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ABSTRACT

DEVELOPMENT AND IMPLEMENTATION OF A TRAINING PROGRAM
DESIGNED TO ENHANCE PROSPECTIVE CHEMISTRY TEACHERS'
CONTENT KNOWLEDGE, PEDAGOGICAL CONTENT KNOWLEDGE

RELATED TO MISCONCEPTIONS AND TEACHING EFFICACY BELIEFS

This study was conducted to develop a training program in order to enhance
prospective chemistry teachers’ content knowledge in subjects of particulate nature of
matter, chemical equilibrium and acid strength, pedagogical content knowledge related to
misconceptions and teaching efficacy beliefs and evaluate the effects of this program on
participants. The participants were 22 prospective chemistry teachers from a public
university. The training program was designed according to student misconceptions in
mentioned subjects and implemented several instructional strategies. The participants
attended the training program which took five sessions. The findings of this study revealed
that prospective chemistry teachers had several misconceptions before attending the
training program. After attending the training program, the content knowledge of
prospective chemistry teachers were increased in particulate nature of matter, chemical
equilibrium and acid strength subjects. The results also indicated that prospective teachers
had a high level of pedagogical content knowledge in terms of understanding the nature of
misconceptions before attending the training program. Attending the training program
increased prospective chemistry teachers’ pedagogical content knowledge related to
misconceptions in both of understanding the nature of misconceptions and strategies to
identify and change student misconceptions aspects. Moreover, the results also showed that
the teaching efficacy beliefs of prospective chemistry teachers in terms of efficacy in using
particular teaching methods were increased after the training program. Finally, the results
showed that teaching efficacy beliefs of prospective chemistry teachers in terms of efficacy
in teaching certain chemistry subjects were enhanced in the subject of “chemical
equilibrium”, but not affected for the subject of “particulate nature of matter” and “acid

strength”.



OZET

ADAY KiMYA OGRETMENLERININ ALAN BiLGILERINi, KAVRAM
YANILGILARINA YONELIK PEDAGOJIK ALAN BIiLGILERINi VE OGRETIM
OZ-YETERLILIiK iNANCLARINI ARTTIRMAYI HEDEFLEYEN BiR EGITIiM
PROGRAMININ GELISTIRILMESI VE UYGULANMASI

Bu ¢alisma aday kimya 6gretmenlerinin maddenin tanecikli yapisi, Kimyasal denge
ve asitlik kuvveti konularindaki alan bilgilerini, kavram yanilgilarina yonelik pedagojik
alan bilgilerini ve 6z-yeterlilik inanglarin1 arttiracak bir egitim programi gelistirmek ve bu
programm katilimcilar tizerindeki etkilerini 6lgmek amaciyla yapilmistir. Katilimcilar bir
devlet {niversitesinde O0grenim goren 22 aday kimya Ogretmenidir. Egitim programi
ogrenci kavram yanilgilarini1 dikkate alarak hazirlanmis, gesitli 6gretim stratejilerini
icermistir. Katilimcilar bes hafta siiren egitim programina katilmiglardir. Bu ¢alismanin
bulgular1 aday kimya oOgretmenlerinin programa katilmadan Once cesitli kavram
yanilgilarina sahip oldugunu gostermistir. Bu programa katilmanin sonucunda aday kimya
o0gretmenlerinin maddenin tanecikli yapisi, kimyasal denge ve asitlik kuvveti konularidaki
alan bilgileri artmistir. Bununla birlikte, ¢alismanin sonuglar1 aday kimya 6gretmenlerinin
programa katilmadan once kavram yanilgilarinin dogas1 hakkindaki anlayislar1 bakimindan
ileri seviyede pedagojik alan bilgisine sahip oldugunu gostermistir. Bu programa
katilmanin sonucunda aday kimya Ogretmenlerinin pedagojik alan bilgileri hem kavram
yanilgilarmin dogas1 hakkindaki anlayislar1 bakimindan hem de 6grenci kavram
yanilgilarinin tespit edilmesi ve diizeltilmesine yonelik 6gretim stratejileri bakimindan
gelismistir. Ayrica, sonuglar aday kimya Ogretmenlerinin bazi O6gretim yOntemlerini
kullanmaya yonelik 6gretim 6z-yeterlilik inanglarinin programa katildiktan sonra arttigini
gostermistir. Son olarak, bulgular aday kimya ogretmenlerinin bazi kimya konularmi
ogretmeye yonelik 6gretim 6z-yeterlilik inanglarinin kimyasal denge konusunda gelistigini,

maddenin tanecikli yapis1 ve asitlik kuvveti konularinda ise degismedigini gostermistir.
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1. INTRODUCTION

Contemporary approaches of teaching and learning require highly-qualified teachers
having advanced and organized content and pedagogical knowledge. For the prospective
teachers who do not have any experience of teaching in real classrooms, it seems difficult
to have the advanced knowledge of pedagogy in terms of each subject. Thus, prospective
teachers face difficulty in the instruction of many subjects in the first years of their
teaching career.

Chemistry is the science of chemical concepts. Shulman (1987) emphasizes that
teachers must have a full understanding of the subject matter that they are expected to
teach, to be able to teach it well. Thus, prospective chemistry teachers are expected to have
correct and sufficient conceptual knowledge. If the students or even teachers do not have
necessary and adequate conceptual knowledge, they may unconsciously develop concepts
that are not scientific. If prospective teachers have non-scientific conceptions, that will be
called as misconceptions in this study from now on, about the subject matter, they will
probably transmit their own misconceptions to students during the instruction when they
start to teach. Furthermore, it is meaningless to expect teachers who are unaware of their
own misconceptions to determine and eliminate their students’ misconceptions. Moreover,
according to Halim and Meerah (2002), teachers may ignore misconceptions in their
instruction although they are aware of the fact that their students have certain
misconceptions. Thus, prospective teachers also must recognize the importance of the

misconception as a factor affecting their students’ learning.

Bandura (1997) indicates that, individuals’ beliefs in their abilities affect their
performance in any work. Teachers with higher teaching efficacy might be expected to
teach more effectively than the teachers with lower teaching efficacy. Yet, teachers’ self-
confidence seems to increase with greater teaching expertise (Appleton, 1999). For this
reason, prospective teachers are expected to have low teaching efficacy-beliefs because of
lack of their teaching expertise. The teachers’ self-confidence in teaching seems to be an

important factor how they teach in terms of the topics chosen and instructional strategies



(Appleton, 1999). According to Harlen and Holroyd (1997), teachers with low confidence
cope requirements of teaching science by teaching minimum required subjects and relying
on expository teaching. Prospective teachers may need to have high teaching efficacy
beliefs to implement teaching methods of constructivist learning approach in their

classroom.

To guide students for construction of knowledge and teach chemistry effectively,
prospective teachers must have advanced content knowledge, awareness in terms of
misconceptions of students, knowledge of instructional strategies to overcome these
misconceptions and also need high self-confidence in their teaching. The present study
attempts to develop and apply a training program for prospective chemistry teachers to
improve their content knowledge in certain chemistry topics, pedagogical content
knowledge related to misconceptions and teaching efficacy beliefs. The training program is
developed by taking into consideration the data collected during a research project from
high school students that reflect their misconceptions (Yakmaci-Guzel, 2012). In the
program, various instructional strategies were integrated and included to help prospective

teachers deal with these students’ misconceptions.

1.1. Significance of the Study

Results of research studies involving chemistry teachers’ misconceptions indicated
that teachers as well as students had misconceptions in several chemistry subjects (Kruse
and Roehrig, 2005, Tan and Taber, 2009). This study is significant because, in this study, a
training program was developed in order to change prospective chemistry teachers” own
misconceptions, increase their understanding related to misconceptions and increase their
knowledge of instructional strategies about how to change their future students’

misconceptions.

In Turkey, chemistry teacher education programs offer a number of chemistry
courses that prospective chemistry teachers learn content knowledge in the first years of
their university education. In the final years of these programs, prospective teachers take
pedagogical courses to learn various aspects of education such as teaching methods,

curriculum, learner psychology, classroom management, and so on. Yet, chemistry teacher



education programs do not offer a specific course about how to teach a chemistry subject
by taking misconceptions into account. Thus, the training program developed in this study
is significant to improve prospective chemistry teachers’ knowledge about teaching
specific chemistry subjects while taking misconceptions into account. Moreover, the
training program would be a model for the development of other training programs for
prospective teachers. Hopefully, similar training programs for different chemistry topics or
for completely other disciplines of science inspiring from this program can be developed.
The results of this study can give ideas to teacher educators regarding integration of similar

activities to some courses in teacher education programs in Turkey.

According to Gomez-Zwiep (2008), despite the vast number of research studies
about misconceptions, findings of these studies were not reflected enough to real
classrooms. There exists a gap between the research literature and the practice in schools.
Thus, it is seen that teachers need awareness and encouragement about the necessity of
integration of the findings regarding students’ misconceptions in instructional practices.
This study is significant because it attempts to close the gap between the theory and
practice by developing a training program for prospective teachers in order to create
awareness about common student misconceptions and instructional activities to address

these misconceptions.

1.2. Statement of the Research Problem

Shulman (1987) emphasized the comprehension of content to be able to teach it.
Teachers are expected to understand what they teach in several ways. Yet, research studies
which were conducted to investigate content knowledge of teachers showed that in-service
and prospective teachers had a variety of misconceptions in chemistry subjects (Boz, 2009;
Cheung, 2009; Haidar, 1997; Kikas, 2004). The training program, developed for this study,
aimed to increase prospective chemistry teachers’ comprehension of specific content

knowledge in order to teach it.

In order to develop pedagogical content knowledge (PCK), teachers need
experiences in teaching (De Jong and Van Driel, 2004). Moreover, teaching experiences

were also found a factor affecting teaching efficacy beliefs of teachers (Appleton, 1999).



Since prospective teachers do not have teaching experiences, they are expected to have
limited PCK and teaching efficacy beliefs. Thus, the training program, in this study, aimed
to increase prospective chemistry teachers’ PCK related to misconceptions and their

teaching efficacy beliefs.

1.3. Purpose of the Study

The current research study has two main purposes. The first purpose of this study is
to develop a training program for prospective chemistry teachers to improve their subject
matter knowledge in subjects of particulate nature of matter, chemical equilibrium, and
acid strength, pedagogical content knowledge related to misconceptions and teaching
efficacy beliefs. The second purpose of this study is to evaluate the impacts of the training
program on prospective chemistry teachers who participated in the program.

1.4. Research Questions

This research study investigates the answers of the following four research questions:

() Is there any difference in prospective chemistry teachers’ chemistry content

knowledge before and after attending the training program?

(if) Is there any difference in prospective chemistry teachers’ pedagogical content
knowledge;
e in terms of understanding the nature of misconceptions before and after
attending the training program?
e in terms of strategies to identify and change student misconceptions before

and after attending the training program?

(iif) TIs there any difference in prospective chemistry teachers’ teaching efficacy beliefs

before and after attending the training program?

(iv) What are the prospective chemistry teachers’ opinions about the training program?



2. LITERATURE REVIEW

The literature review chapter has five main parts. In the first part of the literature
review, the term “concept” was described. In the second part the term “misconceptions”
was defined, the sources of misconceptions were explained, and common misconceptions
held by students about a variety of chemistry subjects were overviewed. Thirdly,
conceptual change and different perspectives to conceptual change models were described,
the findings of some research studies which implemented different teaching methods for
conceptual change were summarized. Then, knowledge of teachers was defined. In this
section, content knowledge of teachers was described and the findings of research studies
which aimed to investigate and/or improve the content knowledge of science and chemistry
teachers were stated. Afterwards, pedagogical content knowledge of teachers was
described and the findings of some research studies about science and chemistry teachers’
pedagogical content knowledge according to various aspects were mentioned. Finally, self-
efficacy beliefs were defined and related studies about teaching efficacy beliefs of teachers

were reviewed.

2.1. Concepts

Understanding of concepts is an important aspect of chemistry education. According
to Ausubel (1968), the most important factor that influences students’ learning is their
existing conceptions. Merrill, Tennyson, and Posey (1992) defined the term concept as “a
set of specific objects, symbols or events which are grouped together on the basis of shared
characteristics and which can be referenced by a particular name or symbol” (p.6). Carey
(2000) defined concepts as “units of mental representation roughly equivalent to a single

word such as object, animal, alive, heat, weight, and matter” (p.14).

Concepts may act as building blocks of more complex structures. Core concepts can
be described as the base of knowledge which we build other knowledge upon (Zirbel,
2004). Individual concepts can be connected and form more complex representational

structures, such as propositions (e.g. “all animals die”) and theories (e.g. “the theory of



natural selection”) (Carey, 2000). Also two concepts can be combined and form a different
representational structure (e.g. “density is the matter per volume™) (Zirbel, 2004).

DiSessa (1993) indicated that humans gradually acquire a sense of mechanism about
how things work and analyze specific elements of this mechanism. Knowledge structures
of individuals are described as knowledge in pieces that include ideas, categories,
concepts, models and theories. DiSessa (1993) described a hypothetical knowledge
structure and called it as phenomenological primitive (p-prim). P-prims are described as
small knowledge structures involving configurations of a few parts of a large physical
system. In some cases, p-prims are behavioural which allows them to have important roles
in explaining physical phenomena. Also, p-prims may be self-explanatory, it explains

something’s happening as because that’s the way things are.

DiSessa (1993) also pointed out that students’ learning difficulties may be resulted
from one particular p-prim or a number of p-prims. In the next section students’ learning

difficulties were explained by their misconceptions as a tool.

2.2. Misconceptions

A child develops beliefs to understand the things happening in its surroundings from
the very earliest days of his/her life. Thus, students start formal science teaching with their
prior conceptions which may be inconsistent with accepted scientific ideas (Driver, 1983).
Misconceptions are defined as any conception that differs from scientifically accepted
meaning of the term (Nakhleh, 1992).

According to Chinn and Malhotra (2002), students’ pre-instructional conceptions
influence their observation. When a heavy rock and a light rock were dropped, they would
hit the ground at the same time. Yet, some students who predicted the heavy rock to hit the
ground first, observed that the heavy rock hit the ground first and some students who
predicted the light rock to hit the ground first, observed that the light rock hit the ground
first. Driver (1983) also indicated that students’ expectations affect their observation in an
experiment. Students may observe their expectation rather than the results of the

experiments.



Different researchers used different terminologies for misconceptions such as
preconceptions (Ausubel, 1968), alternative conceptions (Gilbert and Swift, 1985)
alternative frameworks (Driver, 1983), naive beliefs (Caramazza, McCloskey and Green,
1981), and children’s science (Osborne and Freyberg, 1985). A variety of terms to describe
misconceptions can be seen in the literature as a result of a variety of non-scientific ideas
and their sources. For example, misconceptions indicate misinterpretation of knowledge
whereas informal concepts are used for the ideas which the students got from informal
settings like television and friends. A single idea which is not found to be scientific is
called as alternative conception and a structure of these ideas is called as alternative
framework (Taber, 2002).

Vosniadou (1994) described misconceptions as synthetic concepts because learners
generate these conceptions via integrating scientifically-accepted information into their
previous experiences. Voshiadou and Brewer (1992) investigated the development of
children’s conceptual knowledge about the earth’s shape. Children generally have an initial
concept of the earth as a flat, stable and stationary object. Yet, when they start science
instruction, the earth is described as an astronomical object which is spherical and rotating
around its axis. Scientific model of earth completely violates children’s initial models so
students tend to generate synthetic models to resolve the conflict. One of the student
generated models was hollow sphere model that students believed that the earth was
spherical but had hollow inside where the people live in. Another model was dual earth
model that children believed there were two earths; flat earth and spherical earth, people

lived on flat earth and the spherical earth was a planet.

Driver (1983) indicated that misconceptions had a resistant nature. Even if students
were given opportunities to change their misconceptions, it might not be helpful. Students
might maintain their misconceptions especially when the problem was presented in new
contexts (Driver, 1983). Gooding and Metz (2011) claimed that, the longer a
misconception remained unchallenged, the more likely it was entrenched. The knowledge
connections were expected to be strengthened, thus, it would make misconceptions more

resistant to change.



2.2.1. Sources of Misconceptions

Several sources of misconceptions have been determined by different studies (Taber,
2002). According to Duit and Treagust (1995), students’ misconceptions result from their
sensual experiences, language experiences, cultural background, peer groups, mass media
and formal instruction. Different research studies considered language as one of the
important sources of misconceptions. For example, students believe that the products of a
neutralization reaction will always be neutral because the name of the reaction includes the
term “neutral” (Schmidt, 1997). Also, students may think that oxygen is involved in all
redox reactions because of the syllable “ox” in the term (Schmidt, 1997). Similarly, using
anthropomorphic language during the instruction of chemical phenomena may lead several
misconceptions. For example, students believe atoms to be alive when they are instructed
as atoms “want” or “need” to gain or lose electrons (Taber, 2002). Also, the ontological
difference between terms that are used in both scientific and everyday language may cause
misconceptions. For example, students perceive the concept of force as a power possessed
by a living organism or a machine in daily life but in physics it is a measure of strength of
interaction between objects. Thus, students’ wrong ontological categorization of these

concepts may cause misconceptions (Duit and Treagust, 1995).

Research studies indicated that science instruction may either support students’
existing misconceptions or cause new misconceptions (Duit and Treagust, 1995). First of
all, teachers can have misconceptions if they do not have adequate background and training
in science. Also, errors in textbooks may be another source of misconceptions (Duit and
Treagust, 1995). Models and diagrams in textbooks, which are not properly constructed,
may cause misconceptions in students (Kikas, 2004). Furthermore, analogies may cause
misconceptions if they are not explained well. Using analogies to visualize molecular
world by observing macroscopic phenomena can cause misconceptions in students (Kikas,
2004). For example, students may imagine microscopic phenomena as copies of the
macroscopic ones and they consider that the only difference among two is the difference in
their scales (Albanese and Vicentini, 1997).

One of the other sources of misconceptions may be learners’ misinterpretation of

knowledge, students may generalize or wrongly categorize new concepts. For example,



when students learn the term isomers as the compounds having the same number of atoms,
they may generalize isomeric compounds as members of the same class of organic
compounds (Schmidt, 1997). Also, students may wrongly categorize a hydrogen bond as a
covalent bond to hydrogen (Taber, 2002).

2.2.2. Misconceptions in Chemistry

Several research studies documented a variety misconceptions in many chemistry
topics, like chemical reactions (Lee, 1999), bonding (Coll and Treagust, 2003), mole
concept (Haidar, 1997), vapour pressure (Canpolat, Pinarbasi and Sozbilir, 2006), gases
(Cetin, Kaya and Geban, 2009), solution chemistry (Ozden, 2009a), ionization energy
(Tan, Taber, Goh and Chia, 2005), and electrochemistry (Ogude and Bradley, 1994). The
misconceptions related to particulate nature of matter, chemical equilibrium and acids and
bases which were the chosen chemistry topics of this study were explained in detail in the

following sub-sections.

2.2.2.1. Misconceptions in Particulate Nature of Matter. Particulate nature of matter is one

of the most basic subjects in chemistry. Talanquer (2009) analyzed research on student
misconceptions about the particulate nature of matter and tried to categorize novice and
advanced students’ ideas and reasoning. The analysis revealed that novice students’ ideas
were influenced by the physical appearance of a substance for example these students
might attribute different properties to rigid and powdery solids. On the other hand,
advanced student ideas were influenced by structural similarity of substances. Students’
ideas about the structure of matter were categorized as continuity for novice ideas and
granularity and corpuscularity for more advanced ideas. Novice learners generally thought
that matter was continuous. Adadan, Irving and Trundle (2009) also showed that students
perceive matter as continuous rather than the collection of particles. On the other hand,
granularity ideas included when thinking of a substance was made up of little pieces of the
same material and corpuscularity ideas included that the substance was conceived of as
made up of distinctive particles. Moreover, Johnson (1998) conducted a three-year
longitudinal study, from seventh to ninth grade, in order to understand students’
understanding of particle theory. According to students’ responses, four models of matter

were constructed from a novice understanding of matter to advanced understanding. The
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first one is called as model X, students perceive matter as continuous. The second one is
model A, students believe that particles exist in the continuous substance. The third one is
model B, students think that particles are the substance, but with macroscopic character.
Finally, the fourth model is model C, students think that, particles are the substance, but
properties of state are collective. The sequence of models from X to C represents stages of
progression for the particle theory. The results indicated that the number of students
categorized in model X, A and B generally decreased and correspondingly the number of

students categorized in model C increased with years of schooling.

Talanquer (2009) indicated that novice learners assumed that some material existed
in particles whereas advanced learners assumed that the particles in a substance were
separated by empty space. Novick and Nussbaum (1978) showed that eight grade students
believed that the space between the particles of a matter was filled with something such as

air, dust, oxygen gas, nitrogen gas, etc.

Talanquer (2009) indicated that novice students’ ideas about the structure of matter
supported that particles that comprised a substance had the same properties of a
macroscopic sample of that material. Advanced learners recognized that new properties
could emerge from interactions between multiple particles. In their study, Ben-Zvi, Eylon
and Silberstein (1986) investigated 10" grade students’ view about atoms. The students
were asked to compare: (i) the properties of a metallic wire and one single atom of this
wire and (ii) the properties of the gas which was formed when the metallic wire was
evaporated and one single atom of this gas. The results of the study showed that, 46.2% of
the students in that study could not differentiate the properties of the macroscopic matters
and the properties of one single, isolated atom. Moreover, 66.3% of these students stated
that the atom of solid and the atom of gas had different properties. Albanese and Vicentini
(1997) indicated that students attribute the properties of bulk matter to atoms and

molecules. In their study, 80% of the students attributed a colour to an atom.

Adadan et al. (2009) showed that students had a variety of misconceptions about
particulate nature of matter. In their study, students had the idea that the space between

particles of liquids was intermediate compared to those of solids and gases. Moreover,
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students believed that particles of solids did not move. In addition, they thought that, the
size of the particles changed as the matter changed phase.

Stains and Talanquer (2007) investigated undergraduate chemistry students’
perceptions of elements, compounds, and mixtures. In the study, participants were
expected to categorize given microscopic representations as elements, compounds or
mixtures. The results of the study showed that many students preferred to use a single
criterion to differentiate the representations of different matters. They used “having
identical atoms or not” as a criterion for elements and “having bond or not” as a criterion
for compounds. Using only one criterion sometimes led them to inappropriate
classifications. A high number of participating chemistry students perceived molecular
elements and mixtures of substances that had common atoms as compounds. Furthermore,
mixtures whose components have one to one ratio were classified as compounds by several

participants.

2.2.2.2. Misconceptions in Chemical Equilibrium. Understanding chemical equilibrium is

important because it is fundamental for understanding other chemistry topics such as
solubility, acid and base behaviour and oxidation/reduction reactions (Bergquist and
Heikkinen, 1990). Yet, research studies indicated that students had a number of

misconceptions about this subject.

Bergquist and Heikkinen (1990) analyzed students’ misunderstandings about the
chemical equilibrium and summarized these misconceptions. This analysis showed that
students had difficulty to understand the concentrations of reactants and products at
chemical equilibrium. Students tended to apply stoichiometric mole ratios among product
and reactant concentrations at equilibrium. Also, students generally believed that
concentrations fluctuate as the equilibrium was established. Hackling and Garnett (1985)
also showed that high school students thought that there was an arithmetical relationship
between the concentrations of reactants and products. Bilgin and Geban (2006) showed
that tenth grade students had a non-scientific understanding about chemical equilibrium

that the concentrations of reactants were equal to the concentrations of products.



12

Bergquist and Heikkinen (1990) indicated that students assumed that the forward
reaction had to be completed before the reverse reaction started. Moreover, in their study,
Sepet, Yilmaz and Morgil (2004) indicated high school students believed that the forward
and reverse reactions were completed when one of the matters were consumed. Some of
these students also thought that the rate of forward reaction was higher than that of reverse

reaction at equilibrium.

Bilgin and Geban (2006) showed that students misused Le Chatelier’s principle.
Students believed that when equilibrium was re-established following a change in the
concentration of one of the reagents, the concentrations of reactants and products would be
equal to their initial equilibrium values. Also, according to Tyson, Treagust and Bucat
(1999), even students can obtain the correct answer by using Le Chatelier’s principle, these

students may not have a sound and scientific understanding.

Despite the fact that applying Le Chatelier’s Principle in inappropriate situations
may cause incorrect conclusions about the changes of concentration, volume, pressure and
temperature, the principle is still over-emphasized in high schools (Cheung, 2009).
Wheeler and Kass (1978) developed a Misconception Identification Test about chemical
equilibrium and administered it to ninety-nine 12" grade chemistry students. The results
showed that the majority of students in their study were not aware of the fact that Le
Chatelier’s principle cannot be applied in all situations, such as situations which included a
change both in the amount of the reagents and the volume of the equilibrium system. Thus,
students in that study made incorrect predictions. Griffiths (1994) also indicated that
students could have a misconception that Le Chatelier’s principle applied to all equilibrium

systems including equilibria involving mixed phases.

2.2.2.3. Misconceptions in Acids and Bases. Research studies showed that students also

had difficulty in understanding acids and bases. Sheppard (2006) interviewed with high
school students in order to examine their understanding of titration. The results showed
that students had difficulty with the concepts of acid-base chemistry such as pH,
neutralization and strength. Some of the students, in that study, perceived pH only a
measure of acidity but not basicity. Also, according to some students, neutralization is just

mixing of acid and base rather than a chemical reaction. Majority of the students expected
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a neutral product as a result of the neutralization. Similarly, majority of the students
thought that equal amount of acid and base is an adequate condition for a neutral product.

Sheppard (2006) indicated that students related the strength of an acid or base to the
pH value of their solutions. Griffiths (1994) indicated that students could have a
misconception that strong acids had a higher pH than weak acids.

Nakhleh (1992) indicated that students had difficulty to draw sub-microscopic
representations of an acid or a base. Some students could draw non-particulate
representations such as waves or bubbles while drawing sub-microscopic representation of

an acid solution.

As it was seen from the research literature on misconceptions in chemistry, students
might have a variety of misconceptions in the subjects of particulate nature of matter,
chemical equilibrium and acids and bases. A high number of research studies were
conducted to change student misconceptions via conceptual change strategies that were

reported in the next section.

2.3. Conceptual Change

Kuhn’s (1962) ideas about change of a theory in science created foundations of the
conceptual change approach. According to Kuhn (1962), paradigms are shared beliefs,
assumptions, and practices in the processes of science. When normal science encounters
anomalies that cannot be explained with the existing paradigm, science enters a period of
crisis. Only, a revolutionary change in paradigm can solve the accumulation of anomalies

and it results scientific discoveries.

According to Piaget (1970), intellectual adaptation is described as a process of
achieving equilibrium between assimilation and accommodation. Assimilation is defined
as the integration of a particular reality into existing framework whereas accommodation is
defined as modification of the framework. Intellectual adaptation was found similar to
biological adaptation, an organism was well-adapted to an environment when it could

preserve its structure by assimilating its nourishment to be able to draw from the external
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environment and also accommodate its structure to the various particularities of that
environment. A change in knowledge structures of individuals via enriching knowledge
structure or changing existing knowledge structure were described as conceptual change
(Vosniadou, 2007a).

According to Posner, Strike, Hewson, and Gertzog (1982), learning is rational
activity, students comprehend and accept concepts which they see intelligible and rational.
Posner et al. (1982) proposed a widely accepted conceptual change model and suggested
four conditions for conceptual change to occur. The four conditions which were necessary

for accommodation were described as:

(i) Dissatisfaction: Individuals generally do not tend to replace their old concepts
with the new ones, if the old ones encounter difficulties. In order to change their existing
concepts, individuals must experience unsolved puzzles and anomalies, so they must
realize that their concepts do not solve the problem at hand. There must be dissatisfaction
with the existing concepts. Anomalies are major sources of dissatisfaction. For example, an
observation which is contradictory to predicted outcomes can be used to lead students to be

dissatisfied with their conceptions.

(if) Intelligibility: Individuals must understand how experience can be structured by
a new concept. Students must understand the meaning of the new concept and the new
concept must make sense for students. Analogies and metaphors can be used to make new

concepts intelligible.

(iii) Plausibility: New concept must be initially plausible, it must fit into an
individual’s existing knowledge structures without a problem. Also, the new concept must

have the capacity to solve experienced anomalies and seem more meaningful.

(iv) Fruitfulness: If the new concept is intelligible and plausible and solve apparent
anomalies, students may attempt to associate new conceptions with the experience. If the
new concept not only resolves predecessors’ anomalies but have potential to be extended
and applied in further problem situations, the accommodation of new conception will seem

persuasive.
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According to Weaver (2009), after dissatisfaction occurred, a learner is open to
considering new concepts to replace or modify existing ones. Yet, new concepts will only
be accepted if they are found to be intelligible, plausible and fruitful. Posner et al. (1982)
also emphasized conceptual ecology, individuals’ current concepts, in the acceptance of a
new concept in place of a misconception. According to Hewson (1992), there are two
major components of conceptual change model: conditions of the conceptual change model

and a person’s conceptual ecology.

Original conceptual change theory was criticized because it presented a radical
conceptual change and only emphasized cognitive factors. Vosniadou (2007a) criticized
the original conceptual change model because it described conceptual change as a rational
process of theory replacement and introduced a change like a gestalt shift that occurs in a
very short time. According to Vosniadou (2007b), for a successful conceptual change,
teachers must find ways to enhance individual students’ motivation by creating a social
classroom environment. According to Weaver (2009), conceptual change process was
presented as a new conception, which was found to be acceptable, would lead to immediate
accommodation of existing knowledge framework. Pintrich, Marx and Boyle (1993)
suggested considering motivational beliefs of learners and classroom contextual factors in
the process of conceptual change in addition to cognitive factors. Teaching for conceptual

change should also increase students’ motivation to change their beliefs.

The review of the literature on conceptual change showed that different educators
described conceptual change with different terms (Tyson, Venville, Harrison and Treagust,
1997). Changing conceptual structure with just addition of knowledge was described as
assimilation (Posner et al., 1982), conceptual capture (Hewson, 1992) or conceptual
enrichment (Vosniadou, 1999). On the other hand, conceptual change was generally
described as changing existing conceptual structure rather than simple addition. Changing
existing conceptual structure was described as accommodation (Posner et al., 1982) or

conceptual exchange (Hewson, 1992).

Weaver (2009) emphasized that students could pass a chemistry exam despite the
fact that they had certain misconception in that subject. For example, they might believe

that a reaction stopped completely when it reached equilibrium despite the fact that they
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were able to provide correct numerical answers for typical equilibrium problems. Thus,
only carefully applied learning experiences can move students to full integration of target
concepts. According to Gooding and Metz (2011), teachers should provide their students
opportunities for conceptual change. For students to identify their own misconceptions, it
is suggested that teachers should expect clarification of students’ responses, evidence for
their claims, evaluation for data rather than just collecting it. Teachers should also use wait
time while asking a question and not seek for a right answer. Minds-on instructional
interventions, such as discrepant events, inquiry-based activities, and others, would help
students reconstruct and internalize their knowledge.

Instructional interventions that target conceptual change may not be always
successful. Alternative to assimilation and accommodation, learners may simply reject a
new conception. Rejection can occur when the new experience is so disparate from
learner’s existing conceptions and it is different from ignoring the new conception. Also,
learners may exclude a concept, categorize it separately, not integrated into other
knowledge framework, and so learners can use it in specific cases. In addition to rejection
and exclusion, learners may try reinterpretation of the new concepts, learners develop an
understanding of a new concept by forcing it to fit within existing conceptions (Weaver,
2009).

Zirbel (2004) indicated that conceptual change may not occur even conceptual
change model was viewed as a teaching tool and all stages necessary for meeting
conditions were followed. Students may find new concepts plausible and able to apply it at
the time of instruction, but, it does not necessarily mean that the student will undergo a
definite shift in his/her view of thinking. The student may hold his or her misconceptions
while accepting and using the new concepts, the prior and new concept may coexist as
different entities. Thus, students must become so familiar with the new concepts in order to
feel the new concepts as their own concepts, and make the transition from borrowing new
concepts to owning them. In addition, Gooding and Metz (2011) stated that, after teaching
new concepts, some students might continue to have their non-scientific beliefs and some
of them might seem to change their beliefs but could turn back to their original

misconceptions. Tyson et al. (1997) also indicated conceptual change did not mean
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complete extinguishing of all prior conceptions of students at the end of an instruction

aimed conceptual change, prior concepts may appear in particular contexts.
2.3.1. Research on Conceptual Change Learning

As indicated in the following sections, researchers implemented numerous types of
teaching methods for conceptual change. The findings of some research studies which

emphasized different instructional methods were summarized in the following paragraphs.

2.3.1.1. Conceptual Change via Multi-representational Instruction. Adadan, Trundle and

Irving (2010) investigated the effect of an instruction that involved multi-representation of
particulate nature of matter on conceptual progression of nineteen 11" grade students.
Students were expected to predict, observe and explain certain chemical phenomena in the
laboratory, drew molecular models of observed chemical events and also write a journal to
reflect their ideas about the activity. After the multi-representational instruction, 11 of the
19 eleventh-grade students’ conceptions reflected scientific understanding of the
particulate nature of matter whereas none of the students’ understandings were categorized

as fully scientific before the instruction.

Sanger (2000) investigated how college students identified particulate drawings in
terms of the state, the physical composition and the chemical composition of matter. A
question that expected to classify given particulate drawings of five substances was asked
to 65 students, these students constituted the control group. According to the analysis, 29
of 65 students classified the representation of a compound as a homogeneous mixture and
the representations of homogeneous mixtures as heterogeneous mixtures. Moreover, seven
of 65 students classified a compound as a homogeneous mixture. According to these
results, the author designed a lesson for another group of students, the students who
participated this lesson consisted the experimental group. In the lesson, macroscopic
samples like Cu, water, I, in water and their computer generated microscopic samples were
used. According to the comparison of experimental and control groups, 88% of the control
group and 97% of the experimental group answered the first part of the question which was
related to the states of matter, correctly. For the second part of the question which was

related to the physical composition of matter, 46% of the control group and 80% of the
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experimental group answered correctly. For the third part of the question which was related
to the chemical composition of matter, 84% of the experimental group students and 69% of

the control group students made correct categorization.

2.3.1.2. Conceptual Change via Hands-On Activities. Cetin, Kaya and Geban (2009)

compared the effects of conceptual change oriented instruction and traditional instruction
on remediation of students’ misconceptions about gas concept. Conceptual change oriented
instruction emphasized the use of hands-on activities and analogy whereas traditional
instruction included lecturing and discussion. Gases Concept Test, developed by one of the
authors, was administered to both groups of students before and after the instruction.
According to the statistical analysis, it was seen that, experimental group had significantly
higher mean score than the control group although both groups had similar scores on pre-
test.

Costu, Ayas and Niaz (2010) extended Predict-Observe-Explain teaching strategy via
integrating discussion and constructed Predict-Discuss-Explain-Observe-Discuss-Explain
strategy and investigated the effect of this strategy on first year university students’
conceptual understanding of evaporation. Evaporation Conceptual Test was developed for
that study and administered as pre-, post- and delayed test. According to the results,
students had better conceptual understanding and less misconceptions about evaporation at
the end of the study. Also, there was no significant difference between the post-test and
delayed post-test scores, it showed that learning resulted from Predict-Discuss-Explain-

Observe-Discuss-Explain strategy was permanent.

2.3.1.3. Conceptual Change via Group Discussion and Analogy. Bilgin (2006) investigated

the effectiveness of small group discussion on prospective teachers’ conceptual
understanding of chemical equilibrium. The results showed that small group discussions
facilitated learning, the students in experimental group demonstrated better understanding

and had less misconceptions in chemical equilibrium concepts than the control group.

Tsai (1999) used analogy activity to overcome junior high school students’
misconceptions about microscopic views of phase change. Students in experimental group

role-played as Br atoms and imitated the motion of Br, molecules and the space between
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particles at three different temperatures. On the other hand, the control group had
traditional instruction of microscopic views of phase change. At the end of the study, a
post-test was administered to all students and it was seen that the scores of experimental
and control groups were not statistically different. Yet, the results of delayed test, that was
administered four weeks after the post-test, showed that experimental group had better
scores in microscopic views of phase change that the control group and the difference was
statistically different. The findings of the study showed that analogy activity resulted long-

term learning.

As it can be seen in the studies reported here, a variety of strategies to achieve
conceptual change were tried. Choosing appropriate teaching strategies to overcome
students’ misconceptions in different chemistry topics has been found to be related to
chemistry teachers’ knowledge of content and pedagogy that was described in the next

section.

2.4. Teacher Knowledge

Teaching begins with a teachers’ understanding of what is to be learnt and how it is
to be taught and ends with comprehension of the subject after a series of activities in which
students are provided instruction and opportunities for learning (Shulman, 1987).
According to Shulman (1987), the categories of teacher knowledge in order to promote

students’ comprehension would include:

e content knowledge

e general pedagogical knowledge

e curriculum knowledge

e pedagogical content knowledge

e knowledge of learners

e knowledge of educational contexts

¢ knowledge of educational ends, purposes and values
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Shulman (1987) indicated four major sources of teacher knowledge: (i) scholarship
in content disciplines; which refers to knowledge, understanding and skills in the
discipline, (ii) the materials and the settings of the educational process; which indicate
curriculum, textbooks and other factors related to school organizations, (iii) research on
learning, teaching and schooling; which includes findings and methods of research about
teaching, learning, human development and also foundations of education (iv) practice;
because of the fact that teaching is a learned profession.

Among these categories of teacher knowledge listed above, content knowledge and
pedagogical content knowledge were chosen as variables in this study, and so were
explained in detail in the following sub-sections.

2.4.1. Content Knowledge

Shulman (1986) described content knowledge as “the amount and organization of
knowledge per se in the mind of the teacher” (p. 9). Subject matter knowledge was seen
more than knowledge of facts or concepts of a domain, it also required understanding the

structures of the subject matter (Shulman, 1986).

Cochran and Jones (2003) stated that subject matter knowledge had four
components: (i) content knowledge, (ii) substantive knowledge, (iii) syntactic knowledge,
(iv) beliefs about the subject matter. Content knowledge of a teacher includes knowledge
of the facts and the concepts of the subject matter. Substantive knowledge refers the
explanatory structures or paradigms of the field. Syntactic knowledge includes the methods
and processes by which new knowledge in the field was generated. Beliefs about the

subject matter refer teachers’ feelings about various aspects of the subject matter.

Content knowledge of teachers was also found as a factor affecting their instructional
practices. Teachers’ content knowledge affects their choices in selecting particular
curricula and specific curriculum materials (Grossman, 1990). Moreover, according to
Carlsen (1993), there is a relationship between subject-matter knowledge of teachers and

the cognitive level of the questions they asked in their teaching. The teachers attempt to
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use high cognitive level of questions when they feel knowledgeable in the subject matter.
When they are teaching unfamiliar subjects, they tend to ask lower level questions.

As indicated in the following sections, numerous research studies were conducted to
investigate and/or improve content knowledge of chemistry and science teachers in
subjects of “particulate nature of matter”, “chemical equilibrium” and “acid strength”. The
methods and findings of some of these research studies were summarized in the following

sub-sections.

2.4.1.1. Content Knowledge of Teachers in Particulate Nature of Matter. Kikas (2004)

investigated the conceptions of science (physics and chemistry) teachers about three
natural phenomena; velocity, seasons and freezing. In the study, teachers were expected to
evaluate given explanations, which were scientific or containing misconceptions. The
results of the study showed that 63% of the science teachers evaluated the scientifically
valid explanation for freezing as scientifically correct and 23% of science teachers
evaluated explanation with a misconception, which stated a change in the size of atoms

during the phase changes, as valid.

Valanides (2000) investigated 20 prospective primary teachers' conceptions of both
macroscopic and microscopic properties and changes in dissolution process and the effects
of filtering and heating solutions. According to the results of the study, some prospective
teachers thought that a solid would break into smaller and invisible pieces when dissolved
in water. From 20 participants, eight prospective teachers predicted that a chemical change
would occur and the mass would be conserved if water and alcohol were mixed. When
water and alcohol were mixed, 17 prospective teachers thought this would be a chemical
change because they observed a decrease in volume. Also, five prospective teachers
changed their decision about the conservation of mass when they observed a decrease in
volume. Moreover, seven prospective teachers believed that liquids and their molecules
would expand if water-alcohol mixture was heated. Only five prospective teachers thought
that the molecules of the water vapour should be the same as the molecules of water. Six of
the prospective teachers explained that water changed to air when it boiled. Also, seven

prospective teachers thought that oxygen and hydrogen are produced as a result of
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evaporation and 10 prospective teachers indicated that the size of molecules depended on
their temperature.

In the study conducted by Jarvis, McKeon and Taylor (2005), 22 prospective primary
teachers participated in a workshop composed of three sessions to eliminate their problems
in understanding science. The courses focused on the concepts of particulate theory of
matter, energy, genetics and evolution. In the workshop, participants’ discussions of
science problems were used as the strategy. In sessions, participants were given a problem,
wrote and discussed their ideas and they participated in a variety of activities such as short
talks, videos and practical activities. At the end of the workshop, important conceptual
improvements and increased self-confidence were observed among the prospective

teachers.

Gabel, Samuel and Hunn (1987) devised a Nature of Matter Inventory and
administered it to prospective elementary teachers in order to identify their views of the
particulate nature of matter. The inventory aimed to assess prospective teachers’ ability to
distinguish the particulate views of elements, compounds, solids, liquids, gases,
homogeneous and heterogeneous mixtures, chemical and physical changes. The results of
the study showed that prospective teachers had some common errors in their drawings such
as changing the size of atoms as the matter changed phase, drawing the particles of gases

in an orderly fashion, and adding lines to show the surface level of a liquid.

Ozden (2009b) investigated primary prospective teachers’ misconceptions about
atoms and molecules by analyzing their drawing. A total of 92 primary science,
mathematics and elementary prospective teachers participated in the study. Prospective
teachers were expected to draw representations of atoms and molecules in physical
changes during the activities. The drawings of prospective teachers were classified as non-
representational drawings, partial drawings and comprehensive representational drawings.
The majority of the drawings of prospective elementary teachers were found to be in non-
representational drawings category and the majority of the drawings of prospective science

teachers were found to be in partial drawings category.
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2.4.1.2. Content Knowledge of Teachers in Chemical Equilibrium. Chemistry teachers

seem to be unaware of the inadequacy of Le Chatelier’s Principle. Cheung (2009) asked
three chemical equilibrium problems to secondary school teachers to identify whether they
would use Le Chatelier’s Principle when the use of the principle was not appropriate. The
first and the third questions on the test provided equilibrium situations that Le Chatelier’s
Principle could not solve these problems. On the other hand, the second question could be
solved by using Le Chatelier’s Principle. The results of the study showed that 28 of the 33
participating teachers and 17 of the 33 teachers tried to answer, respectively, the first and
the third question by using Le Chatelier’s Principle despite the fact that the use of the
principle was not appropriate. For the second question, 22 of the 33 teachers made an
incorrect prediction and 12 of them stated Le Chatelier’s Principle as the reason of their

choice but they misused the principle.

Dogan, Aydogan, Isikgil and Demirci (2007) investigated prospective chemistry
teachers and high school students’ misconceptions and level of understanding in using Le
Chatelier’s principle with conceptual questions. The participants of the study were 36
prospective chemistry teachers at the fifth year of chemistry teacher education program and
a total of 69 tenth-grade students from two different high schools. According to the
analysis of the results, it was seen that, both prospective chemistry teachers and high
school students had similar difficulties in the application and understanding of Le

Chatelier's principle.

2.4.1.3. Content Knowledge of Teachers in Acids and Bases. Bradley and Mosimege

(1998) investigated prospective teachers’ conceptions of acids and bases. Analysis of
student teachers’ responses showed that 42% of the participating student teachers believed
that aqueous solutions of all salts are neutral. Moreover, 32% of the sample could not
correctly compare the basicity of conjugate bases of some common acids. Furthermore,
32% of the participants wrote a reaction equation when they were expected to draw a
solution of hydrochloric acid at the particulate level. Some of the student teachers stated
that an acid turns red lithmus paper blue. Also, several students confused the terms

amphoteric and diprotic.
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Ekiz, Bektas, Tuysuz, Uzuntiryaki, Kutucu, and Tarkin (2011) investigated
prospective chemistry teachers’ explanations about ionization and dissolution processes.
According to the researchers, the dissociation of an acid in water must be described as
ionization because a chemical change would occur and it was completely different from
dissolution of ionic salts in water. Among the seven participants, only three stated that
solid AgCI slightly dissolved in water and two of them could draw this process at the
molecular level. Four participants thought that AgCI ionized in water rather than it
dissolved. Only one participant stated that HCI ionized in the water and correctly explained
the change. Three participants stated that HCI was dissolved in water. None of the

participants could represent the ionization of HCI in water correctly.

Boz (2009) administered a questionnaire with five open-ended questions to 38
prospective chemistry teachers. The questions in the questionnaire aimed to evaluate
prospective chemistry teachers’ concepts of acids and bases in terms of macroscopic
properties, neutralization and the relationship between the acid strength and concentration.
The results of the study showed that most of the prospective chemistry teachers were aware
of the macroscopic properties of acids and bases. Among 38 prospective teachers, 10
prospective teachers believed that all salts were neutral. In addition, majority of
prospective teachers could not differentiate concentration and strength of an acid, only six
prospective teachers could state that the hydrochloric acid had the same strength for three

solutions with different concentration values.

2.4.2. Pedagogical Content Knowledge (PCK)

Shulman (1986) described pedagogical content knowledge as “which goes beyond
knowledge of subject matter per se to the dimension of subject matter knowledge for
teaching” (p. 9). National Research Council (1996) defined pedagogical content knowledge
as “special understandings and abilities that integrate teachers’ knowledge of science
content, curriculum, learning, teaching and students” (p. 62). Kind (2009) described PCK

as knowledge which a teacher used in the process of teaching.

Knowing about a topic is completely different from knowing about particular

teaching and learning demands of that topic. A teacher has to have both the knowledge of
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the subject matter and the knowledge of its teachability and learnability. Furthermore, the
demands of learning about one chemistry topic are different from the demands of learning
about another one. Thus, prospective chemistry teachers should not only know how to
teach, but also know how to teach chemical equilibrium or how to teach stoichiometry
(Bucat, 2004).

PCK is the knowledge that distinguishes a teacher from a scientist. A scientist does
not have to think about effective teaching strategies of the subject. Different from
scientists, teachers should have pedagogical content knowledge to choose the most
appropriate examples, representations, illustrations, and analogies to teach a subject
effectively. For this reason, teachers should possess both of subject matter knowledge and
pedagogical skills specific to the subject for effective teaching (Aslan-Tutak, 2009).
According to Bucat (2004), each chemistry teacher possesses a unique knowledge of
chemistry and expected to re-package his/her knowledge in such a way that provide
students’ understandings. This re-packaging procedure will be related to the nature of the
subject matter. Thus, teachers have to know the subject matter knowledge, not only for

itself, but also know the subject matter for teaching and learning it.

Appleton (2006) described the term “‘science pedagogical content knowledge” for
elementary school teachers and secondary science teachers as “the knowledge a teacher
uses to construct and implement a science learning experience or series of science learning
experiences” (p.35). Science pedagogical content knowledge is in relationship with other
forms of teacher knowledge and includes ways of science content understandable for

students.

Gess-Newsome (1999) proposed two models of teacher knowledge: Integrative
Model and Transformative Model each composed of three constructs: subject matter,
pedagogy and context. In Integrative Model, teacher knowledge is expressed by the
intersection of knowledge in three domains: subject matter, pedagogy and context.
According to this model, teaching is the act of integrating knowledge in these domains and
PCK does not exist in this model. In instruction, a teacher uses independent knowledge
bases of subject matter, pedagogy and context and integrates them to create effective

learning environments. Integrative Model is seen analogical to mixtures in chemistry,
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subject matter knowledge, pedagogical knowledge and context knowledge are found
together as separate entities (Gess-Newsome, 1999).

Subject Matter
Knowledge

Pedagogical
Knowledge

Contextual

Knowledge

% . knowledge needed for classroom teaching

Figure 2.1. Integrative Model of teacher knowledge.

On the other hand, in Transformative Model, PCK is seen as a synthesis formed
through transformation of knowledge in subject matter, pedagogy and context into a
unique form. According to this model, teacher use PCK to help their students understand
specific concepts in instruction. Transformative Model is seen analogical to compounds in
chemistry, subject matter knowledge, pedagogical knowledge and context knowledge
compose a new form of knowledge, PCK (Gess-Newsome, 1999). In addition, according to
Ball, Thames and Phelps (2008), not only knowledge of content or not only knowledge of
pedagogy but an amalgam of knowledge is central to the knowledge needed for teaching.
Also, Kind (2009) stated that content and pedagogy were blended in PCK, a teacher
combined his understanding about a topic with instructional strategies and additional

knowledge to promote student learning.
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Figure 2.2. Transformative Model of teacher knowledge.

Magnusson, Krajcik, and Borko (1999) described five components of PCK. The
first one is orientation toward science teaching, which refers to knowledge of goals for
teaching science at a particular grade level. The second one is the knowledge and beliefs
about science curriculum, which refers to knowledge of objectives for students in the
subject taught and knowledge of programs and materials relevant to particular topic. The
third one is knowledge and beliefs about students’ understanding of specific science topics,
which refers to knowledge of requirements for learning and student difficulties for a
subject. The fourth one is knowledge and beliefs about assessment in science, which refer
to knowledge of dimensions to be assessed and the methods to assess learning. Finally the
fifth one is the knowledge and beliefs about instructional strategies for teaching science,
which refer to knowledge of subject-specific and topic-specific strategies while teaching a

subject.

According to Grossman (1990), PCK is developed by four sources. Firstly,
prospective teachers have memories of experiences, with their own teachers, about how to
teach particular topics and these experiences of prospective teachers may affect their

approach while teaching. Also, prospective teachers may recognize their memories of
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themselves as students so better understand their students’ expectations. Secondly,
knowledge of a discipline forms the base for development of PCK, subject matter
knowledge contributes to teaching particular subject matter. Thirdly, professional
coursework also contributes the development of PCK. Subject-specific method courses aim
to provide the knowledge about a subject necessary for teaching it. Fourthly, PCK is
acquired through classroom teaching experiences. Teachers also have chance to test the
knowledge they acquired from other sources.

Abell (2007) reviewed the studies conducted by Magnusson et al. (1999) and
Grossman (1990) about teacher knowledge and formed a model of science teacher
knowledge by combining the findings of these researchers.
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" - includes TUEe includss Instructionzl Strategies
Enowledge of
Srisncs Leamers .
U influances Enowledgs of Scisnce
e B
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e
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Figure 2.3. Abell’s model of teacher knowledge.
Cochran, DeRuiter, and King (1993) criticized the term “knowledge” in pedagogical
content knowledge because the word knowledge was too static. Thus, these researchers

replaced the word knowledge in PCK with knowing, because construction of PCK was

changing process rather than static knowledge. According to Loughran, Berry and Mulhall
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(2012), PCK is a type of knowledge that teachers develop through experience and
influenced by individual differences and the teaching context, content, and experience. In
order to develop PCK, teachers firstly need to have a rich conceptual understanding of the
subject content that they teach and this rich conceptual understanding is needed to be
combined with expertise in using teaching procedures and strategies for use in particular
classes. Lee and Luft (2008) indicated that prospective or beginning teachers usually had
limited PCK, but experienced teachers developed an advanced understanding of teaching.
De Jong and Van Driel (2004) also indicated that, teachers need experiences in teaching
particular topics in practice in order to develop PCK.

According to Kind (2009), pedagogical content knowledge is a hidden concept.
First of all, it is difficult to identify what it comprises and using this knowledge to support
teacher education. Secondly, many professional teachers are not aware of the term. Kind
(2009) suggested that prospective teachers should be encouraged to understand PCK as
knowledge they themselves were learning so they would be more aware of the process they

were undertaking.
In the following sections, the methods and findings of the research studies which
were conducted to investigate PCK of science and/or chemistry teachers according to

various aspects were summarized.

2.4.2.1. Research on Elements of PCK. Lee and Luft (2008) investigated components and

specific elements of PCK according to experienced secondary science teachers and how
experienced teachers organise these components. The participants of the study were four
experienced teachers. Data were collected through interviews, classroom observations,
lesson plans, and reflective summaries. During the interviews, teachers were expected to
construct a diagram representing the components and elements of PCK. According to the
analysis of the data, all four participants stated seven common components of PCK with
slight variations in specific elements. These components were found to be knowledge of
science, knowledge of goals, knowledge of students, knowledge of curriculum
organization, knowledge of teaching, knowledge of assessment and knowledge of
resources. All teachers stated that knowledge of science is the most important knowledge

for science teaching and the components were connected to one another in different ways.
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Ozden (2008) investigated the effect of content knowledge of prospective science
teachers on their pedagogical content knowledge and 28 prospective science teachers
participated in the study. Data were collected through lesson preparation task, content
knowledge test and semi-structured interviews. In that study, firstly prospective science
teachers were expected to write lesson plans for teaching the subject of phases of matters
for the fifth grade . Then, the content knowledge test was administered to all participants.
Finally participants were interviewed. The analysis of the lesson preparation, content
knowledge test and semi-structured interviews indicated that prospective science teachers
had inadequate knowledge and some misconceptions about phases of matters. Also, results
indicated that content knowledge of prospective science teachers had positive effect on
their pedagogical content knowledge. Moreover, the results showed that content

knowledge influenced effective teaching practice.

2.4.2.2. Research on the Effects of Professional Development Programs on PCK. In the

study of De Jong , Van Driel and Verloop (2005), the prospective chemistry teachers
attended a program about the use of particle models and they are expected to deal with
possible students’ difficulties with using particle models. The teachers also practiced their
planned teaching activities of particulate nature of matter in practice schools and analyzed
their teaching. The data was collected through the written answers of each teacher to the
questions on assignments, the reflective lesson reports written and the audiotape recordings
of all discussions during the institutional workshops. In the first assignment, students were
expected to write the difficulties in learning the relationship between particles and
substances they remembered from their learning experiences or from their teaching
practice. Then, prospective teachers were expected to analyse the subject of particulate
nature of matter from school textbooks. In the second assignment, students were expected
to write possible students’ difficulties in understanding particulate nature of matter. They
were also expected to give examples of instructional strategies to promote students’
understanding of the issue. Then, teachers designed and taught a series of lessons on a
topic focusing on the use of particle models. Each prospective teacher taught lessons at his
or her practice school. In the third assignment, teachers were expected to write a report
about the most important events and identified students’ difficulties during their lesson.
After the program, it was seen that prospective teachers had a better understanding of

student difficulties with the use of particle models. Also, participants became more aware
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of the characteristics of particle models. The results of the study indicated that the program
improved participating prospective teachers’ PCK in using particle models but the degree

of development differed among prospective teachers.

De Jong and Van Driel (2004) investigated the development of prospective chemistry
teachers’ PCK in the context of multiple meanings such as the meanings of topics in
different representational levels of chemistry. In terms of PCK, the knowledge of students’
learning difficulties and teaching difficulties were emphasized. The participants of the
study were eight prospective teachers who attended a teacher education program and the
participants were also expected to teach in practice schools. The data was collected through
individual interviews before and after the practice lessons of participants. During the pre-
lesson interview, they were asked to show and explain their lesson plans and express their
expectations regarding the students’ conceptual difficulties and their own difficulties in
teaching the topic. During the post-lesson interviews, they were invited to report and
reflect on their teaching experiences with respect to teaching and learning difficulties. In
the pre-lesson interviews, only three prospective teachers stated their expectation about
teaching and students’ learning difficulties. Yet, in the post-lesson interviews, other
prospective teachers also reported teaching and students’ learning difficulties. Four
categories were identified regarding teaching difficulties and first three of them could be
identified after teaching only. The first one was too fast reasoning between macro- and
micro-meanings. All of the prospective teachers stated that they experienced teaching
difficulties in terms of their too fast reasoning between the macro- and micro-meaning of
topics because their students could often not follow their mental jumps. The second one
was dominant orientation of the instruction towards micro-meanings. Six prospective
teachers expressed that they generally explained scientific phenomena in terms of particles
without any reference to relevant observations of phenomena. The third one was mixing
together macro-meanings and micro-meanings. Six prospective teachers expressed
teaching difficulties in terms of their confusing way of mixing together the macro-meaning
and the micro-meaning of topics. Fourthly, a majority of prospective teachers stated
handling confusing symbolic representations in textbooks as a teaching difficulty. Two
categories of student-learning difficulties were identified before and after teaching. The
first one was misunderstanding meanings of formulas and the second one was

misunderstanding meanings of reaction equations.
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Khourey-Bowers and Fenk (2009) investigated the relationship between teachers’
participation in a chemistry professional development program and enhancement of
content and pedagogical content knowledge related to representational thinking and
conceptual change strategies and self-efficacy. 69 teachers participated in this study,
majority of the prospective teachers were elementary teachers and minority of the
participants were middle school or high school teachers. In the program, a university
science educator, a chemistry professor, and two chemistry teachers constituted the
instructional team and a variety of instructional methods were used to enhance content and
pedagogical content knowledge. In the program, discussions were conducted for a variety
of chemistry concepts and more discussions were on constructivism, historical
development of scientific theories and models, inquiry strategies and alternative
conceptions. Open-inquiry, guided inquiry, and problem-based laboratory activities were
presented during the program. Moreover, participants were expected to apply conceptual
change strategies in their own classrooms through assignments. Also, quantitative
measures were used to assess content knowledge, PCK, and self-efficacy. According to the
result of the study, the mean scores on content knowledge test increased significantly from
pre-test to post-test for the total population and for the elementary teachers. Yet, the scores
of middle/high school teachers did not change significantly. In addition, mean scores in
representational thinking in both particulate and symbolic levels increased significantly
from pre-test to post-test for the total sample and for the elementary teachers. The scores of
middle/high school teachers increased slightly but the change was not significant. All
participants had statistically significant gains in personal science teaching efficacy.
Teachers’ pedagogical content knowledge was also measured through the assignment
about their classroom experiences, assignments evaluated whether they elicit alternative
conceptions and use a bridging activity to help students develop more scientifically
consistent ways of thinking. The analysis of selected assignments showed that elementary
teachers advanced in pedagogical content knowledge by gains in implementation of
conceptual change strategies and model development in their classrooms. The program
enhanced PCK of high school teachers but they used different conceptual change strategies

than elementary and middle school teachers.

Yakmaci-Guzel (2013) investigated the views and understandings of prospective

chemistry teachers about the nature, diagnosis and remediation methods of misconceptions
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after they attended a course designed for that study. The course participants were 22
prospective chemistry teachers. During the course, participants read, and discussed with
each other in order to design diagnostic questions and lesson plans, applied them in real
classrooms, evaluated the effectiveness of their lesson to change target misconceptions,
and reflected the effects of the course on them. Data were collected through self-reflection
reports written by prospective teachers after they attended this course and diagnostic
questions which prospective teachers posed to students before and after they applied their
lessons. According to the results of the study, most of the participants realized the
importance and variety of misconceptions, and also ways of dealing with them. Moreover,
majority of the participants’ lessons were found to be highly effective or partially effective
to eliminate the target misconceptions, many of the high school students” misconceptions

changed after the applied lessons.

2.4.2.3. Research on Pedagogical Content Knowledge Related to Understanding Student

Misconceptions. Gomez-Zwiep (2008) investigated elementary teachers’ perceptions of

students’ science misconceptions. Thirty teachers with at least one-year of experience were
interviewed to question teachers’ knowledge about the definition and sources of
misconceptions, students’ common science misconceptions, and their views about
integrating misconceptions into their teaching and the effects of misconceptions on their
teaching. The analysis of participants’ responses showed that, 17% of the participating
teachers could not give any definition of the term “misconception”, and 33% of the
teachers could not provide examples of students’ science misconceptions. Most of the
teachers perceived misconceptions as incorrect information that student got from different
sources such as internet, parents, textbooks, etc. Only three of the teachers perceived
misconceptions as student’s own constructs. Also, several teachers believed that students
did not have any scientific knowledge before formal science instruction. Nineteen teachers
told that they did not take students’ misconceptions into consideration while planning their
instruction. Most of the interviewed teachers believed that they could easily correct a
misconception with using various instructional strategies such as hands-on experiments,

videos, inquiry, field trips, and questioning.

Morrison and Lederman (2003) investigated how science teachers diagnose their

students’ preconceptions. For this purpose, teachers were observed during their classes, in-
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depth observations and interviews were conducted, and teachers’ lesson plans and their
students’ written works were analyzed. Four secondary science teachers who had been
teaching for at least five years participated in the study. Two of the participating teachers
were biology teachers, one teacher was physics, and the other one was earth science
teacher. Each teacher was interviewed twice prior to conducting classroom observations.
Then, daily classroom observations were conducted for nine weeks. After classroom
observations, stimulated recall interviews were conducted with teachers in which a short
video segment of their teaching was shown and they reflected upon their teaching during
that segment. After the stimulated recall interview, a short semi-structured interview was
conducted with each teacher. According to the analysis of data, teacher’s experience was
found to be an important factor to explain teacher behavior. Helen had five years, Steve
had 15 years, Bob had 24 years, and Bill had 34 years of experience in teaching. Helen was
often hesitant and unclear when describing her teaching whereas Bill was always relaxed
and confident in his manner. None of the four teachers used any type of instrument to
identify students’ preconceptions despite the fact that all of them stated it is important to
know students’ prior knowledge before teaching a new concept. All of the teachers stated
that they attempted to find out their students’ preconceptions through questioning or
talking to students. Yet, classroom observations showed that three teachers mainly asked
recall questions. Bill’s questions were often of a more probing type, he tried to use
students’ ideas to create a discussion. When a student answered a question with an
incorrect answer, Helen, Bob, and Steve rephrased the question for the same student or
moved on to another student or they gave the student the correct answer. Bill, on the other
hand, asked different questions about the topic and expected the students to express their
ideas about the question. When the teachers were asked how they thought that the
information about students’ ideas could be used, Bob and Steve responded that they would
use that information to reteach the concept. Helen mentioned that she would use the
information as an example to other students in class. All of the teachers stated that they
took care to explain the concepts carefully and made sure they spent adequate time on the

topic to deal with common preconceptions.

2.4.2.4. Research on PCK Related to Teaching Particulate Nature of Matter. Boz and Boz

(2008) investigated prospective chemistry teachers’ knowledge about instructional

strategies in particulate theory and 22 prospective chemistry teachers participated in the
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study. Prospective teachers were expected to design a lesson to introduce the particulate
nature of matter to fifth-grade students and they were interviewed to investigate the factors
affecting participants’ decisions for selecting specific instructional strategies. Analysis of
responses showed that majority of the prospective teachers preferred using concrete
objects, some of them preferred computer animations and minority of the teachers
preferred direct teaching. Prospective teachers preferred lecturing, questioning, using
demonstration, animation and group work as teaching strategies to introduce particulate

theory.

2.4.2.5. Research on PCK Related to Teaching Acids and Bases. Drechsler and Van Driel

(2008) investigated pedagogical content knowledge of nine experienced chemistry
teachers. The participants were volunteer upper secondary chemistry teachers that had
participated in a teacher training course and the teachers were interviewed about two years
after the course. During the interviews, the teachers were asked about their planning of an
acid—base lecture sequence and about how they changed their teaching from year to year.
Teachers mentioned the main difficulties for students’ understanding as calculations,
writing and interpreting equations and specifically bases rather than acids. The teachers’
explanation of students’ misunderstandings were found in four categories: (i) students’
misinterpretations of acid/base reaction equations; for example, students have difficulty to
understand equilibrium reaction of dissociation of some acids in water, (ii) students’
preconceptions; for example, students think that only substances containing a hydroxide
ion are bases, (iii) model confusion; students either confuse different models used in acid-
bases or they do not recognize the limitations of each model, (iv) students’ difficulties in
distinguishing between explanations at the macroscopic level and at the microscopic level;
students have difficulty to explain macroscopic level in terms of particles. Teachers stated
that they changed how a topic was explained, the examples for calculation and laboratory
works in their teaching within years. Teachers stated some factors for this change such as
reflection on students’ difficulties, collegial discussions, research, reflection on teaching,
textbook and the media. Majority of teachers denoted an increasing satisfaction with

teaching acids and bases within years.
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2.5. Teaching Efficacy Beliefs of Teachers

Bandura (1997) described “self-efficacy” as beliefs in one’s capabilities to organize
and execute the courses of action to attain designated performances. Self-efficacy of
individuals affect the courses of action people choose, how much effort they put forth in a
course of action, how long they will persevere in case of obstacles and failures. According
to Bandura (1986), perceived self-efficacy of individuals is concerned with the beliefs of

what one can do rather than the skills one has.

Despite the fact that, perceived self efficacy and self-esteem concepts are sometimes
used interchangeably, according to Bandura (1997), these concepts are completely
different. Perceived self efficacy is concerned with the beliefs of personal capability

whereas self-esteem is concerned with the beliefs of personal-worth.

According to Bandura (1997), creating learning environments which results
cognitive development of students rely on the talent and self-efficacy of teachers.
Teachers’ beliefs in their efficacy affect both general orientation toward educational
processes and specific instructional activities in their classrooms. Teachers’ efficacy
beliefs also include ability to maintain effective classroom environment and using

resources as well as ability to transmit subject matter knowledge.

Gibson and Dembo (1984) aimed to develop an instrument to measure teacher
efficacy, identify dimensions of teaching efficacy and examine the relationship between
teacher efficacy and observable teacher behaviours. According to the results, the
researchers proposed two dimensions of teaching efficacy: personal teaching efficacy and
general teaching efficacy. Personal teaching efficacy included teachers’ beliefs about their
own skills and abilities whereas general teaching efficacy included also external factors
such as home environment and family background. Personal teaching efficacy reflects
Bandura’s self-efficacy component. Gibson and Dembo (1984) also indicated that teachers
with low efficacy criticized more an incorrect answer of student, and showed less
persistence when a student could not answer a question, compared to teachers with high
efficacy. Harlen and Holroyd (1997) also indicated that teachers with low confidence

levels tended to only teach minimum required subjects in science, rely their lessons on
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direct teaching, overemphasise prescriptive texts, and only do simplest practical work and
with basic apparatus.

2.5.1. Factors Affecting Teaching Efficacy Beliefs of Teachers

Teachers’ content knowledge has been found as an effective factor in teaching
efficacy beliefs of teachers. According to Jarvis et al. (2005), a project that targeted
problems related to prospective teachers’ understanding in science can help them to
increase their content knowledge and associated self-confidence. In their study, all of the
participants’ confidence for science was greatly increased at the end of a workshop that

aims to enhance their understanding in science.

Khourey-Bowers and Simonis (2004) investigated the effect of a chemistry
professional development program on personal science teaching self-efficacy, outcome
expectancy, chemistry content, and pedagogical content knowledge of participating
teachers. A total of 135 teachers participated in the study in four years. The program was
implemented as a pre-test at the beginning of each day, and demonstrations, activities and
discussions followed. Teachers worked in small groups during the activities and each day
was completed with assignments and a post-test or reflections with new questions. The
analysis of the results indicated that both personal science teaching efficacy and outcome
expectancy were enhanced as a result of the professional development program. Mastery
experiences of the participants during the activities, assessment strategies used in the
program, oral and written feedbacks to participants’ works helped participant increase
science teaching efficacy. As a result, the professional development program enhanced
self-efficacy of participants via increasing their science content knowledge and

pedagogical content knowledge.

Schoon and Boone (1998) investigated the relationship between the number of
misconceptions found in prospective elementary teachers and their science teaching
efficacy. The results of the study showed that the relationship between the number of
correct answers and teaching efficacy was significant but there was not found any
relationship between the number of misconceptions and science teaching efficacy. Only

holding certain misconceptions was found to be related to low self-efficacy.
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According to Harlen and Holroyd (1997), there are other factors than content
knowledge that affects self-confidence of teachers. In their study, male teachers, teachers
who were more recently qualified, and, teachers of older pupils had a higher self-
confidence compared with female teachers, teachers who were qualified more than 12
years ago, and teachers of younger pupils, respectively. Teachers’ self-confidence seems to
increase with greater teaching expertise and it is consistent with the research literature on
self-confidence in teaching science, and science teaching self-efficacy (Appleton, 1999).

2.5.2. Research on Instruments to Measure Teaching Efficacy Beliefs

According to Enochs and Riggs (1990), beliefs are one of the foundations which
behaviours are based on. In order to provide a reliable measure of self-efficacy beliefs of
teachers, Enochs and Riggs (1990) developed a Science Teaching Efficacy Beliefs
Instrument (STEBI) for elementary in-service teachers in the light of Bandura’s social
learning theory, and adapted the instrument as “Science Teaching Efficacy Beliefs
Instrument Form B” (STEBI B) for prospective teachers. The instrument is a 5 points-
Likert type scale and consisted of 23 items which prospective teachers indicated how much

they agree or disagree with these statements.

Morgil, Seg¢ken and Yiicel (2004) measured teaching efficacy beliefs of prospective
chemistry teachers with an instrument called “Kimya Ogretimine Yé&nelik Ozyeterlilik
Inang Olgegi”. It has been found that prospective teachers have anxiety about teaching in a
real class despite the fact that they have adequate theoretical knowledge and self-
confidence about their subject matter knowledge. Moreover, the study showed that male

prospective chemistry teachers had higher levels of teaching efficacy than females.

Yilmaz-Tuzun (2008) developed “Beliefs About Teaching” (BAT) scale to evaluate
prospective elementary science teachers’ self-reported comfort level with teaching
methods, assessment techniques, classroom management techniques and science content.
According to Yilmaz-Tuzun (2008), participants’ confidence level with assessment
techniques, classroom management, teaching methods, and science content were found to

be correlated with the number of science methods and science content courses taken.
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To sum up, the reviewed literature for this study indicated that prospective chemistry
teachers might have similar misconceptions with students. Moreover, it was stated that
several conceptual change strategies could be used to remediate misconceptions in
different chemistry topics. It was also emphasized that knowledge and understanding of
students’ learning difficulties and instructional strategies to overcome them enhanced
pedagogical content knowledge of teachers. Moreover, it can be concluded that teaching
efficacy beliefs of teachers were found to be related to teachers’ subject matter knowledge
and seems an important factor that affects behaviours and choices of teachers in

classrooms.
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3. METHODOLOGY

The main purpose of this research study was to develop a training program for
prospective chemistry teachers with the aim of improving their chemistry content
knowledge, pedagogical content knowledge related to misconceptions and teaching
efficacy beliefs. The study aimed to increase chemistry content knowledge of prospective
teachers in the subjects of “particulate nature of matter”, “chemical equilibrium”, and “acid
strength”. The other purpose of this study was to evaluate the impacts of this training
program on participating prospective chemistry teachers in terms of content knowledge,
pedagogical content knowledge related to misconceptions and teaching efficacy beliefs.
For achieving this purpose, after the program, the change in participating prospective
chemistry teachers’ chemistry content knowledge, their pedagogical content knowledge
related to misconceptions, and their teaching efficacy beliefs were investigated and also

their opinions about the training program were taken.

The current study was completed in two subsequent steps:
(i) Development of the training program
(if)  Evaluating the impacts of the training program on participants in terms of content
knowledge, pedagogical content knowledge related to misconceptions and teaching

efficacy beliefs

As the purposes of the study were taken into consideration, it can be said that, this

research study tried to answer the following four research questions:

(i) Is there any difference in prospective chemistry teachers’ chemistry content

knowledge before and after attending the training program?

(i) Is there any difference in prospective chemistry teachers’ pedagogical content
knowledge;
¢ in terms of understanding the nature of misconceptions before and after

attending the training program?
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e in terms of strategies to identify and change student misconceptions before

and after attending the training program?

(iii) Is there any difference in prospective chemistry teachers’ teaching efficacy beliefs

before and after attending the training program?

(iv) What are the prospective chemistry teachers’ opinions about the training program?

In this chapter, first of all, a research project (Yakmaci-Guzel, 2012) that inspired
this study was described. Secondly, the framework for the development of the training
program was explained. In order to explain the impacts of the program, the participants of
the study were introduced. The instruments used in the study and data collection
procedures were explicated. Then, design and the procedure of the study were described.

Finally, data analysis was explained.

3.1. A Research Project that Inspired the Current Study

A research project (Yakmaci-Guzel, 2012) about chemistry teachers’ awareness and
competency in recognizing common student misconceptions in chemistry was initiated in
the first semester of the academic year of 2011-2012. In that study, a “Chemistry Concept
Test” (CCT) (See Appendix A) was developed by Yakmaci-Guzel and Yigit. The
misconceptions of 12" grade students were diagnosed as a result of administration of this
test to 465 students from, a total of nine different, seven public and two private, high

schools located in Istanbul.

When the misconceptions of 12" grade students were revealed with analysis of the
data collected in that study, the researcher wondered whether prospective chemistry
teachers had the similar misconceptions with the high school students and whether a
training program would help prospective teachers to change their misconceptions. In order
to develop such a training program, the researcher used the information collected from 12
grade students in that research project. The written responses of 12" grade students were

integrated into the activities of the training program. In addition, “CCT” developed for that



42

research project was used as an instrument in the present study to assess participants’

content knowledge on these subjects.

3.2. Development of the Training Program

Each session of the training program started with a short presentation related to
misconceptions and included a number of activities that target some specific
misconceptions. The short presentations about the findings of the research literature related
to misconceptions, the activities of the training program, the framework for the activities of
the program and also the flow of any of the sessions were explained in detail in the

following sub-sections.

3.2.1. Presentations of the Findings of the Research Literature Related to

Misconceptions

The training program integrated short presentations related to misconceptions with
the activities of the training program in order to enhance participants’ pedagogical content
knowledge related to misconceptions. The presentations were planned to take place at the
beginning of each session of the program and take approximately 5-10 minutes. In these
presentations, the findings of research literature related to misconceptions were explained.
For the first session of the training program, the research studies concerning with the
conceptions of “concept” and “misconceptions” were presented. The research studies that
summarized the examples of common student misconceptions in chemistry were presented
in the second session of the training program. For the third session of the training program,
the research studies that indicated the sources of student misconceptions were introduced.
For the fourth and the fifth sessions of the training program, the research studies that
described some methods to identify student misconceptions and the methods to change

student misconceptions in chemistry were introduced.

3.2.2. Activities of the Training Program

The misconceptions identified by administration of “CCT” to high school students as

a part of aforementioned project formed the backbone for the activities of the present
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training program while developing it. The misconceptions included in the program and

developed instructional activities for the subjects of “particulate nature of matter”,

“chemical equilibrium”, and “acid strength” were described in the following paragraphs:

The training program included five activities about “particulate nature of matter”.

() The activity “modelling particulate nature of matter” emphasizes the modelling as a

teaching strategy and targets the following misconceptions:

The mixture of two pure substances is a pure substance
The terms of element and atom always can be used interchangeably
All polyatomic chemical species are compounds

Pure substances are at the same time homogeneous mixtures

(i) The activity “animation of phase change of water” emphasizes modelling and

discussion as teaching strategies and targets the following misconceptions:

There is air between the particles of matters

There is not any space between the particles of solids

When water evaporates, water molecules expand

The space between the particles of ice is less than those of liquid water

When water evaporates, water molecules decompose to H and O atoms

(iif)  The activity “mixing of different liquids” emphasizes use of hands-on activities as a

teaching strategy and targets the following misconceptions:

There is no space between the particles of matters in liquid state
There is air between particles of matters in liquid state
The space between the particles of matters in liquid state is intermediate

compared to solids and gases

(iv) The activity “exploring the particles of diamond and graphite” emphasizes

discussion as a teaching strategy and targets the following misconception:

The particles of a substance have the same properties with the bulk matter
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(v) The activity ‘“comparing electrolysis and evaporation of water” emphasizes
discussion as a teaching strategy and targets the following misconception:
e It is hydrogen bonding that holds hydrogen and oxygen atom together within

the water molecule

The training program included three activities about “chemical equilibrium”.

() The activity “ice-water equilibrium” emphasizes use of hands-on activities as a
teaching strategy and targets the following misconceptions:
e The concentration of reactants and products are equal at chemical equilibrium
condition
e The concentration of reactants and products are proportional with

stoichiometric coefficients at chemical equilibrium condition

(i) The activity “equilibrium analogy” emphasizes analogies as a teaching strategy and
targets the following misconceptions:
e Forward and reverse reactions are completed at the moment of equilibrium

e Only the products are found in the medium of chemical equilibrium

(ili) The activity “limitations of Le Chatelier’s principle” emphasizes discussion as a
teaching strategy and targets the following misconception:

e Le Chatelier’s principle is valid in all chemical equilibrium conditions

The training program included two activities about “acid strength”.

(i) The activity “factors affecting acid strength” emphasizes use of hands-on activities
and discussion as teaching strategies and targets the following misconceptions:
e The strength of an acid is determined by the pH of the acid solution
e The strength of an acid is determined by the concentration of the acid solution

e Changing concentration of an acid solution does not affect its pH value
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(ii) The activity “the particles of acid solutions” emphasizes modelling and discussion as
teaching strategies and targets the following misconceptions:
e Acids do not dissociate in water
e Acids dissociate in different percentages in their concentrated and diluted
solutions
e There is no water molecule in strong acid solutions

e Inweak acid solutions, the concentration of acid molecules and ions are equal

3.2.3. The Framework of the Activities

While developing the activities of the training program, the conditions of conceptual
change model proposed by Posner et al. (1982) were taken into consideration. Some of the
high school students’ responses to “CCT” collected during aforementioned research project
were shown to participants at the beginning of the activities and prospective teachers were
expected to evaluate the responses as scientifically correct or incorrect. Yet, all of these
responses included one or more misconceptions in order to create cognitive conflict in
prospective chemistry teachers. This step corresponds with the condition of
“dissatisfaction”. For the condition of “intelligibility”, it was planned that new concepts
were addressed by working on the activities of the program. For the “plausibility”
condition of the conceptual change model, the activities included in the training program
aimed to create learning environments in which prospective teachers will find out that new
concepts provide more meaningful outcomes than their existing conceptions. For the
“fruitfulness” condition of the conceptual change model, the discussion and practice
questions were included for the participants to apply new knowledge at the end of the

activities.

In the design of the present training program, recommendations of several
researchers were taken into consideration. Vosniadou (1994) emphasized taking students’
misconceptions into account in the design of instruction. For this reason, in order to
achieve the aims of the training program, students’ misconceptions were chosen as a
starting point. Also, as indicated before, the actual responses of high school students on

“CCT” were used in the program for making it more authentic and real.
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According to Sarquis (2001), including a variety of instructional strategies is a more
effective way than using a single instructional strategy to meet the needs of all students and
learners have a better understanding when the content is presented in a number of ways.
For this reason, various instructional strategies such as modelling, hands-on activities,
discussion and analogies were included while designing the activities of the training
program. According to Guskey (2003), creating collaboration among the participants,
allocating adequate time and resources for activities were important characteristics of
effective professional development activities for teachers. For this reason, the activities of
the program were designed as the participants working in groups. Also, the duration of the
activities was adapted according to the type of the activity.

3.2.3.1. Levels of Representation in Chemistry. In chemistry, matters may be represented

in three levels: the macroscopic level, the microscopic level and the symbolic level
(Johnstone, 1982). Macroscopic level is the observable and tangible level of representation
of matter. Observable chemical phenomena such as “adding hydrochloric acid on zinc
metal in a laboratory setting and observing the formation of hydrogen gas” are the
macroscopic level. Microscopic level represents the inner world of matter that is not
observable and understandable with senses. The behaviour and characteristics of non-
observable particles such as “the structure of zinc atoms, hydrogen chloride molecules,
zinc chloride lattice and hydrogen gas molecules” are the microscopic level. The “symbols,
formulas and equations related to a chemical phenomenon such as Zn atoms, H, molecules
or reaction equation (Zn + 2HCI — ZnCl, + % Hy)” constitutes the symbolic level of
matter. When students and even teachers cannot scientifically connect and combine the
three levels of matter, they may develop misconceptions about related chemical
phenomena. Thus, in the training program, the representations of matter in all three levels

were included in the activities.

The hands-on activities included in the training program represented the chemical
phenomena in the macroscopic level. The training program included three hands-on
activities: “mixing of different liquids” about the particulate nature of matter, “ice-water
equilibrium” about the chemical equilibrium, “factors affecting acid strength” about the
acid strength subjects. One of the hands-on activities, “mixing of different liquids” was

designed according to predict-observe-explain approach. The other hands-on activities
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“ice-water equilibrium” and “factors affecting acid strength” was designed as inquiry-

based.

According to White and Gunstone (1992), students are required to carry out three
tasks in predict-observe-explain approach in order to understand a scientific phenomenon.
Firstly, students have to predict the outcomes of some events and state their predictions.
Secondly, they must observe the event and describe what they see. Finally, they must
reconcile conflicts between their predictions and observation if there is any. In the “mixing
of different liquids™ activity, participants were expected to predict the final volume of two
mixtures: (i) the mixture of water and alcohol, (ii) the mixture of water and oil. Secondly,
participants were expected to mix certain volumes of water and alcohol and also mix
certain volumes of water and oil and observe the final volume of each mixture. Finally,
participants were expected to explain the event and resolve the conflicts between their

prediction and observation.

Two of the hands-on activities of the training program; “ice-water equilibrium” and
“factors affecting acid strength” are inquiry-based. National Research Council (1996)
defines scientific inquiry as “the diverse ways in which scientists study the natural world
and propose explanations based on the evidence derived from their work. Inquiry also
refers to the activities of students in which they develop knowledge and understanding of
scientific ideas, as well as an understanding of how scientists study the natural world” (p.
23). According to Chiappetta and Adams (2004), inquiry is a way of scientific
investigation in classrooms via observation, experimentation and reasoning and it promotes
active learning of students. Classroom inquiry is described with five characteristics. Firstly,
learners must be engaged in a scientific problem and collect data or analyze a given data to
evidence in responding to the problem. Then, learners must formulate explanations from
the evidence and evaluate their explanations through examining other sources in order to
connect explanations to scientific knowledge. Finally, learners justify their explanations
(National Research Council, 2000).

In the activities based on inquiry, participants were firstly presented a scientific
problem and expected to design an experiment to solve this scientific problem. In the

activity of “ice-water equilibrium”, participants were expected to answer “What is the
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effect of the amounts of ice and water on the equilibrium temperature of ice-water
mixture?” In the activity of “factors affecting acid strength”, participants were asked to
answer “Is the strength of an acid related to the concentration and the pH of the acid
solution?” In order to solve these two scientific problems, participants were provided
laboratory materials, expected to design a method and draw a conclusion.

The models included in the training program represented the chemical phenomena in
the microscopic level of the matter. Gilbert, Boulter and Elmer (2000) defined “model” in
science as “a representation of a phenomenon initially produced for a specific purpose”
(p.11). According to Oversby (2000), modelling is “the action of representing an idea, an
object, a process, an event or a system” (p.231). Modelling simplifies target concepts, it
helps learners to visualize chemical phenomena and provide explanations for scientific
phenomena. Thus, both of physical and conceptual/symbolic models have great value in

understanding and communicating chemistry (Coll, 2006).

Three activities of the training program; “modelling particulate nature of matter”,
“animation of phase change of water” about the particulate nature of matter and “the
particles of acid solutions” about the acid strength subjects emphasized the use of models.
In the activity “modelling particulate nature of matter”, the particles of elements,
compounds and mixtures were represented in three phases of matters by models. The
models in this activity were composed of spheres in different colours that represent
different atoms and created by the researcher via Microsoft office program. In the activity
“animation of phase change of water”, water molecules were represented by molecular
models on an internet website (http://www.media.pearson.com.au/schools/cw/au_sch
irwin_cc2_2/int/ch14/phases/0105.html). In the animation, the models of molecules have
different arrangement and energy according to the phase of water. In the activity “the
particles of acid solutions”, the particles of acid molecules, water, hydronium ion, and acid
anion were represented by molecular models. The models in this activity were composed
of spheres and rectangles with different composition that represent different molecules and
ions. Taber (2002) suggested these kinds of models to represent the particles of acid

solutions.
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3.2.3.2. Discussion. From social constructivist perspective, knowledge construction is a

social process. Thus, social constructivists state that effective classroom environment
promotes learning and suggest that teachers should support conceptual discussions in
groups of students or whole class during instruction (Tytler, 2002). For this reason, in three
activities of the training program; “exploring the particles of diamond and graphite”,
“comparing electrolysis and evaporation of water” and “limitations of Le Chatelier’s
principle”, “discussion” was used as the main teaching strategy. In the activity, “exploring
the particles of diamond and graphite” participants were expected to share their ideas about
the reasons of formation of allotropes from the same kind of atoms. In the activity,
“comparing the electrolysis and the evaporation of water” participants were expected to
discuss intramolecular and intermolecular forces in the case of the physical and chemical
changes of water. In the activity, “limitations of Le Chatelier’s principle” participants were
expected to share their ideas about several chemical equilibrium problems which Le
Chatelier’s principle was not valid for. Furthermore, participating prospective teachers
were expected to work and discuss as a group of two or three members in all activities of
the training program. Participants were firstly expected to evaluate the presented student
responses on “CCT” as a group. Moreover, they were expected to discuss their predictions
and the results in an activity. They were also expected to discuss questions on activity
sheets (Appendix B).

3.2.3.3. Analogies and Analogical Modelling. According to Turk, Ayas, and Karsli (2010)

analogies involve the transfer of knowledge from a familiar domain to a target domain as a

function of the structural correspondence between the two. For a student to learn new
concepts meaningfully, it is necessary to connect new concepts with what he/she already
knows. Thus, analogies are important teaching tools to enhance concept learning in science
education (Harrison and Treagust, 2006). Even scientists use analogies to understand the
concepts (Coll, 2006; Kikas, 2004).

In the activity “equilibrium analogy”, participants observed a model for an analogy
in order to understand dynamic nature of chemical equilibrium. In this activity, some
amount of water was transferred among two beakers continuously until the volume of
water in both beakers did not change. This model was analogical to the proceeding of

forward and reverse reactions even when chemical equilibrium was reached. Transferring
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water from the first beaker to second was analogical to forward reaction and from the
second beaker to the first beaker was analogical to reverse reaction. Also, the volume of
water transferred symbolized the rate of the reaction (http://www.youtube.com/watch?v=C
5]DmG4nVV8).

Table 3.1. The activities and the teaching methods.

Activities Teaching Method

Modelling
Modelling particulate nature of matter | The particles of elements, compounds and mixtures in three phases
of matter were represented by models

Modelling, discussion

o The particles of water in solid, liquid and gas phase were represented
Animation of phase change of water .
by models and the specific property of water resulted from hydrogen

bonding was discussed

Use of hands-on activities, POE

The participants were expected to predict the final volume of known
Mixing of different liquids amounts of two liquids, observe and explain the phenomena. The
space between the particles of liquids and intermolecular forces
between the particles of different matters were also discussed

. ] . Discussion
Exploring the particles of diamond . ] ) )
] The relationship between the particles of red and white phosphorus
and graphite .
and the bulk matters were discussed

. ) Discussion
Comparing electrolysis and . . )
. The changes in electrolysis and evaporation events and
evaporation of water . . . .
intramolecular and intermolecular forces in water were discussed

Use of hands-on activities, inquiry

o The participants were expected to find out that the amount of
Ice-water equilibrium .
reactants and products did not have to be related to each other at

chemical equilibrium

Analogy
Equilibrium analogy Tranferring some amount of water between two beakers is shown
analogical to the dynamic nature of chemical equilibrium

Discussion
Limitations of Le Chatelier’s principle | The chemical equilibrium problems which the use of Le Chatelier’s

principle was not appropriate were discussed

Use of hands-on activities , inquiry
Factors affecting acid strength The participants were expected to find out that the strength of an acid
was not related to pH and concentration of the acid solution

Modelling, discussion
The particles of acid solutions The particles of concentrated and diluted solutions of strong and

weak acids were represented by models
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3.2.4. Flow of Each Session of the Training Program

In this section, the flow of each session of the training program was explained to give
an overall idea to the reader about implementation of the training program. It is important
to note that each session had the similar flow with the others. The flow of each separate

section was given in detail in Appendix A.

Before starting the activities of each session, a short presentation about the findings
of the research literature on misconceptions was presented by the researcher to improve
participants’ pedagogical content knowledge related to misconceptions. After short
presentation, the activities of the training program started with showing chosen 12" grade
students’ responses on “CCT” for discussion. Participants discussed the student responses
from “CCT” as a group of two or three members and they were expected to decide whether
the response was scientifically correct or incorrect. Then, participants were expected to
suggest an activity or instructional strategy to remediate the misconceptions which they
identified. The activities of the training program were developed by taking different
instructional strategies into consideration according to the characteristics of the target
misconceptions and demands of the subject to correct related misconceptions. Thus, these
characteristics were explained before starting an activity. In all of the activities,
prospective teachers actively participated. According to the demands of the activities,
participants performed the activities, answered some questions, and, discussed related
chemical phenomena and drew conclusions. At the end of an activity, participants were
expected to evaluate the activity in terms of its effectiveness to change the target

misconceptions and its contribution to their conceptual and pedagogical knowledge.

Table 3.2. Flow of the elements of a session.

Flow Elements of a Session
1 Presentations about misconceptions

Showing selected 12" grade students’ responses to “CCT”

Discussion of the student responses from “CCT” as a group

Suggestion of an activity or instructional strategy
Instructional strategies and rationale behind the activity
The implementation of the activity

~N| o O Bl W DN

Prospective chemistry teachers’ evaluation of the activity
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3.3. Evaluating the Impacts of the Training Program on Participants

3.3.1. Participants

A total of 22 prospective chemistry teachers (12 female, 10 male) with different
levels of preparation in a chemistry teacher education program were the participants of this
study. The sample consisted of two groups of prospective teachers having education in

“teaching chemistry” department of a public university in Istanbul.

The first group was composed of 14 senior students who were attending an
undergraduate course. These participants agreed upon to attend the training program as an
integral part and additional requirement of the course. The second group of the participants
was composed of a group of eight voluntary prospective chemistry teachers. Five of these
prospective teachers were at the fourth year of their program, and three of them were at the
second year of their program. The second group of the participants informed their

willingness to participate in the study, when the training program was announced.

The training program for two groups of participants took place on two different days
of the week. Yet, there was no difference in training program for two groups of
participants other than the dates of the sessions.

3.3.2. Instruments and Data Collection

3.3.2.1. Chemistry Concept Test (CCT) and Chemistry Concept Test Form B (CCT-B).

The content knowledge of prospective chemistry teachers in selected chemistry topics

before the training program was evaluated with the “CCT” (Appendix C). This instrument
(“CCT”) was developed during a research project by Yakmaci-Guzel and Yigit to identify
student misconceptions in concepts of “particulate nature of matter”, ‘“chemical
equilibrium”, and “acid strength”. CCT and CCT-B were written data sources. One week
before starting the intervention, the CCT was administered to all participants and it took
more than one hour. One week after all interventions were finished, CCT-B was
administered to evaluate the change in content knowledge of participants in three

chemistry subjects.
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To develop “CCT”, researchers reviewed the literature about misconceptions and
wrote many items to identify student misconceptions about several chemistry subjects.
Then, they decided to include three chemistry topics in which students have diverse
misconceptions and selected seven items about these topics to include in “CCT”. Three
experts analyzed the “CCT” and some parts of the test were modified according to the
analyses of experts. After the pilot administration of “CCT” to students from different
levels, one item was removed from the instrument in order to decrease the administration
time of the instrument and make it administrable in a regular course period, 40-45 minutes

in schools. The final form of “CCT” consists of six items (Yakmaci-Guzel, 2012).

The first item consisted of two parts, composing of a total of nine sub-items. For
the first item, water was used as a case. In the first part of the first item, the respondents
were expected to classify seven statements as true or false. Some of the statements, the
false ones, included common student misconceptions about space and forces between
particles of water in different phases and the relationship between the particles and the bulk
matter; water. In the second part of the first item, the respondents were expected to draw
the particles of ice and water vapour according to the given molecular representation of

liquid water.

The second item consisted of six parts, each composed of two sub-items; so a total
of twelve sub-items. Molecular representations of different matters were given in each sub-
item. The molecular representations included in the order of: (i) a mixture of two
compounds, (ii) a pure compound, (iii) a mixture of one element and one compound, (iv) a
mono-atomic element, (v) a molecular element and (vi) a mixture of a mono-atomic
element and a molecular element. The second item expected respondents to categorize the
given substance as elements, compounds and mixtures according to their molecular
representations and indicate what the matter was composed of. In their study, Stains and
Talanquer (2007) also used similar categorization tasks; undergraduate chemistry students
were asked to classify given molecular representations as elements, compounds or

mixtures.

The third item consisted of three sub-items which were multiple-choice type. A

chemical equilibrium reaction was introduced at the stem of the question and it was used
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for all three sub-items (Hag) + lag =—— 2HI (). The distracters in multiple-choice
were common student misconceptions in that subject. The first sub-item of the third item
aimed to assess respondents’ knowledge about the concentration of reactants and products
in a chemical equilibrium condition. The second sub-item of the third item evaluated
respondents’ knowledge about the rates of forward and reverse reactions in a chemical
equilibrium condition. The third sub-item of the third item assessed respondents’
knowledge about the substances found in a chemical equilibrium condition.

The fourth item consisted of two sub-items. A chemical equilibrium was introduced
at the stem of the question and participants were expected to consider the same reaction in

two sub-items (4HClg + Oyq) = 2H,0() + 2Clyg). The first sub-item of the fourth
item aimed to assess respondents’ knowledge about the effect of adding one of the
reactants or products in a chemical equilibrium condition. The second sub-item of this item
evaluated respondents’ knowledge about the effect of adding a noble gas in a chemical
equilibrium condition. Cheung (2009) also asked similar chemical equilibrium problems to
chemistry teachers and concluded that teachers tended to use Le Chatelier’s principle even

when it was not valid.

The fifth item consisted of three sub-items. At the stem of the fifth question, a table
of common acids that included the name and acidity constant of given acids and
concentration and pH values of their solutions were given. The first sub-item of the fifth
item expected the respondents to order given acids according to their acid strengths. The
second and the third sub-items of this item aimed to understand whether respondents
believed that the strength of an acid was affected when the concentration of acid solution

was changed.

The sixth item consisted of two sub-items. The stem of the question introduced the
reaction equations of dissociation of strong and weak acids in water and some
representations for the particles of acid solutions under a magnifying glass. The sixth item
expected the respondents to draw the particles in concentrated and diluted solutions of

strong acids in the first sub-item and weak acids in the second sub-item. Taber (2002)
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suggested using molecular representations to understand the molecular nature of acidic

solutions.

Table 3.3. The items of CCT and their content.

Iltem Content

L Space and forces between particles of water , and the relationship between the particles of water and
a
bulk matter

1b Drawing particles of ice and water vapour according to the given molecular representation of liquid

water
Identifying substances as elements, compounds and mixtures according to microscopic

representations
3a | The relationship between the concentration of reactants and products at equilibrium condition

3b | The relationship between the rates of forward and reverse reactions at equilibrium condition
3c | The substances found in the medium at equilibrium condition

4a | The effect of adding one of the reactants to the system in equilibrium at constant pressure
4b | The effect of adding a noble gas to the system in equilibrium at constant pressure

Factors affecting acid strength

Drawing particles of strong and weak acid solutions

The chemistry content knowledge of prospective chemistry teachers after the
training program was evaluated with the “Chemistry Concept Test Form-B” (CCT-B)
(Appendix D). In order to form “CCT-B”, first of all, the numbers of all items were
reorganized. Some of the items were retained as they were whereas some of the items were
changed a little in terms of content. Items of “CCT-B” were explained in detail in the

following paragraphs.

In order to write the first item of CCT-B, little changes were made on the third item

of CCT. A different chemical equilibrium reaction equation was included in the stem of the

question (Nzig) + Oz = 2NO (g) ). Yet, the stoichiometric coefficients were taken
into consideration, the coefficients in both of the reaction equations were the same. The
first and the second sub-items were not changed, only the names of the chemical

substances in the third sub-item were changed according to reaction equation.

In order to write the second item of CCT-B, the fourth item of CCT was changed. A

different chemical equilibrium reaction equation was included in the stem of the question
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(2H2S () + CHyg) == 4Hy(g + CSy(g). In the first sub-item, the names of the chemical
substances were changed according to the new reaction equation. In the second sub-item, a
different noble gas, Argon, was added to the system and the name of the chemical

substances were changed according to the new reaction equation.

In order to write the third item of CCT-B, little changes were made on the fifth item
of CCT. At the stem of the question, the table included different acids with different
acidity constants, and concentration and pH values. The first sub-item remained the same.
The second sub-item included the names of different acids according to the changed

version of the table.

The fourth item of CCT-B was the same with the sixth item of CCT. Also, the sixth

item of CCT-B was the same with the second item of CCT.

In order to write the fifth item of CCT-B, some sub-items of the first item were
conserved, on the other hand, some sub-items were changed. In the first part of the item,
five of seven sub-items were the same with the ones in CCT. One statement of CCT which
stated that “water molecules expand when water is evaporated” was replaced with another
statement which stated that “water molecules shrink when ice melted”. The other statement
of CCT which stated that “there is air between the molecules of water vapour” was
replaced with another statement which stated that “there is air between the molecules of
ice”. In the second part of the question, respondents had been expected to draw water
molecules in solid and gas phase according to the given molecular representation of liquid
water in CCT. On the other hand, respondents were expected to draw water molecules in
solid and liquid phase according to the given molecular representation of water vapour in
CCT-B.

3.3.2.2. Knowledge and Beliefs about Chemistry Misconceptions and Teaching Efficacy

Questionnaire (KBCMTEQ). A questionnaire that consisted of eleven items was developed

for this study by the researcher to measure prospective chemistry teachers’ pedagogical
content knowledge related to misconceptions and teaching efficacy beliefs before and after

attending the training program (Appendix F). Eight of the questionnaire items (1-8) were
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adapted from the interview questions used in Gomez-Zwiep’s (2008) study. KBCMTEQ
was administered to all participants, in approximately one hour, both before and after the
training program in order to see the difference in participants’ pedagogical content
knowledge related to misconceptions and teaching efficacy beliefs.

Four of this questionnaire items (1, 2, 3 and 8) aimed to evaluate prospective
chemistry teachers’ pedagogical content knowledge related to misconceptions in terms of
understanding the nature of misconceptions. The first item expected respondents to define
the term “misconception”. The second item asked respondents to list examples of common
student misconceptions in chemistry. The third item asked possible sources of student
misconceptions. The eighth item asked respondents whether they thought that changing

students’ misconceptions was difficult or not.

Five of the questionnaire items (4, 5, 6, 7 and 11) aimed to evaluate prospective
chemistry teachers’ pedagogical content knowledge related to misconceptions in terms of
strategies to identify and change student misconceptions. The fourth item investigated
prospective teachers’ preferences about taking misconceptions into consideration while
preparing a lesson plan. The fifth item expected the respondents to list the methods to
identify student misconceptions. The sixth item expected the respondents to list the
methods to change student misconceptions. The seventh item composed of two parts. In
the first part of the seventh item, respondents were expected to explain how they would
change the flow of their lesson if they found out that their student have certain
misconceptions during instruction. In the second part of the seventh item, respondents were
expected to explain how they would change the lesson plan which they designed to teach
this lesson in the future. The eleventh item expected the respondents to design a lesson

flow in order to change a given specific misconception.

Two of the questionnaire items (9 and 10) were similar to the items of “Beliefs
About Teaching” scale developed by Yilmaz-Tuzun (2008) and these items aimed to
understand teaching efficacy beliefs of prospective chemistry teachers in terms of both
instructional strategies and certain chemistry topics before and after attending the training
program. The ninth item expected respondents to list the teaching methods which they

believe that they could efficiently use with their current chemistry content and pedagogical
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knowledge and order these methods from the one which they could most efficiently use to
the one which they could least efficiently use. The tenth item asked respondents which

chemistry subjects they believed that they were able to teach efficiently, a three-point scale

was given respondents to use while they were evaluating themselves.

Table 3.4. The items of KBCMTEQ, their construct and content.

Item Construct Content
1 PCK- Understanding nature of misconceptions | Definition of misconceptions
2 PCK- Understanding nature of misconceptions | Examples of misconceptions
3 PCK- Understanding nature of misconceptions | Sources of misconceptions
4 PCK- Strategies Considering misconceptions while writing a lesson plan
5 PCK- Strategies Diagnosis of misconceptions
6 PCK- Strategies Remediation of misconceptions
7 PCK- Strategies Remediation of misconceptions identified during the lesson
8 PCK- Understanding nature of misconceptions | Resistant nature of misconceptions
9 Teaching efficacy beliefs Teaching strategies
10 Teaching efficacy beliefs Teaching chemistry topics
11 PCK- Strategies Writing a lesson flow designed to change a specific misconception

3.3.2.3. Program Evaluation Form (PEF). The “Program Evaluation Form” (PEF),

developed by the researcher, consisted of 10 open-ended questions (Appendix G). It was
administered to all participating prospective chemistry teachers after the training program
in order to understand their opinions about the program. PEF was assigned to participants

as a take-home paper.

The first item asked respondents whether they want to attend a similar training
program after attending this program. The second item expected to see what the training
program contributed to participants’ teaching skills and knowledge. The third item asked
the participants the most important thing which they learnt from the program. In the fourth
item, respondents were expected to explain which characteristics of the training program
they mostly liked and they mostly disliked. The fifth item asked respondents what should
be added to/remove from the training program if it were repeated for some other groups of
participants and what should be changed about the program. The sixth item asked the

participants whether there were any misconceptions they noticed in themselves and
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corrected during the training program. In the seventh item, respondents were expected to
explain how they would plan to benefit from the content and the methods of the program
when they started to teach in a school. In the eighth item, respondents were expected to
state the most unforgettable activity and most boring activity for them. In the ninth item,
respondents were expected to explain the teaching methods they would use while teaching
“particulate nature of matter,” “chemical equilibrium” and “acid strength” subjects before
the training program in the first part and explain the teaching methods they would use
while teaching these subjects after the training program in the second part. The tenth item
expected respondents to state their problems about a chemical phenomenon that they did

not learn well during the training program, if any.

3.3.2.4. Interviews. The supplementary data sources; interviews, were auditory sources.

Semi-structured interviews were conducted with the selected prospective teachers in order
to understand what they were thinking about the change in their responses between pre-
and post-measurements. In order to select the interviewees, the responses of participants on
pre- and post-tests were analyzed. Preferably, the prospective teachers whose responses
changed greatly from pre- to post-test were asked for interviewing and a total of 12
participants were interviewed. In the interviews, prospective teachers were expected to
comment on their responses and explain the reason of change in their responses from pre-
to post-measurement. The interviews were conducted individually and took approximately
30 minutes for each participant. The interviews were audio recorded and listened again

during the analyses.

3.3.3. Design and Procedure

The design of this research study was “one-group pretest-posttest pre-experimental
research design”. Pre-experimental designs are for experiments with only one group. The
one-group pretest-posttest research design involves a single group that is pre-tested,
exposed to a treatment and post-tested. The effect of treatment is evaluated by comparing

pre-tests and post-tests of participants (Gay, Mills and Airasian, 2006).

Before starting the training program, a questionnaire (“Knowledge and Beliefs about

Chemistry Misconceptions and Teaching Efficacy Questionnaire”, (KBCMTEQ) )
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consisting of items on pedagogical content knowledge related to misconceptions and
teaching efficacy beliefs and also a concept test (“Chemistry Concept Test”, (CCT) )

consisting of items about the “particulate nature of matter”, “chemical equilibrium” and

“acid strength” subjects were administered to all participants.

Then, the developed training program was implemented by the researcher. During
the intervention, activities took place and participants completed activity sheets (Appendix
B). The intervention took five sessions long, each session of the training program was
implemented in one and a half hour. The intervention took place on two different days of
the week for two groups of participants. Each session was repeated for the second group of
participants. Moreover, if a participant missed one session on one weekday, he/she had the

chance to attend the session on the other weekday.

Three of the five sessions (Sessions 1, 2, and 5) of the training program consisted of
two activities per session. After one activity finished, the following activity were
performed with the same procedure. The third session consisted of three activities and the

fourth session consisted of only one activity.

After the training program, for post-measurement, an equivalent form of the
KBCMTEQ was administered to all participants in order to see the impacts of the program
on participants’ understanding and pedagogical content knowledge related to
misconceptions and teaching efficacy beliefs. Moreover, after the training program, a
similar form of CCT, “Chemistry Concept Test Form B” (CCT-B) was administered to all
prospective teachers. Also, a ‘“Program Evaluation Form” (PEF) was given to the
participants as a take home work in order to understand their opinions about the impacts of

the program on them.

After the training program, semi-structured interviews were conducted also with
selected prospective chemistry teachers. The interview questions for each participant were
designed according to his or her responses on pre- and post-instruments, thus, it can be said
that, the interview questions of each participant was unique. The interviews were
conducted to investigate the reasons why the responses of prospective teachers changed or

did not change from pre- to post-tests. In the interviews, interviewees were expected to
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comment on their written responses and comment on why their prior concepts were

changed or not changed after the training program.

3.4. Data Analysis

In the current research study, there are three different main instruments: the CCT, the
KBCMTEQ, and the PEF. A mixture of quantitative and qualitative analysis methods was
utilized for analyzing responses on the CCT, the KBCMTEQ and the PEF. As a
supplementary tool, interviews were also used. The names of participants were not used,
instead an ID number was assigned for each participant in order to ensure confidentiality of

participants.

3.4.1. Coding and Scoring Chemistry Concept Test Responses

For the first research question, prospective chemistry teachers’ conceptual
understandings were evaluated by their performance on CCT. Abraham, Grzybowski,
Renner and Marek (1992) used six categories to evaluate students’ understanding in an
open-ended question: Sound understanding, partial understanding, partial understanding
with specific misconception, specific misconceptions, no understanding and no response.
The responses of the prospective teachers on CCT in this study were categorized through

similar five categories:

e Scientific Understanding (SU); a response that indicated a full and correct
understanding of the chemical phenomena was categorized as SU category.

e Partial Understanding (PU); a response that indicated a scientific understanding of
the chemical phenomena but having insufficient explanation was categorized as PU
category.

e Partial Understanding with Specific Misconceptions (PUSM); a response that
included both a correct understanding and misunderstanding together was
categorized as PUSM category.

e Specific Misconceptions (SM); a response which indicated the participant has
completely non-scientific understanding about the chemical phenomena was

categorized as SM category.
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e No Answer and No Explanation category was used for two cases: when the
participant did not give any answer for an item and when the participant selected the

correct or a wrong answer but did not explain his/her choice.

Evaluation rubrics for each item and sub-items of CCT were developed by the
researcher. Evaluation rubrics for six items of CCT were listed as tables (Appendix E).

Numerical values were assigned to each type of conceptual understanding categories.
“No Answer and No Explanation” category were not included in the analysis and treated as
missing value. The numerical points given for other categories of responses on CCT were

shown in Table 3.5.

Table 3.5. Numeric points of the categories of responses on CCT.

Numeric Point The Category of the Response on CCT
0 Specific Misconceptions
1 Partial Understanding with Specific Misconceptions
2 Partial Understanding
3 Scientific Understanding

An increase in the numeric point of the categories of responses, from pre-test to post-
test, among these four categories may or may not indicate prospective teachers’
enhancement of content knowledge. For example, a change from numeric point <“0” to “2”
will indicate the change of misconception, but, change from numeric point “0” to “1” will
indicate the prospective teacher still have a misconception. In order to solve this conflict,
the data was re-coded. The raw data was re-coded by assigning a numeric point 1 to the
answers which were without any misconceptions and a numeric point 0 to the answers
which included some misconceptions. Thus, change from numeric points “0” to “1” always
indicated the change of misconception. Table 3.6 shows the numeric points given for the

categories of recoded data.
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Table 3.6. Numeric points for recoded data.

Numeric Point Recoded Categories
0 Specific Misconceptions & Partial Understanding with Specific Misconceptions
1 Partial Understanding & Scientific Understanding

To check the reliability of the categorization of participants’ responses, randomly
selected 6 pre- and 5 post-test were categorized by another scorer according to evaluation
rubrics. The Spearman rho correlation coefficients between two scorers; in other words
inter-rater reliability; was found to be 0.799 for raw data and 0.884 for recoded data. The
responses in which the scorers had disagreement were discussed and an agreement was
tried to be reached. Thus, Spearman rho correlation between two scorers was found to be
0.832 for raw data and 0.991 after the discussion of scorers.

3.4.2. Wilcoxon Signed Rank Test

In order to analyze data with parametric tests, four basic assumptions must be met.
Firstly, data must be get from normally distributed population. Secondly, variance must be
homogeneous throughout the data. Thirdly, data should be measured at least in interval
level. Finally, data from different subjects must be independent. On the other hand, non-
parametric tests make no assumptions about the type of the data (Field, 2000). In the
current study, participants were not selected randomly and the normal distribution of the
participants was not considered. Additionally, data measured for the participants’ content
knowledge were at ordinal level. Bryman and Cramer (2005) described ordinal variables as
classification according to categories, but categories can be ordered in terms of more or

less of a construct.

The Wilcoxon signed rank test is used for situations in which there are two sets of
scores to compare, but these scores come from the same subjects (Field, 2000). In the
current study, there is one group of participants; prospective chemistry teachers, and there
are two sets of scores; scores obtained from CCT and CCT-B . Thus, pre-test and post-test

scores of participants were compared by Wilcoxon signed rank test.



64

In this study, recoded data was analyzed with Wilcoxon signed rank test. Thus, in the
analysis, a change from the category with a numeric point “0” to the category with a
numeric point “1” resulted a positive rank and indicated that the respondent corrected his
or her misconception after the program. On the other hand, a change from the category
with a numeric point “1” to the category with a numeric point “0” resulted a negative rank
and indicated that the respondent had a misconception after the program whereas he or she
did not have a misconception before the program. The ties in the analysis might result from
two situations, it may indicate that prospective teachers did not have a misconception both
before and after the program or had a misconception both before and after the program.

3.4.3. Analysis of KBCMTEQ and PEF

Gay et al. (2006) described qualitative data analysis as a process of breaking down
data into smaller pieces, determining their import and putting pieces together in a more
general and analytical form. For qualitative analysis, researchers frequently coded
qualitative data which referred to the process of categorically marking units of texts, such
as words, sentences, paragraphs, with codes and labels in order to indicate patterns and

meaning.

In the analysis of KBCMTEQ, prospective chemistry teachers’ responses on this
instrument were examined, the main points which the participants mentioned were noted,
these main points constituted the codes. Among these codes derived from different
prospective teachers’ responses, the common ones were combined in order to show how
the trend changed from pre-measurement to post-measurement. Similarly, in the analysis
of PEF, the main points in the participants’ responses were identified and combined in
order to show the percentage of participants which stated a particular opinion. Moreover,
the participants’ responses were also included as examples in the analyses of both

KBCMTEQ and PEF.



65

3.5. Validity Issues

Gay et al. (2006) described threats to the validity of an experiment as any
uncontrolled extraneous variables affecting performance on the dependent variable. How
threats to validity were controlled in this study was explained in the following paragraphs.

3.5.1. History

History, as a threat to validity, refers to any event occurring the study and may affect
the dependent variable (Gay et al., 2006). The implementation of the training program took
five weeks and there was not any extraordinary event that could affect the results of the

current study.

3.5.2. Maturation

Maturation, as a threat to validity, refers to natural development of individuals
physically, intellectually and emotionally over a period of time (Gay et al., 2006). Since all
intervention and testing took approximately two months, participants were not expected to

be matured.

3.5.3. Testing

Testing, as a threat to validity, refers to possibility of improved performance on a
post-test as a result of having taken a pre-test (Gay et al., 2006). In order to decrease
testing effect, a similar form of CCT was administered to participants after the training

program.
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4. RESULTS

This section included the analysis of the participating prospective chemistry

teachers’ responses on the instruments used in this study to answer the research questions.

The first research question examined whether participants’ conceptual understanding
related to concepts of “particulate nature of matter”, “chemical equilibrium” and “acid
strength” subjects after attending the program changed by conducting statistical analysis of

the prospective chemistry teachers’ responses on CCT.

The second research question investigated whether participants’ pedagogical content
knowledge related to misconceptions changed after attending the training program. The
third research question investigated the difference in participants’ teaching efficacy beliefs
before and after attending the training program. In order to answer the second and the third
research questions, participating prospective chemistry teachers’ responses on KBCMTEQ
were analyzed qualitatively and described in frequency percentages with exemplary

quotations.

The fourth research question examined the opinions of the prospective chemistry
teachers about the training program. The participants’ responses on PEF were analyzed
qualitatively to answer the fourth research question and the results were described in

frequency percentages with exemplary guotations.

4.1. Findings Related to the Research Question 1

In order to evaluate the chemistry content knowledge of the prospective chemistry

teachers, a concept test, CCT, that consists of six questions in “particulate nature of

99 13

matter”, “chemical equilibrium” and “acid strength” subjects was administered to the

participants.
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The first research question was: “Is there any difference between prospective
chemistry teachers’ chemistry content knowledge before and after attending the training
program?” To answer the first research question, the change in the categories of
prospective chemistry teachers’ responses for each item of CCT before and after attending
the training program was analyzed by using IBM SPSS Statistics 20 “Wilcoxon signed
rank test”.

4.1.1. The First Item of CCT

The first item of CCT includes two parts and a total of nine sub-items. “Wilcoxon
signed rank test” indicated that the responses of the participants were significantly different
before and after attending the training program in seven of these nine sub-items. The
results indicated that, prospective chemistry teachers had significantly higher scores in six
of nine sub-items and significantly lower scores in one of nine sub-items in post

measurement.

The analysis of the first sub-item of the first item (1al) showed that the training
program elicited a statistically significant change in prospective chemistry teachers’
understanding “the concept of empty space between the particles of matters” (Z= -2.236,
p= 0.025, see Table 4.1). Before the training program, eight prospective teachers had a

misconception that “there was air between the particles of matter”.

After the training program, only one prospective teacher had the non-scientific idea
that, “there was air between the particles of matter”. Moreover, one prospective teacher
had a misconception that “the particles of solids could not have any motion” and one
prospective teacher stated the non-scientific view that “there was nothing between the

particles of matter if the space between particles was little” after the program.

In the second sub-item of the first item (1a2), it was seen that there was a significant
effect of the training program on increasing prospective chemistry teachers’ understanding
about “the space between the molecules of ice” (Z = -3.162, p = 0.002, see Table 4.1).
When the misconceptions of prospective chemistry teachers were analyzed, before the

program, eight prospective teachers stated that the space between the particles of ice is less
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than those of liquid water without considering exceptional property of ice resulted from
crystalline structure of water molecules in solid phase. Furthermore, three participants had
had the non-scientific view that there was no space between the molecules of water in solid
phase. Moreover, one prospective teacher believed that there was space between the
molecules of ice, but filled with air molecules. The prospective teacher stated that:

“Bu biraz aralik mesafe havadir. Buz molekiillerinin etkilegimi sirasinda hava buzun
icerisinde sikisir.” (The space between molecules means air between molecules. The air
sticks in ice because of the attraction between the molecules of ice) (Prospective teacher
#02).

After the training program, only one participant stated the non-scientific idea that
“the space between the particles of ice is less those of water in liquid form” whereas eight
participants had had this misconception before the program. Also, two prospective teachers
thought that there was no space between the molecules of water in solid phase whereas
three participants had this misconception before the program. The prospective teacher who
thought that there was space between the molecules of ice but filled with air molecules

changed this non-scientific view and stated that:

“Elektrostatik bir etkilesim vardir ve bu etkilesimden kaynaklanan ve molekiillerin
dizilisinden kaynaklanan bir bosluk vardir.” (There is an attraction force and there is
space between molecules resulted from this attraction and the arrangement of molecules)

(Prospective teacher #02).

The Wilcoxon signed rank test related to the third sub-item of the first item (1a3)
indicated a significant difference which meant participants increased their understanding
and corrected their misconceptions about “hydrogen bonding” (Z = -2.236, p = 0.025, see
Table 4.1). Before the training program, seven prospective teachers stated that it was the
hydrogen bond that kept hydrogen and oxygen atoms together within the water molecule.
Moreover, one participant mentioned H, and O, molecules within the water molecule.
After the training program, only two participants stated that it was the hydrogen bond that
kept hydrogen and oxygen atoms together within the water molecule. Moreover, one

participant confused intermolecular forces and intramolecular forces.
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There was significant difference in the fourth sub-item of the first item (1a4). This
result showed that participants had better understanding about “the relationship between
the bulk matter and its particles” after the training program (Z = -2.000, p = 0.046, see
Table 4.1). In pre-test, three participants thought that the particles of a matter might be
hard or soft. In addition, one participant stated that water molecules were hard when water
was in solid phase and they were soft when water was in liquid and gas phases. She stated
that:

“Molekiillerdeki 1s1 miktart arttik¢a daha yumusak hale gelebilirler.” (When the
amount of heat energy in the molecules increase, molecules can get softer) (Prospective
teacher #15).

After the training program, only one participant thought that the particles of a matter
might be hard or soft whereas three participants thought in that way before the program.
None of the participants had the misconception that the water molecules were hard when
water was in solid phase and they were soft when water was in liquid and gas phases after

the program whereas one participant had this misconception before the program.

The test results showed that there was a statistically significant difference between
pre-test and post-test scores of the fifth sub-item of the first item (1a5) of CCT. Analysis
showed that the training program increased participants’ understanding about “the amount
of space between the molecules of water in liquid form” (Z = -2.111, p = 0.035, see Table
4.1). Before the training program, 11 prospective teachers stated that “the amount of space
between the particles of liquid water was more than those of ice” without considering
exceptional arrangement of water molecules in solid and liquid phases. Also, one
prospective teacher had the non-scientific view that there was not any space between the

molecules of water when it was in liquid phase, he stated that:

“Suyun sivi halinde molekiiller arasinda bosluk yoktur. Olsaydi sikistirilabilirdi.”
(There is no space between the molecules of liquid water. If there were some space, water

could be compressed) (Prospective teacher #07).
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After the program, five participants stated the misconception that “the space between
the particles of liquid water was more than those of ice” whereas 11 participants stated it
before the program. Furthermore, the participant who had a misconception that there was
no space between the molecules of water when it was in liquid phase changed his view:

“Dogru. Molekiiller katiya gére daha rahat hareket edebiliyorlar.” (Right. The
molecules of water in liquid state have a motion more freely than those in the solid state)

(Prospective teacher #07).

There was no statistically significant difference between prospective teachers’
responses to sixth and seventh sub-items of the first item (1a6 and 1a7). The sixth sub-
item assessed whether participants had the misconception that “water molecules expand
when water was evaporated”. The seventh sub-item assessed participants’ understanding
about “conservation of mass during evaporation of water”. Majority of the participants did

not have a misconception about these sub-items both before and after the program.

In the eighth sub-item of the first item (1bl), a significant difference was found in
participants’ understanding of “the arrangement of molecules in ice” (Z = -2.449,p =
0.014, see Table 4.1). Before the training program, 19 participants stated that the space
between the particles of ice was less than those of liquid water and one participant stated
that there was no space between the particles of ice. In addition, seven participants drew
water molecules in a disordered structure. Moreover, one participant had the
misconception that the molecules of ice were smaller than the molecules of liquid water

and water vapour.

After the training program, 15 participants stated that the space between the particles
of ice was less than that of liquid water, whereas 19 participants had this misconception
before the program. Also, five participants drew water molecules in a disordered structure,
whereas seven participants indicated this misconception before the program. Moreover,

one participant had the misconception that the molecules of ice could not have any motion.

In the ninth sub-item of the first item (1b2), negative ranks were higher than the
positive ranks (Z = -3.051 (based on positive ranks); p = 0.002, see Table 4.1). For this
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sub-item, the participants were expected to draw “the particles of water vapour” in pre-test
whereas they were expected to draw “the particles of liquid water” in post-test. In pre-test,
one participant had the misconception that “when water was evaporated, the molecules
decomposed to hydrogen and oxygen atoms”. Also, one participant had the misconception
that the molecules of water vapour were larger than molecules of ice and liquid water. In
post-test, 13 participants showed the misconception that the space between the particles of

liquid water was more than those of ice.

Table 4.1. Results of the Wilcoxon signed rank test for the first item of CCT.

Number of Item N Mean Rank Sum of Ranks VA Asymp. Sig. (2-tailed)

Negative Ranks 0 .00 .00

1a1 Positive Ranks 5 3.00 15.00 2.236 025
Ties 17
Total 22
Negative Ranks 0 .00 .00

182 Positive Ranks 10 5.50 55.00 3.162 002
Ties 12
Total 22
Negative Ranks 0 .00 .00

183 Positive Ranks 5 3.00 15.00 2.236 025
Ties 17
Total 22
Negative Ranks 0 .00 .00

1a4 | Positive Ranks 4 2.50 10.00 -2.000 046
Ties 15
Total 19
Negative Ranks 2 6.00 12.00

1a5 | Positive Ranks 9 6.00 54.00 2111 035
Ties 10
Total 21
Negative Ranks 1 1.50 1.50

126 Positive Ranks 1 1.50 1.50 000 1.000
Ties 18
Total 20
Negative Ranks 1 2.00 2.00

1a7 | Positive Ranks 2 2.00 4.00 _577 564
Ties 18
Total 21
Negative Ranks 0 .00 .00

1b1 Positive Ranks 6 3.50 21.00 2.449 014
Ties 15
Total 21
Negative Ranks 12 7.00 84.00

162 Positive Ranks 1 7.00 7.00 R 002
Ties 3.051*
Total 22

*Based on positive ranks
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4.1.2. The Second Item of CCT

The second item of CCT includes six parts and twelve sub-items. In each part,
molecular representation of a matter is given. Respondents are expected to classify the

matter as a mixture, a compound or a pure substance and describe the constituents.

There was no sign difference between prospective teachers’ responses for eleven of
twelve sub-items. The only significant difference between pre- and post-measurement was

found in the sixth sub-item of the second item (2c2).

The first and the second sub-items of the second item (2al and 2a2) investigated
whether participants could identify a mixture of two compounds and describe its
constituents. Majority of the participants did not have a misconception about these sub-

items both before and after the program.

The third and the fourth sub-items of the second item (2bl and 2b2) investigated
whether participants could identify the particles of a pure compound and describe its
constituents. The participants mainly did not have a misconception for the third sub-item
(2b1) both before and after the training program. Prospective teachers could identify the
substance as a pure compound. Yet, some prospective teachers had misconception of
“using the terms atom and element interchangeably” both before and after the program, so
there was no significant difference between pre- and post-measurement in fourth sub-item
(2b2).

In the third part of the second item, the particles of a mixture that was consisted of a
compound and a molecular element were represented. The fifth sub-item of the second
item (2cl) investigated whether participants can identify a mixture of an element and a
compound. Participants generally did not have a misconception for the fifth sub-item (2c1),
and could state that it was a mixture both before and after the training program so there
was no significant difference. Yet, the analysis showed that there was statistically
significant difference between prospective chemistry teachers’ responses between the pre-
measurement and post-measurement in sixth sub-item (2c2). In the sixth sub-item, a

significant difference between pre- and post-responses of the prospective teachers showed
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that participants increased their achievement in “identifying the particles of an element and
a compound” (Z = -2.333, p = 0.020, see Table 4.2). Before the training program, Six
prospective teachers used the terms of element and atom, interchangeably. Also, three
prospective teachers classified molecular elements as compounds. One of these prospective
teachers stated that:

“Farkli atomlar farkl iki tane bilesik olusturmustur. Aym tiir atomlar da bilesik
olusturmustur ve 2 farkl bilesik vardwr.” (Different atoms form different compounds. Also,
the same kind of atoms form a compound and so there are two different compounds)
(Prospective teacher #19).

After the program, for the sixth sub-item (2c2), three participants used the terms
element and atom interchangeably whereas six prospective teachers used these terms
interchangeably before the program. In addition, three participants categorized molecular

elements as compounds as in the pre-measurement.

The seventh and the eighth sub-items of the second item (2d1 and 2d2) investigated
whether participants could identify a mono-atomic element from its representation and
describe its constituents. Majority of the participants could identify the matter as a pure
substance in the seventh sub-item (2d1) and stated that it was consisted of only one kind of

element in the eight sub-item before and after the training program (2d2) .

The ninth and the tenth sub-items of the second item (2el and 2e2) investigated
whether participants could classify the particles of a molecular element and describe its
constituents. The results did not indicate a statistically significant difference because
majority of the participants did not have a misconception about these sub-items both before

and after the program.

Finally, the eleventh and the twelfth sub-items of the second item (2f1 and 2f2)
investigated whether participants could identify the particles of a mixture of a mono-
atomic element and a molecular element and describe its constituents. The results did not
indicate a statistically significant difference because majority of the participants did not

have a misconception about these sub-items both before and after the program.



Table 4.2. Results of the Wilcoxon signed rank test for the second item of CCT.

Number of Item N Mean Sum of z Asymp. Sig.
Rank | Ranks (2-tailed)

Negative Ranks 2 2.50 5.00
Positive Ranks 2 2.50 5.00

2al [Ties 18 .000 1.000
Total 22
Negative Ranks 2 4.00 8.00
Positive Ranks 5 4.00 20.00

282 [Ties 15 -1.134 .257
Total 22
Negative Ranks 0 .00 .00
Positive Ranks 2 1.50 3.00

b1 [Ties 19 -1.414 157
Total 21
Negative Ranks 4 5.50 22.00
Positive Ranks 6 5.50 33.00

262 [Ties 11 -632 521
Total 21
Negative Ranks 1 1.50 1.50
Positive Ranks 1 1.50 1.50

ocl [Ties 17 .000 1.000
Total 19
Negative Ranks 1 5.00 5.00
Positive Ranks 8 5.00 40.00

22 [Ties 10 -2.333 .020
Total 19
Negative Ranks 1 1.00 1.00
Positive Ranks 0 .00 .00 .

2d1 [Ties 19 -1.000 317
Total 20
Negative Ranks 0 .00 .00
Positive Ranks 0 .00 .00

242 [Ties 20 .000 1.000
Total 20
Negative Ranks 0 .00 .00
Positive Ranks 2 1.50 3.00

el [Ties 18 -1.414 157
Total 20
Negative Ranks 0 .00 .00
Positive Ranks 3 2.00 6.00

262 [Ties 16 -1.732 .083
Total 19
Negative Ranks 1 2.00 2.00
Positive Ranks 2 2.00 4.00

21 [Ties 17 -S17 564
Total 20
Negative Ranks 0 .00 .00
Positive Ranks 2 1.50 3.00

222 [Ties 16 -1.414 157
Total 18

*Based on positive ranks
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4.1.3. The Third Item of CCT

The third item of CCT includes three sub-items. The Wilcoxon signed rank analysis
of the third item showed that prospective chemistry teachers had significantly better scores
in two of the three sub-items. In the first sub-item of the third item (3a), there was a
statistically significant change that showed that participants understanding about “the
concentration of the reactants and products in a chemical equilibrium reaction” was
increased (Z = -2.236, p = 0.025, see Table 4.3). When the responses of the participants
were analyzed, it was seen that, 11 prospective teachers had believed that the
concentrations of reactants and products were proportional with the coefficients in reaction
equation before the program. Moreover, one prospective teacher stated that “concentration
of a gas could not be calculated only liquids could have concentration”. He stated before
the program that:

“Molarite sivilar igin élgiilen bir degerdir.” (Only concentration of liquids can be

calculated) (Prospective teacher #17).

After the training program, five participants stated that the concentrations of
reactants and products are proportional with the coefficients in reaction equation, whereas
11 participants believed this non-scientific idea before the program. Also, two participants
stated that the concentrations of reactants and products would be the same at the chemical
equilibrium condition after the program. The prospective teacher who had a misconception
that only liquids can have concentration corrected this non-scientific view and stated after

the program that:

“Tepkime dengededir ve dengeyi etkileyen diger faktérler belirtilmedigi icin kesin
bir yorum yapamiyoruz.” (The reaction is at equilibrium and, since the factors affecting
equilibrium are not explained, we cannot make a definite comment on this) (Prospective
teacher #17).

The answers to the second sub-item of the third item (3b) showed that the training
program also resulted a statistically significant change and enhanced participants’

understanding of “the rates of forward and reverse reactions in a chemical equilibrium
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situation” (Z = -2.828, p = 0.005, see Table 4.3). Results of the analysis indicated that,
before attending the training program, four prospective teachers in this study had a
misconception that the rates of forward and reverse reactions were proportional to the
coefficients in the reaction equation. In addition, two prospective teachers stated that the
rates of forward and reverse reactions could not be calculated at the moment of
equilibrium. Also, three prospective teachers had a misconception that the rate of forward
reaction was higher in chemical equilibrium. One of these three participant stated that the
rate of forward reaction would be higher than that of reverse reaction because the reaction

has a tendency to produce products. She stated that:

“Ileri reaksiyon daha hizhdwr ciinkii maddeler birbirleriyle etkilesip yeni bir iiriin
olusturmaya meyillidirler.” (The rate of forward reaction is higher, because reactants

have a tendency to produce a new product) (Prospective teacher #20).

After attending the training program, only one prospective teacher had a
misconception that the rates of forward and reverse reactions were proportional to the
coefficients in the reaction equation whereas four prospective teachers had this
misconception before the program. Also, only one prospective teacher had a misconception
that the rates of forward and reverse reactions could not be calculated whereas two
prospective teachers stated this misconception before the program. None of the prospective
teachers had a misconception that the rate of forward reaction was higher in chemical
equilibrium whereas three participants stated this before the program. After the program,
the prospective teacher who stated the rate of forward reaction would be higher, corrected

this misconception by stating that:

“Baslangicta ileri tepkime daha hizlidir ancak dengeye ulastiginda ileri ve geri
tepkimelerin hizlart esitlenir.” (At the beginning of the reaction, the rate of forward
reaction is higher. When the equilibrium is reached, the rates of forward and reverse

reactions become equal) (Prospective teacher #20).

On the other hand, there was no statistically significant difference in pre-test and
post-rest responses of participants in the third sub-item of the third item (3c) as can be seen

in Table 4.3. The third sub-item of the third item investigated participants’ knowledge
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about the substances found in the medium at chemical equilibrium. A high number of
participants did not have a misconception about this sub-item before and after the program

so no significant difference was found.

Table 4.3. Results of the Wilcoxon signed rank test for the third item of CCT.

Number of Item N Mean Sum of z Asymp. Sig.
Rank Ranks (2-tailed)

Negative Ranks 0 .00 .00

3a | Positive Ranks 5 3.00 15.00 -2.236 025
Ties 15
Total 20
Negative Ranks 0 .00 .00

3p | Positive Ranks 8 4.50 36.00 -2.828 005
Ties 11
Total 19
Negative Ranks 0 .00 .00

3¢ | Positive Ranks 1 1.00 1.00 -1.000 317
Ties 20
Total 21

4.1.4. The Fourth Item of CCT

The fourth item of CCT included two sub-items. In the analysis of the fourth item, it
was seen that the pre-test and post-test responses of prospective chemistry teachers were
not statistically significant in none of two sub-items. The first sub-item of the fourth item
aimed to assess prospective teachers’ knowledge about “chemical equilibrium conditions
when Le Chatelier’s principle was not valid”. The results showed that all of prospective
teachers had misconceptions about this subject before the program; they applied Le
Chatelier’s principle despite the fact that the use of that principle was not appropriate for
this problem. The majority of the participants also had this misconception after the
program, so no significant difference was found between participants’ understanding
before and after the training program. The second sub-item of the fourth item aimed to
assess prospective teachers’ knowledge about adding a noble gas to a system of chemical
equilibrium at constant pressure. The results showed that majority of the prospective
teachers had a misconception of “adding a noble gas to a system of chemical equilibrium at
constant pressure did not disturb the equilibrium” without considering the effect of adding

noble gas on final volume before the program. Majority of the participants still had this
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misconception after the program, so no significant difference was found. It can be
concluded that, the training program did not significantly affect participants’ understanding

about adding substances to chemical equilibrium systems at constant pressure.

Table 4.4. Results of the Wilcoxon signed rank test for the fourth item of CCT.

Number of Item N Mean Sum of z Asymp. Sig.
Rank Ranks (2-tailed)

Negative Ranks 0 .00 .00

4a | Positive Ranks 2 1.50 3.00 -1.414 157
Ties 20
Total 22
Negative Ranks 1 3.50 3.50

4p | Positive Ranks 5 3.50 17.50 -1.633 102
Ties 15
Total 21

4.1.5. The Fifth Item of CCT

The fifth item of CCT included three sub-items. The analysis of the fifth item
showed that prospective chemistry teachers had significantly higher scores in all of these
three sub-items after attending the program. In the first sub-item of the fifth item (5a),
analysis indicated a statistically significant change that the training program enhanced
participants’ understanding about “the factors affecting the strength of acids” (Z = -
3.162, p = 0.002, see Table 4.5). Results of the analysis of participants’ misconceptions
indicated that, before attending the training program, 10 prospective teachers believed that
only pH value of an acid solution determined the strength of an acid. Also, two prospective
teachers believed that both acidity constant of an acid and the pH of an acid solution
determined the strength of an acid. Moreover, one prospective teacher believed that both of

the concentration and the pH of an acid solution determined the strength of an acid.

After the training program, only one prospective teacher had the misconception that
the strength of an acid was depended on pH value of the acid solution, whereas 10
participants had this misconception before the program. Also, similar to pre-test, one
prospective teacher had the misconception that both of the concentration and the pH of an
acid solution determined the strength of an acid. No prospective teachers believed that both

acidity constant of an acid and the pH of an acid solution determined the strength of an
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acid, whereas two participants had this misconception before the program. Different from
pre-test, one prospective teacher had the misconception that both of the acidity constant of

an acid and the concentration of the acid solution determined the strength of an acid.

A significant difference in pre- and post-responses of the participants in the second
and third sub-items of the fifth item (5b and 5c) indicated an increase in prospective
chemistry teachers’ understanding about “the relationship between the concentration of an
acid solution and the strength of the acid” (Z =-3.742, p = 0.000, and Z = -2.828, p = 0.005
respectively, , see Table 4.5). Analysis of misconceptions of participants showed that, 11
prospective teachers had a misconception that the strength of an acid would increase if the
concentration of the acid solution was increased before the training program. Moreover,
two prospective teachers stated that pH of an acid solution would not change if the
concentration of the solution was increased. Also, one prospective teacher stated that the
strength of an acid was depended on the pH value of the acid solution. In addition, one
prospective teacher stated that the percentage of an acid found in water would decrease if
the concentration of the acid solution were increased. Also, one prospective teacher stated
that the pH of an acid solution would increase, if its concentration were increased.
Moreover, one prospective teacher stated that the hydrogen bonding in HNO3 increases its
acid strength. Furthermore, three prospective teachers believed that increasing the
concentration of an acid solution would increase the acidity constant. One of these

prospective teachers stated that:

“Ka degeri artar ve asidikligi artar yani asitlik kuvveti artar” (The value of acidity

constant increases, | mean, the strength of the acid increases.) (Prospective teacher #19)

After the training program, four prospective teachers had the misconception that the
strength of an acid would increase if the concentration of the acid solution was increased
whereas 11 participants had this misconception before the program. None of the
prospective teachers stated other misconceptions mentioned in the previous paragraph. One
of the participants who stated that increasing the concentration of an acid solution would
increase the acidity constant before the program corrected his conceptions after the

program and stated that:
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“Asitlik kuvveti degigmez. Asitlik kuvveti molaritelere gore degigmez.” (The strength
of the acid does not change. The strength of an acid is not related to the concentration of

the acid solution) (Prospective teacher #19).

Table 4.5. Results of the Wilcoxon signed rank test for the fifth item of CCT.

Number of Item N | Mean | Sum of z Asymp. Sig.
Rank | Ranks (2-tailed)
Negative Ranks 0 .00 .00
5a | Positive Ranks 10 5.50 55.00 -3.162 002
Ties 7
Total 17
Negative Ranks 0 .00 .00
5p1 | Positive Ranks 14 7.50 105.00 -3.742 .000
Ties 5
Total 19
Negative Ranks 0 .00 .00
5p2 | Positive Ranks 8 4.50 36.00 -2.828 005
Ties 8
Total 16

4.1.6. The Sixth Item of CCT

The sixth item of CCT included two sub-items. For the first sub-item (6a),
participants were expected to draw “the dissolution of strong acids in water”. Some of the
prospective teachers had misconceptions about this subject before and after the training
program and so no significant effect of the program on the participants’ understanding for

this subject was observed.

The analysis of the sixth item also showed that prospective chemistry teachers had
significantly higher scores in the second sub-item of the sixth item (6b). In this item, the
analysis showed that participants’ understanding about “the dissolution of weak acids in
water” increased (Z = -2.449, p = 0.014, see Table 4.6). When prospective teachers were
expected to draw the particles of weak acid solutions, some prospective teachers tended to
draw the particles of ions and water in the same ratio in both of concentrated and diluted
solutions. It can be seen from these drawings that these prospective teachers had a
misconception about the concept of concentration. Before the training program, five
prospective teachers drew the particles of ions and water with the same ratio in

concentrated and diluted weak acid solutions. Also, three participants drew a
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representation with different amounts of H3O™ and A" ions that was not correct according
to the reaction equation. Also one participant stated that the ionization percentage of weak

acids in concentrated and diluted solutions were different.

After the training program, two participants drew the particles of ions and water with
the same ratio in concentrated and diluted weak acid solutions whereas five prospective
teachers had this misconception before the program. Also, only one participant drew
different amounts of HsO" and A ions in his/her representation after the training program
whereas three participants had this misconception before the program. None of the
participants had the misconception of “the different ionization percentage of weak acids in
concentrated and diluted solution” whereas 1 participant had this misconception before the
program. In addition, one prospective teacher indicated a hundred percent dissociation of a

weak acid in water.

Table 4.6. Results of the Wilcoxon signed rank test for the sixth item of CCT.

Number of Item N Mean Sum of Z Asymp. Sig.
Rank Ranks (2-tailed)

Negative Ranks 4 6.00 24.00

6a | Positive Ranks 7 6.00 42.00 -.905 0.366
Ties 9
Total 20
Negative Ranks 0 .00 .00

6b | Positive Ranks 6 3.50 21.00 -2.449 0.014
Ties 13
Total 19

4.1.7. Analysis Done by Collecting Items Related to Same Subjects

CCT included two items for each of three different chemistry subjects; “particulate
nature of matter”, “chemical equilibrium”, and, “acid strength”. Table 4.7 shows the

numbers of items and corresponding subjects.



82

Table 4.7. ltem number and corresponding subjects in CCT.

Item # Subject

1 Particulate nature of matter

Particulate nature of matter

Chemical equilibrium

Chemical equilibrium

Acid strength

o O B~ W N

Acid strength

A score for an item was calculated via adding points that a respondent obtained from
all sub-items of corresponding item. Then, the scores of two items about the same subject
were summed up and so the total points that the prospective chemistry teachers obtained in
each subject was calculated. The rankings of the participants according to total points of
the subjects before and after the program were compared in order to see “the change in
prospective chemistry teachers’ understanding in terms of these three subjects”. A
Wilcoxon signed rank test indicated that prospective chemistry teachers had significantly
higher scores in all of three subjects: “particulate nature of matter” (Z = -3.226, p = 0.001),
“chemical equilibrium” (Z = -3.611, p = 0.000), “acid strength” (Z = -3.856, p = 0.000).

Table 4.8. Results of the Wilcoxon signed rank test for the subjects of CCT.

Number of Item N Mean Sum of Z Asymp. Sig.
Rank Ranks (2-tailed)

Negative Ranks 3 6.33 19.00

1+2 | Positive Ranks 17 11.24 191.00
Ties 2 -3.226 .001
Total 22
Negative Ranks 0 .00 .00

3+4 | Positive Ranks 16 8.50 136.00
Ties 6 -3.611 .000
Total 22
Negative Ranks 0 .00 .00

5+6 | Positive Ranks 19 10.00 190.00
Ties 1 -3.856 .000
Total 20
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4.2. Findings Related to the Research Question 2

The second research question was: “Is there any difference in prospective chemistry
teachers’ pedagogical content knowledge related to misconceptions before and after
attending the training program?” In order to understand whether prospective chemistry
teachers’ pedagogical content knowledge related to misconceptions enhanced, the
KBCMTEQ was administered to the participants before and after attending the training
program. The participating prospective chemistry teachers’ responses on four items of
KBCMTEQ were analyzed in order to understand PCK in terms of understanding the
nature of misconceptions. The participants’ responses on five items of KBCMTEQ were
analyzed in order to understand PCK in terms of strategies to identify and change student
misconceptions. The results of the findings related to PCK in terms of understanding the
nature of misconceptions and strategies to identify and change were described in the

following sub-sections.

4.2.1. PCK in terms of Understanding the Nature of Misconceptions

4.2.1.1. The First Item of KBCMTEQ. The first item of the KBCMTEQ expected the

participating prospective teachers “to define the term misconception ”. Before the training

program, 21 of 22 participants could provide a definition of misconception. Participants
generally described misconceptions as misunderstanding a science concept. After the
training program, 21 of 22 participants gave a definition. Yet, one of the participants stated
how she would explain a chemistry subject if a student had misconception about the related
topic rather than defining the term. When she was expected to define misconception, in the

interview conducted with her at the end of the study, she described the misconception as:

“Kavram yanilgisi bir [konseptin] bilinen bilimsel gerceklerinin veya ifadelerinin
yani swra g¢ocuklarin kafasinda olusturdugu onunla ilgili kendi agiklamalari.. Bunlar
bilimsel degil tabii onlara gére bilimsel bize gore degil. Bilimsel gercgekle ¢akigiyor”
(Misconception means children’s own explanation about a concept which they formed in
their mind and it is beyond the scientific explanations. Misconceptions are not scientific, it
may seem scientific for children but it is not scientific, in fact. They contradict with the

scientific facts) (Prospective teacher #06).
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The prospective teacher who could not give any definition of misconceptions before

the program described the term after the program as:

“Kavram yanilgist ogrencilerin bilimsel kavrami yanlis bilmeleri” (Misconception is

knowing a scientific concept in a wrong way) (Prospective teacher #07).
The number of prospective chemistry teachers who stated some sources and
examples of misconceptions while they were defining misconceptions before and after

attending the training program were shown in Table 4.9 with exemplary excerpts.

Table 4.9. The results of the first item of KBCMTEQ.

The Components of PCK # Exemplary excerpts

“Kisinin ogretilen bir kavrami kendi kisisel deneyim ve eski ogrendiklerine gore,
kavramin ger¢ek anlami disinda anlam yiiklenerek ogrenilmesi”

Participapts Who_i_ndUded 3 (One’s learning a concept with a meaning different than its real meaning
a source in definition . . . . . .
according to his personal experiences and previous learning)(Prospective teacher

Before #12).

“Ornegin kati ve sivi maddelerin molekiilleri arasindaki bosluklarin katilarda hi¢
yok swilarda ise aradaki boslugun ¢ok oldugunun diisiiniilmesi bir kavram
. . yanigisidir”

Participants who included
an example in definition (For example, ‘there is no space between particles of solids’ and ‘there is a
considerable space between the particles of liquids’ are misconceptions)

(Prospective teacher #20).

“Kavram yanilgilar: ogrenciler tarafindan genellikle dogru olduguna inanilan
ama gergekte yanls olan bilgilerdir. Ogrenciler bunlart ders esnasinda
ogretmenin yeteri kadar konuya hakim olmamasindan kaynakli olusturabilir veya

Participants who included

7 gozlemlerine dayanarak tek baslarina da olusturabilir”
a source in definition

(Misconception is non-scientific knowledge but students generally believe that they
are true. Students form this non-scientific knowledge because of poor content

knowledge of their teachers or their observations)(Prospective teacher #13).
After

“Kavram yanilgist bir [conceptin] anlaminin disinda ve yanlis yerde kullaniimasi.
Bunu anlatmak i¢in bir rnek de verebilirdim érnegin sekerin suda ¢oziinmesi olayt
kavram yanigisidir; ogrenciler bunu ¢éziinme degil seker suda eridi seklinde
. . soyler. Coziinme ve erime kavramlari ayni anlamdaymis gibi  kullanilr”
Participants who included 3 . . . . ] o
an example in definition (Misconception means using a concept with a wrong meaning. To exemplify it,
dissolution of sugar in water may result a misconception, students generally
describe this as sugar melted. Dissolution and melting concepts are used as if they

mean the same thing) (Prospective teacher #08).
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4.2.1.2. The Second Item of KBCMTEQ. The second item in KBCMTEQ instrument

expected the participating prospective teachers “to give examples of common student

misconceptions in chemistry . When the examples of common student misconceptions
given by the participants were analyzed, before the program, it was seen that, seven
prospective teachers gave the misconception of “gases do not have weight” as an example.
Also, four prospective teachers gave the misconception “a solid disappears when it is
dissolved in water” as an example. In addition, four prospective teachers gave students’

using melting and dissolution concepts interchangeably as an example of misconceptions.

Prospective teachers generally preferred to give examples of misconceptions in the
particulate nature of matter subject, 10 participants stated some student misconception in
this subject as examples. For example, three participants stated the misconception of
“space between the particles of liquids is intermediate compared to solids and gases” as an
example. Also, two participants stated the misconception of “the particles of a matter have
the same properties with the bulk matter” and one participant gave the misconception of

“there is air between the particles of matters” as examples.

In the subject of chemical equilibrium, one prospective teacher gave one
misconception example. He wrote the misconception of “the concentrations of reactants
and products are equal in at a chemical equilibrium condition”. Other than these two
subjects, prospective teachers gave misconception examples in the subjects of the
dissolution, chemical reactions, and gases. None of the prospective teachers stated

misconception examples about the subjects of acids and acid strength.

After attending the training program, when prospective chemistry teachers’
misconception examples were analyzed, it was found that, participants generally stated the
misconceptions covered in the training program as examples, 15 prospective teachers gave
examples of student misconceptions which were discussed during the program. For
example, seven prospective teachers gave the misconception of “there is air between the
particles of matters” whereas only one participant stated this misconception as an example
before the program. In addition, five prospective teachers listed the misconception “the
particles of a substance have the same properties with the bulk matter” whereas two

participants stated this misconception as an example before the program. Different from
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pre-measurement, two prospective teachers listed ‘“classifying molecular elements as
compound” as an example for misconception and three prospective teachers stated the
misconception “the structure of particles change in phase changes of matter”. A total of 12
prospective teachers stated some student misconception in particulate nature of matter,
however, 10 participants stated some student misconception in this subject as examples

before the program.

For chemical equilibrium, two prospective teachers stated examples of student
misconceptions after the program whereas only one participant stated an example about
this subject before the program. One participant stated the misconception “the
concentrations of reactants and products are equal in at a chemical equilibrium condition”
and the other participant stated the misconception “the reverse reaction starts when the

forward reaction finishes” as examples.

For acid strength, seven prospective teachers stated examples of student
misconceptions after the program whereas none of the participants had stated
misconception examples about this subject before the program. Different from pre-test,
five prospective teachers stated “acid strength depends on the pH of the acid solution” and
three prospective teachers stated “acid strength depends on the concentration of the acid

solution” as examples of student misconceptions in chemistry.

Table 4.10. The results of the second item of KBCMTEQ.

# participant - gave

examples in particulate

# participant - gave

examples in chemical

# participant - gave

examples in acid

nature of matter equilibrium strength
Before 10 1 0
After 12 2 7

4.2.1.3. The Third Item of KBCMTEQ. The third item in KBCMTEQ expected the

participants “to list possible sources of misconceptions”. Before the training program,

participants mostly listed “teachers” as the reason of students’ misconceptions, 13
prospective teachers stated that student misconceptions might result from “teachers’ own

misconceptions and wrong teaching strategies and materials used in the instruction such as
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inappropriate directions, illustrations, etc”. Among 13 participants, nine participants stated
that students’ misconceptions resulted from teachers’ insufficient and misleading
instruction. Other participants mentioned teachers’ own misconceptions, teacher-oriented
instruction, and, inappropriate teaching materials as teacher-based sources of

misconceptions.

According to 6 participants, students’ insufficient learning in the previous courses
causes misconceptions in subsequent learning. Furthermore, six participants stated that
“students drew their own conclusion when they entered a new situation, so they might
construct non-scientific knowledge in their mind” and it caused misconceptions. One

prospective teacher stated that:

“Ogretmen kaynakli olabilir. Ogretmen d&grencide [misconceptionlar] yaratmus
olabilir. Ya da égrencinin [scientific] olmayan deneyimlerini yanlis yorumlamis olmasi
olabilir. Ogrenciler ders disindaki deneyimlerini kendilerine gore yanls yorumluyor
olabilirler. Bazi yanlis gozlemler kavram yanilgisina yol agabilir.” (1t may result from
teachers. Teachers could have caused misconceptions in students. Students may draw
wrong conclusions from their daily experiences. Students may misinterpret their out-of-
school experiences according to their own thinking. Some misinterpretation of students’

observations may result misconceptions) (Prospective teacher #04).

Moreover, six prospective teachers stated that students” misconceptions could result
from “their daily life experiences” before the program. Also, minority of prospective
teachers listed students’ inability to connect between macroscopic and microscopic levels

of matter, textbooks as sources of misconceptions.

After attending the training program, the number of participants who stated
“teachers” as a major source of misconceptions was increased from 13 to 17, 17
prospective teachers stated that students’ misconceptions might be resulted from their
teachers by some means. Among these prospective teachers, 11 participants denoted that if
teachers did not instruct the subject in a way that their students could understand, it would
result misconceptions in students. In addition, two participants stated that teachers’

misconceptions and lack of advanced chemistry content knowledge could possibly cause
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misconception in their students. Moreover, two participants explained that teachers’ using
inappropriate teaching materials might lead to misconceptions. Moreover, three
prospective teachers expressed that “teacher-oriented, direct instruction” which
emphasized memorization of knowledge rather than understanding might cause
misconceptions in students. One of these three participants stated that:

“Kimyanin gorsel ogelerle ve pratikle ilgili ornekler verilerek anlatilmasi gereken
bir ders oldugunu ve sadece teori ve ezberci bir egitime dayanarak verilen bir egitimin
yanilgiya yol a¢abilecegini diistiniiyorum.” (I think, chemistry is a course which should be
instructed with visual teaching materials and daily life examples, direct teaching based on

memorization may results misconceptions in students) (Prospective teacher #21).

Similar to the pre-measurement, seven participants stated that students drew their
own conclusion when they entered a new situation so it caused their misconceptions and
five prospective teachers listed students’ incorrect and insufficient learning in previous
courses as a source of misconceptions after the program. Moreover, three participants
expressed that the use of scientific terms in daily language might be a source of

misconceptions.

4.2.1.4. The Eighth Item of KBCMTEQ. The eighth item of the KBCMTEQ was “In your

opinion, is changing students’ misconceptions difficult?”’ Before the training program, 15

participants stated that changing students’ misconceptions was a difficult process.
Participants mainly stated that changing student misconceptions was a difficult process
because students accepted these misconceptions for a long time. According to four
participants, changing students’ misconceptions was not a difficult process. In sum, these
participants stated that if a teacher presented concrete examples, introduced proofs that
challenge misconceptions and had necessary experience and preparation for this issue; it
would not be difficult to change students’ misconceptions. According to three prospective
teachers, changing students’ misconceptions may or may not be difficult process
depending on the students and/or the type of the misconceptions. The number of
participants who stated that changing students’ misconceptions was difficult or not before
and after attending the training program were shown in Table 4.11 with exemplary

excerpts.
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The Components of PCK # Exemplary excerpts
“Evet. Uzun bir siiredir bunlarin dogru olduguna inandiysa, yanlis
o olduklarini gostersek bile bu durumu hemen kabullenmeyebilir.”
Participants who thought that . L
changing students’ misconceptions 15 (Yes. If the student has been accepting a non-scientific knowledge as
was a difficult process true for a long time, even if we show that the knowledge is wrong, he
may not believe that) (Prospective teacher #13).
“Ogrencilerin kavram yanilgilarini degistirmek eger aksini ispat eden
o iyi bir kamitiniz varsa ¢ok zor olmaz.”
Participants who thought that
Before | changing students’ misconceptions 4 (Changing students’ misconceptions will not be difficult if you have a
was not a difficult process proof that proves the related scientific knowledge) (Prospective teacher
#10).

“Bazi égrencilerin zordur. Ogrencive gore degisir. Ogrencilerin
onceden edindikleri yanly bilgiler, giinliik hayatta kabul géren kavram
yanilgilart varsa bu tiir ogrencilerde kavram yanilgilarin degistirmek

Participants who thought that zor olabilir.”

changing students’ misconceptions 3 .

may or may not be a difficult (It is difficult for some students. It depends on students. If students

process have non-scientific previous knowledge or misconceptions that are
accepted as true in daily life, it will be hard to change these students’
misconceptions) (Prospective teacher #05).

“Ogrencinin kavram yanilgisint degistirmek zordur hele ki ogrenciler
bu kavram yamigisiyla sorularimi rahatlikla cevapliyorsa. Ogrenciler
sorun ¢ikarmayan bilgiyi degistirmek istemeyecektir. Bu noktada bu
bilgiyi degistirmek daha da zor olur.”

Participants who thought that o L . . .

changing students’ misconceptions 13 (It is difficult to change students’ misconceptions especially if students

was a difficult process can solve their questions without any problem despite the presence of
misconceptions. Students do not want to change their knowledge if they
do not encounter a problem. Thus, it is more difficult to change
misconceptions) (Prospective teacher #08).

“Haywr zor degildir. Sonugta kavram yanilgilarinin  ortadan

kaldirilmasina yonelik ¢ok fazla yontem, ogretim metodu gelistirilebilir.
Participants who thought that Ozellikle kimyada daha fazla oldugunu diisiiniiyorum bu metodlarm.”
After changing St}ld.ems misconceptions 6 (No it is not difficult. Because a high number of teaching methods and
was not a difficult process
strategies can be developed to remediate misconceptions. Specially,
there are lots of methods in chemistry) (Prospective teacher #19).

“Ogrenciye ve bu yanilgilara ne kadar inandigina gore degisir. Etkili
bir metodla ortadan kaldirilabilir . Bazilart ise olduk¢a zor degistirilir.
Dogru olant hazmetse bile zamanla unutup yine eski bilgisini
hatirlayabilir. Kalici olmasi igin zaman harcamak gerekir.”

Partlc!pants who t[}ou.ght that . (It depends on the students and how much students believe in these
changing students’ misconceptions 3

may or may not be a difficult
process

misconceptions. Misconceptions can be changed with an effective
method. Changing some misconceptions may be difficult. Even if a
student understands the correct conception, he or she may remember
previous non-scientific concepts. For a concept to be permanent, time

is needed) (Prospective teacher #13).
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4.2.2. PCK in terms of Strategies to Identify and Change Student Misconceptions

The fourth item of the KBCMTEQ was “Do you think that the possible student
misconceptions should be taken into consideration when you prepare a lesson plan? How
do you do that?” Before the training program, 21 of 22 prospective teachers stated that
while preparing a lesson plan, possible student misconceptions should be taken into
consideration. Only one participant stated that since there were a variety of student
misconceptions, we could not know all of these misconceptions so we could not include
them in lesson plans. After the training program, all of the prospective teachers suggested
that while preparing a lesson plan, possible student misconceptions should be taken into

consideration.

Before the training program, seven prospective teachers emphasized designing the
lesson plan according to the student misconceptions indicated in research literature on
misconceptions. On the other hand, after the program, 15 prospective teachers mentioned
taking the student misconceptions which was found in research findings into consideration
while writing a lesson plan. These prospective teachers stated that teachers needed to add
teaching activities and tools such as experiments, counter-examples and visualization

materials which targeted possible misconceptions. One of 15 participants stated that:

“Evet. Arsivden tarama yapilarak olasi kavram yanilgilari tespit edilmeli. Bunlara
karst meydan okuyucu aktiviteler yapiimali” (Yes. Possible student misconceptions should
be searched from archives. Some teaching activities that target these misconceptions

should be performed) (Prospective teacher #14).

The same number of participants, 9 participants, focused on asking pre-questions or
administering a pre-test before starting the instruction to take possible student

misconceptions into consideration before and after the training program.

The fifth item of KBCMTEQ expected the respondents “zo list the methods in order
to identify student misconceptions”. Before the training program, majority of prospective
teachers, 13 of 22 participants stated “asking questions at the beginning of instruction of a

subject” when they were expected to suggest a method to identify student misconceptions.
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Among these 13 participants, four prospective teachers emphasized that it was required to
ask “open-ended questions which expected the explanation for answers and targeted the
misconception” to identify student misconceptions. One of these four participants stated
that:

“Tespit asamasinda, kavram ile alakali dersin ilk baslarinda ogrencilere sorulacak
agik uglu sorular bu yonde bize fikir verecektir” (Asking open-ended questions to students
at the beginning of the instruction will give us an idea about identifying their
misconceptions) (Prospective teacher #12).

Moreover, 11 participants stated “administering a pre-test before instruction” as a
misconception identification method. In addition, four participants mentioned that
interviews could be conducted with students to identify their misconceptions. A few
prospective teachers listed classroom discussions, expecting students to draw concept
maps, homework, and observing students when they were requested to list methods to

identify student misconceptions.

After the training program, similar to the result before the program, majority of
prospective teacher, 15 prospective chemistry teachers stated asking questions at the
beginning of the lesson as a method to identify student misconceptions. Different from the
pre-measurement, eight of 15 prospective teachers suggested asking open-ended questions
which targeted a misconception whereas 4 participants emphasized it before the training

program. One of these eight prospective teachers stated that:

“Ozellikle bunu él¢cmek icin ders plamini hazirlarken agiklama talep eden sorular
hazirlayarak”™ (Via including questions that expect explanations in answers for this

purpose) (Prospective teacher #14)

Similar to the pre-measurement, 12 participants mentioned applying a pre-test before
instruction as a method. In addition, three participants stated that classroom discussion
might be a method to identify misconceptions. Moreover, three participants mentioned that

interviews could be conducted with students to identify their misconceptions. A few
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prospective teachers listed journal writing, reviewing the research literature related to
misconceptions, and surveys as methods to identify student misconceptions.

The sixth item of the KBCMTEQ expected the respondents “zo list the methods to
Change student misconceptions”. Before the training program, nine prospective teachers
stated that presenting discrepant events and counter examples that would challenge
students’ existing knowledge might be a good way to change student misconceptions.
Moreover, five participants stated that laboratory works would be another method to
change misconceptions. Furthermore, five participants mentioned that teachers could
correct student misconceptions via integrating different visual teaching materials into their
lessons. In addition, four prospective teachers stated that teachers could change student
misconceptions by the help of appropriate questions that would lead students to think about
the subject. Prospective teachers also mentioned analogies, classroom discussions and
daily life examples as methods to change student misconceptions. One of the prospective

teachers who stated only one method to change misconceptions stated that:

“Ogrenciler kavram yanilgisi yasiyorsa bazen bu kavrami degistirmez. Bazen dogru
bilgiyi kabul eder bazen dogru bilgiyi kabul etmez ama derslerinde dogru kavrami dersler
disinda bildigi kavrami kullanmaya devam edebilir. Bence 6grenciye kabul ettirirken onun
da yanhishgimin nereden geldigini anlayabilecegi hatta kavram yanilgisi yasadigini ve
yanlighgini kendi farkedebilecegi yontemler segilebiliv. Mesela d6grencinin kafasindaki
tamimla cevaplayamayacagr ornekler verilebilir”. (If a student has a misconception,
sometimes he does not change it. He may accept the scientific knowledge or may not, he
may use scientific meaning of the concept in science lessons and his misconception about
that concept in daily life. | think, students should find out and understand their
misconceptions while we are trying to change them. For example, we can present examples

that contradict their understanding and they cannot explain) (Prospective teacher #08).

After the training program, the number of participants who suggested that
supplementary visual teaching material such as animations, molecular models, videos in
order to change student misconceptions was highly increased. After the program, 14
participants indicated that teachers could correct student misconceptions via integrating

different visual teaching materials into their lessons whereas five participants stated it
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before the program. Moreover, 12 prospective teachers stated laboratory works as a
method to change student misconceptions whereas five participants mentioned it before the

program.

Similar to pre-test, eight prospective teachers stated that discrepant events and
counter examples would challenge students’ existing knowledge and change student
misconceptions. Prospective teachers also mentioned analogies, classroom discussions and
daily life examples as methods to change student misconceptions similar to pre-
measurement. The prospective teachers who stated only one method before the program
stated three different methods to change student misconceptions after the program. She
stated that:

“Kavram yamlgilarim degistirmek igin deney yaptirilabilir olayr gézlemlerse bunu
ortadan kaldwrabilirler c¢iinkii ogrenciler somut olarak sunulan gseyleri daha ¢abuk
benimsiyorlar. Animasyon-simiilasyon kullanilabilir. Kendi aralarinda tartismalar
saglanabilir bunda da ogrencilerin birbirlerinin takildiklar: noktalari birbirlerine iyi ifade
ettiklerini  diistiniiyorum.” (Experiments may be conducted to remediate students’
misconceptions because when students observe the phenomena and see concrete examples,
they accept it more easily. Animations and simulations may be used. Class discussions may
help students to explain the points which they do not understand to each other)

(Prospective teacher #08).

The seventh item of the KBCMTEQ was “Suppose that you identified a
misconception in some of your students. a) Do you change the flow of your lesson? If your
answer is yes, what kind of change would it be? b) Do you change the lesson plan which
you will design to teach this lesson in the future? If your answer is yes, what kind of
change would it be?” Before the training program, 17 prospective teachers stated that they
would change the flow of their lesson if they identified a misconception in some of their
students. Three participants expressed that they would change the flow of a lesson, if the
number of students having certain misconception is high. One of these three participants
stated that:
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“Eger kavram yanilgisi olan 6grenci sayist az ise bir degisiklik yapmam ama ¢ok ise
kavram yanilgisit yasanan konuyla ilgili daha fazla bilgi, daha fazla somut ornek vererek o
konunun iizerine biraz daha fazla yogunlasirim”™ (1f the number of students who have a
misconception is small, 1 would not change the lesson. Yet, if the number is high, I would
concentrate the lesson more on that subject with additional explanations and more
concrete examples) (Prospective teacher #05).

One prospective teacher stated that she would change the flow of the lesson, if her
students have misconceptions related to the content of that lesson. She stated that:

“Dersin gidisatinda degisiklik yapmam dersin icerigine baghdir. Ornegin dersin
konusu gazlarda basing-sicaklik iligkisi ise ve bir 6grencide taneciklerle ilgili bir kavram
yanilgisi varsa dersi boltip maddenin tanecikli yapist konusuna geri donmem konu akisini
bozar ve diger ogrencilerin motivasyonu bozulabilir. Ama farkl bir derste ya da aktivitede
s0z konusu kavram yanilgist tizerine odaklanirim. Ciinkii bir 6grencideki kavram yanilgisi
diger ogrencilerde de ayni kavram yanilgisimin olma olasiligini gosterir bence” (It
depends on the content of the lesson, for me, to change the flow of the lesson. For example,
if the subject were pressure-temperature relationship in gases, and a student had a
misconception about particulate nature of matter 1 would not return the subject of
particulate nature of matter because the flow of the lesson and student motivation would be
disturbed. Yet, | focus on that misconception in another lesson or another activity. Because
a misconception of one student shows the possibility that other students also have that

misconception) (Prospective teacher #16).

One prospective teacher stated that he would change the flow of the lesson, if the

misconceptions had potential to block subsequent learning. He stated that:

“Yanilgi ¢alisilan grubun ileriki kavramlar: anlamasini etkileyecekse mutlaka akig
degismelidir. Fakat daha izole bir konu tizerinde ¢alisiliyorsa daha sonra planli bir sekilde
geri doniilmek tizere derse devam edilebilir.” (1f the misconception had potential to affect
the understanding of the following concepts, the flow of the lesson must be changed. If the
subject was very specific, | would not change the flow of the lesson, I would revisit this

misconception in the future) (Prospective teacher #18).
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When prospective teachers explained how they would change the flow of the lesson
if they found out that their students have certain misconceptions before the program, six
participants stated that they would just try to remediate misconception. In addition, five
prospective teachers indicated that they would give concrete examples during the
instruction to change students’ misconceptions. Moreover, four prospective teachers stated
that they would perform activities that targets to change students’ misconceptions. Also,
three participants expressed that when they identified misconceptions in their students,
they would conduct experiments about the related subject. Moreover, three participants

emphasized asking questions that will challenge students’ misconceptions.

When the prospective chemistry teachers were asked whether they would change the
lesson plan designed to teach this lesson in the future before the program, 18 prospective
teachers expressed that they would change the lesson plan. One prospective teacher stated
that he would assess their future students understanding and check whether they had the

same misconceptions.

“Bu duruma gére degisebilir. Ayni kavram yanilgisinin daha sonraki ogrencilerimde
olup olmadigina bakarim genel olarak rastladigim bir kavram yanilgist olursa ders
planmimi degistirirdim.” (1t depends on the case. | would check whether my students in
future had the same misconception. If | saw that students commonly had this misconception

I would change my lesson plan) (Prospective teacher #02).

One prospective teacher expressed that if she observed a misconception in majority
of her students, she would also change the lesson plan designed to teach this lesson in the
future. Furthermore, one prospective teacher expressed that she would change the lesson
plan designed to teach this lesson in the future if she identified a misconception related to
that lesson. One of the 22 participants did not make any comments for this part of the

question.

When prospective teachers explained how they would change the flow of the lesson
plan designed to teach this lesson in the future if they found out that their students have
certain misconceptions, five participants stated that they would add an activity to the lesson

plan that would help remediate the misconception. Also, four participants expressed that
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they would add an experiment to the lesson plan. Moreover, four prospective teachers
stated that they would add concrete examples to the lesson plan. In addition, three
prospective teachers stated that they would add questions that aimed to challenge students’
misconceptions. Furthermore, three prospective teachers stated that they would add the
identified misconception into the lesson plan. Also, three prospective teachers stated that
they would emphasize and clarify the basic concepts in their lesson plans designed to teach
this lesson in the future.

After the training program, 21 prospective teachers stated that they would change the
flow of their lesson if they identified a misconception in some of their students whereas 17

prospective teachers stated it before the program. Only one participant stated that:

“Eger bu bir kiside ortaya ¢ikmissa dersi kesmem ama eger daha fazla kisideyse
dersin akisi degismelidir” (1 would not interrupt the lesson if only one student had this
misconception. Yet, if more than one student had this misconception, the flow of the lesson

must be changed) (Prospective teacher #17).

When prospective teachers explained how they would change the flow of the lesson
if they found out that their students have certain misconceptions, the number of prospective
teachers who stated that they would just try to remediate misconception from six to three.
Moreover, seven prospective teachers stated that they would ask questions to challenge
students’ misconceptions after the program whereas three participants stated it before the

program.

Similar numbers of prospective teachers, four participants and three participants
stated that they would perform activities that targets to change students’ misconceptions
before and after the training program, respectively. Also, similar to pre-measurement, three
participants expressed that when they identified misconceptions in their students, they

would conduct experiments about the related subject.

When the prospective chemistry teachers were asked whether they would change the
lesson plan designed to teach this lesson in the future, after the program, 21 prospective

teachers expressed that they would change the lesson plan whereas 18 prospective teachers
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stated it before the program. Only one prospective teacher expressed that he would try not
to change the lesson plan prepared for the future lessons.

When prospective teachers explained how they would change the lesson plan
designed to teach this lesson in the future, if they found out that their students have certain
misconceptions, after the program, five prospective teachers stated that they would take
misconceptions into consideration while writing a lesson plan, however, three participants
expressed it before the program. Different from the pre-measurement, a total of five
prospective teachers stated that they would include visual teaching materials such as

simulations, animations and videos into lesson plan.

Similar to pre-measurement, four participants and three participants stated that they
would add concrete examples to the lesson plan before and after the training program.
Also, three participants stated that they would add an activity to the lesson plan that would
help remediate the misconception after the program. Yet, five participants stated it before

the program.

The eleventh item of the KBCMTEQ expected the respondents “to write a lesson
flow for two lesson hours in order to change a specific misconception”. The specific
misconception in this item is “intra-molecular bonds are broken in melting and evaporation
of covalent compounds”. Despite the fact that participants were expected to write a
detailed lesson flow, the same number of prospective teachers, eight participants, just
wrote the name of teaching strategies rather than describing a flow of steps before and after
the training program. Yet, it was seen that some prospective teachers who poorly described
a lesson flow before the training program, elaborated their writing and wrote more
successful and descriptive lesson flows after the program. The lesson flows of two

prospective teachers are included as examples in the following paragraphs.

The summary of lesson flow which a prospective teacher wrote (#03) before the

program, which was composed of only the name of teaching strategies:

“Bu kavram yamilgisimi ortadan kaldirmak igin [Audiovisual Instructional Model]

kullamlabilir. Yani kavram yanilgisimin aksini gosteren bir animasyon kullanilabilir.
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Kovalent bag yapmis bir bilesigin kati halinden sivi haline gecerken molekiiller arasi
etkilesimlerin zayifladigi molekiiller arast baglarin kopmadigint gosteren animasyonlar
rahatlikla bulunabilir. [Eriyen ve buharlasan molekiiller] tek tek gosterilerek molekiil
yapisinin  bozulmadigi, bunu saglayan etkenin kovalent bag oldugu gosterilir. Gaz
molekiiliindeki kovalent baglar gosterilerek pekistirilebilir.” (In order to eliminate this
misconception, audiovisual instructional model can be used. | mean, an animation that
disproves this misconception can be used. One can easily find an animation which shows
that the inter-molecular forces are broken in melting of a covalent compound but intra-
molecular bonds are not broken. Melting and evaporating molecules should be shown one
by one, indicating that the structure of a molecule does not change, the covalent bond is
the agent that causes it. Understanding can be reinforced by showing the molecules of

covalent compound in gaseous state) (Prospective teacher #03).

The lesson flow which the prospective teacher wrote (#03) after the program, showed

elaboration of his thinking:

“Suyun elektrolizi olayimin reaksiyonunu verip ogrencilerle olayin nasil
gerceklestigini konusuruz. Konu ile ilgili bir animasyon kullanimi. Suyun buharlagmasi
olaymmin denklemi konusulup molekiillerin nasil davrandigr konusulur. Konu ile ilgili bir
animasyon kullammi.Iki durumda su molekiillerinin gecirdigi degisiklikler ayrintili bir
sekilde cizilerek anlatilir. Birinci durumda etkili olan kuvvetlerin [intramolecular forces],
ikinci durumda etkili olan kuvvetlerin [intermolecular forces] oldugu séylenir.Ikinci
durumu daha iyi ag¢iklamak icin sivi halden gaz haline gegen bir su kiitlesindeki bir su
molekiiliiniin diger su molekiilleriyle olan etkilegsimini gésteren bir animasyon kullanilir.
Gaz hale ge¢mis sudaki bir molekiiliin igindeki kovalent baglar gésterilip, bu baglarin
kaynama esnasinda koparilmadigi gosterilir. Dersin sonunda ogrencilerin bu derste ne
ogrendikleri sorulup ozetleyecek sekilde arkadaslarina anlatmalari istenir. Konu
hakkindaki kavram yanilgisinin ortadan kalkip kalkmadigini 6l¢mek icin kisa bir
degerlendirme (quiz) yapilir.” (Firstly, we talk about electrolysis of water and how this
phenomenon occurs and use of an animation about the subject. Secondly, we talk about the
behaviour of water molecules in evaporation of water and use of an animation about the
subject. The change of water molecules in these two events are explained by drawing in

detail. It should be told that, in the first event, the effective forces are intra-molecular
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forces, in the second event the effective forces are inter-molecular forces. In order to better
explain the second event, an animation which shows the interaction of water molecules in
the phase change of water from the liquid state into gaseous state can be used. During the
animation, it should be showed that the intra-molecular forces in a water molecule in the
gaseous state are not broken during boiling. At the end of the lesson, students are asked
what they have learned in this lesson and expected to summarize it to their friends. A quiz
can be administered to students in order to evaluate whether their misconceptions are

changed)(Prospective teacher #03).

The lesson flow which the prospective teacher wrote (#05) before the program, only
included the name of teaching methods not integrated to the specific misconception:

“SE modelini uygularim. Bu modelde en uygun kisim [exploration] kismidir. Bu
boliimde deney kullanarak o6grencilerin bu konudaki kavram yanilgisini kirmaya ¢aligirim.
Ayrica [elaboration] kisminda degistirilen kavram yanilgisini baska bir bilgiyle birlestirip
kullanilmasi kavramin daha iyi anlasiimasin ve pekistirilmesini saglar.” (1 would apply
5E model. The most appropriate part of the model is exploration part. In this part, I try to
eliminate student misconceptions by the help of experiments. Moreover, in elaboration
part, integration of new concepts with other knowledge provides better understanding and

reinforcement of understanding of the concept) (Prospective teacher #05).

The prospective teacher (#05) introduced a more elaborated lesson flow that targeted

the specific misconception after the program :

“Molekiil i¢i baglar ve molekiiller arast baglar kavramlari agiklanir. Kovalent
baglar agiklanir (gorsel kullanilarak, animasyon) H;O yapisi gorseller kullanilarak
anlatilir, molekiil i¢i baglari, molekiiller aras1 baglar gosterilir. Analoji kullanilarak bu
baglarin nasil kirilabilecegi anlatilir. Evime, donma ve kaynama kavramlart agiklanir. Bu
olaylar sirasinda molekiillerde nasil degisiklikler olabilecegi ogrencilere sorulur. Gelen
cevaplara gore bu olaylar sirasinda nasil degisiklikler meydana gelebilecegi 6grencilere
aciklanmir. [Sonra su molekiiliiniin erime, kaynama, donma swrasinda molekiiller arasi ve
molekiil i¢ci baglarmin] nasil etkilendigi animasyon yardimiyla gésterilir ve agiklanir.

Sonug olarak H,O molekiilii erime ve kaynama olaylarinda, sadece molekiiller arasi
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baglarin kirillacagr molekiiller arast baglarda bi degisiklik olmayacagt agiklanwr. ” (The
concepts of intra-molecular forces and inter-molecular forces are explained. Covalent
bonds are described (by using visual teaching materials, such as animation) and the
structure of H,O is explained with using visuals and the intra-molecular bonds and
intermolecular bonds regarding water are shown. How to break these bonds are explained
with an analogy. The concepts of melting, freezing and boiling concepts are explained.
Students may be asked what changes in molecules during these events. According to the
responses from the students, the changes occurred during these events are described.
Then, how the inter- and intra-molecular bonds of water molecule change during melting,
boiling, freezing are shown with the help of an animation. As a result, in the melting and
boiling of H,O, it is explained that only the inter-molecular bonds are broken and the

intermolecular bonds would not change)(Prospective teacher #05).

Before the training program, two prospective teachers stated their hesitation about
deciding how to change the specific misconception. These prospective teachers stated they
did not know how to change this misconception. One of these prospective teachers only
wrote objectives of the lesson before the training program and she wrote the only name of
teaching strategies that she planned to use after the program. The other prospective teacher
wrote only two teaching strategies rather than a flow of instruction before the training
program and she wrote a description of flow of steps after the program. Before the training

program, she wrote:

“Kovalent bagin nasil olustuguna dair bir video izletirdim. Tiim baglarin
elektrostatik etkilesimler oldugunu ifade eden bir etkinlik yaptirirdim.Cok da bir fikrim yok
ac¢tkgast” (1 would show a video about how covalent bond was formed. | would lead
students to perform an activity which indicated that all types of bonds were electrostatic

attractions. In fact, I have no more idea) (Prospective teacher #16).

After the training program, she wrote:

“Derse az miktarda yapilacak suyun hal degisimlerini gésteren bir aktiviteyle

baslayip aktivite sonunda ogrencilerin fikirlerini tartismasini isterim ve diisiincelerini

tahtaya yazarim. Faz degisimi olayini atomik seviyede canlandiran bir video izletirim ve



101

sonrasinda suyun 3 halinin atomik seviyede kartonlara c¢izilmesini bir grup aktivitesi
olarak yaptirtr bu ¢izimleri sunmalarini ve bu hal degisimlerinin nasil gerceklestigini
anlatmalarmi isterim.” (1 would start the lesson with an activity that showed the phase
change of little amount of water and, at the end of the activity, | would expect the students
discuss their ideas and | would write their ideas on the board. I would show a video that
represented the process of phase change in atomic level and | expect students to represent
water in three phases on carton papers as group activity. Then I want students to present
their representations and explain how these phase changes occurred) (Prospective teacher
#16).

Before the training program, one participant made comment on non-scientific
understanding about the misconception rather than suggesting a lesson flow to change it.
He stated that:

“Faz degisiminin fiziksel bir olay oldugunu ve fiziksel degisimlerde maddenin
kimyasal yapisimin degismeyecegine hemfikir olacagimizi diistiniiyorum. Molekiil i¢i
baglarin kiridmasi da kimyasal olduguna gore faz degisiminde kovalent baglar
etkilenmez.” (1 think, we agree on that phase changes are physical changes and the
chemical structure of a matter does not change in physical changes. Since, breaking intra-
molecular forces is a chemical change, covalent bonds are not affected by the phase

changes)(Prospective teacher #18).

After the training program, the prospective teacher described a few steps in

instruction in order to change the misconception. He stated that:

“Kimyasal ve fiziksel degisim kavramlar: tamimlanip farklarimin tartistimasindan
sonra, faz degisimlerinin tanecikli yapi iizerindeki etkileri tartisilmasi. Simif igi
tartismalardan sonra molekiiler maddelerin faz degisimi sirasinda tanecik davranislarini
gosteren bir animasyon gosterimi ve sonrasinda, énceki tartismanin tekrar edilmesi.” (The
discussion of the effect of phase changes on the particle nature of matter, after
describing physical and chemical changes and discussion of the difference between these

concepts. Showing an animation that represents particles of molecular substances at phase
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change after classroom discussions, and then repeating the previous discussion)

(Prospective teacher #18).

Furthermore, when the participants were expected to write a detailed lesson flow
before the program, only 10 participants could write a flow of instruction. On the other
hand, one participant only wrote sub-titles of the topic and one participant could not write
any lesson plan. After the training program, the number of participants who wrote a flow
of instruction in their answers increased from 10 to 14. Table 4.11 summarizes the number

of participants who wrote a detailed lesson flow before and after the program.

Table 4.12. The results of the eleventh item of KBCMTEQ.

only name of | write a comment on write sub- write no lesson
strategies flow misconception titles objectives plan
Before 8 10 1 1 1 1
After 8 14 - - - -

Prospective teachers included predict-observe-explain, multi-representational
instruction, inquiry, experimental works and analogies in their lesson plan. Among these
teaching strategies, the number of participants who preferred to use of microscopic
representations of matter and direct teaching was increased after the training program. The
number of prospective teachers who wrote a lesson which included lecturing increased
from six in pre-test to 10 in post-test. Moreover, two prospective teachers suggested using
teaching materials that focused on microscopic level before the training program, and the
number increased to eight participants after the program. One of the prospective teachers

who suggested using microscopic representations of matter in pre-test stated that:

“Oncelikle kati, sivi, gaz maddeleri [sub-microscobic] diizeyde gistermelerini
isterim. Her 6grenci bunu gosterebildiginde iki atom arasinda olusan bagin bir etkilesim
sonucunda olustugunu, etkilesim kayboldugunda da eski konumlarina geri dondiiklerini
gosteren bir animasyon kullanirim.” (First of all, | would expect students to represent
solid, liquid and gaseous matters in sub-microscopic level. When each student succeed to

represent it, | would show an animation which indicate that a bond between two atoms is
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resulted from an attraction, and when the attraction is absent, they would have their

previous positions) (Prospective teacher #02).

After the training program, he also suggested using microscopic representations of

matter and elaborated his lesson plan. He stated that:

“Once [intermolecular forces] ve [intramolecular forces] hakkinda giris yaparak
derse baglarim ve bu kavramlara dair bir yanilgi var mi onu tespit etmeye ¢alisirim. Daha
sonra [ “intermolecular forces”|in fiziksel ozelliklere etkisinden bahsederim ve gorsel
materyaller kullanarak erime ve kaynama olaylarinin molekiiller arast etkilesimle alakall
oldugu, kovalent bag yapan elementlerin birbirleriyle olan etkilegsiminin ¢ok daha gii¢lii
oldugu ve erime kaynama olaylarinda bu kovalent bagin bozulmadigini géstermeye
calisirrzm.” (1 would start the lesson with an introduction about inter-molecular forces and
intra-molecular forces and try to identify student misconceptions if they have any. Then, |
mention the effect of inter-molecular forces on physical properties of matter, | would try to
show melting and boiling of an event is related to inter-molecular forces with visuals, the
attraction between the atoms forming a covalent bond is very strong and this covalent

bond is not broken in melting and boiling processes) (Prospective teacher #02).

4.3. Findings Related to the Research Question 3

The third research question was: “Is there any difference in prospective chemistry
teachers’ teaching efficacy beliefs before and after attending the training program?” In
order to answer this research question, the responses of participating prospective chemistry
teachers on the ninth and tenth item of KBCMTEQ before and after attending the training
program were analyzed. Common responses of the prospective teachers were combined
together and the results of the analyses of these items were given in detail in the following

paragraphs.

4.3.1. The Ninth Item of KBCMTEQ

The ninth item in the KBCMTEQ was “List the teaching methods which you believe

that you can efficiently use with their current chemistry content and pedagogical
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knowledge. Please order the methods from the one which you can most efficiently use to
the one which you can least.” In the analysis of this item of KBCMTEQ, the order of
teaching methods was omitted since majority of the prospective teachers did not indicate
an order of teaching methods in their responses.

When the pre-tests and post-tests of the participants were compared, it was found
that prospective teachers wrote a higher number of teaching methods which they believe
they could efficiently use after the training program. Table 4.12 describes the number of
prospective teachers and how many teaching methods they listed before and after the

training program.

Table 4.13. The results of the ninth item of KBCMTEQ.

5 or more
no method 1 method 2 methods 3 methods 4 methods
methods
Before 2 9 8 3
After - 1 5 6 7 3

When the methods that the participants listed in pre-test were analyzed, six
participants stated that they would successfully use scientific inquiry as a teaching method.
Also, five participants stated that they would efficiently use experimentation and four
participants stated that they could efficiently use predict-observe- explain teaching
methods. Moreover, four prospective teachers listed constructivism as a teaching method
rather than a learning and teaching approach. Furthermore, three participants stated they
believed themselves to efficiently use classical teaching methods. Minority of prospective
teachers listed argumentation, 5E teaching model, use of visual teaching materials as

molecular models they could successfully use.

After the training program, the majority of the prospective teachers, 13 participants
stated their belief that they would successfully use methods utilizing molecular models in
instruction despite the fact that only a few teachers listed this teaching method before the
program. Moreover, the number of participants who believed that they would efficiently

use experimentation as a teaching method greatly increased from five to 12. Furthermore,
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eight participants stated their belief that they would be able to successfully use scientific
inquiry as a teaching method whereas six participants had this belief it before the program.
In addition, the number of participants who believed that they would efficiently use
classical teaching methods slightly increased from three to five.

Different from pre-measurement, seven participants stated that they would efficiently
use questioning and also seven participants stated that they would efficiently benefit from
analogies as teaching methods after the program, despite the fact that participants did not
state these methods in pre-test.

4.3.2. The Tenth Item of KBCMTEQ

The tenth item of KBCMTEQ was “Which chemistry subjects do you believe that you
are able to teach efficiently? Use the evaluation scale while you are evaluating yourself.”
For this question, a numeric point 1 indicated that the respondent believed he/she was not
able to teach corresponding subject efficiently. A numeric point 2 indicated that the
respondent was undecided about his/her beliefs. A numeric point 3 indicated that the

respondent believed he/she was able to teach corresponding subject efficiently.

In this item, 21 of 22 participants assigned a numeric point for their belief that they
were able to teach corresponding subject efficiently or not, according to the scale given in
the item before the program. Yet, one prospective teacher commented on her belief about

teaching efficacy instead of assigning a numeric point, she stated that:

“Asitler ve bazlar, elektrokimya, radyoaktivite ve elektrokimya bunlar arasinda
anlatmadigim tek 4 konu oldugu igin biraz tedirginim yani bunlarda ¢ok etkin
olabilecegimi su an igin diistinmiiyorum. Digerleri icin de kimya bilgim var. Ancak
pedagojik olarak nasil oldugumu bilmiyorum ¢iinkii bunu anlayabilecek bir mentor
ogretmenim yoktu.” (I have not instructed acids and bases, electrochemistry, radioactivity
and organic chemistry subjects yet, so | am nervous, | think that I am not able to efficiently
instruct these subjects now. For the other subject, |1 have chemistry content knowledge but |
do not have an idea about my pedagogical knowledge since | do not have a mentor teacher

who can evaluate that) (Prospective teacher #06).



106

For particulate nature of matter, before the training program, no prospective teachers
assigned a numeric point 1, four prospective teachers assigned a numeric point 2, and 17
prospective teachers assigned a numeric point 3 for their belief that they are able to teach
the particulate nature of matter. Similar to pre-test, no prospective teachers assigned a
numeric point 1, five prospective teachers assigned a numeric point 2, and 17 prospective
teachers assigned a numeric point 3 after the training program. Table 4.13. summarizes the
analysis of the tenth item of KBCMTEQ for particulate nature of matter.

Table 4.14. The results of tenth item of KBCMTEQ for particulate nature of matter.

Items Before After
1 - -
2 4 5
3 17 17
Total 21 22

For chemical equilibrium, before the training program, four prospective teachers
assigned a numeric point 1, eight prospective teachers assigned a numeric point 2, and nine
prospective teachers assigned a numeric point 3 for their belief that they are able to teach
this subject. On the other hand, no prospective teachers assigned a numeric point 1, eight
prospective teachers assigned a numeric point 2, and 14 prospective teachers assigned a
numeric point 3 after the training program. Table 4.14. summarizes the analysis of the
tenth item of KBCMTEQ for chemical equilibrium.

Table 4.15. The results of tenth item of KBCMTEQ for chemical equilibrium.

Items Before After
1 4 -
2 8 8
3 9 14
Total 21 22
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For acid strength, before the training program, five prospective teachers assigned a
numeric point 1, nine prospective teachers assigned a numeric point 2, and seven
prospective teachers assigned a numeric point 3 for their belief that they are able to teach
this subject. On the other hand, two prospective teachers assigned a numeric point 1, 14
prospective teachers assigned a numeric point 2, and six prospective teachers assigned a
numeric point 3 after the training program. Table 4.14. summarizes the analysis of the
tenth item of KBCMTEQ for acid strength.

Table 4.16. The results of tenth item of KBCMTEQ for acid strength.

Items Before After
1 5 2
2 9 14
3 7 6
Total 21 22

4.4. Findings Related to the Research Question 4

The fourth research question was: “What are the prospective chemistry teachers’
opinions about the training program after they attend the program?”. The PEF included
10 open-ended items. All participants’ responses to the items of PEF were evaluated and
categorized in order to understand their opinions regarding improvement of the training
program. For the analysis of PEF items, common responses of participants to each item
were listed and similar responses were combined by the researcher. In the following
paragraphs, prospective chemistry teachers’ responses to each item of PEF and some

quotations from their responses were included.
4.4.1. The First Item of PEF
The first item asked participants “whether they want to attend a similar training

program after attending this program”. For this item, 21 of 22 participants stated that they

would like to attend a similar training program after attending this program. Only one
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participant stated that he would not attend a similar program because of already having

heavy school curriculum.

4.4.2. The Second Item of PEF

The second item was “In your opinion, what did the training program contribute to
your teaching skills and knowledge? Explain with sharing your experiences”. It was seen
from participants’ responses that the most important contribution of the program was seen
as learning teaching methods and activities to cure common student misconceptions. Half
of the prospective teachers, (11 participants) stated that the training program contributed to
their teaching skills and knowledge through teaching how to correct common student
misconceptions. Moreover, nine prospective teachers stated that the training program
contributed their teaching knowledge through enhancing their chemistry content
knowledge and correcting their own misconceptions in chemistry. According to six
prospective teachers, it was very helpful to see the examples of common student

misconceptions during the program. One of the prospective teachers stated that :

“Olast kavram yanilgilarint ogrenmek ders plani hazirlarken onlart da géz éniinde
bulundurmam gerektigini bir kez daha hatirlatmis oldu. Ve bu kavram yanilgilarinin ne tiir
etkinliklerle  giderilebilecegini  gérmemi sagladi.” (Learning common student
misconceptions reminded me to take misconceptions into consideration while designing a
lesson plan. Also, it showed me which activities would be helpful to decrease these

misconceptions) (Prospective teacher #16).

4.4.3. The Third Item of PEF

The third item asked the participants “the most important thing that they have learnt
from the program . Similar to the second item, 10 prospective teachers stated that the most
important thing which they learnt from the program was learning how to correct common
student misconceptions. Similarly, according to five participants, correcting their own
misconceptions was the most important thing that they have learnt from the program.
Furthermore, four prospective teachers listed some chemical phenomena such as

understanding the reason of higher volume of ice than water or finding out chemical
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equilibrium situations when using Le Chatelier’s principle was invalid or understanding
the particulate nature of concentrated and diluted solutions of strong and weak acid as their
most important learning during the program. One of these four prospective teachers stated
that:

“Ogrenmis oldugum en onemli sey Le Chatelier prensibinin her zaman gecerli
olmadigi. Ama programda ogrendigim en onemli sey artik rituel islenen derslerin
degismesi gerektigidir. Ciinkii programdaki gibi islenirse biitiin okullarda dersler ¢ok daha
faydali olur diye diistiniiyorum.” (Learning Le Chatelier principle not to be valid in all
chemical equilibrium situations was my most important learning. Also, | learnt that the
direct teaching methods should be changed. If the teaching methods used in the training
program were applied in all schools, the lessons would be more helpful for students)
(Prospective teacher #19).

4.4.4. The Fourth Item of PEF

The first part of the fourth item expected the participating prospective teachers to
explain “which characteristics of the training program they mostly liked”. When the
prospective teachers’ responses were analyzed, it was seen that eight prospective teachers
stated that they mostly liked the “inclusion of actual students’ responses on CCT” aspect of

the program. One of these eight prospective teachers stated that:

“Genel olarak programin en begendigim ozelligi o6nce konuyla ilgili bir giris
vapilmasi ve daha sonra tek tek 6grencilerin cevaplari iizerinde tartismamiz oldu. Bu
bence ¢ok [efektif] bir yontem. Boylece hangi kavram yanilgisina nasil yaklasmamiz
gerektigini ogrendik. Bazen dogru sorular sormamiz gerekti bazen de deney yaptirmamiz.”
(In general, 1 mostly liked our discussion of students’ responses one by one after a
introductory part about the subject. | think it is a very effective method. So we learnt
different approaches for different types of misconceptions. Sometimes the right method is
seen as questioning, sometimes the method is conducting experiments) (Prospective
teacher #02).
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Similar to the second and the third item, four participants stated that they mostly
liked learning student misconceptions during the program. Similarly, four prospective
teachers stated that they mostly liked “the emphasis given to learning how to change
student misconceptions” in the program. Minority of prospective teachers mentioned
“encouraging classroom environment”, “learning some findings of research literature about
misconceptions”, “group discussion during the activities” when they were expected to

explain what they mostly liked about the program.

The second part of the fourth item expected the participating prospective teachers to
explain which characteristics of the training program they mostly disliked. For this part of
the item, five participants stated that they did not like “the limited time left for the

activities”. One of these five participants stated that:

“Ancak bunlarin yanminda tek olumsuz gordiigiim yani zamanmn kisitl olmast diye
diistintiyorum. Belki daha ¢ok tartisabilsek ya da oncesinden 6gretmen adayr olarak
bizlerden yani grup olarak bir yontem bulsaydik, alternatif olabilecek yollar: kesfeder ve
cesitlilige ulaswrdik.” (I think, limited time is the negative side of this program. If we had
chance to discuss more or we suggest some methods as teacher candidates, we would find
alternative and a variety of methods to change student misconceptions) (Prospective
teacher #06)

For the second part of the fourth item, four participants listed “early meeting time of
the sessions in mornings” as a property of the program they disliked. A few prospective
teachers mentioned “the lack of break time between the activities”, “being familiar with
some activities of the program from previous educational courses” and “limited space left
for the questions on the activity sheets” when they were expected to explain what they
mostly disliked about the program. On the other hand, five participants stated that there

was nothing they disliked about the program.

4.45. The Fifth Item of PEF

The fifth item was “In your opinion, what should be added to/remove from the

training program if it is repeated for some other groups of participants? What should be
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changed about the program.” According to seven participants, “new chemistry subjects
should be added to the program”. Moreover, seven participants suggested “the
rearrangement of the time planned for each activity of the program”. Also, three
prospective teachers suggested “the discussion part of the participants should be
increased”. Furthermore, “removing evaluation of the activity part at the end of each
activity”,” increasing the number of student responses from CCT”, “informing the
participants about the content of the session before the sessions”, etc. were suggested by a
few participants.

“Bu program baska gruplar igin tekrar yapilirsa bence neye ne kadar zaman
ayrilmast iizerinde bazi degisiklikler yapilabilir. Ayrica maddenin tanecikli yapusi,
kimyasal denge ve asitlere ilave olarak baska kavram yanilgilarina yonelik farkli konular
programa eklenebilir.” (If this program is repeated for some other groups, | think some
changes could be made about the time which was planned for each parts of the program.
Moreover, some other chemistry subjects may be added to the program in addition to the

particulate nature of matter, chemical equilibrium and acids) (Prospective teacher #11).

4.4.6. The Sixth Item of PEF

The sixth item asked the participants “whether there were any misconceptions they
found out in themselves and corrected during the training program”. Majority of the
prospective teachers, 15 prospective teachers stated they had misconceptions about the
factors affecting the strength of an acid and corrected during the program. In addition,
seven participants declared that they had had misconceptions about using Le Chatelier’s
principle in every chemical equilibrium situation before the program and changed it during
the program. Also, three prospective teachers commented on finding out their

misconceptions about classifying molecular elements as compounds.
4.4.7. The Seventh Item of PEF
The seventh item expected the participating prospective teachers “how they would

plan to benefit from the content and the methods of the program when they started to teach

in a school”. To this item, seven prospective teachers stated that they planned to use
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similar teaching tools included in the program such as modelling, group discussion etc.,
and 10 prospective teachers wrote the names of the same activities included in the training

program. One of these 10 prospective teachers said that:

“Evet diistintiyorum.Kullandigimiz bazi videolar ézellikle ileri-geri tepkimeyle ilgili
olan ¢ok etkiliydi. Yapilan deneylerde yine kullanabilecegim ve basit diizenekle hemen
anlasilabilecek deneyler vardi. Asitligi ol¢tiigiimiiz deney 6rnegin gayet giizel ve etkili bir
deneydi. ”’(Yes, | think. Some videos that we used, specially the one about forward and
reverse reactions were very effective. Among the experiments performed, I could use some
experiments which required simple apparatus and were easily understandable. The
experiment that we measured acidity was a fine and effective experiment) (Prospective
teacher #20).

4.4.8. The Eighth Item of PEF

The first part of the eighth item was “Which activity was the most unforgettable for
you?” The analysis of participants’ responses showed that the most unforgettable activity
was acid strength laboratory work, 10 prospective teachers chose the acid strength activity
as the most unforgettable activity. Moreover, four prospective teachers informed that the
video that showed an analogical modelling in chemical equilibrium was unforgettable for
them. In addition, three participants selected modelling acid solutions activity as the most
unforgettable one. Several prospective teachers mentioned mixing different liquids,
discussion of allotropes of carbon, ice-water equilibrium, concept map of hydrogen

bonding as unforgettable activities.

The second part of the eighth item was “Which activity was boring one for you?”
According to three prospective teachers, the first activity modelling particulate nature of
matter was a boring activity. Also, two prospective teachers selected ice-water equilibrium
as a boring activity. According to four prospective teachers, none of the activities of the
training program was boring. Minority of prospective teachers mentioned mixing different

liquids and modelling acid solutions as boring activities.
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4.4.9. The Ninth Item of PEF

The first part of the ninth item expected the participating prospective teachers to
explain “which teaching methods they would use while teaching the particulate nature of
matter, the chemical equilibrium and the acids subjects before attending the training
program ”. Without considering three subjects separately, seven prospective teachers stated
that they would use visual teaching tools such as animations, simulations etc. and three
prospective teachers stated that they would use experimentation. Also, four prospective
teachers stated that they would use direct teaching methods. Moreover, three prospective
teachers stated their lack of knowledge about teaching methods for the particulate nature of
matter, the chemical equilibrium and the acids topics.

For the particulate nature of matter subject, four prospective teachers stated they
would prefer visual teaching tools such as molecular drawings, animations, simulations etc.
For chemical equilibrium subject, three prospective teachers stated that they would use
analogical modelling activity that was also included in the program. Three prospective
teachers stated that they would use direct teaching methods to teach chemical equilibrium.
Two prospective teachers stated that they had no idea about which teaching methods they
would use for chemical equilibrium before the program. For acids subject, five prospective
teachers stated that they had no idea about the teaching methods which they would use for
chemical equilibrium before the program. Also, one prospective teacher stated that she

would solve problem to teach acids.

The second part of the ninth item expected the participants to explain “how the
methods which they were planning to use while teaching the particulate nature of matter,
the chemical equilibrium and the acids subjects changed after the program”. Without
considering three subjects separately, 10 prospective teachers stated that they would use
visual teaching tools such as molecular representations, animations, simulations etc. and
seven prospective teachers stated that they would use experimentation. Also, two

prospective teachers stated that they would use analogies while teaching these subjects.

For the particulate nature of matter subject, three prospective teachers stated they

would prefer visual teaching tools such as molecular drawings, animations, simulations etc.
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Also for chemical equilibrium subject, two prospective teachers stated that they would use
visualization tools. In addition, one participant stated that he would use the analogical
modelling activity included in the program. Moreover, one prospective teacher stated that
he would use ice-water equilibrium activity. For acids subject, two prospective teachers
stated that they would use hands-on activities while teaching. Also, three prospective
teachers stated that would use visualization tools to teach acids.

4.4.10. The Tenth Item of PEF

The tenth item was “Do you have any problems about a chemical phenomenon that
you did not learn well and could not ask during the training program?” For the last item,
21 of 22 prospective teachers stated they did not have a problem about chemical
phenomena included in the training program. One of the 22 teachers said that:

“Le Chatelier prensibinin uygun olmadigt durumlarin oérneklerinin daha fazla
verilmesini beklerdim. Bu konu ¢ok netlige kavusmadan ge¢ildi diye diistiniiyorum.” (|
would expect more examples about the situations which the use of Le Chatelier’s principle
was not appropriate. | think, this subject was passed without sufficient clarification)

(Prospective teacher #08).
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5. CONCLUSION AND DISCUSSION

This research study had two main objectives. Firstly, the study aimed to develop a
training program in order to increase prospective chemistry teachers’ chemistry content
knowledge in “particulate nature of matter”, “chemical equilibrium” and ““acid strength”
subjects, pedagogical content knowledge related to misconceptions and teaching efficacy
beliefs. While developing the training program, the suggestions from the research literature
on misconceptions, conceptual change, teaching strategies, and professional development
activities for teachers were taken into consideration. Secondly, the study aimed to evaluate
the effectiveness of the developed training program. Twenty-two prospective chemistry
teachers constituted the participants of the study. The effects of the training program were
investigated by analyzing the change in these prospective teachers’ responses on the
instruments used in the study; “CCT” and “KBCMTEQ” and by the opinions of the
participants about the program which they stated on “PEF”. The responses of participants

in interviews were also included in discussion and conclusion of the results.

5.1. Change in Prospective Chemistry Teachers’ Content Knowledge

In order to determine the effect of the training program on participants’ chemistry
content knowledge in the subjects of “particulate nature of matter”, “chemical equilibrium”
and “acid strength”, the categories of participants’ responses on “CCT” before the program
and the categories on “CCT-B” after the program were compared by Wilcoxon signed rank
test. The analysis of the responses of participants on CCT showed that prospective
chemistry teachers had a variety of misconceptions about “particulate nature of matter”,
“chemical equilibrium” and “acid strength” subjects before attending the training program.
Also, the analysis of the responses showed that participants retained some of these
misconceptions after the program. According to the results, it can be concluded that,
participants’ content knowledge increased and some of their misconceptions decreased in

“particulate nature of matter”, “chemical equilibrium” and “acid strength” subjects during

the training program.
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Research literature on misconceptions indicated that misconceptions of students were
found to be very resistant to change (Driver, 1983). In this study, some prospective
chemistry teachers’ misconceptions retained even if these concepts were discussed in the
training program. Thus, it can be said that the findings of this study also confirmed the

resistant nature of misconceptions.

The training program included five activities about “particulate nature of matter”,
three activities about “chemical equilibrium” and two activities about “acid strength”. The
concepts about one chemistry subject were also included in other activities about the same
subject. Yet, new concepts in a completed activity were not discussed in the activities of
other subjects. For the items in which prospective chemistry teachers did not change their
misconceptions, majority of the participants, who were interviewed, stated that they forgot
new concepts and turned their non-scientific thinking a few weeks later. Thus, in order to
increase the effect of the training program on participants’ content knowledge and achieve
long-term learning, it can be said that new concepts should be repeated in and integrated

into the following sessions of the training program.

For some items of CCT, majority of prospective chemistry teachers did not have
misconceptions before attending the training program. It was also found that, in these
items, participants did not hold any misconceptions after the training program. Thus, for
these items the training program did not change the content knowledge of participants
because of the fact that the participants have had already a scientific understanding related

to these subjects.

On the other hand, for the items in which prospective chemistry teachers changed
their misconceptions, participants, who were interviewed, stated some characteristics of the
activities included in the training program. The results of analysis of items and sub-items
of CCT and participants’ comments on their responses were summarized in the following
paragraphs. The comparison of the findings with the results of other research studies that
were conducted to investigate corresponding misconceptions were also included in these

paragraphs.
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5.1.1. Change in Prospective Chemistry Teachers’ Content Knowledge about
Particulate Nature of Matter

In the first sub-item (lal) of the first item of CCT, prospective teachers
misconception that “there was air between the particles of matters” decreased after the
training program. In a research study (Novick and Nussbaum, 1978), eight grade students’
understanding of the particulate nature of matter was investigated. The results of that study
showed that eight grade students also thought that the space between the particles of a
matter was filled with something such as air, dust, oxygen gas, nitrogen gas, etc. Thus, it
can be said that, prospective teachers in this study had the same misconceptions with
eighth-grade students before the training program. In the interviews, some participants
stated that “the animation of phase change of water” and “the discussion of the concept of
empty space between particles of matters” in the second activity helped them change their

misconceptions.

In the second, fifth and eighth sub-items (1a2, 1a5, and, 1bl) of the first item of
CCT, the space between the particles of ice and liquid water and the structure of ice were
investigated. Prospective teachers had misconceptions about relative spacing between
particles of ice and liquid water before the training program. Prospective teachers stated
these misconceptions in some sub-items, but at the same time, they gave scientific
responses on other items after the training program. This result might show that
prospective teachers learnt some properties of ice but did not successfully change their
misconceptions. This result may indicate that conceptual change was a slow and gradual
process as Vosniadou (2007a) stated. Moreover, in the second and fifth sub-items (1a2 and
1a5), some prospective teachers mentioned that they had difficulty to correctly answer
these sub-items because of the word “some” in the statement. According to these
prospective teachers, the term of “some distance” confused them and could not imagine
how much distance is some distance. According to the comments of these participants, it
can be said that, more clear and comparative statements such as “more distance than those
in the liquid form or the minimum distance among three phases” could be helpful for those

teachers to answer these questions correctly.
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In the third sub-item (1a3) of the first item of CCT, the number of prospective
teachers who stated that “it was the hydrogen bond that kept hydrogen and oxygen atoms
together within the water molecule” was significantly decreased after the training program.
Some participants expressed that comparison of evaporation and electrolysis of water in
macroscopic, microscopic and symbolic levels in the tenth activity of the training program
helped them understand the intra-molecular forces in a water molecule and inter-molecular

forces between water molecules.

The fourth sub-item (1a4) of the first item of CCT showed that only a few
prospective teachers believed that “the atoms or molecules of a matter might be hard or
soft” and “water molecules were hard when water was in solid phase and they were soft
when water was in liquid and gas phases” before the training program. Ben-Zvi, Eylon and
Silberstein (1986) showed that10™ grade students believed that one single, isolated atom
had the same properties with the bulk matter. Thus, it can be seen that, prospective teachers
in this study had similar misconceptions with high school students before the training
program. In the fourth sub-item (1a4), the number of prospective teachers who thought that
“the atoms or molecules of a matter might be hard or soft” and “water molecules were hard
when water was in solid phase and they were soft when water was in liquid and gas
phases” was significantly decreased after the program. For this sub-item, participants
stated that discussion of allotropes of carbon in the fourth activity of the training program
helped them understand the relationship between the particles of a matter and the bulk

matter.

The sixth and seventh sub-items (1a5 and 1a6) of the first item of CCT showed that
majority of the prospective teachers already had a correct understanding about the fact that
the nature of particles and mass of substances did not change in phase changes. Thus, it can
be said that participants’ content knowledge in these sub-items did not change since they

already had a scientific understanding before the training program.

In the ninth sub-item (1b2) of the first item of CCT, participants were expected to
draw the particles of water vapour in pre-test and the particles of liquid water in post-test.
The particles of water vapour have the same arrangement and properties with the particles

of any other matters in gas phase. Thus, most of the prospective teachers successfully drew



119

the microscopic representation of water vapour and only a few prospective teachers had
misconceptions about water vapour before the program. On the other hand, the space
between the particles of liquid water is less than that of ice, so water is different from other
liquids and has an exceptional property as a liquid resulted from hydrogen bonding. Thus,
most of the prospective teachers failed to draw the microscopic representation of liquid
water correctly compared to ice after the program.

The second item of CCT showed that majority of the prospective chemistry teachers
in this study incorrectly used the terms atom and element interchangeably and a few
prospective teachers wrongly classified molecular elements as compounds before the
training program. This finding is consistent with the findings of the research study,
conducted by Stains and Talanquer (2007), which showed that undergraduate chemistry
students categorized microscopic representations of molecular elements as compounds. In
the second item of CCT, there was significant difference between prospective teachers’
ranks in only sixth sub-item (2c2) of twelve sub-items after the program. In this sub-item, a
few participants used the terms element and atom interchangeably after the training
program. The difference in this sub-item was found significant by statistical analysis, but,
this misconception was not changed in the fourth sub-item of this second item (2b2). Thus,
it can be concluded that attending the training program did not change the misconceptions
of prospective teachers in the second item. These results was found to be consistent that
Zirbel’s study (2004) which indicated that students can hold their misconceptions while
accepting and using the new concepts. Moreover, this misconception might be resulted
from participants’ lack of understanding in differentiation of macroscopic and microscopic
levels. Some additional activities that target macroscopic and microscopic levels of matter

should be integrated into the training program.

To sum up, the responses of participants on some items of CCT showed that
prospective chemistry teachers had a variety of misconceptions about particulate nature of
matter before attending the training program. Attending the training program, developed
for this study, successfully changed prospective chemistry teachers’ misconceptions for
some items of this subject but not for some others. Moreover, in some sub-items,
prospective teachers already had a scientific understanding before the training program.

Thus, prospective teachers’ content knowledge was not changed in these items. As a
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conclusion, when the subject was considered as a whole, it can be said that the content
knowledge of prospective teachers in particulate nature of matter was increased after the

training program.

5.1.2. Change in Prospective Chemistry Teachers’ Content Knowledge about
Chemical Equilibrium

In the third item of CCT, there was sign difference between prospective teachers’
responses in the first and the second sub-items (3a and 3b). The third item of CCT showed
that, a high number of prospective chemistry teachers who participated in this study
thought that the concentrations of reactants and products were proportional with the
coefficients in reaction equation before attending the training program. In their study,
Hackling and Garnett (1985) also found that high school students believed that there was
an arithmetical relationship between the concentrations of reactants and products at
chemical equilibrium. Moreover, prospective chemistry teachers who participated in this
study had misconceptions “the rates of forward and reverse reactions cannot be calculated
at the moment of equilibrium” and “the rate of forward reaction would be higher than that
of reverse reaction at the moment of equilibrium”. The study conducted by Sepet, Yilmaz
and Morgil (2004) showed that high school students thought that “the forward and reverse
reactions were completed when one of the matters were consumed” and “the rate of
forward reaction was higher than that of reverse reaction at equilibrium”. Thus, it can be
concluded that, the prospective teachers in this study had similar misconceptions with the
high school students before the training program, and changed these misconceptions after
the training program. Furthermore, before the training program, majority of the prospective
teachers already had a correct understanding about the substances found in medium at
chemical equilibrium. Thus, it can also be said that, participants’ content knowledge in this
sub-item did not change since they already had a scientific understanding before the

training program.

The fourth item of CCT showed that, before the training program, majority of the
prospective teachers tended to apply Le Chatelier’s principle even when the use of the
principle was not appropriate. They also thought that adding a noble gas to a chemical

equilibrium system at constant pressure did not disturb the equilibrium. These results of
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this study were consistent with the results of the study conducted by Cheung (2009). In that
study, Cheung (2009) also found that secondary school teachers tended to use Le
Chatelier’s principle even when the principle could not solve the problem. Also, majority
of the secondary school teachers predicted no change when argon was added to an
equilibrium system at constant pressure because argon did not react with the chemicals in
the medium. In the fourth item, after the training program, most of the prospective teachers
tended to apply Le Chatelier’s principle as in the pre-test. Also, some prospective teachers
tried to write reaction quotient, but they failed either to write the reaction quotient correctly
or to draw correct conclusions from the quotient. Furthermore, participants retained their
misconceptions that adding a noble gas to a chemical equilibrium system at constant
pressure would not affect the equilibrium after the program. These results indicated that
participants’ misconceptions retained after the program. Thus, it can be concluded that the
training program did not affect prospective teachers’ content knowledge in cases of adding
a matter to a equilibrium system at constant pressure and the limitations of Le Chatelier’s
principle. In the interviews, the participants were asked that why their misconceptions in
this subject did not change after the training program and, they mainly listed the limited
time for the activity of “discussion of limitations of Le Chatelier’s principle” and limited
number of exercise questions as the reason. Some of the prospective teachers also

suggested to solve equilibrium problems with numerical values.

To sum up, the responses of participants on some items of CCT showed that
prospective chemistry teachers had a variety of misconceptions about chemical equilibrium
before the training program. Attending the training program successfully changed
prospective chemistry teachers’ misconceptions for some items of this subject but not for
some others. Also, in one sub-item, prospective teachers already had a scientific
understanding before the training program. Thus, prospective teachers’ content knowledge
was not changed in the corresponding item. As a conclusion, when the subject was
considered as a whole, it can be said that the content knowledge of prospective teachers in

chemical equilibrium was increased after the training program.
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5.1.3. Change in Prospective Chemistry Teachers’ Content Knowledge about Acid
Strength

The fifth item of CCT showed that, before the training program, majority of the
prospective chemistry teachers believed that “the strength of an acid was determined by the
pH of acid solution”. Sheppard (2006) showed that some of the high school students who
attended that study related the strength of an acid or base to the pH value of their solutions
similar to the prospective chemistry teachers in this study. Moreover, most of the
prospective chemistry teachers who participated in this study believed that “the strength of
an acid would change if the concentration of acid solution was changed”. Boz (2009) also
showed that majority of prospective teachers who attended that study could not
differentiate concentration and strength of an acid. The results of that study were found to
be consistent with the current study. In the fifth item, majority of the participants’
misconceptions changed after the training program. Most of the prospective teachers
understood that “the strength of an acid was dependent on the percentage of its dissociation
in water” after the program. Only one participant thought that the strength of an acid was
determined by the pH of acid solution. Indeed, it was found that this prospective teacher
did not attend the session in which the factors affecting acid strength were discussed.
Prospective teachers generally stated that inquiry laboratory activity about acid strength
was a very effective method to change these misconceptions. According to participants,
designing an experiment to solve the inquiry question and observing the chemical
phenomena challenged their knowledge and helped them to change their non-scientific

beliefs.

The sixth item of CCT indicated that prospective chemistry teachers had
misconceptions in dissociation of strong and weak acids in water before the training
program. This result was found to be consistent with the study conducted by Ekiz et al.
(2011), none of the prospective chemistry teachers participated in that study could
represent and explain the ionization of HCI in water, correctly. After the training program,
there was statistically significant difference between prospective teachers’ pre- and post-
drawings in the second sub-item (6b). Thus, it can be concluded that participants’
understanding in dissociation of weak acids in water was increased during the training

program. Prospective teachers stated that they practiced drawing the particulate nature of
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matter but they only drew the particles of elements, compounds and mixtures in different
phases so it was interesting to draw the particles of acid solutions, thus this activity helped
them change their misconceptions. Also, one of the prospective teachers stated that she
considered only the ratio of ions when drawing the microscopic representation of
concentrated and diluted solutions of weak acid without taking the number of water
molecules into account before the program, but developed her understanding during the

program.

To sum up, the responses of participants on some items of CCT showed that
prospective chemistry teachers had various misconceptions about acid strength before
attending the training program. Attending the training program developed for this study,
successfully changed prospective chemistry teachers’ misconceptions for some items of
this subject, but not for some others. Yet, when the subject was considered as a whole, it
can be said that the content knowledge of prospective teachers in acid strength was

increased after attending the training program.

5.2. Change in Prospective Chemistry Teachers’ PCK in terms of Understanding the

Nature of Misconceptions

In order to determine the effect of the training program on participants’
understanding related to misconceptions, participants’ common responses in four items of
“KBCMTEQ” before the program and after the program were compared. The results
indicated an enhancement of participants’ PCK in terms of understanding the nature of
misconceptions, after the training program, in some aspects that was explained in detail in

the following paragraphs.

For the items in which prospective chemistry teachers wrote more developed
responses, they mostly mentioned the effect of the training program. On the other hand,
some of the prospective teachers gave shorter responses on post-administration of
KBCMTEQ. As the reason, prospective teachers stated, in the interviews that, they were

reluctant to write a response in detail because they had the same test twice.
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When prospective teachers were asked to define a misconception in the first item of
KBCMTEQ, participants enriched their definitions, integrated more sources and examples
of misconceptions into their definitions after the program. Thus, it can be concluded that
prospective teachers more internalized the concept of “misconception” after the training

program.

In the second item of KBCMTEQ, prospective teachers mainly listed the examples of
student misconceptions in basic chemistry subjects, generally in the subject of “particulate
nature of matter” and no participants stated examples of student misconceptions in the
subject of “acid strength” before the training program. It is important to note that majority
of prospective teachers had several misconceptions about the subject of “acid strength”
before the training program. Some prospective teachers stated in the interviews, that they
were not aware of their misconceptions, so they could not think this misconception as a
misconception example before training program. Most of these prospective teachers
changed this misconception during the program. After the training program, prospective
teachers also stated misconception examples in more advanced chemistry concepts such as

acid strength.

In the third item of KBCMTEQ, the number of participants who stated that teachers
might be a source of misconceptions was increased after the training program. For this
change, it can be said that, when the prospective teachers found out that they had certain
misconceptions in basic chemistry subjects, they thought that they would teach this
misconceptions as if they were scientific concepts if they did not attend to this training

program.

For the eighth item of KBCMTEQ, a little decrease in the number of participants
who stated “changing students’ misconceptions was a difficult process” was observed after
the training program. Prospective teachers stated that if teachers knew effective ways to

change student misconceptions, it was not difficult to change these misconceptions.

To sum up, the results showed that the prospective chemistry teachers participating
in the study, already had advanced PCK in terms of understanding the nature of

misconceptions before attending the training program. In addition, attending the training
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program increased prospective chemistry teachers’ pedagogical content knowledge in

terms of understanding the nature of misconceptions in some more aspects.

5.3. Change in Prospective Chemistry Teachers’ PCK in terms of Strategies to
Identify and Change Student Misconceptions

In order to determine the effect of the training program on participants’ pedagogical
content knowledge in terms of strategies to identify and change student misconceptions,
participants’ common responses in five items of “KBCMTEQ” before the program and
after the program were compared. The results indicated an enhancement of participants’
pedagogical content knowledge in terms of strategies to identify and change student

misconceptions after the training program.

In the fourth item of KBCMTEQ, the number of prospective teachers who expressed
the importance of designing the lesson plan according to the student misconceptions
increased after the program. Moreover, in the seventh item of KBCMTEQ, a higher
number of prospective teachers stated that would change the flow of their lesson and the
lesson plan designed to teach this lesson in the future, if they identified a misconception in
some of their students, after the training program. As a result, it can be concluded that,
prospective chemistry teachers more emphasized preventing and changing student

misconceptions in instruction after the training program.

In the fifth item of KBCMTEQ, a higher number of prospective teachers emphasized
asking open-ended questions in order to identify students’ misconceptions after the training
program compared to the number of prospective teachers before the program. According to
these prospective teachers, a question that asked only right answer could not identify
student misconceptions, students might select the correct choice despite the fact that they
had certain misconceptions. Thus, teachers should question the reasons behind student
responses. Bergquist and Heikkinen (1990) also indicated that, high marks on an
examination could be interpreted as an indication that students understood the material, but
it was likely that these students would assimilate some misunderstandings. It can be
concluded that, training program led prospective teachers to ask more open-ended

guestions in instruction.
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For the sixth item of KBCMTEQ, prospective teachers were expected to suggest
teaching methods in order to change student misconceptions. After the training program,
especially, the number of participants who suggested to use supplementary visual teaching
materials and who suggested laboratory works was highly increased. It might be resulted
because of the fact that these teaching methods were commonly used in the training

program.

In the eleventh item of KBCMTEQ), participants were expected to write a lesson flow
to change a specific misconception. Prospective teachers who wrote just wrote the name of
teaching strategies before the training program, elaborated their lesson flows after the
program. It can be concluded that, enhancement of the lesson flows of participants could
be thought as an evidence for improvement of the participants’ pedagogical content
knowledge related to misconceptions in terms of teaching strategies. In the interviews,
prospective chemistry teachers were expected to enhance their lesson plans. Most of the
prospective teachers could more elaborate their lesson plans in the interviews. Yet, these
prospective teachers stated that they could write a limited plan because of their decreased
motivation at the last item of the questionnaire and the time restrictions. Different
instruments could be administered to better assess PCK related to misconceptions. As a
result, it can be concluded that, prospective chemistry teachers’ pedagogical content
knowledge in writing a lesson flow which targeted a specific misconception was enhanced

after attending the training program.

To sum up, all of these results showed that attending the training program enhanced
prospective chemistry teachers’ pedagogical content knowledge in terms of strategies to
identify and change student misconceptions. Yet, it can be sait that, the instrument used in
this study had limitations to assess the actual effectiveness of the training program on

pedagogical content knowledge related to misconceptions.
5.4. Change in Prospective Chemistry Teachers’ Teaching Efficacy Beliefs
In order to determine the effect of the training program on participants’ teaching

efficacy beliefs, participants’ common responses in two items of “KBCMTEQ” before the

program and after the program were compared. Participants’ teaching efficacy beliefs were
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evaluated in terms of both teaching methods which they believed that they could efficiently
use and certain chemistry subjects which they believed that could teach efficiently.

In terms of teaching methods, prospective teachers wrote a higher number of
teaching methods which they believe they could efficiently use after the training program
and listed some new teaching methods which they did not mention before the training
program. Thus, it can be concluded that, the training program enhanced prospective

chemistry teachers’ teaching efficacy beliefs in terms of using these teaching methods.

In terms of chemistry subjects, prospective teachers assigned similar numeric points
before and after the training program in the subject of “particulate nature of matter”. A
higher number of prospective teachers indicated that they believed they were able to teach
“chemical equilibrium” efficiently after the training program. Finally most prospective
teachers were undecided about their beliefs about teaching “acids and bases” before and
after the training program. It can be concluded that, teaching efficacy beliefs of prospective
teachers did not change for the subjects of “particulate nature of matter” and “acid

strength”, but enhanced for the subject of “chemical equilibrium”.

Prospective teachers quite changed their misconceptions about acid strength after the
training program, but it was found that their teaching efficacy beliefs about this subject
were still not changed much. It may be resulted from the fact that a more general term
“acids and bases” rather than “acid strength” were used in the item. Prospective teachers
were generally unsure about their efficacy beliefs about this subject, and it might result
from the fact that they could not be sure about their knowledge in other aspects of this
subject which was not covered during the program such as bases, titration, neutralization,

etc.

5.5. Limitations of the Study

The main limitation in this research study was the number of the participants, only 22
prospective chemistry teachers attended the training program. Also, the participants of the
study were not chosen by random selection but conveniently. Moreover, all of the

participants were from the same university, participants from different universities may
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result different findings. In addition, majority of the participants were at the fourth and
fifth year of their university program, prospective teachers at different years of their
university program may cause different results. Thus, the results of the study cannot be
generalized to all prospective chemistry teachers.

The training program was implemented in five sessions. Thus, there was limited time
for each activity. Thus, it was difficult to spend much time for discussions, it would be
better, if participants had more time for discussions. Moreover, the training program was
developed before the pre-measurement, so only some changes were conducted in the
training program according to the results of pre-measurement. It might be better to design
the activities according to the responses of participants in pre-tests.

In this study, similar forms of instruments were administered as pre-tests and post-
tests. Thus, participants were less motivated to respond in post-tests because they have
already answered similar questions before. Furthermore, the items in KBCMTEQ had
limitations to measure the change in participants’ pedagogical content knowledge related
to misconceptions. These factors may prevent to show actual improvements of participants

on the investigated variables. It is another limitation of the study.

5.6. Recommendations for Further Research

Based on the findings of the current research study, following recommendations may

be helpful for future studies.

This study can be conducted with a larger number of prospective chemistry teachers
in order to generalize the results. It would be better to choose the participants with random
selection from different levels and different universities. Further research can be conducted
to compare the effects of the training program on two different groups of participants; for
example prospective and in-service chemistry teachers. Moreover, the number of chemistry
subjects can be increased by including different subjects. In addition, some other constructs
could be added to the study such as anxiety, job satisfaction etc. Thus, other effects of the

training program could be investigated.
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On the other hand, this study can be conducted with some changes in the structure of
the training program. Firstly, the time for each activity may be increased, so there would be
more time for discussion of participants during the activities. In addition, the time allocated
for the activities may be organized according to the results of pre-measurement. The
activities which the participants do not have any misconception could be removed from the
program and the time for the activities which majority of the participants have several
misconceptions could be increased. Also, additional activities may be integrated to the
training program especially for the chemistry subjects that the content knowledge of
participants was not found significantly different after attending the program. For example,
participants observed the molecular representation of water in three phases by the help of
an animation in the training program, but the participants retained their misconceptions
about the specific structure of water. It is recommended for participants of further studies
to draw the specific structure of water during the activity in order to change their
misconceptions. Furthermore, the concepts which were adressed in one session of the
training program may be discussed in the following sessions, so learning would be more

permanent.

In this study, the same instrument (KBCMTEQ) was used in order to evaluate the
change in participants’ pedagogical content knowledge related to misconceptions, so
respondents were less motivated to respond it in post-measurement. In addition, the items
in this instrument had limitations to measure participants’ pedagogical content knowledge.
Thus, different items which increase respondents’ motivation to answer and also more
clearly show the change in participants’ pedagogical content knowledge can be added to
the instruments to better evaluate the effect of the program on participants. For example,
items which include some teaching scenarios or vignettes can be presented to respondents.
Respondents can be asked to add or change some parts in these scenarios or vignettes for
enhancing students’ comprehension or resolving the confusion presented. Furthermore, a
number of propective teachers who attended this study stated that the statement of “some
distance” in the items of “la2 and 1a5” confused them while they were thinking about the
answer. Thus, it would be better to use more structured and clear directions in the

instruments of further research studies.
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In this study, activity sheets were used as a teaching tool during the training program
and they were not analysed to evaluate the change in participants’ content and pedagogical
content knowledge after attending the training program. Activity sheets can be used as the
main instruments in further studies for formative evaluation of the effect of the training
program on participants rather than administering a post-test at the end. Moreover, whole
data can be collected by interviewing the participants before and after attending the

training program to better understand the change in participants.
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APPENDIX A : FLOW OF THE SESSIONS

FLOW of the 1°* SESSION

In the short presentation related to misconceptions part of the first session before
starting the activities, the term “concept” was defined and the role of students’ existing
conceptions in their learning was explained. Moreover, it was stated that students might
have scientific and non-scientific conceptions before starting instruction. Then,
misconceptions were described and different terminologies to describe misconceptions
were summarized. After the presentation about misconceptions, the first and the second

activity were performed in the first session as described below.

Flow of the 1°* Activity : Modelling Particulate Nature of Matter

Target Misconceptions

1. The mixture of two pure substances is a pure substance

2. The concepts of element and atom always can be replaced with each other

3. All polyatomic chemical species are compounds.

4. Pure substances are at the same time homogeneous mixtures

1. Inthe first activity, the chosen student responses which were given to the second
question of the CCT were shown to the prospective teachers. One example response

(Student#025) from student responses was given below:

2b) The matter:

- M C )
@ - Pu?en;lr;ostmce (X}
I// QC\)“ - Compund (XD

-§-F-F II
! | Because: Itis a pure substance because

it consists of only one kind of molecules.

Since the molecules consist of two

. different atom, it is a compound.

- It consists of onlv one element (
- It consists of two different elements (X
- It consists of an element and a compound (
- It consists of only one compound (X
- Tt consists of two different compounds (

Pt S et Nt

Because; There is two different atoms in the molecules. Thus, the matter consists of two
different elements. Y et, the matter consists of only one compound because all of the
molecules in the demonstration are the same.
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2. Participating prospective teachers were expected to discuss the students’
responses to the second question of CCT as a group and evaluate the student response as

correct or incorrect.

3. Participants were asked to suggest an activity or instructional strategy to
remediate misconceptions about the particulate nature of matter which they identified.

4. The misconceptions of 12" grade students indicated that students did not have a
correct and complete understanding of the concepts of element, compound and mixture.
Furthermore, students might have difficulty to differentiate the particles of elements,
compounds and mixtures, mostly probably due to the fact that it is not possible to observe
the molecular level.

5. The activity started with the definition of concepts “element”, “compound” and
“mixture”. In the definitions, it was emphasized that molecular elements have covalent
bonds. The particle models for the terms element, compound and mixture were introduced.
In the particle models, different colours meant different atoms and colours and
organization of particles changed according to the composition and phases of
corresponding matter. In the particle models, models of molecular elements such as O,
N2, O3 were emphasized as they were not compounds. For example, the particles of a

liquid element was described and drawn as the following model:

Particles of a Liquid Element
It is composed of only one kind of atoms
It is a pure substance
It is monoatomic

Particles are disordered

The space between particles is litttle
There is nothing between particles
The intermolecular forces between particles are

weaker
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During the activity, the prospective teachers also discussed the concepts of atoms and

elements with a demonstration.

Which statement is true?
This matter consists of only one compound
OR

This matter consists of two different elements

Both macroscopic pictures and microscopic representations for the reaction of
sodium metal and chlorine gas to form sodium chloride were presented and it was
explained that sodium chloride consisted of sodium atoms, but not elemental form of

sodium.

Also, a modelling activity with modelling clays was planned as modelling the
particles of given matters such as iron metal, oxygen gas, the mixture of HCN and He and
the mixture of NH3; and water, but the activity could not be taken place because of time

restrictions.
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6. Participating prospective teachers discussed the particle models of some example
substances, as the two representations given below, in terms of its composition, purity and

homogeneity. They were asked which of the terms can be used for the substance given in

the representation.

Is the matter Is the matter

An element? An element?

A compound? A compound?

A mixture? A mixture?
Homogeneous ? Homogeneous ?
A pure substance? A pure substance?

Prospective teachers also did similar categorization tasks given in the Activity Sheet
I (Appendix B).

The matter is
a. Anelement b. A compound c. A mixture

Because

The matter consists Of ...vvueeeeeeiiee e,

7. After the activity was finished, the participants were expected to evaluate the
activity in terms of its effectiveness to change the target misconceptions and its

contribution to participants’ conceptual and pedagogical knowledge.
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Flow of the 2" Activity : Animation of Phase Change of Water

Target Misconceptions

1. There is air between the particles of matters

2. There is not any space between the particles of solids

3. When water evaporates, water molecules expand

4. The space between the particles of ice is less than that of liquid water

5. When water evaporates, water molecules decompose to hydrogen and oxygen atoms

1. In the second activity, the chosen student responses which were given to the first
and the second part of the first question of the CCT were shown to the prospective

teachers. One example response (Student#244) from student responses was given below:

True | False | Explanation

[ceis a solid so there is no space between the
There is some distance between the particles of ice. It has ordered structure. The
molecules of ice particles can only have vibrational motion.

2. Prospective chemistry teachers were asked to discuss and evaluate the presented

student responses as a group.

3. Prospective chemistry teachers were asked to suggest instructional strategies to

change the misconceptions about the particulate nature of matter which they identified.

4. The target misconceptions of 12" grade students indicated that students did not
have a correct understanding of the particulate nature of matter. Students could not
visualize how the structure of the matter and the space and intermolecular forces between
particles changed when a matter changed phase. Furthermore, students might have

difficulty to understand the unique properties of matter resulted from hydrogen bonding.

5. The activity started with questioning technique to attract prospective teachers’
attention. The participants were asked the name of attraction forces between the molecules

of water and in which phase these forces are stronger. Since, it was easier to expect
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stronger intermolecular forces cause the particles of ice to be closer, it was questioned that

why a glass bottle filled with water cracked after it left in a freezer.

Prospective chemistry teachers watched the animation and while they were watching
the animation, arrangement and properties of water molecules in three phases was

explained by the researcher.

the molecular details of the difterent states of water. Water

@ Move the cursor over this picture of a partially frozen lake to view
molecules will also be present in the gas phase in the atmosphere.

H.0(1)

(http://Iwww.media.pearson.com.au/schools/cw/au sch irwin cc2 2/int/ch14/phases/

0105.html)

In the solid phase of water, water molecules
have ordered lattice structure

Intermolecular forces between the water
molecules are the strongest

Each water molecule forms hydrogen bonds
with adjacent water molecules

Hydrogen bonds hold water molecules in a

fixed three dimensional pattern

Thus, ice has a lower density than water

different from ordinary liquids


http://www.media.pearson.com.au/schools/cw/au_sch_irwin_cc2_2/int/ch14/phases/0105.html
http://www.media.pearson.com.au/schools/cw/au_sch_irwin_cc2_2/int/ch14/phases/0105.html
http://www.media.pearson.com.au/schools/cw/au_sch_irwin_cc2_2/int/ch14/phases/0105.html
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6. Prospective teachers were expected to predict and write the related characteristics
of water molecules according to the given molecular representations in the Activity Sheet I
(Appendix B).

) 4 S
r*'\ \1 e
¢ ¢

Finally, the changed and conserved properties of water molecules were discussed.

7. After the activity was finished, the prospective chemistry teachers were expected
to evaluate the activity in terms of its effectiveness to change the target misconceptions and

its contribution to participants’ conceptual and pedagogical knowledge.

FLOW of the 2" SESSION

In the short presentation related to misconceptions part of the second session before

starting the activities, examples of student misconceptions about several chemistry topics
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were presented to prospective teachers. To exemplify misconceptions, misconceptions
from solubility, vaporization and vapour pressure and ionization energy concepts were
given and discussed. From solubility, several misconceptions about dissolution and melting
concepts, concentration and saturation terms, boiling point of solutions were summarized.
The misconceptions about vaporization and vapour pressure concepts, the relationship
between equilibrium vapour pressure and the amount of liquid or the volume of the vapour
were given to prospective teachers about vaporization and vapour pressure subject.
Furthermore, the prospective teachers were informed about misconceptions about stability

of atoms and their ions, the changes when an atom lost an electron.

Flow of the 3" Activity : Mixing of Different Liquids

Target Misconceptions

1. There is no space between the particles of matters in liquid state

2. There is air between particles of matters in liquid state

3. The space between the particles of liquids is intermediate compared to solids and gases

1. Inthe third activity, example student responses from the first question of the CCT
were shown to the prospective teachers. One example response (Student#282) from student

responses was given below:

Tre | False | Explanation

Since hydrogen bond exists between water
molecules, there1s no distance between the
molecules of water whenitis in liquid form. For
example, even a little amount of water stick
together as a drop

There is some distance between the
molecules of water when itis in X
liquid form

2. Participants were expected to discuss student responses as a group and evaluated

them as scientifically correct or incorrect.

3. Prospective chemistry teachers were asked to suggest instructional strategies to

change the misconceptions about the particulate nature of matter which they identified.
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4. The target misconceptions of 12" grade students about liquids indicated that
students had difficulty to understand the concept of empty space and how much distance

was present between the particles of liquids.

5. In this activity, prospective teachers performed a hands-on activity and mixed
different liquids; namely, water, ethyl alcohol and oil. Before starting the activities, the
participants were expected to predict the final volume when known amount of liquids were
mixed. Then, they produced ethyl alcohol-water and oil-water mixtures in separate
cylinders and observed the volume changes. After mixing liquids, the terms polarity,
electronegativity and the effect of intermolecular forces in a liquid on dissolution were
discussed. Moreover, the role of spacing in liquids was emphasized to explain decrease of

volume when two liquids dissolved in each other.

Water Ethyl Alcohol
It has polar molecular structure It has polar molecular structure
There is hydrogen bonding and There is hydrogen bonding and dipole-dipole
dipole-dipole attractions between attractions between ethyl alcohol molecules

water molecules

When water and ethyl alcohol is mixed
There is also hydrogen bonding and dipole-dipole attractions
between molecules of water and ethyl alcohol
Thus, water and ethyl alcohol dissolve in each other and mix

homogeneously
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6. Prospective teachers were expected to draw how the particles of ethyl alcohol-
water and oil-water mixtures appear under a magnifying glass on Activity Sheet Il
(Appendix B).

Draw the molecules of water and ethyl alcohol before and after they are mixed

Before Mixing After Mixing

Ethyl Alcohol Water Ethyl Alcohol & Water

7. The participants were expected to evaluate the activity in terms of its
effectiveness to change the target misconceptions and its contribution to participants’

conceptual and pedagogical knowledge after the activity was finished.

Flow of the 4™ Activity : Exploring Particles of Diamond and Graphite

Target Misconception

1. The particles of a substance have the same properties with the bulk matter

1. In the fourth activity, example student responses from the first question of the
CCT were shown to the prospective teachers. One example response (Student#392) from

student responses was given below:

True | False Explanation

Water molecules are hard when Becauseice is a hard substance, water
water is in solid phase and they are - molecules in ice should also be hard The
soft when water is in liquid and gas properties of matter results from its

phases molecules.
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2. Participants were requested to discuss student responses as a group and evaluate

them as scientifically correct or incorrect.

3. Prospective chemistry teachers were asked to suggest instructional strategies to
change the misconceptions about the particulate nature of matter which they identified.

4. The target misconceptions of 12" grade students about an atom and corresponding
matter indicated that students might attribute the properties of observable matter to
individiual atoms because they could not observe the molecular world.

5. In this discussion activity, first of all, the concept of allotropy was described as
property of some elements to be found in different forms via having different arrangement
of its atoms. It was emphasized that different configuration of the same atoms might result
completely different physical properties. Then, examples of two allotropes of phosphorus
were presented to prospective teachers and characteristics of each allotrope were explained

in detail.

Red Phosphorus
Phosphorus atoms are in poylmeric structure in
red phosphorus.
It is flammable but it does not ignite in air
below 240 °C
It can ignite through rubbing, because of this
property, it is used in matchbook strike plates.
It is not toxic.
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White Phosphorus

Phosphorus atoms in white phosphorus exists

as molecules in tetrahedral arrangement made

up of four atoms.

Because of its structure, white phosphorus is

highly unstable.

It is flammable and it can ignite spontaneously
g in air at 50 °C. Because of this property, white
phosphorus is used as a weapon.
It is toxic.

6. After talking about allotropes, the macroscopic pictures of two allotropes of
carbon; diamond and graphite were demonstrated to the participants and they were
expected to predict and draw microscopic representations of diamond and graphite

according to pictures of these substances.

Diamond Graphite



143

Draw the arrangement of carbon atoms in diamond and graphite on the Activity

Sheet 11 taking the pictures of these substances into consideration (Appendix B).

Diamond Graphite

Then, prospective chemistry teachers discussed whether the statement “The atoms of
diamond are colorless and shiny whereas the atoms of graphite are black and dull” was

scientifically correct or not according to the molecular models they drew.

7. The participants evaluated the activity in terms of its effectiveness to change the
target misconceptions and its contribution to participants’ conceptual and pedagogical

knowledge.
FLOW of the 3™ SESSION

The starting presentation about misconceptions was about the sources of
misconceptions in the third session. The prospective teachers were warned about that the
language used may cause misconceptions in students. For example, the name of the term
“neutralization” may cause students to infer that neutralization processes always yield
neutral products. Furthermore, using anthropomorphic terms to explain chemical
phenomena results students to understand atom as living things. Prospective teachers were
also informed that analogies may result misconceptions if the analogical and target models
and the limitation of the analogies were not well explained. Moreover, it was emphasized
that some terms that have different meanings in daily life and science like concept of
“force” may cause misconceptions in students. It was also stated that students

understanding like generalization or miscategorization of concepts create misconceptions.
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Also, prospective teachers were shown that representations in chemistry textbooks may

result in misconceptions.

Flow of the 5™ Activity : Ice-Water Equilibrium

Target Misconception

1. The concentration of reactants and products are equal at chemical equilibrium condition

2. The concentration of reactants and products are proportional with stoichiometric

coefficients at chemical equilibrium condition

1. Before starting the fifth activity, the chosen student responses which were given
to the first part of the third question of the CCT were shown to the prospective teachers.
One example response (Student#002) from student responses was given below:

(3™ Question)
Hig) + Iz = 1|1 (z) Teactionisatequilibriumin a closed-container.

3a) Which of the following statements is correct about the concentration of reactants and products?
Explain your reasoning.

a) The concentration of reactants is higher than the concentration of products.
b) The concentration of products is higher than the concentration of reactants.
+¢) The concentration of reactants and products are equal.
d) There is not enough information to compare the concentration of reactants and products.

Because; the molarity of a solution is calculated with the formula of n/V. There is 2 moles of
reactants and 2 moles of products. Thus, the concentration of reactants and products are equal.

2. Prospective chemistry teachers were asked to discuss student responses as a group

and evaluate them as scientifically correct or incorrect.

3. Participating prospective chemistry teachers were asked to suggest instructional
strategies to change the misconceptions about the chemical equilibrium which they
identified.

4. The target misconceptions of 12" grade students about the concentration of
reactants and products at the moment of equilibrium indicated that student perceived
“equal concentration of reactants and products” as a criterion for a system to reach

chemical equilibrium. Moreover, it might result from students’ generalization of the fact
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that the concentration of reactants and products were constant at the moment of

equilibrium.

5. At the beginning of the activity, the prospective teachers were introduced an
inquiry question: “What is the equilibrium temperature of ice and water mixture and what
is the effect of the amounts of ice and water on the equilibrium temperature of ice-water
mixture?”. Then, prospective teachers tried to design an experiment to identify the
equilibrium temperature and determine the effect of amounts of matters on equilibrium
temperature. Some groups took the same amount of water in different beakers, added the
different amount of ice to the beakers and measured the temperature at the moment of
equilibrium. Similarly, some other groups took the same amount of ice in different beakers,
added the different amount of water to the beakers and measured the temperature at the
moment of equilibrium. During the activity, prospective teachers had the opportunity to
observe different amount of ice and water had no effect on the physical equilibrium of ice
and water. Finally, both groups performed the results and discussed whether the
concentration of reactants and products affected equilibrium. It was concluded that the
concentration of reactants and products had no effect on equilibrium. In the activity, it was
emphasized that this activity presented a physical equilibrium condition but it was also

valid for chemical equilibrium.

6. After the hands-on activity, prospective teachers were asked to compare the
concentration of reactants and products at different equilibrium conditions. (Activity Sheet
[11 in Appendix B)

Nog) + 3Hzg) =—— 2NH3(q) if the reaction is at equilibrium in a closed-container,

what can you tell about the concentration of reactants and products?

7. The participants were asked to evaluate the activity in terms of its effectiveness to
change the target misconceptions and its contribution to participants’ conceptual and

pedagogical knowledge.
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Flow of the 6™ Activity : Equilibrium Analogy

Target Misconceptions

1. Forward and reverse reactions are completed at the moment of equilibrium

2. Only the products are found in the medium of chemical equilibrium

1. Before starting the sixth activity, the chosen student responses which were given
to the second and third part of the third question of the CCT were projected for the
prospective teachers. One example response (Student#042) from student responses was

given below:

Hyg + Ing = 2HI(g reactionisatequilibriumin a closed-container.

3b) Which of the following statements is correct about the rates of forward and reverse reactions?
Explain vour reasoning.

a) The rate of forward reaction is higher than the rate of reverse reaction.

b) The rate of reverse reaction is higher than the rate of forward reaction.

¢) The rates of forward and reverse reactions are equal.
+d) There are no rates of forward orreverse reactions since all reactions are completed at the moment
of equlibirum.

Because; when equilibirum is reached, there is no formation of compounds and elements. It
means the reactions are completed.

2. Prospective chemistry teachers were requested to discuss student responses as a

group and evaluate them as scientifically correct or incorrect.

3. Participating prospective chemistry teachers were expected to suggest
instructional strategies to change the misconceptions about the chemical equilibrium which
they identified.

4. The target misconceptions of 12" grade students about the rates of forward and
reverse reactions at the moment of equilibrium indicated that student had difficulty to

understand dynamic nature of chemical equilibrium.

5. Participating prospective teachers watched the video that shows an analogical

model for dynamic nature of chemical equilibrium (http://www.youtube.com/watch?v=C5j


http://www.youtube.com/watch?v=C5jDmG4nVV8
http://www.youtube.com/watch?v=C5jDmG4nVV8
http://www.youtube.com/watch?v=C5jDmG4nVV8
http://www.youtube.com/watch?v=C5jDmG4nVV8
http://www.youtube.com/watch?v=C5jDmG4nVV8
http://www.youtube.com/watch?v=C5jDmG4nVV8
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DmG4nVV8). In the video, a teacher transferred some water from one beaker to another
until the volume of water in both beakers did not change. This event was analogical to the
phenomena that chemical equilibrium was reached when the rates of forward and reverse
reactions become equal and reactions continued after the equilibrium was reached. During
the video, the attributes of the analogical and the target models were explained such as
what volume of water represented or what transferring water from one beaker to another

was analogical.

6. After watching video, prospective teachers drew a graph that showed how
volumes of water in two beakers changed with number of trials and interpreted these
graphs in terms of the relationship between the rates of forward and reverse reactions.
Then, prospective teachers answered the questions on the Activity Sheet 111 (Appendix B)

such as;

N + 3H2@ =—— 2NHj3( if the reaction is at equilibrium in a closed-container,
what can you tell about the rates of forward and reverse reactions? Which matters are

found in the reaction medium?
7. The participants evaluated the activity in terms of its effectiveness to change the
target misconceptions and its contribution to participants’ conceptual and pedagogical

knowledge.

Flow of the 7™ Activity : Discussion of Limitations of Le Chatelier’s Principle

Target Misconception

1. Le Chatelier’s principle is valid in all chemical equilibrium conditions

1. The example student responses which were given to the fourth question of the
CCT were shown to the prospective teachers. One example response (Student#010) from

student responses was given below:
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(4™ Question)
4HCly + Oy =—— 2H;0p +2Cly,reactionis at equilibrium in a container witha
movable piston at constant pressure and temperature.

4b) How does the number of O, molecules change if some amount of He (Helium) gas is added to the
container? Explain vour reasoning.

Because; Since Heis a noble gas, it will not take place in the reaction, so it will not affect O,
gas.

2. Prospective chemistry teachers were asked to discuss student responses as a group

and evaluate them as scientifically correct or incorrect.

3. Participating prospective chemistry teachers were expected to suggest
instructional strategies to change the misconceptions about the chemical equilibrium which
they identified.

4. The target misconceptions of 12" grade students showed that student believed that

Le Chatelier’s principle was valid in every equilibrium condition.

5. In the activity, firstly, the prospective teachers were expected to describe Le
Chatelier’s principle. Then, findings of the studies that showed the limitations of Le
Chatelier’s principle were discussed and some alternative methods such as calculation of
reaction quotient to decide whether the rate of the forward or the reverse reaction would
increase to reach the equilibrium. Some chemical equilibrium problems were solved and

the methods about how to solve these problems were explained.

6. After the researcher solved and explained chemical equilibrium problems, the
prospective teachers were asked to solve similar equilibrium problems on their own on the

Activity Sheet 111 (Appendix B). One example problem was given below:

CSyq +4Hzg === CHyg + 2H,S( reaction is at equilibrium in a container
with a movable piston at constant pressure and temperature. How does the number of CH,4
molecules change if some amount of CS, gas is added to the container? Explain your

reasoning.
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7. The participants evaluated the activity in terms of its effectiveness to change the
target misconceptions and its contribution to participants’ conceptual and pedagogical

knowledge.
FLOW of the 4" SESSION

In the short presentation related to misconceptions part of the fourth session before
starting the activities, three methods to identify misconceptions of students were described.
Firstly, interviewing with students was described as one of the methods to discover their
understanding and a short section of one interview transcript was shared with the
prospective teachers. Secondly, concept cartoons were introduced as an alternative way to
identify student misconceptions and some example concept cartoons were presented and
discussed. Finally, conceptual questions were described as the most common method to
identify student misconceptions. Examples of several different types of conceptual
questions such as true-false, multiple-choice, modeling or two-tier questions were

discussed with the participating prospective teachers.

Flow of the 8" Activity : Factors Affecting Acid Strength

Target Misconceptions

1. The strength of an acid is determined by the pH of the acid solution

2. The strength of an acid is determined by the concentration of the acid solution

3. Changing concentration of an acid solution does not affect its pH value

1. In the eighth activity, the chosen student responses which were given to the fifth
question of the CCT were shown to the prospective teachers. One example response

(Student#221) from student responses was given below:
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(5 Question)

The name of acid Molarity (M) pH value Acidity Constant (Ka)
(at 25°C)
HNO; 0.10 1.00 3.0x10!
HCN 0,01 5,40 62x 1010
CH:COOH 1.00 2.38 1.8 =10~
HF 0,50 1.75 6.6x 10+
HC1 0,01 2.00 1.3x10°

5a) According to the table given above, order the given acids from the strongest acid to the
weakest one. Explain your reasoning.

The SIrOMZEST cvvivvrsrinssssesssm s sasse s The weakest
HNO; »HF >HCl >CH;COOH > HCN

Because ; the acid that has the lower pH value has a higher acid strength.

2. Prospective chemistry teachers were asked to discuss student responses as a group

and evaluate them as scientifically correct or incorrect.

3. Participating prospective chemistry teachers were requested to suggest
instructional strategies to change the misconceptions about the chemical equilibrium which
they identified.

4. The target misconceptions of 12" grade students showed that the strength of an
acid was considered as dependent on the pH and concentration of acid solutions. Students
need to understand the meaning of acidity constant deeper and use this value to comment

on the strength of given acids.

5. The first part of the eighth activity was an inquiry laboratory activity, prospective
teachers were given an inquiry question: “Is the strength of an acid dependent on the
concentration and pH values of acid solution?”. Prospective teachers were expected to
design an experiment to answer the research question with given laboratory materials.
Then, the characteristics of strong and weak acids were discussed. In the second part of the
activity, prospective teachers checked the pH values of two different acids with the same

concentration. Then, the acidity constant concept was explained.
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6. Prospective teachers discussed what factors affect dissociation of acids in water
and whether increasing the concentration of an acid solution would increase the strength of
the acid.

7. The participants evaluated the activity in terms of its effectiveness to change the
target misconceptions and its contribution to participants’ conceptual and pedagogical

knowledge.

FLOW of the 5" SESSION

In the short presentation related to misconceptions part of the fifth session before
starting the activities, methods to change misconceptions of students were introduced to
prospective teachers. First of all, the four condition of conceptual change proposed by
Posner et al. (1982) were explained and discussed. Then, the findings of some research
studies conducted to change misconceptions of students in different chemistry topics were

shared with the prospective teachers.

Flow of the 9™ Activity : The particles of Acid Solutions

Target Misconceptions

1. Acids do not dissociate in water

2. Acids dissociate in different percentages in their concentrated and diluted solutions

3. There is no water molecule in strong acid solutions

4. In weak acid solutions, the concentration of acid molecules and ions are equal

1. In the ninth activity, the chosen student responses which were given to the sixth
question of the CCT were shown to the prospective teachers. One example response

(Student#246) from student responses is given below:
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(6™ Question)

HA +H,0 =2 A+ H:0" The dissociation reaction of a strong acid in water
— . . . -
HA+H,0 = A +HO" The dissociationreaction of a weak acid in water

if vou suppose that vou look the particles of acid solutions with the magic magnifving glass,
what do ovu expect to see? Draw the the particles of concentrated and diluted solutions of strong and
weak acids. Show the particles as

forHA:.D for A-: [—]
forH.O: Q for H:O" : l@;—)‘

6a)

o i
9
D

o | -
&~ o o] — &
% =0y
e -
N N
Concentrated strong acid sclution Diluted strong acid solution

Explanation: In the concentrated solution, the percentage of acid is higher

2. Prospective chemistry teachers were asked to discusse student responses as a

group and evaluate them as scientifically correct or incorrect.

3. Participating prospective chemistry teachers were expected to suggest
instructional strategies to change the misconceptions about the acid solutions which they
identified.

4. The target misconceptions of 12" grade students showed that students had
difficulty to visualize the acid solutions. Students might think that dissociation of an acid

was similar to dissolution of an ionic salt in water. Thus, representations of concentrated
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and diluted solutions of strong and weak acids at the molecular level would help students

to overcome these misconceptions.

5. In the ninth activity, first of all prospective teachers were expected to differentiate
the strength and the concentration concepts of acids. Then, participants watched an
animation about the dissociation of strong and weak acids in water and the researcher
emphasized the limitations of the demonstration in the animation. It was emphasized that,
this kind of representation, as the one in the animation, might cause students to think that
dissociation of an acid was a physical change.

Hydrochloric Acid Hydrofluoric Acid

The researcher introduced a method to represent the particles of acid solutions, in
this method, the reaction of an acid with water and the formation of acid ions were
emphasized. Then, the researcher showed example representations of concentrated and

diluted solutions of strong and weak acids according to this method.

6. Prospective teachers were expected to draw concentrated and diluted solutions of
HCI and HF solutions on the Activity Sheet V (Appendix B).

7. The participants evaluated the activity in terms of its effectiveness to change the
target misconceptions and its contribution to participants’ conceptual and pedagogical

knowledge.
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Flow of the 10" Activity : Comparing Electrolysis and Evaporation of Water

Target Misconceptions

1. It is hydrogen bonding that holds hydrogen and oxygen atoms together within the water molecule

1. In the tenth activity, the chosen student responses which were given to the first
question of the CCT were presented to the prospective teachers. One example response
(Student#263) from student responses was given below:

True | False | Explanation

It is hvdrogen bonding that holds Hyvdrogen forms hvdrogen bonding with F, O
hvdrogen and oxygen atom and N elements

together within the water
molecule

2. Prospective chemistry teachers were requested to discuss student responses as a

group and evaluate them as scientifically correct or incorrect.

3. Participating prospective chemistry teachers were expected to suggest
instructional strategies to change the misconceptions about the hydrogen bonding which
they identified.

4. The target misconceptions of 12" grade students showed that students had a

insufficient understanding about intermolecular and intramolecular forces.

5. In the activity, the electrolysis and the evaporation of water and the change of
intramolecular and inter-molecular forces in these two chemical phenomena were

explored.

6. Prospective teachers were expected to draw a concept map with given concepts

and molecular representation of hydrogen bonding (Appendix B).
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7. The participants evaluated the activity in terms of its effectiveness to change the
target misconceptions and its contribution to participants’ conceptual and pedagogical

knowledge.
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APPENDIX B : ACTIVITY SHEETS
ACTIVITY SHEET |

1. OTURUM : MADDENIN TANECIKLIi YAPISI

1. DERS
Hedeflenen Kavram Yanilgilan

Element ve atom
kavramlar1 her zaman
birbirlerinin yerine
kullanilabilir.

Iki saf maddenin
karigim1 yine bir
saf maddedir.

Saf maddeler ayni
zamanda birer
homojen karigimdir.

Birden fazla atom
iceren tiim maddeler
bilesiktir.

Kimya Kavram Testinde Ogrenci Cevaplan

Kimya kavram testinde Ogrencilerin verdigi cevaplari, grup arkadaslarinizla tartisarak
hangi yonlerden dogru veya hatali buldugunuzu kisaca agiklaymiz.

Soru No: 2a, Ogrenci: 010;
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Sizce bu kavram yanilgilarinin diizeltilmesi i¢in nasil bir etkinlik hazirlanmalidir?

Etkinlik Sorulari :

1) Asagida molekiiler diizeyde gosterimleri verilen maddeler igin verilen ifadelerden
hangisi/hangilerinin dogru oldugunu belirtiniz ve neden boyle diisiindiigliniizii aciklaymiz.
Ayrica verilen maddenin hangi maddelerden olustugunu belirtiniz.

a. Elementtir
b. Bilesiktir
c. Karigimdir

a. Elementtir
b. Bilesiktir
c. Karigimdir
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a. Elementtir
p b. Bilesiktir
[:). c. Karigimdir
Ciinkii

Madde .........oooiiiiiii ten olusmaktadir
a. Elementtir
b. Bilesiktir
c. Karisimdir
Ciinkii
Madde ........ooooiiiii ten olusmaktadir.
a. Elementtir
b. Bilesiktir
c. Karigimdir
Ciinkii
Madde .......coooiiniiiiii ten olusmaktadir.

a. Elementtir
b. Bilesiktir
c. Karigimdir
Ciinkii
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2) Asagidaki gosterimde verilen maddeler i¢in verilen ifadelerden hangisi soylenebilir?

- 2 farkli elementten olugmaktadir ()
CSD C. - 1 element ve 1 bilesikten olugmaktadir. ()
- 2 farkl bilesikten olugsmaktadir ()

- 3 farkli elementten olugsmaktadir

Cee
% C TS - Sadece 1 bilesikten olusmaktadir.

~

- 2 farkl bilesikten olusmaktadir

3) Size verilen farkli renklerdeki oyun hamurlari ile,

Fe katisin1 molekiiler diizeyde gdsteriniz ve ¢iziniz.

O, gazin1 molekiiler diizeyde gosteriniz ve ¢iziniz.
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HCN bilesigi ile He elementinin karigimini molekiiler diizeyde gosteriniz ve ¢iziniz.

H>0 ve NHj bilesiklerinin karigimint molekiiler diizeyde gosteriniz ve ¢iziniz.

Etkinligin Degerlendirilmesi

Hedeflenen kavram yanilgilarmin diizeltilmesi i¢in tavsiye edilen etkinligin uygun
ve yeterli oldugunu diisiiniiyor musunuz?

Bu etkinligin, size, kavramsal anlamda ne gibi katkilar1 oldugunu diisiiniiyorsunuz
yaziniz.

Bu etkinligin, size, pedagojik anlamda ne gibi katkilar1 oldugunu diisiiniiyorsunuz
yaziniz.



2. DERS

Hedeflenen Kavram Yamnilgilan

Kat1 haldeki maddeleri
olusturan tanecikleri
arasinda bosluk yoktur

Maddeyi olusturan
taneciklerin arasinda
hava bulunur

Su buharlastiginda, su

Su dondugunda
molekiilleri genisler

hacmi azalir

Su buharlastiginda, H,O
molekulleri H ve O
atomlarina ayrisir.

Kimya Kavram Testinde Ogrenci Cevaplan
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Kimya kavram testinde Ogrencilerin verdigi cevaplari, grup arkadaslarinizla tartigarak

hangi yonlerden dogru veya hatali buldugunuzu kisaca agiklaymiz.

Soru No: 1a, Ogrenci: 006;
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Soru No: 1a, Ogrenci: 094;

Etkinlik Sorular :

1) Asagida suyun farkli fiziksel hallerindeki molekiiler gosterimleri verilmistir. Her bir
resmin yanina suyun farkli fiziksel hallerindeki molekiillerin yapisi, molekiiller arasi
mesafe, molekiiller arasi ¢ekim kuvveti gibi Ozelliklerini diisiinerek ilgili 6zelliklerini
yaziniz.
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° ................................................

2) Su kat1 halden, siv1 hale ve sivi halde gaz hale gectiginde hangi 6zellikleri degismis ve
hangi 6zellikleri korunmustur? Agiklaymiz.

Etkinligin Degerlendirilmesi

Hedeflenen kavram yanilgilarmin diizeltilmesi i¢in tavsiye edilen etkinligin uygun
ve yeterli oldugunu diisiiniiyor musunuz?

Bu etkinligin, size, kavramsal anlamda ne gibi katkilar1 oldugunu diisliniiyorsunuz
yaziniz.

Bu etkinligin, size, pedagojik anlamda ne gibi katkilar1 oldugunu diisiiniiyorsunuz
yaziniz.
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ACTIVITY SHEET Il
2. OTURUM : MADDENIN TANECIKLi YAPISI
1. DERS

Hedeflenen Kavram Yamnilgilan

Taneciklerin arasinda
bosluk bulunmasi
ayni zamanda havanin
da bulunmas1
anlamma gelir

S1vi maddelerin
tanecikleri arasinda
bosluk yoktur

S1v1 haldeki maddelerin
tanecikleri arasindaki
bosluk katilardan fazla
gazlardan azdir

Kimya Kavram Testinde Ogrenci Cevaplan

Kimya kavram testinde Ogrencilerin verdigi cevaplari, grup arkadaslarmizla tartisarak
hangi yonlerden dogru veya hatali buldugunuzu kisaca agiklaymiz.

Soru No: 1a, Ogrenci: 428;
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Sizce bu kavram yanilgilarinin diizeltilmesi i¢in nasil bir etkinlik hazirlanmalidir?

Etkinlik Oncesi Soru :

Hacmi bilinen iki siv1 karistirildiginda, karisimin hacmi hakkinda ne sdylenebilir? Liitfen

tahmininizi agiklaymiz.

Etkinlik Sorular :

1. Sivi Hacim 2. Siv1 Hacim Karisim Toplam
Hacim
Su Etil alkol Su - Etil
alkol
Su Zeytinyagi Su -
Zeytinyagi

1) Su ve etil alkol sivilarin1 karigtirdiginizda nasil (homojen/heterojen) bir karisim elde
ettiniz. Nedenlerini, molekiiller aras1 ¢ekim kuvvetlerini diisiinerek agiklayiniz.

2) Su ve zeytinyagi sivilarmni karigtirdiginizda nasil (homojen/heterojen) bir karisim elde
ettiniz. Nedenlerini, molekiiller aras1 ¢ekim kuvvetlerini diisiinerek agiklayiniz.
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3) Hangi karisim(lar)da karisimi olusturan maddelerin hacimlerinin toplami karigimin
hacmine esittir? Aciklayiniz.

4) Hangi karigim(lar)da karisimi olusturan maddelerin hacimlerinin toplami karigimin
hacmine esit degildir? Aciklayiniz.

5) Swvilarin karigtirilmadan onceki ve karistirildiktan sonraki molekiillerinin nasil
gorlinecegini ¢izerek gosteriniz.

Kanstirilmadan Once Kanstinldiktan Sonra
Etil alkol Su Etil alkol — Su karigimu
Kanstirnlmadan Once Kanstirildiktan Sonra

Zeytinyagi Su Zeytinyag1 — Su karigimi
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Etkinligin Degerlendirilmesi

Hedeflenen kavram yanilgilarinin diizeltilmesi i¢in tavsiye edilen etkinligin uygun
ve yeterli oldugunu diisiiniiyor musunuz?

Bu etkinligin, size, kavramsal anlamda ne gibi katkilar1 oldugunu diisiiniiyorsunuz
yaziniz.

Bu etkinligin, size, pedagojik anlamda ne gibi katkilar1 oldugunu diisiiniiyorsunuz
yaziniz.
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2. DERS

Hedeflenen Kavram Yanilgis

Bir madde ile maddeyi
olusturan tanecikler ayn
ozellikleri gosterir.

Kimya Kavram Testinde Ogrenci Cevaplan

Kimya kavram testinde Ogrencilerin verdigi cevaplari, grup arkadaslarinizla tartigarak
hangi yonlerden dogru veya hatali buldugunuzu kisaca agiklayiniz.

Soru No: 1a, Ogrenci: 392;

Etkinlik Sorular :

1) Karbonun allotroplar1 olan elmas ve grafitin, resimlerini dikkate alarak, taneciklerini
¢iziniz.

Elmas Grafit
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2) Cizdiginiz molekiil modellerine gore asagidaki ifadenin dogrulugunu tartisiniz.

“Elmasi1 olusturan atomlar renksiz ve parlakken, grafiti olusturan atomlar siyah ve
mattir.”

Etkinligin Degerlendirilmesi

Hedeflenen kavram yanilgilarinin diizeltilmesi i¢in tavsiye edilen etkinligin uygun
ve yeterli oldugunu diisiiniiyor musunuz?

Bu etkinligin, size, kavramsal anlamda ne gibi katkilar1 oldugunu diisiiniiyorsunuz
yaziniz.

Bu etkinligin, size, pedagojik anlamda ne gibi katkilar1 oldugunu diisiiniiyorsunuz
yaziniz.
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ACTIVITY SHEET Il

3. OTURUM : KIMYASAL DENGE

1. DERS
Hedeflenen Kavram Yanilgilan

Denge tepkimelerinde
girenler ve iirlinlerin
derisimleri esittir.

Kimya Kavram Testinde Ogrenci Cevaplan

Kimya kavram testinde Ogrencilerin verdigi cevaplari, grup arkadaslarinizla tartisarak
hangi yonlerden dogru veya hatali buldugunuzu kisaca agiklaymiz.

Soru No: 3a, Ogrenci: 002;

Etkinlik Sorular :

1) Yaptigmiz deneyin sonuglarma gore farkli miktarlarda su-buz kullanmaniz neleri
degistirdi/degistirmedi belirtiniz.
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2) Denge tepkimelerinde girenlerin ve iriinlerin derisiminin denge ilizerindeki etkilerini
tartisiniz.

3) Ny + 3Hzq =—— 2NH3(g tepkimesinin dengede oldugu biliniyor. Buna gore; N,
H, ve NH3 gazlarinin derigimleri arasindaki iligkiyi tartiginiz.

Etkinligin Degerlendirilmesi

Hedeflenen kavram yanilgilarinin diizeltilmesi i¢in tavsiye edilen etkinligin uygun
ve yeterli oldugunu diisiiniiyor musunuz?

Bu etkinligin, size, kavramsal anlamda ne gibi katkilar1 oldugunu diisiiniiyorsunuz
yaziniz.

Bu etkinligin, size, pedagojik anlamda ne gibi katkilar1 oldugunu diisiiniiyorsunuz
yaziniz.
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2. DERS

Hedeflenen Kavram Yamnilgilan

Denge tepkimelerinde
tepkime ortaminda sadece
irtinler bulunur

Denge tepkimelerinde
ileri ve geri tepkime
denge aninda sonlanir.

Dengede bulunan bir
tepkimede ileri ve geri
tepkimelerin hizlar1 farklidir

Kimya Kavram Testinde Ogrenci Cevaplan

Kimya kavram testinde Ogrencilerin verdigi cevaplari, grup arkadaslarmizla tartisarak
hangi yonlerden dogru veya hatali buldugunuzu kisaca agiklaymiz.

Soru No: 3b, Ogrenci: 042;
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Etkinlik Sorulari :

1) lIzlediginiz videoya gore, her iki kap icin su hacminin deneme sayisiyla degisimini
grafik iizerinde gosteriniz

Su Su
hacmi hacmi

» »
» »

Deneme Sayisi Deneme Sayisi

A Kabi B Kabi

3) Yukaridaki grafiklerden yararlanarak denge tepkimelerinde ileri ve geri tepkimelerin
hizinin zamanla degisimini grafik ¢izerek gdsteriniz.

4) Kimyasal tepkimelerde dengeye ulagsmadan 6nce ve dengeye ulastiktan sonra ileri ve
geri tepkimenin hizlar1 ve tepkime ortaminda bulunan maddeler hakkinda ne séylenebilir?
Aciklaymiz.

5) N + 3Haq) =—— 2NH3(g) tepkimesinin dengede oldugu biliniyor. Buna gore; ileri
ve geri tepkimenin hizlarmi karsilastirmiz ve tepkime ortaminda bulunan maddeleri
belirleyiniz.
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Etkinligin Degerlendirilmesi

Hedeflenen kavram yanilgilarinin diizeltilmesi i¢in tavsiye edilen etkinligin uygun
ve yeterli oldugunu diisiiniiyor musunuz?

Bu etkinligin, size, kavramsal anlamda ne gibi katkilar1 oldugunu diisiiniiyorsunuz
yaziniz.

Bu etkinligin, size, pedagojik anlamda ne gibi katkilar1 oldugunu diisiiniiyorsunuz
yaziniz.
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3. DERS

Hedeflenen Kavram Yamnilgilan

Le Chatelier prensibi biitiin
denge problemlerinin ¢oziimii
icin kullanilabilir.

Kimya Kavram Testinde Ogrenci Cevaplan

Kimya kavram testinde ogrencilerin verdigi cevaplari, grup arkadaslarinizla tartigarak
hangi yonlerden dogru veya hatali buldugunuzu kisaca agiklaymiz.

Soru No: 4a, Ogrenci: 240 ;
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Etkinlik Sorulari :

1) CSyqg +4Hyq =—— CHyg) + 2H2S( tepkimesi, pistonlu kapta, sabit basin¢ ve
sicakhikta dengededir. Buna gore; tepkime kabina bir miktar daha CS; gazi ilave edilirse,
kaptaki CH4 molekiillerinin sayisi nasil degisir? Neden boyle diisiindiigiiniizii agiklaymiz.

2) CO( + 2Hyq =— CH3OH tepkimesi, pistonlu kapta, sabit basin¢ ve
sicaklikta dengededir. Buna gore; tepkime kabina bir miktar daha Ar gazi ilave edilirse,
kaptaki H, molekiillerinin sayis1 nasil degisir? Neden boyle diisiindiigliniizii agiklaymiz.
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Etkinligin Degerlendirilmesi

Hedeflenen kavram yanilgilarinin diizeltilmesi i¢in tavsiye edilen etkinligin uygun
ve yeterli oldugunu diisiiniiyor musunuz?

Bu etkinligin, size, kavramsal anlamda ne gibi katkilar1 oldugunu diisiiniiyorsunuz
yaziniz.

Bu etkinligin, size, pedagojik anlamda ne gibi katkilar1 oldugunu diisiiniiyorsunuz
yaziniz.
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ACTIVITY SHEET IV
4. OTURUM : ASITLER

Hedeflenen Kavram Yanilgilan

Asitlerin kuvvetini,
asit ¢ozeltisinin pH
degeri belirler.

Bir asit ¢ozeltisinin
derisiminin degismesi,
asitlik kuvvetini degistirir.

Bir asidin derisiminin
degismesi, pH degerini

etkilemez.

Kimya Kavram Testinde Ogrenci Cevaplan

Kimya kavram testinde Ogrencilerin verdigi cevaplari, grup arkadaslarmizla tartigarak
hangi yonlerden dogru veya hatali buldugunuzu kisaca agiklaymiz.

Soru No: 5a, Ogrenci: 221;
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Sizce bu kavram yanilgilarinin diizeltilmesi i¢in nasil bir etkinlik hazirlanmalidir?

1. Boliim : Arastirma Laboratuvarn
“Bir asidin kuvveti, asit ¢ozeltisinin derisim ve pH degerlerine bagh midir?”

Size verilen laboratuar malzemeleri ile bir deney tasarlayarak yukaridaki arastirma
sorusuna cevap vermeye ¢alisimiz. Tasarladigimiz deneyi kisaca agiklayimniz.

Malzemeler : 1,1 M HNOj; ¢ozeltisi, su, pH kagidi, farkli biiyiikliikte dereceli silindirler,
beherler
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2. Boliim : Ayni derigime sahip farkli asitlerin pH degerlerinin belirlenmesi

Asit pH (yaklasik)

5 M HCI

5 M CH3;COCH

Tartisma Sorusu : “Biitiin asitler suda ayn1 oranda mm iyonlasir, asitlerin suda
iyonlasmasin etkileyen faktor(ler) nedir tartisimz.”

Sorular :

1) Ayni1 derisime sahip asit ¢ozeltilerinin farkli pH degerlerine sahip olmasinin nedenlerini
aciklayiniz.
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Etkinligin Degerlendirilmesi

Hedeflenen kavram yanilgilarinin diizeltilmesi i¢in tavsiye edilen etkinligin uygun
ve yeterli oldugunu diisiiniiyor musunuz?

Bu etkinligin, size, kavramsal anlamda ne gibi katkilar1 oldugunu diisiiniiyorsunuz
yaziniz.

Bu etkinligin, size, pedagojik anlamda ne gibi katkilar1 oldugunu diisiiniiyorsunuz
yaziniz.
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ACTIVITY SHEET V

5. OTURUM : ASITLER ve MADDENIN TANECIKLI YAPISI
1. DERS

Hedeflenen Kavram Yanilgilan

Zay1f asitler suda
tamamen iyonlagsmadigi
i¢in, iyon ve asit
molekiillerinden esit
sayida bulunur.

Asitlerin sulu
¢ozeltileri, asit
molekiilleri ve sudan
olusur.

Asitlerin derisik ve
seyreltik ¢ozeltisinde
iyonlagma yiizdeleri
farklidir.

Derisik bir asit
¢Ozeltisinde su
molekiilii
bulunmaz.

S|

Kimya Kavram Testinde Ogrenci Cevaplan

Kimya kavram testinde Ogrencilerin verdigi cevaplari, grup arkadaslarmizla tartigarak
hangi yonlerden dogru veya hatali buldugunuzu kisaca agiklaymiz.

Soru No: 6a, Ogrenci: 246;
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Soru No: 6a, Ogrenci: 162;

Etkinlik Sorulari :

1) Kuvvetli bir asitle, zayif bir asit arasindaki farklar1 agiklayarak yazin.

3) HCI ve HF c¢ozeltilerinin derisik ve seyreltik ¢ozeltilerini molekiiler seviyede
gosteriniz.

0 O

Derisik HCI ¢ozeltisi Seyreltik HCI ¢ozeltisi

0 O

Derisik HF cozeltisi Seyreltik HF ¢ozeltisi
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Etkinligin Degerlendirilmesi

Hedeflenen kavram yanilgilarinin diizeltilmesi i¢in tavsiye edilen etkinligin uygun
ve yeterli oldugunu diisiiniiyor musunuz?

Bu etkinligin, size, kavramsal anlamda ne gibi katkilar1 oldugunu diisiiniiyorsunuz
yaziniz.

Bu etkinligin, size, pedagojik anlamda ne gibi katkilar1 oldugunu diisiiniiyorsunuz
yaziniz.



186

2. DERS

Hedeflenen Kavram Yanilgilan

Su molekiiliinde hidrojen ve oksijen
atomlarini bir arada tutan ¢ekim
kuvveti hidrojen bagidir.

£

Kimya Kavram Testinde Ogrenci Cevaplan

Kimya kavram testinde Ogrencilerin verdigi cevaplari, grup arkadaslarinizla tartigarak
hangi yonlerden dogru veya hatali buldugunuzu kisaca agiklayiniz.

Soru No: 1a, Ogrenci: 263;

Etkinlik Sorular :

1) Su molekiiliiniin igindeki ve su molekiillerin arasindaki etkilesimleri belirleyerek
ozelliklerini a¢iklayiniz.
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2) Asagida verilen kavramlarla hidrojen bagi konusunda bir kavram haritas1 tasarlayniz.
Kavram haritasini tasarlarken size verilen kavramlar haricinde baska kavramlar da

ekleyebilirsiniz.

Hidrojen

Polar molekil

Su molekiila

Kavram Haritasi :

Elektronegatiflik Kaynama noktast Gaz
- Kismi pozitif yiik Hidrojen bag1
Oksijen
Elektron Svi
Kovalent bag Flor Kati
Kismi negatif yiik
Molekiil s

Molekiiller aras1 ¢ekim kuvvetleri
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Etkinligin Degerlendirilmesi

Hedeflenen kavram yanilgilarinin diizeltilmesi i¢in tavsiye edilen etkinligin uygun
ve yeterli oldugunu diisiiniiyor musunuz?

Bu etkinligin, size, kavramsal anlamda ne gibi katkilar1 oldugunu diisiintiyorsunuz
yaziniz.

Bu etkinligin, size, pedagojik anlamda ne gibi katkilar1 oldugunu diisiiniiyorsunuz
yaziniz.
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APPENDIX C : CHEMISTRY CONCEPT TEST
KiMYA KAVRAM TESTI

(1. Soru)

1a) Asagida suyun farkli fiziksel hallerindeki 6zellikleri ile ilgili bazi ifadeler verilmistir.
Bu ifadeleri dogruluklar1 agisindan degerlendiriniz ve neden boyle dislindligiiniizii
aciklayiniz (Dikkat!!! Dogru oldugunu diisiindiigiiniiz ifadeler icin_de, neden boyle
diisiindiigiiniizii agiklamayr unutmayiniz).

Dogru

Yanlig

Agiklama

Su buharni olusturan
molekiillerin arasinda hava
bulunur.

Buzu olusturan molekiillerin
arasinda biraz aralik (mesafe)
bulunur.

Su molekiiliinde hidrojen ve

oksijen atomlarimi bir arada

tutan ¢ekim kuwvveti hidrojen
bagidir.

Suyu olusturan molekiiller,
madde kat1 halde iken sert; s1v1
ve gaz halde iken yumusaktir.

Suyu (s1v1 halde iken)
olusturan molekiillerin arasmda
biraz aralik (mesafe) bulunur.

Su buharlastiginda, su
molekiilleri genisler.

Suyun (s1v1 halde iken)
yogunlugu, su buharindan
fazladir, ¢iinkii su
buharlastiginda kiitlesi azalir.
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1b) Elinizde maddelerin taneciklerini (atom ve molekiillerini) gdstermeye yarayan bir
biiyiiteciniz oldugunu ve kabin i¢indeki maddelere bu biiylitegle baktiginizi varsaymniz.
Asagidaki gosterimde, cam kabi i¢indeki madde sivi halde (su) iken, H,O molekiillerinin
dizilimi sembolize edilmistir.

Referans gosterim

Buna gore, cam kabin i¢inde madde kat1 halde (buz) iken ve balonun i¢inde madde gaz
halde (su buhari) iken, H,O molekiillerinin diziliminin nasil olacagini, biiyiite¢lerin i¢ine
¢izerek gosteriniz. H,O molekiillerini ¢} ile, hidrojen atomunu @ ile, oksijen
atomunu ise () ile gosteriniz ve ¢izimlerinizi neden bu sekilde yaptigmizi agiklaymiz
(Dikkat!!! Cizimlerinizi yaparken; molekiiller arast mesafeler, molekiillerin birim
alanda dagilimi ve molekiil igci/molekiiller arasi baglar gibi noktalart goz oniinde
bulundurmaya ¢alisiniz ve aciklamalarimizi yaparken; yukaridaki referans gosterim ile
sizin ¢cizdiginiz gosterimler arasindaki farkhiliklar: belirtiniz)

Aciklama:

Buz

Su buharl .................................................................
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(2. Soru)

Asagidaki tiiplere, iglerinde bulunan gazlarin taneciklerini (atom ve molekiillerini)
gosterebilen bir biiyliteg ile bakildigini ve agagidaki goriintiilerin izlendigini varsaymiz. Bu
goriintiilere gore, her bir madde i¢in verilen ifadelerden hangisi/hangileri nin dogru
oldugunu isaretleyiniz ve neden boyle diisiindiigiiniizii agiklaymiz (Dikkat!!!: Aynt madde
icin birden fazla dogru ifade olabilir).

2a) Tiipteki madde:

- Karigimdir ()
- Saf maddedir ()
- Bilesiktir ()

- Sadece 1 elementten olusmaktadir

- 2 farkli elementten olusmaktadir

- 1 element ve 1 bilesikten olusmaktadir
- Sadece 1 bilesikten olusmaktadir

- 2 farkli bilesikten olusmaktadir

e e e L
N N N N N

Ciinkii;
2b) Tiipteki madde:
- Karigimdir ()
QO - Saf maddedir ()
i QO - Bilesiktir ()
4 §-d
' O Ciinkii;

- Sadece 1 elementten olugsmaktadir

- 2 farkli elementten olusmaktadir

- 1 element ve 1 bilesikten olusmaktadir
- Sadece 1 bilesikten olusmaktadir

- 2 farkli bilesikten olusmaktadir

NN NN N
N N N N N
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2¢) Tiipteki madde:

- Karigimdir ()
- Saf maddedir ()
- Bilesiktir ()

- Sadece 1 elementten olugsmaktadir

- 2 farkli elementten olusmaktadir

- 1 element ve 1 bilesikten olugsmaktadir
- Sadece 1 bilesikten olugsmaktadir

- 2 farkli bilesikten olusmaktadir

e N e T
N N N N N

Ciinkii;
2d) Tiipteki madde:
- Karigimdir ()
- Saf maddedir ()
- - Bilesiktir ()
-4 i.I

- | - e e e

- Sadece 1 elementten olusmaktadir

- 2 farkli elementten olusmaktadir

- 1 element ve 1 bilesikten olusmaktadir
- Sadece 1 bilesikten olusmaktadir

- 2 farkli bilesikten olusmaktadir

NN NN N
N N N N N
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2e) Tiipteki madde:

- Karigimdir ()
- Saf maddedir ()
- Bilesiktir ()

- Sadece 1 elementten olugsmaktadir

- 2 farkli elementten olusmaktadir

- 1 element ve 1 bilesikten olusmaktadir
- Sadece 1 bilesikten olugsmaktadir

- 2 farkli bilesikten olusmaktadir

NS AN AN~
N N N N N

2f) Tiipteki madde:

- Karigimdir ()
- Saf maddedir ()
()

- _ Bilesiktir
-4 i. I

| B s

- Sadece 1 elementten olusmaktadir

- 2 farkli elementten olusmaktadir

- 1 element ve 1 bilesikten olusmaktadir
- Sadece 1 bilesikten olusmaktadir

- 2 farkli bilesikten olusmaktadir

NN N NN
N N N N N
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(3. Soru)

Hag + Iz = 2HI ( tepkimesi kapal bir kapta dengeye
ulagmaktadir. Bu tepkime dengede iken;

3a) Girenlerin ve friinlerin molariteleri ile ilgili asagida verilen ifadelerden hangisi sizce daha
dogrudur? Neden boyle diisiindiigiiniizii agiklayiniz.

a) Girenlerin molaritesi tiriinlerin molaritesinden daha yiiksektir.

b) Uriinlerin molaritesi girenlerin molaritesinden daha yiiksektir.

c) Girenler ve iiriinlerin molariteleri esittir.

d) Girenlerin ve iiriinlerin molaritelerini karsilagtirmaya yetecek kadar bilgi yoktur.

3b) ileri ve geri tepkimelerin hizlar1 ile ilgili asagida verilen ifadelerden hangisi sizce daha
dogrudur? Neden boyle diisiindiigiiniizii agiklayimz.

a) lleri tepkimenin hiz1 geri tepkimenin hizindan daha fazladir.

b) Geri tepkimenin hizi ileri tepkimenin hizindan daha fazladir.

¢) Ileri ve geri tepkimelerin hizlar esittir.

d) fleri ve geri tepkime denge aninda sonlandigindan tepkime hizindan soz edilemez.

3c) Tepkime ortamimda bulunan maddeler ile ilgili asagida verilen ifadelerden hangisi
sizce daha dogrudur? Neden boyle diisiindiigiiniizii a¢iklaymiz.

a) Tepkime ortaminda sadece HI bulunur.

b) Tepkime ortaminda H; ve I, bulunur.

¢) Tepkime ortaminda H; , 1, ve HI bulunur.

d) Soruyu cevaplamaya yetecek kadar bilgi verilmemistir.

(4. Soru)

4HClg) + Oy = 2H20(g + 2Clyg tepkimesi, pistonlu kapta, sabit basing
ve sicaklikta dengededir. Buna gore;

4a) Tepkime kabina bir miktar daha HCI (hidrojen kloriir) gazi ilave edilirse, kaptaki Cl;
molekiillerinin sayis1 nasil degisir? Neden bdyle diisiindiigiiniizii agiklaymiz.
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4b) Tepkime kabina bir miktar He (Helyum) gazi ilave edilirse, kaptaki O, molekiillerinin

sayist nasil degisir? Neden boyle diisiindiigiiniizii aciklaymniz.
GUNKIES ... o....oooooooo oo
(5. Soru)
Asit tiirii Derisimi (M) pH degeri Asitlik sabiti (Ka)

(25°C’de)
HNO; 0,10 1,00 30x10°
HCN 0,01 5,40 6,2x10 "
CH;COOH 1,00 2,38 1,8 107
HF 0,50 1,75 6,6x10~
HCI 0,01 2,00 13x10°

5a) Yukaridaki tabloda verilen asit ¢6zeltilerinin asitlik kuvvetini, en kuvvetli olandan en
zayif olana dogru siralaymiz ve siralamayi1 neye gore yaptiginizi agiklaymiz.

EN KUWEL ..o En Zayif

5b) Tabloya gore, 0,10 M HNO; ve 0,01 M HCN farkli molaritelerde iki farkli asit
¢ozeltisidir. 0,1 M HNO3 ¢ozeltisinin asitlik kuvvetinin, 0,01 M HCN ¢ozeltisinin asitlik
kuvvetinden daha biiylik oldugu bilinmektedir. Buna gore;

HCN ¢ozeltisinin molaritesi 0,01 M’dan, 1,00 M’ a ¢ikarilirsa asitlik kuvveti nasil degisir?
Neden boyle diisiindiigiiniizii agiklayniz.
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0,0 M HNO;3; c¢ozeltisi ile 1,00 M HCN c¢ozeltisini  asitlik kuvvetleri agisindan
karsilastiriniz ve cevabinizi nedenleriyle aciklayiniz.

UMK .o e
(6. Soru)

HA + H,0 > A + H3;0" Kuvvetli bir asidin suda iyonlasma denklemi

HA+H,0 =— A +H;0" Zayif bir asidin suda iyonlasma denklemi ise;

bu asitlerin sudaki ¢ozeltilerine molekiilleri gosterebilen bir biiyiite¢ ile baktigmizi
varsayarsaniz, bu ¢ozeltileri molekiiler diizeyde nasil gosterirsiniz ve ¢iziminizi nasil
aciklarsiniz? Ciziminizi yaparken;

HA’y1 o ] ile : Avyi [=lile

H,O0’yu OQ ile , H30"’yu '@' ile gosteriniz.
6a)
Derisik kuvvetli asit ¢ozeltisi Seyreltik kuvvetli asit ¢ozeltisi

Aciklama:



197

6b)

Derisik zayif asit ¢ozeltisi Seyreltik zayif asit ¢ozeltisi

Aciklama:
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APPENDIX D : CHEMISTRY CONCEPT TEST FORM B
KiMYA KAVRAM TESTi B FORMU

(1. Soru)

Nogg + Oz =—— 2NO () tepkimesi kapali bir kapta dengeye
ulagsmaktadir. Bu tepkime dengede iken;

1a) Girenlerin ve irlinlerin molariteleri ile ilgili asagida verilen ifadelerden hangisi sizce daha
dogrudur? Neden boyle diisiindiigiiniizii aciklayimz.

a) Girenlerin molaritesi tiriinlerin molaritesinden daha yiiksektir.

b) Uriinlerin molaritesi girenlerin molaritesinden daha yiiksektir.

c) Girenler ve iiriinlerin molariteleri esittir.

d) Girenlerin ve iiriinlerin molaritelerini karsilagtirmaya yetecek kadar bilgi yoktur.

1b) fleri ve geri tepkimelerin hizlar1 ile ilgili asagida verilen ifadelerden hangisi sizce daha
dogrudur? Neden boyle diisiindiigiiniizii aciklayimz.

a) Ileri tepkimenin hiz1 geri tepkimenin hizindan daha fazladir.

b) Geri tepkimenin hizi ileri tepkimenin hizindan daha fazladir.

¢) Ileri ve geri tepkimelerin hizlar esittir.

d) ileri ve geri tepkime denge aninda sonlandigindan tepkime hizindan s6z edilemez.

1c) Tepkime ortaminda bulunan maddeler ile ilgili asagida verilen ifadelerden hangisi
sizce daha dogrudur? Neden boyle diisiindiigliniizii agiklaymiz.

a) Tepkime ortaminda sadece NO bulunur.

b) Tepkime ortaminda N, ve O, bulunur.

¢) Tepkime ortaminda N, , O, ve NO bulunur.

d) Soruyu cevaplamaya yetecek kadar bilgi verilmemistir.
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(2. Soru)

2H,S () + CHygq == 4Hyq + CSyq  tepkimesi, pistonlu kapta, sabit
basing ve sicakhikta dengededir. Buna gore;

2a) Tepkime kabma bir miktar daha CS; gazi ilave edilirse, kaptaki H,S molekiillerinin
sayis1 nasil degisir? Neden bdyle diisiindiigiiniizii a¢iklayniz.

2b) Tepkime kabina bir miktar Ar (Argon) gazi ilave edilirse, kaptaki CH4 molekiillerinin

say1s1 nasil degisir? Neden boyle diistindiigliniizi agiklaymiz.
GHIKIES ©.-....ooooooooooeoeoees oo
(3. Soru)
Asit tiirii Derisimi (M) pH degeri Asitlik sabiti (Ka)
(25°C’de)
HOCN 0,010 2,72 35x10™
HCI 0,001 3,00 1,3x10°
HNO; 1,000 1,57 7,2%107
HOBr 1,000 4,30 25%x10 7
HNO; 0,100 1,00 30x10*"

3a) Yukaridaki tabloda verilen asit ¢6zeltilerinin asitlik kuvvetini, en kuvvetli olandan en
zayif olana dogru siralaymiz ve siralamayi neye gore yaptiginizi agiklaymiz.

EN KUWEL ..o En Zanf
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3b) Tabloya gore, 0,1 M HNO3z ve 0,01 M HOCN farkli molaritelerde iki farkli asit
cozeltisidir. 0,1 M HNOj3 ¢6zeltisinin asitlik kuvvetinin, 0,01 M HOCN ¢o6zeltisinin asitlik
kuvvetinden daha biiylik oldugu bilinmektedir. Buna gore;

HOCN ¢ozeltisinin molaritesi 0,01 M’dan, 1 M’ a ¢ikarilirsa asitlik kuvveti nasil degisir?
Neden boyle diisiindiigiiniizii agiklayniz.

0,1 M HNOs3 ¢ozeltisi ile 1 M HOCN ¢ozeltisini asitlik kuvvetleri agisindan karsilastiriniz
ve cevabmizi nedenleriyle agiklaymiz.

(011111 4T
(4. Soru)

HA + H,0 ©> A + H3;0" Kuvvetli bir asidin suda iyonlagma denklemi

HA+H,0 =— A +H3;0" Zayif bir asidin suda iyonlasma denklemi ise;

bu asitlerin sudaki ¢ozeltilerine molekiilleri gosterebilen bir biiyiiteg ile baktignizi
varsayarsaniz, bu cozeltileri molekiiler diizeyde nasil gosterirsiniz ve ¢iziminizi nasil
aciklarsiniz? Ciziminizi yaparken;

HA’yt o | ile Ay [=lile

H>O’yu CQ ile , H30"’yu '@' ile gosteriniz.
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4a)

Derisik kuvvetli asit ¢ozeltisi Seyreltik kuvvetli asit ¢ozeltisi
Aciklama:

4b)

Derisik zay1f asit ¢ozeltisi Seyreltik zay1f asit ¢ozeltisi

Aciklama:



(5. Soru)
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5a) Asagida suyun farkl fiziksel hallerindeki 6zellikleri ile ilgili bazi ifadeler verilmistir.
Bu ifadeleri dogruluklar1 agisindan degerlendiriniz ve neden boyle diisiindligiiniizii
aciklaymiz (Dikkat!!! Dogru oldugunu diisiindiigiiniiz ifadeler icin_de, neden boyle
diisiindiigiiniizii aciklamay! unutmayiniz).

Dogru

Yanlig

Agiklama

Buz eridiginde, su molekiilleri
kiictiliir.

Buzu olusturan molekiillerin
arasinda biraz aralik (mesafe)
bulunur.

Su molekiiliinde hidrojen ve
oksijen atomlarmi bir arada tutan
cekim kuvveti hidrojen bagidir.

Suyun (s1v1 halde iken)
yogunlugu, su buharindan fazladir,
¢linkii su buharlastiginda kiitlesi
azalir.

Suyu (s1v1 halde iken) olusturan
molekiillerin arasinda biraz aralik
(mesafe) bulunur.

Buzu olusturan molekiillerin
arasinda hava bulunur.

Suyu olusturan molekiiller, madde
kat1 halde iken sert; s1v1 ve gaz
halde iken yumusaktir.




Buz

Su
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5b) Elinizde maddelerin taneciklerini (atom ve molekiillerini) géstermeye yarayan bir
biiyiiteciniz oldugunu ve kabin i¢indeki maddelere bu biiylitegle baktiginizi varsaymniz.
Asagidaki gosterimde, balonun i¢indeki madde gaz halde (su buhari) iken, H,O
molekiillerinin dizilimi sembolize edilmistir.

Referans gosterim

0

Buna gore, cam kabin i¢ginde madde kati halde (buz) iken ve kabin i¢inde madde siv1 halde
(su) iken, H,O molekiillerinin diziliminin nasil olacagini, biiyiiteglerin igine g¢izerek
gosteriniz. H,O molekiillerini Q ile, hidrojen atomunu @ ile, oksijen atomunu ise

ile gbsteriniz ve ¢izimlerinizi neden bu sekilde yaptiginizi agiklaymiz.

(Dikkat!!! Cizimlerinizi yaparken; molekiiller arast mesafeler, molekiillerin birim
alanda dagilimi ve molekiil igci/molekiiller arasi baglar gibi noktalart goz oniinde
bulundurmaya ¢alisiniz ve aciklamalarimizi yaparken; yukaridaki referans gosterim ile
sizin ¢izdiginiz gosterimler arasindaki farkhiliklart belirtiniz)

Aciklama:
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(6. Soru)

Asagidaki tiiplere, iglerinde bulunan gazlarin taneciklerini (atom ve molekiillerini)
gosterebilen bir biiyliteg ile bakildigini ve asagidaki goriintiilerin izlendigini varsayimiz. Bu
goriintiilere gore, her bir madde igin verilen ifadelerden hangisi/hangileri nin dogru
oldugunu isaretleyiniz ve neden boyle diisiindiigiiniizii agiklaymiz (Dikkat!!!: Aynt madde
icin birden fazla dogru ifade olabilir).

6a) Tiipteki madde:

- Karigimdir ()
- Saf maddedir ()
- Bilesiktir ()

- Sadece 1 elementten olusmaktadir

- 2 farkli elementten olusmaktadir

- 1 element ve 1 bilesikten olusmaktadir
- Sadece 1 bilesikten olusmaktadir

- 2 farkli bilesikten olusmaktadir

e e e L
N N N N N

Ciinkii;
6b) Tiipteki madde:
- Karigimdir ()
QO - Saf maddedir ()
i QO - Bilesiktir ()
4 §-d
' O Ciinkii;

- Sadece 1 elementten olugsmaktadir

- 2 farkli elementten olugmaktadir

- 1 element ve 1 bilesikten olusmaktadir
- Sadece 1 bilesikten olusmaktadir

- 2 farkli bilesikten olusmaktadir

NN NN N
N N N N N
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6¢) Tiipteki madde:

- Karigimdir ()
- Saf maddedir ()
- Bilesiktir ()

- Sadece 1 elementten olugsmaktadir

- 2 farkli elementten olusmaktadir

- 1 element ve 1 bilesikten olusmaktadir
- Sadece 1 bilesikten olugmaktadir

- 2 farkli bilesikten olusmaktadir

e N e T
N N N N N

Ciinkii;
6d) Tiipteki madde:
- Karigimdir ()
- Saf maddedir ()
- - Bilesiktir ()
-4 i.I

- | - e

- Sadece 1 elementten olusmaktadir

- 2 farkli elementten olusmaktadir

- 1 element ve 1 bilesikten olusmaktadir
- Sadece 1 bilesikten olusmaktadir

- 2 farkli bilesikten olusmaktadir

NN NN N
N N N N N
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6e) Tiipteki madde:

- Karigimdir ()
- Saf maddedir ()
- Bilesiktir ()

- Sadece 1 elementten olugsmaktadir

- 2 farkli elementten olusmaktadir

- 1 element ve 1 bilesikten olusmaktadir
- Sadece 1 bilesikten olugsmaktadir

- 2 farkli bilesikten olusmaktadir

NS AN AN~
N N N N N

6f) Tiipteki madde:

- Karigimdir ()
- Saf maddedir ()
()

- _ Bilesiktir
-4 i. I

| B s

- Sadece 1 elementten olusmaktadir

- 2 farkli elementten olusmaktadir

- 1 element ve 1 bilesikten olusmaktadir
- Sadece 1 bilesikten olusmaktadir

- 2 farkli bilesikten olusmaktadir

NN N NN
N N N N N
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APPENDIX E : EVALUATION RUBRIC FOR CCT

Evaluation Rubric for the First Item of CCT

Item # SuU PU PUSM SM
There is nothing between the
particles of water vapor in There is not air but nothing There is air between
lal vacuum. Yet, there may be air | between the particles of water - the particles of water
between the particles of water vapor vapor
vapour in an open container
There is not any space
When liquid water freezes, its between the particles
volume increases. It indicates of ice
122 us there is some space There is some space between )
between the particles of ice the particles of ice The space between the
and the space is more than particles of ice is less
that of liquid water. than that of liquid
water
The covalent bond that is Hydrogen bonding can
formed by sharing electrons occur between hydrogen -
- Hydrogen bonding is
of oxygen and hydrogen Hydrogen bonding is not the atom and one of fluor,

- the force that holds
1a3 atoms hoIds t_hese atoms force that holds oxygen and oxygen anq r_1|trogen oxygen and hydrogen
together within the water hydrogen atoms in water atoms. Thus, it is the force -

- atoms in water
molecule. Hydrogen bonding molecule the force that holds oxygen
- molecule
occurs between molecules of and hydrogen atoms in
water water molecule
The properties of matters
result from the arrangement The particles of a
of their particles and the The structure of molecules do P
- . substance have the
lad attraction between them. An not change in phase changes - - -
e ; same properties with
individual particle does not
: the bulk matter
have the properties of the
bulk matter
When alcohol and water is
mixed, total volume of the
mixture will be less than the .
L There is not any space
sum of the volumes of mixing :
L between the particles
water and alcohol. It indicates Lo
. of liquid water
that there is some space .
1a5 between the particles of There is Some spz'ice'between -
liquids the particles of liquid water The space between the
guids. . particles of liquid
Also, when ice melts, its .
L water is more than
volume decreases. It indicates that of ice
that the space between the
particles of liquid water is
less than that of ice
When water changes phase, When liquid water
only the space between water When water changes phase, evaporates, water
molecules increases or molecules expand
: water molecules do not
1a6 decreases. The size of chanae -
molecules does not change, g When ice melts, water
molecules do not expand or molecules shrink
shrink
When water evaporates, the
space between water
molecules increase. The
- The mass of water
volume of water increases so The mass of water does not decreases when it is
la7 the density of water vapor is change when it is evaporated -

less than the density of liquid
water. Mass is always
conserved since the matter
cannot be destroyed

evaporated
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If all of the
characteristics of ice are
indicated in the answer

Ice is shown by particles

Ice molecules are the
same as in liquid water
The space between
molecules of ice is more

If at least one of the

If both of one
characteristic of water and

The space between
molecules of ice is
less than that of liquid
water

The particles of ice

1b1 than that of liquid water characteristics of ice is one specific ;
e Thereisstrong indicated in the answer misconception are are disordered
at;:g?;glf}ell‘.?tl\lt\lfse?hfe indicated in the answer The molecules of ice
hydrogen bonding is smaller than that of
attraction between liquid water and water
hydrogen of one water vapor
molecule and oxygen of
another.
e  The particles of ice are
in ordered fashion
If all of the
characteristics of water
vapor are indicated in
the answer
Water molecules
. Water vapor is shown decompose to
by particles If both of one hydrogen and
. The molecules of water If at least one of the characteristic of oxygen atoms
102 vapor are the same as in characteristics of water water vapor and one when evaporated
liquid water and ice SR - specific
vapor is indicated in the . -
. The molecules of water misconception are The molecules
answer O . >
vapor are completely indicated in the of water vapor is
separated answer larger than that
. The attraction between of ice and liquid
the moelcules of water water
vapor are too weak
. The particles of water
vapor are disordered
If all of the
characteristics of liquid
water are indicated in The space
the answer between
molecules of
. Liquid water is shown If both Qf one liquid water is
by particles If at least one of the characteristic of more th_an that of
Post water and one ice

The molecules of liquid
water are the same as
ice and water vapour

The space between
molecules of liquid
water is less than that of
ice
The particles of liquid
water are disordered

characteristics of liquid
water is indicated in the
answer

specific
misconception are
indicated in the
answer

The molecules
of liquid water is
larger than that
of iceand
smaller than that
of water vapor
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Item # SuU PU PUSM SM
The matter isa
compound
Mixture If the matter_is classified as
2al Different particles indicate CO%Otguan?Iaﬁ(ij re?xa?adi sed A m?r:tiirtlf raenal?wii ZOth ’
that there are more than one pounc P
substance - as a mixture of two compound
compounds
The matter is a pure
substance
If the responder says both
of
The matter consists of two the matter consists of two
different compounds different elements An element and an
- - atom are the same
2a2 There is two different and thinas
molecules that is composed of the matter consists of two g
two different atoms different compounds
Pure Substance & Compound
. P If the responder says and
The same particles indicate . If the responder says and
. explain only one of that . Compounds are not
that there is only one . explain that
2bl . the matter is a pure substance - pure substances
substance and different atoms and the matter is a compound
indicate that it is a compound ) but not a pure substance
the matter is a compound
If the responder says both
The matter consists of only of
. An element and an
one compound the matter consists of two atom are the same
2b2 There is one kind of molecule different elements -
. things
that is composed of two - and
different atoms the matter consists of only
one compound
If the matter'ls classified as A matter can be both a
both a mixture and a .
. mixture and a
compound and explained compound
Mixture as a mixture that is P
Different particles indicate including a compound .
2cl that there are more than one ﬁ#egwfitcg? Eo;z?;;)r;g:
substance - If the matter is classified as P
. . compounds
a mixture but explained as
a mixture of two
compounds
The matter consists of an If the responder says both An element and an
atom are the same
element and a compound of thinas
There are two different the matter consists of two 9
262 molecules: one of them is different elements
composed of the same kind of and All of the polvatomic
atoms and the other one is the matter consists of an the pofye
. - chemical species are
composed of two different element and a compound
compounds
atoms
Pure Substance The matter is a
The same par'tlcles indicate If the matter is classified as compound
2d1 that there is only one both a pure substance and
substance and the same kind P The matter is a
g o - a compound -
of atoms indicate that it isan mixture
element
The mattgr consists of only The matter may be a
2d2 one kind of element compound
There are the same kinds of ) ) P
atoms
Pure Substance .
The same particles indicate If the matter is classified as All of_the polyfatomlc
. chemical species are
2el that there is only one

substance and the same kind

of atoms indicate that it is an

both a pure substance and
a compound

compounds
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element

2e2

The matter consists of only
one kind of element
There are the same kinds of
atoms

If the responder says
both of
the matter consists of
two different elements
and
the matter consists of
only one compound
(“An element and an
atom are the same
things” and “All of the
polyatomic chemical
species are
compounds™)

If the responder says
the matter
consists of only one
compound
(“All of the
polyatomic chemical
species are
compounds”)

2f1

Mixture
Different particles indicate
that there are more than one
substance

If the matter is classified as
a mixture of an element
and a compound

All of the polyatomic
chemical species are
compounds

The matter is a pure
substance since it
consists of two pure
substances

212

The matter consists of two
different elements
There are two different
particles: one of them is an
atom and the other one is a
molecule that is composed of
the same kind of atoms

If the responder says
both of
the matter consists of
two different elements
and
the matter consists of
an element and a
compound
(“An element and an
atom are the same
things”)

If the responder says
the matter consists of
an element and
a compound
(“All of the
polyatomic chemical
species are
compounds”)
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Item #

SU

PU

PUSM

SM

3a

To calculate the concentration
of reactants and products in a
chemical equilibrium
condition, it is necessary to
know the initial concentration
of reactants and products and
also equilirium constant

If the responder says it is not
possible to comment on the
concentrations of reactants

and products and explain it as
one of the followings

. It is necessary to know

mole number of
reactants and products

. It is necessary to know

equilirium constant

The concentrations of
reactants and products
are equal at the
chemical equilibrium
condition

The concentrations of
reactants and products
are proportional to the
stoichiometric
coefficients in the
reaction equation at
the chemical
equilibrium condition

3b

A reversible reaction reachs
equilibrium when the rates of
forward and reverse reactions

become equal

The rates of forward and
reverse reactions are equal at
the moment of chemical
equilibrium

The forward and
reverse reactions are
completed at the
moment of chemical
equilibrium

The rates of forward
and reverse reactions
are equal because the
mole number of
reactants and products
are equal

3c

The forward and reverse
reactions always go on at the
moment of chemical
equilibrium. Thus all of the
reactants and products are
found in the medium, none of
them are used up

All of the reactants and
products are found in the
medium at chemical
equilibrium condition

Only reactants are
found in reaction
medium at chemical
equilibrium condition

Only products are
found in reaction
medium at chemical
equilibrium condition
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Item # SuU PU PUSM SM
For the given reaction;
Qd = [H,0)* [Cl,] ® According to Le
[HCI* [O2] Chatelier principle,
since one of the
Qd = (Nhro) *(Neir) * V reactants is added to
4a (et ) * (No2) There is not enough the medium, the rate
information to solve the - of the forward
It is not known the number of moles of HCI question reaction will increase.
added and how much the volume of the Thus, the number of
container changed. Thus, it not possible to the molecules of Cl,
comment on which reaction’s rate will will increase
increase and how the number of the
molecules of Cl, change
For the given reaction;
Qd = [H,]* [CS,] According to Le
[H2S]? [CH,] Chatelier principle,
since one of the
Qd = () * (Ncso) products is added to
(Nhs ) (Nera) V2 There is not enough the medium, the rate
Post information to solve the - of the reverse reaction
It is not known the number of moles of CS, question will increase. Thus,
added and how much the volume of the the number of the
container changed. Thus, it not possible to molecules of H,S will
comment on which reaction’s rate will decrease
increase and how the number of the
molecules of H,S change
For the given reaction; When a noble gas is added
Qd = [H,01° [Cl,]° to the system, the volume
[HCI* [02] of the container increases
so the gas contentration in
Qd = (Nh20) *(Nei2) * V the container decreases.
4b (et ) * (no2) According to Le Chatelier The equilibrium is not
principle, the rate of the destroyed since He is
When some amounts of He isaddedtothe | reaction which inreases gas - a noble gas and do not
A . . L react with the matters
container, the mathematical value of contentration will increase. found in the medium
reaction quotient increases. For the reation Thus, the rate of reverse
to reach equilibrium, the reaction quotient reaction will increase and
has to be equal to the equilibrium constant. the number of O,
Thus, the rate of reverse reaction increases, molecules will increase
the number of O, molecules increase
For the given reaction; When a noble gas is added
to the system, the volume
Qd = [H,]* [CS;] of the container increases
[H2S]? [CH.] so the gas contentration in
the container decreases.
Qd = (i) * (Nesp) , . According to Le Chatelier The equilibrium is not
(Nhzs ) © (Nera) V principle, the rate of the destroyed since Ar is a
reaction which increases - noble gas and do not
When some amounts of Ar was added to gas concentration will react with the matters
Post the container, the mathematical value of found in the medium

reaction quotient decreases. For the reaction
to reach equilibrium, the reaction quotient
has to be equal to the equilibrium constant.
Thus, the rate of forward reaction increases,
the number of CH, molecules decrease

increase. Thus, the rate of
forward reaction will
increase and the number of
CH,molecules will
decrease
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Item # SuU PU PUSM SM
HCl > HNO3 > HF > .
CH3COOH > HCN The pH of the acid
: solution determines the
- strength of an acid
Acidity constant determines The larger the acidity . g
oa how much an acid will constant, the stronger the acid. The concentration of the
dissociate in water. Thus, the acid solution determines
larger tt:e aC|d|tt>;] cons_zant, the the strength of an acid
stronger the aci
HCI > HNO3 > HNO, > .
HOCN > HOBr The pH of the acid
solution determines the
Post Acidity constant determines The larger the acidity ) strength of an acid
how much an acid will constant, the stronger the acid. The concentration of the
dissociate in water. Thus, the acid solution determines
larger tr:e amdl%cons_gant, the the strength of an acid
stronger the aci
The strength of an acid does
Ec?rgcf:r?t?gt?ovr\:h;fnat:ig When the concentration
solution. The amount of acid The strength of an acid does of acid solution
5b1 and wéter determines the not depend on the - increases, the strength
concentration of acid solution concentration of acid solution. of the acid also
but does not affect the Increases
structure of the acid
The acid, HNOs, is a stronger
acid since it has a higher .
acidity constant. It dissociates h hof idd Whenfthe_(;:on::er}tratlon
in water in higher ratio. The The strength of an acid does ~ ofacid solution
5b2 strenath of an acid d0e§ not not depend on the - increases, the strength
gchange when the concentration of acid solution. of the acid also
concentration of acid Increases
solution.
Evaluation Rubric for the Second Item of CCT
Item # SU PU PUSM SM
There is no water
molecules in
Strong acids completely dissociate in water concentrated acid
so the acid molecules are not observed in If the responder draws solutions
the acid solution. The number of H;O" and equal anJ)mber of he
6a A ions should be equal because of the nurﬂber of H-O" and A" ) Strong acids weakly
reaction equation. The number of H;O" and ions but doe: not draw dissociate in water
A’ ions should be higher in concentrated water molecules
acid than the weak acid solutions if the The number of H;0"
number of water molecules are the same ions is higher than A"
ions in concentrated
acid solutions
Weak acids do not completely dissociate in
water. The acid molecules are observed in Weak acids completel
the acid solution and higher number of acid dissociate in V\Zter y
molecules is found in concentrated solution If the responder does not
6b The number of H;0™ and A ions should be draw higher number of ) The number of HsO"

equal because of the reaction equation. The
number of H;O" and A" ions should be
higher in concentrated acid than the weak
acid solutions if the number of water
molecules are the same

acid molecules in
concentrated solution

ions is higher than A"
ions in concentrated
acid solutions
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APPENDIX F : KNOWLEDGE AND BELIEFS ABOUT CHEMISTRY
MISCONCEPTIONS AND TEACHING EFFICACY
QUESTIONNAIRE

KiMYA KAVRAM YANILGILARI HAKKINDA BiLGi VE DUSUNCELER

1) “Kavram yanilgis1” terimini birine agiklamaniz gerekse nasil tanimlardiniz?

2) Kendi deneyimlerinizi, okuduklarmizi ve Ogrendiklerinizi diisiindiigiiniizde,
ogrencilerin siklikla sahip olabildikleri kimya kavram yanilgilarina 6rnek olarak neleri

verirdiniz?

3) Ogrencilerin kimya kavram yanilgilarmin sebepleri/kaynaklar1 neler olabilir?

Aciklaymiz.

4) Bir ders plami hazirlanirken, 6grencilerin o konu hakkindaki olasi kavram
yanilgilar1 dikkate alinmali midir? Soruya cevabiniz evet ise, bunu yapmak miimkiin

miidiir ve nasil yapilabilir?

5) Ogrencilerin kavram yamilgilarin1 tespit etmek icin ne gibi ydntemler

kullanilabilir?

6) Ogrencilerin kavram yanilgilarin1  degistirmek igin ne gibi ydntemler

kullanilabilir?

7) Dersinizi islerken, 6grencilerinizden bazilarinda bir kavram yanilgisi oldugunu
fark ettiginizi varsayalim.

a) Dersinizin akiginda degisiklik yapar misiniz? Cevabmiz evet ise, bu nasil bir
degisiklik olur?

b) Bu konuyu daha sonra 6gretmek i¢in hazirladiginiz ders planinda degisiklik yapar

mismiz? Cevabiniz evet ise, bu nasil bir degisiklik olur?
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8) Sizce, dgrencilerin kavram yanilgilarini degistirmek zor mudur?

9) Su anki kimya alan bilginiz ve pedagojik donaniminizla hangi &gretim
yontemlerini daha iyi kullanabileceginizi diisiiniiyorsunuz? (Kendinizi degerlendirirken en

yetkin oldugunuzu diisiindiiglinliz 6gretim yonteminden baslayarak bir siralama yapiniz)

10) Su anki kimya alan bilginiz ve pedagojik donaniminizla hangi kimya konularmni
ogretmede yeterli oldugunuzu diisiiniiyorsunuz? (Kendinizi degerlendirirken asagida

verilen derecelendirme 6lgegini kullaniniz)

(1): Yetersiz oldugumu diistiniiyorum
(2): Ne tam yeterli ne de tam yetersiz oldugumu diisiiniiyorum

(3): Yeterli oldugumu diisiinliyorum

Konular Degerlendirme
Maddenin Tanecikli Yapisi (1) 2 3)
Bilesikler @) @ @
Karisimlarm Ozellikleri ve Smiflandirilmasi (1) (2) (3)
Kimyasal Tepkimeler @ 2 3)
Mol Kavrami 1) 2 3)
Coziiniirliik ve Cozeltiler €)) (&) 3
Atomun Yapisi €)) (2 3
Periyodik Tablo @ (2 3
Kimyasal Tiirler Arasi Etkilesimler 1) (&) 3)
Asitler ve Bazlar @ ) (©)
Gazlar )) (@) (©)
Kimyasal Denge @ )] 3
Kimyasal Tepkimelerde Enerji (1) (2 (3
Elektrokimya (1) ) 3
Radyoaktivite @ 2 3
Organik Kimya @ 2 3

11) Kimya egitimi literatiine goére: “Kovalent bag yapan bilesiklerde, erime ve
kaynama olaylar1 swrasinda molekiil i¢i baglar kirilir” kavram yanilgisina dgrencilerde
siklikla rastlanmaktadir. Bu kavram yanilgisin1 degistirmek i¢in iki saat silirecek bir ders
plan1 hazirlamaniz istense, nasil bir akis onerirdiniz? (Kullanacagmiz 6gretim yontem ve

materyallerini de belirtecek sekilde agiklayiniz)
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APPENDIX G : PROGRAM EVALUATION FORM

PROGRAM DEGERLENDIRMESI
6 hafta siiren bu programa katilmanin, sana kattiklarn hakkinda bir yaz
yazman ve bu yaziy1 yazarken asagidaki sorulara cevaplarim da yazinda icermen

istense neler yazardin?

1) Bu programa katildiktan sonra, farkli kimya konularma hitap eden benzer bir

programin baglayacagi duyurulsa, gene katilir misin?

2) Bu programin 6gretmenlik bilgi ve becerilerine neler kattigini diisiiniiyorsun?

Ornekler vererek agiklar mism?

3) Sence bu programa katilman sonucunda 6grenmis oldugun en 6nemli sey ne oldu?

4a) Programin en begendigin 6zelligi ne oldu?

4b) Programin en begenmedigin 6zelligi ne oldu?

5) Sence bu program baska gruplar igin tekrar yapilsa neler eklenebilir / neler

¢ikarilabilir? Programla ilgili nelerin degismesini 6nerirsin?

6) Bu programa katilimin sayesinde, sende de var oldugunu farkettigin ve bu siireg
icerisinde diizelttigini diisiindiiglin kavram yanilgimn/yanilgilarin oldu mu? Olduysa bunlar

neler?

7) Ogretmenlige basladiginda, bu programda &grendigin igerik ve ydntemlerden
ilham alarak benzer uygulamalar yapacagini diisiinliyor musun? Eger disiiniiyorsan

kullanacagini diisiindiigiin seyler neler olacaktir?

8a) Yapilan etkinliklerden en ¢ok aklinda kalan hangisi oldu? Boyle diisiinmenin

nedeni sence nedir?
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8b) Yapilan etkinliklerden en sikici buldugun hangisi oldu? Boyle diisiinmenin

nedeni sence nedir?

9a) Bu programa katilmadan once, maddenin tanecikli yapisi, kimyasal denge ve

asitler konularin1 6gretmek i¢in ne gibi yontemler kullanmay: diistiniirdiin?

9b) Bu programa katildiktan sonra, bu konular1 6gretmek i¢in kullanmay1

diisiindiigiin yontemlerde ne gibi degisiklikler oldu?

10) Etkinlikler sirasinda sormak isteyip de soramadiginiz, hala kafanizi karigtiran bir

nokta kald1 mi1? Varsa nedir?
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