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 The aim of this study was investigated of prospective science teachers’ understandings on ergastic 
substances with the semantic mappings. This study was phenomenological research method. 38 
prospective science teachers in the science teaching department of a public university participated in 
the research. The prospective science teachers were asked to prepare the semantic mappings about 
Ergastic Substances. In this study, student products are 36 semantic mappings prepared by the 
prospective science teachers. The semantic mappings were analyzed content analysis method. 
According to the findings obtained from the research, it can be said that in the semantic mapping, 
the prospective science teachers used most of concepts related to Ergastic Substances in the 
experiments. Additionally, it can be said that conducting experiments and preparing the semantic 
mappings have important contributions to the teaching, researching and associating of concepts. In 
order to eliminate the difficulties, intervals applications at different times will contribute to the 
literature instead of one-off applications. According to the results of 36 semantic mapping prepared 
by the prospective science teachers, a semantic mapping containing 6 groups and 140 concepts was 
formed. 

© 2021IJPES. All rights reserved 
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1. Introduction 

Ergastic Substances are the general name given to lifeless substances, which are formed as a result of 
physiological activities in plant cells as residuum or substitute products (Algan & Toker, 2004). Ergastic 
substances are products of metabolism (Idu & Onyibe, 2011) and represent waste products, which are solid 
and secondary (Simon & Nayyagam, 2018). Ergastic substances are present in the fruit wall, cortex, and 
vascular parenchyma of the stem and of the petiole but in the root, except in the cortex near the origin of 
secondary roots, they are practically absent (Scott, 1941). 

Ergastic Substances consist of coloring agents, carbohydrates, proteins, fats, glycosides, saponins, tannins, 
resins and balsams, rubber, alkaloids and crystals subtopics (Algan & Toker, 2004). The most common are 
calcium oxalate crystals (Nwachukwu & Edeoga, 2006) and accumulate crystallize into salts such as calcium 
oxalate, calcium carbonate and calcium sulfate (Efe, 2000). In particular, the detection of crystals, protein and 
starch grains are taxonomic, thus benefiting society by classifying plant species (Nwachukwu & Edeoga, 
2006). In addition, carbohydrates, proteins, fats have a unique position in human nutrition requirement 
(Omoigui & Aromose, 2012). In this context, the handling of ergastic substances is necessary to understand 
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the importance of organisms and life, as well as the relationships of biology. For this reason, the subject of 
ergastic substance should be learned   at the level of concepts effectively. 

An effective science education is possible by the meaningful learning of knowledge at the level of concepts 
rather than by memorization (Gödek, Polat & Kaya, 2018). Concepts in science that involve complex and 
interrelated concepts should be organized to form coherent information structures (Koponen & Pehkonen, 
2010). According to Fitzgerald, Elmore, Kung and Stennen (2017), various researches have revealed that 
individuals have learned many concepts, especially more complex ones, by establishing relationships 
between concepts (by forming networks). One of the two-dimensional visual tools demonstrating the 
relationships between concepts by showing the names and properties of concepts and how they are used by 
students are a semantic mapping (İnel-Ekici, 2014). Semantic mappings are also seen as an approach for 
constructing the relationships and visual representations of conceptual categories (Dilek & Yürük, 2013). 

In their research, Schwab and Cable (1982), recommend the implementation of the semantic mappings to 
students of all ages in science teaching. Semantic mappings help reaching a higher level of comprehension 
and thinking by using concepts, especially by grouping them and in this way regulating the structuring of 
the mind (Antonacci, 1991; Candan, 1998; Gödek, Polat & Kaya, 2018). They make learning more effective by 
providing a fun teaching process (Aktepe, Cepheci, Irmak & Palaz, 2017). In a study conducted by Avery, 
Baker and Gross (1997), it was concluded that the semantic mappings enable teachers and learners to 
understand the concepts and their experiences and they ensure the determination of learning levels 
according to individual differences. In the research conducted by Tuna (2013), it was found that the teaching 
performed using the semantic mappings method contributed more to the academic success of students 
compared to the direct instruction method. According to the literature, the semantic mappings are one of the 
tools used to identify alternative assessment and evaluation approaches and conceptual understandings that 
can be used in different age groups and different learning environments (Artun, 2018; Dilek & Yürük, 2013; 
İnel-Ekici, 2014). 

In the literature on ergastic substances, it is seen that researches are carried out in the fields of biotechnology 
(Idu & Onyibe, 2011; Kolovrat, 2016), botany (Gill, Nyawuame, Aibangbee & Agho, 1991; Nwachukwu & 
Edeoga, 2006; Omonhinmin, Daramola & Idu, 2015; Scott, 1941) and medicine (Nayagam, 2015; Simon & 
Nayyagam, 2018). However, no studies on the subject were reached in the field of education. However, it is 
very important to investigate the researches on plants and plants that have a great place in human history in 
the field of education. Thus, following important developments in plant science and taking part in education 
will allow students to transfer the most up-to-date information to their social and economic life (Çelik, 2019). 
In addition, the presence of ergastic substances in many structures of plants and humans’ most foods shows 
that it is very important in daily life. It can be said that ergastic substances, which we encounter in many 
areas of daily life, are among the subjects that should be emphasized in science education.  

Considering importance and role of ergastic substances in daily life, it is understood that research on the 
subject should be carried out in the field of education as well. In addition, it is thought that investigating the 
prospective science teachers’ understandings on ergastic substances will contribute greatly to the relevant 
area and will guide the research on this issue in the future. Accordingly, in this study, it is aimed to 
investigation of prospective science teachers’ understandings on ergastic substances with the semantic 
mappings. An answer was sought to the following research question in line with this purpose. 

What are the prospective science teachers’ understandings on ergastic substances? 

2. Method 

2. 1. Research Design  

The phenomenological research method focuses on how the phenomenon is perceived, depicted, judged, 
understood (Patton, 2014). In addition, the researchers who are the data source in the phenomenological 
research method are individuals who can reflect the phenomenon that is focused on the study outside 
(Yıldırım & Şimşek, 2011). The phenomenological research method of qualitative research method was used 
in this study because of prospective science teachers can reflect their understanding of this subject and the 
understandings in this subject are determined based with the semantic mappings.    
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2. 2. Research Sample 

In the research, purposive sample method was used. The purposive is that the students on which the 
application is performed, are the prospective science teachers who take the course General Biology 
Laboratory-1. In line with this purpose, 38 prospective science teachers who were educated in second grade 
of the science teaching department of the faculty of education of a public university participated in the 
research. The prospective science teachers who participated in the research are 5 were male and 33 were 
female.  

2. 3. Data Collection Method, Tool, and Analysis 

Before collecting data in the study, information about the study was given and the prospective science 
teachers who volunteered were determined.  

1. In the first week (2 hours), the prospective science teachers were given information about the 
semantic mappings and its characteristics and their samples were examined. In addition, 
experiments were determined about Ergastic Substances together with the prospective science 
teachers.  

2. The experiments determined in the following week (4 hours) were conducted by the prospective 
science teachers in the laboratory environment. Information about the determined experiments by 
the prospective science teachers are given below.  

Materials Used for Examination: Tomato, Carrot, Lemon, Potato, Bean, Rice, Rubber, Busy Lizzie and 
Begonia  

Examination Environment: Water  

Section Types: Scraping Method, Cross Section, Tangential Section, Longitudinal Section  

Magnification Ratio: X10 and X40  

Fabrication: The prospective science teachers have prepared slides using the appropriate sectioning method 
from the materials they brought, and they examined the Ergastic Substances.  Slides were prepared by 
scraping method from tomato, carrot, potato, bean and rice plants. The substances examined were lycopene 
in tomato, carotene in carrot, starch grains and protein agents in potato, bean and rice. The matter of 
xantophyl was studied by taking a tangential section of lemon, the matter of raphide by taking a cross 
section from the stem of the web plate of the busy lizzie plant, druz by taking a cross section from the stem 
of the web plate of begonia, cystolith by cross-section from the leaf of the rubber plant and anthocyan and 
anthoxantin by the tangential section of the petals of the flower parts of begonia and busy lizzie plants. 

3. At the end of the third week (2 hours), the prospective science teachers were asked to prepare the 
semantic mappings about Ergastic Substances. 

In the study, the method of data collection based on the investigation was used as a method to collect data. 
Student products were used as a data collection tool in this method. In this research, student products are 36 
semantic mappings prepared by the prospective science teachers. The prepared the semantic mappings were 
examined by two faculty members using content analysis method. Grouping and concepts used by the 
prospective science teachers in the semantic mappings were analyzed by creating themes and codes. The 
groupings were gathered under six themes, being "The Properties of Ergastic Substances", "The Locations of 
Ergastic Substances", "The Plants Containing Ergastic Substances", "The Examination of Ergastic Substances", 
"The Types of Ergastic Substances", and "Other Organic and Inorganic Substances". Data was given in 
frequency and percentage. 

2.4. Limitations of Research 

This research was conducted with the prospective science teachers who studied in the second year of the 
science teaching department of a public university. The results of this research cannot be generalized to 
prospective science teachers studying at other universities due to the limited qualitative research approach. 
Since this research investigates the prospective science teachers’ conceptual understandings on ergastic 
substances, the results of the research are limited to the field of analysis. The prospective science teachers’ 
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conceptual understanding on ergastic substances in this research is limited by the knowledge in the semantic 
mappings. 

3. Findings 

The findings regarding the content analysis of the groups of the semantic mapping of concepts, which the 
prospective science teachers prepared on ergastic substances were provided in Table 1. 

Table 1. The groupings on ergastic substances 
Themes Codes f % 

Properties of Ergastic Substances 

Properties 5 2.99 
Some Ergastic Substances 3 1.80 
Color Substances 3 1.80 
Structures 2 1.20 
Groups 1 .60 
Basic Building Blocks 1 .60 
Total 15 8.98 

Locations of Ergastic Substances 

Location 18 10.78 
Found Substances 4 2.40 
Plants 4 2.40 
Organelle 2 1.20 
Cell 2 1.20 
Leaf 1 .60 
Epithelium 1 .60 
Vacuole Sap 1 .60 
Meristem Tissue 1 .60 
Total 34 20.36 

The Plants Containing Ergastic Substances  

Containing Ergastic Substances 7 
4.19 

Plants 3 1.80 
Total 10 5.99 

The Examination of Ergastic Substances 

Examination Tools 4 2.40 
Object Examined 3 1.80 
Sectioning 2 1.20 
Total 9 5.39 

Types of Ergastic Substances 

Starch 14 8.38 
According to their shapes 11 6.59 
Protein 10 5.99 
Salt Crystals/Crystals/Crystal 
Sample 

 
9 5.39 

Ergastic Substance Sample 8 4.79 
Types 7 4.19 
Hilum 4 2.40 
Counts 4 2.40 
Protein Grains 3 1.80 
Aleurone 2 1.20 
Total 72 43.11 

Other Organic and Inorganic Substances 

Carbohydrate 10 5.99 
Oils 10 5.99 
Organic Substances 4 2.40 
Inorganic Substances 3 1.80 
Total 27 16.17 

In All Total 167 100.00 

When Table 1 was examined, 34 codes and 167 frequencies were determined according to the content 
analysis results of the groupings in the semantic mappings of concepts prepared by the prospective science 
teachers about Ergastic Substances. It can be said that the prospective science teachers made 34 different 
groupings for the subject of Ergastic Substances. The top two themes with the most codes were “Types of 
Ergastic Substances” and “Locations of Ergastic Substances”. The theme with the least code was “The Plants 
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Containing Ergastic Substances”. The theme with the highest frequency was “Types of Ergastic Substances”. The 
theme with the least frequency was “The Examination of Ergastic Substances” and “The Plants Containing 
Ergastic Substances”. When the frequencies of the codes belonging to the themes are examined, it is observed 
that the code “Location” belonging to the theme of “Locations of Ergastic Substances” has the highest frequency 
(f=18).The codes “Groups” and “Basic Building Blocks” belonging  to  the theme of “The Properties of Ergastic 
Substances”; and the codes “Leaf”, “Epithelium”, “Vacuole Sap” and “Meristem Tissue” belonging to the theme 
of  “Locations of Ergastic Substances” have the lowest frequency (f=1). The frequency values of the codes of the 
themes belonging to groupings of the prospective science teachers ranged among 1-18. It may be asserted 
that the prospective science teachers generally make different groupings from each other.  

The results of the content analysis of the concepts in the semantic mappings of concepts prepared by the 
prospective science teachers about Ergastic Substances are given in Table 2, Table 3 and Table 4. 

Table 2. “Types of Ergastic Substances” and “The Plants Containing Ergastic Substances” themes 

Th
em

e 

Codes f % 

Th
em

e 

Codes f % 

Ty
pe

s 
of

 E
rg

as
tic

 S
ub

st
an

ce
s 

Simple/Semi Compound/Compound 47 4.63 

Th
e 

Pl
an

ts
 C

on
ta

in
in

g 
Er

ga
st

ic
 S

ub
st

an
ce

s 

Rubber 29 2.85 
Centric/Eccentric 35 3.44 Begonia 23 2.26 
Oils/Streoid/ Phospholipid/Ester 
Bonds/Glycerol 

 
34 

 
3.35 

Bean 23 2.26 

Hilum/Navel/Crack Hilum 34 3.35 Potatoes 23 2.26 
Protein/Peptide Bond 28 2.76 Busy Lizzie 22 2.17 
Starch 27 2.66 Rice 19 1.87 
Single/Double/Triple/Multiple 25 2.46 Wheat 9 .89 
Raphide 21 2.07 Corn 6 .59 
Cystolith 19 1.87 Plant 5 .49 
Druz 19 1.87 Barley 5 .49 

Resin 14 1.38 Jerusalem Artichoke 
 

4 
 

.39 
Oil Acid/Saturated/Unsaturated Fat 10 .98 Castor Oil 4 .39 
Aleurone 8 .79 Onion 3 .30 
Gum/Musilage 6 .59 Lily 3 .30 
Tannin 5 .49 Rose 2 .20 
Glycoside 5 .49 Clove 2 .20 
Alkaloid 5 .49 Flax Oil 2 .20 
Starch Ring 4 .39 Olive Oil 2 .20 
Balsam 3 .30 Cocoa Oil 2 .20 
Assimilation 3 .30 Linden 1 .10 
Anthocyanin/Flavonoid 3 .30 Orchid 1 .10 
Spare Starch 2 .20 Horse Chestnut 1 .10 
Anthoxanthin 2 .20 Blue Violet 1 .10 
Neutral Oil 1 .10    
Inulin 1 .10    
Storage Starch 1 .10    

 Total 362 35.63  Total 192 18.90 

When Table 2 is examined it is observed that there are 26 codes and 362 frequencies of these codes, 
belonging to the theme “Types of Ergastic Substances”. In the theme “Types of Ergastic Substances” the 
prospective science teachers are observed mostly to include the concepts “Simple/Semi Compound/Compound”, 
“Centric/Eccentric”, “Oils/Streoid/ Phospholipid/Ester Bonds/Glycerol”, “Hilum/Navel/Crack Hilum”, 
“Protein/Peptide Bond”, “Starch”, “Single/Double/Triple/Multiple”, “Raphide”, “Cystolith”, “Druz” and “Resin” in 
their semantic mappings of concepts. The prospective science teachers are generally observed to write most 
of the concepts, which are and are not in the experiments they made on Ergastic Substances in the semantic 
mappings of concepts. Regarding the theme “Types of Ergastic Substances” the prospective science teachers 
are observed to give place to the concepts “Spare Starch”, “Anthoxanthin”, “Neutral Oil”, “Inulin” and  
“Storage Starch” the least. It is observed that there are 23 codes belonging to the theme “The Plants Containing 
Ergastic Substances”, and 192 frequencies of these codes. The prospective science teachers used concepts 

https://tureng.com/tr/turkce-ingilizce/wheat
https://tureng.com/tr/turkce-ingilizce/corn
https://tureng.com/tr/turkce-ingilizce/oil%20acid
https://tureng.com/tr/turkce-ingilizce/oil%20acid
https://tureng.com/tr/turkce-ingilizce/castor%20oil


Yusuf ZORLU & Fulya ZORLU 

91 

“Rubber”, “Begonia”, “Bean”, “Potatoes”, “Busy Lizzie” and “Rice” in the theme “The Plants Containing Ergastic 
Substances” in the prospective science teachers’ semantic mapping. The prospective semantic mappings of 
the prospective science teachers were found 23 plants containing ergastic substances. 

Table 3. The “Properties of Ergastic Substances” and “Examination of Ergastic Substances” themes 

Th
em

e 

Codes f % 

Th
em

e 

Codes f % 

Pr
op

er
tie

s 
of

 E
rg
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tic

 S
ub

st
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ce
s 

Crystal 27 2.66 

Ex
am

in
at

io
n 

of
 E

rg
as

tic
 S

ub
st

an
ce

s 

Sectioning/Transverse/Longitudinal/Tange
ntial 11 1.08 

Color Pigments 16 1.57 Microscope 6 .59 
Lifeless 10 .98 Microscope Slide 6 .59 

Metabolic Product/Nutrient  
7 

 
.69 Coverslip 6 .59 

Amorphous/Amorphous Structure  
6 

 
.59 

Razor/Microcon 4 .39 

Photosynthesis 5 .49 Optics/Objective 3 .30 
Painted Substances 4 .39 Scraping 3 .30 
Waste Substance 4 .39 Micro/Macro/Fine Tuning 3 .30 
Solution 2 .20 Preparate /Preparation 2 .20 
Round/Oval 2 .20 Section Examine 1 .10 
Abundance 2 .20 Crush 1 .10 
Replacement Product 2 .20 Lugol 1 .10 
Colorless 1 .10    
Metamorphic 1 .10    
Complexity 1 .10    
Storage 1 .10    

 Total 91 8.96  Total 47 4.63 

When Table 3 is examined it is observed that there are 16 codes of the theme “Properties of Ergastic 
Substances” and 91 frequencies belonging to these codes. In the theme “Properties of Ergastic Substances” the 
prospective science teachers were mostly used concepts of “Crystal”, “Color Pigments” and “Lifeless” in their 
semantic mapping. The codes in the theme “Properties of Ergastic Substances” had frequency values among 1-
7. It can be said that the prospective science teachers partially include the properties of Ergastic Substances 
in their semantic mapping.  It was observed that there are 12 codes of the theme “Examination of Ergastic 
Substances”, and 47 frequencies belonging to these codes. The prospective science teachers mostly included 
concepts of “Sectioning/Transverse/Longitudinal/Tangential” in their semantic mapping. The code number 
belonging to the theme “Examination of Ergastic Substances” and frequency range of codes varied among 1-11.    
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Table 4. The “Locations of Ergastic Materials” and “Other Organic and Inorganic Substances” themes 
Th

em
e 

Codes f % 

Th
em

e 

Codes f % 

Lo
ca

tio
ns

 o
f E

rg
as

tic
 M

at
er

ia
ls

 

Seed/Seed Embryo 
Endosperm/Perisperm 

15 1.48 

O
th

er
 O

rg
an

ic
 a

nd
 In

or
ga

ni
c 

Su
bs

ta
nc

es
 

Carbohydrate 29 2.85 
Glucose 15 1.48 

Vacuole 15 1.48 Polysaccharide 9 .89 
Cytoplasm 14 1.38 Oxygen  8 .79 
Cell Wall 13 1.28 Cellulose 6 .59 
Root 12 1.18 Fructose 6 .59 
Stem 11 1.08 Maltose 6 .59 
Leaf/Leaf Stalk 11 1.08 Saccharose 6 .59 
Cell/Plant Cell 11 1.08 Hydrogen 6 .59 
Fruit  10 .98 Minerals 6 .59 
Chloroplast/Granum 9 .89 Nitrogen 5 .49 
Leucoplast 8 .79 Carbon 5 .49 
Cellulary Juice 8 .79 Sulphur 4 .39 
Amyloplast 6 .59 Phosphor 4 .39 
Plant 5 .49 Monosaccharide 3 .30 
Flower 4 .39 Disaccharide 3 .30 
Ribosome 4 .39 Enzyme 3 .30 
Rhizome 3 .30 Acid 3 .30 
DNA-RNA 2 .20 Deoxyribose/Ribose 2 .20 
Epidermis 2 .20 NAD/FAD 2 .20 
Tissue 2 .20 ATP 2 .20 
Organ  2 .20 Glycogen 1 .10 
Tuber 2 .20 Chitin 1 .10 
Parenchyma 2 .20 Triose 1 .10 
Cell Membrane 2 .20 Pentose 1 .10 
Transmission Bundles 1 .10 Hexose 1 .10 
Mesophyll 1 .10 Galactose 1 .10 
Stoma 1 .10 Lactose 1 .10 
Peroxisome 1 .10 Polymer 1 .10 
Plastid 1 .10 Carboxyl Group 1 .10 
   Carbondioxyde 1 .10 
   Water 1 .10 
   Potassium Iodide 1 .10 
   Alcohol 1 .10 

 Total 178 17.52  Total 146 14.37 

When Table 4 was examined it was observed that there were 29 codes belonging to the theme “Locations of 
Ergastic Materials”, and 178 frequencies of these codes. In the prospective science teachers' semantic 
mapping, they mostly included the concepts of “Seed/Seed Embryo Endosperm/Perisperm”, “Vacuole”, 
“Cytoplasm”, “Cell Wall”, “Root”, “Stem”, “Leaf/Leaf Stalk”, “Cell/Plant Cell”, and “Fruit” in the theme 
“Locations of Ergastic Substances”. When the frequencies of the mostly used concepts were examined, they 
were observed to vary among 10-15. It was observed that there are 34 codes and 146 frequencies belonging 
to these codes regarding the theme “Other Organic and Inorganic Substances”. In the theme of “Other Organic 
and Inorganic Substances”, the prospective science teachers used the concepts of “Carbohydrate” and “Glucose”. 
The prospective science teachers gave place to 34 different inorganic and organic substances belonging to the 
theme “Other Organic and Inorganic Substances”.  
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4. Discussion, Conclusion and Recommendations 

The importance of concept teaching in science education has been constantly increasing from past to present. 
In this part, the conclusions and the causes of the findings obtained from this study, which was carried out 
with the aims of investigation of prospective science teachers’ understandings on ergastic substances with 
the semantic mappings were included with a discussion of literature.  

The prospective science teachers made groupings considering the types of Ergastic Substances and their 
location in plants (Table 1). It was observed that the codes mostly used by the prospective science teachers in 
the theme “Types of Ergastic Substances”, were generally the concepts in the experiments they made (Table 2). 
According to the findings obtained from the research, it can be said that in the semantic mapping, the 
prospective science teachers used most of the concepts related to Ergastic Substances in the experiments did 
this study. It may be due to the fact that the prospective science teachers conducted experiments on the 
subject of Ergastic Substances, saw the types of Ergastic Substances and their locations in plants by using 
microscope and that this process attracted attention. Ergastic Substances are a subject of biology. One of the 
most important elements when teaching biology subjects such as Ergastic Substances is material (Berck, 
1999). It is important to use real objects and models as teaching materials and tools in teaching concepts 
(Clements, 1999; Fidan, 2008; Nalçacı & Ercoşkun, 2005; Ornstein & Lasley, 2000; Seferoğlu, 2015). The 
reasons why the use of real items and models as instructional materials and tools in the lessons are effective 
in learning are that they concretize, provide generalization, are interesting and provide permanent learning  
(Çelik, 2017; Kaya, 2006; Kelly, 2006; Selvi, 2008; Senemoğlu, 2001).  

The prospective science teachers usedthe concepts of “Oils/Steroid/Phospholipid/Ester Bonds/Glycerol” in their 
semantic mapping.  Besides, they included 23 different plants in the theme “The Plants Containing Ergastic 
Substances” (Table 2). Within the scope of the study, the prospective science teachers conducted the 
experiments using 9 plants. When the semantic mappings were examined, it was seen that the prospective 
science teachers included 14 different plants that they did not use in experiments. In other words, the 
concepts which were not included in the experiments were also included in the semantic mapping. This may 
be due to the fact that the prospective science teachers have designed and implemented all stages, including 
the stage of preparing experiments themselves (experiments and semantic mapping of concepts), that 
learning by doing and living was realized and that they needed to investigate different sources to be able to 
make designing. Conducting experiments activates the acquired knowledge, develops critical thinking, 
understanding science, processing and psychomotor skills, encourages students to conduct research, and 
enables students to transfer the information to his/her life and use it (Çepni & Ayvacı, 2006; Kesercioğlu, 
Balım, Öztürk & Çavaş, 2004; Yazıcı & Kurt, 2018). When the related literature was examined, it was seen 
that there were studies indicating that the prospective science teachers' designing experiments by 
conducting researches using different sources also contributed to their learning the concepts not included in 
the experiments (Alkan, 2013; Lowe, Newcombe & Stumpers, 2012; Olympiou & Zacharias, 2012). 

In the semantic mapping formed by the prospective science teachers in the theme “Other Organic and 
Inorganic Substances”, it was seen that 34 different organic and inorganic substances exist with 146 frequency 
distributions (Table 4). According to the findings obtained, the prospective science teachers' including 
organic and inorganic substances in their semantic mapping this much suggests that they repeated the 
information they learned in previous lessons and that they could envisage it and it was foreseen that this 
situation would provide many benefits to the prospective science teachers. Revitalizing the previous 
knowledge in the mind enables the learning to become permanent and to learn the new knowledge better 
based on the previous knowledge (Güneş, 2007; Köksal & Atalay, 2016; Onan, 2012). Information processing 
includes short memory, emotional memory and long memory. In short memory, there are more operations 
in data processing compared to the other memories. The information received in the short-term memory is 
compared and associated with the information in the long-term memory (Arslan, 2008). It could be said that 
the prospective science teachers integrated the information contained in the long-term memory with the 
information contained in the short-term memory by establishing relationships between them while 
preparing the semantic mapping.  There is a need for structures that represent large patterns of information 
in memory. Data structures that represent organized information patterns are called conceptual structures, 
frameworks, schemas. The schema is the basic framework used to organize information. Schema about the 
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words that make up a hypothesis allow us to assign different meanings to the sentence. In any case, the 
schema that is driven by the previous knowledge and meanings influences the way we behave. Many 
cognitive psychologists believe that schema is the key unit of the comprehension process. Information 
processing theorists describe the schema as a network of concepts, relationships, and processes in 
individuals' memories. These semantic mapping ensure the association of relationships, propositions, 
processes and the newly obtained information with the old ones. In this case, the above-mentioned 
proposition networks can be considered as sub-sets of schemas. Schemas also directly affect the process of 
remembering information. The more different schemas are created about information, the faster and easier it 
is to remember that information. Information does not disappear in long-term memory; but it can be lost. 
According to Schema Theory, new information is easier to remember if it is placed in a well-developed, 
appropriate schema (Senemoğlu, 2007). Information should be delivered to students through multiple 
channels. In the teaching process, not only auditory but also visual channels should be used. These and 
similar applications will help students form right schemas. The correct schemas formed within this 
framework will have a positive effect on the schemas that will be formed in subsequent learning (Onan, 
2012). 

In this study, the prospective science teachers made the experiments and semantic mapping of concepts. 
While conducting the experiments, the prospective science teachers learned the concepts by processing 
information into short- and long-term memory. Regarding information that cannot be transferred to long 
term memory and is in the short-term memory, it may be asserted that they help its transfer to long term 
memory after preparing semantic mapping and finding the chance to repeat the subjects. In the process of 
processing information, mental functions predominantly occur in short-term memory. Short term memory 
has two types of information sources. Information comes from both sensory recording and long-term 
memory to short-term memory. For the information coming from sensory recording to be transferred from 
short-term memory to long-term memory, this information must be repeated mentally. Exercise based on 
repetition allows the information to be kept in short-term memory and the exercise based on assimilation 
allows the information to pass into long-term memory (Karakaş, 2000). 

The prospective science teachers included the least “Spare Starch”, “Anthoxanthin”, “Neutral Oil”, “Inulin” and 
“Storage Starch” concepts in the theme “Types of Ergastic Substances” in the semantic mappings (Table 2). 
When the prospective science teachers examined the preparations, they prepared by tangential section from 
the petals of flowers under the microscope, they saw the anthoxantin substance. However, this concept was 
found to exist only in two semantic mapping of concepts. According to the findings of the research, it may be 
asserted that, while conducting experiments, the prospective science teachers did not fully learn some of the 
concepts or did not include them in the semantic mappings. It was seen that the prospective science 
teachersuse30 different places regarding the theme “The Locations of Ergastic Substances”, and that their 
number of repetitions is 178 (Table 4). According to the findings obtained from the research, it may be 
asserted that the prospective science teachers knew the locations of Ergastic Substances in plants but that 
they do not fully include them in semantic mappings. The codes mostly used by the prospective science 
teachersin the theme “Properties of Ergastic Materials”, were observed to be crystal structure, colored and 
lifeless. When the frequency values of colored and lifeless codes were examined, it was seen that they give 
very little space to these concepts except for the fact that Ergastic Substances were in crystal structure (Table 
3).  Regarding the properties of Ergastic Substances, explanations should be written in sentences. According 
to the findings obtained from the research, the fact that the prospective science teachers gave little spaces to 
the related concepts may be due to the fact that they do not know the definition of the concept completely or 
do not think that sentences can be included in the semantic mappings. In the study they conducted, Güneş, 
Dilek, Demir, Hoplan and Çelikoğlu (2010) stated that science teachers rarely use the semantic mappings of 
concepts in concept teaching. One of the main aims of science education and teaching is to teach the nature 
of knowledge with the concepts that are its building blocks (Kaya, 2010). The teaching of concepts should be 
attached more importance when conducting experiments.  

According to the results obtained from the research, it can be said that conducting experiments and 
preparing the semantic mappings of concepts have important contributions to the teaching, researching and 
associating of concepts. When the related literature was examined, it was found that semantic mappings of 
concepts and experiments were effective in concept teaching and that their results showed parallelism with 
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the results of this study (Antonacci, 1991; Candan, 1998; Çepni & Ayvacı, 2006; Dilek & Yürük, 2013; 
Fitzgerald, Elmore, Kung & Stennen, 2017; Gödek, Polat & Kaya, 2018; Kesercioğlu, Balım, Öztürk & Çavaş, 
2004; Lowe, Newcombe & Stumpers, 2012; Olympiou & Zacharias, 2012; Patrizi, Ice & Burgess, 2013; Reza & 
Azizah, 2019). According to the results of this research, it can be said that prospective science teachers have 
difficulties to prepare the semantic mappings. In order to eliminate the difficulties, intervals applications 
will contribute to the literature instead of one-off applications. It is thought that this study will also guide the 
similar studies, which will be performed in the long term.  

According to the findings obtained from 36 semantic mappings prepared by the prospective science teachers 
on the subject of Ergastic Substances, a final semantic mapping was formed and given in Figure 1. According 
to the content analysis results of 36 semantic mappings prepared by the prospective science teachers, a 
semantic mapping containing 6 groups and 140 concepts was formed (Figure 1). The order of importance of 
the groups in the semantic mapping of concepts was “Types of Ergastic Substances”, “The Plants Containing 
Ergastic Substances”, “Locations of Ergastic Substances”, “Other Organic and Inorganic Substances”, “Properties of 
Ergastic Substances” and “Examination of Ergastic Substances” respectively. The semantic mappings in Figure 1 
could be used as a guide material when teaching the subject of Ergastic Substances.  

 

 
Figure 1. A final semantic mapping of concepts in Ergastic substances 
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