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Introduction

Scienceis a dynamicand human activity that tries to define and explain
physical, chemical and biological processes. Through this activity, informa-
tion that can be tested objectively and consistently has been generated and
continues to be generated (Victor & Kellough, 1997; Kaptan, 1999; isman,
Baytekin, Balkan, Horzum & Kiyici, 2002; Dogru & Kiyici, 2005; Ministry of
National Education, 2005; Topsakal, 2005; Banasiak & Beimer, 2007).

Another dimension of science is biology. Biology teaching is one of the
more effective ways that can be used for people to gain some knowledge by
transferring the information obtained regarding the occurrence and order
of the events in nature to their lives thanks to biological research. In biology
lessons, students are able to encounter a lot of information and concepts
related to themselves or their environments (Berkant, 2002). Concepts are
abstract units involved in people’s thought systems. They facilitate com-
munication between people by classifying information (Saka & Akdeniz,
2004; Saka, Akdeniz, Asilsoy & Bayrak, 2005). In science the importance of
the concept is great. The reasons why students are successful or unsuccess-
ful in learning concepts are the prominent issues in educational research
for effective learning (Kurt, 2013). To internalize the ideas that the concepts
symbolize and to consider the meaning of these concepts correctly, and to
assimilate in the mind beyond simple memorizing are the necessities to reach
the upper steps of science teaching (Eyidogan & Glineysu, 2004). Although
the most important objective of science is conceptual understanding, dif-
ficulties in understanding science concepts are observed in all student age
groups (Noh & Scharmann, 1997). Educators need a good starting point
and it is important for teachers to know the level of students’ conceptual
understanding (Pittman, 1999).

The field knowledge of those who are guiding the learning process in
assimilating the concepts correctly isimportant. Especially when considered
in terms of abstract science concepts, it is expected that the prospective sci-
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ence teachers who will lead future generations have correct knowledge about the subject field. On the other hand,
when considering that prospective teachers may come to university with scientifically incorrect perceptions on
some topics, it is inevitable that they transfer these misunderstandings to their students and this incorrect learning
process continues in the next generations. Thus, to identify the lack of subject knowledge and misconceptions of
prospective teachers and efforts to eliminate them are crucial in teacher training (Bak, Ayas & Devecioglu, 2005).

Field Qualifications of Prospective Science Teachers

The field qualifications of prospective science teachers and science teachers are very important. As teachers
can be a major source of children’s informal ideas in science, theirincompetence in subject matter knowledge will
affect students’ basic understanding of science concepts (Mak, Yip & Chung, 1999). A source of misconception
comes from teachers who are less competent in subject-matter knowledge (Yip, 1998). In the 2013 Public Staff
Selection Examination that science teaching graduates attended, the arithmetic average of the Science Test, which
consisted of 50 questions on the area of Science, was 15.00. In 2014, the average was 13.00 (Student Selection and
Placement Center, Turkey, 2013; 2014). These results indicate that the knowledge of the area of the prospective
teachers graduated from university is not adequate. In addition, the research carried out on prospective science
teachers in recent years has shown that the field knowledge of prospective teachers is not sufficient. There has
been missing and incorrect learning, they have misconceptions and they have low levels of conceptual under-
standing. It has been identified that the prospective science teachers have misconceptions on such topics in the
field of chemistry, physics and biology.

It has been identified that the prospective science teachers have misconceptions on such topics as states of
matter (Aydin & Godek Altuk, 2013), the relationship between boiling point and vapor pressure (Akgiin, Gonen &
Yilmaz, 2009), solution, dissolution, and the structure and the conductivity of mixtures (Akgiin, Gonen & Yilmaz,
2005) in the field of chemistry. In the field of physics, it has been determined that prospective teachers have mis-
conceptions on such topics as force and motion (Demir, Uzoglu & Kasap, 2004; Kurt & Akdeniz, 2004), work (Erduran
Avci, Kara & Karaca, 2012), waves (Kiiciikdzer, 2010), and astronomy (Emrahoglu & Oztiirk, 2013; Kiiciikdzer, 2007).
And it has been identified that they have misconceptions in the field of biology subjects such as diffusion (Akgtin,
2010; Yildinm, Nakipoglu & Sinan, 2004), photosynthesis and respiration in plants (Kose, Ayas & Usak, 2006), pro-
teins, enzymes and protein synthesis (Sinan, Yildirim, Kocakulah & Aydin, 2006), cell division (Emre & Bahsi, 2006)
and greenhouse effect (Bal, 2004).

In most of this research, it has been concluded that prospective teachers have difficulty in the explanation of
topics and concepts that are difficult to learn and embodying the abstract concepts learned (Celik, Yilmaz, Sen &
Sar1,2013).When an abstract concept is not embodied, an individual is forced to memorize these concepts without
internalizing them (Yapici, 2004).

Cell Concepts in Science Teaching

One of the important abstract concepts in science teaching is the topic of cells. The concept of the cell is
not related to daily life. Students do not have a reference where they can find out for themselves what cells are or
where they are (Zamora, Silvia & Guerra, 1993). It is very complex for students who have not integrated into the
whole picture to establish the relationship between structure and function of the cell (Flores Tovar & Gallegos,
2003). Understanding the structure of cell biology is among the topics that are the most difficult to learn (Storey,
1990). Cavas and Kesercioglu (2010) indicate that understanding of cell functions is important in learning about
the functioning of multicellular organisms. The difficulty of embodying this topic causes a decrease in prospective
teachers'interests in the topic. The structure, functions and organelles of cells are difficult to understand and abstract
topics (Saygin, Atilboz & Salman, 2006). Emre and Bahsi (2006) have shown in their research that prospective science
teachers have misconceptions about cell division. They have stated that interrelated concepts and the memorization
of these concepts cause misconceptions. Kaya and Giirbiiz (2002) have taken the views of high school students on
the course of biology and have concluded that most of the students describe it as a course that is based on memo-
rization and is unpractical. Yorek, Aydin and Kete (2005) have insisted that it is required to have students better
comprehend it, as the topic of the cell is one of the basic structures of biology. Usak (2009) found in his research
on the pedagogical knowledge of prospective science teachers about cells that the prospective teachers are not
successful in using specific teaching methods, are teacher-centered in terms of teaching approaches and have high
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self-confidence about knowledge of the field. Oztas and Ozay (2004) examined the problems faced by teachers in
biology teaching in their study on biology teachers and stated that most of the teachers had not received enough
biology education in their school life; therefore, they used schemes more than models while teaching. The fact that
teachers mostly use methods such as lecture, question-answer, and discussion instead of student-centered and
practical methods can be considered as one of the reasons that affects achievement negatively (Yaman & Soran,
2000; Ekici 2001). Therefore, studies conducted in order to increase the interest of students in biology courses and
to provide a conceptual understanding by providing configurations in their own minds instead of memorizing the
concepts are important (Saygin, Atilboz & Sayman, 2006).

The Present Research

Flores, Tovar and Gallegos (2003) stated that there have been very few studies on the students’ concept
statements. Prospective teachers studying in faculties of education are supposed to have field information. It seems
that there is little research on cells, which is one of the basic subjects in Biology. Usak (2009) suggested that the
field information a teacher has is important but what is more important is how much of this information a teacher
or a prospective teacher can transfer to the students in accordance with their interests, necessities and levels.

The topic of cells is one of the basics in Biology and it is a prerequisite concept in learning Biology subjects
such as the living, the inanimate, tissue, organ and system. It is a subject that takes place from middle school to
secondary education and for prospective science teachers’ until the bachelor degree. Considering that the con-
ceptual understanding levels of future teachers regarding this subject will reflect on their professional life and the
seriousness of its consequences, it is necessary to determine the conceptual understanding on this subject.

Drawing is one of the methods that can be used to reveal the levels of conceptual understanding of students,
their observational skills and their discernment (Dove, Everett & Preece, 1999; McNair & Stein, 2001; Pridmore &
Bendelow, 1995). Drawings, which provide an opportunity for international comparison, are easily applied research
tools (Reiss et al, 2002). They reveal the hidden knowledge and beliefs of students without being limited by words
(Ayas, 2006). Drawing is used increasingly in research regarding the environment and science teaching (Angell,
Alexander & Hunt, 2015; Shepardson, Niyogi, Choi & Charusombat, 2009). This method can be used for many ages
and development groups, thus it provides an understanding of the individual’s knowledge, conceptual understand-
ing and the feelings of theirinner world (Bahar, Uzel, Protop & Usak, 2008; Bartoszeck, Machado, & Amann-Gainotti,
2008; Dove, Everett & Preece, 1999; McNair & Stein, 2001; Nyachwaya, Mohamed, Roehrig, Wood, Kern & Schneider,
2011; Prokop & Fancovicova, 2006; Prokop, Fancovi¢ova & Krajcovicova, 2015; Prokop, Prokop & Tunnicliffe, 2008;
Prokop, Prokop, Tunnicliffe & Diran, 2007; Prosser, 1998; Sasmaz-Oren & Ormanci, 2014).

Thus, the aim of this study is to determine prospective science teachers’ level of conceptual understanding
and ability to explain the structure of animal and plant cells. It was intended to find answers to the following ques-
tions in accordance with these aims;

What level is the science teachers’ conceptual understanding of plant and animal cells?
What level is the science teachers’ conceptual description of plant and animal cells?

Is there a significant difference between the scores they receive from writing and drawing of prospective
science teachers in plant and animal cells?

How often do prospective science teachers express the structure of plant cells and organelles in their
drawings and explanations?

Methodology of Research
Research Design
In the study, descriptive survey design has been used for determining prospective science teachers’levels of

understanding and explanation of animal and plant cells. Survey research provides a quantitative description of
trends, attitudes, or opinions of a population by studying a sample of that population (Creswell, 2013). The survey
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studies can be descriptive or analytic. Descriptive surveys simply describe data on variables of interest, whilst
analytic surveys operate with hypothesized predictor or explanatory variables that are tested for their influence
on dependent variables (Cohen, Manion & Morrison, 2011).

Participants

The participants of the research consisted of 152 students (female=113, male=39) registered at a state univer-
sity in Turkey. The mean age of the participants was 23.2 (SD=1.08, range: 21 - 26). Purposive sampling was used to
select the participants. In the purposive sampling procedure, the researcher decides what needs to be known and
sets out to find people who can and are willing to provide the information by virtue of knowledge or experience
(Bernard, 2002). The applications were done after the participants received all the courses (General Biology-I-Il,
General Biology Laboratory-I-ll, Human Anatomy and Physiology, Genetics and Biotechnology, Special Topics in
Biology) they would get during their study period. In particular, the course of General Biology-I that is taken in the
second grade and consists of the topics of “cell, the structure and function of cell, cell membrane, cytoplasm and
organelles, cell nucleus”. Participants were seniors studying at the Department of Science Teaching in the Faculty
of Education. Therefore, the sample of this study was appropriate.

Data Collection Tool

Prospective science teachers participating in the study were asked to draw and explain in writing the structure
of animal and plant cells. To ensure that students could freely express their knowledge on this subject, no pattern
was asserted and it was stated that every kind of drawing and writing could be used. The students were given 40
minutes for this application. Prospective science teachers did not receive private tutoring in this matter. Draw-Write
Form regarding animal and plant cells was applied at the end of 2013-2014 school year fall semester.

Data Analysis

It was anticipated that the prospective science teachers would make the drawings and the explanations that
they would use when they practice their profession. In this respect, the subject content of “the resemblances and
differences between animal and plant cells’, which is in Science Teaching Program (Ministry of National Educa-
tion, 2013) 6th Grade ‘The Systems of Our Body’ unit were examined. In the assessment of the prospective science
teachers’drawings and explanations, the shapes and explanations that are in the 2013 science course curriculum
and in the 6th grade course book (Ocal, 2014) that science teachers use in their classes were taken as the base.
The determination of prospective science teachers’ levels of conceptual understanding of animal and plant cells
was made by domain experts consisting of two people according to the scoring scale developed by Ormanci and
Sagmaz (2010) and is used in the assessment of drawing questions given in Table 1 and the scoring scale whose
instructions are given in Table 2. The percentage of agreement between the experts regarding the assessment of
drawing and explanations was measured at 0.91.

Table1.  The scoring scale used in the analysis of drawing questions.

Assessment Criteria Score Scoring Criteria

Clear Understanding 5 Drawings that are fully scientifically correct

. . 3 Drawings containing scientifically a part of the answer or drawings containing
Partial Understanding misconceptions along with the right answer
0 containing total misconceptions, (b) scientifically wrong, (c) irrelevant or incompre-

Not Understanding hensible drawings, (d) leaving blank
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The scoring scale used in the analysis of writing.

Assessment Criteria Score Scoring Criteria

Correct Explanation 5 An explanation that is scientifically correct

Partially Correct Explanation 3 An explanation that is scientifically correct but cannot be expressed in all its parts
Wrong Explanation 0 (a) an explanation that is scientifically incorrect, (b) explanation irrelevant to the

question, (c) explanation consisted of misconception, (d) explanation in which the
expression in the question is repeated, (e) leaving empty, (f) expressing not know-
ing, (g) leaving empty

Data on both the plant and animal cells related to affidavits and drawings were not normally distributed
(Kolmogorov-Smirnov tests, both p <0.05). Thus, for teachers drawings of plant and animal cells, a comparison of
the post-level 3x2 Chi-Square test ( ¢ %) (King and Minium, 2003) was used. Drawing and Spearman rank correla-
tion to determine whether the relationship between the written expression result, the Wilcoxon in order to test
the significance of the difference between the drawings and written expression results, a Signed Rank test was
administered and values with p <0.05 were accepted as significant. Organelles provided from drawings and reports
were laid out to be calculated as percentage (%) and frequency (f).

Results of Research
Levels of Understanding

The frequency and the percentage distribution of the drawing levels of prospective science teachers regarding
the structure of animal and plant cells and the results including The Chi-Square test are given in Table 3.

Table 3. Animal and plant cell drawing levels of prospective science teachers.
Animal Cells Plant Cells
Categories of Analysis N % N %
Not Understanding (U-1) 126 82.9 106 69.7
Partial Understanding (U-2) 22 14.5 40 26.3
Clear Understanding (U-3) 4 2.6 6 3.9
Total 152 100.0 152 100.0

Examining Table 3, a large majority of participants had very poor understanding of both plant and animal
cells.

The level of difference between prospective teachers of understanding plant and animal cells was found to
be significant (chi-square test, y ?(2) =7.35, p=0.025). In other words, there was a significant relationship between
teachers’ level of understanding of plant and animal cells.

Description Levels

The frequency and the percentage distribution of the explanation levels of prospective science teachers re-
garding the structure of animal and plant cells and the results including the Chi-Square test are given in Table 4.
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Table4.  Thelevels of prospective science teachers regarding the structure of animal and plant cells.

Animal Cells Plant Cells

Categories of Analysis N % N %
Wrong Explanation (E-1) 72 474 40 26.3
Partially Correct Explanation (E-2) 56 36.8 84 55.3
Correct Explanation (E-3) 24 15.8 28 18.4
Total 152 100.0 152 100.0

Examining Table 4, the vast majority of participants is at the level of description wrong explanation for animal
cells, and partially correct explanation level for the plants. There is a significant relationship over prospective teach-
ers to explain levels of plant and animal cells (chi-square test, y ?(2) = 15.05, p = 0.001)

Comparison between the Levels of Drawing and Writing
Comparison between the Levels of Drawing and Writing Spearman rank correlation results are given in Table
5 in order to determine the relationship between the drawing and writing scores over plant and animal cells of

participants.

Table 5. Drawing and Spearman rank correlation between the results of drawing and writing.

Explanation
Plant Cells Animal Cells Total
Drawing r p n r p n r p n
Plant Cell 0.288 0.001 152
Animal Cell 0.135 0.096 152
Total 0.242 0.001 304

Wilcoxon Signed Rank test results applied to determine whether there is a significant difference between
prospective teachers’ writing and drawing related to animal and plant cells are given in Table 6.

Table6. Drawing and writing test scores Wilcoxon signed rank test results.

Drawing-Writing n Mean Rank Sum of Ranks z P
Negative Ranks 72 45.83 3300.00 6.41* 0.001
Animal Cell Positive Ranks 14 31.50 441.00
Ties 66
Negative Ranks 78 41.58 3243.00 7.37* 0.001
Plant Cell Positive Ranks 4 40.00 160.00
Ties 70 - -
Negative Ranks 150 86.82 13023.00 9.74* 0.001
Total Positive Ranks 18 65.17 1173.00
Ties 136

*Based on positive ranks.
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Analysis results indicate that there is a significant difference between drawing and writing levels of teachers
who participated in the research related to plant and animal cells. As the difference in average scores (mean rank)
and row totals (sum of ranks) are observed, the difference is negative hence it is determined to be in favor of writ-
ing scores. When the evaluation criteria of these levels are considered, it can be suggested that the explanations
of animal and plant cells of prospective science teachers are more successful than their drawings.

The frequencies of stating cell structure and its organelles in the drawings of prospective science teachers
are given in Table 7.

Table7.  The frequencies of stating cell structure and its organelles in the drawings of prospective science

teachers.
Drawing of a Plant Cell Drawing 8‘;;" Animal Explanation of Animal and Plant Cells
Organelles F % f % f %
Nucleus 19 77.6 108 71.0 88 57.8
Cell Wall 106 69.7 10 6.5 88 57.8
Vacuole 96 63.1 38 25 114 75.0
Mitochondria 82 53.9 38 25 128 84.2
Chloroplast 80 526 2 13 96 63.1
Cell Membrane 78 51.3 82 53.9 86 56.3
Ribosome 72 47.3 50 328 114 75.0
Endoplasmic Reticulum 68 447 34 22.3 82 53.9
Lysosome 68 4.7 42 27.6 86 56.5
Golgi Apparatus 62 40.7 38 25.0 116 76.3
Centrosome 20 131 46 30.2 78 51.3

Itis remarkable that even though there is a similar structure instead of a lysosome in plant cells, 44.7% (f=68)
of the prospective science teachers drew this organelle. Similarly, even though there isn’t a centrosome organelle
in plant cells, 13.1% (f=20) also drew this organelle.

Even though thereisn't a cell wall and a chloroplast in an animal cell, it is seen that 6.5 % (f=10) of the prospec-
tive science teachers drew the cell wall and 1.3% (f=2) drew the chloroplast.

Discussion

There is a lot of work for science teachers to determine the level of conceptual understanding. In this study,
it was aimed to determine the level of understanding and ability to explain concepts via drawing and writing
descriptions for science teachers who will teach animal and plant cells in near future.

The results are discussed below in order to conclude the level of prospective science teachers regarding their
understanding and explanations of animal and plant cells concepts.

Levels of Understanding

From the analysis of the vast majority of science teachers’ drawings, it might be said that both animal and
plant cells are not at the understanding level. This is followed by the Partial Understanding level. Very few teachers’
drawings being at the Clear Understanding level is noteworthy. Prospective teachers seem to be a relationship
between the understanding of plant and animal cell levels (Table 3).

Itis seen that the knowledge levels of prospective teachers regarding animal and plant cells are low and the
number of prospective teachers who have wrong and imperfect data is high. In his studies where he examined
prospective science teachers’ pedagogical field knowledge about cells, Usak (2009) determined that the prospec-
tive teachers’ field knowledge specific to the subject was demonstrably imperfect.
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Similarly, Mestre (2002) mentioned that university students are insufficient in physics conceptual understand-
ing, Sinan, Kose, Aydin and Gezer (2007) that science teachers are insufficient at enzymes and protein synthesis,
and Brown and Schwartz (2009), that prospective teachers have conceptual understanding problems over pho-
tosynthesis and in cellular respiration. Fancovicova and Prokop (2014) stated that the anatomy knowledge of
prospective biology teachers was weak.

Acquisition of conceptual understanding is influenced by prior knowledge (Driver, Asoko, Leach, Mortimer and
Scott, 1994). Moreover use of higher level strategies contributes to substantially different indicators of conceptual
understanding (Alao and Guthrie, 1999). Especially in the teaching of biology questions and answers (Kumbicak,
Atilboz and Salman, 2006), the narrative method (Karamustafaoglu, Bayar and Kaya, 2014) has been found to be
the most often used. The inefficiencies of the teachers in their field knowledge might cause them to use materials
in a way that will give them wrong information about the subject (Canbazoglu, Demirelli and Kavak, 2010).

Description Levels

According to the results obtained from the article, it was observed that the level of prospective science
teachers’ explanation of animal cells is Wrong Explanation level, and teachers’ level of explaining of plant cells is
Partially Correct level. There seems to be a correlation between the level of description of plant and animal cells
of prospective teachers (Table 4).

Comparison between the Levels of Drawing and Writing

It has been determined that there was no relationship between animal cell drawing and writing but a posi-
tive and statistically significant low level relationship was found between plant cell drawing and writing and total
drawing and writing of plant and animal cells (Table 5). Similarly with animal cell drawing and writing results
Prokop and Fancovicova (2006) failed to find significant relationships between students’ writings and drawings
about the human body.

Analysis results indicate that there is a significant difference between the levels of prospective science teach-
ers in writing and drawing plant and animal cells. It is observed that this difference was in favor of writing scores
(Table 6).

Examining animal and plant cells it is seen that for each of them, the levels of the written statements are higher
than those of drawings. This might be the result of prospective teachers’ memorizing the information rather than
configuring it in their minds. Most of the prospective teachers didn’t include the cell organelles they explained in
their drawings. Ormanci and Sasmaz Oren (2010) suggested that when the students are asked questions which
they are required to answer in writing, there is a possibility that they will write by heart but when they are asked
to draw the subject, the students need to have full knowledge to make a drawing. It is understood that students
cannot transfer what they know into drawings. A similar result has been suggested by Saka and Akdeniz (2004) in
their study in which they examined prospective science teachers’ different progression levels regarding the topic
of genetics with surveys and drawings.

Also, it is seen that the prospective teachers tried to answer in their written statements instead of leaving
blank even if the answer was wrong. It is determined that this is less done in drawings. Kara, Erduran-Avci and
Cekbas (2008) reached a similar result in their study in which they researched the prospective teachers’ levels of
knowledge regarding the concept of light with drawings. This might be the result of knowledge based learning.
Also, it can be interpreted as prospective teachers’ having difficulty in the visualizing process.

Frequencies of Stating Cell Structure and Its Organelles

Examining the written statements of the prospective teachers'regarding the organelles in animal and plant
cells, it was seen that mitochondria organelle is the most explained. The majority of the prospective teachers ex-
plained the vacuole and ribosome and most of them explained the nucleus, cell wall, cell membrane and lysosome.
The organelle the prospective teachers have the most difficulty in explaining is the centrosome (Table 7).

Examining the prospective teachers’ drawing of the organelles in a plant cell, most of them showed the cell
nucleus and cell wall by drawing. Even though there isn’t a centrosome organelle in a plant cell, the prospective
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teachers’drawing of this organelle is a good example of lack of conceptual understanding. It draws attention to the

fact that this result is parallel to the findings of Yorek (2007) in the study he conducted with 9" and 11t graders.
Examining the drawings of animal cells, it is seen that most of the prospective teachers drew the nucleus and cell

membrane. It shows that even though there is no cell wall or chloroplast in an animal cell they are still drawn.

Conclusion and Implications

The current study shows that prospective science teachers’ conceptual understanding and explanation of
plantand animal cells is not sufficient. This study also revealed that prospective science teachers'understanding of
animal cells and plant cells is associated with the level of understanding and explanation. In addition, prospective
teachers’writing and drawing scores are remarkably in favor of writing and significantly differ. The majority of the
prospective teachers have difficulty while drawing.

Multiple-choice exams based on memorization, the decline of the scores that decrease each year in the edu-
cation faculty entrance exam, (insufficient information levels at the start of university), the prevalence of teacher-
centered implementation, insufficient performance of interdisciplinary work, and courses being studied without
field educators might be some of the reasons and recommendations might be proposed accordingly.

Firstly, this result may be seen as the natural effect of prospective teachers to settle in to university and after
graduating from the university, such as the Public Personnel Selection Exam, which is a multiple-choice, central
examination based on knowledge. Individuals with a time limitation in this exam focus on solving without in-depth
thinking but rather with eliminating techniques (Unal Coban, 2010). University students prefer memorizing test
solving techniques to understand science in order to settle issues conceptually. Employment concerns and lack
of required preconditions of education faculties and base condition scores decreasing each year lead to university
teachers with insufficient preliminary information regarding the area.

The second reason could be the teaching methods used in the course. To solve the problem of learning
wrongly and imperfectly, which is the case of prospective teachers’ knowledge about the topic of cells, it might
be suggested that student centered methods and techniques such as examination of animal and plant cells un-
der a microscope, research and question based learning, problem based learning and project based learning in
which they will actively participate should be used. Also, in different studies, experimental and quasi experimental
research can be conducted on the effectiveness of study leave that is supported by different student centered
methods and techniques for students to gain knowledge of this subject in middle school, secondary school and
higher education.

The third reason might be associated with science concept drawings and the lack of interdisciplinary studies
on the development of three-dimensional materials. An interdisciplinary study could be conducted with visual
arts classes in teaching the subjects that take place in middle school science class especially in biology and teach-
ing biology subjects in secondary school. In higher education, it is necessary that the subjects are understood by
visualizing. The drawing process should be concentrated on in the study leave in the course books.

The fourth reason might be that training courses are given by trainers instead of field educators. Although
these trainers know about education in the sciences, they are not specialists in each field.

Considering the conceptual understanding and explaining levels of prospective science teachers regarding
animal and plant cells, it might be suitable for science education experts to conduct research into Teaching Tech-
nology and Material Design, Science Technology Program and Planning and Special Teaching Methods I-1l courses
that require both field and education knowledge. Also, in these courses prospective teachers should participate
in activities in which they can apply their field knowledge. By increasing the number of Teaching Application and
School Experiment courses, prospective teachers should be given more chance to perform an application. Also, by
giving information about conceptual understanding and explaining to the school counselors in practice schools
the prospective teachers attend, they can be supported in making progress.

This research conducted on animal and plant cells can be repeated with the draw and write method by includ-
ing the structures of protists (e.g. paramecium, ameba, and euglena) in further studies. Also, to determine the levels
of conceptual understanding and explaining of prospective teachers on different subjects, data diversification can
be achieved by having interviews and observations.

Moreover, as a follow up study, more research has to be done for prospective teachers to understand and
explain the different concepts of both cells and improving the levels. The findings of this research might help to
create a foundation for the development of this level.
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