen ogul déller kolayca
tirerler

e Baska bir bezelye c¢igeginin ¢igek tozlariyla kolayca tozlasma
yapamayacak gicek yapisina sahiptir

Mendel ilk gaprazlamalarinda tek bir karakter bakimindan fark gosteren
bezelyeleri  kullanmistir. Asagida Mendelin  bezelyelerde inceledigi
karakterler ile ilgili olarak elde ettigi sonuglardan bazilari tablo 1'de
gosterilmistir,
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Tablo 1- Bezelyelerde baskin ve gekinik karakterler

Karakterler Baskin ve gekinik karakterler
Tohum sekli Yuvarlak tohum, burusuk tohuma baskin
@ L%
Tohum rengi Sari tohum, yesil tohuma baskin
&) Q
Tohum kabugu rengi Renkli tohum, beyaz fohuma baskin
Meyve rengi Yesil meyve, sari meyveye baskin
Meyve sekli Siskin meyve, burusuk meyveye baskin

Mendel, deneylerinde kullandigi 6zellik bakimindan farkli olan iki ari déle ata
anlamina  gelen  ‘Parental kusak (P) adini  vermistir.  Bunlarin
gaprazlanmasindan elde ettigi dollere de ogul anlamina gelen ‘Filial (F)
demistir. Ilk ¢aprazlamalarindan elde ettigi déle birinci dél (F:), F'in kendi
arasinda yaptlan gaprazlama sonucu olugsan déle de ikinci dol (Fz) adini
vermistir.

Mendel'in calismalari sonucunda bulduklarini Mendel Ilkeleri adi altinda
ozetleyelim.

MENDEL ILKELERT

o Ozellikler atadan yavruya genlerle geger. Bezelye bitkisinde bir
ozellik igin birbirine benzer ya da farkl olan bir gift alel vardir. Bu
aleller farkli olursa biri baskin digeri gekinik kalir.

e Bir ¢ift alel genden herbiri gametlere esit olasilikla bagimsiz olarak
geger. Olugan her gamet alel giftinden sadece bir tane alabilir. Buna
'‘Bagimsiz ayrilma kurali’ denir.

e Gametler rastgele birlestigi icin melezlerin kendi aralarinda
gaprazlanmasiyla belirli 6zellikler 6nceden tahmin edilen oranlarda
ortaya gikar.
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AKTIVITE 3-8 Activite kagidinizi alarak beger &grenciden

olusan gruplar olugturunuz.

Gametler meydana gelirken aleller birbirinden ayrilir. Her gamet alel
giftinden sadece bir tanesini alir ve hangi genlerin bir arada toplanacagi
tamamen tesadiiflere baglidir.

Homozigot dominant karakter tasiyan bir bireyle homozigot resesif karakter
tasiyan bir birey ¢aprazlandiginda F; dolii %100 melezdir.

Ornek:
Tek ozellik igin (tohum sekli) homozigot baskin ve gekinik olan iki bireyin
gaprazlanmasi sonucunda yuvarlak tohumlu heterozigot bireyler ortaya gikar.

R: Yuvarlak tohumlu bezelye
r: Burusuk tohumlu bezelye

P Homozigot burusuk
tohumlu bezelye ﬁ @ tohumlu bezelye

VANAY

gamet

Fi © & © ©

%100 heterozigot yuvarlak tohumlu bezelye

Sekil 2-Tek ozellik igin (fohum sekli) homozigot olan iki ayri bireyin
gaprazlanmasi

Tek 6zellik igin (fohum rengi) homozigot baskin ve gekinik olan iki bireyin
¢aprazlanmasini Punnet karesi ile de gosterebiliriz.
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A: sari tohum, a: yesil tohum

\d\i;i a a
1 1
erkek T 3
A Aa Aa
A i
: . .‘._.,.'. 1 . -_J_I..'.
A Aa Aa
1 i | @
Fl 8 =

Tablo 2-Punnet karesinde tek ozellik igin homozigot olan iki bireyin
¢aprazlanmasi

Punnet karesi ile déllenme sirasinda gametlerde bulunan alellerin nasil bir
araya geldigi rahatlikla g6zlenebilir.

¢ f?’\.
) /S
a

Punnet karesinin disinda bulunan (A) ve (a) harfleri neyi temsil

" etmektedir ve neden karenin iindeki gibi yan yana degil de ayri

ayri yazilmigtir?

Ogrencilerin bir kismi bu harflerin kromozomlari temsil ettigini
diigiinmektedir

() Bazilari ise zigot olarak diisiiniirler.

@) Ogrencilerin bir kismi da bu harflerinin anne veya babanin viicut

&S

hiicresini temsil ettigini diisinmektedir

Bazilari ise bu harfleri ogul déllerin genotipi olarak algilar

A harfi annenin olusturdugu gametin tasiyabilecegi olasi aleli ve B
harfi ise babanin olusturdugu gametin tasiyabilecegi olasi aleli
gosterir. Sonug olarak harflerin Punnet karesinin disinda tek
yazilmasinin nedeni her bir gametin sadece bir aleli tasimas: ve bu
harflerin bu gametleri temsil etmesidir. Punnet karesinin iginde ise
olusacak yavru bireylerin sahip oldugu genotip verildigi igin yan yana
yazilmistir.
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Punnet karesinde yatay siraya diginin sahip oldugu aleli tasiyan gametler,
diigsey siituna ise erkegin sahip oldugu aleli tagiyan gametler yazilr.

Tek bir 6zellik igin heterozigot iki birey kendi arasinda ¢aprazlanirsa (FixFi),
F, déliinde karakterler ayrilir. Daha 6nce gizli kalan karakterler etkisini 1/4
oraninda gosterir. Boyle tek bir ozellik igin heterozigot iki bireyin
¢aprazlanmasina monohibrit gaprazlama adi verilir. (Aa x Aa)

Ornek: Tek ozellik icin homozigot olan yuvarlak ve burusuk tohumlu iki
bezelyenin ¢aprazlanmasi ile elde edilen F; délini kendi arasinda
¢aprazladigimizda F, dolini elde ederiz. Tek 6zellik igin (fohum sekli)
heterozigot olan iki bireyin ¢aprazlanmasi sonucunda yuvarlak ve burusuk
tohumlu bireyler ortaya gikar.

R: Yuvarlak tohumlu bezelye
r: Burusuk tohumlu bezelye

Fi

™ Heterozigot yuvarlak
@ tohumlu bezelye
Rr Fr
1/2 R 12 r 1yz R 12y
3 © © 0 @
RR Rr Rr tr

Genotip: %25 %50 %25
homozigot heterozigot homozigot
yuvardak tohumlu yuvar‘lak}ohumlu burusuk tohumlu
- J

Fenotip: 2 yuvarlak tohumlu 4 burusuk tohumlu

Sekil-3 Tek 6zellik bakimindan heterozigot olan iki bireyin ¢caprazlanmasi

Tek ozellik bakimindan homozigot baskin ve ¢ekinik olan iki bireyin
gaprazlanmasi ile olugan fenotiplerin dagilim orani 1:1; heterozigot iki bireyin
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gaprazlanmas: ile olugan fenotiplerin dagilim orami 3:1, genotipteki dagilim
orani ise 1:2:1" dir.

AKTiVITE 3'b Bezelyelerde renkli tohum beyaz tohuma baskindir.

Buna gore heterozigot iki renkli tohuma sahip
bezelyenin ¢aprazlanmasi ile olugsacak bireylerin
genotiplerinin  dagihm  oranint  Punnet  karesi
kullanarak belirleyiniz. Heterozigot renkli tfohumlu
bezelye ile beyaz tohumlu bezelye ¢aprazlanirsa
beyaz tohumlu bezelye ¢ikma olasiligini hesaplayiniz.
(R: Renkli tohum, r: beyaz tohum)

Sag rengi karakteri icin heterozigot olan bir anne ile heterozigot

o olan bir babanin dért gocuklari vardir. Bu gocuklarin sa¢ karakteri

igin ne sdyleyebilirsiniz?

Bazi 6grenciler bu soruya soyle cevap vermislerdir;

Birinci gocuk kesinlikle dominant karakter 6zelligine sahip olur.

Dort gocugun iigl kesinlikle dominant karakter 6zelligine sahip olur.
Tiim gocuklarin kesinlikle dominant 6zellige sahip olur.

Heterozigot olan iki bireyin ¢aprazlanmasi ile olugsan bireylerin sahip
olacaklari ozellikler sansa bagl olarak degisir, kesin birsey
soyleyemeyiz. Anne ve babanin olusturacagi gametlere baskin mi yoksa
gekinik karakterin mi gidecegini bilemeyiz. Dolayisi ile tim gocuklar
dominant 6zellige sahip olacagi gibi tamami gekinik 6zelligi de tagiyor

olabilir.

Arka arkaya {ig¢ kiz gocuk doguran bir annenin ddrdiincii gocugunun
kiz olma olasiligi nedir?

Birgok ogrenci arka arkaya ii¢ kiz gocuk doguruldugu igin doérdiinci
gocugun erkek olma olasiliginin daha fazla olacagini diisiinmektedir.
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Olasilik kurallarina gére bir annenin kiz ya da erkek gocuk dogurma
olasihgi her zaman % 50'dir.

Insanin sahip oldugu 46 kromozomun 44'ii viicut, 2'si cinsiyet kromozomudur.
Cinsiyeti belirleyen X ve ¥ kromozomlaridir.

44 + XX —» Disi
44 + XY —» Erkek

Gamet olusurken anne ve baba arasindaki gaprazlamaya bakalim:

7/(% X ;%y
XX XY XX XY

Sekil 4- Disi ve erkek bireylerde esey kromozomlarinin gaprazlanmasi

olursa olsun oran hep 1/2 olacaktir.

EKSIK BASKINLIK:

Bir karakteri belirleyen bir alel giftinin lyelerinden her birinin digerine
baskin olmadigi durumdur. Eksik baskinlikta bir karakterle ilgili iglinci bir

fenotip ortaya gikar.

Ornek: Aksam sefas bitkisinde kirmizi ve beyaz renk eksik baskindir.
Kirmizi renk geni: A

Beyaz renk geni: B Q -
.

Sekil 5- Aksam sefasi
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Buna gore kirmizi ve beyaz aslanagzi bitkisi ¢aprazlanirsa biitiin ogul doller
pembe olacaktir.

Kirmizi Beyaz
AA X BB

S|

AB AB AB AB
% 100 Pembe

Sekil 6-Kirmizi ve beyaz aslanagzi bitkisinin ¢aprazlanmasi

Aslanagzi bitkisinde kirmizi ve beyaz renk eksik baskindir. Pembe ve beyaz
renkli aslan agzi bitkilerinin ¢aprazlanmasindan, beyaz renkli aslan agzi
bitkisinin meydana gelme olasiligi ise asagidaki gibi olacaktir.
Pembe Beyaz
AB X BB

|

AB AB BB BB
% 50 Pembe
% 50 Beyaz
Sekil 7- Pembe ve beyaz aslanagzi bitkisinin
gaprazlanmasi

ES BASKINLIK

Bir karakteri belirleyen bir alel giftinin lyelerinden her birinin digerine
baskin olmadigi durumdur ve es baskinlikta her iki fenotipte bireyde etkisini
gosterir. Es baskinliga 6rnek olarak insanda M ve N kan grubunu verebiliriz.
MN kan grubuna sahip bireyler iki kan grubuna qit 6zelligi de tagir.

COK ALELLIK
Bazi durumlarda bir 6zelligi etkileyen gen sayisi ikiden fazla olabilir. Buna
gok alellik denir. Bir 6zelligi etkileyen alel gen sayisi ne kadar fazla gesitte
olursa olsun, her bireyde bu alellerden yalnizca ikisi bulunur; giinkii bir gamet

bu alellerden sadece birini tagir.

Cok alellige en iyi 6rnek kan gruplaridir.

208



Insanlarda 4 gesit kan grubu vardir. Bunlar: ----------------—-
Alellerden----------- Ve ----------- baskin ------------- ise gekiniktir.

£
- f-

9, 1Insanda kan grubunun iig alel genle kontrol edildigini égrendiniz.

Buna gbre bir insan bu alellerden kagini tasiyabilir?

Ogrencilerden bazilari bir insanin ii¢ alelide tagiyabilecegini
disdiindrler.

Bazi 6grencilerde sadece birini tasidigimizi digindr.

Oysa bir canli bir 6zellik igin sadece iki alel tasiyabilir. Bu alellerden
o biri anneden biri babadan gelir. Dolayisi ile sahip olunan aleller
bireyde ii¢ farkli kombinasyonda bir araya gelebilir. Annenin
gametinde ve babanin gametinde kan grubu igin bulunan aleller bir
araya gelir ve bireyin kan grubunu belirler.
Asagida kan gruplarinin genetigini gosteren bir tablo verilmistir (Tablo 3).

Tablo 3-Kan gruplari

Alyuvarda Serumda Fenotip Genotip
A A antijeni var B antikoru A AA veya AO
B B antijeni var A antikoru B BB veya BO
AB | AveBantijeni Anftikor yok AB AB
0 Antijen yok A ve B antikoru 0 00

Antijen alyuvarlarin yiizeyinde bulunan bir ¢esit protfeindir. Antikor
olusumuna neden olur. Insanlardaki Rh faktorii biri baskin, digeri cekinik iki
alel tarafindan kontrol edilir. Rh* kanda Rh antijeni vardir. Rh™ kanda ise
antijen yoktur.

Rh faktori insan kaninda 2 gesit fenotip, 3 gesit genotip olusturur.
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APPENDIX I

GELENEKSEL METIN-GENETIK

GENETIKLE ILGILI TEMEL KAVRAMLAR

Biyolojik yapimizla ilgili ozellikler her zaman anne ya da babamiza
benzemezler. Boylari uzun olan anne ve babanin kisa boylu gocuklar
olabilecegi gibi, negatif kan grubuna sahip olmayan bir anne babanin gocuklari
negatif kan grubu tasiyabilir.

Iste anne ve babadaki karakterlerin yavrulara aktariimasina kalitim, kalitsal
ozellikleri ve bu ozelliklerin nesilden nesile nasil aktarildigini inceleyen
biyoloji dalina genetik denir.

Anne ve baba ile ogul déller arasindaki benzerlik ve farkhliklar kalitim ve
gevrenin etkisindedir. Bazi karakterler ise sadece kalitsal faktorlerin etkisi
altindadir. Ornek: Kan grubu

Kalitsal 6zelliklerimizin nesilden nesile nasil aktarildigini anlayabilmek igin ilk
olarak kalitimla ilgili temel kavramlar: bilmemiz gerekir:

GEN: Kromozomlarin yapisinda bulunan ve DNA molekiiliiniin belirli bir
genetik ozellik hakkinda bilgi igeren kesitine gen denir. Ornegin sagimizin
kivircik ya da diiz olacagini belirleyen genlerimiz gibi...

Kromozomlarda bulunan herbir gen kendisini diger genlerden farkli kilacak
kusursuz bir kod olusturacak bigimde bir araya gelmis binlerce A (Adenin), T
(Timin), & (Guanin), C (Sitozin) niikleotidi igerir. Farkli genler bir araya
gelerek gozlerimizi, kulaklarimizi, sagimizi, tirnaklarimizi kisaca biitin
viicudumuzu olusturur.

Viicut hiicrelerimizin tamaminda ayni genler bulunur. Viicudumuz annemiz ve
babamizin ireme hiicrelerinin birlesmesi ile meydana gelen zigotun béliinerek
milyarlarca hiicre olusturmasi ile meydana gelir. O halde tek bir hiicrenin
farklilagmasi ve gogalmas: ile olusan bir canlinin tiim hiicrelerinde ayni DNA
molekiili vardir. Hicrelerin kemik, deri, sinir hiicresi gibi farklilasmasinin
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nedeni DNA molekiilinde bulunan genlerden bazilarinin hiicrenin goérevine
gore aktif halde olmasindan kaynaklanmaktadir.

HOMOLOG KROMOZOM: Biri anneden digeri babadan gelen, ayni karakteri
belirleyen genleri tasiyan benzer sekil ve yapidaki kromozomlara denir.

ALEL: Homolog kromozomlar iizerindeki biri anneden digeri babadan gelen
genlerdir. Aleller benzer ya da farkl olabilirler ve bir karakter iizerine ayni
veya zit yonde etki edebilirler.

HOMOZIGOT (ARI DOL): Karakterleri ortaya cikaracak alel gifti birbirinin
ayni ise baoyle alel giftlerine homozigot alel gifti denir. (AA ve aa)

HETEROZIGOT (MELEZ=HIBRIT): Karakterleri ortaya ¢ikaracak alel gifti
birbirinden farkli ise boyle alel giftlerine heterozigot alel gifti denir. (Aa)

GENOTIP: Bir canlinin sahip oldugu genlerin toplamidir.
Ornek: AA ve aa genotipi homozigot, Aa genotipi ise heterozigottur.

FENOTIP: Bir canlinin belirli yas ve cevredeki dis gériiniisiidiir. Fenotip,
canlinin yasina ve gevre kosullarina gore degisebilir.

Ornek: Sari sag, mavi goz gibi.

DOMINANT (BASKIN) ALEL: Baskin olan, ¢ekinik alelle birlikte bulundugu
zaman etkisini fenotipte gosteren alele denir. Baskin aleller biiyiik harfle
gosterilir.

Ornek: Farelerde siyah tily rengi (S) kahverengi tiiy rengine (s) baskindir.
Annesinden siyah tiy (S), babasindan kahverengi tiiy (s) alelini alan fare (Ss)
tiy rengi 6zelligi igin heterozigottur.

RESESIF (CEKINIK) ALEL: Cekinik olan, dominant alelle birlikte
bulundugunda fenotipte etkisini gostermeyerek gizli kalan aleldir. Cekinik
aleller kiigiik harfle gosterilir. Resesif alellerle belirlenen karakterler ancak
homozigot durumda fenotipte goriilir.

GCAPRAZLAMA: Dollenme olayr ile genlerin gesitli kombinasyonlar
olusturmasidir.
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F1 ——» birinci ogul dol
F, —» ikinci ogul dol
Parental dgl (P)—» anne ve baba ¢aprazlanmasi

MONOHIBRIT CAPRAZLAMA: Bir alel ¢ifti bakimindan heterozigot iki
bireyin ¢caprazlanmasidir. (Aa x Aa)

Kalitimla ilgili terimleri 6grendiniz. Viicudumuzda kag¢ kromozom oldugunu
hatirlayiniz. Bu kromozomlarin sayisinin belirlenmesinde anne ve babanin rolii
nedir?

Eger bir gocuk, ayni 6zellik igin annesinden ayri, babasindan ayri alel alirsa
fenotipi baskin alele gore belirlenir.

MENDEL ILKELERI VE GENETIK CAPRAZLAMALAR

Gregor Mendel (1822-1884), Avusturyali bir bilim adamidir ayni
zamanda papazdir. Mendel, manastirin bahgesinde yetistirdigi
bezelyeler iizerinde ¢alisarak kalitimin ana ilkelerini ortaya
koymustur. Mendel ¢alismalarinda bezelyeleri segmistir, glink;

Greger Mendel

Sekil 1- Gregor Mendel

e Bu bitkilerin yetigtirilmesi kolaydir

e Kisa siirede ¢ok dal verir

e Bir ¢cok ¢esidi vardir

¢ Bu gesitler arasindaki ¢aprazlamalardan elde dilen
ogul daller kolayca iirerler

¢ Baska bir bezelye gigeginin gigek tozlariyla kolayca
tozlasma yapamayacak gigek yapisina sahiptir.

Mendel ilk ¢aprazlamalarinda tek bir karakter bakimindan fark gosteren
bezelyeleri kullanmistir. Mendel'in bezelyelerde inceledigi karakterler ile
ilgili olarak elde ettigi sonuglardan bazilar: tablo 1'de gosterilmistir.
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Tablo 1- Bezelyelerde baskin ve gekinik karakterler

Karakterler

Baskin ve gekinik karakterler

Tohum sekli Yuvarlak tohum, burusuk tohuma baskin
Tohum rengi Sari fohum, yesil tohuma baskin

Y '

Tohum kabugu rengi

Renkli tohum, beyaz tohuma baskin

\

Meyve rengi Yesil meyve, sari meyveye baskin
Meyve sekli Siskin meyve, burusuk meyveye baskin

/ /

MENDEL ILKELERL

Ozellikler atadan yavruya genlerle geger. Bezelye bitkisinde bir
ozellik igin birbirine benzer ya da farkh olan bir ¢ift alel vardir. Bu
aleller farkli olursa biri baskin digeri gekinik kalir.

Bir gift alel genden herbiri gametlere esit olasilikla bagimsiz olarak
geger.Olusan her gamet alel giftinden sadece bir tane alabilir. Buna
'Bagimsiz ayrilma kurali’ denir-.

Gametler rastgele birlestigi igin melezlerin kendi aralarinda
¢aprazlanmasiyla belirli 6zellikler onceden tahmin edilen oranlarda
ortaya gikar.

Gametler meydana gelirken aleller birbirinden ayrilir. Her gamet alel
giftinden sadece bir tanesini alir ve hangi genlerin bir arada toplanacagi
tamamen tesadiiflere bagldir.

Homozigot dominant karakter tasiyan bir bireyle homozigot resesif karakter
tasiyan bir birey ¢aprazlandiginda F; délii %100 melezdir.
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Ornek:
Tek ozellik igin (tohum sekli) homozigot baskin ve gekinik olan iki bireyin
gaprazlanmasi sonucunda yuvarlak tohumlu heterozigot bireyler ortaya gikar.

R: Yuvarlak tohumlu bezelye
r: Burusuk tohumlu bezelye

P Homozigot burusuk

@ @ mlu bezelye

Ir

TANA

gamet

Fi © & © ©

%100 heterozigot yuvarlak tohumlu bezelye

Sekil 2-Tek ozellik igin (tohum sekli) homozigot olan iki bireyin
gaprazlanmasi

Tek 6zellik igin (tohum rengi) homozigot baskin ve gekinik olan iki bireyin
gaprazlanmasini Punnet karesi ile de gosterebiliriz.

A: sari tohum, a: yesil fohum

‘\digi a 13
1
erkek T )
A Aa Aa
1_ i N “.
A Aa Ai
2 Liis L

Tablo 2-Punnet karesinde tek ozellik igin homozigot olan iki bireyin
¢aprazlanmasi
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Punnet karesi ile déllenme sirasinda gametlerde bulunan alellerin nasil bir
araya geldigi rahatlikla gozlenebilir. Punnet karesinde yatay siraya diginin
sahip oldugu aleli tagiyan gametler, diisey siituna ise erkegin sahip oldugu
aleli tasiyan gametler yazilir.

Ornek: Tek ozellik igin homozigot olan yuvarlak ve burusuk tohumlu iki
bezelyenin ¢aprazlanmasi ile elde edilen F; délini kendi arasinda
gaprazladigimizda F, dolini elde ederiz. Tek ozellik igin (tohum sekKli)
heterozigot olan iki bireyin ¢aprazlanmasi sonucunda yuvarlak ve burusuk
tohumlu bireyler ortaya gikar.
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APPENDIX J

GENETIK DERS PLANI

DERS: Fen Bilgisi

KONU: Kalitimla ilgili temel kavramlar ve Mendel yasalari
SEVIYE: 8. sinif

SURE: 8 x 40 dakika

DERSIN HEDEFLERI:

HEDEF 1:

% Kalitimin temellerini, kalitim ile ilgili temel terimleri, kalitimin ve canlilarda

cesitliligin kalitsal nedenlerini kavrayabilme

DAVRANISLAR:

e Hiicre, ¢ekirdek, kromozom, DNA, gen ve alel kavramlarini agiklar

e Hiicre, ¢ekirdek, kromozom, DNA, gen ve alel kavramlar1 arasindaki
iligkiyi agiklar

e Hiicre, ¢ekirdek, kromozom, DNA, gen ve alel kavramlarini 6rneklerle
biitiinlestirir

e Alel ve gen kavramlar1 arasindaki iligskiyi drneklerle agiklar

e Canlilarin farkli dokularinda bulunan hiicrelerin ayn1 genleri tagidigini
orneklerle agiklar

¢ Homolog kromozom kavramini agiklar

¢ Homolog kromozoma sahip hiicrelere 6rnek verir

e Baskin ve ¢ekinik alel kavramlarini agiklar
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e Insan viicudunda bulunan baskin ve ¢ekinik dzelliklere drnek verir
o Kalitsal 6zelligi sembollerle gosterir

e Homozigot ve heterozigot kavramlarini agiklar

e Bir bireyin bir 6zellik i¢in homozigot ve heterozigot olmasina gore

fenotip ve genotipini agiklar

HEDEF 2:

*+ Mendel yasalarini1 ve genetik ¢aprazlamalar1 kavrayabilme

DAVRANISLAR:

e Mendelin kalitim bilimine katkilarini agiklar

e Mendel kanunlarini agiklar

e Basit olasilik kurallarini agiklar

e [Kalitimda basit olasilik hesaplamalarini yapar

e Bir 0zelligin kalitim ile ilgili 6rnekler verir

e Bir kalitsal 6zellikle ilgili caprazlama yaparak problem ¢ozer

e Bir 6zelligin kalitimu ile ilgili ¢aprazlamay1 punnet karesinde gosterir

e Kalitimda eksik baskinlik durumunu agiklar

e Eksik baskinlik olayina 6rnek verir

e Kalitimda es baskinlik durumunu agiklar

e Es baskinlik olayina 6rnek verir

e Kalitimda ¢ok alellik durumunu agiklar

e Bir dzelligi belirleyen alel sayisi ikiden fazla bile olsa bireyin sadece iki
alel tastyabilecegini agiklar

e Insanda kan grubunun ii¢ alelle belirlendigini agiklar
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OGRENME EVRESI 1

KALITIMLA iLGIiLi TEMEL KAVRAMLAR

ARAC VE GERECLER:

%

*

Aile resmi

X/
L X4

Kavramsal degisim metni

33

S

DNA, hiicre, kromozom, gen, ¢ekirdek ve organizma kavramlarini sembolize

eden resimler

*

+ Renkli karton

X/
°e

Yapistirici

DERSIN ISLENISI :
KESFETME (Exploration):

1. Ogrencilere anne, baba, cocuklar1 gdsteren bir aile resmi gosterilir. Resimde
aile bireylerinin sa¢ rengi, gbz rengi, ten rengi, sa¢ bigimi gibi 6zellikleri ayirt

edilebilmektedir.
2. Opgrencilerden gosterilen resme dikkatlice bakmalar1 ve defterlerine aile
bireyleri i¢in gozlemleyebildikleri ozellikleri yazmalar1 istenir. Boylece aile

bireyleri i¢in dis goriiniislerinde ortak ya da farkli olan 6zellikler ortaya ¢ikar.

3. Ogrencilerden gozlemledikleri ve defterlerine yazdiklar ortak ve ayirt edici

ozellikleri sinifla paylagmalari istenir.
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KAVRAMI TANITMA (Term Introduction):

1. Ogrencilere kavramsal degisim metinleri dagitilir. Bu metinde 6grencilerin
genetik konusunda karsilagtiklart belli baghi kavram yanilgilar1 ve bu kavram
yanilgilarini gidermeye yonelik konu anlatimlar1 vardir.

2. Genetikle ilgili temel kavramlar, ve bu kavramlar arasindaki iliskiler
ogrencilere anlatilir. Kalitimin tanimi yapilir, hiicre, DNA, gen, alel, organizma,

kromozom ¢ekirdek arasindaki iliski agiklanir.

3. Ogrencilere canlilarda gozlemledigimiz ozelliklerin genler tarafindan
belirlendigi sodylenir. Resimde go6zlemledikleri aile bireyleri arasindaki
benzerliklerin kalitim sayesinde anneden ve babadan ogul dollere aktarildig:
sOylenir. Ailedeki bireylerin sa¢ rengi geninin mavi, yesil gibi alelleri oldugu
sOylenir. Bu genlerin DNA’da gizli oldugu ve DNA ‘nin da kromozomlarda
bulundugu sdylenir. Anne ve babanin sadece ¢ocuklarin disaridan gozlenebilen
degil kan grubu, renk korliigii gibi disaridan gozlemlenemeyen 6zelliklerinin de

belirlenmesinde etken oldugu belirtilir.

KAVRAMI UYGULAMA (Concept Application):

1. Yapilan aktivitede 6grenciler kalitimla ilgili gen, alel, kalitim, gamet gibi belli
kavramlar1 kullanmislar, anne ve babanin sahip oldugu karakterlein ogul dollere
aktarilmasi hakkinda bilgi sahibi olmuslardir. Kesfetme sathasinda insanin goéz
rengi, sa¢ rengi, sa¢ bicimi gibi karakterlerin aktarilmasi i¢in gegerli olanlarin her

canlida karakterlerin aktarilmasinda gecerli olup olmadig: sorulur.
2. Bes 6grenciden olusan gruplar olusturulur. Her bir gruba aktivite 1-b kagitlari

verilir. Kagitlarda DNA, hiicre, kromozom, gen, ¢ekirdek ve organizma

kavramlarini sembolize eden resimler vardir.
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3. Ogrencilerden bu resimleri biiyiikten kii¢iige dogru siralamalar1 ve bu

siralamalarini kendilerine verilen kartonlara sirayla yapistirmalari istenir.

4. Ogrenciler siraladiklar1 her resmin altina yanindaki diger resimlerle iliskilerini

aciklayip, resimleri tanimlarlar.

5. Aktivite sonunda siralamay1 en dogru yapan ve tanimlamalari en giizel yazan

gruba 6diil verilir.
OGRENME EVRESI II

KALITIMLA ILGILI TEMEL KAVRAMLAR
ARAC VE GERECLER:
% Kavramsal degisim metni
% Pipet
% Renkli yapiskanli kagit
% Madeni para
DERSIN ISLENISI:
KESFETME (Exploration):
1. Ogrenciler besli gruplar olusturur ve her gruba iki tane pipet verilir. Gruplara
verilen pipetlerin tizerinde farkli renklerde yapiskanli kagit bulunmaktadir.
Ogrencilere verilen pipetler anne ve babanin sahip oldugu homolog

kromozomlari, pipetlerin lizerindeki renkli bantlar ise homolog kromozomlar

uzerinde aktarilan karakterin alellerini temsil etmektedir.
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2. Ogrencilerden pipetlerdeki renkli bantlara bakarak ikiserli kac¢ farkli grup

olusturabileceklerini belirlemeleri istenir.

3. Ogrenciler belirledikleri olasiliklar1 gruplarina verilen bos pipetler igin
uygulamalar1 istenir. Bdylece anne ve babanin sahip oldugu homolog
kromozomlar iizerinde tasinan alellere bakarak ogul dollerin alellerini tahmin

ederler.

4.Ogrenciler sonuclarini tabloya yazarak sinifla tartisirlar.

3. Gruplarin elde ettigi sonuglar sinifla paylasilir ve tartisilir.

KAVRAMI TANITMA (Term Introduction):

1. Ogrencilerin kavramsal degisim metinlerini okumalar1 saglanir. Bu metinde
ogrencilerin genetik konusunda karsilagtiklari belli bagh kavram yanilgilar ve bu
kavram yanilgilarini gidermeye yonelik konu anlatimlari vardir. Ogrencilere
mavi, turuncu, pembe, sar1 gibi renkli yapiskanli bantlarin géz rengi, sa¢ rengi
gibi farkli alelleri temsil ettigi sOylenir. Anne ve babanin sahip oldugu homolog
kromozomlar1 temsil eden pipetlerdeki renklerin baskin ya da ¢ekinik alellerin

sOyOsterdigi belirtilir.

2. Baskin ve ¢ekinik ozelliklerin bireyin fenotipine nasil yansidiginin, anne ve
babanin bireyin fenotipinin belirlenmesinde nasil rol oynadiginin aktivite 2-a ile
nasil anlagildig1 6grencilere anlatilir.

KAVRAMI UYGULAMA (Concept Application):

1. Yapilan aktivitede dgrenciler kalitimla ilgili ¢ekinik alel, baskin alel, genotip

ve fenotip gibi belli kavramlar1 kullanmislardir. Ogrencilere anne ve babanin
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sahip olduklar1 bir homolog kromozom ¢ifti i¢in yaptiklarinin diger canlilar

icinde gecerli olup olmadig1 sorulur.

2. Her bir 6grenciye bir adet metal para ve aktivite kagitlar1 (aktivite 2-b) verilir.
Aktivite kagitlarinda anne ve babasiin genotipleri belli olan yavru bir kopek
vardir. Ogrencilere metal paranin tura yiiziiniin baskin 6zelligi, yazi yiiziiniin ise
cekinik Ozelligi temsil ettigi ve anne ve babanin her 6zellik i¢in heterozigot
oldugu sdylenir. Anne babanin tasidig1 tiiy yapisi ile ilgili dort farkli 6zellik i¢in
yavru kopegin sahip olabilecegi olasi aleller ve hangi alellerin baskin ya da

cekinik oldugu belirtilir.

2. Ogrencilerden metal paralar atilmadan once yavru kdpegin sahip olabilecegi

fenotip ve genotipleri tahmin etmeleri ve sinfla paylagmalari istenir.
4. Ogrencilerin aktivite kagitlarinda bulunan her bir 6zellik i¢in metal paralart
atmalari ve anne ve babalarin gametlerindeki alelleri belirlemeleri istenir.
Sonugta her 6grenci bir yavru kopegin verilen dort 6zellik igin sahip olacagi
fenotip ve genotipi belirler ve tabloya yazar.
5. Aktivite sonunda en giizel ve dogru yavru kopek resmini ¢izen 6grenci segilir.
OGRENME EVRESI ITI

MENDEL ILKELERiI VE UYGULAMALARI
ARAC VE GERECLER:
+ Kavramsal degisim metni

% 1ki torba

% 50 barbunya fasulyesi, 50 kuru fasulye
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DERSIN ISLENISI:

KESFETME (Exploration):

1. Bes 6grenciden olusan gruplar olusturulur. Aktivite 3-a kagitlar1 6grencilere

dagitilir.

2. Her gruba icinde 25 barbunya fasulyesi , 25 kuru fasulye bulunan torbalar
verilir. Ogrencilerden torbalara bakmamalar1 ve icindeki fasulye sayilarini

degistirmemeleri istenir.

3. Bir torbadan 1 tane fasulye cekilir ve rengi not edilir. Daha sonra bu fasulye
torbaya geri atilir ve bir tane fasulye daha ¢ekilir. Bu fasulyenin de rengi not

edilir. Ogrencilerden 50 fasulye ¢ekimi i¢in tahminde bulunmalar istenir.

4. Ogrencilerin aktiviteyi yapmalari istenir. Her grup aktivitesini tamamladiktan

sonra tahtaya buldugu sonuglar1 yazar.

5. Daha sonra 6grencilere ikiser torba verilir ve her ikisinin i¢inde de 25 kuru

fasulye ve 25 barbunya fasulyesi bulunur.

6. Ogrencilere aym anda her iki torbadan da barbunya fasulyesi, her iki torbadan
da kuru fasulye ya da bir torbadan barbunya fasulyesi, bir torbadan kuru fasulye
cekilebilecegi soylenir. Gruplardan toplam 50 deneme sonunda olasi sonuglari

tahmin etmeleri istenir.

7. Daha sonra her grup aktiviteyi yapar. Ogrenciler her iki torbadan da ayn1 anda

fasulye cekerler ve bulduklar1 sonuglari tahtaya yazarlar.
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8. Her grup calismasini bitirdiginde tahminlerini ve bulduklar1 sonuglar

karsilastirir.

KAVRAMI TANITMA (Term Introduction):

1. Ogretmen esliginde sinif olarak her ebeveynin ogul déllere sahip oldugu
ozellikleri belirleyen iki alelden sadece bir tanesini aktarabilecegi tartisilir.
Kavramsal degisim metninin Mendel Kanunlar1 ve genetik caprazlamalarla ilgili
bolimi okunur ve tartigilir. Yapilan aktivitenin ilk boliimiinde torbadaki
barbunya fasulyeleri ve kuru fasulyelerin bir bireyin (anne ya da baba) sahip
oldugu iki aleli temsil etmektedir. Ilk aktivitede barbunyalarin kuru fasulyeye
beklenen orani 1:1 oldugu, deneme sayis1 ne kadar fazla olursa oranin o kadar

dogru ¢ikacagi sdylenir.

2. Aktivitenin ikinci boliimiinde barbunya fasulyesi ve barbunya fasulyesi; kuru
fasulye ve barbunya fasulyesi ya da kuru fasulye ve kuru fasulye ¢cekme olasiligi

1:2:1 olarak beklendigi sOylenir.

KAVRAMI UYGULAMA (Concept Application):

1.Yapilan aktivite ile Mendel’in bezelyeler iizerinde yaptigt c¢alisma
kavranmaktadir. Ogrencilere bezelyelerde renkli tohumun beyaz tohuma baskin
oldugu sdylenir. Buna gore Ogrencilerden heterozigot iki renkli tohuma sahip
bezelyenin c¢aprazlanmasi ile olusacak bireylerin genotiplerinin dagilim oranini

Punnet karesi kullanarak belirlemeleri istenir.

2. Ogrenciler heterozigot renkli tohumlu bezelye ile beyaz tohumlu bezelye

caprazlanirsa beyaz tohumlu bezelye ¢ikma olasiligini hesaplarlar .

3. Sonuglar sinifla tartigilir.
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APPENDIX K

AKTIiVITE KAGIDI 2-a

KONU: KALITIM
Amac: Kalitsal karakterlerin nesilden nesile nasil aktarildigini kavrayabilme
Arac-Gereg:

12 Pipet
Renkli yapigkanl kagit

e Grubunuza verilen pipetler anne ve babanin sahip oldugu homolog

kromozomlar1, pipetlerin {izerindeki renkli bantlar ise homolog
kromozomlar tizerinde aktarilan bir karakterin alellerini temsil etmektedir.

ANNE BABA

TR

U U U U

e Pipetlerdeki renkli bantlara bakarak ikiserli ka¢ farkli grup
olusturabileceginizi belirleyiniz.

¢ Belirlediginiz olasiliklar1 grubunuza verilen bos pipetler i¢in uygulayiniz.

e Sonuglarinizi tabloya yazarak sinifla tartiginiz.
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ANNE

(L grup
pipetler)

BABA

(I. grup
pipetler)

L
Grup bos
pipetler

IL.
Grup bos
pipetler

1.
Grup bos
pipetler

Iv.
Grup bos
pipetler

Renk
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APPENDIX L

AKTIiVITE KAGIDI 2-b

KONU: KALITIM
Amag: Kalitsal karakterlerin nesilden nesile nasil aktarildigini kavrayabilme

Arac-Gereg:
Madeni para

Yeni bir yavru kdpek dogdu ve sahip oldugu 6zellikleri anne ve babasi belirliyor.
Yavru kopegin anne ve babasinin sahip oldugu 6zelliklerden dort tanesi asagida
verilmistir. Anne ve baba her 6zellik i¢in heterozigot ise madeni paranizi anne ve
babanin sahip oldugu her 6zellik icin bir kere atarak yavru kdpeginizin dis
goriiniisiinii bulunuz. Aktivite sonunda ortaya ¢ikan yavru kdpeginizin resmini
¢iziniz.

) Baskin Cekinik
Ozellikler : Uzun tiiy (U) & Kisa tiy (u)
Sert tiiy (S) &  Yumusak tiiy (s)
Kivireik tiy (K) & Diiz tiy (k)
Benekli tiy (B) & Koyu tiiy (b)
Yumusak tiiyli Sert tiiylii Uzun tiiylii Kaisa tiiylii
i*‘ 0
poaew 4
4RI
Kivircik tiiylii Diiz tiiyla Benekli tiiylii Koyu tiiyli
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1. ozellik

2. ozellik

3. ozellik

4. ozellik

Anneden gelen alel

Babadan gelen alel

Yavrunun genotipi

Yavrunun fenotipi

*#*Ortaya ¢ikan yavru kdpeginizin resmini ¢iziniz.
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APPENDIX M

AKTIiVITE KAGIDI 3-a

KONU: KALITIM

Amac: Kalitsal karakterlerin nesilden nesile nasil aktarildigini kavrayabilme

Arac-Gereg:

Iki torba

50 kuru fasulye

50 barbunya fasulyesi

Deneyin Yapihsi:

I. BOLUM:

Bir torbaya 25 kuru fasulye, 25 barbunya fasulyesi koyunuz.

50 kere torbadan bir fasulye ¢ekiniz, ancak her defasinda c¢ektiginiz
fasulyeyi torbaya geri atiniz.

Her fasulye ¢ekisinizde 1. tabloya hangi tiir fasulye ¢ektiginizi
isaretleyiniz.

II. BOLUM:

Her iki torbaya da 25 kuru fasulye, 25 barbunya fasulyesi koyunuz.
50 kere her iki torbadan da birer fasulye ¢ekiniz, ancak her defasinda
cektiginiz fasulyeleri torbaya geri atiniz.

Her fasulye ¢ekisinizde II. tabloya hangi tiir fasulye ¢ektiginizi
isaretleyiniz.

DEGERLENDIRME:

1.

3.

I. Tabloda toplam kuru fasulye sayisinin toplam barbunya fasulye sayisina
orani nedir?

II. Tabloda toplam kuru fasulye ¢ekme sayisi, toplam barbunya fasulye
cekme sayisi ve bir torbadan kuru fasulye birinden barbunya ¢ekme sayisi

nedir?

Yapilan bu deneyi genetik konusu ile iliskilendiriniz.
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