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The purpose of the current study is to determine biology student teachers' cognitive structures on the 
concept of microscope. Qualitative research methodology has been applied in the study. The data were 
collected from biology student teachers. Free word association test and drawing-writing test were used 
to collect data. The data collected were subject to content analysis and divided into categories. 
According to the analyses conducted, while 6 categories were determined through the free word 
association test in biology student teachers' cognitive structures on the concept of microscope, in the 
drawing-writing technique, 5 categories were specified. Through both measurement tools, rich data 
were obtained, supporting, expanding on, and explaining one another. In this context, it was determined 
through both measurement tools that student teachers' cognitive structures focused on "microscope 
tools". Moreover, the data collected through these data collection instruments indicated that student 
teachers had alternative conceptions about the concept of microscope. Alternative conceptions were 
determined in almost all categories, which may be attributed to the fact that student teachers have naive 
experiences and/or the units that require the use of microscopes during the laboratory work included in 
biology curriculum which is provided in different teaching levels at university or pre-university 
education cannot be explored efficiently and appropriately. 

 
Key words: Microscope, free word association test, drawing-writing technique, alternative conceptions, 
cognitive structure. 

 
 
INTRODUCTION 
 
Microscopes are one of the most important inventions in 
the world of science since microscopes enable us to see 
the small and abstracts structures that cannot be seen 
with naked eyes (Figure 1). Though microbes are used in 
many fields, Biology is one of the fields where microbes 
are the most commonly used. Microscopes were first 
used in Biology in the 17th century. The work authored by 
Stelluti Francisco in 1625 on the bodies of bees is the 
very first scientific publication that is based on 

 
microscopes. Several fields within biology are based on 
microscopes, including cellular and molecular biology, 
microbiology, bacteriology and many others. Microscopes 
come in a variety of styles and are designed for use in 
different situations. In school biology labs, the most 
common type is a single-lens, optical microscope, which 
uses light to magnify biological or cellular material that is 
stained or prepared on a slide. Compound microscopes 
use multiple lenses that offer improved magnification 
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Figure 1. Microscopes. 
 
 

 
and contrast to better study cells, tissues or other 
materials. Other types of microscopes used in biological 
studies include powerful electron transmission scopes, 
phase contrast scopes, and florescence scopes.  

Biology is a unique discipline where experiments with 
living organisms can take place both in the laboratory and 
in the field. Although biology is interesting in that it aims 
to examine living things, it is one of the courses that 
students have difficulty in learning, and thus forming 
cognitive structures as students cannot grasp the integrity 
in the topic at the level of biological organization and the 
course includes abstract topics that cannot be seen 
(Bahar et al., 1999; Cimer, 2012; Jones and Rua, 2006; 
Lukin, 2013; Lazarowitz and Penso, 1992; Prokop et al., 
2007; Seymour and Longdon, 1991; Udovic et al., 2002; 
Treagust, 1988).  

Although microscopes are one of the important tools 
that contribute to learning the field of biology, not having 
sufficient information about microscopes emerges as a 
dimension that makes learning difficult, rather than easy. 
Accordingly, particularity the teachers that are 
responsible for teaching biology and the future teachers 
that will assume this duty need to have sufficient cogni-
tive structures on microscopes, which is an effective 
factor that play an important role in students' high 
success in biology since microbes are generally used to 
obtain the concrete images of the objects in accordance 
with the appropriate rules with the support of teachers as 
well as it is a tool used in laboratory work during biology 
class to improve students' skills such as thinking, doing 
research, investigating, seeing, and observing (Basey et 
al., 2000). Accordingly, microscopes can contribute to 
students' creating visual images related to concepts. 
Teachers should know the characteristics and the use of 
such an important tool, and thus have good cognitive 
structures on microbes. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Cognitive structures are hypothetical structures that 
represent the relationships of the concepts in an 
individual's long term memory. One of the reasons at the 
heart of learning difficulties is that individuals cannot 
associate the conceptual structures related to the topics 
in their minds. At this point, educators should lead 
students to increase meaningful learning. In order to 
achieve this, knowing students' prior knowledge (Pines 
and West, 1986; Treagust et al., 1996; Tsai and Huang, 
2002) helps teachers not only to improve teaching 
strategies, but also do research on students' conceptual 
changes. Otherwise incorrect prior knowledge always 
affects learning adversely (CUSE, 1997; Linder, 1993; 
Posner et al., 1982; Wandersee et al., 1994). In this vein, 
biology educators also, in practice, try to use the results 
suggested by research on cognitive structures. According 
to Gilbert et al. (1998 a, b), it may be difficult to determine 
individuals' cognitive structures. However, in line with 
this, it is crucial to reveal individuals' ideas about the key 
concepts. Gilbert and Boulter (2000) stress that they con-
sider mental models as unreachable and thus concepts 
mean cognitive models, and at this point emerges the 
importance of learning conceptual learning.  

Various methods and strategies are used to determine 
conceptual learning and conceptual changes (Vance et 
al., 1995). The researchers have turned to techniques 
that measure not only students' existing knowledge but 
also students' relationships among concepts, cognitive 
structures, and whether they can achieve meaningful 
leaning through associating existing knowledge with the 
new one and to what extent they have grasped the 
similarities between the knowledge they have created on 
their minds and functioning of the events in the natural 
life and these techniques have gained attention (Bahar, 
2003; Bahar et al., 2006). In this regards, the free word 
association test and the drawing-writing technique used 



 
 
 

 
in this study are one of the important measurement tools. 
 

 
THE STUDIES ON CONCEPTUAL STRUCTURE 
RELATED TO THE CONCEPT OF MICROSCOPE 
 
The use of microscope in laboratory work contribute 
significantly to students' learning since students can gain 
experience in learning by exploring freely and using 
microscopes during laboratory work (Puckering et al., 
2003). Through microscopes, students can observe va-
rious animal cells, red blood cells, differentiate between 
mammalian and non-mammalian cells, see small objects 
that they cannot see through naked eyes, and thus 
students have the opportunity to see the hidden and 
wonderful world thanks to microscopes. This situation will 
provide students with the opportunity to learn by exploring 
freely while learning biology and students will experience 
the happiness of learning biology.  

To the best knowledge of the authors, there is not any 
study conducted to determine the participants' conceptual 
structures on microbes, one of the most important tools 
used in Biology education. There are several studies that 
investigate the issues faced in the use of microscopes, 
the causes of these issues and the use of microscopes 
within the context of laboratory work/method. In their 
study, Uzel et al. (2011) obtained findings on student 
teachers' views of the parts of microbes, their levels of 
knowledge on the use of microscopes, the issues that 
these student teachers faced while using microscopes, 
and the causes of these problems. In this regard, it was 
determined that student teachers had incomplete 
knowledge about the parts of microscopes, and that the 
most well-known parts of microscopes were the base, 
course focus, and fine focus. On the other hand, in 
another study conducted by Harman (2012), it was deter-
mined classroom student teachers knew the parts of 
microscopes in general; however, they had incomplete 
and inaccurate knowledge about their use.  

As seen in the example studies selected from the 
literature in which theoretical knowledge about micro-
scopes, their use, and the issues faced in using micro-
scopes are discussed, the studies conducted so far 
reveals that the participants have incomplete and 
inaccurate knowledge about microscopes; as a result, 
they cannot use microscopes in line with their aims and 
effectively. Among the main reasons for this might be the 
previously gained knowledge that is inaccurate as well as 
not being able to use microbes efficiently since prior 
knowledge always affects subsequent learning adversely 
(CUSE, 1997; Posner et al., 1982; Wandersee et al., 
1994). Accordingly, it is crucial to determine cognitive 
structures related to the topic in focus and to eliminate 
inaccurate prior knowledge to ensure effective learning. 
Gilbert et al. (1998a, b), stress that it is difficult to account 
for individuals' cognitive structure, but it is crucial in this 
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direction to reveal their thoughts on the key concepts. On 
the other hand, Gilbert and Boulter (2000) stress that 
they consider mental models as unreachable, and thus 
concepts mean cognitive models, and at this point the 
studies conducted on concepts reveal individuals' 
cognitive models related to these concepts.  

In this context, there exist techniques that measure not 
only students' existing knowledge but also students' 
relationships among concepts, cognitive structures, and 
whether they can achieve meaningful learning through 
associating existing knowledge with the new one and to 
what extent they have grasped the similarities between 
the knowledge they have created on their minds and 
functioning of the events in the natural life (Bahar, 2003; 
Bahar et al., 2006; Vance et al., 1995). The free word 
association test and the drawing-writing technique used 
in this study are among the important measurement tools 
within this context. It is possible to determine students' 
conceptual structures and reveal their alternative 
conceptions using the free word association test and the 
drawing-writing technique. In the literature review con-
ducted on this issue, it is found out that there is not any 
study conducted through using both free word 
association test and drawing-writing technique to reveal 
biology student teachers' conceptual structures on 
"microscopes". Therefore, it is believed that the results of 
the current study conducted through using free-word 
association test and drawing-writing technique will fill this 
gap in the literature providing quality data. However, the 
literature review conducted indicates that there are few 
and insufficient studies that investigate the participants' 
cognitive structures on the concept of microscope. 
Therefore, this study is believed to contribute to the 
literature through quality findings in terms of a variety of 
dimensions such as the data collection methods of the 
study, the data collected, the prospective Biology student 
teachers as the participants, pointing to the use of 
microscopes through presenting student teachers' cogni-
tive efficacy in the concept of microscope. As there are 
not enough studies on the concept of microscope, which 
is one of the most important instruments in science 
education, the results of this study will be quite 
remarkable. 
 
 
THE AIM OF THE STUDY 
 
The aim of the current study is to investigate Biology 
student teachers' cognitive structures on the concept of 
"microscope" using free word association test and 
drawing-writing technique. In this vein, the following 
research questions were investigated: 
 
1. How are biology student teachers' cognitive structures 
on microscope as determined by free word association 
test? 
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2. How are biology student teachers' cognitive structures 
on microscope as determined by drawing-writing tech-
nique?   
3. What are biology student teachers' alternative concep-
tions on "microscope"?  
 
 
METHODOLOGY 
 
Research design 
 
In this research, the qualitative research method was employed. 
Examination of different aspects of education through the qualitative 
research method has been a very widespread approach especially 
in the last 20 years (Gall et al., 2002; Hitchcock and Hughes, 1995; 
Verma and Mallick, 1999). A qualitative research approaches the 
subject with an interpretative and natural perspective and focuses 
on more than one method. The main purpose in such researches is 
to present the subject in a detailed and realistic manner. Therefore, 
it is of importance to present the data as detailed and direct as 
possible (Cohen and Manion, 1997; Punch, 2005). The qualitative 
research method was preferred in this study, since the cognitive 
structures of pre-service biology teachers are presented in detail 
using the independent word association test and the drawing-writing 
technique in this research. 
 
 
Participants 
 
The study was comprised of 44 biology student teachers‟ studying 

at the 4
th

 and 5
th

 grades of Biology Education Department in 

Necmettin Erbakan University in spring term of 2011 to 2012 
academic years. This study benefited from purposive sampling. 
Some criteria were taken into consideration in order to minimize the 
problems in purposive sampling (Coyne, 1997; Given, 2008; Knight 
et al., 2013; Patton, 1990). In this vein, several criteria were taken 
into consideration while selecting the participants such as having 
completed the field courses in biology, willingness to participate in 
the study, being seniors in the department of Biology teaching and 
having completed the courses, and being available to the 
researcher. Moreover, the student biology teachers were informed 
by the researcher of the aim of the study and how to complete the 
measurement tool. Of the participants, 35 (79.5%) are females, and 
9 (20.5%) are males. In addition, 19 of the participants (43.20%) are 

4
th

 year students, and 25 (56.80%) are 5
th

 year students. 
 
 
Research instruments and procedure 
 
The current study aimed to collect detailed data on biology student 
teachers' conceptual structures on the concept of "microscopes" 
using free word association test and drawing-writing technique as 
data collection instruments. More information is provided below on 
these measurement tools; 
 
 
Free word association test 
 
This technique is used to collect data in many studies conducted in 
science (Aydin and Tasar, 2010; Daskolia et al., 2006; Dove et al., 
1999; Ercan et al., 2010; Koseoglu and Bayir, 2011; Ozatli and 
Bahar, 2010; Timur and Tasar, 2011; Torkar and Bajd, 2006).  

Free word association test is one of the oldest and the most 
commonly used techniques that are used to determine individuals' 

 
 
 

 
cognitive structures on concepts, the bonds among these concepts; 
in other words, it uncovers information network and determines 
whether the relationships between the concepts in the long term 
memories are sufficient or not (Atasoy, 2004; Bahar and Kilicli, 
2001; Bahar and Ozatli, 2003; Cardellini and Bahar, 2000; 
Hovardas and Korfiatis, 2006). This technique is based on the 
assumption that individuals provide responses related to the 
stimulus word without limiting the ideas that come to mind (Bahar et 
al., 1999; Sato and James, 1999). In the current study, the concept 
of "Microscope" was provided to the biology student teachers to 
complete the free word association test. In this test, the concept of 
microscope was provided in the following format as a stimulus 
word. In Figure 2, an example of the drawings collected from 
participants through free word association test was provided, which 
was dawn by one of the participants, P28.  

As can be seen in the test sample provided in Figure 2, the word 
association test is composed of two phases: 
 

In the first phase, in the free word association test, the 
participants are required to provide the concepts that the stimulus 
word brings to their minds in a specific period of time, which is 40 
seconds (Gussarsky and Gorodetsky, 1990) for the current study. 
Biology student teachers were asked to write the very first five 
words that come to their minds when they read or listen to the 
concept of microscope and to do so in 40 seconds. The reason why 
the participants were asked to write the key concept one under the 
other is to prevent the risk of providing chain answers since if 
students did not read the key concept while providing each 
concept, they could write the words that the previously provided 
answer words bring to their minds, rather than the key concept. 
This would harm the aim of the study.  

In the second phase, the participants were asked to provide 
sentences related to the key concept in a period of 20 seconds and 
during the data analysis, these sentences were analyzed one by 
one since the answer sentence associated with the key concept 
could only be, at the level of remembering, a result of an 
association which is not meaningfully associated with the key 
concept. Furthermore, since the related sentence would be more 
complex and have a higher-level structure compared to an answer 
word, the evaluation process is affected by whether this sentence is 
scientific and whether it includes misconceptions of different nature. 

 
Drawing-writing technique 
 
This technique is observed to be used in many studies in science 
(Cetin et al., 2013; Nyachwayaa et al., 2011; Pluhar et al., 2009; 
Prokop et al., 2009; Shepardson et al., 2007; Stafstrom et al., 2002; 
Yayla and Eyceyurt, 2011; Yorek et al., 2010). Through using 
drawing-writing technique, it was aimed to analyze student 
teachers' views of the concept of microscope thoroughly since this 
technique is very useful as it helps collect natural and high quality 
data on hidden thoughts, understanding, and attitudes related to 
concepts (Backett-Milburn and Mckie, 1999; Pridmore and 

Bendelow, 1995; White and Gunstone, 1998). In this vein, the 
participants were asked to provide their views and ideas freely 
without limiting themselves in 5 minutes regarding the question of 
"Please explain what you know about the concept of microscope 
through drawing”. Below is an example of the drawing-writing 
technique (Figure 3).  

As mentioned above, free word association test and drawing-
writing technique have been used separately in different studies 
and in different issues. However, this study aimed to collect rich 
data that detail each other using these two measurement tools 
together. In addition, unlike other studies, the drawing data ob-
tained through this study have been evaluated based on cognitive 



 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 2. P28's answer sheet  
(Words in the Figure 1: Cell, Microscope, Microscope Slide, 
Cover Glass, Objective.  
Sentence in the Figure 1: I analyzed the cells by putting the slide 
between the microscope slide and the cover glass. 

 
STIMULANT WORD: MICROSCOPE 

 
Microscope-1:………………………  
Microscope-2:………………………  
Microscope-3:………………………  
Microscope-4:……………………… 
Microscope-5:………………………  
SENTENCE:……………………… 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
Figure 3. P10's answer sheet, Microscope figure 

 

 
levels. There is not any study conducted in this way and it can be 
stated that this study is one of the first studies conducted in the 
literature. 

 
Reliability and validity of the data collection tool 
 
In this study, two important processes were realized to ensure the 
validity of the results of the study. (a) Data coding and analysis 
(how conceptual categories were obtained) were discussed in detail 
(Hruschka et al., 2004; Marvasti, 2004; Roberts and Priest, 2006)  
(b) Biology student teachers' views that were believed to best 
represent each and every category obtained through the study were 
selected as examples, and these examples were provided in the 
findings section (Yildirim and Simsek, 2006). 
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Considering the reliability of the study, the codes and the 

categories provided by two researchers were compared in order to 
confirm whether the codes provided under each conceptual 
category represented the aforementioned conceptual categories. 
The list of codes and themes were finalized after two experts in the 
field of Biology coded the data individually. The reliability of the 
data analysis was calculated using the formula [Agreement / 
(Agreement + Disagreement) x 100] (Miles and Huberman, 1994). 
The average reliability between the coders was calculated as 95%. 
 
 
DATA ANALYSIS 
 
Before the data analysis, the participants‟ answer sheets were 
numbered from 1 to 44. The data collected were subject to content 
analysis. In content analysis, the main aim is to determine the 
concepts and the relationships that will account for the data. In 
order to achieve this, the similar data are categorized under specific 
concepts and themes and organized for easy understanding by 
readers.  

The data collected through the free word association test were 
analyzed using the techniques of number of words, number of 
answers and semantic relationship (Atasoy, 2004; Nakiboglu, 
2008). The words that had the same meanings were classified 
under the category of the frequently stated words. The words that 
were not considered related, that were not related to the other 
words, and that were repeated 1 times were not taken into 
consideration during the data analysis. The words were categorized 
using the criterion of semantic relation, and the frequency 
calculations of these words under each category were made. In 
many studies, using this kind of data analysis is stated to provide 
reliable results (Daskolia et al., 2006; Kostova and Radoynovska, 
2008, 2010).  

In the drawing-writing technique, the data collected through 
drawing and writing on the concept of microscope was subject to 
content analysis. By means of the drawing task, the students‟ ideas 
about the microscope were investigated, not the ability to draw it, 
so the precision in shape was ignored. It was a struggle to provide 
a scoring scale which gave minimum credit to the artistic quality of 
the drawing (Reiss et al., 2002). The participants' drawings related 
to the concept of microscope were first divided into specific 
categories and subcategories. Later, the participants' cognitive 
structures as revealed by the drawing-writing technique were 
analyzed according to levels. While determining these levels, the 
data were divided into categories from level 1 to level 5. (Bahar et 

al., 2008; Bartoszeck et al., 2008; Cinici, 2013; Reiss and 
Tunnicliffe, 2001). Table 1 pro-vides the group levels created for 
the evaluation of the participants' cognitive structures on the 
concept of microscope through their drawings.  

Moreover, in free word association test and drawing-writing 
technique, the interesting statements on the concept of microscope 
in the text provided by the participants were numbered and quoted 
within the quotation marks, " " (P23). In the drawing-writing 
technique, the examples of the drawings provided by the 
participants were numbered and provided in the text such as P13 
and P33.The data of the free word association test have been 
analyzed with the Nvivo programme for preparing Model 1. 
 
 
FINDINGS 
 
The findings obtained through the free word 
association test 
 
As a  result  of  the data analysis conducted on student 



Glob. J. Teach. Educ. 132. 
 
 

 
Table 1. The group levels created for the evaluation of the 
participants' cognitive structures on the concept of 
microscope through their drawings. 

 
Levels Drawings 
Level 1: No drawing 
Level 2: Non-representational-carton drawings 
Level 3: Drawings with alternative concepts 
Level 4: Partially correct drawings 
Level 5: Comprehensive representation drawings 

 
 
 
teachers' cognitive structures on the concept of 
microscope, a total of 6 categories were formed by listing 
the words provided. These categories and the words 
provided in each category are listed. When these words 
were repeated only once, they were not joined with the 
other words (Kostova and Radoynovska, 2008; Kostova 
and Radoynovska, 2010; Kurt, 2013; Torkar and Bajd, 
2006). Therefore, 11.06% (26 words) of these answer 
words were not included in the categories. These words 
were excluded from Table 2 considering the nature of the 
research; however, they were stated in the section of 
comments in each category evaluated. Accordingly, 24 
different words left associated with the concept of 
microscope were divided into 6 categories. Table 2 lists 
the words provided in each category and the categories. 
209 answer words were obtained in total.  

As a result of the analysis of the data collected, in the 
first category, the related answers provided by biology 
student teachers in response to the concept of micro-
scope mostly fell into the category of "microscope tools" 
and appeared as the dominant category (f=73). While 
most of the participants focused on the words,  
"microscope slide", "cover glass" and "slide", few of them 
provided the words, "cells" and "fraction". However, it was 
observed that there were any words that were not 
included in this category as they were stated but repeated 
only once. These results indicate that the participants had 
more close and related associations with the concept of 
microscope in the category of "microscope tools" 
 

In the second category, the participants had asso-
ciations with "the optical part of the microscope" (f=50).  
While the associations that the participants had were 
mostly the concepts, "objective" and "ocular", few of the 
participants focused on the words such as "magnifier" 
and "condenser". The words that were not included in this 
category as they were repeated only once were 
determined as "microscopic glass" and "reduction". 
Based on these results, it was determined that the 
participants did not mention the other parts related to "the 
optical part of the microscope” such as condenser. It can 
be put forward that the participants' cognitive structures 
are incomplete. 

 
 
 

 
The third category emerged as "the mechanical part of 

the microscope" (f=30). The participants' associations 
with this category were mostly the words, "course focus", 
"fine focus", and "microscope stage", few of the partici-
pants mentioned the concept, "exposure". Moreover, the 
word that was mentioned by the participants in this 
category, but was not included in this category as it was 
repeated only once, was determined as "dial plate". It 
was determined that biology student teachers' cognitive 
structures on "the mechanical part of the microscope" 
were sufficient.  

In the fourth category, the participants provided answer 
words related to "the definition of the microscope and 
aims of use" (f=26). In this category, the participants 
mentioned the statements, "analyzing small microscopic 
living things" and "magnifying". The words that were not 
included in this category as they were repeated only once 
were determined as "microbe" and "analyzing living 
things", and "science".  

The fifth category included the associations under the 
category of "fields of microscope use" (f=17). Most of the 
participants focused on the concept of "laboratory". It was 
determined that few of the biology student teachers 
mentioned the concepts of "biology", "biotechnology" and 
"microbiology". However, it was determined that there 
were not any words that were not included in this 
category as they were stated but repeated only once.  

The last category emerged as the "types of 
microscopes" (f=13). The concepts associated by the 
participants with this category were determined as "light 
microscope" and "electron microscope". Considering the 
answer words provided, it was observed that the 
participants could not associate with the other types of 
living things and the conceptual validity was not ensured. 
The word that was mentioned by the participants in this 
category, but was not included in this category as it was 
repeated only once, was determined as "stereo 
microscope". 
 
 
The findings obtained through drawing-writing 
technique 
 
It was determined that the data collected through draw-
ing-writing technique to investigate biology student 
teachers' cognitive structures related to the concept of 
microscope fell into 5 categories in total. While the 
drawings were under 5 categories entitled, respectively, 
microscope tools (46), the optical part of the microscope 
(33), the mechanical part of the microscope (28), types of 
microscopes (16) and the definition of microscope and 
aims of use (10), the writings were mostly under 4 
categories entitled the mechanical part of the microscope 
(14), the optical part of the microscope (13), types of 
microscopes (6) and microscope tools (2). In this context, 
it is seen that the findings of drawing-writing fall into 5 
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Table 2. The distribution of the Biology student teachers' cognitive structures on the concept of "microscope" 
according to the categories determined 
 

Categories Included in the category Total frequencies of 
 

concepts and frequencies the category  

 
  

“microscope slide” 

(28) “cover glass” (28)  
1. Microscope tools “slide” (11) “cells” (4) “fraction” 

(2) 
 
 

“objective” (22) 
“ocular” (20) 

2. The optical part of the microscope  
“magnifier” (4) 

“condenser” (4) 

 
 

 
73 
 
 
 
 
 
50 

 

 
3. The mechanical part of the 
microscope  
 
 
 

 

4. Definition of the microscope and 
aims of use  
 
 
 
 

 

5. Fields of microscope use  
 
 

 

6. Types of microscopes  
 
Total 

 
“macro screw” (10) 

“micro screw” (10) 

“microscope stage” 

(6) “exposure” (4) 

 
“analyzing small living things” 
(12) “magnifier” (5)  
“research” (4) 

“experiment” (3) 

“measurement” (2) 

 
“laboratory” (11) 

“biology” (2) 

“biotechnology” (2) 

“microbiology” (2) 

 
“light” (8)  
“electron microscope” (5)  
24 words 

 
 

 
30 
 
 
 
 
 
 
26 
 
 
 
 
 
17 
 
 
 
13 
 
209 

 

 
categories (Table 3).  

It was observed that in the drawing and writing tech-
nique, Biology student students focused on the concepts 
related to "microscope tools" and drew related figures.  
"Microscope slide" and "cover glass" were the mostly 
stated words in the category of "microscope tools". The 
category of Microscope tools was determined as the 
common category in the free word association test and 
drawing-writing technique.  

However, according to Table 3, the findings of the 
biology student teachers' drawings related to the concept 
of microscope fall into 5 categories. It was determined 
that they drew figures related to microscope tools (46), 
the optical part of the microscope (33), the mechanical 
part of the microscope (28), types of microscopes (16) 
and definition of microscope and aims of use (10). Figure 

 
 
 
4 provides sample figures related to the concept of 
microscope.  

Moreover, the analyses of the biology student teachers' 
drawings related to the concept of microscope and the 
related levels of cognitive structures are provided in Table 4, 
Figure 5, and Figure 6. Accordingly, the participants' 

drawings were categorized under 4 levels. These are, No 

drawing (1), Non-representational drawings  
(30), Drawings with misconceptions (11), Partial drawings  
(2). The participants did not provide any representational 
conceptual drawings related to microscopes.  

The student teacher coded as P19 did not draw 
anything about the concept of microscope at Level 1. 
This might be attributed to the fact that this student 
teacher did not want to explain the subject through 
drawing, that s/he had incomplete knowledge, or that 
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Table 3. The findings of the categories and subcategories obtained through drawing-writing technique related 
to the concept of microscope 

 
Main category Sub category Drawing (f)   Writing (f) 
 
 
 
 

 
1. Microscope tools 
 
 
 
 
 
 
 
 
 
2. The optical part of the 
microscope  
 
 
 
 
 

 
3. The Mechanical part of the 
microscope  
 
 
 
 

 

4. Types of microscopes  
 
 

 
5. Definition of the microscope and 
aims of use   
Total 

 
 

microscope slide 14 - 
cover glass 14 - 
slide 8 - 
fraction 2 - 
beaker 2 - 
pipette 2 - 
cell of an onion skin 2 - 
chloroplast 2 - 
elodea plant - 2 
Total 46 2 

ocular 14 5 
objective 14 4 
light source 3 2 
condenser 2 2 
Total 33 13 

microscope stage 13 6 
macroscrew 4 3 
microscrew 4 3 
microscope arm 4 2 
microscope base 3 - 
Total 28 14 

light microscope 10 3 
electron microscope 4 3 
scanning microscope 2 - 
Total 16 6 

magnifying 10 - 
Total 10 - 
 133 35 

 
 
 

Table 4. Sample drawings related to the concept of 
microscope at Level 1 

 
Level 1: No drawing (Total number of drawings: 1) 
P19 did not draw anything. 

 

 
s/he was unable to reveal his/her knowledge through 
drawing.  

As can be seen in Figure 5, 30 of the participants, 
approximately ¾, tried to reveal their conceptual struc-
tures on the concept of microscope through simple draw-
ings. These drawings are not representational; in other 
words, they are cartoon drawings whose scientific stress 
cannot be understood completely. These participants 

 
 
 
tried to explain the subject without thinking in detail 
through figures that are simple, cannot be understood 
easily and are not related to scientific facts. Therefore, 
they tried to reveal their cognitive structures through the 
figures that they personalized.  

As indicated in Figure 6, 11 of the participants, appro-
ximately, approximately ¼, provided drawings that 
included alternative concepts. Accordingly, they stated 
what they knew about the concept of microscope through 
both the relevant scientific information and the colloquial 
expressions used to describe a situation. At this level, 
they only drew figures such as slide, microscope slide, 
and cover glass by focusing on a few dimensions; 
however, in their expressions, they stressed the concept 
of microscope through drawings-statements that included 
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Sample figures drawings based on categories 
 
 
 
 
 
 
 
 
 
 
 
 
 
1. Category: Microscope tools 2. Category 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
3. Category 4. Category 
 
 
 
 
 
 
 
 
 
 
 
 
 
5. Category 
 
Figure 4. Sample figures related to the concept of microscopes obtained through the drawing-writing technique. 
 
1. Category: Microscope tools  
Drawing words P4's answer sheet: microscope slide, cover glass, pipette, 
beaker 2. Category: The optical part of the microscope  
Drawing words P3's answer sheet: ocular, objective, microscope stage, light 
source 3. Category: The Mechanical part of the microscope  
Drawing words P9's answer sheet: ocular, x5-x10-x20-x100, exposure, light, macro screw, micro 
crew. Light microscopes help us analyze microscopic living things by magnifying them.  
Electron microbes, on the other hand, provide the opportunity to conduct more detailed and three-dimensional analyses. 
Microscopes with mirrors enable us to obtain images through its mirror located in the light part and the setting of the mirror 
that reflects sunlight or outdoor light. 
4. Category: Types of microscopes  
Drawing words P23's answer sheet: macro screw, micro crew, ocular, microscope stage, microscope arm, light 
microscope, electron microscope  
5. Category: Definition of the microscope and aims of use  
Drawing words P18's answer sheet: Microscopes enable us to see living things that cannot be possible to see with the 
naked eyes. There are many microscopes developed and produced in this issue. The most important one is the electron 
microscope. 



Glob. J. Teach. Educ. 136. 
 
 

 
Level 2: Non-representational-carton drawings (Total number of drawings: 30) 

 
 
 
 
 
 
 
 
 
 
 
 
 

 
(1) (2) 

 
Figure 5. Sample drawings related to the concept of microscope at Level 2 

 
(1) Drawing words P11's answer sheet: slide, magnifier   
(2) Drawing words P18's answer sheet: Microscopes is the name of the tool that enable us to see living things that cannot be 
possible to see with the naked eyes. It has optical and mechanical parts. Considering parts: objective, ocular, stage,   
course focus and fine focus etc.  
Magnifying power: such as 10x4, 10x10, 10x40 

 

 
Level 3: Drawings with alternative concepts (Total number of drawings: 7) 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

(1) (2) 
 

Figure 6. Sample drawings related to the concept of microscope at Level 3 
 

(1) Drawing words P28's answer sheet: microscope slide, cover glass, light, light microscope   
(2) Drawing words P13's answer sheet: Microscopes are one of the most important inventions that enable us to 
analyze the physical structures of living things more closely.4x10, 10x10, 10x40  

 

 
alternative concepts.  

As can be seen in Figure 7, 2 of the participants 
provided drawings that were partially correct and 
explanatory. However, it was determined that they could 
not reveal what they knew in detail and clearly at this 
level. They tried to explain the concept of microscope in 
these drawings through more than two dimensions. In 

 

 
this vein, the parts of the microscope were drawn in 
detail; explanations and the statements related to the 
definition of microscopes were provided. However, the 
drawings were not found to be comprehensive. This 
situation indicates that biology student teachers' cognitive 
structures on the concept of microscope are not 
sufficient. 
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Level 4: The concept of microscope in these drawings through more than two dimensions 
 
 
 
 
 
 
 
 
 
 
 
 
 

(1) (2) 
 

 
Figure 7. Sample drawings related to the concept of microscope at Level 4 
 
(1) Drawing words P14's answer sheet: Microscopes are the tools that are used to analyze organisms that are too small to 
see with the naked eyes. 
ocular, objective, microscope stage, light source  
microscope stage, macroscrew, microscrew, microscope arm, slide; microscope base  
(2) Drawing words P15's answer sheet: Microscopes are the tools that are used to analyze microorganisms that are too small 
to see with the naked eyes. 

 

 
Taking all data discussed above into consideration, it 

was determined that student teachers' cognitive struc-
tures on the concept of microscope were grouped under 
specific categories. In this vein, a model on biology 
student teachers' cognitive structures on the concept of 
microscope was developed by analyzing the data 
collected through free word association test and drawing-
writing technique (Model 1). According to the analyses 
conducted, while 6 categories were determined through 
the free word association test in biology student teachers' 
cognitive structures on the concept of microscope, in the 
drawing-writing technique, 5 categories were specified. 
As can be seen in the model, it was determined that 
biology student teachers' cognitive structures on the 
concept of microscope were related to a total of 6 
categories. 
 

 
THE BIOLOGY STUDENT TEACHERS' ALTERNATIVE 
CONCEPTIONS ON THE CONCEPT OF MICROSCOPE 
 
The analyses of the incomplete and inaccurate samples 
of biology student teachers' explanations about the 
concept of the microscope are provided below under the 
categories determined according to both free word 
association test and drawing-writing technique. In this 
vein, while there was not much incomplete inaccurate 
information in the data collected through drawing-writing 
technique, there is incomplete and inaccurate information 
almost in each category in the free word association test. 
Alternative misconceptions are what to be avoided in 

 

 
learning contexts since alternative misconceptions can 
lead students to misleading results during the data 
collection and analyses phases in the microscopic 
experiments conducted in laboratory work and affect 
students' structuring new information in their minds 
adversely (Albanese and Vicentini, 1997; Tsai, 1999). 
 

 
PARTICIPANTS' EXPLANATIONS RELATED TO THE 
CATEGORY OF "THE OPTICAL PART OF THE 
MICROSCOPE"; 
 
A sample statement provided in the drawing-writing 
technique; 
 
"Lenses provide clarification of the image" (P3). Lenses 
are not the only part that provides a clearer image. The 
system composed of lenses as a whole (lenses, ocular, 
light adjustment, etc.) and the settings of the course 
focus and fine focus also enable obtaining clear images. 
 
 
Participants' explanations related to the category of  
"microscope tools"; 
 
A sample statement provided in the free word association 
test; 
 
"We analyze the cells by putting the slide between the 
microscope slide and the cover glass." (P29). The 
participant could not understand that the process of 
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Model 1. Biology student teachers' cognitive structures related to the concept of microscope. 
 

 
microscope slide-cover glass is a process of slide.  

"The slides are magnified and analyzed through micro-
scopes" (P31). The sample on the slide is magnified and 
analyzed on the microscope, not the slides.  

"Microscope slide, cover glass, dial plate, and stage are 
the small parts of a microscope." (P42). Some of the 
parts mentioned by this participants are microscope tools 
(microscope slide and cover glass), and some are the 
mechanical parts (dial plate, stage). It is noticed that the 
participant had incorrect knowledge. 
 

 
Participants' explanations related to the category of 
"the mechanical part of the microscope"; 
 
A sample statement provided in the free word association 
test; 
 
"Microscope slide, cover glass, dial plate, and stage are 
the small parts of a microscope." (P42). Some of the 
parts mentioned by this participants are microscope tools 
(microscope slide and cover glass), and some are the 
mechanical parts (dial plate, stage). It is noticed that the 

 

 
participant had incorrect knowledge. 
 
 
Participants' explanations related to the category of  
"the definition of microscope and aims of use" 
 
A sample statement provided in the free word association 
test; 
 
"It helps us better see living things" (P9; P27). While the 
participant is right, it is seen that s/he provides 
incomplete information.  
"It is the material that I used to do analyses in the 
laboratory..." (P32). Microscopes are not materials. They 
are tools. It is noticed that the participant had incorrect 
knowledge  
"Microscopes make cells smaller, thus help us see them 
better." (P37). It was determined that this participant had 
an alternative misconception, saying that microscopes 
made cells smaller.  
"Microscopes help see living things more clearly." (P8; 
P40). Microscopes provide clearer images; however, they 
do this through magnifying these images. It was 



 
 
 

 
determined that the participants had incomplete 
information. 
 
A sample statement provided in the drawing-writing 
technique; 
 
"Microscopes are one of the most important inventions 
that enable us to analyze the physical structures of living 
things more closely." (P13). Microscopes are one of the 
tools that enable us to analyze the biological structures of 
the living things as well as their physical structures at 
micro and macro levels.  
Participants'  explanations  related  to  the  category  of 
"fields of microscope use"; 
 
A sample statement provided in the free word association 
test; 
 
"Microscopes are the main tools in microbiological 
studies." (P38). Microscopes are one of the basic tools 
used in many fields, not just in microbiology. 
 
 
DISCUSSION, CONCLUSION, AND SUGGESTIONS 

 
Biology is among the most difficult subjects to understand 
as indicated in the studies conducted at different 
educational levels (Cimer, 2012; Jones and Rua, 2006; 
Lukin, 2013; Lazarowitz and Penso, 1992; Prokop et al., 
2007; Seymour and Longdon, 1991; Udovic et al., 2002). 
In this context, it is emphasized in the studies of biology 
laboratory work and the studies using microscopes to 
help student understand the subjects in biology that 
students have difficulty in understanding these subjects 
and suffer from lack of knowledge (Bacanak et al., 2004; 
Flannery, 1999; Lazarowitz and Penso, 1992; Mak et al., 
1999; Udovic et al., 2002; Treagust, 1988; Tsai, 1999). 
However, in the studies conducted, microscopes are the 
most important tools that are associated with scientists by 
the participants in terms of the image of scientists 
(Chambers, 1983) and that enable students to observe 
the hidden world that cannot be seen through naked eyes 
(Baigrie, 1998).  

In this vein, biology student teachers' cognitive struc-
tures on the concept of microscope is crucial in terms of 
their structuring the concepts in biology since when 
teachers with higher qualifications in the field of biology 
know the use of microscopes very well and start teaching, 
they can help students love the field of biology as well as 
science, biology class, and thus, increase students' 
success and help them learn easily. Therefore, the 
current study was conducted to determine Biology 
student teachers' cognitive structures on microscopes 
which are such important tools in the field.  

At the end of the study, student teachers' conceptual 
structures on the concept of microscope were grouped 

 

Kurt et al. 139 
 
 

 
under total of 6 categories, including the statements 
provided in the free word association test. These are 
determined as "microscope tools", "the optical part of the 
microscope", "the mechanical part of the microscope", 
"the definition of the microscope and aims of use", "fields 
of microscope use", and "types of microscopes". On the 
other hand, 5 categories emerged in the data collected 
through the drawing-writing technique. These are 
determined as "microscope tools", "the optical part of the 
microscope", "the mechanical part of the microscope", 
"types of microscope", and "the definition of the 
microscope and aims of use". The categories obtained 
through both measurement tools prove to support, 
elaborate, and explain each other. This result indicates 
that it is possible to obtain rich data on the conceptual 
structure on the same issue through using different 
measurement tools that support each other. In this 
context, it was determined that Biology student teachers' 
conceptual structures on the concept of microscope were 
the strongest and the mostly associated in the category 
of "microscope tools" in both data collection instruments, 
which was followed by the categories of "the optical part 
of the microscope and "the mechanical part of the 
microscope." This result shows that student teachers 
focused more on the materials required to conduct 
studies using microscopes, rather than being well aware 
of the technical aspects of the microscope. As micro-
scopes are extremely sensitive, the more information one 
can obtain about their uses, the more one can use it in 
laboratory classes. Accordingly, to know the properties of 
microscopes well means to use them more efficiently and 
effectively.  

The results obtained revealed that ¾ of the biology 
student teachers had incomplete and inaccurate know-
ledge about the concept of microscope. The category in 
which incomplete and inaccurate knowledge emerged in 
both data collection instruments is the category of "the 
definition of the microscope and aims of use". It is 
noteworthy that there are incomplete and inaccurate 
conceptions in this category since this indicates that 
student teachers' conceptual structures related to the 
definition of the microscope and aims of use are 
insufficient. In this content, while in the free word asso-
ciation test, sample statements that included incomplete 
and inaccurate information emerged such as "It helps 
better see the living things" (P9; P27), "It is the material 
that I used to do analyses in the laboratory..." (P32), 
"Microscopes make cells smaller, thus help us see them 
better" (P37), and “Microscopes help see living things 
clearer" (P8; P40), in the drawing-writing technique, 
similar statements emerged such as "Microscopes are 
one of the most important inventions that enable us to 
analyze the physical structures of living things more 
closely" (P13). In the related literature, there is not any 
similar incomplete and inaccurate knowledge, which is 
among the important results obtained through the current 
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study conducted with the participation of student 
teachers. Consequently, it was determined that student 
teachers had incomplete and inaccurate knowledge in the 
categories determined through the free word association 
test and drawing-writing technique. It is possible that 
student teachers learned this incomplete and inaccurate 
knowledge during the pre-university education period or 
during their university education since it is emphasized 
that if students' misunderstandings and the incomplete 
information is not determined and compensated for 
during the work with microscopes, this situation may 
continue in the later periods (Strike and Posner, 1985). 
Use of microscopes requires both knowledge and skills.  

It is crucial that student teachers had incomplete and 
inaccurate conceptions in each category determined 
since these conceptions lead them to misleading results 
during data collection and analyses in the microscopic 
studies conducted during the laboratory work (Albanese 
and Vicentini, 1997; Tsai, 1999) and prevent students 
from learning new information and structuring this infor-
mation in their minds. Accordingly, effective teaching-
learning activities can be planned to determine and 
overcome or reduce the emerging incomplete and inac-
curate information related to the concept of microscope in 
each educational level at the prior knowledge phase; 
appropriate strategies can be developed, and the results 
of the related studies on this issue can be shared by 
teachers in the laboratory-classroom context (Kloser et 
al., 2011; Sundberg, 2003). This result supports the view 
that non-scientific under-standing in any topic also 
causes faulty understanding and interpretation of various 
other topics (Yen et al., 2007). In this direction, starting 
from primary schools, the use of microscope should be 
given more importance in biology and laboratory classes. 
Considering that students have difficulty in correcting the 
incomplete and inaccurate conceptions even when they 
are trained (Donovan and Bransford, 2005), the fact that 
this is a process that must be taken into account should 
not be ignored.  

Moreover, it is important that course books and supple-
mentary learning materials of high quality be prepared to 
help students creating conceptual structures appro-
priately and accurately. In this context, activities that 
ensure the effective use of microscopes such as 
providing students with the manuals of microscope use, 
examples of microscope images, and colorful illustrations 
and images that can be conjugated one to one with the 
microscopic images, conducting activities in which 
images are completed with the help of microscopes, 
using concept maps and using computer simulations will 
help students create their conceptual structures easier 
and more accurately. Therefore, in addition to the 
traditional methods used in biology class (Sundberg et 
al., 2005), the methods that make information more 
concrete should be used. Inquiry-based instruction can 
be provided as an example for this since inquiry-based 

 
 
 

 
instruction is widely promoted to increase both students‟ 
conceptual understanding and their engagement in 
course content (Buck et al., 2008; Gormally et al. 2011).  

One of the factors that are effective in creating 
conceptual structures accurately and easily is the 
curriculum of Biology class. The curriculum of biology 
class can be improved so that it includes more student-
centered approaches; it is supported by current techno-
logy and encourages the use of microscopes more 
frequently. Thus, biology classroom can be made more 
entertaining through more practical activities in the 
hidden world that can only be explored through micro-
scopes in the laboratory for the students that think that 
biology class is difficult and boring. This means that both 
the instructional strategy and biological curriculum in 
elementary, middle school, high school and college levels 
education must be changed in order to increase students' 
interests. The construction of the curriculum must reflect 
students' biological, psychological and social needs, to a 
greater extent.  

It was determined that the majority of the teachers who 
did not pay necessary attention to laboratory work in their 
classes and did not lecture in the laboratory were found 
to be the teachers who did not have the habit of using the 
laboratory, did not know the use of laboratory materials in 
the university that they graduated from, and whose 
schools where they worked did not have any laboratory 
(Degirmencay, 1999; Ustuner et al., 2000; Sahin et al., 
2000). Despite all these issues, student teachers are 
required to be well-trained so that they can use micros 
poses which are among the tools that they must use 
while working, in the most effective way.  

Consequently, biology student teachers need to know 
microscopes very well, one of the most important tools in 
terms of teaching Biology and have the necessary skills 
to use them effectively, which is one of the qualities that 
they need to have when they start teaching. They need to 
be trained in this direction, and the levels of knowledge 
and skills that they have gained after the training can be 
evaluated through different measurement tools. The 
current study conducted through free word association 
test and drawing-writing technique can be replicated 
using different techniques such as observation, interview, 
and multiple-choice tests. The factors that affect Biology 
student teachers' gaining knowledge and skills in using 
microscopes, laboratory tools, and equipment adversely 
can be determined. 
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