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Abstract: Individuals with a secondary education should have a
knowledge level sufficient to make sense of what they read or hear
about genetics, and they should be able to think scientifically in
evaluation and decision-making processes. The purpose of this
study is to identify the basic understanding of secondary education
students about genetic concepts and the reasons for the difficulty of
learning and teaching genetics. Semi-structured interviews that
include student drawings have been conducted with 24 students to
gain a comprehensive perspective on secondary education students’
understanding of the basic concepts of genetics. The answers given
by the students to the interview questions and their drawings have
been analyzed with content analysis. Qualitative data analyzed with
a holistic point of view were collected and evaluated under the cat-
egories of ‘DNA, gene and chromosome’ and ‘Cell divisions and
heredity relationship.” As a general result, it has been found that
Students have inaccurate and inconsistent information about the
basic concepts of genetics, have difficulties in establishing relation-
ships between these concepts, and cannot fully understand and ex-
plain the processes underlying genetic events. It has been observed
that various factors have an effect on this result. It will be possible
to support students to develop a more accurate understanding of
genetic concepts and issues by working on the weaknesses in genet-
ics teaching, providing an enriched teaching environment with cur-
rent teaching methods and materials, and moving away from rote
learning.
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Introduction

ITH the discovery of the molecular structure of DNA, genetics has become

one of the most important subjects in biotechnological research that accel-

erated revolutionary developments in many applied fields such as medicine,
agriculture and animal husbandry, and especially industry. Today, hereditary diseases
can be diagnosed prenatally, new drugs and vaccines can be developed, cancer can be
diagnosed and effectively treated at much earlier stages, compatible organ transplants
can be made, and efficient, durable, and nutritious food products can be produced with
gene technologies. While discoveries in the field of genetics provided new insights into
some fundamental problems of evolution, the origin of life, and the structure of living
things (Okebukola, 1990), they also made significant contributions to people’s under-
standing of the living environment, including themselves.

Rapid developments in gene technologies bring along some social, economic,
and ethical questions. According to Marbach-Ad (2001), members of a society need to
receive an effective education to understand and answer these questions. Genetics edu-
cation plays a major role in raising knowledgeable and responsible individuals, both to
prevent scientific developments from being interrupted by unnecessary concerns, and to
protect human rights and ensure environmental awareness. Learning about genetics is
considered a very important part of scientific literacy, which has a decisive role in the
scientific thinking and decision-making processes of citizens (Boerwinkel et al., 2017,
Haskel-Ittah et al., 2020). With the increasing importance of genetics in daily life, it is
emphasized that more attention should be given to issues related to genetics in educa-
tion systems (Hott et al., 2002) and genetic literacy should become more widespread
(Kawasaki et al., 2021). In the studies conducted by Lewis et al. (2000a; 2000b; 2000c¢),
it is stated that new developments and research in the field of genetics are the subjects
of news every day, and societies should be scientifically literate in genetics to under-
stand developments in the field of medicine. It is argued that individuals with a second-
ary education have a knowledge level sufficient to make sense of what they read or hear
about genetics and should be able to participate in the decision-making processes.

The biology subjects that students have difficulty in understanding were first
researched by Johnstone and Mahmoud in 1980 and genetics was identified as one of
the subjects that students have the most difficulty in understanding. Studies conducted
in the following years have revealed that genetics is among the subjects that students
have difficulty in understanding (Bahar et al., 1999; Banet & Ayuso, 2000; Duncan &
Reiser, 2007; Finley et al., 1982; Kablan, 2004; Kili¢ & Saglam, 2014; Kindfield, 1991;
Marbach-Ad & Stavy, 2000; Rotbain et al., 2005; Stewart, 1982; Tekkaya et al., 2001).
Dorji et al. (2017) report that the number of studies showing that high school students
graduate with extremely weak and inadequate knowledge in the field of genetics is in-
creasing.

Evaluating the studies in genetics education, Knippels et al. (2005) list the rea-
sons for these difficulties as the field-specific terminology, the mathematical content in
Mendelian genetics, cellular processes in genetics, abstract genetic concepts, and the
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complex nature of genetics. According to Duncan and Reiser (2007), another reason
that students have difficulty in understanding genetics is that genetic events are invisi-
ble and inaccessible. Most of the genetic concepts are classified as theoretical concepts
because they are hypothetical and imaginary concepts. Therefore, students need to be
able to think hypothetically to understand theoretical genetic concepts (Baker & Law-
son, 2001). In addition, the necessity of logical thinking that is at the core of high-level
thinking skills in order to understand genetic concepts is another reason that explains
the difficulty in understanding genetics (Banet & Ayuso, 2000). Another reason that
genetics topics are difficult to learn and teach is that these topics involve concepts (such
as genes, proteins, cells, tissues, organs) that belong to different levels (macro, micro,
and molecular levels) of a biological organism. To understand the processes underlying
genetic phenomena, students need to be able to integrate these different levels into the
bigger picture so that they can understand genetics as a whole (Bahar et al., 1999; Dun-
can & Reiser, 2007; Marbach-Ad & Stavy, 2000). According to Rotbain et al. (2005),
difficulties in understanding genetics increase especially with molecular level concepts,
because teachers and books use chemical formulas and abstract and complex figures to
demonstrate the structure of molecules. In addition, the similarity of genetic terms in
both spelling and pronunciation (Bahar et al., 1999) and the synonymous words in ge-
netic terminology (Pearson & Hughes, 1988a) make it difficult for students to under-
stand genetics by making them confuse these concepts with each other.

After the teaching of genetics, students have information about related concepts,
but they often misunderstand these concepts and related issues. This is because
knowledge is necessary but not sufficient to understand the subject. To understand the
subject, connections must be made between information and relationships must be
comprehended. As explained by Ausubel (1968), meaningful learning occurs when stu-
dents consciously associate new knowledge with related concepts and processes
(Okebukola, 1990; Wandersee, 1985). If the new information conflicts with the existing
knowledge or if the students lack the necessary knowledge to understand new infor-
mation, they have difficulty in comprehending the subject. Learning the concepts incor-
rectly or incompletely also negatively affects learning other related concepts. In particu-
lar, the correct understanding of some concepts is effective in correctly learning many
related subjects on which these concepts are based (Kili¢ et al., 2009). The information
should be used to solve new problems and to explain new situations. In some cases,
students can solve problems without knowing the meaning of the concepts or knowing
why, by using various personal processing methods (Banet & Ayuso, 2000; Hackling &
Treagust, 1984). However, the fact that students can answer the questions correctly does
not mean that they have sufficient conceptual understanding to solve these problems
(Orcajo & Aznar, 2005). The student who understands should not only have a valid sci-
entific explanation but also be able to explain the reasons for it. To evaluate students’
understanding of concepts, it is important to determine not only the level of knowledge
they have but also the reasons on which they base this knowledge. Stewart and Dale
(1989) state that students who understand genetics should be able to explain the mecha-
nisms underlying genetics. As stated above, a correct understanding of the basic con-

SIEF, Vol.10, No.2, 2021 1408



Kili¢ Mocan (Turkey). Secondary Education Students’ Conceptions of Genetics.

cepts in genetics will enable not only understanding the interaction between these con-
cepts but also explaining the mechanisms underlying genetic events. Thus, it will be
possible for students to think scientifically about genetics in their evaluation and deci-
sion-making processes.

By identifying the knowledge level of students about the basic concepts of ge-
netics and how they explain this knowledge, the reasons for the difficulty in learning
genetics will become more understandable. In this way, effective road maps can be
made for teaching genetics. This research, which aims to reveal information about pos-
sible weaknesses and deficiencies in the teaching of genetics, was carried out with sec-
ondary education students. In our country, secondary education comprises the high
school period with duration of 4 years. Starting from the 9th grade and successfully
completing the 12th grade, students become high school graduates. According to the
Turkish education system, high schools are secondary education institutions that pre-
pare students who have completed primary education for higher education. Secondary
education students are at a cognitively sufficient level to understand the abstract content
of genetics, make logical inferences, and establish cause-effect relationships for the so-
lution of problems. The fact that detailed teaching of genetic concepts and events is in-
cluded in secondary education programs has also been effective in determining the tar-
get group of this study. Also, previous research suggests that high school students do
not have enough domain-specific knowledge to adequately explain complex genetic
phenomena. In this study, the framework of which was drawn for these reasons, the
goal is to identify the basic understanding level of secondary education students about
genetic concepts. It is aimed to develop an understanding of the reasons for students’
knowledge, deficiencies, and misunderstandings by identifying them, and it is expected
to contribute to filling the gaps remaining in genetics education.

Method

Consistent with the theoretical framework and the aim of the research that focus on stu-
dent’s in-depth understandings of the genetics concepts, this research was conducted in
the interpretive paradigm (Cohen, Manion, & Morrison 2000). The data were generated
through detailed, non-directive interviews including student drawings.

Semi-structured interviews were conducted with 24 students to gain a compre-
hensive perspective on secondary education students’ understanding of the basic con-
cepts of genetics. The participating students study at the 9th, 10th, 11th, and 12th grade
levels of different secondary education institutions. The reason for selecting students
from each grade level for the interviews is to demonstrate the understanding of the stu-
dents regarding the related concepts and topics and to determine the stages at which
conceptual difficulties occur. While determining the number of students to be inter-
viewed, the repeat answers to the interview questions were taken into account, and it
was decided that a sufficient number of data were reached at a certain point.

Information on the demographic characteristics of the students participating in
the study is given in Table 1.

SIEF, Vol .10, No.2, 2021 1409



Kili¢ Mocan (Turkey). Secondary Education Students’ Conceptions of Genetics.

Table 1. Demographic Characteristics of the Study Group.

Demographic Characteristics f %
Female 15 62.5
Gender
Male 9 375
16 5 20,8
Age (v9) 17 9 375
e (yr
9oty 18 6 25.0
19 4 16.7
9th 5 20,8
10th 6 25.0
Grade Level
11th 7 29.2
12th 6 25.0
Total 24 100.0

The pre-knowledge of the students participating in the study on genetics is lim-
ited to the scope of the primary school curriculum, and they have not had an extra-
curricular learning process on genetics. Considering the secondary education curricu-
lum, subjects related to genetics are primarily taught in the 9th grade within the scope
of the “Life Science Biology” unit, according to the Biology Curriculum of the Ministry
of National Education. Genetic subjects taught in 10th grades are under the unit titles of
“Cell Divisions” and “General Principles of Heredity”. There is no unit on genetics in
11th grade. In the 12th grade, genetics is taught in the unit “From Gene to Protein”,
which includes the topics “Discovery and Importance of Nucleic Acids” and “Genetic
Code and Protein Synthesis”.

A literature review of previous research on the subject was used in the prepara-
tion of the interview form (Banet & Ayuso, 2000; Baker & Lawson, 2001; Johnson &
Stewart, 2002; Lewis et al., 2000a; 2000b; Lewis & Wood-Robinson, 2000; Marbach-
Ad & Stavy, 2000; Venville & Treagust, 1998; Venville at al., 2005; Wood-Robinson et
al., 2000). The translation and adaptation of the questions deemed appropriate for the
research were made by biology education experts and items related to the basic con-
cepts of genetics were added to the interview form. As a result, a preliminary interview
form consisting of 10 items was created. Expert opinion was taken to ensure the validity
of the interview form. The preliminary interview was applied to 2 secondary education
students as a pilot study and 1 more question was added to the interview form in line
with the data obtained. The questions prepared for the interview were supported with
alternative questions and probes, and it was decided in which possible order the ques-
tions would be asked.

The interview form has two parts: The first part consists of questions about the
basic concepts of genetics, their functions, and relationships. And the second part con-
sists of questions in which students are asked to make various drawings related to these
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concepts. The questions in the interview form are aimed at getting the opinions of the
students about the relations between the concepts of gene, DNA, chromosome, genetic
information and heredity, and gene-DNA, gene-chromosome, cell divisions-heredity.
Finally, in the interviews, the students were asked about the situations in which they
had difficulty in learning these subjects, and they were asked to explain the reasons. All
of the interviews with the students were carried out by the researcher in a semi-
structured way. The interviews lasted approximately 30 minutes.

Interview protocols were prepared by transcribing the data, and then the state-
ments in the protocols were arranged. Since non-verbal information is also effective in
interpreting the data, non-verbal expressions were also written down. Mayring (2002)
and McLellan et al. (2003) recommend transcription rules while preparing protocols,
which were taken into account in this study. The rules suggested by Gropengiesser
(2001) were also taken into account while making some adjustments so that there would
be no change in the content of statements of the students. After the student expressions
that emerged in the interviews were organized, the data were analyzed with content
analysis. Qualitative data analyzed with a holistic perspective were gathered under cat-
egories and evaluated.

Results

As a result of the students’ answers to the interview questions and the analysis of their
drawings, the findings were evaluated under two main categories. The first of these re-
lations is DNA, gene, and chromosome, and the second is cell divisions and heredity.

It was seen that students used these concepts interchangeably in their drawings
and answers to the questions about the concepts of ‘DNA, gene and chromosome’ and
their locations, functions, and relationships, they could not distinguish them from each
other well, and they also had some incomplete and incorrect information. Some direct
quotations from student opinions are given below.

Interviewer: What is the reason for people’s resemblance to their
parents?

Student 8: Because the chromosomes are carried by the gametes,

that is, one comes from the mother and one comes from the father,

it depends on the characteristics of the mother and father, whether
[these features] are dominant or not. (Male, age: 19 yr, 12th grade)

Student number 8 states that genetic characteristics are transferred from the
parents to the offspring with chromosomes and that the chromosomes are carried by the
gametes. However, in the follow-up questions, it was found that the student had the
view that chromosomes are only found in gametes. In another statement, student num-
ber 11 seems to have a similar view that genes are only found in gametes.

Interviewer: What can you say about genes? For example, where
are genes located?
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Student 11: [Genes] [are] found in the gametes. (Female, age: 17
yr, 10th grade)

It is seen that students have difficulty in explaining where genes are located in
the body. It is understood that about 33% of students believe that only gametes contain
genes or genetic material.

Interviewer: Where are genes located in our body?

Student 21: Genes are found in DNA cells, in every cell in our
body. The genes in reproductive cells already carry our hereditary
characteristics. For transmission, they [reproductive cells] are
used. (Female, age: 17 yr, 11th grade)

Although student number 21 states that genes are found in all cells, she thinks
that the genes that carry our hereditary characteristics are found only in the gametes and
that gene transfer can take place in this way. It is also seen that the same student has a
wrong concept about “DNA cells.”

Interviewer: Where is the genetic information that determines eye
color found?

Student 5: Our eye color [...] is found in our own gamete so that it
can be passed on to our child. After all, you cannot take something
from the eye and send it to the sperm cell. (Male, age: 17 yr, 10th
grade)

Interviewer: There are genes that determine eye color; I gave eye
color as an example, where do you think those genes are found?
Student 15: [The genes that determine eye color] are either reces-
sive or dominant in X and Y. (Female, age: 16 yr, 9th grade)

Students of number 5 and number 15 are of the opinion that genes are only
found in the gametes or the sex chromosomes. This situation shows that students have
difficulty in distinguishing heredity and reproduction processes from each other. Anoth-
er remarkable answer to this question was given by student number 20:

Interviewer: There are genes that determine eye color. In which
cell are these genes found?

Student 20: It could be the brain. After all, everything is under
brain’s control. (Female, age: 17 yr, 11th grade)

It is understood that there are students who think that genes are found only in
the gametes, as well as those who think that they are found in the sex chromosomes, in
the cells of the related organ, or the brain.

Almost all of the interviewed students (91.6%) gave similar answers to the
question, “Where are the sex chromosomes found?”

Student 3: It’s in our gametes. (Male, age: 16 yr, 9th grade)
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Student 5: The male sex cell is found in the sperm or [female germ

cell] egg. (Male, age: 17 yr, 10th grade)

Student 14: It can be in the cells of the reproductive organs. 1

don’t know exactly, but all of them have it, some of them may not

be used or they may be only in the genitals. ['m not sure. (Female,

age: 18 yr, 12th grade)

Student 17: In the ovaries and testicles. (Female, age: 17 yr, 11th

grade)

Some direct quotations from the answers given to the interview questions in

which students’ understandings of the relationships between the concepts of gene, DNA,
and chromosomes are given below:

Interviewer: Is there a relationship between gene and DNA?
Student 17: There is. Genes are ultimately part of DNA, or DNA is
part of a gene. (Female, age: 17 yr, 11th grade)

Interviewer: Where are the chromosomes located?
Student 9: There are chromosomes in DNA, and there are genes in
chromosomes. (Female, age: 17 yr, 10th grade)

Interviewer: Where are genes found?
Student 7: Were genes inside our chromosomes?

Interviewer: Can you explain the relationship between gene and
chromosome?

Student 7: Was the chromosome also in the gene? (Female, age:
18 yr, 11th grade)

Interviewer: Where are the chromosomes located?
Student 12: Chromosomes are found in DNA. (Male, age: 17 yr,
10th grade)

Interviewer: What is the relationship between gene and DNA?
Student 15: DNA, chromosome, gene, where and how [they are
found] is a bit complicated (Female, age: 16 yr, 9th grade)

It is striking that the students have complex ideas about the concepts of genes,
DNA, and chromosomes, especially about their location, and they are not sure of their
knowledge. Among the reasons for this is the students’ evaluation of these concepts as
independent constructs. It is understood that due to the different characteristics of genes,
DNA and chromosomes, students have difficulty in understanding that these three dif-
ferent concepts basically perform the same tasks.

The data evaluated within the scope of ‘cell divisions and heredity relationship’,
which emerged as another category after the analysis of the answers given by the stu-
dents to the interview questions and their drawings, revealed that students have confu-
sion about the concepts and that they cannot establish the relationship between cell divi-

SIEF, Vol .10, No.2, 2021 1413



Kili¢ Mocan (Turkey). Secondary Education Students’ Conceptions of Genetics.

sions and heredity correctly. Some direct quotations from student opinions are given
below.

Interviewer: You have a wide variety of cells; for example, your

eye cell, your cheek cell, your liver cell, etc. What do you think is

the genetic information in these cells?

Student 15: It is different. It is naturally different since they have

different functions. (Female, age: 16 yr, 9th grade)

Interviewer: Do you think the genetic information in your eye cell
and liver cell is the same or different?

Student 20: It is different. After all, the eye is for seeing, and the
liver has different functions. They are different because they have
different functions. (Female, age: 17 yr, 11th grade)

In another question asked with the aim of understanding what the students
know about the characteristics of genetic information, it was found that the students
have wrong ideas. According to this, students think that cells with different functions,
structures, or shapes carry different genes. These results are due to teaching mitosis
without associating it with heredity. It is understood that the students failed to compre-
hend that new cells are formed by mitosis during the growth and development of the
individual and thus have the same genes as the zygote. Another result that emerged
from the students’ answers is that the idea that there is a relationship between meiosis
and heredity, but that mitosis does not have any relationship with heredity, is dominant.

Interviewer: According to what you said, meiosis has a role in he-
redity, so what is its function? What does it do, what is its function?
Student 14: It enables the creation of new gametes. Variety is pro-
vided [with] crossing over (...).

Interviewer: So, does mitosis have an effect or importance in he-
redity?
Student 14: I don’t think so. (Female, age: 18 yr, 12th grade)

Interviewer: Does mitosis have any effect on or a role in heredity?

Student 6: I think mitosis has no effect. Mitosis has nothing to do
with heredity because it is responsible for the regeneration and
proliferation of tissues. (Female, age: 16yr, 9th grade)

Another answer that draws attention among the answers given to the question
asked with the aim of revealing what the students know about the relationship between
heredity and cell divisions belongs to student number 5. In this quotation, it is seen that
the student’s knowledge about the characteristics of cell divisions is wrong.

Student 5: Meiosis causes the gametes to be halved. In mitosis, on
the other hand, it prevents doubling. (Male, age: 17 yr, 10th grade)
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In some quotations, it is seen that students do not know the characteristics of
mitosis and meiosis, and they cannot establish their relationship with heredity.

After the questions were completed in the interviews, the students were asked
their opinions about why they had difficulty in learning these concepts and related sub-
jects or why they were confused. The students’ opinions on this subject give clues about
the reasons for the incomplete and incorrect information they have about the concepts
and issues related to genetics.

Student 1: We cannot visualize [concepts], I can say that. The fact
that these concepts are not displayed visually on the figures causes
confusion. In other words, I think it would be much more helpful if
the chromatid was explained to us, what a chromosome is, how
meiosis happens, step by step, by drawing figures. So I think they
should be visualized. We memorize the information, we write it
down during exams, and then we forget it. (Male, age: 18 yr, 11th
grade)

Student 2: [These concepts] are not clearly explained visually.
What is a chromosome, what is a chromatid, these are expressed in
one sentence, but the concepts are also very close to each other.
Knowing the answer to the questions is important in the exam.
Chromosome, chromatid, chromatin, they don’t matter. And even
if you want to study by yourself, the textbooks are not sufficient.
Because it is possible to learn it wrong from those sources because
the sources are not always very reliable either. When you learn
wrong, then it cannot be corrected. It is such a subject that genet-
ics should be explained by someone who knows it very well and
has a good command of the subject, you cannot do it by yourself.
Other subjects are not so complicated. Genetics is a bit more com-
plicated in terms of concepts compared to other subjects. Other
subjects can be understood if you go and study from the source
yourself, but genetics cannot be understood. (Female, age: 18 yr,
11th grade)

Student 5.: For example, you just asked very good questions, ‘What
is a gene?’ For example, I did not understand the definition of it
exactly; maybe it is because I still do not understand the subject.
‘What is a chromosome?’, just as far as I know, [...] there is a line
called chromosome big gene, I memorized that to learn the subject.
I don’t think the concepts were taught well, or they weren'’t re-
ceived. In other words, I did not learn the concepts well, we need
to start from scratch and learn, I think it is explained in a way as if
we already know everything. Frankly, I haven’t studied this subject
very often. The concepts should have been taught first, ‘what is a
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gene’, ‘what is a chromosome’, then it had to be taught in-depth.
(Male, age: 17 yr, 10th grade)

Student 3: There is confusion due to drawings and shapes. (Male,
age: 16 yr, 9th grade)

Student 14: It may be because there are many foreign words. Some
people have a different point of view, they don't like biology, but |
think it’s because there are a lot of foreign words and because it
requires memovization [because]. And it’s complicated, I mean,
they are all so similar to each other. (Female, age: 18 yr, 12th
grade)

Interviewer: Are the words similar or their definitions?

Student 14: Words. For example, it is not the same as in Turkish,
that is, when you add a letter, it is conjugated, but not in biology.
When you add a letter, it can mean an entirely different thing.
That’s why. (Female, age: 18 yr, 12th grade)

Student 15: The reason they are confused with each other is be-
cause their meanings are similar. (Female, age: 16 yr, 9th grade)

As a result of the interviews conducted to obtain information about the students’
misunderstandings about the basic concepts in genetics, it was concluded that a signifi-
cant portion of the students has incorrect and inconsistent views about the basic con-
cepts of genetics. It is seen that students have some knowledge about the phenomena,
but they cannot form conceptual integrity with these phenomena.

Conclusion and Discussion

In this study, which aims to reveal the knowledge level of secondary education students
about genetics and the source of this information, the data obtained from the interviews
with the students were examined. As a general result, it has been found that students
have inaccurate and inconsistent information about the basic concepts of genetics, have
difficulties in establishing relationships between these concepts, and cannot fully under-
stand and explain the processes underlying genetic events. These results are similar to
the results of many studies in the literature (Bahar et al., 1999; Banet & Ayuso, 2000;
Dorji, Tshering, & Dorji, 2017; Duncan & Reiser, 2007; Finley et al., 1982; Haskel-
Ittah, Duncan, Vazquez-Ben, & Yarden, 2020; Stewart, 1982; Kindfield, 1991;
Marbach-Ad & Stavy, 2000; Rotbain et al., 2005; Tekkaya et al., 2001).

The findings obtained from the interviews revealed that some students confuse
the concepts of gene, DNA, and chromosome with each other and therefore cannot ex-
plain the relationships between the concepts correctly. For example, it was found that
some of the students think that DNA consists of chromosomes or that chromosomes are
found in DNA. Similarly, Lewis et al. (2000c) found that the concepts of gene and
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chromosome are frequently used interchangeably. In another study, it is stated that stu-
dents have a lot of confusion about the relationships between the concepts of gene,
DNA and chromosomes (Wood-Robinson et al., 2000). Another issue that the students
in the study were confused about is the location of the genes. Findings from interview
questions towards the knowledge that genes that determine any trait are found in all
cells showed that if students know the correct answer, then they also know the reason
for the correct answer. However, when the wrong answers were examined, it was found
that the rate of students who had the idea that genes are only found in the gametes was
high. In another study with similar findings, Lewis et al. (2000c) concluded that a large
number of students believe that only certain cells, especially those in the reproductive
system, contain genetic information. In addition, the answers given to the related ques-
tions revealed that some students think that the gene that determines any trait is found
only in the cell, tissue, or organ with that trait. These students believe that each cell con-
tains only its own unique genes. In another study, it was found that most of the students
believe that each cell type has different genes (Hackling and Treagust, 1984). Many
students in this study stated that cells carry different genetic information according to
their functions. Similarly, according to another research result, students think that cells
contain only the genetic information they need to perform their functions (Lewis et al.,
2000a). In addition, in the study, it was found that a very large portion of the students
think that the sex chromosomes are only found in the gametes or reproductive organs.
According to the results of other studies that have similar results with this finding, stu-
dents think that only the gametes carry chromosomes and that these chromosomes are
either X or Y (Lewis et al., 2000b; Chattopadhyay, 2005). It was observed that almost
all of the students correctly answered the questions regarding the sex chromosomes, X
and Y chromosomes, determining gender. However, it was found that the students did
not have any other information about the functions of chromosomes, so when chromo-
somes were discussed, they only thought about sex chromosomes. Lewis and Wood-
Robinson (2000) in their research, in response to the question “Why are chromosomes
important?”’ they mostly received the answer, “it determines the gender.” In connection
with this finding, it was understood that the students were not aware of the presence of
both sex chromosomes and body chromosomes in all cells. It has been observed that
students are very successful in solving genetic problems related to the number of chro-
mosomes in situations that require mathematical operations. However, it has been found
that they have difficulties in explaining how the number of chromosomes in cells is
regulated. In addition, it was found that the students generally answered the questions
about the characteristics of mitosis and meiosis correctly, but were unsuccessful in
questions related to mitosis and meiosis.

These findings, which reveal the views of the students in the study about genet-
ic concepts, show that the students have incorrect and missing information about the
structure and location of these concepts and the relationships between the concepts. It
has been observed that various factors have an effect on this result. One of these factors
is the teaching of genetic concepts. Since the concepts are abstract and imaginary con-
cepts, students have difficulty in understanding and they cannot achieve meaningful
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learning because they cannot establish a relationship between the concepts. It is seen
that there is a need for more visual material in teaching genetic concepts and the con-
cretization of abstract concepts. The results obtained from the interviews showed that as
the grade level increases, the students use more and more diverse concepts related to
genetics. However, it was also observed that the students had difficulty in providing in-
depth explanations. In addition, another result obtained from the interviews is that the
students are not sure of the information they have. It is understood that this situation
arises from the fact that students have incomplete and inconsistent information about
basic concepts and subjects. This result shows that teaching basic concepts inde-
pendently from each other makes it difficult for students to establish relationships be-
tween genetic events and concepts. At this point, it is considered important to empha-
size the relationships between genetic concepts in teaching genetic events and processes.
As a result, due to the lack of teaching about the abstract content of genetic concepts
and the complex nature of genetic events, students have difficulty in establishing rela-
tionships between these concepts and cannot demonstrate an adequate understanding.

It has been found that another reason that students have difficulties in under-
standing genetic concepts is genetic terminology (Pearson & Hughes, 1988a). Genetics
has its own technical vocabulary. In parallel with new developments, new terms are
added to the genetic terminology, which includes many synonymous concepts and
words that are similar in spelling, or some terms are no longer used. For these reasons,
genetic terms emerge as a factor that makes it difficult for students to understand genet-
ics. In the interviews, most of the students stated that the genetic concepts are foreign to
them. In addition, the facts that the words are similar to each other and the meanings of
the expressions are similar cause the students to get confused. In another study on ge-
netics, the same result was emphasized and it was stated that similar words cause confu-
sion (Bahar et al., 1999). On the other hand, the wrong or careless use of genetic con-
cepts in textbooks and by teachers causes students to not fully understand these con-
cepts. Pearson and Hughes (1988b), in their study, reviewed various textbooks and
identified misused genetic concepts. The researchers stated that this result caused both
students and teachers to experience confusion about genetic concepts. The fact that ge-
netics contains a large number of foreign and similar terms or they are incorrectly ex-
pressed causes students to confuse genetic concepts and not to understand them fully.

Another result that emerged during the interviews was that the students had
some knowledge about genetic concepts but could not explain the reason for this
knowledge. This result reveals that students partially know the facts, concepts, and
events related to genetics, but they cannot understand the processes underlying genetic
events. It has been understood that one of the important factors leading to this result is
the university entrance exam. In our country, the university entrance exam consists of
multiple-choice questions and the low number of biology questions within the scope of
the exam affects students’ study approaches and learning processes. In the distribution
of questions by subject over the past three years, an average of 4 out of 160 questions
was about cell divisions and genetics. Because this number is low and students find ge-
netics topics difficult, some students ignore subjects related to genetics. Learning about
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genetics, which includes abstract concepts and complex relationships, requires more
time and effort compared to other subjects. In this case, some students choose to learn
genetics superficially and by rote memorization. In a study, it was stated that students
tend to learn about genetics concepts separately, without establishing connections be-
tween them and structuring these concepts (Cavallo, 1996). However, learning genetic
concepts by rote memorization results in students failing to use these concepts in differ-
ent problem situations they encounter and also to explain the reasons for the knowledge
they have.

The fact that some of the results obtained in the study are similar to the results
of the relevant studies carried out many years ago (Banet & Ayuso, 2000;
Chattopadhyay, 2005; Lewis et al., 2000a; Lewis et al., 2000b; Lewis & Wood-
Robinson, 2000; Marbach-Ad & Stavy, 2000; Tekkaya et al., 2001) shows that the dif-
ficulties in the learning and teaching of genetic subjects and concepts continue to exist.
At this point, it can be argued that an important contribution can be made by supporting
teacher education in terms of current teaching approaches and the use of technological
materials. In addition, updating the textbooks and source documents by enriching them
with visual elements can be an effective solution. Considering that the invisible and
inaccessible nature of genetic events is an obstacle to students’ understanding, the need
for a teaching environment supported by various animations and videos should be taken
into account by teachers, education administrators, and curriculum developers. Since
rote learning leads to unsuccessful results in understanding genetic concepts, it is also
important for students to adopt a meaningful learning approach and to be guided in this
direction.
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