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 Biology, known as the science of life in its most general definition, is one of the branches of science closest to 
individuals due to the subjects it contains. Therefore, knowing the concepts related to biology correctly is 
important for the sustainability of the learning process. In this study, it was aimed to determine the conceptual 
perceptions and misconceptions of prospective science teachers about photosynthesis. The research using the 
case study was carried out in 2020-2021. The study group of the research consists of 57 pre-service science 
teachers studying in the first and fourth year of a state university in Turkey. The structured interview form and 
focus group interview form prepared by the researchers were used as data collection tools. As a result of the 
research, it was determined that the conceptual perceptions of the pre-service science teachers about the 
substances taken from the external environment in the photosynthesis process, photosynthesis products, and the 
importance of photosynthesis for the ecosystem were not sufficient. In addition, in the study, it was determined 
that pre-service science teachers had misconceptions about the definition of photosynthesis, energy source and 
the importance of photosynthesis for the ecosystem. 
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INTRODUCTION 

Biology, known as the science of life in its most general definition, is one of the branches of science closest to individuals due 
to the subjects it contains. For this reason, knowing the concepts related to biology correctly is very important for both education 
and personal development of individuals (Karakaya et al., 2020). In this context, photosynthesis is an important biological process 
that ensures the continuity of life in the biosphere. Photosynthesis is a metabolic process, which means synthesis from light. The 
chloroplasts of plants capture light energy from the sun and convert it into chemical energy stored in sugar and other organic 
molecules. In photosynthesis, sunlight is used to convert carbon dioxide (CO2) and water (H2O) into carbohydrates (a six-carbon 
sugar, C6H12O6) and oxygen gas (O2) (Reece et al., 2013; Sadava et al., 2014). Chloroplasts, which are specific to photosynthesizing 
cells of plants and algae, are organelles that perform photosynthesis (Simon et al., 2017). In addition, some prokaryotes such as 
algae, some other members of protista, and cyanobacteria also perform photosynthesis. Scientists define photosynthetic 
organisms as producers of the biosphere (Brooker, 2017; Johnson, 2012; Pahelan, 2018; Reece et al., 2013; Teiz et al., 2018). When 
the structure of the chloroplast is examined, it is seen that it has a sheath consisting of two membranes. These two membranes 
surround a dense fluid called the stroma. Within the stroma is a third membrane system, called the thylakoid, consisting of sacs. 
Chlorophyll, the green pigment that gives leaves their color, is found in the thylakoid membranes of the chloroplast. Grana are the 
solar cells of the chloroplasts. These structures capture the sun’s rays and convert them into chemical energy. The nutritional 
needs of all living things, including humans, depend on this transformation. People wear clothes made from photosynthesis 
products such as cotton. The skeleton of most wooden houses and furniture is made of timber. Timber is wood produced by 
photosynthesizing trees. Even in the material (paper) used in printed textbooks, traces of photosynthesis in plants can be seen. A 
student learning the process of photosynthesis should think of the chloroplast as a very tiny sugar factory powered by solar energy. 
The by-product of photosynthesis is oxygen (O2) gas released from the pores to the atmosphere (Pahelan, 2018; Reece et al., 2013; 
Sadava et al., 2014; Simon et al., 2017). The photosynthesis process is summarized in Figure 1. 
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The complex series of chemical reactions of photosynthesis can be simplified by the following equation: 

6 CO2 + 12 H2O + Light energy → C6H12O6 + 6 O2 + 6 H2O 

When the Science Curriculum, which is based on the General Objectives of Turkish National Education and the Basic Principles 
of Turkish National Education, is examined (Ministry of National Education [MoNE], 2018a, p. 52), there are outcomes like “F.8.6.2.1. 
Realizes the importance of photosynthesis in food production in plants, F.8.6.2.2. Makes inferences about the factors affecting the rate 
of photosynthesis.” In the Biology Course curriculum, “12.2.2.1. Questions the importance of photosynthesis for living things, 12.2.2.2. 
Explain the photosynthesis process on the diagram and 12.2.2.3. Evaluates the factors affecting the rate of photosynthesis (MoNE, 
2018b, p. 30-31)”. 

Considering that the subject of photosynthesis is included in the biology and science curriculum from secondary school to 
undergraduate level, prospective teachers who will be active teachers in the education system in the future should have a good 
command of the subject and should not have misconceptions. Misconceptions are generally defined as unscientific statements 
learned through experience or by a teacher who has a misconception (Baysen et al., 2012). In other words, misconceptions are the 
incompatibility between the existing scientific definition of the concepts and the definition created by the students in their own 
mind (Akgün et al., 2005). Considering that misconceptions emerge in students from an early age and are reinforced during the 
education-teaching process (Barman et al., 2006), the critical importance of science teachers having sufficient scientific 
knowledge on photosynthesis is understood. When the literature on the subject is examined, it has been determined that there 
are some studies (Barrutia & Díez, 2021; Jayanti, 2020; Kırılmazkaya & Kırbağ Zengin, 2016; Svandova, 2014; Urey, 2018). For 
example, in the study conducted by Barrutia and Díez (2021), the conceptual understanding of 7-13 year old students towards 
plant nutrition was determined using the drawing technique. In the study conducted by Urey (2018), the perceptions and 
misconceptions of pre-service science teachers about the concept of photosynthesis were determined. As a result of the research, 
it was determined that the photosynthesis perceptions of the pre-service science teachers differed and they had too many 
misconceptions. In the study conducted by Svandova (2014), misconceptions of secondary school students regarding the 
concepts of photosynthesis and respiration in plants were determined. In the research, it was concluded that secondary school 
students studying in the Czech Republic had too many misconceptions about photosynthesis and plant respiration. In addition, 
when the literature is examined; It has been determined that there are different studies on teachers, textbooks and supplementary 
books, which are thought to be effective in the formation of misconceptions (Karakaya et al., 2020a, 2020b; Yılmaz et al., 2017, 
2018). 

When the general competencies of the teaching profession are examined; It can be said that it is important to train teachers 
who have field knowledge, inquiring, advanced theoretical, methodological and factual knowledge. Because teachers who have 
scientifically incomplete or incorrect information will cause their students to fall into the same mistakes (Yılmaz et al., 2021). 
According to Burgoon et al. (2010), a teacher with misconceptions cannot identify the misconceptions in students and causes new 
misconceptions to occur. For this reason, it is necessary to determine the perceptions and misconceptions of prospective science 
teachers about the subjects in the curriculum. In addition, it is important for the sustainability of education systems to eliminate 
misconceptions with developed guidelines, education models or process-oriented studies. From this point of view, it was aimed 
to determine how pre-service science teachers perceive the subject of photosynthesis, which aspects of photosynthesis they 
attach importance to, and misconceptions about photosynthesis. It is thought that the use of drawing technique within the scope 
of the research, which allows easy comparison at the international level (Prokop & Fancovicová, 2006) and reflects the mental 
models of the students (Rybska et al., 2017), will be effective in revealing the conceptual perceptions and misconceptions of pre-
service science teachers about photosynthesis in detail. 

 
Figure 1. Photosynthesis process (Adapted from Reece et al., 2013) 
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METHOD 

Research Pattern 

In this study, a case study, one of the qualitative research designs, was used to investigate the conceptual perceptions and 
misconceptions of pre-service science teachers about photosynthesis in depth and versatile because the case study provides a 
detailed explanation of the situation or events that occur in a system (Creswell, 2007). 

Study Group of the Research 

The study group of this research consists of 57 pre-service science teachers studying in the first and fourth year of a state 
university in Turkey in the fall semester of the 2020-2021 academic year. In the research, stratified purposive sampling, one of the 
purposive sampling methods, was used. The selection of a new sample from a determined stratum in line with the purpose of the 
research is stratified purposive sampling (Johnson & Christensen, 2008). In addition, purposive samples used in a research can 
also become stratified and integrated by bringing together different and various purposeful samples (Kerlinger & Lee, 1999). First-
year pre-service teachers have been selected to reveal their deficiencies from secondary education as they have just started 
university education. Fourth grade teacher candidates have been selected because they will complete their university education 
and start their professional life. Therefore, it is aimed to determine the unchangeable misconceptions of students at both grade 
levels, both in primary and secondary education, and in undergraduate education. The students to be interviewed were selected 
from the upper, middle and lower groups, which were formed by looking at the rubric score ranks as a result of the drawing/picture 
analysis. Groups of six to ten participants are thought to be ideal in focus group interviews (Glesne, 2013, p. 180). Having more 
than 10 people in the group reduces both the dynamics of the group and the interaction between the participants (Edmunds, 
2000). In this study, nine (9) pre-service science teachers participated in the focus interview, three of which were from the upper, 
middle and lower groups. In terms of ethics of the research, the names of the pre-service teachers participating in the research 
were kept confidential and codes such as S1, S2, … , S9 were given. The distribution of demographic information of the students 
participating in the research is given in Table 1. 

When the data in Table 1 are examined, 60.0% (N=34) of the pre-service science teachers participating in the research are 
studying in the 1st grade and 40.0% (N=23) in the 4th grade. Pre-service teachers studying in the fourth grade were preferred 
because they will be at the level of completing their undergraduate education and will be working in the education system one 
year later. Pre-service teachers studying in the first grade were included in the study group with the thought that their secondary 
education information was up-to-date. 

Data Collection Tools 

Within the scope of the research, two different data collection tools (structured interview form and focus group interview form) 
were used. Data collection tools were developed by the researchers. The opinions of three different field experts (Biology 
education, Science Education and Measurement-Evaluation) were taken for the validity of the data collection tools and their final 
forms were created. 

Structured interview form 

The model based on drawings and explanations developed by Lampert et al. (2020) enables to reveal the knowledge and 
misconceptions of individuals. Vygotsky (1967) stated the importance of visual perceptions and stated that children think as if 
they are explaining that object with words when painting. Similarly, Malchiodi (1998) stated that children’s drawings have multiple 
meanings and reflect many factors. In the literature, it is possible to reach studies that reveal misconceptions by using drawings 
on different subjects (Çardak, 2015; Taştan-Kırık & Kaya, 2014;Yörek, 2007). It can be said that the drawing technique is a technique 
that can be used to understand students’ knowledge levels and misconceptions about the subject. As a matter of fact, Köse (2008) 
reported that drawings can provide important information in identifying misconceptions and are an open-ended tool for creative 
expression. For this reason, a structured interview form was prepared in order to determine the conceptual perceptions and 
misconceptions of pre-service science teachers about photosynthesis. Form; It consists of the question “What do you understand 
by photosynthesis, explain by drawing a picture”. The fact that pre-service science teachers explain their knowledge about 
photosynthesis with drawings helps to identify both correct knowledge and misconceptions. 

Focus group interview form 

Malchiodi (2005) stated that one of the best ways to understand children’s pictorial expressions is to talk about their pictures. 
Therefore, a focus group interview was conducted in this research in order to clearly identify the expressions that could not be 
reflected in the drawing. Thus, it is thought that the meanings that pre-service teachers attribute to their drawings will be revealed 
more clearly. The key questions in the focus group interview form are given below:  

Table 1. Demographic information of the study group of the research 
Department Grade Level Gender N % 

Pre- service science teacher 
1. Grade 

Female 30 53.0 
Male 4 7.0 

4. Grade 
Female 21 37.0 

Male 2 3.0 
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• What is photosynthesis? 

• What are the substance(s) that photosynthetic organisms must take from the external environment during the 
photosynthesis process? 

• What are the products of photosynthesis? 

• What is the importance of photosynthesis for the ecosystem? 

Data Collection Process 

In the study, data were collected in two steps to determine the conceptual perceptions and misconceptions of pre-service 
science teachers about photosynthesis. In the first step, pre-service teachers made drawings on the subject of photosynthesis. In 
the second step, in order to support the data obtained, focus group interviews were conducted with nine (9) pre-service teachers, 
taking into account the rubric score orders. The focus group interview process was carried out by considering the implementation 
process suggested by Krueger (1998). The focus group interview process is given in Figure 2. 

Analysis of Data 

Drawings of pre-service science teachers on the subject of photosynthesis; It was analyzed according to the directive created 
with the opinions of field experts (Biology education, Science Education and Measurement-Evaluation). The steps of instruction 
used in the analysis of drawings for photosynthesis are given in Figure 3. 

The focus group meeting with teacher candidates was held on the Zoom platform due to the Covid-19 pandemic. The audio 
recordings obtained were transcribed in the computer environment. What matters in reporting the focus group interview is not 
the numbers, but what the individuals say (Creswell, 2007). For this reason, the views of pre-service teachers were analyzed 
descriptively in the focus group interview. The answers given by the pre-service teachers to the questions were presented in the 
form of sentences they used directly, without any changes. The names of the pre-service teachers who participated in the focus 
group interview were coded as S-1, S-2,…,S-9. In order to avoid data loss in the focus group interview, the answers of the pre-
service teachers were written by two researchers. The answers given by the pre-service science teachers to the forms were read 
and coded independently by two researchers, and then the compatibility of these codes was checked. In order to determine 

 
Figure 2. Focus group interview process 

 
Figure 3. Instruction steps 
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whether there is consistency among the researchers, the formula (Reliability=Consensus/All opinions) x100, which was put 
forward by Miles and Huberman (2015), was applied. The reliability value of the two encoders was calculated as 89%. 

RESULTS 

Research findings; the findings are presented under two sub-headings as the findings obtained from the drawings of the pre-
service science teachers and the findings of the focus group interview. 

Findings Obtained from the Drawing Directive 

In this section, the findings obtained from the pictures drawn in order to determine the conceptual perceptions and 
misconceptions of prospective science teachers about photosynthesis are presented. Within the scope of the directive, first of all, 
“Are the photosynthesis products placed correctly in the drawings of pre-service science teachers?” The answer to the question 
has been sought. The findings are given in Table 2. 

When the findings in Table 2 are examined, 47.4% (f=27) of the pre-service science teachers participating in the research could 
not place the photosynthesis products correctly in their drawings, 17.6% (f=10) partially placed them, and 35.0% (f=20) correctly 
positioned. Drawing examples for the correct placement of photosynthesis products by pre-service science teachers are given in 
Figure 4. 

When the Figure 4a is examined, it is seen that the pre-service science teachers correctly placed the plant, leaf, plant cell, 
chloroplast, granum (thylakoid membranes: light-dependent reactions), stroma (light-independent reactions, CALVIN cycle), 
incoming and outgoing products. When Figure 4b is examined, it has not been determined that the visual is very simple in scientific 
terms and in which part of the plant the chloroplast is located. The chloroplast is simply drawn, but no explanatory information is 
written on any part of it. When Figure 4c is examined, it was emphasized that light is used in photosynthesis and O2 is released. 
However, drawing is not at a sufficient level for pre-service science teachers. 

Within the scope of the directive, “Are the drawings of pre-service science teachers sufficient to summarize the subject of 
photosynthesis?” The answer to the question has been sought. The findings are given in Table 3. 

When the findings in Table 3 are examined, it is seen that the drawings of 42% (f=24) of the pre-service science teachers 
participating in the research are insufficient in summarizing photosynthesis, 32% (f=18) are partially sufficient and 26% (f=15) are 

Table 2. Findings on the correct placement of photosynthesis products in drawings 
Placement status f % 

Not placed 27 47.4 
Partially 10 17.6 
Placed 20 35.0 

 

   
a. Correctly placed     b. Partially placed    c. Not placed 

Figure 4. Examples of drawings for the placement of photosynthesis products 

Table 3. Findings for summarizing the subject of photosynthesis 
Qualification status f % 

Insufficient 24 42 
Partially 18 32 

Sufficient 15 26 
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determined sufficient. Examples of drawings for pre-service science teachers to summarize the subject of photosynthesis are given 
in Figure 5. 

When Figure 5a is examined, the photosynthesis that takes place in plants in general and in particular was discussed together 
with the events in the chloroplast. The main events that take place in the chloroplasts of both trees and herbaceous plants are 
summarized. The equation of photosynthesis in cyanobacteria is summarized. It differed in terms of the electron sources used. 
Photosynthesis equations of prokaryotic organisms such as hydrogen bacteria and sulfur bacteria are also expressed in summary 
boxes. In Figure 5b, inputs and outputs are given. However, drawing is not at a sufficient level for pre-service science teachers. 

Within the scope of the directive, “Which element of photosynthesis did pre-service science teachers focus on in their 
drawings?” The answer to the question has been sought. The findings are given in Table 4. 

When the findings in Table 4 are examined, it is seen that 67.0% (f=38) of the pre-service science teachers who participated in 
the research have photosynthesis input and output in their drawings, 14.0% (f=8) light dependent reactions and 12.0% (f=8) It was 
determined that they gave importance to light dependent reactions. Drawing samples of pre-service science teachers for the 
elements of photosynthesis are given in Figure 6. 

In Figure 6a, Inputs and outputs are given weight. The NADPH molecule is written as NADHP. When Figure 6b was examined, 
it was determined that the pre-service science teacher expressed his thoughts by dividing them into two. In the first, he stated the 
conditions and products necessary for photosynthesis on a plant. In the second, he described the chloroplast structure in a plant 
cell. He expressed the light-dependent reactions in the thylakoid membranes and the CALVIN cycle in the stroma in terms of 
incoming and outgoing products. When Figure 6c is examined; plant, leaf, plant cell, chloroplast, granum (thylakoid membranes: 
light-dependent reactions), stroma (light-independent reactions, CALVIN cycle), products entering and leaving are shown. 

Within the scope of the directive, “Are the drawings of pre-service science teachers scientifically correct?” The answer to the 
question has been sought. The findings are given in Table 5. 

   
a.Sufficient                b. Partially Sufficient     c. Insufficient 

Figure 5. Summarization status 

Table 4. Findings on the elements of photosynthesis 
Photosynthesis element f % 

Inputs and outputs 38 67.0 
Light dependent reactions 8 14.0 

Light independent reactions 7 12.0 
Sulfur bacteria 2 3.50 
Cyanobacteria 2 3.50 

 

   
a. Inputs and Outputs               b.Light dependent reactions    c. Light independent reactions 

Figure 6. Photosynthesis elements 
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When the findings in Table 5 were examined, it was determined that the drawings of 7.0% (f=4) of the pre-service science 
teachers participating in the study were scientifically correct, while the drawings of 93.0% (f=53) were incorrect. Examples of 
drawings for the scientific accuracy of photosynthesis are given in Figure 7. 

Figure 7a is a correct drawing: He evaluated the photosynthesis events in various living things in terms of input and product 
variety. Plants: leaf, chloroplast, grana (light dependent reactions), stroma (light independent events, inputs and outputs. Figure 
7b is a correct drawing: He expressed his thought by dividing it into two. In the first, he specified the conditions and products 
necessary for photosynthesis on a plant. In the second, he described the chloroplast structure in a plant cell. He expressed the 
light-dependent reactions in the thylakoid membranes and the CALVIN cycle in the stroma in terms of incoming and outgoing 
products. Figure 7c is a wrong drawing: It is emphasized that light is used in photosynthesis and O2 is released. However, the 
drawing is far below the knowledge level of the pre-service teacher. Figure 7d is a wrong drawing: Only the general plant shape 
was drawn and the conditions and products were sufficient for light dependent and light independent reactions. 

Findings Obtained from the Focus Group Discussion 

Within the scope of the research, a focus group interview was conducted in order to determine in detail the conceptual 
perceptions and misconceptions of pre-service science teachers about the subject of photosynthesis. In the study, it was 
determined how pre-service science teachers defined the concept of photosynthesis. The findings are given in Table 6. 

When the findings in Table 6 are examined, it was determined that teacher candidates participating in the research defined 
the photosynthesis of the science as a life cycle, food production and an event realized using light.  

In the research, the thoughts (knowledge/perceptions) of the pre-service science teachers about which substances that 
photosynthetic organisms should take from the external environment during the photosynthesis process were determined. The 
findings are given in Table 7. 

Table 5. Findings on the scientific accuracy of photosynthesis drawing 
Scientific accuracy f % 

True 4 7 
False 53 93 

 

    
     a. Correct drawing                    b. Correct drawing                  c. Wrong drawing           d. Wrong drawing 

Figure 7. Scientific status of drawings 

Table 6. Findings for the definition of photosynthesis 
Themes Sample opinions 

Photosynthesis 

S-1: It can be expressed as the life cycle of plants. 
S-2: It is the production of oxygen from carbon dioxide.  
S-3: It is the carbon dioxide and oxygen cycle. 
S-4: It is the synthesis of organic matter from inorganic substances.  
S-6: It is the way plants take carbon dioxide and water in a light environment and release nutrients and oxygen.  
S-7: I can say that plants use light energy to produce the energy necessary for their own metabolism. 
S-8: It refers to the conversion of inorganic substances into organic substances by using carbon dioxide and water. 
S-9: The ability of plants to extract organic matter from inorganic substances using light. 

 



8 / 11 Karakaya et al. / Pedagogical Research, 6(4), em0104 

When the findings in Table 7 are examined, the teacher candidates participating in the research expressed their thoughts on 
the substances that photosynthesizing organisms should take from the external environment during the photosynthesis process 
as “carbon dioxide, light, water”, carbon dioxide, light, water, mineral”, “carbon dioxide, water, mineral”, “light, water, oxygen” 
and “hydrogen sulfide”. 

In the research, pre-service science teachers’ thoughts (knowledge/perceptions) about photosynthesis products were 
determined. The findings are given in Table 8. 

When the findings in Table 8 were examined, it was determined that the pre-service science teachers participating in the 
research defined “food, oxygen” and “food, oxygen, water” as photosynthesis products. 

In the study, pre-service science teachers’ thoughts (knowledge/perceptions) about the importance of photosynthesis for the 
ecosystem were determined. The findings are given in Table 9. 

When the findings in Table 9 are examined, the pre-service science teachers participating in the research stated the 
importance of photosynthesis for the ecosystem; matter cycle, life cycle and food production. 

DISCUSSION AND CONCLUSION 

In this study, it was aimed to determine the conceptual perceptions and misconceptions of prospective science teachers about 
photosynthesis. In line with the purpose of the research, pre-service science teachers were asked to make a drawing describing 
photosynthesis. As a result of the analysis of the photosynthesis drawings of the pre-service science teachers, it was determined 
that the majority of them could not place the photosynthesis products correctly, and the pictures they drew were insufficient to 
summarize photosynthesis. In addition, it was determined that pre-service science teachers gave importance to inputs and 
outputs in photosynthesis and made the photosynthesis drawing scientifically incorrect. According to these results, it can be said 
that the conceptual perceptions of pre-service science teachers about photosynthesis are not sufficient. When the literature is 

Table 7. Findings on substances taken from the external environment during the photosynthesis process 
Themes Sample opinions 

Carbon dioxide, light, water 

S-3: Carbon dioxide, water and light 
S-4: Water, carbon dioxide and light 
S-5: Plants take in carbon dioxide, they get light. 
S-6: Light, water and carbon dioxide. 

Carbon dioxide, light, water, mineral S-2: Sunlight, carbon dioxide, water, minerals 
Carbon dioxide water and mineral S-1: Carbon dioxide water and minerals 
Light, water, oxygen S-9: Light, water, oxygen 

Hydrogen sulfide S-3: As far as I remember photosynthesis, I know that some take hydrogen sulfide as well. 
S-5: They take H2S and then they take H2. Bacteria that make H2 

 

Table 8. Findings for photosynthesis products 
Themes Sample opinions 

Food, oxygen 

S-2: Food, oxygen. 
S-6: I know as C6H12O6 ve O2. 
S-7: Glucose and oxygen are released. 
S-8: There was oxygen, glucose as far as I know, food I guess. 

Food, oxygen, water S-3: Nutrients, oxygen and in some cases water can also be released. 
 

Table 9. Findings on the importance of photosynthesis for the ecosystem 
Themes Sample opinions 

Material cycle 

S-1: It provides oxygen and carbon dioxide cycles. 
S-2: It cleans the polluted air. It provides oxygen continuity. 
S-3: I think in this way, it is necessary to maintain the balance of carbon dioxide and oxygen. 
S-4: It cleans the air as it takes carbon dioxide in the environment and turns it into oxygen. 
S-5: It provides the substance cycle for other living things, contributes to the nitrogen cycle and contributes to 
the water cycle. 
S-6: Necessary for maintaining balance. 
S-7: Plants take part in the material cycle because they photosynthesize and are producers. 

Life cycle 

S-1: It is the life cycle. 
S-6: It is both important for the life of plants and necessary for the continuation of all life. 
S-7: It is vital for all living things. 
S-9: They ensure the continuation of other living things. 
S-8: It is a source of life for photosynthetic organisms. 

Food production  

S-4: In photosynthesis, the plant produces its own food. 
S-5: They also produce food for other living things. 
S-6: Producers produce food for all living things through photosynthesis. 
S-7: Plants are in the food chain. 
S-9: They produce food by obtaining organic matter from inorganic materials. 
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examined, it is seen that there are studies that show similarities with the results of the research. In the study conducted by Köse 
(2008), it was determined that students’ conceptual understanding in their drawings was weak, especially in plants’ 
photosynthesis, respiration, the relationship between photosynthesis and respiration, nutrition of plants, autotrophy and the role 
of leaves. As a result of the focus group meeting held within the scope of the research, it was determined that the conceptual 
perceptions of the pre-service science teachers about the substances taken from the external environment in the photosynthesis 
process, photosynthesis products, and the importance of photosynthesis for the ecosystem were not sufficient. It was concluded 
that pre-service science teachers integrated photosynthesis only into plants and could not make conceptual explanations about 
other organisms. In addition, as a result of the research, it was determined that the pre-service science teachers had 
misconceptions about the definition of photosynthesis, energy source and the importance of photosynthesis for the ecosystem. 
When the literature on the subject is examined, it has been determined that there are studies that are similar to the findings of the 
research. For example, in the study conducted by Siyah et al. (2020), it was concluded that students explained the definitions of 
photosynthesis with the wrong ideas they acquired from daily life such as respiration by plants, taking carbon dioxide in the 
morning and giving off oxygen, and taking oxygen and giving carbon dioxide in the evening. In addition, it was concluded that 
most of the students had the idea that photosynthesis takes place only in leaves. Ürey (2018) found in his research that pre-service 
teachers have the misconception that higher plants can photosynthesize, and only a small percentage (6.0%) ignores 
photosynthetic bacteria and algae. Similarly, Tekkaya and Balcı (2003) concluded in their research that the students did 
photosynthesis to produce oxygen and they could not perceive that oxygen was a by-product. In addition, as the class level 
increases, it has been determined that they use concepts such as energy change, conversion of light energy into chemical energy, 
glucose, inorganic and organic, as well as concepts such as sunlight, oxygen, carbon dioxide, water, chlorophyll and nutrients in 
the definition of photosynthesis (Tekkaya & Balcı, 2003). Kırılmazkaya and Kırbağ Zengin (2016) concluded that pre-service 
teachers had misconceptions in the themes of photosynthesis rate, time/place of photosynthesis, definition of photosynthesis 
and products formed as a result of photosynthesis. In the study conducted by Akçay (2017), it was stated that pre-service science 
teachers had a weak understanding of energy flow, matter cycle and cellular energy flow, while they had a strong understanding 
of the concept of respiration and photosynthesis. In addition, it was determined that pre-service teachers had misconceptions 
about the relationship between the inputs and outputs of photosynthesis and cellular respiration processes (Akçay, 2017). Studies 
have shown that photosynthesis and respiration events are related to the concept of energy and students have misconceptions 
(Cocadar, 2012; Lin & Hu 2003; Özay & Öztaş, 2010). Brown and Schwartz (2009) stated that although pre-service teachers could 
write the formulas of photosynthesis and cellular respiration processes, they had difficulty in expressing the connection between 
these two concepts in terms of energy and matter cycle. Espinoza et al. (2020) stated that it is difficult for students to grasp because 
most of the biological phenomena, including energy conversion processes, are invisible. Eisen and Stavy (1998) stated that 
understanding the concepts involved in photosynthesis facilitates the understanding of the relationship between organisms in 
ecosystems. Similarly, in this study, it was determined that pre-service science teachers emphasized the importance of 
photosynthesis for the ecosystem, while emphasizing the concepts of matter cycle, life cycle and food production. 

One of the remarkable and important results of the research is that pre-service science teachers do not have sufficient field 
knowledge about scientific concepts related to photosynthesis. Regarding the photosynthesis phenomenon, it was determined 
that the pre-service science teachers could not generally express the incoming and outgoing products in their drawings. It was 
determined that pre-service science teachers did not know which part of the plant the chloroplast was in, and they thought that 
NADPH was used in both light-dependent and light-independent reactions. In addition, it was determined that pre-service science 
teachers had misconceptions such as not showing CO2 in the light-independent phase, not specifying the names of the structures 
in the chloroplast, and showing oxygen as both molecular (O2) and atomic (O) outputs. Considering that misconceptions exist 
throughout the education period from primary school to university, it is worrying that candidates who will start their careers are 
still misled. Because, just as candidates are expected to teach when they become teachers, they should be taught in the same way 
at the faculty. This situation supports the fact that teachers are cited as one of the reasons for the misconceptions of students in 
the literature (Karakaya et al., 2020a, 2020b; Sander, 1993; Yılmaz et al., 2017). As a matter of fact, Ecevit and Özdemir Şimşek 
(2017) stated in their research that teachers have difficulties in changing their misconceptions about photosynthesis. Studies have 
shown that these misconceptions stem from the fact that students only memorize the photosynthesis formula (Tekkaya & Balcı, 
2003) and that not learning chemical equations correctly may lead to misconceptions (Cocadar, 2012). 

SUGGESTIONS 

Based on the findings of this study, the following recommendations were made: 

• In this study, it was understood that the lack of knowledge and misconceptions about photosynthesis in teacher 
candidates were based on a very long learning process. In order to eliminate these, scientific misconceptions should be 
tried to be eliminated by applying individual teaching programs rather than classical teaching approaches. 

•  It was determined that the scientific knowledge level of most of the teacher candidates about the concept of 
photosynthesis is very insufficient. By going back from the classes they are currently studying, studies can be carried out 
to determine where their knowledge deficiencies and misconceptions are based. 
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