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This study aimed to display the level of students’ conceptual understanding of the cell concept. The 
study attempted to explore how students had conceptually constructed the general shape of the cell, 
the organelles and their positions within a cell and the definition of the cell and then compared grade 6, 
9 and 11 students’ representations of the cell concept. A conceptual understanding test was developed 
and used as data collection instrument by the researchers. Results showed that students tended to 
prefer animal cells rather than plant cells in their drawings. The proportion of students who drew animal 
cells was observed to increase from grade 6 to 11. Regarding students’ drawings of organelles and 
their positions within the cell, students had a firm grasp of the place of the nucleus, but the positions of 
the cell membrane and the cell wall were mixed. A lack of congruity in students’ representations of 
other organelles led us to believe that students merely memorize the names of the organelles and place 
them randomly somewhere between the nucleus and the cell membrane. Students perceived the 
nucleus, mitochondrium and ribosome as the most important organelles in a cell. 
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INTRODUCTION 
 
One of the most fundamental concepts in biology is the 
cell concept. It can be argued that in order for the 
students to comprehend the concept of life and the living 
things, which are assumed to be at the heart of almost all 
biological concepts. It is crucial to teach the cell concept 
meaningfully beforehand. In a similar thought, high 
school teachers indicated the cell concept as one of the 
most important concepts in understanding biological 
processes (Finley et al., 1982). 

Turkish Ministry of National Education’s (MEB) high 
school biology curriculum (1997) asserts the importance 
of the cell concept, which is the fundamental unit 
(building blocks) in biology. There has to be the 
knowledge of the cell concept before any meaningful and 
effective teaching and learning can take place in biology 
classes.  

The cell as a concept is perceived as difficult to 
comprehend by students at different grade levels. There 
are conceptual problems in understanding the cell as an 
independent organism and  its  functions,  and  there  are 
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difficulties in understanding its size and shape, resulting 
in confusions between cells, atoms and molecules. 
Especially for students who are not able to integrate the 
cell structures into an overall picture, the establishment of 
relationships between cell structures and their functions 
can be difficult (Flores and Tovar, 2003). 
 
 
Students’ cell drawings 
 
Image-based assessments are powerful research and 
instructional tools. They can provide insight into what 
students understand and perhaps more importantly, what 
topics they misunderstand in science (Halloun, 1996; 
Nicoll, 2001; Wandersee, 2000) thereby enabling 
instructors to identify misconceptions and also enable 
students to monitor their own progress in learning new 
material. It could be useful to use students’ drawing in 
identifying their mental models related to cell structures. 
Student drawings, providing us with information that 
cannot be obtained from any other evaluation means, can 
give valuable insight into the learners’ thinking (McLean 
et al., 2003). Hoese and Casem (2007) suggested that, 
using  simple  drawings,  instructors  could   gather   large 
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amounts of data on the mental models students have 
about scientific concepts and argued that student-
generated images were useful in identifying the mental 
models that students hold about concepts.  

Flores (2003) draws attention to a limited number of 
research studies regarding conceptual representations of 
students. We have also noticed that the number of 
studies particularly about students’ drawings of a cell was 
scarce. Most studies concentrated especially on using 
different teaching methods for introducing cell concepts. 
One main category is the teaching with analogy model 
and the most common example is the teaching of the cell 
concept via establishing an analogy with a factory 
(Crooks and Sheldon, 2005; Glynn and Tomone, 1998). 
Another category relies upon using a cell model, such as 
fabric cell model (Kluka, 2005), jigsaw model (Dori et al., 
1995), 3D-cell model (Jones et al., 2006) and virtual cell 
model (Minogue et al., 2006). Glynn and Tomone (1998) 
used an analogy (Teaching-with-Analogies) model in 
which the cell concept was taught by comparing it to a 
factory. They administered a multiple-choice pretest as 
achievement test and asked students to draw an animal 
cell figure.  

The most frequently annotated cell structures were cell 
membrane (53%), nucleus (49%), and cytoplasm (14%). 
Approximately one third of the students (32%) inac-
curately showed the cell wall (part of a plant cell) in their 
drawings. In the post administration of the achievement 
test, the most frequently annotated cell structures were 
cell membrane (92%), nucleus (96%), cytoplasm (61%), 
ribosome (47%) and mitochondrium (32%). Moreover, 
18% of the students inaccurately showed the cell wall in 
their drawings in the post administration of the test. 
Hoese and Casem (2007) draw attention to the simi-
larities between student drawings of cell figures and the 
shape of the cell figures in their textbooks and argue that 
students upon learning cell concept may reproduce the 
‘iconic’ representation of a cell as it appears in the text, 
drawing the shape and positioning each structure in the 
same way as they observed in their textbook. Clément 
(2007) indicates that even most university students’ 
drawings reduce animal cell structure to 2 concentric 
circles (nuclear and plasmatic membranes) including 
various numbers of other cell components. He calls this 
kind of drawing as ‘‘the fried-egg model’’ and argues that 
this frequently appears as a barrier to understanding the 
concept of cell differentiation (Clément, 1988).  

In addition, students’ knowledge of the cell concept is 
limited to what they learn at school and hence their 
individual construction of the concept is highly dependent 
on how it is introduced in teaching syllabuses and in 
textbooks (Clément, 2007). From a constructivist 
perspective, Astolfi and Peterfalvi (1993) suggested that 
identifying students’ prior conceptions before or after 
teaching these concepts possesses crucial importance 
with regard to the aims of education (Yorek and Narli, 
2009; � ahin and Ayd�n, 2009; Ugulu et al., 2008) . Suzuki 
(2005) defined the learning as  the  process  of  changing 

 
 
 
 
imperfect concepts in the minds of individuals to perfect 
concepts based on the premise that knowledge is 
possessed by the individuals. 

Chevallard (1989) describes three stages in the evo-
lution of scientific knowledge (concepts). These stages 
are the transformation of scientific knowledge into school 
knowledge and then into taught knowledge. Scientific 
knowledge comprises the knowledge produced by the 
scientists. Academic publications can be included in this 
framework. School knowledge is the state of scientific 
knowledge that is included in the curriculum and 
textbooks after some processes. Taught knowledge is the 
last stage where conceptualization occurs. We think that 
the construction of the students’ mental models takes 
place between school knowledge and taught knowledge. 
Hence, this study was undertaken to determine 6th, 9th 
and 11th grade students’ mental models about cell 
structures. The main aims of the present study are:  
 
1. To determine the student conceptions of cell regarding 
different age groups. 
2. To investigate the similarities and/or differences 
between the cell concept in the school textbook and in 
the mind of students. 
3. To add to the literature about students’ mental models 
of the cell concept. 
 
 
METHODOLOGY 

 
Research design 
 
Based on the constructivist approach, the study employed 
qualitative research methods (Ugulu, 2009; Yorek et al., 2008; 
Bogdan and Biklen, 2007). Turkish biology textbooks for primary 
and secondary schools were examined to determine a framework 
for the concepts to be taught. Then a conceptual understanding test 
was developed including three open-ended questions. This test was 
administered to a total of 193 students (11 - 17 year-old) at grades 
6, 9 and 11. Data were collected via students’ written responses to 
the questions in the conceptual understanding test. 
 
 
Subjects 
 
The sample of the study was 6th, 9th and 11th-grade students (n = 
193) selected via cluster sampling method among the students 
attending primary and secondary schools in Izmir (a large province 
in western Turkey). Distribution of the sample is displayed in Table 
1. The same textbooks (Cigirgan et al., 1999; Boru et al., 1999) 
were in use in the selected schools. The schools were accepting 
students from different parts of the province and the students varied 
in terms of their socioeconomic status.  
 
 
Design and validity of the conceptual understanding test 
 
The scope of the test was determined based on the textbook 
examinations described above. Two in-service biology teachers and 
two university faculty members specialized in biology education 
discussed and evaluated the test in terms of the content and face 
validity. The questions were finalized in light of reviewers’ 
comments. The test questions are given below: 
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Table 1. Distribution of the sample 
 

School Level Grade Age n % 

Primary School 6th-grade 11-13 44 22.8 
9th-grade 15-16 101 52.3 

Secondary School 
11th-grade 17-19 48 24.9 

 
 
 

 
 
Figure 1. Comparison of a plant and animal cell in the 6th-grade textbook (Cigirgan et 
al., 1999). 

 
 
 
1. Draw a living cell, including everything that is important for its life. 
2. In a sentence or two define the cell. 
3. In terms of its function in the cell, which organelle do you think is 
the most important? 

 
 

Turkish biology textbooks 
 
Since the study involved 6th, 9th and 11th-grade students, biology 
textbooks for these grades were examined. First, the units with a 
title including the term ‘cell’ and the topics that are directly related to 
the concept of cell were inspected. Later, we overviewed the topics 
related to the cell concept.  
 
 
6th grade biology textbook 
 
The concept of cell is dealt with in the chapter titled ‘the cell and the 
phenomenon occur within the cell’ and introduced by two 
juxtaposed drawings: a plant cell and an animal cell (Figure 1). 
Students were expected to carry out four simple experiments (such 
as, observation of the onion epidermis and the mouth lumen 
epithelium). The cell concept was examined by dividing the subject 
into three subtitles: cell membrane, cytoplasm and nuclei. The aims 
of the chapter can be summarized as to help students understand 
that the cell consists of cell membrane, nucleus and cytoplasm; it is 
the building structure of the living things and the small structures in 
the cytoplasm are called organelles. Cytoplasm and organelles are 
explored in detail. Organelles are described in separate sections 
under specific titles for each. Nucleus is explained under a separate 
heading along with nucleolus, chromosome, DNA and RNA. 
Functional relationships among organelles are not touched upon. At 
the end of the chapter there is a table displaying the differences 
between animal and plant cells.  

9th grade biology textbook 
 

The chapter titled ‘The Cell: Basic Unit of the Living Things’ starts 
with a series of questions leading students to the idea that body 
phenomenon (physiologic, biochemical, etc.) are related to the 
organelles in the cells. The observation of the cell and the cell 
theory are touched upon briefly. Cell membrane and organelles are 
described in a great detail and accompanied by complex figures 
(Figure 2). As we have seen in the 6th grade textbook, organelles 
are listed and explained one by one. However, the 9th grade 
textbook used a different listing for the organelles than the 6th grade 
textbook. Prokaryotes and Eukaryotes are examined briefly along 
with a bacterium figure. 

 
 

11th grade biology textbook 
 

Since this textbook did not have any title including the term ‘cell’, 
we examined three chapters that we thought were related to the 
cell. The chapter titled ‘Reproduction and growth’ consisted of 
subjects that depend on cell division (mitosis and meiosis). Another 
section titled ‘Energy Transforms in the Living Things’ dealt with 
concepts such as ATP, cell respiration and photosynthesis. Nucleic 
acids (DNA and RNA) and protein synthesis are examined in detail 
in the third chapter titled ‘The Molecules Carrying Genetic 
Information.’ We can say that the concepts and the descriptions at 
this grade level slip to a molecular level.  
 
 
Data collection and analyses 
 
The data were collected via the conceptual understanding test that 
included three open-ended questions. The test was given to all 
students participated in the study. The test was administered during  
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Figure 2. A plant and animal cell figure from 9th-grade textbook (Boru et al., 1999). 

 
 
 
students’ regular science or biology class time. It took maximum 30 
min for students to complete the test.  

In qualitative studies related to conceptual understanding, preset 
categories may not be used for the purpose of analyses and cate-
gories specific to any research may be determined for this purpose 
(Martinez et al., 2001; Shepardson, 2005; Thomas, 2002). In this 
study, analysis categories were determined using the responses of 
30 students selected randomly among 193 students. Using the 
analysis rubric constructed from these categories, student respon-
ses were coded. An expert in biology education was asked to code 
the responses of 30 students using the same rubric. Comparisons 
of coding revealed that there was over 80% agreement in the 
coding. Student responses were coded using the revised rubric. 
Responses not included in any category were marked as ‘not 
related’ in a separate group. Details of the analyses of responses to 
each question are given in the results section.  

RESULTS 
 

Student responses to the test questions are analyzed and 
the results are given in the following sections titled 
according to the test questions. 
 
 
Cell shape 
 
Student responses to the first question regarding the cell 
shape were analyzed under three subsections, namely 
the cell type, the cell shape and the organelles and their 
positions within the cell. The results are tabulated 
separately and are given below. 
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Table 2. Student-drawn cell types. 
 

Cell Type 6th-grade (%) 9th-grade (%) 11th-grade (%) 

Animal cell 22.6 50.5 75 
Plant cell 43 31.5 25 
Hybrid Cell 5 - - 
Other (Bacteria, amoeba, paramecium) - 8 - 
Not annotated 18.1 5 - 
Blank 11.3 5 - 

 
 

Table 3. Cell shapes students used in the drawings. 
 
General cell shape 6th-grade (%) 9th-grade (%) 11th-grade (%) 

Round 51.7 42.2 48.7 
Rectangular 34.5 41.1 36.3 
Other 13.8 16.7 15 

 
 
Categorization of drawings by the cell type 

 
Cell types drawn by the students are determined using a 
rubric prepared by the researchers. Types of cells 
students used in their drawings are shown in Table 2. If a 
student specified the type of the cell s/he had drawn 
(animal or plant cell), it was categorized the way the stu-
dent had specified it, even if it was a false specification. If 
the type of the cell was not specified, following rules are 
used to categorize the drawings: 
 
1. If at least there was a centrosome annotated in the cell 
and/or the cell was not enclosed with a cell wall, it was 
categorized as an animal cell.  
2. If at least the cell was enclosed with a cell wall and the 
centrosome was not shown, it was categorized as a plant 
cell.  
3. If there were a centrosome and the cell wall shown in 
the drawing or if plastids were shown along with the 
centrosome, it was regarded as a hybrid cell. 
 

11.3% of the 6th-grade and 5% of the 9th-grade students 
did not respond to the first question. Of those who 
responded, 18.1% of the 6th-grade and 5% of the 9th-
grade students did not include any explanation to their 
drawings. All of the 11th-grade students responded to the 
first question and included an explanation in their 
drawings.  

Analyses of the drawings revealed that 22.6% of the 
6th-graders, 50.5% of the 9th-graders and 75% of the 11th-
graders drew an animal cell. Proportion of students who 
drew a plant cell was 43% for 6th-graders, 31.5% for the 
9th-graders and 25% for the 11th-graders. The remaining 
of the 9th-graders (8%) drew a figure (bacteria, amoeba, 
or paramecium) that was neither an animal nor a plant 
cell. Among all students, only 5% of the 6th-graders drew 
a hybrid cell.  

Majority of the drawings were observed to be animal or 
plant cells. Compared to the literature, it is not  a  surpris- 

ing result and there are pedagogical, historical and 
sociological reasons for the students’ preferences of two 
typical cell types in their drawings (Clément, 2007). In 
addition, it is seen that from grade 6 to grade 11, while 
the proportion of students who draw an animal cell 
increases, the proportion decreases for the students who 
draw a plant cell. These results in a way suggest that 
while the scholarization levels increase Clements’ ‘Fried-
Egg Model’ is reinforced. Moreover, it may be useful to 
specify that textbook figures of the cells and students’ 
drawings are not exactly the same. As exemplified above 
(Figure 1), current textbook figures mostly based on 
electron microscope images and are depicted three-
dimensionally. 
 
 
Categorization of drawings by the cell shape 
 
When we were evaluating shapes of the cells in general, 
cell type was not taken into consideration and the 
drawings were categorized according to their geometrical 
shapes. Distribution of the shapes drawn by students are 
shown in Table 3. 

When the drawings were analyzed in terms of general 
cell shapes, 51.7% of the 6th-graders’ drawings were 
found to be round, 34.5% were rectangular and 13.8% 
did not belong to any of these groups. Forty two point two 
per cent of the 9th-graders’ drawings were found to be 
round, 41.1% were rectangular and 16.7% were not in 
any of these groups. Shapes of the 11th-grade students’ 
drawings were 48.7% round, 36.3% rectangular and 15% 
did not have neither shape. 

Samples of actual student drawings for a 9th-grade and 
an 11th-grade student are shown in Figures 3 (a) and 3 
(b), respectively. It can be seen that both students drew 
the cell as consisting of two circles (nuclear and cellular 
membrane) concentric with each other. Not surprisingly, 
the drawing of the 11th-grade student (b) stands out as 
more complex than the other drawing (a). 
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Figure 3. Examples of student drawings of a cell (a) 9th-grade, (b) 11th-
grade 

 
 
 

Table 4. Organelles annotated on student drawings 
 

 

 
 
 

Despite the fact that the 9th-grade curriculum includes 
the cell structure and its organelles in detail, Figure 3 (a) 
shows that the student did not attempt to include any 
annotation other than the three basic elements (cellular 
membrane, nucleus and cytoplasm) of the cell structure. 
The student only showed the cell membrane correctly 
(bilayer). Curriculum for the 11th-grade deals with cellular 
energy and protein synthesis at molecular level. There-
fore, it can be thought that 11th-grade student in Figure 3 

(b) could have shown the nuclear pores, nucleolus, DNA, 
mitochondrium and endoplasmic reticulum in detail.  
 
 
Organelles and their positions within the cell 
 
Organelles, drawn and annotated with an arrow, were 
taken into consideration in this section. Organelles 
referred to in the drawings are shown in Table 4.  Accord-  

Organelle 6th-grade (%) 9th-grade (%) 11th-grade (%) 
Nucleus 59 73.2 93.7 
Cell membrane 15.9 67.3 70.8 
Cell wall 18.1 43.5 31.2 
Vacuole 27.2 42.5 39.5 
E. reticulum 4.5 36.6 45.8 
Nucleolus 25 34.6 18.7 
Ribosome 6.8 34.6 64.5 
Mitochondrium 2.2 31.6 70.8 
Golgi 2.2 31.6 37.5 
Lysosome - 19.8 33.3 
Centrosome 2.2 6.9 8.3 
Chloroplast 6.8 3.9 6.2 
Mesosome - 3.9 - 
Plastids - 1.9 - 
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Table 5. Students’ definition of the cell. 
 

Definitions 6th-grade (%) 9th-grade (%) 11th-grade (%) 

The basic unit 31.8 6 4,2 
The basic unit of all living things 34 88 75 
The basic unit of our body 11.4 - 4,2 
The basic unit of the human being 6.8 4 - 
The basic unit necessary for life - - 2 
The basic unit managing vital phenomenon - - 8,3 
Other 16 2 6,3 

 
 
 
ing to this tabulation, the most frequently annotated 
organelle by all the students is the nucleus. While this 
organelle was followed by the vacuole, cell wall and cell 
membrane in the drawings of the 6th-graders; cell 
membrane, cell wall, vacuole and endoplasmic reticulum 
followed it in the drawings of the 9th-graders and cell 
membrane, mitochondrium, ribosome and endoplasmic 
reticulum followed it in the drawings of the 11th-graders. 
Similar results were reported by Glynn and Tomone 
(1998).  

The nucleus was shown as round and in the middle of 
the cell. Only one student from grade 9 showed the 
nucleus rectangular. Nucleus membrane was shown by 
4.5% of the 6th-graders, by 10% of the 9th-graders and by 
10.4% of the 11th-graders. One student from the 11th-
grade showed the pores on the nuclear membrane. 
Nucleolus was shown in the nucleus except for one 9th- 
grade student who showed it in the cytoplasm. 

While the cell membrane was shown as monolayer by 
the 89.7% of the 6th-graders, 73.3% of the 9th-graders 
and 79.2% of the 11th-graders, 10.3% of the 6th-graders, 
26.7% of the 9th-graders and 20.8% of the 11th-graders 
depicted it as bilayer. Some students were confused 
about the places of the cell membrane and the cell wall. 
Similar results were reported in a study (Zamaro and 
Guerra, 1993) where students mixed the place of the cell 
membrane and the cell wall. Of the 9th-grade students 
who showed the cell membrane, 40.9% showed the cell 
membrane as the outer membrane and placed the cell 
wall inside the cell membrane. In addition, 4% of the 9th- 
graders and 33.3% of the 11th-graders showed a cell wall 
in an animal cell. In a study where students were asked 
to draw an animal cell, 32% of them incorrectly showed 
cell wall in their drawings before the instruction. Even 
after the instruction, 18% of the students incorrectly 
showed cell wall in their drawings (Glynn and Tomone, 
1998). 

Vacuole is normally found near the top or the bottom of 
the cytoplasm. 7.2% of the 6th-grade students and 2% of 
the 11th-grade students showed the vacuole above and 
below the nucleus. When the size of the vacuole was 
compared to that of the nucleus, 6th-grade students 
showed the vacuole larger than the nucleus; 9th-grade 
students drew the vacuole smaller than the nucleus as 
did nearly half of the 11th-grade students.  The  remaining  

half of the 11th-grade students illustrated the vacuole 
larger than the nucleus.  

6th-grade students placed the endoplasmic reticulum 
between the cell membrane and the nucleus. Of the 9th-
grade students who showed the place of the endoplasmic 
reticulum within the cell, 35% placed it anywhere in the 
cell, 35% placed it near the nucleus as tube shaped and 
the remaining students (29.8%) placed it between the cell 
membrane and the nucleus. Of the 11th-grade students 
who showed the endoplasmic reticulum in their drawings, 
63.7% placed it between the cell membrane and the 
nucleus (as continuation of the nuclear membrane), 
27.3% showed it as an organelle in the cytoplasm 
enclosed by a membrane and 9% showed it as an 
organelle completely occupying the cytoplasm.  

8.5% of the 9th-graders and 13% of the 11th-graders 
showed the ribosome on the endoplasmic reticulum. All 
of the 6th-grade students, 91.5% of the 9th-grade students 
and 32.2% of the 11th-grade students showed the ribo-
some as various dots in the cytoplasm. It was shown as 
an organelle enclosed by a membrane by 54.8% of the 
11th-grade students. 

Mitochondrion was shown as an organelle enclosed by 
a membrane by 75% of the 9th-graders and 82.3% of the 
11th-graders. Twenty five percent of the 9th-grade to 
represent the mitochondrium. It was represented through 
various other means by the remaining 6% of the 11th-
graders. Only 2.2% of the 6th-grade students were able to 
show this organelle. 

Lysosome was drawn as round and having a mem-
brane by the 19.8% of the 9th-graders and 33.3% of the 
11th-graders. However, two of the 11th-grade students 
presented it as rod shaped. The 6th-graders did not 
include this organelle in their drawings. 

While the centrosome was shown near the nucleus by 
the 9th-graders, 11th-graders preferred to place it any-
where in the cytoplasm. Only 2.2% of the 6th-grade 
students were able to show this organelle. 

In general, other organelles were shown as small dots 
in the cytoplasm. The structures shown on the drawings 
other than the organelles were as follows: 6th-grade 
students showed intern nucleus (4.5%), extern nucleus 
(4.5%), plasma (4.5%) and membrane (4.5%); 9th-grade 
students showed DNA (10.8%), nucleoplasm (6.9%), 
chromatids (4.9%), flagella (3.9%), capsule (2.9%),  chro- 
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Table 6. Students’ choices of the most important organelle. 
 

Organelle 6th-grade (%) 9th-grade (%) 11th-grade (%) 

Nucleus 45.2 43,3 37,5 
Mitochondrium 4.5 27,7 33,3 
Ribosome 2.2 8 16,7 
All organelles 4.5 5 2 
Cell membrane 2.2 1 - 
Cytoplasm 2.2 3 - 
Lysosome - 3 - 
Nucleolus - 3 - 
Endoplasmic reticulum - 2 2 
Golgi apparatus - 1 - 
Other (DNA, Chromosome) - 1 6,5 
Blank 20.5 2 2 

 
 
 
mosomes (%1.9), RNA (%1) and cillia (%1); 11th-grade 
students showed DNA (%18.7), chromatids (%6.2), RNA 
(%4,1), nuclear pores (%2) and chlorophyll pigment (%2). 
 
 
Definition of the cell 
 

In grouping students’ responses, what students tried to 
communicate, that is, what they meant in their writing, 
was taken into consideration and categories were formed 
accordingly. The results obtained from the analyses are 
shown in Table 5. 

Table 5 indicates that 34% of the 6th-grade students, 
88% of the 9th-grade students and 75% of the 11th-grade 
students defined the cell as “the basic unit of the living 
things”, which is the most appropriate as a scientific 
definition. Furthermore, we found anthropomorphic 
definitions like “the basic unit of the human beings” or the 
basic unit of our body “the basic unit of our body.” More-
over, from the few number of definitions such as “the 
basic unit” we suggest that some students understood 
that the cell as a unit, however, they have not completely 
understood what it is about. 
 
 
The most important organelles in the cell 
 
The organelles that were characterized as the most 
important organelle by the students in terms of its 
function are displayed in Table 6.  

Table 6 indicates that nearly half of the 6th-grade 
students (45.2%) indicated the nucleus as the most 
important organelle. 9th-grade and 11th-grade student 
responses to this question can be grouped into three 
organelles: nucleus, mitochondrium and ribosome. 43.3% 
of the 9th-grade students and 37.5% of the 11th-grade 
students identified the nucleus, 27.7% of the 9th-graders 
and 33.3% of the 11th-graders selected the mitochon-
drium and 8% of the 9th-graders and 16.7% of the 11th-
graders  specified  the  ribosome  as  the  most  important  

organelle in the cell. These results suggest that the most 
frequently annotated organelle in the drawings is the 
same as the organelle (nucleus), which was specified as 
the most important organelle. According to the results it 
may be possible to say that 6th-grade students do not 
seem to agree on the importance of any other organelle 
other than the nucleus. 9th-grade and 11th-grade students 
expressed, along with the nucleus, the importance of 
cellular energy (mitochondrium) and protein synthesis 
(ribosome) for the cell. 
 
 
DISCUSSION AND CONCLUSION 
 
This study has attempted to investigate students’ (from 
6th-grade to 11th-grade) mental model evolutions of the 
cell structures. Results of the study revealed that 
students preferred to draw mostly animal and plant cells. 
An increase however was observed in the proportion of 
students who drew an animal cell as the grade level 
increases toward 11th grade, along with a decrease in the 
proportion of the students who drew a plant cell. In other 
words, the idea of representing the cell as two concentric 
circles (according to Cléments’ fried-egg model) gained 
strength as students aged. In addition, Tables 2 and 3 
indicate that most of the students’ drawings of the cell 
type and cell shape do not agree. For example, although 
75% of the 11th-graders drew an animal cell, only 48% of 
these students drew the animal cell as round (typical for 
an animal cell).  

When the organelle drawings and their positions within 
the cell are examined we can say that students especially 
have a firm grasp of the place of the nucleus. They have 
mixed the places of the cell membrane and the cell wall. 
In addition, in some cases they showed the cell wall in an 
animal cell. In general, the fact that there was not 
conformity among the students in their representations of 
the other organelles led us to think that they placed them 
randomly  anywhere  between  the  two  circles  (the  cell 



 
 
 
 
membrane and the nucleus). We think that the basic 
figure in students’ mind is two concentric circles (the cell 
membrane and the nucleus) where there are organelles 
in between. Another interesting point is that the most 
frequently annotated organelles on the figures by the 9th-
graders and the 11th-graders were the nucleus and the 
cell membrane. Therefore, we may say that the nucleus 
and the cell membrane are two structures students 
remember the most. 

When the cell definitions are examined we see that 
most of the 9th-grade and 11th-grade students gave 
definitions which are close to a scientific definition. Only 
one-third of the 6th-grade students’ definitions are seen to 
match the definitions of the other two grades. These 
results, however, do not guarantee that students used 
these definitions consciously and by being aware of their 
scientific meanings. A definition such as “the basic unit of 
all living things,” though we do not argue its scientific 
nature, can be found in any book containing the cell 
concept. We may, however, argue about how this defini-
tion were memorized by the students and reinforced with 
time all possibly as a result of bad instructional choices. 
On the other hand, definitions that can be characterized 
as anthropomorphic attracted our attention. Such 
definitions were used mostly (18.2%) by the 6th-grade 
students and decreased as students aged.  

When asked, students indicated the most important 
organelles as the nucleus, the mitochondrium and the 
ribosome in terms of their functions. In other words, stu-
dents, along with the managing nucleus, see the energy 
provider mitochondrium and ribosome as important 
organelles because they are related to protein synthesis.  

Considering our research questions, in light of the 
results of this study, we can deduce the following: 

 
1. It is thought that students’ cell concept is mostly limited 
to animal or plant cells. Considering the fact that the cell 
knowledge mostly constructed via relating it to school and 
textbooks (Clément, 2007; Hoese and Casem, 2007), the 
most significant role in the formation of these two typical 
cell images may belong to school and textbooks. Clément 
(1998) argued that including only two cell types (animal 
and plant cell) in the textbooks may provide an obstacle 
for students’ understanding of the cell differentiation. 
Astolfi and Peterfalvi (1993) suggested that textbooks 
may create difficulties in the comprehension of some 
concepts and may even produce a didactic (pedagogic) 
misconception.  
2. Basic shape of the cell is constructed as two concen-
tric circles (cell membrane and nuclear membrane). This 
type of representation is called ‘fried-egg model’ by 
Clément (2007). This study has confirmed that fried-egg 
model was progressively strengthened from grade 6 to 
11. Again from grade 6 to 11, while the students’ 
cognitive structures about the cell (two concentric circles) 
were preserved, the variety of organelles annotated and 
the annotation rate were observed to increase.  
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EDUCATIONAL IMPLICATIONS 
 
The cell concept in Turkish biology textbooks as well as 
in biology textbooks of various other countries (such as 
France, Germany, U.K., Lithuania, Estonia, Malta, Algeria 
and Tunisia) is generally presented with two juxtaposed 
drawings (a plant and animal cell) (Clément, 2007). This 
type of prototypal representation may cause a didactic 
obstacle for students’ learning of cell differentiation. 
Student may think that:  

 
a. All plant or all animal cells have the same morphology 
and structure. 
b. The main differences between animal and plant cells 
are their form (hexagonal or spherical) and the presence 
or absence of links with adjacent cells. 

 
From this perspective, this study may have some 
implications for textbook writers, teachers and educators 
in the field of biology education: 
 
a. When presenting the cell concept, it may be useful to 
provide various examples of plant and animal cell figures. 
b. Instead of complex schematic cell figures, using more 
comprehensible and expressive figures based on elec-
tron microscope images in the textbooks may be useful. 
c. For a more meaningful structuring of organelles, 
instead of presenting them under a single title and as a 
list, functions of the organelles may be presented within 
the physiological and anatomic integrity of the organism 
(that is, explaining chloroplast and mitochondrium when 
presenting the concept of cellular energy). 
d. Finally, teacher educators should prepare biology 
teachers who are devoted to meaningful teaching and 
learning of the biological concepts. 
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