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The purpose of this study was to determine the opinions of preservice science teachers
about the plasma state of matter. The sample of this research consisted of 79 preservice
science teachers. The research method of this study was determined as a
phenomonographic research method, and two different data collection tools were used
in the study. Interviews were conducted with nine science teacher candidates selected
with the snowball sampling method. The other data of the study was obtained with the
completion of the statement in the questionnaire form “To me, the plasma state of matter
S e ” by 79 teacher candidates. Content analysis was used in the analysis of the
interviews, and the phenomonographic analysis method was used in the analysis of
sentence completion. As a result of the study, it was found that almost the entire science
teacher candidates participating in the interviews didn’t have enough information about
the concept although they know the plasma is the 4th state of matter. In the study, it was
also determined that the results obtained from the sentence completion, support the
results obtained from the interviews. It can be recommended that subjects related to the
plasma state of matter should be involved more in the undergraduate courses of the
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Department of Science Teaching.

1. Introduction

Mankind's information about the solid, liquid, and gaseous
states of matter dates back to 300 BC. However, the fire that
is different from these three forms of matter is considered to
be merely a state of energy, which could not be included in
any of the substances (Akan, 2016). The development of
steady-state discharges by Sir Humphry Davy in 1808 and the
development of a high-voltage electrical discharge tube by
Michael Faraday and his colleagues in the 1830s are known
as the first studies on the discovery of the fourth state of
matter. In 1879, Sir William Crookes stated that an ionized
gas is the "fourth state of matter" in the studies on electrical
discharge in gases (Akan, 2016; Balbag and Yilmaz Erdogan,
2018). Ionized gas cluster was first called as “Plasma” by
Irving Langmuir in 1929 (Tonks and Langmuir, 1929; Akan,
2016).

Apart from the solid, liquid, and gas states of matter, the
fourth state is called plasma. The plasma state of matter is the
most common state in the universe and its rate in the universe
is more than 99% (MoNE, 2018b). Plasma is defined as "a
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collection of positively and negatively charged particles that
are fully electrically neutral and move in random directions"
(Akan, 2016).

According to the same researcher; at a sufficiently high
temperature, the molecules in the gas dissociate to form freely
moving gas atoms in random directions. If the temperature is
further increased, one or more electrons break off from the
gas atoms and the gas atoms decompose into freely moving
charged particles, i.e. positive ions and electrons, to form the
fourth form of the substance called plasma. In the plasma
form of matter, the atoms forming the matter have become a
system formed by positively charged ions and electrons that
are fragmented and constantly in motion (Akan, 2016;
MOoNE, 2018b).

In plasma, however, the electrons are liberated from the
atoms and acquire complete freedom of motion. With the
loss of some of their electrons, atoms, and molecules acquire
a positive electric charge; they are then called ions. Thus a
plasma is a gas consisting of positively and negatively
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charged particles in such proportions that the total charge is
equal to zero. Freely moving electrons can transport electric
current; in other words, a plasma is a conducting gas (Frank-
Kamenetskii, 1972).

Today, the plasma state of matter-based technology
applications is used in extremely different applications due to
their high energy particles and the collective movement
properties of these particles. Plasma is used in biology and
biomedical, paper industry, aerospace industry, textile
industry, electronic chip making, communication
technology, coating, and decoration technology, sterilization
and water treatment systems, dangerous waste treatment,
solar energy and optical industry, automobile and aircraft
industry, and in new technology. It is used in a wide range of
applications from construction, defense industry, radar and
fusion research, to launching rockets in space technology, to
orbit protection. The most interesting application of plasma
technology in recent years is in the field of medicine and
biomedical. With the discovery that cold plasma can kill
bacteria that cause different kinds of diseases in a very short
time, it is stated that shortly a new type of plasma sterilization
method and a very new bacterial infection treatment method
can be used (Akan, 2016). Considering the usage areas of
plasma in our daily lives, the importance of the opinions of
the students at each level of education related to this concept
emerges.

On the other hand, the importance of science education given
in our schools is increasing day by day. Therefore, the
Science course updated in 2017 aims to educate students as
science-literate individuals. To achieve this goal, students are
expected to" have skills in "Knowledge, Skills, Affection, and
Science - Engineering - Technology - Society - Environment
dimensions. It is emphasized that in the dimension of
knowledge which is one of these dimensions, students must
have basic concepts and principles in the fields of Astronomy,
Biology, Physics, Chemistry, and Earth Sciences (MoNE,
2018a). However, when the curriculum of science is
examined, it is seen that the plasma concept is not given at
the primary and secondary school level (MoNE, 2018a). This
concept comes first in the 9th grade (MoNE, 2018b).

However, as mentioned above, the concept of plasma
constitutes almost all of the universe in which we live, as we
are faced with different applications every day in our daily
lives. The sun we see when we get up in the morning, the
stars we observe at night, the thunderbolts and lightning that
we notice on rainy days, the flame we see in the single. The
fluorescent and neon lamps we use to enlighten our houses,
the zenon lamps we use in the vehicles, the flames of the
lighters and matches, all the plasma televisions used in our
homes are based on the plasma concept (Balbag, 2018). The
9th grade is too late for students to learn this concept since
the plasma state of matter is at every stage of our lives from
the universe we live in to the different plasma technology
applications we use (Bulbiil, 2009).

In this case, probably, students who do not have any correct
infrastructure in this concept during primary and secondary
school will frequently produce misconceptions about the
events and phenomena based on the plasma concept and how
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these are formed. In a study by Balbag (2018), it was reported
that almost all of the 358 students from different classes
ranging from third grade to eighth grade considered the
concepts of sun, star, fire, and lightning as the gaseous state
of matter. However, it is known that learning the basic
science concepts in the primary education process in a good
and correct way is very important for learning to take place
in the following years (Cicek, 2008). The above-mentioned
points reveal the importance of providing the subjects of
plasma matter in terms of meaningful science education at
the level of primary and secondary school considering the
students' developmental levels.

It is known that the most important factors in giving
meaningful science education to the students are teachers and
hence teacher candidates (Kaya ve Bacanak, 2013; Yetisir ve
Kaptan, 2007). It is reported that if the subject knowledge,
which is one of the required qualifications of teachers, is
sufficient. They enter the classroom with confidence and
answer the students' questions about the subject promptly to
ensure that the students enjoy learning and to make the
subject easier to understand by establishing relationships
between the concepts (Kiigiikahmet, 2008).

It is stated that the opposite situation restricts students'
conceptual understanding of the subject (Sinan, 2007). In the
related literature, besides the importance of increasing the
knowledge level of teachers about their fields, it is reported
that the persons who conduct the lessons should be more
sensitive in the institutions that train teachers (Giiler ve
Sahin, 2017; Pardhan ve Mohammad, 2005; Uyanik ve Serin,
2016). This makes science teachers' and teacher candidates'
views on the plasma state of matter important. In addition,
the fact that the plasma state of matter is encountered in the
whole universe and the increasing use of the applications
based on this concept is increasing day by day increasing the
importance of the opinions of teachers and teacher
candidates about the concept.

When the related literature is examined, it is seen that the
studies about the plasma concept are quite limited. In the
study conducted by Balbag (2018) with the science teacher
candidates, on the placement of the concept of plasma in a
science program, it was determined that the concept of
plasma should be included in the program due to the spiral
structure of the course. In the same study, it is emphasized
that the plasma concept can be included in the program in the
units of different class levels by defining, classifying, and
associating with everyday life and the other states of matter
by the cognitive development of the students.

In another study conducted by Biilbiil (2009) on the subject.
It was stated that not giving the concept of plasma starting
from the level of primary school will cause some difficulties
in science teaching, and based on the cognitive approach,
some opinions are presented to give the concept of plasma
most simply and effectively to primary school students. In a
study conducted by Balbag and Yilmaz Erdogan (2018). To
determine how primary and secondary school students
perceive the concepts related to plasma in our daily lives, it
has been found that almost all of the students in each class
level cannot classify or misclassify the concepts related to
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plasma they see constantly in their environments. In the
study conducted by Korkmaz et al. (2018) with 18 gifted
eighth-grade students showed that the plasma demonstration
experiments supported by simulations on the understanding
of the plasma stage of the subject significantly increased the
level of knowledge about students. In another study
conducted by Korkmaz et al. (2015) with 32 science
prospective teachers, it is reported that plasma demonstration
experiments supported by simulations significantly increase
the knowledge level of teacher candidates about the subject.

Additionally, Korkmaz (2015) also designed an experimental
study for the plasma state, which is the fourth state of matter.
This experimental study was carried out with the
participation of university students. The study conducted by
Niroj and Srisawasdi (2014) with 50 12th-grade students in
the north-eastern region of Thailand found that all of the
students had non-scientific knowledge about plasma
concepts.

When the literature on the subject given above is examined,
it is seen that the number of studies in the area related to the
plasma state of matter is very limited. In addition, it is
observed that none of the studies directly focused on the
opinions of the prospective science teachers on the subject of
plasma. Also, as mentioned above, this concept is a concept
that is frequently encountered in our daily lives and
constitutes almost all of the universe. Therefore, the opinions
of prospective science teachers about the plasma form of
matter are a matter of curiosity. In light of the literature and
the explanations mentioned above, this study aimed to
determine the science teacher candidates’ opinions on the
plasma state of matter.

2. Method

In this study, the phenomonographic research method was
used. Phenomenography is a research method that deals with
what people perceive, understand, and experience about the
phenomena they encounter in the universe they live in
(Cekmez et al., 2012). The basis of this approach is based on
defining the different ways in which people experience,
interpret, understand, or conceptualize a particular aspect of
a phenomenon (Cepni, 2012). In this way, it is possible to
explain qualitatively how the various phenomena are
understood in different ways and systematically differentiate
different insights according to the resulting categories
(Ashworth and Lucas, 1998). In the phenomenography
research approach, interviews are often used as data
collection tools (Beaulieu, 2017; Cepni, 2012; Khan, 2014).
On the other hand, open-ended survey questions,
observations, and written reflective expressions are other
data collection tools that can be used in phenomenography
studies (Rands and Gansemer-Topf, 2016).

In this study, it was understood that it was appropriate to use
the phenomenography research method since it was wanted
to investigate the opinions of prospective science teachers
about plasma and how science teacher candidates perceive
the concept.

2.1. Sample of the Study
The study was carried out in Agr1 [brahim Cegen University
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Faculty of Education Department of Mathematics and
Science Teaching. The sample of the study consisted of 79
science teachers. Prospective teachers were interviewed by
snowball sampling method. Taking advantage of the
questions "Who knows more about this subject?" and "Who
should I interview?" that Patton (1987) used in his study, the
sample of the study was formed by directing the researcher
and teacher candidates to each other. This sampling method
has been reported to be effective in detecting individuals or
situations that may be rich sources of information regarding
the problem of the investigator (Yildirim and Simsek, 2011).

2.2. Data Collection Tools

To better understand science teacher candidates' opinions on
the plasma state of matter and how science teachers perceive
the concept of plasma, two data collection tools suitable for
the nature of the phenomenography approach have been
utilized. The first one was the interview have been done with
nine science teacher candidates. Within the scope of the
study, five questions were asked to the students about the
plasma in the face-to-face interviews. In the study, first of all,
the topics of questions and levels of the interview questions
to be asked to prospective teacher candidates about the
plasma are tried to be determined in consultation with the
related field experts. After that, the literature was examined
and a question pool was formed in which the interview
questions were asked to the science teacher candidates. Five
of the 11 questions in the question pool were determined to
be used. Interview questions were determined by making
necessary arrangements by the opinions of two academicians
and field experts who are doing master's degrees. After
making the final arrangements, five questions about the
plasma state of the matter were asked to nine science teacher
candidates. The secondary source of the data obtained from
the study is a semi-structured questionnaire. Studies that use
similar forms to determine how individuals perceive the
concept, and what they think about the phenomenon or the
concept to be investigated, are found in the literature (Kelleci,
2014; Mutlu, 2013; Ozgen, 2013; Yildirim Haciibrahimoglu,
2016). 79 science teachers were asked to complete the
sentence "To me, plasma state of matter means "in
the questionnaire form. The teacher candidates were given
five minutes to complete this statement with their
handwriting.

2.3. Data Analysis

The data obtained from the students' responses to the
interview questions about the plasma were subjected to
content analysis. The information obtained from the content
analysis is examined and divided into sections to make sense
of each section. In this context, coding can be performed
within a general framework according to the concepts
extracted from the data while coding (Cepni, 2012). In this
study, the similarities of the science teacher candidates'
answers to the questions were gathered under the same title,
their frequencies were determined and the headings were
coded and presented to the reader by tables. In the study, they
were not written the quotations directly as the answers given
by preservice science teachers to the interview questions
related to ‘the plasma state of the matter’ were quite short.
While analyzing the interviews, the students were coded as
S1, 82, ..., S9.
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The sentence completion question "To me, the plasma state
of matter mad means " which is one of the data
collection tools of the study was evaluated by the
phenomonographic analysis method. In the analysis of the
answers, similarities and differences of the expressions used
to complete the sentence were taken into consideration. The
answers of the pre-service teachers were divided into
temporary pre-categories before coding. The preliminary
categories obtained from the regulations were reviewed for
the second time descriptive categories were created and the
expressions included in the categories were rearranged. The
reliability of the analysis of the data obtained from the
interviews and sentence completion questions in the study
was calculated by using the Reliability = Consensus Union /
(Consensus + Opinion) formula (Miles and Huberman,
1994).

In the analysis of the data obtained from the interviews, the
mean reliability between the researchers (prospective
teachers and a specialist faculty member) was found to be
93% and 88% for the analysis of the sentence completion
question. Research is accepted as reliable if the reliability
calculations are over 70% (Miles and Huberman, 1994). The
data obtained from the results of the analyses are presented
with frequencies in the tables.

3. Findings
In this part of the study, the results obtained within the scope
of the research are given under two headings.

3.1. Findings from Interviews

In this section, the findings obtained from the analysis of the
interviews conducted with nine science teacher candidates
were included. The similarities of the teacher candidates’
answers to each question asked about the plasma were

collected under the same headings and their frequencies were
determined and then codes given to each heading were
presented to the reader by tables. Table 1 presents the findings
regarding the answers given to the first question “What do
you think of when talking about the plasma state of matter?”
of the interview.

As seen in Table 1, four different expressions related to the
question “What do you think of when talking about the
plasma state of matter?”, have been formed from the opinions
of prospective teachers. It is seen that eight of the nine teacher
candidates interviewed answered this question with the
expression “fourth state of matter”. In second order the
expression ‘“The state of matter composed of neutral atoms”
comes with four frequencies. In the final order the expression
“The state of matter composed of light particles” comes with
only one frequency.

Table 2 presents the findings regarding the answers given to
the second question “What are the properties of plasma state
of matter?” of the Interview.

As seen in Table 2, intern teachers asked "What are the
properties of plasma?" When their views on the question
were examined, it was determined that five of the nine trainee
teachers who participated in the interview answered the
question by using the expression "The plasma state of matter
is uncharged." In Table 2, the expression “it has high
temperature” was found in the second order with three
frequencies. In the last order, the expression “plasma is heat
conductive” was found with only one frequency.

The answers to the third question of the interview “what do
you know about plasma classification?” were given in the
Table 3.

Tablo 1. The expressions of teacher candidates about the "plasma state of matter"

Expressions

Teacher candidates (N=9)

The fourth state of matter

The state of matter is composed of neutral atoms
The state of matter is composed of free electrons
The state of matter is composed of light particles

S1, S2, S3, 4, S5, S6, S8, S9 (8)
S2, 54, S5, S7 (4)

$3,57 (2)

S5 (1)

* The opinions of some teacher candidates were included in more than one statement

Table 1. Prospective teachers’ opinions on the properties of plasma state of matter

Expressions

Teacher candidates (N=9)

The plasma sample of the substance is uncharged
It has a high temperature

It is the best electrical conductor

The plasma state of matter is heat conductive

S2, 54, S6, S8, S9 (3)
S1,83,57(3)

S5, S8 (2)

S5 (1)

*The opinions of some teacher candidates were included in more than one statement

Table 3. The opinions of prospective teachers about plasma classification

Expressions

Teacher candidates (N=9)

I do not know.
Hot-cold plasma.
Natural- artificial plasma

S1, S2, S3, S6, S7, S8, S9 (7)
S4, 85 (2)
S5 (1)

*The opinions of some teacher candidates were included in more than one statement
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Table 4. The opinions of prospective teachers about the examples of the plasma state of matter in the universe

Expressions Teacher candidates (N=9)
Universe S1, S2, S5, S6, S7, S8 (6)
Sun S1,S7, S5, S9 (4)

Stars S3,S85©)

Lightning and thunderbolt S4 (1)

Auroras S6 (1)

*The opinions of some teacher candidates were included in more than one statement

Table 5. The prospective teachers’ opinions about the places where plasma technology is used today

Expressions Teacher candidates (N=9)
Plasma TVs S1, S2, S3, S4, S5, S6, S7, S8 (8)
Fluorescent lamps. S3, S6, S9 (3)

Neon Lamps S2,S83 (2)

The air conditioners S8, S5 (2)

Nuclear power plants S2(1)

*The opinions of some teacher candidates were included in more than one statement

As can be seen from Table 3, the opinions of the prospective
teachers about the question "What do you know about the
classification of plasmas?" are examined. It was seen that
seven of the 9 teacher candidates who participated in the
interview answered the question by using the expression "No
Knowledge". In the second order the expression "Hot-cold
plasma" is represented with two frequencies. Finally, the
expression of "natural-artificial plasma" was placed with only
one frequency.

The findings related to answers given to the 4th question
"What can you give as an example of plasma from the
universe?” In the interview was given in Table 4.

In Table 4, when the opinions of the prospective teachers
about the question "What can you give as an example of
plasma from the universe?" were examined. Ican be seen that
six of the nine teacher candidates who participated in the
interview seem to answer the question by using "Universe"
and four of them using "Sun". In the third order, the word
"stars" takes place with the two frequencies. In the third
place, the word "stars" came with two frequencies. And
finally, the expressions "Lightning" and "Aeroas" came each
with only a frequency.

In Table 5, when the opinions of the prospective teachers
about the question "Where is plasma technology used
today?" were examined it can be seen that eight of the nine
teacher candidates participating in the interview seem to
answered the question by using the expression "Plasma TVs".
Secondly, the term "Fluorescent lamps" with three

frequencies and the expression "Nuclear power plants" have
taken place with only one frequency in the last order.

3.2. Findings from Sentence Completion Questions

In this section, the findings obtained from the sentence "To
me, the plasma state of matter means ............ " that science
teacher candidates completed were included. Three different
perception categories were obtained from the expressions
used in the study. The categories and the frequencies related
to these categories were presented in tables by calculating the
frequencies at each class level. In the study, the categories in
which the students' expressions were most used to complete
the sentence were the category of “Plasma state of the matter as
a definition”. The expressions and frequencies of this category
are given in Table 6.

At each class level, the first category of science teachers used
to complete the sentence completion question was the
"Plasma state of matter as a definition" category with 51
frequencies. Table 6 shows that this category consisted of
four statements. In this category, the "fourth state of Matter"
ranks first with 40 frequencies at each class level. This was
followed by statements "Neutral state", "light particles" and
"not free electrons". In the study, the second category, which
was formed from the expressions used by the students to
complete the sentence, was the category of "Plasma state of
the substance as usage areas ". Expressions and frequencies
of this category are given in Table 7. The category of "Plasma
state of substance as a field of use" was the second category
that consisted of the teacher candidates' responses with 20
frequencies.

Table 2. Findings related to the category of “Plasma state of the matter as a definition”

. 1%t Class (f) 2" Class (f) 3% Class () 4t Class (f) Total
Defined Category Expressions (N=8) (N=32) (N=25) (N=14) ®
4% state of matter 4 17 13 6 40
The definition of plasma state of matter Notr state of matter - 2 3 . >
Free electrons - 1 - 1 2
Light particles 1 1 - 2 4
Total 5" 21" 16" 9" 51"

*The opinions of some teacher candidates were included in more than one statement
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Table 7. Findings from the expressions related to the category of “plasma state of the matter as usage areas”

. 1st Class (f) 2nd Class (f) 3rd Class (f) 4th Class (f)  Total
Defined category Expressions (N=8) (N=32) (N=25) (N=14) ®
Usage areas of plasma technology nowadays Elosiin 10 2 2 J 2 £

8 p 8y nowaday Fluorescent lamp 1 - - - 1
Total 3" 9 5 3" 20"
*The opinions of some teacher candidates were included in more than one statement
Table 8. Findings from the expressions related to the category of, "The plasma state of matter as a property"

. 1st Class () 2nd Class (f) 3rd Class (f)  4th Class (f)
Defined Category Expressions (N=8) (N=32) (N=25) (N=14) Total (f)
Properties of plasma state of matter High temperature 2 5 4 4 15
Total 2 5" 4 4 15"

*The opinions of some teacher candidates were included in more than one statement

Table 7 shows that this category consisted of two expressions.
In this category, the expression "Plasma TV" ranks first with
19 frequencies at each class level. The expression of
"Fluorescent lamp", was only found in freshman class. In the
study, the third category, which was formed by the
expressions used by the students to complete the sentence,
was the "Plasma state of the substance as a property"”
category. The expressions and frequencies of this category
are given in Table 8.

The “Plasma state of the substance” category was the third
category formed from the expressions of prospective science
teachers with a frequency of 15. When Table 8 was
examined, it was seen that this category had 15 frequencies
at each class level.

4. Discussions and Conclusions

When the data obtained from the interviews were examined
in this study which was conducted to determine the opinions
of the prospective science teachers about the plasma state of
matter, it was determined that eight of the nine science
teacher candidates who participated in the study answered
the question that was the first question of this study of "What
do you think when the plasma state of matter was
mentioned?" as "fourth state of matter". The expression "The
state of matter that is composed of neutral atoms." of the
same question was found to have four frequencies, another
expression "The state of matter that is composed of free
electrons." had two frequencies, and the last expression of
"The state of matter that is composed of light particles.”" had
only one frequency.

According to Akan (2016), molecules in the gas at elevated
temperatures are decomposed to form freely moving gas
atoms in random directions. If the temperature is increased
further, one or more electrons break off from the gas atoms
and the gas atoms decompose into freely moving charged
particles, i.e. positive ions and electrons, to form the fourth
form of the substance. Plasma contains a large number of
electrons, electrons that break off atoms, such as ions, and a
lot of light photons that give off the flame of the fire.
Therefore, it can be said that all of the statements obtained
from the answers of the science teacher candidates are
scientific expressions that express the concept of plasma.
Starting from the height of the frequency of the phrase "fourth
state of matter", it can be concluded that the plasma state of
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matter is thought to be the "fourth state of matter" by nearly
all of the prospective science teachers. The fact that the
frequencies of the answers given to the question, except for
the expression "fourth state of the matter" were quite low,
may indicate that the "fourth state of matter" is a general
knowledge of the concept.

In a study by Korkmaz et al. (2015), it is stated that although
a total number of 32 prospective science teachers used the
phrase "the fourth state of matter" for the plasma form of the
substance in a multiple-choice test, their fundamental
knowledge related the subject is insufficient. Therefore, it can
be said that this result is supported by the literature.

In the study, it can be seen from Table 2 that the opinions of
the prospective science teachers on the characteristics of
"properties of the plasma state of the matter "consisted of four
statements. From these expressions, the phrase "Plasma state
of matter is uncharged" was among the teacher candidates'
answers to the question with five frequencies. This is
followed by the expression "It has a high temperature." with
three frequencies, "Best electrical conductor with two
frequencies, and the expression "Plasma state is a heat
conductor." with one frequency. Both the quality and the
quantity of the expressions used by science teacher
candidates to answer the question were found to be quite low
as in the other questions. It was found that only five of the
nine science teacher candidates expressed the "Plasma state
of matter is uncharged." and the frequencies of the other
expressions were much lower.

On the other hand, in the study, it was determined that seven
of the nine science pre-service teachers answered using the
expression "no knowledge" about the classification of
plasmids. Based on these findings, it can be concluded that
science teacher candidates do not have sufficient knowledge
about the properties of plasma and the classification of
plasma.

This result supports the notion that the aforementioned view
"fourth state of matter" is a general knowledge of the concept.
When examining both the 2010 and 2018 science
undergraduate programs applied by Council of Higher
Education (CoHE), it is seen that pre-service teachers learned
this concept at a basic level in physics courses in the first two
years of their education (CoHE, 2010; CoHE, 2018).
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In a study conducted by Korkmaz et al. (2015), with science
teacher candidates, it was reported that it is not easy to
perceive the subjects related to the properties of the plasma.
In the same study, the questions about the characteristics of
the plasma and the classification of plasmids in the pre-test
and post-test indicate that the correct response rate is quite
low.

In a study conducted by Korkmaz (2015) with 48 ninth-grade
students, it was reported that the students' academic
achievement in the subjects related to the plasma state and
properties of the substance was quite low. Similar results
were obtained by Korkmaz et al. (2018) from 18 eighth-grade
students attending the weekend program given for gifted
students in the field of science and mathematics.

In the study, among the examples that science teacher
candidates gave to as an example for the plasma from the
universe the expressions "The Universe" came with six
frequencies in the first order and "The Sun" with four
frequencies in the second order. The frequencies of the
Expressions "stars, "lightning" and arsenic were found to be
lower. The frequencies of the expressions "stars", "lightning"
and "auroras" were found to be lower. Considering the
opinions of prospective science teachers about where plasma
technology is used nowadays; Eight of the nine science
teacher candidates were asked to use the phrase "Plasma
TV". The expression "Fluorescent lamps" came in the second
order with three frequencies. This is followed by "neon
lamps" and "air conditioners" with two frequencies each, and
"nuclear power" plants" with one frequency. When the data
obtained from the study were examined; It was seen that the
frequency of the expressions and expressions formed from
the responses of the prospective science teachers about the
use of plasma technology in our daily lives as well as the
samples they gave from the universe to the plasma and the
frequencies of these expressions were limited. These findings
support the above-mentioned conclusion that prospective
science teachers have a lack of knowledge about the plasma
state of matter.

Indeed, in the study conducted by Korkmaz et al. (2015) and
Korkmaz (2015) similar results were obtained in the result of
this study. On the other hand, this situation is likely to be
caused by the misconfiguration of previous learning on the
subject.

In a study by Balbag (2018), it is stated that a very important
part of elementary and secondary school students considers
the concepts that can be given as examples to the plasma, for
example, sun, stars, lightning, flame, and so on. They accept
the substance they see in their environment as a gaseous or
solid state. In the study conducted by Niroj and Srisawasdi
(2014) with fifty-second-grade students; it was reported that
all of the students participating in the study had non-scientific
information about the plasma.

In addition to the interviews, the findings obtained from the
sentence completion "To me, the plasma state of matter mad
means .............. " were used to determine the prospective
science teachers' opinions about the plasma. In the analysis
of the sentence completion questions used in the study, three
different detection categories were determined. These were;
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"Plasma state of matter as definition", "Plasma state of matter
as application areas" and "Plasma state of matter as
property". The first of these categories is the category
"Plasma state of the matter as definition", which consists of
four different expressions and has the highest frequency with
51 frequencies in total at all grade levels (Table 6).

Among the expressions, the expression "Fourth state of
matter" had the highest frequency with 40 frequencies in the
total of all grade levels. This finding supports the conclusion
obtained from the interviews "the fourth state of the matter"
which first came to the mind of the prospective science
teachers when plasma was mentioned. Other expressions
included in the category were the Expressions "Notr state of
matter", "light particles", and "free electrons" with fewer
frequencies. When Table 7 and Table 8 in which "Plasma
state of matter as application areas" and "Plasma state of
matter as property" expressions were in, it was seen that the
number of expressions in these categories, as well as the
frequencies of these expressions, were quite low.

On the other hand, in the study, the number of categories
formed from the sentence completion questions directed to
the prospective science teachers, the number of expressions
in the categories, and the frequencies of these expressions
were low. Also indicating that teacher candidates'
perceptions on the "plasma state of matter" were quite
limited. This is due to a lack of knowledge about the subject.
This finding consists of a general knowledge that almost all
of the prospective teachers who participated in the research
have the opinion, "The plasma state of matter is the fourth
state of matter" and this result shows that the interior of this
knowledge was not scientifically full. Similar results were
obtained in the limited studies on the subject (Korkmaz et al.,
2015; Balbag, 2018; Korkmaz, et al. 2018; Niroj and
Srisawasdi, 2014).

On the other hand, in the study, it was determined that the
highest total frequencies were in 2nd and 3rd-grade levels in
all three categories. This may be because physics courses
given to undergraduate students in the first two years of their
studies. It can include subjects related to the plasma state of
matter at a basic level and their effects can be seen mostly at
the 2" and 3 grade level (CoHE, 2018; CoHE, 2010).

As a result of this study, it was determined that science
teacher candidates did not have enough knowledge about the
plasma state of matter except the general knowledge of "the
fourth state of matter". However, the plasma state of matter
is the universe itself, the plasma technology is now used in a
myriad of fields, from health to space research. Therefore, it
is necessary to overcome the shortcomings of pre-service
science teachers with more effective courses at the
undergraduate level. On the other hand, in primary and
secondary school programs issues related to the plasma state
of matter are never included. Considering that the basic
objective of the Science course is 'to educate students as
science literate individuals', this situation is thought to
hamper the realization of the goal of the program. Therefore,
the plasma conceptually should be placed on the science
curriculum depending on the cognitive development of
students.
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In addition, the plasma concepts can be given in science
courses with effective activities. In addition, concepts related
to plasma can be given in science courses with effective
activities.
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