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Abstract

The aim of the study is to determine the effects of the argumentation-oriented guide material on the
academic success of pre-service teachers on chemical equilibrium and their thoughts about the
process. In the study, the "Technical/scientific/collaborative action research™ pattern, which is one of
the action research types, was used due to its compatibility with the nature of the research subject. 33
pre-service teachers studying in the first year of the Science Teaching program of a state university in
the Eastern Black Sea Region participated in the research. The subject of Chemical Equilibrium with
pre-service teachers was covered using 14 activities developed based on argumentation. Chemical
Equilibrium Academic Achievement Test and semi-structured interview were used as data collection
tools. The Chemical Equilibrium Academic Achievement Test, which was applied as a pre-posttest in
the study, and were analyzed using the SPSS 21.0 statistical program. The data obtained from the
interviews were analyzed through content analysis. According to the findings, it was determined that
the activities prepared based on argumentation were effective in learning the chemical balance and the
micro world of chemical balance. In addition, in the interviews, pre-service teachers stated that the
activities used kept the students' attention alive and provided permanent and effective learning, and
saved the classroom environment from boredom. The study was concluded with suggestions that
activities based on argumentation could be done for different chemistry subjects and concepts, or for
subjects and concepts in biology and physics.
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INTRODUCTION

Science education has played a key role in the development of societies from past to present
and therefore has been the focus of scientific reform movements and discussions in countries. In this
context, among the priority goals of today's science education; research, inquiry, analytical thinking,
scientific ways and methods to solve problems, using the knowledge gained to develop new
knowledge and processes dec the training of equipped manpower. In order to educate these
individuals, it is necessary to create learning environments in which students can improve their social
aspects, cooperation and communication skills, and where they are offered the opportunity to choose,
collect, question and use information (Hasangebi, 2014; Osborne, 2004).

By its nature, chemistry in the fields of science is a branch of science that includes many
abstract concepts, where microscopic events occur outside the observable macro world, and a
symbolic language is needed to explain what is happening in these two dimensions. In order for
students to understand chemistry, it is necessary to understand and relate these three separate
dimensions. However, studies conducted show that students are not able to decisively establish the
relationship between these dimensions (Timay & Kdseoglu, 2011; Yildirim, 2009). This situation
causes students to have difficulty understanding the concepts of chemistry, to have misconceptions
and to have a superficial learning instead of meaningful learning (Haidar, 1997; Johnstone, 2000; Van
Driel, De Jong & Verloop, 2002; Demircioglu, 2003; Okumus et al., 2015; Satay, 2010; Yavuz
Korkmaz, 2019).

One of the most common problems mentioned among chemistry topics is the issue of
chemical balance. Decarbonization is one of the most common problems in chemistry. It is stated that
this difficulty related to the subject of chemical equilibrium may have been caused by the inability of
students to visualize the events that occur at the moment of equilibrium in their minds and the use of
this concept (equilibrium) in different meanings in everyday life (Akaygun & Jones, 2013; Akaygun &
Jones, 2014; Ergiil, 2021; Jusniar et al., 2021; Kousathana & Tsaparlis, 2002; Sepet et al., 2004;
Temel, 2021; Tyson & Treagust, 1999; Sen, Varoglu & Yilmaz, 2019; Ulasan, 2010; Yavuz Korkmaz,
2019; Yildirim, 2009; Wheeler & Kass, 1978). In particular, students fail to explain the changes that
occur at the micro level at the time of equilibrium. Students should be able to think in macro, micro
and symbolic dimensions in order to fully learn the subject of chemical equilibrium (Demircioglu et
al., 2013; Hsin-Kai et al., 2001; Temel, 2021; Simsek, 2007; Yildirim, 2009; Yavuz Korkmaz, 2019).
However, students can understand the events that occur at the moment of equilibrium, both other
concepts of chemical equilibrium and those related to this topic (acid-bases, solubility balances, acid-
base balance, batteries, etc.) it is important for them to learn other chemistry subjects (Yildirim, 2009).
It is important that a difficult topic such as the topic of chemical equilibrium is looked at from a
different point of view in teaching, and in particular, teaching materials and methods aimed at
understanding the changes that occur in the micro-dimension at the time of equilibrium are used in the
lessons.

In this context, the argumentation method comes to the fore as a method that can help students
examine the events that occur in all three dimensions in detail, dec and establish the correct
relationships between the dimensions in terms of chemical equilibrium. Students are encouraged to
create arguments in a scientific inquiry (Choi, et al., 2010; Lederman, 1992; Sahin-Kalyon & Tasar,
2020) and the argumentation method (Hand & Keys, 1999), which helps them to structure scientific
knowledge in this way, are characterized as an important tool for the teaching process. With this
method, it is expected that the communication, cooperation and social aspects of the students will
develop as well as the correct configuration of the information with this method (Hasangebi, 2014). In
this respect, it can be said that the argumentation method will contribute to the education of the
individuals targeted in the future. In this sense, many studies investigating the reflections of
argumentation process on learning in national and international dimensions have been presented in
recent years (Aktamis & Higde, 2015; Cavagnetto, 2010; Cayci, 2019; Gunel et al., 2012; Kingir,
2011; Martin & Hand, 2007; Nam, Choi & Hand, 2011; Sahin-Kalyon & Tasar, 2020). The common
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point of the conducted studies is that the argumentation method positively affects the learning-
teaching process in many ways cognitively, culturally and socially.

Although the argumentation method has been a popular research topic by educational
researchers in recent years in these aspects, it is obvious that the success of the method is directly
proportional to the competencies of practitioners. In this context, teachers, who are the locomotive of
the education process, should be equipped with sufficient knowledge and skills and be more conscious
about the application of contemporary learning theories and learning environments (Posnanski, 2002;
Shen & Hsieh, 1999; Zohar & Nemet, 2002). In this direction, the researchers stated that the most
important role for providing argumentation-oriented environments falls on teachers and emphasized
that there is a need for professionally developed teachers (Yildirim & Simsek, 2013). In the teaching
process, the teacher guides the students to question their own knowledge and create new knowledge.
In addition, it is the teacher's responsibility to provide the necessary student interactions for the
healthy and effective functioning of the process (Brooks & Brooks, 1999; Ogﬁng, 2012; Walker,
2011). In this sense, it is thought that the future teachers themselves will personally experience such a
process, it will have a positive effect on their professional lives to choose and use this method
correctly and guide their students. It is stated that in effectively guided argumentation processes,
students will understand the nature of science, their reasoning and research abilities will improve, and
their critical thinking skills will increase (Tola, 2016; Walker, 2011; Walker & Sampson, 2013;
Yalg¢inkaya, 2018; Zohar & Nemet, 2002).

In the study conducted in the light of the above paragraphs, a guidance material containing
argumentation-based activities for teaching the subject of Chemical Equilibrium has been developed
for pre-service teachers in the first grade of the university. In this sense, the aim of the study is to
determine the effects of argumentation-oriented guidance material on the academic achievements of
pre-service teachers on chemical equilibrium and their thoughts about the process. Within the scope of
the study, the students' thoughts on argumentation at different stages of the application process of the
developed material were also examined and it was aimed to evaluate the effects of the application
process from the perspective of prospective teachers. It is thought that this dimension of the study will
provide teachers with a different perspective on organizing learning environments, as well as provide
an idea of how a learning environment is evaluated by people who are part of it.

Also, the study of events that occur in the micro world in the teaching of Science in education,
argumentation-oriented activities, which allows the use of teaching methods, providing teachers, and it
is believed that is important for future studies to shed light on possible.

METHOD

In this study, the “Technical/scientific/collaborative action research” pattern, which is one of
the types of action research due to its relevance to the nature of the research subject, was used. In this
approach, the aim is to test or evaluate an application within a previously determined theoretical
framework. Accordingly, under the guidance of a researcher who has mastered the said theoretical
framework, the practitioner can implement a new approach, and this process can be analyzed by the
researcher and an assessment of the application can be made. The main objective of the researcher is
to describe the process in technical/scientific/collaborative action research (Yildirim & Simsek, 2013,
p. 334). The process of action research of the conducted study is presented in Table 1.
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Table 1 The process of action research of the conducted work.

Deciding the Research
Problem

The problem of the research is to determine the effects of argumentation-oriented activities on the
academic achievements of pre-service teachers on chemical equilibrium and the thoughts of pre-
service teachers about the process.

Identifying Action
Research Questions

What is the effectiveness of argumentation-oriented activities on chemical equilibrium in
students' academic achievements?

What are the students' opinions about the effectiveness of the prepared activities on conceptual
understanding and the implementation process of these activities?

Data Collection

Literature Scan

During the preparation of the activities, the studies on the topic of chemical equilibrium in the
literature, the understanding of the micro world of chemical equilibrium and the argumentation-
based learning approach were first examined in terms of objectives, methods, findings,
recommendations and materials developed.

Data Analysis and
Interpretation

At this stage of the study, the data obtained after the field type survey were analyzed and
interpreted.

Developing an
Action/Implementation
Plan

Within the framework of the analysis and interpretation of the collected data, 14 different
activities based on argumentation have been developed as a solution plan for learning chemical
balance and the micro world, and a pilot study of these activities has been conducted. After the
pilot study, the necessary corrections were made and the activities given in the final version were
made available for the main application. In addition, lesson plans have been prepared on how
these activities will be implemented in the course.

Developing a
monitoring plan

In order to determine the degree of effectiveness of the application in the study, the Chemical
Equilibrium Academic Achievement Test (CEAAT) was developed by the researchers and a pilot
study of these tests was conducted and the final version was given for the main application. In
addition, semi-structured interview questions aimed at conceptual understanding and process
were prepared and presented to the expert opinion.

CEAAT: It was applied as a pre-test before the application and as a final test after the application
Interview: It was conducted after the application in order to understand the conceptual and
process, and a voice recorder was used.

Implementation of the
Action Plan

At this stage of the study, the main implementation of the activities developed by the researcher
with 33 Pre-service teachers for the study of chemical balance and the micro world was carried
out within the framework of the prepared plan.

Monitoring the
Application

In order to determine the degree of effectiveness of the application, the Chemical Balance
Academic Achievement Test (CEAAT) was applied in a predetermined manner and time, and
semi-structured interviews were conducted with 12 volunteer pre-service teachers as mentioned
above

Analysis and Evaluation
of the Application

The results of the application were analyzed by the researchers and evaluations were made
regarding the effectiveness of the activities and the plan, the problems arising in the process, the
sources of these problems and the degree to which the problem was solved.

Preparing a New Action
Plan

Recommendations have been made to other researchers regarding the application.

The sample of the study

The study group of the study was selected using the easily accessible case sampling method.
Easily accessible case sampling is most often used in cases where the researcher does not have the
opportunity to use other sampling methods (Yildirim & Simsek, 2013, p.141). In the faculty where the
study was conducted, there are two classes studying in the first year of Science Teaching program. A
pilot study was conducted with one of these classes and the main study was conducted with the other.
In the fall semester before the study period, the end-of-term academic averages of these two classes
were examined and it was determined that they were similar to each other. There are 28 pre-service
teachers in the classroom where the pilot study was conducted.

In the main study, 33 pre-service teachers studying in the first year of the Science Teaching
program of a state university in the Eastern Black Sea Region participated in the research. In addition,
semi-structured interviews aimed at conceptual understanding and argumentation-oriented learning
process were conducted with 12 students selected on a voluntary basis from the classroom where the
main application was made. Pre-service teachers participating in interviews is coded as T1,T2...... T12.
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Data collection tools and process

As a data collection tool, Chemical Equilibrium Academic Achievement Test (CEAAT) and
semi-structured interview were used in the study.

Chemical Equilibrium Academic Achievement Test (CEAAT)

In the study, 50 multiple choice questions were created for the developed CEAAT at the first
stage. After it was decided that the developed and determined questions should be used in the test,
these questions were arranged again exactly according to the level at which students can perceive the
unused language, readability and the choice of options. For this purpose, opinions were obtained from
a teacher and two academicians who are experts in the field of chemical education. In line with the
opinions of teachers and academicians specialized in the field of chemistry education, corrections were
made in some questions that were inaccurate in terms of content knowledge, were not suitable for the
learning outcomes in the curriculum, and were not suitable for the measurement and evaluation
principles, and some questions were removed from the test. In addition, attention has been paid to
ensuring the validity of the scope by paying attention to the fact that "CEAAT" includes all the
concepts related to the subject. As a result, 37 questions were included in the final part of the test by
including question types that poll the same gains in different forms to determine whether students have
gained the behaviors they need to gain in the chemical equilibrium unit.

Questions prepared to determine the reliability of CEAAT, Science Education program that
did not participate in the study but had previously processed the chemical equilibrium unit 2. it was
applied to a group of 60 students studying in a classroom. Due to lower reliability the reliability of the
test after the test so as to ensure the validity of the scope of some questions (3, 4, 6, 7, 10, 15, 18, 21,
23, 24, 29 and 32) with the removal of the final test to include 25 multiple choice guestions the test has
been given. The reliability of the test for CEAAT was found to be 0.65 (Cronbach Alpha). The
reliability coefficient of the academic achievement test was low. however, it is thought that the
reliability of the study is ensured through detailed interviews.As a result of the pilot study, it was
decided to apply the success test in a 50-minute period.

Semi-Structured Interview

In the study, a semi-structured interview prepared for conceptual understanding consists of 5
questions. In the interview prepared for conceptual understanding, questions were asked about adding
substances to the equilibrium system, increasing volume and temperature, adding a catalyst through
the same reaction given. During the interview, sub-questions were asked within the scope where it was
deemed necessary to fully understand what was going on in the students' minds and to reveal the
wrong concepts, and students were asked to support their thoughts about the questions asked by
drawing. Interview questions are given in the appendices at the end of the study.

Frequently asked questions for conceptual understanding of pre-service teachers then lastly,
the arguments work-oriented learning process, and the problems they face in the process for the
execution of these applications with gains at the end of the process were asked about overall thoughts.

In this context, semi-structured interviews aimed at conceptual understanding and process
were conducted with a total of 12 volunteer students who participated in main study, including four
students who scored poorly, moderately and well from the final test at the end of the course process,
which was completed by developing and implementing activities. During the interviews with the
determined students, which were conducted individually for periods ranging from 18 minutes dec 38
minutes, permission was obtained from the students and audio recording was made. However, in order
to minimize communication between students, the interviews were completed within 2 days. dec. In
the preparation of the questions used in the interviews, research questions and the opinions of an
academician specializing in the field of chemical education were taken into account.
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Analysis of the data

Pre-service teachers’ responses to the Chemical Equilibrium Academic Achievement Test
(CEAAT), which was applied as a pre-final test in the study, were scored by giving 1 correct answers
and O incorrect answers and analyzed using the SPSS 21.0 statistical program. Obtained from the
research data (test scores) in the analysis of parametric or non-parametric analysis techniques which
will be used in order to decide, data (test scores) showed examined whether a normal distribution. For
this purpose, descriptive statistics and normality test applied in the study belonging to the test of all the
calculated measures of central tendency (mean, median, mode, kurtosis, skewness the number of times
the data histogram, Kolmogrov-Smirnov and the Shapiro Wilks test and examination of the number of
sampling is determined and the result of not having more than 30 decided to implement parametric test
normal distribution of the data. Based on these results, whether there is a significant difference
between the preliminary and final tests of the students dec analyzed by the dependent group t-test,
which is one of the parametric analysis techniques; the results are presented in tables and text. The
level of significance in the statistical analyses used in the study (p) .05 has been adopted.

The data obtained from the interviews were analyzed through content analysis. The main goal
of content analysis is to reach concepts and relationships that can explain the collected data. For this
purpose, it is necessary to conceptualize the collected data first, then organize them logically
according to the concepts that have emerged and, accordingly, identify the themes explaining the data
(Yildirim & Simsek, 2013, p.261). In this context, the data obtained were analyzed and divided into
meaningful sections and a code list was created. Based on the list of codes created, themes have been
found that can explain the data at a general level and collect codes under certain categories, the found
codes and themes have been edited. Finally, the data were systematically described, tabulated,
frequency and percentage calculations were made and interpreted according to the resulting codes and
themes.

Validity and reliability studies

In order to ensure the validity and reliability of the research, the following studies were carried
out:

« Data; it was obtained by two different methods, such as achievement test and interview, and
it was compared with each other to see whether they showed consistency or not.

+ All interviews were recorded with a voice recorder to prevent data loss during the interviews.

* The fact that the research was carried out in a long time is an important factor for the quality
of the research, and it took a total of 6 weeks in this study, together with the preparatory work called
the introductory activity. Thus, a long-term interaction including the pre-application was tried to be
ensured.

 Three researchers took part in the study and the activities were carried out by the second
researcher. While other researchers took part in the course as observers, they also made evaluations
about the process and gave feedback to the researcher. These interviews made it possible for the
researcher conducting the activities to constantly question and control himself and the process
critically, and enabled the researcher to confirm whether his interpretations of the events or
phenomena he thought he was observing reflected the truth. In addition, the researcher who carried out
the activities reviewed the action plan in line with the decisions taken in the interviews and made
changes where necessary and reflected these changes in their practices.

» Care was taken to be objective in the description and interpretation of the data, direct

guotations were made from the views of the participants in the interpretation of the data, and the
opinions of the other researcher were consulted at all stages of the research.
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* In order to ensure transferability in the research, the sample of the research, the materials and
the environment in which the study was carried out were tried to be defined in detail at a level that
could be visualized in the eyes of the reader and compared with different samples.

* Evidence on how the research results were reached and the inferences made are presented in
a clear and detailed way that other people can understand the process.

* After the process was completed within the scope of the research, the coding process was
carried out three times at different time intervals in order to ensure the reliability (0,80) of the analysis
results for the interviews. It was also presented for expert opinion.

The Course Implementation Process and Sample Activity

Before the main application, a presentation containing examples not related to chemistry was
made by the researchers in order to make the students ready for this process by providing them with
information about what argumentation is and what are the components of a quality argument, how an
argumentation-oriented course is handled, and in general about the process. In addition to the course,
various activities related to argumentation were carried out in this presentation, which was prepared
with the Prezi program and lasted for a total of 2 hours, and it was aimed that students would gain
awareness about the concepts of questions, claims, data and explanations and distinguish these
concepts from each other. In addition, it is aimed that students can understand the general discussion
style of small groups with these activities. During the preparatory work, the students made various
claims, made statements based on the data and claims, and specified the delimiters expressing how and
under what conditions their claims were invalid. There have also been refutations where there have
been opposing discussions. After this preparatory work under the name of introductory activity,
students were told about the issues that they should pay attention to in this process.

Before starting the application, the class was divided by the researcher into a total of 7 small
groups, two for 4 people and five for 5 people. When assigning students to groups, attention was paid
to the fact that the groups were heterogeneous in terms of success. Each group is set up in such a way
that it is homogeneous with other groups that are heterogeneous in themselves. When groups were
created, each group was asked to define a Science-related name for themselves. The name
determination process was carried out after all the students' ideas were received in the groups, and
after this process was completed, the groups were asked to appoint a spokesperson, writer and file
inspector for them. After the course process was started, students were given certain periods of time by
distributing the prepared activities in each course, and the students did what needed to be done in these
activities themselves within the time given in groups. In addition, students are free to access any
resources they can. Two researchers were involved in the study and activities were conducted by the
second researcher. The researcher who conducted the activities walked around each group during the
group activities and asked questions that would involve the students in the discussion process.
Examples of such stimulating questions are:

‘Why do you think so?, What are the data supporting the argument?, How do you know it's
like this?, Can an argument be made against your opinion?, What are your proofs?’.

The other researcher, while taking part in the course as an observer, also gave feedback to the
researcher by making evaluations about the process.

Sample Activity
REACTIONS IN THE CAR
In batteries that are the electrical energy storage of cars, electricity is generated by reacting

and consuming a number of chemicals. If the same battery is charged, this process is reversed, and this
time the initial chemicals are reproduced with the spent electrical energy.
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In the combustion reaction that
takes place in the cylinders of the same car
engine, the fuel burns with oxygen,
forming carbon dioxide and water vapor,

which are the main combustion products.
However, it has never been observed that these

combustion products return and turn into fuel again.

Do You Think There is a Difference Between the
Reactions Dec Took Place at the Above Events?

In these two cases, it is about the desired situation to
be described;

1. Think individually and make your own argument.
2. Discuss your own arguments with your friends and create an argument as a group.

3. Write the argument that you created as a group on the paper that is also provided to the
group printer.

Conceptual Change Text

Is There a Difference Between One-Dec Reactions and Two-Way (Reversible Reactions)
Reactions?

In general, students think that there is no difference between one-way (irreversible) reactions
dec two-way (reversible) reactions. This idea is not true. There is a difference between one-dec
reactions and reversible reactions.

In one-way (irreversible) reactions, all of the ingredients are converted into products. In other
words, after the reaction has started, it goes in one direction so that it cannot return back and ends
when one or all of the reagents are exhausted. Such reactions are irreversible. An example of this
situation is the combustion reaction in the above-mentioned automobile cylinders. Examples of one-
way reactions are combustion of organic substances, precipitation, neutralization of acids and bases.
One-way reactions are denoted by ”—". Theoretically, in no chemical event do reagents fully
transform into products. This is due to the fact that as products are formed from reagents, the formed
products also tend to form reagents again. In closed containers, the particles of the substances that
initially react are transformed into a product by effective collisions, while over time, the amount of
substance decreases and the rate of further reaction (—) slows down. Meanwhile, the particles of the
formed products also -overcoming the activation energy barrier- collide among themselves and turn
into starting substances, and this state, called the reaction (<), dec decelerates. That is, the reaction
takes place both forward and backward. Such reactions are reversible reactions that can take place in
two directions. An example of this situation is the reaction that occurs in batteries that are the
electrical energy storage of the above-mentioned cars. Examples of reversible reactions are melting
and re-freezing of ice, rechargeable battery. Reversible reactions are denoted by '« (bidirectional
arrow)".

Regarding the situation that is to be described in the Conceptual Change Text;
1. Think individually and make your own argument.
2. Discuss your own arguments with your friends and create an argument as a group.

3. Write the argument that you created as a group on the paper that is also provided to the
group printer.
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* Compare the argument you created after reading the text with the arguments you created
first.

* |s there a difference dec the first argument you create and the argument you create after
reading the text? If there is a difference, please indicate what these differences are.

FINDINGS
In order to determine the effect of the applied activities on the pre-service teachers'
achievements, the dependent group t-test was performed using the scores obtained from the
preliminary and final CEAAT. The findings regarding the effect of activities on the academic
achievements of pre-service teachers are presented in Table 2.

Table 2 The t-test results of the pre-test and post-test average scores of the CEAAT

CEAAT N X S sd t p
Pre- test 33 6,91 2,85 32 -7,66 ,000
Post- test 33 12,00 3,35 32

When Table 2 is examined, it is seen that the average academic achievement scores of pre-
service teachers before the course was processed (X= 6.91) increased with discussion-oriented
activities and after the application (X=12.00). It was determined that this increase was significant in
the academic achievements of teachers before the post-application service ( t(32)=-7.66, p.05).

12 academic achievements of pre-service teachers for this increase in conceptual
understanding, themes, categories, codes, frequencies and percentages of the values obtained from the
analysis of the data the data obtained from the relevant findings of more in-depth semi-structured
interviews with a review is given below.

To measure conceptual understanding interviews with pre-service teachers in a closed
container, the temperature and the volume equilibrium constant gas is added to the system,
2CO02(g)+786kj«>2CO(g)+02(g) CO, , increasing the volume and temperature and the catalyst is
added, the system will change the concentration of the substance that will go down, how, thoughts,
questions, reasons, explanations are not affected by this and also thinking about your thoughts on this
guestion the equilibrium constants of these events the particle size, and at that moment, the first
moment of the final balance in the form of are drawn, and the balance was asked to support two
separate. The drawings of pre-service teachers that support their thoughts and opinions on these
guestions are summarized in Tables 3, 4, 5 and 6, respectively.

Table.3 Pre-service teachers' answers to the question about adding an item to the balanced
system in the interview for conceptual understanding

Thema Categories Codes Participants f
shifts to the products directionshifts to the products direction T1-T11 11
Slides in the opposite direction to

It Moves in a Direction that the inserted T1 1
Will Reduce the Increased It in the direction that will
Concentration moves in the direction that wi T1-06,T9-T11 9
. reduce the increased CO-
The system shifts to the The concentration of products
products direction . P T1-T11 11
. increases
Its Concentration Increases - ;
The concentration of CO: increases T1-T11 11
according to its initial state
Its Concentration Creases An amount of CO: is spent T1-T11 11
Its Structure Is Changing CO: will want to spoil itself T8 1
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Sliding to reactants Sliding to reactants T12 1
The system shifts to the Will Increase the Decreasing . N
reactants direction Concentration !t MOVES In a dlrectlo_n that T12 1
N increases the decreasing CO:
Moves In The Direction
. . The product is not added T12 1
t - -
Physical Condition Power is not supplied T12 1
My Concentration Increases The concentration of products T12 1
y increases
The Concentration Decreases The concentration of CO. decreases T12 1
Cc Does Not Change Cc Does Not Change T1-T8,T10-T12 11
Concentration constant It Only Affects The Changes the temperature J1.12,T4- 8
(Cc) Does Not Change Temperature 07.T10,T11
g P The temperature is constant T4-07,T10-T12 7
I don't know I don't know why T3 1
Cc Is Affected Cc Is Affected T9 1
The concentration of entrants is
. T9 1
. Concentrations are changing decreasing
Concentration constant The concentration of products is T9 1
(Cc) Is Affected increasing
Cc is changing in direct Cc is directly proportional to the T9 1
proportion to the product product
Cc grows from the Product/reactant T9 1
: 3 11
rawing Correctly e A=) i
The Correct Explanation =T Ti-Til
o e
—nr
_ reiloVel (eInye) %
Wrong Drawing BP0 @« QQ o e85k
. @ T12
Incorrect Explanation o a5
l.&nsem Zidhom e

The answers given to the pre-service teachers to the question about adding an item to the
balanced system in a closed container at a constant temperature of 2CO2(g)+786kj«—>2CO(g)+0:(g),
which is in equilibrium, are presented in Table 4. Examples of the answers given by the pre-service

EE N

teachers to this question are presented below; “Balance shifts towards products”, “...the system will
shift in the opposite direction we added”, “It moves in the direction of reducing the increasing CO-”,
“concentrations of products increase”, “Concentration of CO: will increase compared to its initial
state”, “The concentration of CO: increases compared to its initial state, but as the system shifts to
products, some of it decreases to form CO and O>”

Table 4 The Pre-service teachers' answers to the question about increasing the volume of the
equilibrium system in the interview for conceptual understanding

Thema

Categories Codes Participants f

The system shifts
to the products
direction

S_hlfts_to the products shifts to the products direction T1-07,T10-T12 10
direction

It slides from the side with a His mole shifts from a small one to

s_mall r_1umber of moles to the a large one T1-07,T10-T12 10
side with a lot
. The concentration of products -
Its Concentration Increases increases T1-07-T10-T12 10
The Concentration ghe concentration of CO T1-07,T10-T12 10
Decreases ecreases
Concentrations are reduced T4,T11 2
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The volume is increasing T1-T12 12
The pressure is decreasing T1-T12 12
Physical Condition It becomes easier to decompose T1,T12 2
Their movement becomes easier T5 1
Its area is expanding T8,T12 2
Z?r'gzstitgnthe reactants Sliding to reactants T8,T9 2
The system shifts It slides from the side with a
to the reactants large number of moles to the  His mole shifts from a lot to a little T8,T9 2
direction side with a small number

The concentration of CO>

Its Concentration Creases increases T8,T9 2
. The concentration of products
Its Concentration Increases decreases T8,T9 2
. Cc Does Not Change Cc Does Not Change T1-07,T10-T12 10
Concentration Changes the temperature T1-07,T10-T12 10
constant (Cc) It Only Affects The 9 peratu e
Does Not Change Temperature The temperature is constant T4-07,T10-T12 7
The equilibrium constant is
Cc Is Affected affected by T8,T9 2
The concentration of entrants is
Concentrations Are increasing 18,19 2
. Changing The concentration of products is
Cc Varies decreasing T8,T9 2
Cc is directly proportional to the
Cc Varies In Direct product 18,19 2
Proportion To The Product Cc decreases from the T8.T9 2
Product/reactant '
Drawing Correctly
The Correct T1-07,T10-T12 10
Explanation
Wrong Drawing
Incorrect T8,T9 2

Explanation

Looking at Table 4, 6 different themes were determined from the interviews with pre-service
teachers, including system products related to the question, system inputs, Cc does not change, Cc
changes, correct drawing-correct explanation and incorrect drawing-incorrect explanation. Examples
of the answers given by the pre-service teachers to this question are presented below; “...the system
will shift towards products”, ““...the system shifts from the side with less moles to the side with more
moles”, “The concentration of the products will increase as it shifts to the products”, “Concentration
of the incoming (CO:) decreases again”, “Volume is increasing”, “Equilibrium constant is not

affected”
The answers given to the pre-service teachers to the question about the state in which the

temperature of this system is increased by 2CO2(g)+786kj«>2CO(g)+02(g), which is in equilibrium in
a closed fixed-volume container, are presented in Table 5.

150



International Journal of Progressive Education, Volume 18 Number 6, 2022
© 2022 INASED

Table 5 Pre-service teachers' answers to the question about increasing the temperature of the

equilibrium system in the interview for conceptual understanding

Thema Categories Codes Participants f
Shifts to the Products . N
Direction Shifts to the Products Direction T1-T12 12
It moves in the direction that It moves in a direction that reduces
will reduce the increased T2,T3,T5,T6,T11,T12 6
the effect
temperature
The System Its Concentration Increases ;I;]h;ec;c;r;gentratlon of products T1-T12 12
Shifts to the . The concentration of CO-
pr-odu(-;ts Its Concentration Decreases decreases T1-T12 12
pirection Endothermic Reaction Endothermic T1-Ti1 11
Heat inputters T3,T4,T6,T10 4
Its structure is deteriorating T8 1
. The energy of CO:s: is increasing T1,T2,T4,T5T11,T12 6
| Is Ch >
ts Structure Is Changing They collide more often T1 1
More products are formed T1,T8,T11,T12 4
Cc Is Affected Cc Is Affected T1-T12 12
It Only Affects The Changes the temperature T1,T5,T6,T11 4
Temperature The temperature is changing T2,T4,T5,T7 4
The concentration of entrants is
Cc Varies Concentrations Are decreasing T3T6-T12 8
Changing The concentration of products is T3 T6-T12 8
increasing '
Ce Is Directly Proportional gﬁ)gsuﬂfe"“y proportional to the T1,T4,T5,T9,T10 5
To The Product
! Cc grows from the Product/Entrant T1-T12 12
Drawin i
rawing
Correctly Qe g
The Correct QQ g T1-T12 12
Explanation Q@
2 c\o«%o_ a0

Note: Frequencies are more than 100% of the total due to one student giving more than one opinion).

Looking at Table 5, 3 different themes were identified from the interviews with pre-service
teachers, including the system related to the question shifts in the direction of products, Cc changes,
and the correct drawing-the correct explanation. Examples of the answers given by the pre-service
teachers to this question are presented below; “system shifts to products”, “if I increase the
temperature the system will shift to the products to reduce the increased temperature”, “concentrations
of products will increase”, “The concentration of CO: will decrease”, “An endothermic reaction”,

“...they fought more”, “Equilibrium constant being affected”
The answers given by pre-service teachers to the question of whether there will be a change in

equilibrium when a catalyst is added to a system that is in equilibrium at a constant temperature and
volume in a closed container are presented in Table 6.
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Table 6 Pre-service teachers' answers to the question about adding a catalyst to the equilibrium
system in the interview for conceptual understanding

Thema Categories Codes Participants f
The It Does Not Change the _It's already in the balance T2,T5,T9,T12 4
Catalyst Balance Does not affect the equilibrium system T1-T12 12
Does Not Shortens the time to reach equilibrium T1-T12 12
?;Zfecrtns Reduces activation energy T1,T2 2
The Effect of Catalyst

that Have 4 Allows systems that have not reached equilibrium 10 1
Reached to work faster or slower
Equilibrium

s - =
Drawin? Q QQ Q &3 Qg - o] .
Correctly
The Correct | & = @ g Srap | O Q T1-T12 12
Explanation o Q @Q

Looking at Table 6, 2 different themes were identified from the interviews with prospective
teachers: the catalyst related to the question does not affect the systems that have reached equilibrium,
and the correct drawing-the correct explanation. Examples of the answers given by the pre-service
teachers to this question are presented below; “This system is already in balance”, “It does not affect
this system that is in balance”, “Reduces activation energy”, “makes unbalanced systems run faster or

slower”, “If I add a catalyst, nothing happens because the catalyst doesn't affect the equilibrium, it just

makes the unbalanced systems run faster or slower. It will be the same again”.

In interviews with prospective teachers, finally, they were asked what their thoughts were in
general regarding the argumentation-oriented processing of the course. The opinions of pre-service
teachers about this question are summarized in Table 7.

Table 7 Pre-service teachers' thoughts on the argumentation-oriented course process

Thema Categories Codes Participants
We saw for the first time T4,T10 2
It was unorthodox T2,T3 2
At first | was against it T2,T3,T7,T10 4
Feelings at the First Meeting | was bored at first T10 1
It sounded ridiculous T7,T10 2
| was saying it wouldn't turn out like T7 1
this on the exam
Then | liked T2-T4,T7,T10 12
| got used to it later T5 1
Feelings After the End of the ﬁ gr?odl(;nelthos lied in ofh T1.T2,T6,T9, T10 >
Application should also be applied in other T7.T10 5
courses
1 will also apply T6 1
It was effective T2,T5,T7,T8 4
ISEF;(S)(r)tna;ge of time(Prolongation of the TLT2T4T9 4
. Number of students T1 1
Negative thoughts Having a lot of sound T3,T11,T12 3
Presentation of the group spokespersons T5 1
Events where we all share the same idea T6 1
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There's nothing | don't like about it T7,T8,T10 3
. . T5,T8-T10,T12
Group discussion TLT2T6T9.T11 10
It provides more permanent learning T2-T4,T6,T7,T10 6
Learning by living by doing T4, T2,T5T11 4
Exchanging information T5,T9,T12 3
To interact with each other T5,T10 2
Not memorizing T4,T5 2
Not accepting information directly T2,T4,T5 3
Passing information through mental
procesges g T2, T4T11, T5 4
Positive thoughts Not teacher-oriented T2,T4, 3
Use of justifications T1 1
To see the truth more concretely with T1 1
refutators
Learning using the structure of data, T1T2T4T6,T9,T11 6

claims,explanations (arguments)
Be excited T6 1
Presenting the arguments of the groups

to each other T12 1
Integrating argumentation with T10 1
materials

The suitability of the materials for T1T6.T7.T10 4

multiple intelligences

Looking at Table 7, it can be seen that 4 different themes were identified from the interviews
with prospective teachers, namely the feelings at the first encounter on this question, the feelings after
the application was completed, the aspects that they did not like, the aspects that they liked. Examples
of the answers given by the pre-service teachers to this question are presented below; “I saw such a
method for the first time”, “It even became such that we started arguing in other classes, we got so
used to it”, “The argumentation method should be used at least in some courses”, “If I become a
teacher in the future, I will try these too”, “There was the group spokesman incident, we were going
to the blackboard, we were talking about it, sometimes I didn't like it as a waste of time”, "The parts I
didn't like were like this, in some events, we all had almost the same opinion", “What I liked was the
group discussion with my friends”, “it made it more memorable”, “Argumentation method versus
rote”, “Not teacher oriented”.

DISCUSSION AND CONCLUSION

Argumentation focused on the guidance materials developed to the effects on academic
achievement of pre-service teachers about their thoughts on the balance of chemical and process
CEAAT conducted in order to determine the pre-test and post-Test average scores of the T-test results
are examined, the pre-test, the difference between the average scores were determined to be significant
(Table 2, p.05). In accordance with this finding, it can be said that the teaching carried out with
argumentation-oriented activities significantly increased the academic achievements of pre-service
teachers on Chemical Equilibrium. Argumentation-oriented learning environments students generating
guestions about the topic, and actively participate in class activities is keen to answer these questions
in their minds on issues of pre-formed models questioning, defense support of his friends to refute his
own model, or models, using reason and evidence, and thinking more in depth on the concepts
accordingly provides the possibility to examine issues (Aslan, 2010; Okumus, 2012). In this process,
students contribute to each other's learning, question and evaluate their own and other friends' ideas
(Arli, 2014; Burke & Greenbowe, 2006; Driver et al., 2000; Hand et al., 2004). Students to be in
constant interaction with their peers of the claims within the interaction, establish, strengthen, or to
give up their claims, demolish, to realize many of the limitations by allowing new ideas to emerge
(Cevher, 2015) provides the concepts in a meaningful way at the level of students ' knowledge
structures configurations (Celik & Kilig, 2007). The findings obtained from the interview conducted
with pre-service teachers for conceptual understanding also support these explanations. Because in the
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interview conducted, the vast majority of pre-service teachers answered the questions asked correctly,
supporting and explaining their answers with the drawings they made correctly. When many studies in
the literature were examined, it was determined that students who usually tend to explain events at the
macroscopic level could not fully relate the micro dimension to the macro dimension and had various
problems understanding the micro dimension (Adadan, 2014; Adadan et al., 2010; Franco & Taber,
2009; Hansen, 2014; Karacop & Doymus, 2012; Okumus et al., 2014; Raviolo, 2001; Stavridou &
Solomonidou, 1998; Tsai et al., 2011; Yavuz Korkmaz, 2019). It is believed that the activities
prepared in this context are effective for Pre-service teachers to associate the macro dimension with
the micro dimension and to learn an abstract concept such as chemical equilibrium, thus increasing
their academic success. As a result of the study, this finding is also compatible with the literature data
obtained from the results of studies on chemistry subjects at different levels of education where the
argumentation method is applied (Aslan, 2010; Arli, 2014; Choi, et al., 2010; Demirel, 2014; Deveci,
2009; Giimrah, 2013; Kocgak, 2014; Nam, Choi & Hand, 2011; Okumus, 2012; Osborne et al., 2004;
Ozer, 2009; Ozkara, 2011; Tekeli, 2009; Untereiner, 2013; Sahin-Kalyon & Tasar, 2020; Yavuz
Korkmaz, 2019). Again, in a similar manner, outside of argumentation in the literature of chemistry
topics-driven instruction found in many studies that investigated the relationship between student
achievement (Aktamis & Higde, 2015; Altun, 2010; Balci, 2015; Ceylan, 2012; Cayci, 2019;
Demirbag, 2011; Demircioglu, 2011; Domag, 2011; Erdogan, 2010; Jusniar et al., 2021; Kabatas
Memis, 2011; Uluay, 2012; Walker & Sampson, 2013; Yalc¢inkaya, 2018; Zohar & Nemet, 2002).

Within the scope of the research, semi-structured interviews were conducted with 12 after the
application. Interviews include pre-service teachers' conceptual understanding of the subject and their
views on the argumentation process. The purpose of the semi-structured interview with students aimed
at conceptual understanding is to try to learn about the effectiveness of activities and get students'
opinions about the effectiveness of the method and activities.

In the first question of the semi-structured interview for conceptual understanding, all pre-
service teachers except one teacher candidate said that the system will shift to the products direction
with the addition of CO-, the concentration of products will increase, the concentration of CO2 will
increase according to the initial state, but some of it will be spent and will not be affected by the
change in the concentration of Cc, and they supported their thoughts by making correct drawings. It is
believed that the activities called “Live Witnesses (Role Playing)” and “Concentration Effect” are
effective for almost all of the pre-service teachers to make the right drawings by answering this
guestion correctly. Because with these activities, it is aimed that students learn the Le Chatelier
principle and how the change in concentration affects the balance. In this context, in the Live
Witnesses event implemented with the role-playing strategy, students entered into discussions by
portraying Le Chatelier and tried to explain this principle by creating arguments. The fact that the
students were fully active while the event was being held motivated them. With the participation of
each group member in this event, the students saw the thoughts of their other friends. This situation
also allowed students to evaluate different points of view. Based on all this, it is believed that the Live
Witnesses event allows students to learn the principle of Le Chatelier. In the Concentration Effect
event prepared based on the TGA strategy, students; done digestion, digestion at the end of their
discussions, their arguments, and created drawings that support their arguments, the argument is
checked with the accuracy of the experiment, at the end of the experiment re-created drawings and
illustrations they created the first argument and the arguments by comparing the predictions with
observations by checking whether there is a difference between some have made statements. In
accordance with all this, it is believed that the efficiency of the concentration effect allows you to find
out how the change in concentration affects the balance.

The second question in the interviews was answered by all the pre-service teachers except the
two pre-service teachers, saying that the system will shift to the direction of products as the volume
increases, the concentration of entrants will decrease as the concentration of products increases, and
Cc will not be affected by the volume change, they supported their thoughts by making correct
drawings. It can be said that the group discussions at the “Fatih's Problem (Listening Triads)” events
with the ‘“Pressure Effect” were effective for the majority of pre-service teachers to answer this
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question correctly. Because with these activities, it has been tried to enable students to learn how the
pressure-volume change affects the balance. The effect of pressure in the event the Frequently Asked
Questions related to cartoons, which are presented with one of the arguments is wrong and why the
correct of which were asked to make drawings that supports this idea by explaining that the students,
making them the multifaceted debate, opposing arguments, to create first created the opportunity to
compare their arguments with the arguments that they created after discovering the issue, and students
to be in constant interaction with each other and actively participate in the implementation of learning
can be ensured. However, it is thought that the argumentation activity called Fatih's Problem, which is
applied with the listening trio strategy to evaluate the students' understanding of how the pressure-
volume change affects the balance, also gives all students the opportunity to express their opinion,
students with different ideas try to prove their own ideas to other students with group-class
discussions, this concept is internalized.

All pre-service teachers supported the third question of the semi-structured interview for
conceptual understanding by making correct drawings by saying that the system will shift in the
direction of products as the temperature increases, the concentration of inputs will decrease as the
concentration of products increases, and Cc will grow by being affected by temperature change. The
activity called “Temperature Effect (Prediction-Observation-Explanation, POE-Structuring an
Argument)" is considered to be effective in ensuring that all of the pre-service teachers interviewed
answered this question correctly. In the Temperature Effect event prepared with TGA and argument
configuration strategies, students made their drawings by configuring the prediction arguments with
ready-made claims and evidence cards and checked the arguments and drawings they created after the
experiment they conducted and the video they watched. It is believed that doing all this allows
students who are constantly in a discussion to learn the effect of temperature change on balance by
increasing communication and interaction between them, stating the reasons, evidence, justifications
and refutations of the claims they put forward dec In addition, the fact that the claim and evidence
cards were given ready, and the students chose the one that suits their thoughts from among them,
allowed them to enjoy this activity the most.

All of the pre-service teachers related to the fourth question supported their thoughts with the
correct drawings they made, saying that there would be no change with the addition of a catalyst to the
balanced system. It can be said that the “Competing Charts” activity is effective in ensuring that all of
the pre-service teachers interviewed answer this question correctly. Because with this activity, it is
aimed to enable students to learn that adding a catalyst to the equilibrium system will not affect the
equilibrium. During the Dec Graphs event, students were asked to defend the claim/claims they
supported among the claims given about the question asked. It is believed that the fact that students
who are in the position of defending their claims have to use evidence to argue any claim contributes
to students learning about the catalyst effect.

According to these findings obtained in the interview for conceptual understanding, it can be
said that pre-service teachers with argumentation-oriented activities perform effective learning by
making claims and providing justifications, data and refutations that support these claims, and this is
effective in understanding the concepts. This achievement also in conceptual understanding pre-
service teachers focused on the teaching of argumentation is used as course material in logical
thinking process when he answers questions in the event that they use, intensive in-group interaction,
consensus decisions, and activities that supports their claims of the reason they left faced with the
situation of writing can be connected. In her study Yal¢in Celik (2010), he aimed to determine the
difference between the change in the conceptual understanding of students compared to the traditional
teaching approach by applying argumentation-based teaching in the teaching of the “Gases” unit in the
classroom. As a result of his study, he found that the conceptual understanding of the experimental
group students was significantly different from the control group students.

Within the scope of the study, the course was covered with argumentation-oriented activities

for five weeks. At the beginning of the application, this model was introduced to prospective teachers,
examples of the model were given and sample applications were made to students and brief
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information was given about how to process the lessons. However, pre-service teachers in interviews
about the process for the first time with such activities committed in creating lesson in argument and
counter argument due to microscopic size to understand the events said they would have any difficulty
in understanding then, they expressed these difficulties. Although it is thought that pre-service
teachers are forced to face both the concept of the micro world, the argumentation method, and such
activities for the first time and are timid at first, it is considered that such a situation of strain is
normal. Similarly, in an interview with Okumus (2012), it was found that students had difficulty
finding a rationale to defend the claim, but they got more used to the model towards the end of the
application and created arguments more comfortably. In the interview conducted by Cinar (2013),
while a few of the students stated that they created arguments very comfortably, most of the students
stated that they had difficulty creating arguments, they could not create the argument components at
first or even confused them, but they could do it in subsequent activities. In this regard, this finding
obtained from the interview is in harmony with the interview findings of the studies conducted by
Okumus (2012) and Cinar (2013).

Argumentation includes thought exercises and gives students the opportunity to judge events,
situations or facts by thinking deeply (Erduran et al., 2004). More importantly, science education
usually proceeds with discussion, disagreement, and proving or refuting claims, rather than agreeing
on the same ideas. In this way, students can better understand scientific knowledge (Aktamis & Higde,
2015; Cavagnetto, 2010; Clark & Sampson, 2007; Cayci, 2019; Gunel et al., 2012; Martin & Hand,
2007; Nam et al., 2011; Sahin-Kalyon & Tasar, 2020; Niaz et al., 2002; Walker, 2011; Walker &
Sampson, 2013). Deep thinking and practice are important for learning. But in order to ensure
effective learning, it is not enough just to make the student think about the subject. In order to
structure the thought correctly, it is important to put forward an opposing thought and refute this
opposing thought with logical grounds and information from the point of view of effective learning. In
this context, pre-service teachers were asked whether the opposite arguments created were useful for
them and pre-service teachers were asked to explain their thoughts about the opposite argument.
Learning more permanent, fix yourself, | see it the wrong way, to better understand the claims and
defend, debate, thought to prove the accuracy of the other side, deeper thinking, better remember to
give the opposition the chance to see the shortcomings and complete to teach the emergence of new
ideas, like the exchange of ideas is not a single idea and to show that, for different reasons, the
arguments themselves are said to be beneficial for all pre-service teachers opposing Table 7).

Finally, Pre-service teachers were asked if this argumentation-oriented course was different
from the previous courses they had seen, if it was different, in which aspects it was different, if they
wanted other courses to be processed as argumentation-oriented, which courses they wanted to be
processed in which subjects if they wanted to be processed. Pre-service teachers note that this course
increases interest in the lesson due to the use of activities, traditional teaching, not boring, attention-
grabbing; they stated that it is different from other courses in that the student is active, the teacher is in
the role of a guide, there is group work, there is learning by understanding logic, there is no
memorization, it is effective because it reveals the spirit of the researcher, and there is an exchange of
ideas due to constant communication and the exchange of ideas. Pre-service teachers who said that
they wanted this method to be used in other courses expressed that they wanted it to be used in
Physics, Chemistry, Biology and Educational Psychology courses. Pre-service teachers have stated
that they especially want Physics and Chemistry courses to be applied in verbal subjects. In this
application, the courses have been processed with activities focused on argumentation. The activities
and methods used for pre-service teachers may have sounded different and made the pre-service
teachers' learning more permanent. However, the implementation of different activities has enabled
students to learn permanently and effectively by keeping their attention alive (Okumus 2012). The
activities used have also saved the classroom environment from boredom.

Recommendations

The study was conducted on the topic of Chemical Equilibrium, which is a subject of
Chemistry. According to findings, prepared argumentation focused activities, chemical equilibrium
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and chemical equilibrium was effective for learning of pre-service teachers and students of the micro
world, considering that in accordance with the wishes of the subjects of Chemistry, Biology and
physics in a similar study can be done with other topics.

In chemistry courses, which are full of abstract concepts, it is necessary to embody the topics
as much as possible. The concepts of chemistry will be learned to the extent that the macroscopic,
microscopic and symbolic level are correctly correlated with each other. In this regard, in order to
ensure the relationship between these three dimensions, the events that occur in the micro-world
should be fully and decisively learned by students. For this purpose, different materials can be
developed that are argumentation-oriented, contain animations and models based on events that occur
in the micro-world.

The study was carried out within the scope of action research. Within the scope of the method,
it is possible for the practitioner to observe the process much more closely, to examine the problems
that arise on the spot, to produce solutions for the healthy progress of the process and to evaluate the
process. Therefore, it may be effective to use the action research method in activities and material
development studies especially for science subjects that are difficult to understand.
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Appendices 1

Interview questions

1.When CO: gas is added to this system (2CO2(g)+786kj<>2CO(g)+0:(g)), which is in equilibrium at a constant
temperature and volume in a closed container;

a) In which direction does the system shift? Why?

b) How do the concentrations of the substances change? Why?

c) Is the equilibrium constant affected? Why?

Based on these answers you gave, think about this event with the particle size and explain your thoughts about this

question by making two separate drawings as the first equilibrium moment and the last equilibrium moment.

2.When the volume of this system, which is in equilibrium at constant temperature in a closed vessel, is increased,;
a) In which direction does the system shift? Why?
b) How do the concentrations of the substances change? Why?
c) Is the equilibrium constant affected? Why?
Based on these answers you gave, think about this event with the particle size and explain your thoughts about this
question by making two separate drawings as the first equilibrium moment and the last equilibrium moment.

3.When the temperature of this system, which is in equilibrium in a closed fixed volume container, is increased;
a) In which direction does the system shift? Why?
b) How do the concentrations of the substances change? Why?
c) Is the equilibrium constant affected? Why?
Based on these answers you gave, think about this event with the particle size and explain your thoughts about this
question by making two separate drawings as the first equilibrium moment and the last equilibrium moment.

4.When a catalyst is added to this system, which is in equilibrium at a constant temperature and volume in a closed
vessel:

a) In which direction does the system shift? Why?

b) How do the concentrations of the substances change? Why?

c) Is the equilibrium constant affected? Why?

Based on these answers you gave, think about this event with the particle size and explain your thoughts about this

question by making two separate drawings as the first equilibrium moment and the last equilibrium moment.

5.What are your general opinions about the process applied? (the parts you have difficulty with, the ones you like,

etc.)
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