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ABSTRACT

EXAMINATION OF INTERACTION BETWEEN PRE-SERVICE CHEMISTRY
TEACHERS’ PEDAGOGICAL CONTENT KNOWLEDGE AND CONTENT
KNOWLEDGE IN ELECTROCHEMISTRY

Kutucu, Elif Selcan
Ph.D., Department of Secondary Science and Mathematics Education

Supervisor: Prof. Dr. Yezdan Boz

September 2016, 173 pages

The purpose of this study was to examine the interaction between pre-service
chemistry teachers’ pedagogical content knowledge (PCK) and content knowledge
(CK) while teaching electrochemistry. Two pre-service chemistry teachers enrolled in
practice teaching course in chemistry education program. All PCK components were
studied in the current study to examine participants’ PCK. In order to get detailed
information and understand deeply the interaction between CK and PCK, qualitative
methodology was used and the participant were selected through purposeful sampling.
Data were collected through electrochemistry content test, Content Representation
(CoRe), semi-structured interviews, stimulated recall interviews, classroom
observations and field notes. Results indicated that CK and PCK were correlated
knowledge bases but they are distinct and there is no direct proportional correlation
between them. In other words, basic level of CK is a prerequisite for developing PCK,
while a high CK does not affect a high PCK to the same extent. Pre-service teachers
with weak content knowledge had problems in recognizing students’ possible
misconceptions, using vertical and horizontal relations in the curriculum and using the
topic specific instructional strategies effectively. The level of content knowledge did
not have strong impact on choices of subject specific instructional strategies, how to

assess students’ understanding, science teaching orientations of pre-service teachers.



Teacher education programs should focus on activities that improving both content

knowledge and pedagogical content knowledge of pre-service teachers.

Keywords: Pedagogical Content Knowledge, Content knowledge, Pre-service teachers,
Electrochemistry
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0z

OGRETMEN ADAYLARININ ELEKTROKIMYA KONUSUNDA PEDAGOJIK
ALAN BILGISI VE KONU ALAN BIiLGILERI ARASINDAKI ILISKININ
INCELENMESI

Kutucu, Elif Selcan
Doktora, Orta Ogretim Fen ve Matematik Alanlar1 Egitimi Boliimii

Tez Yoneticisi: Prof. Dr. Yezdan Boz

Eylul 2016, 173 sayfa

Bu calismanin amaci kimya 6gretmen adaylarinin pedagojik alan bilgilerinin (PAB)
ve kimya alan bilgilerinin elektrokimya konusunu &gretirken nasil etkilestigini
aragtirmaktir. Kimya 6gretmenligi programindaki dgretmenlik uygulamalar1 dersine
kayith 2 tane kimya 6gretmen adayi ile calisilmistir. Calisma kapsaminda PAB tiim alt
bilesenleri calisilmistir. PAB ve kimya alan bilgisi arasindaki iliskiyi daha iyi
anlamayabilmek ve derinlemesine bilgi edinebilmek i¢in nitel aragtirma yontemi
kullanilmis ve katilimecilar amagh oOrneklem yontemi ile seg¢ilmistir. Veriler,
elektrokimya konu alan testi, igerik gosterimi, yari yapilandirilmig gériismeler, sinif
gozlemleri ve gozlem notlar1 ile toplanmistir. Sonucglar konu alan bilgisinin ve
pedagojik alan bilgisinin baglantili bilgi tiirleri oldugunu ancak aralarinda dogrusal
orantili bir iligki olmadigin1 géstermistir. Diger bir deyisle 6gretmenin pedagojik alan
bilgisinin geligebilmesi i¢in belli bir seviyede alan bilgisine ihtiya¢ vardir, ancak iyi
seviyedeki alan bilgisi ayn1 oranda iyi bir pedagojik alan bilgisini garanti etmez. Alan
bilgisinde eksiklikler olan 6gretmen adayinin 6grencilerin sahip olabilecegi kavram
yanilgilarin1 belirlemesinde, miifredattaki konu baglantilarin1 yapmasinda ve konuya
Ozgli Ogretim stratejilerini etkili kullanmasinda zorluklar yasadig: tespit edilmistir.

Konu alan bilgi seviyesindeki degisikliklerin 6gretmen adaylarinin alana 6zgii 6gretim
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stratejilerinin  se¢iminde, Ogrencilerin anlama bilgisini 6lgmek igin strateji
belirlenmesinde ve fene karsi yoOnelimlerinde etkisi olmadigi gorilmustir. Bu
caligmanin sonuglar1 6gretmen egitimi programlarinin 6gretmen adaylarinin hem konu
alan bilgisini hem de pedagojik alan bilgilerini gelistirmeye odaklanmali ve buna

uygun egitimler verilmesi gerektigini ortaya koymustur.

Anahtar kelimeler: Pedagojik alan bilgisi, konu alan bilgisi, kimya 6gretmen adaylari,

elektrokimya
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CHAPTER 1

INTRODUCTION

In recent years, there is an increasing interest in general aspects of teaching and
learning science (Van Driel, De Jong & Verloop, 2002). In this issue, teachers have an
essential role so teachers need to develop their skills and knowledge in many domains
such as content knowledge, general pedagogical knowledge and pedagogical content
knowledge to have an effective role in classrooms and schools (Boz & Boz, 2008;
Canbazoglu, Demirelli, & Kavak, 2010; Goodnough & Hung, 2009; Van Driel et al.,
2002). In other words, it is crucial for teachers to improve their theoretical and practical
knowledge and abilities about teaching to improve their teaching quality. In order to
improve the qualifications of teachers, before all else, as educators we ought to
discover general and specific qualifications that teachers should have and help pre-
service teachers gain these qualifications in teacher education programs. Sharon
Feiman-Nemser (2001) defined learning to teach as a life-long learning process from
beginning to pre-service teacher education, through beginning teacher to participation
in professional teacher community. From this point, in teacher education programs
pre-service teachers should gain these abilities and knowledge, hence pre-service
teachers” PCK can affect the quality of their teaching and their future students’

achievement (Gess- Newsome, 1999).

In teacher education field, a body of research was conducted about pre-service teacher
knowledge about teaching science (Aydin, Demirdogen, Tarkin, Kutucu, Ekiz, Akin,
Tuysuz & Uzuntiryaki, 2013; De Jong, Van driel & Verloop, 2005; Mellado, 1998),
how to develop their teaching, PCK (Beyer & Davis, 2012; Brown, Friedrichsen &
Abell, 2013; Loughran, Mulhall & Berry, 2008; Hume & Berry, 2011; Van Driel et al.,
2002) and the interaction between their PCK and other constructs as CK (Kaya, 2009;
Kapyla, Heikkinen, & Asunta, 2009). Shulman (1987) introduced pedagogical content
knowledge (PCK) as “*...that special amalgam of content and pedagogy that is



uniquely the province of teachers, their own special form of professional
understanding’” (p.8). In other words, content knowledge and using of pedagogical
knowledge in terms of instructional practices, educational objectives, knowledge of
learners, knowledge of assessment techniques, classroom management were
accumulated in one construct namely pedagogical content knowledge (PCK)
(Magnusson, Krajcik, & Borko, 1999; Sande, 2010). In the present study, pre-service
teachers’ knowledge about teaching and the interaction between PCK and CK were

focused.

Shulman (1987) described ‘’the knowledge base for teaching’’ as the knowledge that
teacher should possess and it includes PCK. This knowledge base includes seven
categories namely content knowledge, PCK, curriculum knowledge, learners and their
characteristics, educational contexts, and educational purposes. In this second article,
Shulman described PCK as a category on its own not as a subcategory as described in
the article in 1986. Some other scholars were extended the Shulman’s model by adding
some of the categories of knowledge over time (Hashweh, 2005; Magnusson et al.,
1999; Tamir, 1988). Magnusson, Krajcik and Borko (1999) described pedagogical
content knowledge as transformation process ‘‘of several types of knowledge for
teaching’’ (p. 95). According to Magnusson et al. (1999), PCK was composed of five
components: (a) orientation toward science teaching, (b) knowledge of science
curriculum, (c¢) knowledge of science assessment, (d) knowledge of students’
understanding, and (e) knowledge of instructional strategies. In this study, Magnusson
et al. 1999 PCK model was used.

1.1 Significance of the Study

Content knowledge (CK) and pedagogical content knowledge (PCK) are viewed as
crucial knowledge domains of teachers’ professional knowledge in the related
literature (Abell, 2007; Jiittner, Boone, Park & Neuhaus, 2013). PCK is thought to be
a special body of knowledge, a blend of content knowledge and pedagogy that teachers
should have for effective teaching (Shulman, 1987). There have been many knowledge
domains that contribute to effective teaching, but researchers have drawn attention to

content knowledge (Kind, 2009b; Magnusson et al., 1999). Research studies have

2



emphasized that having deep understanding of science content knowledge plays
important role in improving and changing teachers’ instructional practices (Halim &
Meerah, 2002; Hashweh, 1987; VVan Driel, Verloop & De Vos, 1998; Van Driel et al.,
2002). On the other hand, researchers have also emphasized that having good content
knowledge is not sufficient for effective teaching (Abell, 2007; Fischer, Borowski &
Tepner, 2012; Kind, 2009a), and Mapolelo (1999) stated that strong content
knowledge does not lead to improvement of PCK. Thus, there is some controversy
among researchers about the role of content knowledge in teaching performance.
Therefore, researches indicated that both having content knowledge and pedagogical
content knowledge play crucial role on how teachers teach but the relation between

these two construct is not clear.

In the related literature, there have been studies that investigate the relation between
CK and PCK, (Kaya, 2009; Kipyla et al. 2009; Kind, 2009a, Sanders, Borko, &
Lockard, 1993), the outcomes of these studies are contradictory. For instance, Kaya
(2009) conducted a quantitative study with 216 pre-service teachers and found that
participants having good content knowledge had a tendency to have rich PCK. On the
other hand, Kind (2009a) compared trainees in and out of field and found that trainees
while teaching out of their field they teach more effectively. So lack of content
knowledge trigger pre-service teachers to work hard and improve their teaching. Also,
in a review on pedagogical content knowledge in science education, Kind (2009b)
mentioned about the debate on the relation between CK and PCK. The review
indicated that there is no consensus how they are related and how PCK interacts with
CK. Hence, there is a great need to determine how content knowledge impacts their
practical knowledge for teaching, namely pedagogical content knowledge. The
relationship between content knowledge and PCK needs further research (Képyla et
al., 2009).

Furthermore, PCK literature calls for research using new methods in addition to
interview, observation, Content representation (CoRe), and Pedagogical and
Professional-experience Repertoires (PaP-eRs) to capture teacher’ PCK while
teaching (Abell, 2008). Also, in a recent book chapter, Henze and Van Driel (2015)

mentioned that there have been studies in order to relate teachers’ verbal articulation
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of PCK to actual classroom behavior, however the relationship between teachers’ PCK
as investigated through interview and their teaching practice, is not straightforward.
Henze and Van Driel (2015) proposed an option as utilizing stimulated recall
interviews as a way of use to gain point of view regarding the knowledge that teachers
actually use during enactment of their instruction hence “teachers obviously cannot
think aloud while teaching, stimulated recall is a technique that asks teachers to
comment on a video of teaching. The idea is not to ask teachers to justify what they
did, but to reconstruct their thinking while they were teaching.” (Henze & Van Driel,
2015, p.132) In this study, video stimulated recall interview was used to lead pre-
service teachers to think aloud pertained to their classroom teaching and access the

relationship between pre-service teachers’ PCK and CK.

As known, PCK development is an ongoing process and the first step for PCK
development is pre-service teacher education level. During teacher education
programs, pre-service teachers are prepared for their entire careers as a teacher and
they gain foundational knowledge and skills that will facilitate development of their
PCK during teaching profession (Korthagen, Loughran & Russell, 2006). One of the
prevailing factors contributing teachers’ PCK development is science content
knowledge (Van Driel et al., 1998; Nilsson, 2008; Park & Oliver, 2008). Many in-
service and pre-service teachers do not have adequate science content knowledge
about the subject they are teaching (Abell, 2007; McConnell, Parker & Eberhardt,
2013 ) and this lack of understanding of content knowledge prevents them from
planning and enacting their instruction properly (Tepner & Witner, 2011). However,
it can be changed “...if pre-service teachers were offered meaningful ways of defining,
assessing and explicitly developing PCK” (Nilsson & Loughran, 2012, p.700). As it
was known pre-service teachers have little PCK or they lack of PCK (Magnusson et
al., 1999; Van Driel et al. 1998) due to lack of teaching experience compared to
experience teachers (Nilsson, 2008). On the other hand, reflection is a crucial factor
for pre-service teachers to develop teaching skills in their teaching practice and take
more responsibility for their own actions (Magnusson et al., 1999; Nilsson, 2008; Park
& Oliver, 2008). The powerful side of the present study is to collect data in the real
classroom environment and give a chance to pre-service teachers to analyze, observe

and reflect on their own classroom experiences. By this way both pre-service teacher
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and the researcher can understand the interaction between content knowledge and
teaching, PCK.

Although there have been large scale correlational studies investigating the
relationship between teachers’ content knowledge and PCK with each other and with
teaching practice (Kaya, 2009; Jittner et al. 2013; Tepner & Dolly, 2014), little is
known about how teachers’ knowledge about a science topic (content knowledge)
impacts their teaching (PCK) in qualitative nature. Furthermore, there is a need to
investigate the relationship between pre-service teachers’ content knowledge and
pedagogical content knowledge while transforming their content knowledge into real

classroom environment (Kaya, 2009).

Therefore, the purpose of this study is twofold: to identify pedagogical content
knowledge of pre-service chemistry teachers on electrochemistry, and the second one
is to investigate the interaction between pre-service chemistry teachers’ PCK and
content knowledge while teaching electrochemistry.

1.2 Research Questions

The main research questions of this study are:

How do pre-service chemistry teachers’ content knowledge and pedagogical content
knowledge interact including STO, KoL, KolS, KoAs and KoC while teaching
electrochemistry?

The sub-research questions of this study were:

1. What is pre-service chemistry teachers’ content knowledge regarding

electrochemistry?



2. What is the nature of pre-service chemistry teachers’ PCK regarding
electrochemistry?

a) What is nature of pre-service chemistry teachers’ science teaching orientation
regarding electrochemistry?

b) What is nature of pre-service chemistry teachers’ knowledge of learner
regarding electrochemistry?

c) What is nature of pre-service chemistry teachers’ knowledge of instructional
strategy regarding electrochemistry?

d) What is nature of pre-service chemistry teachers’ knowledge of curriculum
regarding electrochemistry?

e) What is nature of pre-service chemistry teachers’ knowledge of assessment

regarding electrochemistry?

3. How do pre-service chemistry teachers’ content knowledge and pedagogical content

knowledge interact while teaching electrochemistry?

1.3 Definitions of important terms

Pedagogical content knowledge (PCK) was defined as Shulman (1986) as “the ways
of representing and formulating the subject that make it comprehensible to others” (p.
9). Shulman (1987) also added that PCK represents “the blending of content and
pedagogy into an understanding of how particular topics, problems, or issues are
organized, represented, and adapted to the diverse interests and abilities of learners,
and presented for instruction” (p.8) PCK gives a chance to discriminate the chemist

13

from chemistry teacher. Shulman (1987) mentioned that “...distinguishing the
knowledge base of teaching lies at the intersection of content and pedagogy, in the
capacity of a teacher to transform the content knowledge he or she possesses into forms
that are pedagogically powerful and yet adaptive to the variations in ability and
background presented by the students” (p.15) In this study, pedagogical content

knowledge of pre-service chemistry teachers was studied.



Content knowledge (CK) was defined by several researchers (Tamir, 1988; Shulman,
1986; Jiittner et al., 2013; McConnell et al., 2013) in different perspectives. CK, often
called subject matter knowledge, is considered as crucial precondition for effective
teaching (Shulman, 1986; Jiitnerr et al., 2013). According to Jittner et al. (2013)
content knowledge includes declarative knowledge meaning “knowing that”,
procedural knowledge meaning “knowing how” and conditional knowledge meaning
“knowing how and why”. In this study, content knowledge refers to knowledge about
fundamental concepts, facts and principles of subject, knowledge regarding connection
of chemistry with other disciplines and/or real life applications of chemistry and
knowledge regarding chemistry concepts and principles.

Orientation to science teaching, accepted as overarching component of PCK, refers to
teachers’ knowledge and beliefs about purposes and goals for science teaching
(Magnusson et al. 1999). For this study, the science teaching orientation approach of
Friedrichsen and Dana (2005) was preferred. Friedrichsen and Dana (2005) mentioned
that science teaching orientation has a complex nature, and each teacher may have
more than one purposes and goals for teaching hence they examined the science
teaching orientation under two components namely: central and peripheral goals.

Knowledge of learner (KoL) is one of PCK components that is pertained to knowledge
that teachers are supposed to know about students. This component is composed of
prerequisite knowledge for learning the specific science topic, and knowledge on
difficulties and misconceptions that students may have related to the science topic
(Magnusson et al. 1999)

Knowledge of instructional strategy (KolS) is one of PCK components that consisted
of subject specific and topic specific strategies. While subject specific strategies are
appropriate and implementable to science subjects (e.g. Learning cycle, guided
inquiry), topic-specific strategies include representation and activities to teach a

specific topic (e.g. animations, demonstration). (Magunusson et al., 1999)

Knowledge of science Curriculum (KoC) is another component of PCK including the

knowledge of goals and objectives, and knowledge of materials and programs
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(Magunusson et al., 1999) as well as knowledge of both vertical and horizontal relation

of curriculum for a subject ( Grossman, 1990)

Knowledge of assessment (KoAs) is another component of PCK, comprised of the
knowledge of dimension of science learning important to assess, and knowledge of the
methods using while assessing that learning ( Magnusson et al. 1999; Park & Oliver,
2008)



CHAPTER 2

LITERATURE REVIEW

This chapter included the review of the PCK literature. The historical development of
PCK and PCK models, research on pre-service teachers’ PCK and research on PCK
and CK relation presented respectively.

2.1 Historical Development of PCK and PCK Models

First, Shulman (1986) described the pedagogical content knowledge (PCK) concept as
“which goes beyond knowledge of subject matter per se to the dimension of subject
matter knowledge for teaching” (p. 9). According to Shulman’s conception, PCK
includes two key components respectively knowledge of representations of subject
with analogies, demonstrations, examples and explanations, and knowledge of
students’ learning difficulties and preconceptions regarding specific topics (Hashweh,

2005).

In the later article Shulman (1987) described ’the knowledge base for teaching’ as
the knowledge that teacher should possess and it includes PCK. This knowledge base
includes seven categories namely content knowledge, PCK, curriculum knowledge,
learners and their characteristics, educational contexts, and educational purposes. In
this second article, Shulman described PCK as a category on its own not as a

subcategory as described in the article in 1986.

Other scholars have also adopted two key components of PCK as | mentioned above,
while they were elaborating the Shulman’s model. Furthermore, the researchers have
extended the PCK concept by adding the categories of knowledge which were
mentioned in Shulman’s knowledge base for teaching. One of these researchers is

Tamir (1988) who mentioned that PCK is composed of four components namely



knowledge of students’ common conceptions and misconceptions, knowledge of
curriculum, knowledge of instructional strategies and knowledge of assessment. Also,
Grossman (1990) described PCK including knowledge of strategies and knowledge of
students’ conception and understanding similar with Shulman’s PCK concept.
Furthermore, Grossman added two other components to PCK concept namely
knowledge and purposes about the particular topic and knowledge of curriculum
materials. In Grossman model, teachers’ PCK is the center of the three main domains;
subject matter knowledge, pedagogical knowledge and context knowledge.
Furthermore, in Grosmass’s model subject matter knowledge was interpreted as a
separate category from pedagogical content knowledge (Canbazoglu et al., 2010). Also,
Mark (1990, as cited in van Driel et al., 1998) extended Shulman’s model by adding
the subject matter and media component to PCK. In addition, Mark emphasized that it
is not possible to separate PCK from both subject matter knowledge and pedagogical
knowledge completely. The other scholars Fernandez-Balboa and Stiehl (1995)
identified PCK with five components respectively subject matter, the students,
instructional strategies, the teaching context and teachers’ teaching purposes. Some
other scholars also extended the Shulman’s model by adding some of the categories of
knowledge over time (e.g. Hasweh, 2005 and Loughran, Berry, & Mulhall, 2012).

Table 1 summarizes the conceptualizations of PCK of various authors.

Magnusson, Krajcik and Borko (1999) described pedagogical content knowledge as
transformation process ‘‘of several types of knowledge for teaching’ (p. 95).
According to Magnusson et al. (1999) PCK was composed of five components: (a)
orientation toward science teaching, (b) knowledge of science curriculum, (c)
knowledge of science assessment, (d) knowledge of students’ understanding, and (e)
knowledge of instructional strategies. Magnusson et al. (1999) presented a model to
represent the relationship among the domains of teacher knowledge and these domains
were subject matter knowledge, pedagogical knowledge, knowledge and belief about
context, and pedagogical content knowledge as shown in

Figure 1 According to their model, PCK is influenced by three domains namely
knowledge and belief about context, subject matter knowledge and pedagogical

knowledge.
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Figure 1. Model of PCK showing the components of PCK for science teaching
(Magnusson et al., 1999, p.99)

In the light of these studies it can be concluded that there is no consensus about the
concepts of PCK. Yet, it can be seen from the Table 1, van Driel, de Jong and Verloop
(2002) emphasized all scholars agree on Shulman’s two key component which are
knowledge of representations and instructional strategies of subject matter, and
understanding of learner conceptions and learning difficulties regarding a specific
content area. According to De Jong, van Driel and Verloop (2005) these two

components should be used together: the better teachers become aware of students’
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learning difficulties with a specific topic, and the more activities they have at this topic,

the more effective they can teach in this topic.

Table 1. Different conceptualization of pedagogical content knowledge*

Knowledge of :
Scholars
5] S v
£ £8 | ,85 _ 3 o |5 | &
5 |25 (225 8| |8 |8 |3 |3
S |52 |352 538|8 |5 |§ |5 |8
» s | He8 08 = ) & o <
Shulman (1987) a PCK | PCK a b a a a b
Tamir (1988) a PCK | PCK a b b b PCK | PCK
Grossman(1990) a PCK | PCK a b a PCK | PCK | b
Marks (1990) PCK | PCK | PCK b PCK |b b b b
Fernandez et
PCK PCK PCK b b PCK |PCK | b b
al.(1995)
Hasweh(2005) PCK PCK PCK PCK | b PCK | PCK | PCK | PCK
Loughran et al.
PCK PCK PCK PCK | b PCK |PCK | b b
(2006)
Magnusson et al.
1999 a PCK PCK a b a PCK | PCK | PCK

Note-a Djstinct category in the knowledge base for teaching; ® Not discussed explicitly.
*Developed from Canbazoglu et al. (2010); Park & Oliver (2008) and Van Driel et al. (1998).

Furthermore, there is also agreement on that PCK concerns teaching of specific topics
so PCK is a construct different from related subject matter knowledge (De Jong & van
Driel, 2004; van Driel et al., 2002). However, some scholars like Mark (1990, as cited
in De Jong & van Driel, 2004) emphasized that pedagogical content knowledge always
cannot be distinguished from subject matter knowledge completely. Although there is
a consensus that PCK concerns teaching of particular topics, there have been few
studies on topic specific PCK in science education (Mulhall, Berry, & Loughran, 2003).
Abell (2008) and van Driel et al. (1998) pointed out that whereas there has been many
studies conducted related with PCK, few studies focused on PCK with respect to a
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specific topic such particulate nature of matter (Boz & Boz, 2008; Canbazoglu, et al.,
2010), chemical equilibrium (van Driel et al., 1998), macroscopic and microscopic
properties of matter (van Driel et al., 2002), gas laws (Sande, 2010) and methods of
separation of mixtures (Aydin, Boz & Boz, 2010). Veal and Makinster (1999)
emphasized that there is an increasing need for improving topic- specific PCK as an

instructional model for pre-service science teachers.

PCK is a special form of knowledge for teaching (van Driel et al., 1998) which includes
knowledge about students’ learning difficulties and conceptions regarding the specific
topic, knowledge of appropriate instructional strategy and techniques to remedy
students’ difficulties, and the ability for transforming subject matter knowledge to a
more understandable content for students; in other words, PCK is teachers’ practical
knowledge for teaching effectively in their instruction (Magnusson et al., 1999). It can
be concluded that pre-service or beginning teachers generally have little or no PCK
(de Jong, Veal & van Driel, 2002) and in order to develop their PCK they should
experience instructional strategies regarding teaching particular topics in practice (de
Jong et al., 2005). But, the studies focused on development of pre-service and
beginning teachers’ PCK and how this development can be facilitated have been very
few ( de Jong et al., 2005). Understanding the process of PCK development of pre-
service teachers is essential to improve teacher education programs (de Jong et al.,
2005).

2.2 Research on pre-service teachers’ pedagogical content knowledge

In the literature, there have been many studies investigating pre-service science
teachers’ PCK (Aydin et al., 2013; De Jong & Van Driel, 2004; Halim & Meerah,
2002; Hume & Berry, 2011, 2013; Kaya, 2009; Loughran et al., 2008; Nilsson, 2008;
Van driel et al., 2002). Most of these studies focused on development of pre-service
teachers’ PCK and argued various suggestions to promote the development of pre-

service teachers’ PCK.

Magnusson et al. (1999) stated that the development of teachers’ PCK is a complex

process which encompasses the nature of the topic, the context in which the topic is
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taught, and the way a teacher reflects on teaching experiences. These authors
concluded that a pre-service teacher could not completely develop all the components
of PCK with the teacher education program. Grossman (1990) identified four major
sources of PCK development: (a) disciplinary education, which may lead to
improvement in subject matter knowledge and knowledge of teaching strategies (e.g.,
demonstrations and analogies) for teaching, (b) observation of classes both as a student
and as a pre-service teacher may lead to enhancement in knowledge of students’
conceptions and learning difficulties, (c) classroom teaching experiences may,
promote pre-service teachers’ knowledge of teaching activities associated with
specific topic, and (d) specific courses or workshops during teacher education may

also influence teachers’ PCK.

The impact of these four factors is not clear due to the lack of studies on the
development of PCK (de Jong et al., 2005). In the light of a few studies, classroom
teaching experience contributes the improvement of PCK (van Driel et al., 2002) and
the impact of workshop on enhancement of PCK was studied by Clermont, Krajcik
and Borko (1993). Furthermore, the role of subject matter knowledge on development
of teachers’ PCK was also investigated (van Driel et al., 1998; 2002; Mavhunga, 2014)

For instance, Clermont et al. (1993) studied prospective chemistry teachers’ PCK in a
specific domain as chemical demonstration as an instructional strategy. They
investigated the effects of workshops on improvement of pre-service teachers’ PCK
and claimed that specific workshops lead to significant development on pre-service
teachers’ PCK. On the other hand, van Driel et al. (2002) found that workshop sessions
had a minor effect on development of pre-service teachers’ PCK in terms of knowledge
of teaching strategies. Van Driel, Verloop and de Vos (1998) also investigated the
impact of participation of workshop on improvement of PCK with respect to chemical
equilibrium, but their sample was composed of experienced chemistry teachers. The
findings were consistent with the previous study as participation in workshop had
serious impact on most of the teachers’ PCK in terms of gaining knowledge about
specific learning difficulties and misconceptions. In this research, van Driel et al.

(1998) emphasized that subject matter knowledge and teaching experiences are basic
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components to develop teachers’ PCK. Also, Smith and Neale (1989) mentioned that

adequate subject matter knowledge is prerequisite for development of teachers’ PCK.

Geddis (1993) studied on the transformation process of pre-service teachers from
subject matter knowledge into content knowledge which is teachable. Based on the
result of the study, he concluded that pre-service teachers can improve their PCK with
respect to instructional strategies by studying students’ preconceptions related with
specific topic during teacher education programs and by comparing and interpreting
students’ preconceptions with their own conceptions. Similar with Drechsler and van
Driel (2008), Geddis (1993) mentioned that having the knowledge of learners’
conceptions and preconceptions may contribute the development of topic specific

PCK of pre-service teachers.

The study about the other contributing element of PCK, the teaching experiences, was
discussed in van Driel, de Jong and Verloop’s study. Van Driel, De Jong, and Verloop
(2002) conducted a study to describe pre service teachers’ pedagogical content
knowledge (PCK) and investigated its development in the domain of macro-micro.
The sample of the study was composed of 12 pre-service chemistry teachers from two
universities (Utrecht University and Leiden University) who had little or no teaching
experiences. The multi method approach was used to observe the improvement of PCK.
The data were collected via questionnaire, interviews with each pre-service teacher
and their mentors, and workshop sessions in teacher education program over one
semester. The result of the study indicated that three factors namely classroom
experiences, university-based workshop and meetings with mentors are contributors
to improve pre-service teachers’ PCK. Furthermore, most of the pre-service chemistry
teachers in this study showed a significant improvement of PCK in the domain of
macro-micro. According to pre-service teacher and their mentors, the teaching
experiences have the strongest impact on their growth of PCK. Pre-service teachers’
teaching experiences improved teachers’ knowledge of teaching strategies and
demonstrations, and knowledge of students’ difficulties and misconceptions about the
specific topic. This finding is similar with other studies in this area (Lederman et al.,
1994; Hashweh, 2005). In Hashweh’s study (1985, as cited in Hasweh,2005), while

experienced teacher did not spend so much time for planning, only they skimmed over
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their previous knowledge about the teaching topic, the inexperienced teacher
endeavored to make planning and form analogies, examples, activities or

demonstrations to use in teaching.

Beside this, the university based workshops have also minor effect on improvement of
pre-service teachers’ PCK in van Driel et al. (2002) study in terms of knowledge of
specific teaching strategies and knowledge of students’ learning difficulties. At the
same time, workshops and articles which are discussed during the workshops help

some pre-service develop their subject matter knowledge.

The another research with pre-service chemistry teacher was conducted again by de
Jong et al. (2005) in the experimental course module which stressed mainly learning
from teaching by relating teaching experiences with workshops. It means that pre-
service teachers learn in an active way with participating in real teaching practices, in
this way learning become more meaningful for them. The purpose of the study was to
promote pre-service teachers’ PCK of using particular models. Data were collected via
answers to written assignments, transcripts of workshop discussions, and reflective
lesson reports, written by the participants. The findings revealed that all pre-service
teachers became aware of the importance of using models of molecules and atoms, and
gain deeper understanding of students’ difficulties with using of particle models. Pre-
service teachers developed their PCK of using particular models through learning from
teaching, even though this development was different for different pre-service teacher.

De Jong and van Driel (2004) conducted their research with the similar perspective
with the previous study. They also investigated the development of pre-service
chemistry teachers’ PCK of the multiple meanings of chemistry topics (macroscopic,
microscopic and symbolic) in a naturalistic case study which focused on learning from
teaching instead of learning of teaching. Each pre-service teacher was asked to choose
a chemistry topic and teach respect macroscopic, microscopic and symbolic
dimensions of chemistry. The pre-service teachers were interviewed with semi
structured interviews before and after the lessons. The teaching experiences lead to

improvement on pre-service teachers’ knowledge of teaching difficulties and strategies,
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and also they gain a better awareness about students’ difficulties in understanding three

dimension of chemistry and transforming between these dimensions.

Within the literature investigating pre-service teachers PCK, researchers used varied
tools to measure pre-service teachers PCK. Several studies used Content
Representations (CoRes) and Pedagogical and Professional-Experience Repertoires
(PaP-eRs) to capture and portray pre-service teachers’ PCK (Adadan & Oner, 2014,
Aydin et al. 2013; Hume & Berry, 2011; 2013; Loughran et al., 2008; Nilsson &
Loughran, 2012). Aydin et al. (2013) investigated the development of three pre-service
chemistry teachers’ PCK on rate of reaction topic during the CoRe based mentoring
enriched practicum course. During this course, pre-service teachers were provided
explicit PCK introduction, CoRe as a lesson planning format, microteaching, and
educative mentoring by teaching assistants. The main purpose of the study was to
investigate the effectiveness of practicum course on pre-service teachers’ professional
development as a teacher regarding the rate of reaction topic. In this study, CoRe was
used both as a lesson plan and to portray pre-service teachers’ PCK with the help of

stimulated recall interviews.

2.3 Research on PCK and CK relation

There have been studies exploring the impact of content knowledge with novice and
expert teacher perspective in the same subject domain. For instance, Geddis, Onslow,
Beynon and Oesch (1993) studied with two pre-service chemistry teacher and an
experienced teachers to examine their PCK on isotopes topic. Researchers defined
PCK as “knowledge that play a role in transforming subject matter into forms that are
more accessible to students” (p. 582). In this study, PCK was including knowledge of
students’ prior knowledge, knowledge of instructional strategies, curricular saliency
and alternative representations for teaching. According to findings of the study, pre-
service teachers focused on transmitting the knowledge so they ignored students’ prior
knowledge. On the other hand, cooperating teacher enacted an instructional strategy
taking into account students’ prior knowledge on the topic. Researches attributed this
difference between pre-service teachers and cooperating teacher to having good sense

of curricular saliency. Researchers mentioned that curricular saliency had a crucial role
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on “assisting teachers to deal with the tension between covering the curriculum and

teaching for understanding” (p.589).

In another study, Képyld et al. (2009) investigated the influence of the quality of
content knowledge on PCK on the topic of photosynthesis and plant growth. The
participants of the study were 10 primary and 10 secondary pre-service science
teachers. While their PCK was measured utilizing lesson preparation method (\VVan der
Valk & Broekman, 1999), questionnaire was conducted to investigate participants’ CK.
Lastly interview took place in order to get detailed information both pre-service
teachers’ PCK and CK. In terms of CK, both group of pre-service teachers had
misconceptions and inaccuracies however, secondary biology pre-service teachers
(content experts) have less misconceptions than primary pre-service teachers (content
novices). Excluding knowledge of assessment, all PCK components were investigated
during the study. Content experts were more aware of the learners’ possible
misconceptions compared to their counterparts. Regarding knowledge of curriculum,
biology pre-service teachers usually emphasized the most important lesson content
than primary student teachers. On the other hand, the level of content knowledge had
no significant effect on pre-service teachers’ knowledge on instructional strategies.
Képyld et al. (2009) classified science teaching orientation into two groups namely:
constructivist and conceptual teaching orientations. While content novices were
mostly constructivist, content experts were in transitional stage between these two
orientations. The study presented valuable findings but could not provide empirical
evidence how CK effect participants’ teaching in the real classroom due to research

method used in the study.

Rollnick, Bennett, Rhemtula, Dharsey and Ndlovu (2008) avoided the limitation of
Kiépyla et al. (2009) by conducting classroom observations during the study to examine
the role of SMK on PCK of two in-service South Africa teachers while teaching the
mole and chemical equilibrium topics. Data were collected using questionnaire,
observation, interviews and content representations (CoRe) and pedagogical and
Professional-experience repertories (PaP-eRs) proposed by Loughran, Berry and
Mulhall (2004). Rollnick and her colleagues mentioned that PCK is an amalgam of

knowledge of subject matter, knowledge of students, context and general pedagogy

18



and when these domains combined “produce directly observable products in the
classroom, which we refer to as ‘manifestations” (p. 1380). These manifestations refers
subject matter representation, topic specific instructional strategies, curricular saliency
and assessment. The findings of the study indicated that lack of SMK on the topics
constrained their teaching and limited their flexibility in their teaching. However,
having powerful PCK lead teachers to handle the explaining the SMK with combining
knowledge of students, context and pedagogical knowledge. Moreover, researchers
concluded that even if teachers have similar SMK, their PCK will be qualitatively

different due to different context.

There have been studies investigating the effect of content knowledge on teachers PCK
within and outside of their specialism. Several studies investigated the relation
between teachers’ SMK and PCK in and out their subject specialism. In an older study,
Hashweh (1987) examined the effect of subject matter knowledge on teaching within
and outside of their specialism. The researcher studied with 6 experienced secondary
school teacher, three physics and three biology teachers. He evaluated their subject
matter knowledge in both physics (levers) and biology (photosynthesis) topics using
subject matter knowledge tasks including free recalls, concept maps line labeling, and
sorting. In terms of assessment of teachers’ teaching, questions were asked related to
assessment, instructional strategy, students’ prior knowledge and student difficulties
to assess teachers’ planning and interactive teaching process on both of the physics
and biology topics. Hashweh (1987) listed the properties of teachers’ content
knowledge within their specialism as: “...teaches tended to have a) more detailed topic
knowledge b)more knowledge of other discipline concepts, ¢) more knowledge of
higher-order principles that are basic to their discipline and d) more knowledge of
ways of connecting the topic to the other entities in the discipline” (p. 113) Findings
of this study shed light on the effect the subject matter knowledge on teachers’
planning and teaching. Regarding knowledge organization, unknowledgeable teachers
tended to follow the textbook content structure quite closely, and sometimes failed to
detect the main theme due to lack of prior subject matter knowledge. However,
knowledgeable teachers offered alternative organization for the content and they used
the chapter structure only if it overlapped with their prior subject matter knowledge

and approach. In terms of assessment of learners’ understanding, unknowledgeable
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and knowledgeable teachers were differentiated based on their subject matter
knowledge. While unknowledgeable teachers tended to ask low cognitive level
questions as recalling the topic presented in the textbook, knowledgeable teachers
tended to ask cognitively higher level questions required students’ interpretation using
the knowledge presented in the textbook. Moreover, unknowledgeable teachers were
unable to detect learners’ preconceptions and sometimes they might reinforce their
misconceptions by criticizing students’ explanations wrongly. On the other hand,
knowledgeable teachers were more likely recognize learners’ preconceptions and
correspond correctly students’ comments on the topic. However, in some cases
knowledgeable teachers behave like novice outside their expert field and they had

difficulty in coping with students’ difficulties and misconceptions.

Similarly, Ingber (2009) examined six science teachers’ PCK while planning within
and outside of their area of expertise. Researcher examined teachers’ PCK in terms of
teachers’ planning, use of sources, use of instructional strategy and the science content
planned to use. Data was collected via survey and think aloud sessions. Findings of
the study indicated that teachers used appropriate terminology regarding content they
planned to teach and associated concepts more in their area of expertise compared to
out of their area. Moreover, teachers were more aware of the sources they used to
improve their content knowledge and teaching while preparing to teach within their
expert area than teaching out of the expert area. Ingber (2009) interestingly found that
teachers’ choice for instructional strategies in their planning was independent from
their expert areas. This result was parallel with Kipyla et al. 2009. Finally, researcher
stated that teachers may know about the content and how to present that content more
than presented in their planning due to the context in which they teach a particular

topic.

Similar to other studies, Sanders et al. (1993) examined secondary science teachers’
planning, teaching and reflecting while teaching in and out of their expert field. In
addition to this, researcher aimed to investigate the effect of teachers’ content
knowledge, pedagogical knowledge and pedagogical content knowledge on their
planning, teaching and reflection process. Data obtained from observations of teachers’

teaching in both science field and interviews after their teaching experiences. Results
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indicated that while teachers planning and reflection were similar for in and out of
their expert area, their teaching were differentiated based on their expert area.
Researchers mentioned that experienced teachers acted like novice teachers while
teaching a new subject that was unfamiliar for them. In terms of planning, in their
expert area, teachers had lots of instructional materials as handouts and activities and
they can easily plan flow of their lesson. However, out of their expert area, they had
difficulty in finding sources and need help from outside so they complained about
spending so much time for planning. Furthermore, SMK influenced their planning in
terms of determining the key concepts that was important for students to learn and how
to present the content. Also pedagogical knowledge had crucial role on planning. For
instance, while teaching outside their specialty, they had difficulty in time
management and they could not forecast how long the activities would last. Regarding
pedagogical content knowledge, teachers they had difficulty in selecting appropriate
instructional strategy and predicting possible problem that learners may have while
teaching out of their area of certification. During teaching, differences were also
detected for three teachers. While teaching the subject that were not familiar, in other
words, they have limited content knowledge on the topic, teachers were sometimes
unable to address students’ questions and struggled to provide explanations to them
that was similar to findings of Hashweh (1987). They dominated discussion and gave
less chance to students for talking, and used teacher centered activities. Furthermore,
they reluctant to move beyond their lesson plan. On the other hand, within their
specialism, teachers tended to talk less and prepare student centered activities. Also
when they came across questions, they connected the idea to lead students understand
deeply. In addition, they handle the changes occurred during the lesson and direct the

flow of the activities smoothly due to being familiar to the subject.

In addition to studies conducted with in-service teachers, there have been studies
investigating the role of content knowledge on PCK at pre-service teacher level. For
example, Halim and Meerah (2002) studied with 12 Malaysian pre-service physics
teachers and investigated pre-service teachers’ PCK in terms of knowledge of
instructional strategy and knowledge of students’ understanding components.
Researchers found a relationship between two components of PCK and content

knowledge. They reported that most of the pre-service teachers’ content knowledge on
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physic concepts were deficient and they had misconceptions related to physic concepts
similar to students so they were unable to identify students’ misconceptions.
Researcher concluded that being unaware of students’ misconceptions were associated
with teachers’ lack of content knowledge as found in Hashweh (1987). Regarding
knowledge of instructional strategy, pre-service explained physics concepts by
paraphrasing their own understanding, their presentation of SMK in an appropriate and
understandable way for students “were impeded by their own poor content knowledge”

(p.223)

Similar findings were presented by Van Driel et al. (2002) study, they investigated
how pre-service chemistry teachers’ teach chemistry topics taking into account
macroscopic and microscopic representations. Results indicated that although teaching
experience had the most crucial role on development of pre-service teachers’ PCK
development, the role of SMK on PCK development could not be underestimated. In
addition, following university based workshops sessions and meeting with mentor

were also attributed the development of PCK and SMK in a certain extent.

Besides the studies focused on the interaction between PCK and CK in qualitatively,
there have been studies investigated this interaction with quantitatively. Jiittner et al.
(2013) developed a paper-pencil test to measure PCK and CK of biology teachers. In
this study, Jiittner and her colleagues accepted CK and PCK were correlated but they
were separate knowledge domains. Researcher categorized content knowledge into
three dimension namely declarative knowledge (knowing that), procedural knowledge
(knowing how) and conditional knowledge (knowing how and why). Regarding PCK,
they focused two component of PCK: knowledge of students’ understanding and
knowledge of instructional strategy. After the development process of CK and PCK
test on neurobiology, vertebrates and plants, they conducted the tests to 158 biology
teachers. Results indicated that there have been low but significant correlation between
teachers’ CK and PCK. In other words, PCK and CK were interacted each other but

these knowledge domains were different.

In another quantitative study, Tepner and Dollny (2014) used similar methodology and

content knowledge categorization with Jiittner et al. (2013) but in chemistry subject
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domain. They conducted paper-pencil test to measure chemistry teachers’ CK and
PCK at working non-intensified and intensified level. The questionnaire including
question related to main chemistry topics namely: structure of atoms and the periodic
table, chemical bonding, and chemical reactions using acids and bases. The results
showed that it was found a significant correlation (r =0.36, p <0.001) between CK and
PCK. In other words, if teachers have good CK, this lead them to develop sophisticated
PCK. Moreover, according to results, teachers’ CK level differentiated based on the
school level. It was found a higher correlation between CK and PCK at non-intensified
level so it could be concluded that while possessing basic level of CK was precondition
for developing PCK, having robust CK did not affect having sophisticated PCK to the

same degree.

There have been few studies pertained to content knowledge or subject matter
knowledge, and pedagogical content knowledge in pre-service teacher education level
within the science education domain in Turkey. (Ozden, 2008; Canbazoglu et al., 2010;
Usak, Ozden & Eilks, 2011; Kaya, 2009)

Canbazoglu et al., (2010) examined the relationship between pre-service science
teachers’ SMK and PCK on particular nature of matter (PNM) topic. The participants
of the study were pre-service science teachers and the study was qualitative in nature.
Data were collected via observation, interview and document analysis methods. SMK
of the participants were measured utilizing SMK test including questions related to
PNM and 5 preservice teachers out of 40 were selected for the study concerning their
SMK level. The results of the study showed that pre-service teachers have limited
SMK and had misconceptions regarding PNM topic. For instance, pre-service teachers
had difficulty in associating molecule concept with atom, element and compound and
during the instruction they avoid to responds students questions related to them.
Related to the movement of particles in solids, liquids and gases, pre-service teachers
had inadequate knowledge related to it. Researchers emphasized that although there
have been an objective in the curriculum related to movement of particles, the pre-
service teachers ignored this objective both preparing their lesson plan and enacting
their instruction. Researchers concluded that limited SMK hinder to teach effectively.

In terms of knowledge of instructional strategy, pre-service teacher generally used
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traditional teaching methods, questioning, models and daily life applications of the
topic. Pre-service teachers mentioned that although they have heard about
demonstrations, drama, concept map, brain storming but they did not have adequate
knowledge regarding advantages and disadvantages, and application of these
instructional strategies. In addition, pre-service teachers were not aware leaners’
possible misconceptions. Researchers mentioned that pre-service teachers’ limited
SMK and having misconception associated with their inability to recognize the
learners’ misconceptions. Furthermore, pre-service teachers did not have adequate
knowledge pertained to alternative assessment techniques and they preferred to use
traditional assessment strategies. Finally, regarding knowledge of curriculum, most of
the pre-service teachers aware of the sequence of the topic, and which topic present
before and after the PNM topic in the curriculum. To sum up, researchers mentioned
that SMK and PCK were related and inadequate SMK limit pre-service teachers in

terms of planning and enacting instruction.

Ozden (2008) conducted the study with the 28 pre-service elementary science teachers
to investigate the relationship between content knowledge and pedagogical content
knowledge on phases of matter topic. Data collection tools were lesson plans, content
knowledge test and semi-structured interviews. This study was used Magnuson et al.
PCK model but focused just three components namely knowledge of students’
understanding, knowledge of curriculum and orientation in science teaching. Results
indicated that pre-service teacher did not have robust content knowledge on phases of
matter topic. Although most of the pre-service teachers had adequate knowledge
related to general properties of phases of matter, they had difficulty in heat and
temperature, changes of matter and vapor pressure concepts. The findings related to
PCK components indicated that, pre-service teachers were aware of at least one of the
learners’ possible misconceptions and difficulties on phases of matter. In addition, pre-
service teachers mentioned that the possible source of this misconceptions may be the
abstract nature of the topic. Regarding knowledge of curriculum component of PCK,
researcher just focused on the main teaching goals of the participants. In terms of
knowledge of instructional strategy, participants were preferred to use experiments,
drama, group working and games for teaching. Participants’ orientation to science

teaching was also examined and found that most of the participants had constructivist
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teaching approach based on the data collected from interviews and lesson plans.
Furthermore, in the light of the data analysis, researcher listed the difficulties that
participant experience while preparing the lesson plan as: lack of content knowledge,
classroom management, motivation and inadequate knowledge of students’
understanding of science. Then, researcher identified the educational needs of pre-
service teachers. Most of the participants emphasized that they need support in terms
of content knowledge, knowledge of instructional strategies, knowledge of students’
understanding of science and knowledge of curriculum. Although the study did not
compare participants’ PCK in terms of the different level of CK, the conclusion of the
study was content knowledge had a crucial role on development of PCK in other words,

content knowledge was essential for effective teaching.

Similar to other studies, Usak, Ozden and Eilks (2011) conduct a qualitative study with
30 science student teachers in chemistry education to investigate the participants’
subject matter knowledge and pedagogical content knowledge concerning chemical
reactions. Data were collected via multiple choice test including open-ended
explanations and semi-structured interviews. Similar to Ozden (2008), researchers
focused on three components regarding PCK as knowledge of students’ learning
difficulties, knowledge of instructional strategies and knowledge of assessment.
Findings of the study showed that student teachers did not have adequate level of
conceptual understanding of main concepts of chemical reactions such as chemical
reaction equations, stoichiometry or limiting agent. Regarding PCK, researchers get
eight student teachers’ view on how to teach chemical reactions utilizing interviews.
Concerning knowledge of learner component, student teachers were not aware of the
possible learning difficulties and misconceptions that students may have on chemical
reactions. Regarding to instructional strategy half of the participants planned to use
lecturing. In terms of assessment, student teachers did not have knowledge on
assessment related to chemical reactions, thy just familiar to traditional methods as
multiple choice etc. Furthermore, researcher investigated the beliefs of pre-service
teachers to science teaching and it was found that pre-service teachers had very
traditional and teacher-centered beliefs towards chemistry teaching. Usak et al. (2011)
mentioned that these beliefs and lack of robust subject matter knowledge would

prevent the formation of PCK.
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Different from studies conducted in qualitative in nature, Kaya (2009) studied with
216 pre-service science teachers to investigate the relation between SMK and PCK
and the interaction among PCK components on ozone layer depletion topic with a
quantitative study. A survey comprised of open-ended questions was used to identify
participants’ SMK on the topic and formed three groups of 25 pre-service teachers,
taking into account the knowledge level as naive, plausible and appropriate. Then,
interviews were conducted to examine participants’ PCK, excluding science teaching
orientation component. The researcher found that most of the pre-service science
teachers did not have enough subject matter knowledge on ozone layer depletion topic.
Regarding the relationship between SMK and PCK, it was found that there was a
strong relationship between them (r =0.77, p <.001). Moreover, there were significant
positive correlations between pre-service teachers” SMK and various PCK
components, however, knowledge of assessment was not associated with the other
three PCK components. Kaya (2009) compared and contrasted participants’ PCK for
different SMK levels and concluded that “for the PSTs with strong subject matter
knowledge, there was more appropriate pedagogical knowledge, whereas there was
more naive pedagogical knowledge for those with low subject matter knowledge.” (p.

979).

To sum up, the studies conducted to examine the relation between content knowledge
and pedagogical content knowledge focused on some of the PCK components rather
than examining PCK as a whole. Moreover, they generally used qualitative research
methods. In addition, the common limitation for these studies were lack of observation
of practical knowledge of pre-service teachers could not be investigated except

Canbazoglu et al.’s (2010) study in Turkey.
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CHAPTER 3

METHODOLOGY

The relation between CK and PCK has been often debated in the literature (Kind, 2009)
but there is no consensus to date about how they are related. The purpose of this study
is to examine pre-service chemistry teachers’ PCK on electrochemistry, and how CK
and PCK interact while teaching electrochemistry. This chapter will provide the
research design of the study. Then the instruments used for data collection and data
analysis were explained. | also explained the trustworthiness issue, ethical

considerations, limitations and assumptions of the study.

3.1 Research questions

The main research questions of this study are:

How do pre-service chemistry teachers’ content knowledge and pedagogical content
knowledge interact including STO, KoL, KolS, KoAs and KoC while teaching
electrochemistry?

The sub-research questions of this study were:

1. What is pre-service chemistry teachers’ content knowledge regarding

electrochemistry?

2. What is the nature of pre-service chemistry teachers’ PCK regarding

electrochemistry?

a) What is nature of pre-service chemistry teachers’ science teaching orientation

regarding electrochemistry?
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b) What is nature of pre-service chemistry teachers’ knowledge of learner
regarding electrochemistry?

c) What is nature of pre-service chemistry teachers’ knowledge of instructional
strategy regarding electrochemistry?

d) What is nature of pre-service chemistry teachers’ knowledge of curriculum
regarding electrochemistry?

e) What is nature of pre-service chemistry teachers’ knowledge of assessment

regarding electrochemistry?

3. How do pre-service chemistry teachers’ content knowledge and pedagogical content

knowledge interact while teaching electrochemistry?

3.2 General Research Design

Qualitative research both focuses on product and process of the study (Fraenkel &
Wallen, 2006). The most important point in doing qualitative research is to move
beyond the known and to understand perspective of the participants hence this leads
to improve development of empirical knowledge (Corbin & Strauss, 2008) In this
study, qualitative research was conducted to gain a more holistic understanding
regarding the complex nature of pre-service teachers’ PCK and how their PCK
interacts CK while teaching electrochemistry.

According to qualitative research, action occurred can best be interpreted and
comprehended when it is observed in the natural setting (Bogdan & Biklen, 1998;
Marshall & Rossman, 2006). During this study, data were collected in the real
classroom environments via multiple sources as CoRe, interviews and video

recordings.

Based on the purpose of the study and research questions, qualitative research design
was appropriate for the current study. In the related literature, there have been studies
parallel with this study also preferred qualitative research design (e.g. Childs &
McNicholl, 2007; Davis & Petish, 2005; Képyld et al., 2009; Mthethwa-Kunene,
Onwu & de Villiers, 2015; Rollnick & Mavhunga, 2014).
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Merriam (1998) defined the qualitative research as “an umbrella concept covering
several forms of inquiry that help us to understand and explain the meaning of social
phenomena with as little disruption of the natural setting as possible” (p.5). Qualitative
research included five different approaches namely narrative, phenomenological,
grounded theory, ethnographic and case study (Creswell, 2007). Yin (2008) defined
case study as research process “A case study is an empirical inquiry that investigates
a contemporary phenomenon within its real-life context, especially when the

boundaries between phenomenon and context are not clearly evident” (p.18).

A case study provides researchers to gain a full understanding about the phenomenon
(Merriam, 1998) and Merriam (1998) underlined the reason of choosing case study as
“..the importance of a process rather than an outcome as justification for selecting a
case study” (p. 33). Case study guided this study in terms of studying an issue
(pedagogical content knowledge and content knowledge interactions) examined
through more cases (pre-service teacher with low and high content knowledge) over
time, through detailed data collection via multiple sources (observation, CoRe,
interviews, documents, and content knowledge questionnaire) within the bounded

system (practice teaching course) (Creswell, 2007).

There are different types of case study which are distinguished in terms of the size of
the bounded case and intent of the case analysis (Creswell, 2007). Regarding the size
of the case study, the case may involve one individual, several individuals or a group.
In terms of the intent of the case analysis, there are three types; namely single
instrumental case study, multiple case study and intrinsic case study. In this study, two
pre-service teachers enrolling in science teaching experience course, during one
semester in teacher education program comprised the case. The purpose of the study
is to examine the interaction of pre-service teachers’ content knowledge and
pedagogical content knowledge which one has high content knowledge and the other
one is low content knowledge so two pre-service teachers can be described as multiple

case study.
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3.3 Sampling and participant selection

Due to the nature of qualitative study and purpose of this study, | preferred to study
with few pre-service teachers to get intense information regarding each case.
Purposeful sampling was used to select the participants. Purposeful sampling was
described by Merriam (1998) as “Purposeful sampling is based on the assumption that
the investigator wants to discover, understand, and gain insight and therefore must
select a sample from which the most can be learned (p.61). In order to select the
participant that the most can be learned, two phases were processed. The first phase is:
At the beginning of the semester, electrochemistry content test was conducted to the
16 pre-service chemistry teachers who were enrolled the practice teaching course in
chemistry education program. The electrochemistry content test comprised of fifteen
questions including open-ended, true-false and fill in the blank types of questions. The
details of content test was provided in the data collection part. Based on the grades
taken from the electrochemistry content test, pre-service were categorized regarding
their content knowledge level on electrochemistry. Then | talked with the pre-service
teachers who were in the low content knowledge group and high content knowledge
group in order to explain the purpose and the requirements of the study in addition to
course requirements. Then | chose two pre-service teachers for the study who both
volunteered to participate in the study and would provide information rich cases. Both

of them signed a consent form informing them about the research.

The second phase is related to decide the school where pre-service teachers will be
assigned. This research was conducted through the practice teaching course and during
this course pre-service teachers are supposed to experience teaching practice both at
faculty of education and cooperating high school. The details of the course would be
explained in the context of the study part. Based on the number of participants enrolled
to the course, pre-service teachers were assigned two cooperating high school. At the
beginning of the semester, | talked the teachers in both cooperating high schools about
my study before | chose the school. Due to lack of time to cover curriculum, teachers
were reluctant to give their lessons to pre-service teacher to gain teaching experience.
Teachers working in one of the cooperating high school gave permission to pre-service
teachers to teach electrochemistry at 11" grade instead of them. After dealing with

30



teachers, | took their schedule. Two out of three chemistry teachers taught at 11th grade
so only two pre-service teachers and two chemistry teachers schedule matched so |
studied with two pre-service teachers. Then two pre-service teacher were assigned to
the same cooperation high school.

The participants for the study were two pre-service chemistry teachers (two females,
Zeynep and Defne) who were enrolled in course namely “Practice Teaching in Science
Education Course” during the 2013-2014 spring semester. Two of them were in their
last semester of a 5-year chemistry teacher education program that offers a master’s
degree without thesis and these pre-service teachers were supposed to graduate at the
end of the 2013-2014 spring semester. Both of them had similar background in terms
of coursework. Before the practice teaching in science education course, both of them
completed the courses including subject matter courses (e.g. general chemistry and
organic chemistry), pedagogical courses (e.g. development and learning) and subject
specific pedagogical courses (e.g. methods of science teaching and instructional
technology and material development). At the time of the study, Zeynep and Defne
had CGPAs of 2.86 and 2.30 (of 4.00) respectively.

3.4 Topic selection

Electrochemistry has been accepted as one of the most difficult chemistry topics for
students to learn and for teachers to teach (De Jong & Treagust, 2002), and both
teachers and students had a wide a range of misconceptions in electrochemistry.
Several studies reported that students have misconceptions and difficulties in
electrochemistry (Acar & Tarhan, 2007; Ekiz, Kutucu, Akkus & Boz, 2011; Garnett
& Treagust, 1992a; 1992b; Ogude & Bradley, 1994; Ozkaya, 2002; Sanger &
Greenbowe, 1997a; 1997b; Schmidt, Marohn & Harrison, 2007).

Moreover, electrochemistry is a crucial topic in chemistry due to the fact that it has
wide range of daily life applications such as batteries, electroplating, corrosion and so
forth. Also the place of electrochemistry in the curriculum also important,
electrochemistry has links to chemical equilibrium, types of reactions and
thermodynamics (Rollnick & Mavhunga, 2014)
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Furthermore, in terms of teaching electrochemistry, there have not been so much
studies (Aydin, 2012; Rollnick & Mavhunga, 2014) and De Jong and Treagust (2002)

called for the research pertained to teaching of electrochemistry.

In chemistry curriculum at 11" grade the sequence of the topics are energy and
chemical change, reaction rate, chemical equilibrium, electrochemistry and
radioactivity. In the fall semester, first two topic and half of chemical equilibrium, in
the spring semester the other half of chemical equilibrium and the last two topic were
taught. The topic selected had to be in the spring semester due to the fact that science
teaching experience course was opened with enough participants in spring semester.
So from the 11" grade curriculum, 1 chose electrochemistry to investigate pre-service
teachers PCK and the interaction between their PCK and CK.

3.5 Context of the study

One of the important characteristics of qualitative research is that researchers observe
the behavior of participants in their real settings (Merriam, 1998) Hence, in this study
the real setting is the classroom environment in the cooperating high school. Data were
collected during the teaching experience at cooperating high school that is a public
high school in Ankara. The total number of students in the high school was 680. The
age range of students are 15 to 18 years old in secondary level of high school.
Furthermore, there were four chemistry teachers in the high school. The classrooms
that pre-service teacher enacted their instruction had approximately 30-35 students.
The classrooms that pre-service teacher experienced their teaching had smart boards
and internet connection. Although the high school had a chemistry laboratory, they
didn’t have adequate equipment and chemicals so pre-service teachers supplied the
needed laboratory equipment and chemicals for their demonstration from the

university.
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3.6 Data Collection and Data collection sources

There have been various ways to collect data in qualitative research, especially for case
study Cresswell (2007) proposed documents, audiovisual materials, observation, and
interviews as data collection approaches in qualitative research.

To investigate how pre-service teachers’ PCK and CK interacts while teaching
electrochemistry, data were collected via CoRe, semi-structured interviews and video
stimulated recall interview, and observation. Pedagogical content knowledge construct
is a complex and has internal nature so it is comprised of what a teacher knows, what
a teacher enacts during instruction and the underlying reasons of instructional
decisions hence PCK cannot be identified using merely one type of data such as
observation or interview (Baxter & Lederman, 1999). Baxter and Lederman advocated
that “...an observation would not reveal why the teacher chose to use some examples
while avoiding others. Observations provide only a limited view of pedagogical
content knowledge; we must ask teachers to articulate their knowledge.”(p. 148).
Hence, multiple data sources were used to collect rich and in-depth data about pre-
service teachers’ PCK and, PCK and CK interaction during the study. The timeline of

the data collection process was provided in

Figure 2.

At the beginning of the study

Content knowledge questionnaire and semi-structured interviews on them.

A 4

Before the teaching experience at cooperating high school
CoRe on electrochemistry and Semi-structured interview on CoRe

During teaching experience
eaching experiences on electrochemistry at high school were observed

and videotaped

At the end of the study

Stimulated recall interviews on participants’ teaching

Figure 2. Data collection timeline
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3.7 Details about the Data Collection Instruments

3.7.1 CoRe

PCK has a tacit nature and it is difficult for teachers to explicate their reasons of their
instructional decisions behind their teaching activities (Loughran, Milroy, Berry,
Gunstone & Mulhall, 2001). CoRe presents a chance for teachers to make their practice
explicit. CoRe has two functions according to Loughran et al., (2004): a research tool
to capture science teachers’ understanding of the content and science teachers’ way of
representing this content. CoRe is a kind of form that represents pre-service and in-
service teachers’ PCK as “it [CoRe] links the how, why, and what content to be taught
with what they agree to be important in shaping students’ learning and teachers’
teaching” (Loughran, Berry & Mulhall, 2012). The horizontal axis of the CoRe
includes big ideas that teachers see as important to learn for students and the vertical

axis includes specific information regarding big ideas that impact teachers’ instruction.

In this study, CoRe was used as a lesson planning format for their instruction at
cooperating high school. I also utilized CoRe to identify the interaction between pre-
service teachers’ PCK and CK. Due to the study was conducted with the pre-service
teachers enrolled in practice teaching course, the revised form of CoRe (Aydin et al.,
2013) was used in this study. There have been some changes between the original one
(Loughran et al. 2004) and the revised one. The revised prompts and their previous
version in the original CoRe are presented in Table 2. CoRe that was used in the study

was provided at Appendix A.
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Table 2. Revised prompts and original prompts in CoRe

Original prompts of CoRe Revised CoRe (Aydin et al. 2013)
(Loughran et al. 2004)

1. What you intend the students to learn | What concepts/big ideas do you intend
about this idea? students to learn?

What do you expect students to
understand about this concept and be able
to do as a result?

2. Why it is important for students to Why is it important for students to learn
know this? this concept?

3. What else you know about this idea As a teacher, what should you know
(that you do not intend students to know | about this topic?

yet)?

4. Difficulties/limitations connected with | What difficulties do students typically
teaching this idea have about each concept/idea?

5. Knowledge about students’ thinking What misconceptions do students
which typically have about each concept/idea?
influences your teaching of this idea

6. Others factors that influence your Exclude this prompt

teaching of this idea

7. Teaching procedures (and particular Which teaching strategy and what
reasons for using these to engage with specific activities might be useful for
this idea). helping students develop an
understanding of the concept?

8. Specific ways of ascertaining students’ | In what ways would you assess students’
understanding or confusion around this understanding or confusion about this
idea (include likely range of responses). | concept?

What materials/ equipment are need to
teach the lesson?

3.7.2 Interviews

Qualitative researchers usually utilize interviews during data collection process
(Marshall & Rossman, 2006) Interviews provide valuable information regarding
participants’ point of view, feelings, and goals which cannot be observed directly
(Patton, 2002). The interviews conducted in this study included questions that were
open-ended and semi-structured. Semi-structured interviews comprised of ““..a mix of
more and less structured questions” (Merriam, 1998, p.74). There were different types
of interviews conducted in this study which are content knowledge interview, CoRe

interview and stimulated recall interview (See Table 3).
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Table 3. Detailed information about interviews conducted

Types of interview

Purpose of the interview
and method

Time

Content knowledge
interview

Purpose : To gain detailed
knowledge about pre-
service chemistry teachers’
electrochemistry content
knowledge and to clarify
the responses to questions
at the electrochemistry
content test

Method: Semi-structured
interview

After conducting the
electrochemistry content
test. It took between 30-40
minutes.

CoRe Interview

Purpose: To delve into the
underlying reason of pre-
service teachers’ planning
and teaching. Also
participants were asked
about their PCK and how
PCK interacted their CK
during the planning.

Method: semi-structured
interview

After participants prepared
the CoRe. It took about 80-
90 minutes.

Interview on their
teaching (stimulated
recall interview)

Purpose : to gain insight
into why pre-service
teachers chose to enact and
teach in certain ways, and
how their PCK and CK
interacted during their
teaching

Method: stimulated recall
interview using video
recordings

After enacting their
instruction. For each lesson,
the interview took
approximately 60 minutes.

Content knowledge interview aimed to explore pre-service teachers’ electrochemistry
content knowledge. The interview questions were prepared in the light of the responses
of pre-service teachers to electrochemistry content test. As it will be mentioned in the
content knowledge test part, the test included fifteen questions that focused on redox

reactions, galvanic cell, concentration cell, standard hydrogen electrode (SHE),
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electrolytic cell and concepts included in electrochemistry topic. During the interview,
the missing part or nebulous part of the pre-service teachers’ responses given in the
electrochemistry content test were emphasized to clarify their understanding of
electrochemistry concepts. Content knowledge interview was conducted just after the
electrochemistry content test and lasted 30- 40 minutes approximately for each pre-

service teacher.

Regarding the CoRe interview, semi-structured interviews were conducted after the
pre-service teachers prepared their CoRes on electrochemistry. The aim of this
interview was to gain insight about pre-service teachers’ reasoning about their
instructional decision regarding their instruction and their planning. Interview
questions were prepared based on the CoRe developed by pre-service chemistry
teachers. For instance, pre-service teacher wrote the CoRe big ideas related to her
instruction during the interview it was asked as “How did you determine your big
ideas?” or pre-service teacher mentioned in her CoRe that she would use informal
questioning as formative assessment so it was asked the reason why she preferred to
use informal questioning. All interview questions asked during the interviews were

provided in Appendix B.

3.7.2.1 Stimulated recall interview

Stimulated recall interviews give an opportunity to clarify teachers’ decision making
process associated with their teaching practice (Dempsey, 2010; Nguyen, McFadden,
Tangen, & Beutel, 2013). Jensen and Winitzky (2002) mentioned that stimulated recall
interviews provided far more insight in order to elicit pre-service teachers’ conceptions
on their own teaching and lead pre-service teachers to reflect their views on their own
practice. Stimulated recall interview has been used in growing number of studies to
gain insightful and useful data and facilitate pre-service teachers and teachers learning
from their own teaching experiences (Nilsson, 2008; Schepens, Aelterman & Van Keer,
2007; Lutovac, Kaasila, & Juuso, 2015; Freitas, Jiménez, & Mellado, 2004; Stough,
2001; Jensen & Winitzky, 2002). Hence, stimulated recall interview was chosen as a

main data source for this study to enhance pre-service teachers’ reflections about their
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instruction and to examine the knowledge bases interaction namely, PCK and CK

interaction, underlying the classroom actions of pre-service chemistry teachers.

Stimulated recall interview gave pre-service teachers a chance to view themselves
while teaching and helped them to recall their thoughts of instructional events that
occurred during their instruction hence this led them to make explicit their thinking
and underlying reasons of teaching practice. During their electrochemistry teaching at
high school, all their instructions were videotaped with the permission of pre-service
teachers. After then their teaching completed, the pre-service teachers’ reflections and
instructional decisions were elicited through an interview while watching their video
recordings in the classroom with the researcher. During the interview, as it was advised
(Nguyen et al. 2013; Dempsey, 2010) interview protocol was used that was developed
by researcher after watching four hour instruction and identifying all the important
points in the instruction in terms of PCK components and, interaction between CK and
PCK for each pre-service teacher specially. Several examples for the interview
questions are as: “Why did you choose this (e.g., 5E [engagement, exploration,
explanation, elaboration, and evaluation] learning cycle) teaching strategy in your
instruction? “ Why did you prefer to use this analogy/representation/ animation (e.g.,
sea-level analogy) in your instruction?” “Why did you refer chemical equilibrium
during your instruction? How did improve your students’ understanding of
electrochemistry?” “Why did you emphasize the misconception regarding the
identification of anode and cathode in galvanic cells while teaching electrochemistry?”.
As an example stimulated recall interview questions for Defne’s one hour teaching
was provided in Appendix C. All the interviews were audio recorded with the
permission of pre-service teachers using a digital voice recorder and transcribed

verbatim.

Although stimulated recall interview has intense and time consuming nature, it
provides valuable information and insight about implicit theories and belief, and
interaction of them in action which are closely related to pedagogical content
knowledge (Meade & McMenimam, 1992).
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3.7.3. Observations

Observation has a crucial role in qualitative studies and is used to explore complex
interactions in natural field settings (Marshall & Rossman, 2006; Merriam, 1998).
Observation was one of the main data sources for capturing pre-service teachers’ PCK
and the interaction between PCK and CK while teaching electrochemistry in a real
classroom environment in a high school. During the observation, | took field notes in
terms of what is going on in the classroom. The field notes are comprised of what
researcher hears, sees, experiences and thinks during the observation (Bogdan &
Biklen, 1998). However, too much events are going on during the enactment of
instruction so field notes are limited whatever an observer could note (Stigler,
Gallimore, & Hiebert, 2000). On the other hand, video records of classroom lessons
provide opportunity to researchers to capture the events more detailed and analyze the
complex interaction occurred during the lesson (Stigler et al., 2000) in other words
utilizing video supplies to collect “naturally occurring data” (Jewitt, 2012) . All
teaching practice of pre-service teachers were video recorded. For each pre-service
teacher, their teaching on electrochemistry was observed and recorded during four
lessons with the permission of the pre-service teachers and teachers at the high school.
In addition, video records can be paused or watched again and used for video

stimulated recall interviews.

3.7.4. Content knowledge test

Electrochemistry content test was comprised of fifteen questions including open-ended
questions, true-false items and fill in the blank types of questions. Aim of this test was
to investigate pre-service teachers’ understanding on electrochemistry qualitatively
rather than quantitatively. The content test was developed utilizing the related
literature (Acar & Tarhan, 2007; Garnett & Treagust, 1992b; Huddle, White & Rogers,
2000; O’ Grady-Morris, 2008; Ogude & Bradley, 1994; 1996; Sanger & Greenbowe,
1997a; 1997b; Yiiriik, 2007). The questions were determined taking into account the
most common misconceptions the both teachers and pre-service teachers have on
electrochemistry and the objectives presented in the 11" grade chemistry curriculum.

The electrochemistry content test focused on the main concepts in electrochemistry as
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follows: redox reactions, galvanic cells, standard hydrogen electrode, concentration
cells, electrolytic cells, electrolysis. In addition to main concepts of electrochemistry,
daily life applications of electrochemistry and questions that required algorithmic

calculations were also included. A few examples of test items are shown in Figure 3.

Regarding internal validity, the electrochemistry content test and table of specification
of this test were sent to five experts who are studying in chemistry education. All the
experts examined the questions and sent back their feedbacks. In the light of experts’
feedback, the electrochemistry content test was revised and took its final form. The
electrochemistry content test was provided in Appendix D.
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voltmeter

@.

£ light bulb

Zn salt bridge Ag

1.0 M Zn?* 10MAg™

14. Evaluate whether the following claim and reason are Correct or Incorrect. Then please
provide a detailed explanation for the answer you have chosen.

Claim Reasen
If the salt bridge in the picture above was There will be a continuous How of
replaced by a copper wire (an electrical electrons in the electrolyte solutions that
conductor), the light bulb would be lit. can pass through the copper bridge

Claim 1s correct / incorrect because. ...

Reason 1s correct / incorrect because. ... ..

13. Cars in coastal cities are more prone to rust. Why? Please provide a detailed explanation for
YOur answer.

8. Please answer the following questions according to electrochemical cell drawn below.

Voltmeter

The salt bridge contains KNQse.g

48[ saltbridge [ M Agtag)+e — Ag(s), E=+0.80V

.

— Nit(aq) + 2e »Ni(s), Eo=-025V

LOM AN e 1O MNINO:)
a) What 1s the cell potential of this cell? Please show your work.

b) What 15 the overall reaction for this cell? Does the redox reaction taking place in thas cell
occur spontaneous or nonspontaneous? How would you decide this? Please explain your
answer.

Figure 3. Extract of sampe test items in the electrochemistry content test
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3.8 Pilot Study

The aim of the pilot study was to test the instruments and get feedback regarding the
instruments, and identify the errors before conducting the main study (Marshall &
Rossman, 2006). In addition, pilot study gave a chance to revise the data collection
tools and the research process. For the content test, 1 conducted the first version of
electrochemistry content test to 8 pre-service chemistry teachers at 4" grade at
chemistry teacher education program during 2013-2014 fall semester. Then, after the
content test was conducted | talked with them unofficially about the unclear part of the
test. Based on the results of the test and feedbacks gathered from the pre-service
teachers, some items of the test were excluded and some of them were revised.
Regarding the interview questions, | requested one pre-service chemistry teacher
enrolled in practice teaching course after her second microteaching session on
“chemical equilibrium” on the faculty of education. It was useful for me for making
required changes in the interview questions in the parts that may cause difficulty in
understanding and anticipate the range of responses to the questions taken from pre-

service teachers.

3.9 Data Analysis

3.9.1 Data Analysis for Content Knowledge

The content test was comprised of open-ended questions and true-false items. The
responses for the open-ended were categorized as scientifically correct, partially
correct, incorrect and no response. Correct answer should include a depth
understanding about the topic and the relationship between the concepts of the topic.
Partially correct refers to the response containing some information but including
misconception or inaccurate information. Incorrect response means the response is
inadequate, contains misconception or irrelevant information. No response is the area

of answer that was left blank. (see Table 4)
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Table 4. Examples of scoring rubric for content knowledge test

Score

Description

Example

Correct (3 pts)

The participant indicate a
depth understanding about
the topic and the
relationship between the
concepts of the topic

In the electrochemical
cell, electron enter the
solution from the anode,
travel through wire, and

emerge at the cathode.

Partially correct (2

pts)

The response including
some details but not well
developed, and includes
some misconceptions or
some inadequacies

information.

In the electrochemical
cell, electron enter the
solution from the anode,
travel through the
solution and the salt
bridge, and emerge at the
anode to complete the

circuit.

Incorrect (1 pts)

The response is
inadequate, contains
misconception or

irrelevant information

In the electrochemical
cell, electron enter the
solution from the
cathode, travel through
the solution and the salt
bridge, and emerge at the
anode to complete the

circuit.

No response (0 pts)

Left blank

3.9.2 Data Analysis for Nature of PCK

Firstly, all video recordings were watched and taken notes regarding the crucial parts

of pre-service teachers’ instruction on electrochemistry again. Then all the interviews

were transcribed and data coding started. In this study, pre-service chemistry teachers’

PCK were analyzed based on the Magnusson et al. (1999) PCK model mainly but in

the light of related literature and data collected the PCK model was modified (see
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Table 5). Utilizing the components and their corresponding subcomponents presented

in the table, each pre-service teachers’ responses were coded.

Table 5. Components of PCK used in the study (Modification of Magnusson et al.
1999; Park & Oliver, 2008; Friedrichsen & Dana, 2005)

Science teaching e Central goals

orientation e Peripheral goals

(STO)

Knowledge of e Misconceptions

student e Learning difficulties

understanding of e Prerequisite knowledge

science (KoL)

Knowledge of e Knowledge of subject specific strategies
Instructional e Knowledge of topic specific strategies
strategies (KolS) o Representations ( example: Illustrations,

examples, models, or analogies)
o Activities (ex: Problems, demonstrations,
simulations, investigations or experiments)

Knowledge of
Curriculum
(KoC)

Knowledge of Goals and objectives

Vertical Curriculum

Horizontal curriculum

Relating to other disciplines

Knowledge of specific curricular programs

Curricular Saliency

Altering the curriculum

Knowledge of Knowledge of dimensions of science learning to

Assessment ( assess (What to assess ) (ex: Conceptual

KoAs) understanding, interdisciplinary themes, nature of
science, scientific investigation and practical
reasoning)

e Knowledge of methods of assessment ( how to

assess)

Regarding orientation towards science teaching, Magnusson et al. (1999) proposed
nine different teaching orientation namely: process, academic rigor, didactic,
conceptual change, activity-driven, discovery, project-based science, inquiry and
guided inquiry. The research studies in the literature on science teaching orientation
could not reach consensus on nine orientation types. Researchers mentioned that

teachers did not have a single orientation merely, but held two or three orientations at
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the same time (Friedrichsen& Dana, 2005). Pre-service teachers’ science teaching
orientations were examined on two dimensions: central and peripheral goals as
proposed by Friedrichsen and Dana (2005). Central goals were defined as dominated
goals that affect teachers’ instructional decisions directly. On the other hand,
peripheral goals had less impact on teachers’ decision making process pertained to
their teaching (Friedrichsen & Dana, 2005). Furthermore, these goals were categorized
as affective domain goals, schooling goals and subject matter goals are mentioned as
Friedrichsen & Dana (2005). Schooling goals refer to students’ being successful in
school and life, being informed citizens. Affective goals are based on developing
attitude towards science, curiosity and ethics. Subject matter goals were related to
developing conceptual understanding. Regarding the analyzing of other PCK
components and sub-components, the data collected via CoRe, interview, stimulated
recall interview and observations were analyzed taking into consideration of the pre-

established categories indicated in Table 5

3.9.3 Data Analysis for Content knowledge and PCK interaction

After coding the pre-service teachers’ PCK and CK, I became more familiar with the
whole data. | coded all the interactions detected in the data sources but especially in
data collected by video stimulated recall interviews. It was determined how to decide
if an interaction between content knowledge and PCK components existed in the data.
For example, pre-service teacher preferred to use discussion while explaining, whilst
in the electrolytic cell sub-topic she preferred lecturing and avoiding asking questions
and discussion due to lack of content knowledge in electrolytic cell. In this way, |

constructed Table 6 including categories and examples.
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Table 6. Categories for analyzing data and explanations

PCK component interacted
with CK

Explanation

CK — KolS interaction

If pre-service teacher chose appropriate/ inappropriate
subject specific strategy and effective usage of this
strategy based on his/her content knowledge.

If pre-service teacher chose appropriate/inappropriate
topic specific instructional strategy in terms of
representations and activities and effective usage of
this strategy based on his/her content knowledge.

CK- KoL interaction

If pre-service teacher used his/her content knowledge
to identify and remedy students’ difficulties and
misconceptions.

If pre-service teacher used his/her content knowledge
to identify students’ prerequisite knowledge.

CK-STO interaction

If pre-service teacher used his/her content knowledge
to determine his/her goals and purposes for science
teaching.

CK- KoAs interaction

If pre-service teacher determined the concepts that are
important to assess or not utilizing his/her content
knowledge (what to assess)

If pre-service teacher determined
appropriate/inappropriate assessment methods to assess
students’ understanding or prior knowledge based on
his/ her content knowledge (how to assess)

CK- KoC interaction

If pre-service teacher made changes in curriculum
utilizing her/his content knowledge

If pre-service teacher made vertical or/and horizontal
relations to use what students know about the topic
from previous courses or will learn in next courses at
the same and different grades during his/her
instruction based on his/her content knowledge.

If pre-service teacher changed the sequence the order
of teaching utilizing his/her content knowledge

If pre-service teacher associated the concept with other
disciplines utilizing his/her content knowledge.

If pre-service teacher determined objectives from
curriculum considering his/her utilizing his/her content
knowledge.

Considering the categorization, tables were formed for each pre-service teacher and

tables were compared and contrasted in order to identify any difference between pre-

service teachers in terms of the interaction of PCK and CK. Cross-case analysis

indicated that the interaction between PCK components and CK were differentiated in
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some components regarding the content knowledge level of pre-service teachers.

Detailed examples were given in result part.

3.10 Trustworthiness

While validity and reliability issues are the indicators of quality in quantitative studies,
the trustworthiness that was introduced by Lincoln and Guba (1985) is the indicator of
quality in qualitative studies. Lincoln and Guba (1985) defined alternative terms that
are more appropriate to the naturalistic research. In order to establish trustworthiness
of a study, Lincoln and Guba (1985) mentioned unique terms namely “ credibility”

“transferability” “dependability” and “confirmability” as the naturalist’s equivalents

(13 99 ¢

for these terms are “ interval validity, external validity,” “ reliability,”and
“ objectivity” respectively (p. 300). They proposed different techniques in order to
operationalize these new terms pertained to validity and reliability issues in qualitative

research. In the following part how trustworthiness of this study supplied were given.

3.10.1 Credibility

Credibility in qualitative research is associated with how findings of the study parallel
with reality (Merriam, 1998). Marshall and Rossman defined credibility as “..in which
the goal is to demonstrate that the inquiry was conducted in such a manner as to ensure
that the subject was appropriately identified and described” (p. 201). There have been
several strategies to improve credibility of qualitative research studies namely
triangulation, member checks, long-term observation or prolonged engagement, peer
examination or peer debriefings, participatory or collaborative modes of research and
clarifying researcher’s biases( Merriam, 1998; Creswell, 2007) . In this study,
triangulation, member check, peer debriefings, and prolonged engagement were used
to ensure credibility.

Triangulation refers using multiple and different sources of data, investigators and

methods in an investigation to gain a holistic understanding regarding the themes

(Creswell, 2007). Patton (2002) identified four types of triangulation as: triangulation
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of sources, investigator/analyst triangulation, theory/perspective triangulation, and

methods triangulation.

Triangulation of sources and investigator triangulation were used in this study. In order
to supply triangulation of sources, multiple data sources including CoRe, field notes
from observation, interviews and electrochemistry content test were used. Investigator
triangulation was achieved by inviting one of my colleague, who was familiar with
PCK construct, PCK literature in order to observe pre-service teachers’ instruction.
One out of four-hour instruction of each pre-service teachers were observed by me and
my colleague in the real classroom environment. After observation, we came together
to discuss regarding observation. If there was any incongruent parts, they were solved
by negotiation. Furthermore, taking video recordings of pre-service teachers’ all
instructions provided an opportunity to watch several times by me and an additional
researcher to support triangulation. For instance, while preparing stimulated recall
interview questions, a researcher and me watched one hour of video recordings of pre-
service teachers’ instruction and determined the crucial excerpts of the instruction

independently and, discussed and reached consensus.

Peer debriefing involves a person to review and interpret the findings (Merriam, 1998),
in other words it offers “an external check of the research process” (Creswell, 2007).
| consulted two of my colleagues who had experience in qualitative research and PCK

during collecting, coding, analyzing and commenting the findings.

Prolonged engagement refers gathering information for a period of time. This provides
to build trust with participants that leads to increase the validity of results of the study
(Creswell, 2007; Meriam, 1998) Although I observed participants’ electrochemistry
instruction during four hours at the cooperating high school, | was both a researcher
and teaching assistant of the practice teaching at science education course hence |
observed all their instruction both at faculty of education and cooperating high school,
spent time with them and talked about their instructions. | spent one semester

approximately 14 weeks with these participants.
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Member check is returning the participants by whom the data were obtained to ask
them about the credibility of the findings and conclusions (Creswell, 2007; Merriam,
1998). Lincoln and Guba (1985) articulated member check to be “the most critical
technique for establishing credibility” (p.314). The pre-service chemistry teachers
were given a chance to react to the interpretation of the data during the study. For
instance, during the stimulated recall interview, the researcher’s interpretation of the
pre-service teachers’ teaching and instructional decisions on electrochemistry was
discussed with participants in detail and their own comments were taken. After
analyzing the data, it was shared with participants about the summary of their PCK
and the interaction of CK and PCK on electrochemistry to check the data and

interpretation.

Furthermore, the experience of researcher in qualitative research was also important
in terms of credibility (Patton, 2002). Before this study, | took qualitative research

course and participated in several research studies on PCK of pre-service teachers.

3.10.2 Dependability

In quantitative studies, reliability issue depends on a single reality and the findings of
the research can be repeated. On the other hand, in qualitative research, findings of the
research cannot be replicated due to the nature of person behavior (Merriam, 1998). In
qualitative research the main point regarding dependability is ““...whether the results
are consistent with the data collected” (Merriam, 1998, p.206). To increase
dependability, there are several techniques that was also used in credibility namely:
data triangulation and investigator triangulation. Both of them used in the current study
was mentioned in the credibility part. Furthermore, stimulated recall interview
accompanied with videos “...have a satisfactory degree of reliability for obtaining data
about the thoughts participants had while performing that task” (Henderson & Tallman,
2006, p. 75). During the study, two researchers who have experience on PCK,
chemistry education and qualitative research coded the data collected from one of the

pre-service chemistry teachers.
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Interrater reliability was calculated utilizing the formula proposed by Miles and

Huberman (1994) as following:

Reliability = Number of agreements/

(Total number of agreements + disagreements) X 100

The interrater reliability was calculated as %90.

3.10.3 Transferability

Transferability concept also refers to generalizability. Transferability mentions to the
extent to which researchers research questions can also be applied to another context
(Lincoln & Guba, 1985) Due to the nature of qualitative research, researchers are
supposed to explain the whole process and describe the context rich enough as called
thick description, by this way other researchers are able to decide regarding the
findings of the study to what extent to transfer to different settings or context (Patton,
2002). The participants, chemistry education program, the course that data were

collected and the context were described in detail.

3.11 Keywords and Databases Searched

Keywords were determined with the help of previous studies and reviews on the
related topic on the literature. The initial keywords were as following: PCK, CK, pre-
service teachers, pre-service chemistry teachers, chemistry education and science
education. Then, Science Direct, Educational Resources Information Center (ERIC),
ProQuest (UMI) Dissertations & Theses, METU Library Theses and Dissertations, and
Turkish Higher Education Council National Dissertation Center databases were
searched with keywords for the relevant primary sources. Various journals having
online access were also searched to reach the primary sources in Turkey such as
Elementary Online, Education and Science, Gazi University Journal of Education and
so forth. In addition to databases, the books were searched with keywords in university
libraries (e.g., Middle East Technical University, University of Georgia) to reach as

much sources as possible. As it was known, literature review is an ongoing process so
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I regularly reviewed related literature and if I came across different sources during the

study, they were put into the study.

3.12 The Role of the Researcher

In qualitative researches, the researcher is the key instrument (Marshall & Rossman,
2006). Patton (2002) developed a series of ranges regarding the role of researcher in
qualitative research namely: participantness, revealedness and, intensiveness and

extensiveness.

The range of participantness differs from full participant to complete observer. In this
current study, | was a complete observer and did not participate in pre-service teachers’
teaching or any discussion, demonstration during their instruction. | was just present
at the classroom and took video recordings and field notes regarding the pre-service
teachers’ teaching, questions, students’ responses to these questions and any other

details related to instruction.

Revealedness is about informing the participant about the study that is going on
(Marshall & Rossman, 2006). At the beginning of the study, participants were
informed about the purpose and requirements of the study. Also, participants

voluntarily participated in the study and signed the consent form.

Intensiveness and extensiveness is pertained to the amount of time spent in the research
setting. As | mentioned before, although pre-service teachers’ instruction regarding
electrochemistry at the cooperating high school took two weeks, | spent one semester
with the participant. | have been a teaching assistant for six years and | have met these
pre-service teachers as a teaching assistant for different courses before this course.
This gave an opportunity to build trusting relationships with the participants which
improved the quality of qualitative data in terms of building deep interaction providing

idiosyncratic understanding (Toma, 2000)
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3.13 Negotiating Entry

The participants were selected from whom were enrolled in the “Practice Teaching in
Science Education” course which is a must course in chemistry education program.
After electrochemistry content test was conducted to identify the content level of pre-
service teachers participated in the course, the potential participants of the study were
informed about the purpose and requirements of the study honestly and the participants

voluntarily participated the study.

3.14 Ethical Considerations

During this research, ethical considerations were taken into account. Firstly,
Institutional Review Board (IRB) permission was taken before the study began
(Appendix E) IRB approved that the study has no potential risk or harm for participants.
Anonymity of the participants and the university were ensured. Pseudonyms were used
for all the participants. The participants participated in the study voluntarily and signed
an informed consent form including the purpose of the study. In addition at the
beginning of the study and during data collection process, participants were informed
about the purpose of the study and purpose of collecting the information verbally.
Regarding confidentially of data, only the researcher, her advisor and additional coder
had access to the data collected. Patton (2002) proposed some items to be considered
pertained to ethics in qualitative research namely “ explaining purpose of the inquiry
and method to be used, promises and reciprocity, risk assessment, confidentiality,
informed consent, data access and ownership, interviewer mental health, advice, data
collection boundaries and ethical versus legal conduct” (pp.408-409). Hence,
deception of participants, protection of participants from harm and confidentially of

data were supplied for this study to ensure ethical consideration.

3.15 Limitations about Trustworthiness of the Study

All research projects have limitations and Patton (2002) stated that “There are no
perfect research designs. There are always trade-off” (p. 223) there were two

limitations of this study. First one was pertained to being of researcher at the classroom
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during the instruction. In addition, all the instructions of participants were video
recorded. This situation may affect participant behavior. As I mentioned before,
participants were enrolled in practice teaching course at the same time and during this
course they were supposed to prepare instruction at the faculty and these instructions
were also video recorded. Hence, they were familiar to enact an instruction across the
video cameras. Moreover, the researcher was also the teaching assistant of the course

they were taken so the participants accepted me as a teacher rather than a researcher.

The second limitation was related to time limitation. Although | spent one semester
with pre-service chemistry teachers and observed their instruction on different
chemistry topics at both faculty and cooperating high school within practice teaching
in science education course, I could observe participants’ electrochemistry instruction
for just two weeks (four hours). | tried to support this observation with video
stimulated recall interview and capture their PCK and, PCK and CK interaction as

much as detail.
3.16 Time schedule
Data were collected from two pre-service chemistry teachers enrolled a “Practice

Teaching in Science Education Course” in a public university in Ankara. Table 7

indicates the timeline of the research.
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Table 7. Timeline for the research

Date

Events

August 2012 — December 2012

Design of the study

January 2013- August 2013

Development of the interview questions
and electrochemistry content test for data
collection

September 2013- December 2013

Pilot study

January 2014- March 2014

Data analysis of pilot study and revision of

the instruments

April 2014- June 2014

Data collection

July 2014- December 2014

Preparing data for the analysis

January 2015- December 2015

Data analysis

January 2016- September 2016

Writing results, conclusion and discussion

section

3.17 Assumptions of the Study

e All the participants sincerely answered the questions

e Both of the pre-service teachers had little teaching experience
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CHAPTER 4

RESULTS

4.1. Introduction of the Participants

The participants of this study were two pre-service chemistry teachers. Each of the
pre-service teachers was different case due to level of their content knowledge. Zeynep
and Defne were both enrolled in the practice teaching course in chemistry education
program during 2013-2014 fall semester in a public university in Ankara. Both of them
completed the same courses and classmates. Due to the data collection was conducted
at the mid of the semester, both of the pre-service teachers had little teaching

experience regarding various chemistry topics.

4.2 Results for Content knowledge on electrochemistry

As it was mentioned in the methodology part, the content test involved questions
regarding redox reactions, galvanic cells, concentration cells, standard hydrogen
electrode, factor affecting the cell potential, electrolytic cell and daily life applications
of electrochemistry. When it was examined the responses given to these questions,
Defne had inadequate content knowledge on electrochemistry. Concerning galvanic
cell, she knew basic concepts as determining anode and cathode in galvanic cells,
function of voltmeter and salt bridge, the direction of electron flow, and the mass
changes occurs at each electrode, but she had some inadequacies in determining the
charge of anode and cathode, writing shorthand notation of the cell, the flow of ions
in the half-cells. Similarly the questions related to concentration cells, her responses
to the questions were coded as partially correct due to including some details but not
well developed as lack of reasons how to determine anode and cathode in

concentration cell. During the interview, she mentioned that “I memorize as less
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concentrated half-cell is anode and the more concentrated one is cathode but I don’t

know the underlying reason” (Content knowledge interview)

Regarding electrolytic cells, she left blank the questions related to electrolytic cells
and algorithmic calculations on electrolysis. In the content knowledge interview she
stated that she didn’t have even basic knowledge as determining anode and cathode in
electrolytic cells. Her explanations to questions includes some misconceptions or some
inadequacies information. For instance, there was a question related to a common

misconception of learners in electrochemical cells as:

“Think that you are a chemistry teacher. While you are teaching
electrochemistry one of your students, Ahmet, claimed “In the electrochemical
cell, electron enter the solution from the cathode, travel through the solution
and the salt bridge, and emerge at the anode to complete the circuit.”

She answered this questions as:

“I disagree with Ahmet. In electrochemical cell, we apply some energy from
outside. In anode cell, oxidation occurs, in cathode cell reductions occurs. e
travels through anode to cathode by the help of wire not salt bridge.”

And correct explanation for this claim as written as “in the electrochemical cell, e-
enters the solution from the anode to cathode and complete the circuit by the help of
wire.” This response shed light on the content knowledge of Defne on galvanic cell.
She knew basic knowledge regarding the redox reactions occurring in galvanic cells
but the reactions in the galvanic cell occurs spontaneously there is no need for external
energy. Although she knew that there electron moves through anode to cathode, she
had misconception as electron enters the solution so she thought that electron can flow
through aqueous solution. In addition she knew that electron didn’t move through salt
bridge so she had some inadequacies and misconceptions in her content knowledge.
Hence it can be concluded that Defne’s content knowledge was weak on
electrochemistry. Table 8 summarizes Defne’s content knowledge of main concepts

regarding electrochemistry.
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Table 8. Defne’s content knowledge of main concepts related to Electrochemistry

Concepts Answer of Defne Category
Redox reactions She had difficulty in Partially correct
balancing the redox
reactions

Galvanic cell Standard reduction potentials | Partially correct
can be measured
independently without the
use of other half-cell
reactions with the known
potential.

Charge of anode is positive
and charge of cathode is
negative.

Voltmeter measures the
potential difference.

Concentration cell Less concentrated is anode Partially correct
and more concentrated is
cathode.
Standard hydrogen SHE is reference for us, Partially correct
electrode (SHE) there is no importance.
Factors affecting cell The cell potential is Partially correct
potential dependent of the metal used

for the cathode and the
concentration of the Cu?*

ions
Electrolytic cell Left blank
Daily life applications of Batteries go dead because Correct
electrochemistry there is no potential

difference between cells.

On the other hand, Zeynep responded correctly most of the questions regarding all the
sub-topics of electrochemistry. She responded correctly all the questions regarding
galvanic cell except determining the charges of electrode. Similarly, she responded
correctly questions related to concentration cells. Regarding the electrolytic cells, she
determined the anode and cathode utilizing the charge of the battery and discriminate

electrolysis of molten and aqueous AlBr3 but she had difficulty in determining what
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reactions are taking place at each electrode. She also had knowledge regarding the
daily life application of electrochemistry. The question related to why batteries go dead
she wrote that: “Potential difference drop and become equal while reactions run if there
IS no potential difference, batteries could not work”. Hence it can be concluded that
Zeynep has robust content knowledge on electrochemistry. Table 9 summarizes

Zeynep’s content knowledge of main concepts regarding electrochemistry.

Table 9. Zeynep’s content knowledge of main concepts related to Electrochemistry

Concepts Answer of Zeynep Category

Redox reactions She balanced the redox reactions Correct
correctly.

Galvanic cell Except the question regarding the Correct

determining charge of anode and
cathode, she answered all the
questions related to galvanic cell.

“The function of salt bridge to provide
electro neutrality”

Concentration cell “The cell in the left is more Correct
concentrated so it much more difficult
to form Cu2+ ions in it. So left is
cathode, right one is anode.”

Standard hydrogen electrode | “This is not possible to measure Correct
(SHE) electrode potential of elements if
reference point is not taken since SHE
is a reference point for those

measurements.”
Factors affecting cell “The cell potential is dependent on the | Partially correct
potential temperature”
Electrolytic cell She determined the anode and cathode | Correct

utilizing the charge of the battery.

Daily life applications of “In coastal cities, air has a higher Correct
electrochemistry moist content which involve H20 in
gas phase. Thus water molecules lead
to rusting, taking place an oxidation
reaction.”
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4.3 PCK regarding Electrochemistry

4.3.1. Orientation to science teaching

Pre-service teachers’ orientations to science teaching were presented as central and
peripheral in general and then these goals were categorized as affective goals,
schooling goals and subject matter goal as mentioned in Friedrichsen & Dana (2005).
Both participants’ orientation to science teaching included different types of goals
namely subject matter, affective and schooling goals. So their orientation to science
teaching did not comprise of a central and single component of orientation. When it
was examined the Magnusson et al. (1999) perspective, Defne and Zeynep’s
orientation could not be labelled merely didactic or academic rigor in nature.
Magnusson et al. (1999) defined the didactic orientation as the goal of transmitting the
main concepts of science to learners and teachers who have this orientation generally
use lecturing as an instructional method. On the other hand, academic rigor orientation
was described as a goal to provide particular body of knowledge by Magnusson et al.
(1999) and the characteristics of instruction is providing challenging and difficult
problems to students, and also demonstrations to lead them to connect the science
concepts and phenomena. When have a close look at pre-service teachers’ instruction,
both of them used lecturing mainly but they empowered their lecturing with analogies,
demonstrations, animations and activities. In order to evaluate pre-service teachers’
orientation to science teaching, data gathered through observations and video

stimulated recall interviews were analyzed and summarized in tables following.

Table 10. Defne’s goals concluded from interviews

Goals Central Goals Peripheral goals

To apply science to their daily life Schooling goals -

To develop positive attitude towards science | Affective goals -

To prepare students for the university Schooling goals -

entrance exam

To promote scientific literacy Schooling goals -
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In order to identify Defne ’s orientation to science teaching, she was asked to explain
her reasons of teaching chemistry at high schools during the interview and she

explained as following:

“Chemistry is piece of science and in order to understand the nature of science,
students should learn chemistry. | think teaching chemistry is a way of making
student to love science.... Also chemistry is everywhere in our life. For
instance, each day we drink water and the water is part of chemistry. Therefore
in order to understand meaningfully what is happening in our life, chemistry
should be learnt. Himm.. I think, every student should have certain amount of
knowledge pertained to chemistry, physics and biology due to the fact that they
may be interested in science in future”. (CoRe Interview)

From this answer, it can be concluded that her central goal for teaching chemistry is
to develop students’ understanding about the relation between daily life and
chemistry. By this way, students could develop a sense to understand what is
happening in their surroundings. As an additional central goal, she held affective
goal regarding to lead student to develop positive attitude towards science by
understanding how science work. Therefore, Defne’s held schooling goal and
affective goal as central goals, however she did not have peripheral goals based on

the interview results. (Table 10)

The other pre-service teacher Zeynep also has similar goals with Defne in terms of
teaching science with one difference. Zeynep also has a goal pertained to prepare
students to life in other words she aimed to help to gain an awareness on

understanding and interpreting what happens in students’ surrounding. (Table 11)

Table 11. Zeynep’s goals concluded from interviews

Goals Central Goals Peripheral goals

To apply science to their daily life Schooling goals | -

To develop positive attitude towards science | Affective goals -

To prepare students for the university Schooling goals | -

entrance exam

To promote scientific literacy Schooling goals | -

To prepare students to life Schooling goals | -
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In order to identify Zeynep’s orientation to science teaching, she was asked to explain
her reasons of teaching chemistry at high schools during the interview and she

explained as following:

“Firstly | would like to prepare students to the life. There are a lot of unknown
things around us, there is a sense of wonder at human nature so as human we
try to understand and make sense of what is happening around the world.
Chemistry is very important to do this, not only to understand the nature of
world but also the universe. One of my main purpose is to make students love
science and use science to explain the events in their daily life. By this way
they would be more aware of around them. Students should know chemistry in
order to improve themselves and to be scientifically literate citizens”

Another question that was asked to pre-service teachers to examine their orientation
towards science teaching was related to the importance of teaching electrochemistry.
The interview dialogue conducted with Defne was as following:

R: In your opinion, as a chemistry teacher why do you teach
electrochemistry?

Defne: Because electrochemistry is stated in the curriculum and they
[students] are going to take university entrance exam so they should learn.
R: Do you have another reason for teaching electrochemistry?

Defne: in order to promote scientific literacy for them [students]

R: Can you explain in detail?

Defne: this [electrochemistry] is important because there are a lot examples
from daily life. Students can understand batteries features which is used in
daily life. In this way students can obtain scientific literacy.

Similar to the previous question she again emphasized the importance of preparing
students to life by connecting daily life events to science that can be categorized as
schooling goal. On the other hand, she highlighted the reality of Turkish Education
system and the university entrance exam. Her another goal for teaching
electrochemistry is subject matter goal in terms of providing electrochemistry content
knowledge to students due to the curriculum and prepare them for the university
entrance exam. During the interview, she did not concentrate on one of the goals, so
both of them are assumed her central goals for teaching electrochemistry. Very similar
to Defne, Zeynep also emphasized the importance of learning electrochemistry in

terms of necessity due to university entrance exam, the place of electrochemistry in
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our daily life and account for the daily life application of electrochemistry as batteries

and electroplating.
In addition to pre-service teachers’ goals on science teaching identified through
interviews, their electrochemistry instruction was also observed and these observations

provided information related to their goals.

Table 12. Defne and Zeynep’s goals deduced from their instructions

Goals Central Goals Peripheral goals

To provide conceptual Subject matter goals

understanding of chemistry

To apply science to their daily life Schooling goals

To develop positive attitude towards Affective goals

science

Although during the interviews, | identified some distinctions between Zeynep and
Defne’s goals, their goals identified through the observation were very similar (Table
12). Participants’ peripheral goals is detected as affective goal while there were not
peripheral goal in the interviews. During their instruction, they mainly concentrated
on providing the main concept to students by empowering their instruction with daily
life applications of the topic. For instance, in Zeynep’s instruction she presented videos
regarding electroplating and electrolysis of sodium chloride solution in terms of
commercial applications of electrolytic cells. Moreover, their peripheral goal was to
lead students to develop positive attitude towards science teaching. For example,
during Defne’s instruction, she emphasized how science work and at the beginning of
her instruction she explained the history of electrochemistry and indicated the

tentativeness aspect of nature of science by giving examples from batteries.
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4.3.2 Knowledge of learner

4.3.2.1 Pre-requisite knowledge

Zeynep was more aware of the pre-requisite knowledge that students should have to
learn electrochemistry effectively than Defne. In the CoRe interview, Defne predicted
some of the chemistry topic as prerequisite knowledge that students need in learning
electrochemistry. She stated that students should know chemical equilibrium, redox
reactions, solutions, and elements and compounds as pre-requisite knowledge however
she ignored the basic concepts such as chemical reactions, chemical calculations, rate
and heats of reactions. In addition to Defne’s claim, Zeynep also mentioned that
particulate nature of matter, phases of matter, chemical reactions and heat of reactions

as prerequisite knowledge.

In term of pre-requisite knowledge, Defne mentioned the link within the
electrochemistry. In Defne’s CoRe, she mentioned that “If students don’t know the
meaning of anode and cathode, oxidation and reduction they cannot understand
galvanic cell working principles” so she mentioned importance of learning the main
concepts to learn the other concepts within the electrochemistry. She also stated that
the function of salt bridge has an important role in understanding the working
principles of galvanic and other cells. Zeynep also pointed the same connection within
the electrochemistry topic during the interview. She stated that “...without knowing
the redox reactions, students cannot grasp working principles of both galvanic and

electrolytic cells” (CoRe interview).

During the instructions, while teaching factors effecting the cell potential, both Zeynep
and Defne emphasized chemical equilibrium to explain these effects. They wrote a
chemical equilibrium reaction on the board and discussed temperature and
concentration effect utilizing this reaction. Although both of them aimed to make the
new topic easier for student using the prerequisite knowledge, Defne achieved this
superficially but Zeynep indicated how chemical equilibrium used to predict the effect

of concentration change on cell potential. She wrote a chemical reaction and the
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equilibrium constant of this reaction on the blackboard. She wrote the following

reaction:

A + B ag) S A + By

Zeynep wrote the constant of equilibrium as K= [A?*]/ [B?*] and reminded students
that while writing the equilibrium constant, the substance may be gases or molecules

and ions in the solution.

4.3.2.2 Difficulties

Before teaching electrochemistry, both of the pre-service teachers mentioned common
difficulties in electrochemistry that students may encounter in her CoRe utilizing
related literature and self-experiences as a student at high school and university. For
instance, Defne stated that students may have difficulty in understanding oxidation and
reduction concepts in other words redox reactions. In addition, they had difficulty in
using standard reduction potentials to predict anode and cathode. Defne also stated that
learners are not able to distinguish the electrodes into anode and cathode with
appropriate charges in galvanic cell. Zeynep mentioned that student may face problems
in understanding how galvanic cell process work without applying external energy.
Regarding concentration cell, both of the pre-service teacher mentioned that students
find it difficult to understand electrodes are the same material and the electrolytes on
the two half-cells involve the same ions. During the interview, both Defne and Zeynep
mentioned the possible reasons for students to find electrochemistry hard to learn. Both
of them emphasized how abstract nature of the topic affect student understanding so
they cannot imagine how the cell work in microscopic level. For instance, Defne stated
that owing to abstract nature of electrochemistry, students had difficulty in visualizing
how electron flows through anode to cathode, how ions migrate, how oxidation and
reduction occur. Defne deal with this difficulty with enriching the scientific
explanation by using instructional representations as animations enabling students
imagine what is happening when cell works in microscopic level. In addition, Defne

stated that students had difficulty in using standard reduction potentials to predict
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anode and cathode. In order to handle this difficulty, Defne performed a few examples

regarding determining anode and cathode.

The other pre-service teacher Zeynep also highlighted that “Students may have
difficulty in visualizing the working principles of galvanic cell when we just explain
verbally without enriching microscopic level representations”. In order to handle this
difficulty, similar to Defne, she used animation to help students visualize what is
happening inside the galvanic cell. Furthermore, Zeynep also tried to draw students’
attention to the possible difficulty before she came across during the instruction.
During the interview, Zeynep stated that: “I read from related literature, students had
difficulty in understanding concentration cell due to using the same electrode in both
half-cells. They may think that by using the same electrodes in the cell could not
produce potential difference. Hence, I especially drew students’ attention by asking
question as following; is it possible to produce potential difference by using the same
electrodes?” (Stimulated recall interview). Besides this, Zeynep observed a difficulty
during her instruction pertained to mass change of anode and cathode. Students had
difficulty in identification of mass of which electrode increase or decrease. After she

observed this, she tried to explain utilizing oxidation and reduction reactions.

Oxidation reaction (Anode) : Als) = AP @aq) + 3€° E%=1.66 V
Reduction reaction (Cathode) : Fe¥*(aq) + & > Fe?*(ag) E%=-0.77V

Zeynep explained why mass of Al electrode will decrease and Fe electrode will
increase using the half-cell reactions. (Field note)

4.3.2.3 Misconceptions

Before enactment of instruction, pre-service teachers prepared CoRe and stated the
possible misconceptions compatible with related literature in electrochemistry. They
utilized the studies conducted by Garnett and Treagust, (1992), Sanger and Greenbowe
(1997a) and Garnett, Garnett and Hackling (1995). In the CoRe and interview, they
mentioned the misconceptions which were in line with her big ideas. For instance,

Defne stated that “Electrons enter the solution from the cathode, travel through the
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solutions and the salt bridge, and emerge at the anode to complete the circuit” and
“The identity of the anode and cathode depends on the physical placement of the half-
cells.” In addition to similar misconceptions, Zeynep also stated that “In more
concentrated side, there is an oxidation reaction takes place while in less concentrated
side there is a reduction reaction takes place” and “Half-cell need not be electrically

neutral. One half-cell can be positive and the other negative with an equal number”.

Compatible with pre-service teachers’ CoRe and interviews related to CoRe, they
emphasized possible learners’ misconceptions during the instruction. When the whole
instruction was examined for each pre-service teacher, Defne mainly concentrated on
the learners’ misconceptions regarding galvanic cell sub topic. Electrolytic cells and
concentration cells sub-topics were overlooked a little compared to galvanic cell. On
the other hand, Zeynep tried to mention misconceptions regarding galvanic,

concentration and electrolytic cells.

During the teaching, Defne warned students and tried to draw their attention regarding
the possible misconception and provided scientifically correct explanation to students
before she came across the misconceptions students might had. For instance, while
explaining electrolytic cells, she indicated the drawing of electrolytic cell in the

PowerPoint (Figure 4)
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Figure 4. Drawing of electrolytic cell used in PowerPoint
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Defne : ...Do you remember we made a demonstration related to galvanic
cell in the previous lesson, Zn-Cu cell. When we consider the galvanic cell,
Zn electrode is anode and Cu electrode is cathode. But if energy is applied to
the galvanic cell, the process will reverse so Zn electrode is anode, Cu
electrode is cathode. Because, the process of occurring in galvanic cell and
electrolytic cell are reverse from each other....But the reaction occurring at
anode and cathode does not change. Both in galvanic and electrolytic cells,
oxidization reactions always occur at anode, reductions reactions always
occur at cathode (Field note)

Defne was aware of the misconception related to electrolytic cell that was reported by
Garnett and Treagust (1992b) as “in the electrolytic cells, oxidation now occurs at the
cathode and reduction occurs at the anode”. During the stimulated recall interview, she
mentioned that she was aware of this possible misconception and she thought students
might think that when the half-cell get reversed, the reactions occurring in the half cell
also change so she warned them about this ( Stimulated recall interview). A similar
situation was experienced during Zeynep’s instruction. While talking about
differentiating galvanic cell and electrolytic cell, she pointed out that although the
process occurring at galvanic cell and electrolytic cell were reverse, oxidation reaction

always occurs at anode and reduction reaction occurs at cathode.

Moreover, regarding electrolytic cell, Zeynep was aware of another misconception
reported by the Sanger & Greenbowe (1997a) which is “In electrolytic cells, water is
unreactive toward oxidation and reduction”. So while she was explaining the
electrolysis of aqueous NaCl (sodium chloride), she underlined that H>O in other
words H* and OH" ions should be taken into account during the electrolysis of NaCl

(Sodium chloride) solution.

Furthermore, during instruction Defne missed some of the misconceptions that
students had. For instance, while explaining the effect of concentration change on cell
potential, Defne asked how concentration change effects the cell potential, one of the

student stated:

Student: if the concentrations of the electrolytic solutions are different, cell
process work and try to equalize concentrations. Otherwise, if the
concentrations of the electrolytic solutions are the same, cell does not work.
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Although it is true for concentration cell, for galvanic cell it is not true but Defne did
not recognize this misconception and passed over this explanation and moved. (Field

note)

On the other hand, when pre-service teachers realized the misconceptions, in order to
eliminate them, they usually provided the scientifically correct explanation but
sometimes they tried to eliminate the misconception utilizing macroscopic
representation and demonstration. For instance, while discussing about working
principles of galvanic cell and components of galvanic cell as salt bridge, voltmeter
and so forth, Defne asked questions to students related to the function of salt bridge

and turned back to demonstration in the previous lesson to support her explanation.

Defne: Do you remember previous lesson, what did we observe when we
remove the salt bridge from galvanic cell, what happened? [she referred to the
galvanic cell demonstration acted in the previous lesson]

Students: after a while, voltmeter indicated zero

Defne : yes, the voltmeter value decrease from 1.05 to 0.00. Okey..what was
the reason of it?

Student: when we removed salt bridge, electron transfer stopped.

Defne: Are electrons transfer through salt bridge?

Student: yes, are not they?

Defne: okey then, electrons cannot flow through aqueous solution so they
don’t travel through the salt bridge, electrons only transfer through the wire
[she used the galvanic cell drawing on the PowerPoint].

In Zeynep’s class the same event was seen at galvanic cell sub-topic. During the

instruction, Zeynep realized the misconception related to flow of electron.

Zeynep: Can you explain which direction electron flow in galvanic cell?
Student: electron flow anode to cathode through the wire.

Zeynep: Then what happens at cathode electrode when electron comes?
Student: then electron turns back to the anode electrode through salt bridge
(Field notes)

Zeynep explained the flow of electron utilizing the drawing of galvanic cell and half-
cell reactions. During the interview, she stated the possible source of this

misconception as
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“Students have learnt in physics, there is a closed circuit and electron flow
around the circuit so electron return the place that starts moving again. Most
probably they think it is valid for galvanic cell. By using salt bridge we supply
connection between two half-cell so they may think that electron both travel
through the wire and salt bridge to complete the circuit”(Stimulated recall
interview)

In a similar way, Zeynep provided scientifically correct explanation when she elicit
misconception during her instruction. While Zeynep was talking about Zn-Cu cell
and working principles of this cell such as Zn was anode and Cu was cathode and the
reaction occurred at these electrodes using the drawing of the cell (Figure 5), the

following excerpt occurred:

B Voltmeter
S D e

W
Ancde | salt bridge + Cathode
(Oxidation) - N (Reduction)
«// KCI ‘\\\ .
Zn Cu
ZnSOy4 CuSOy4
Zn(s) +2¢”—> Zn”" Ccu’ 20— Cu(s)

Zn(s) | ZnSOy4(aq) || CuSO,(aq) | Cu(s)

Figure 5. Drawing of galvanic cell presented in Power point

Student: when Zn is oxidized, Zn?* enter the solution so it is liquid.
Zeynep: No it is not, Zn is not melting. Zn ionized so it is in the aqueous
phase.

During the interview, Zeynep stated that students may have lack of knowledge

regarding phases of matter and, ionization and dissociation.

Based on the observations, another example that although Defne usually provided
scientific correct knowledge to students against misconception, she rarely tried to
eliminate the misconception using instructional representations such as analogy. An
example was observed pertained to standard hydrogen electrode (SHE). Based on her

self-experiences as a student and related literature, she was aware of the possible
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misconception related to SHE that was the reduction potential of hydrogen is zero
because of the chemical properties of hydrogen. This misconception was also reported
by both Garnett and Treagust (1992b) and Sanger and Greenbowe (1997a). Just after
providing the scientific knowledge as hydrogen was chosen as an arbitrary standard
potential as a reference point in order to measure the potential of all other electrodes,
she enriched her explanation with a sea-level analogy (Field note) During the interview,

she stated that

“I also had this misconception and thought that there should be a reason for
choosing hydrogen as a reference electrode and the zero value may be
measured with an experiment, so students also may think like me. Starting
from this point of view, | emphasized that that is no rule and experiment
result related to zero value of hydrogen, it is just a reference point”

( Stimulated recall interview)

Summary of the results regarding the knowledge of learner components as following
see Table 13:
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4.3.3 Knowledge of instructional strategy

4.3.3.1 Subject specific instructional strategy

While Defne preferred to use one of the subject specific instructional strategies,
Zeynep did not use any of them for teaching electrochemistry. Defne preferred to use
5E learning cycle instructional strategy for electrochemistry instruction in her CoRe.
In her CoRe she explained each phase of the engagement, explore, explain, elaboration
and evaluation respectively. During the interview, she underlined the appropriateness

of electrochemistry to 5E learning cycle as following:

“I think 5E [learning cycle] is an effective method for students’ understanding.
Also electrochemistry can be easily adopted to the each stage of 5E. | think this
method make students active during the lesson so they can understand
meaningfully utilizing 5E learning cycle” (Stimulated recall interview)

Another reason for choosing 5E learning cycle is Defne’s orientation to science
teaching. During the interview, she explained how her goals for teaching science

influence her choice of instructional strategy:

“By using 5E learning cycle, I can reach my goals that determined for teaching
chemistry. For instance, in the engagement stage, by using the picture
indication frog and cell, I aimed to draw students’ attention and increase their
interest in chemistry. Also, in the elaboration part, my purpose is to lead them
[students] to understand daily life application of electrochemistry and
understand what is going on around us” (CoRe interview)

However, in her teaching at the high school, she could not adopt 5E learning cycle
accurately and effectively to her instruction. Defne guided all the activities and
explanations during the instruction, students just participated in instruction actively by
answering questions addressed by the pre-service teacher (Defne). After she took
students’ views on the topics, she provided the scientifically correct explanation to
students. Her teaching can be labelled as teacher centered teaching empowered with
daily life applications, animation, demonstration, analogy and explicit NOS instruction.
For instance, in 5E learning cycle, the first stage is engagement. The main aim of this

stage is twofold: to increase learners’ interest to the topic with an explorable questions

72



and to revive their prior knowledge regarding the topic. The question used to increase
learner’s motivation to explore will refer to the exploration stage (Luera, Moyer &
Everett, 2005). However, in Defne’s instruction, she started the lesson indicating a
picture including a frog and a battery and asked students “Is there any link between
cell and frog?” Then she moved with the historical development of electrochemistry
(Filed notes) so she just aimed to draw students’ interest to the topic (Stimulated recall

interview)

4.3.3.2 Topic-specific instructional strategy

Topic specific instructional strategies were examined under two sub titles based on
Magnusson et al. 1999 PCK model namely activities and representations.

At the beginning of the instruction, both of the pre-service teachers used an interesting
picture to draw students’ attention. Defne indicated an interesting picture including
frog and battery in order to attract students’ attention. Then she moved with the
historical development of electrochemistry. Congruent with historical development of
electrochemistry, she emphasized tentaviness and law& theory aspect of Nature of
Science (NOS). The important aspect of her instruction is emphasizing NOS explicitly.
She explained why she emphasized this as: “.I want my students learn how
electrochemistry develop, how the batteries invented, 1 mean | emphasize NOS to
indicate them how science evolves” (Stimulated recall interview)

Zeynep also utilized pictures to draw students’ attention in different sub-sections of
electrochemistry. She showed a picture including gold plated spoon and car, and asked
students’ view about the process of plating. She mentioned that: “the purpose of using
these pictures, figures is to connect the electrolysis sub topic with daily life
applications so the concept will be more concrete for students. The figures included
cars, cells that students may come across very usually in their daily life. So I think by
using these figures | can lead students to think about how gold plating is done so |
draw their attention to the electrolysis topic” (Stimulated recall interview) Then
similar with Defne, Zeynep moved with the history of electrochemistry and the
scientist studying on electrochemistry. Contrary to Defne, Zeynep implicitly
emphasized the nature of science during her instruction. She just aimed to arouse

curiosity to science, especially chemistry.
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Defne and Zeynep utilized algorithmic calculations just after explaining the concept.
Defne performed exercises related to standard hydrogen electrode (SHE). SHE,
identification of anode, cathode and calculation Ecell value and Nerst equation
excluding quantitative calculations of electrolysis. In addition, Zeynep performed
calculations regarding quantitative aspects of electrolysis. For instance, Defne
explained how concentration change effect cell potential, then she made algorithmic
calculations with students on the board regarding Nerst equation and concentration
change effect. (Field notes) The question that was taken from textbook was as

following:

Consider a galvanic cell that uses that reaction

Cue +Ag" @) (IM) = Cu"(ag) + Adgs)

Calculate the potential at 25°C for a cell using the standard reduction
potential table. Calculate the potential for the following ion concentrations:
[Ag] = 0.1M and [Cu*] = 0.01M

Zeynep provided knowledge regarding electrolysis of water and indicated a video
related to it, then she performed an exercise with the students on the board. The

question was as following:

At standard conditions, electrolysis of water gives 5.6 L gases at cathode
electrode. Using the standard reduction potential table,

a) Predict the half-cell reactions that occur at anode and cathode.
b) Find how many liters of gases produce at anode.
c) Calculate the current required for this electrolysis of water process.

4.3.3.2.1 Activities

Zeynep and Defne performed two demonstrations during their instructions. While one
of them was regarding spontaneity of redox reactions, the other one was related to

galvanic cell. Although both of the participant used same demonstrations, the sequence
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of the demonstrations were different. Defne performed one of the demonstration to
investigate whether each redox reaction occur spontaneously at the beginning of the
topic. A zinc metal was immersed in copper sulfate solution, while a copper metal was
immersed in zinc sulfate solution. Defne employed the demonstration and students
observe the redox reaction occurring only between Zn (zinc) and CuSOs solution.
When asked the reason of using this demonstration she explained: “...to catch students’
attention..l think demonstrations make the content more concrete and catchy..also by
using this demonstration spontaneous and nonspontaneous concepts can be more

understandable” (Stimulated recall interview)

Zeynep also followed the same process but there were some alterations. Firstly, in
addition to draw attention of students, Zeynep stated the aim of using this
demonstration was as “...just before moving the standard reduction potential sub-topic,
I would like to lead students understand spontaneity concept and reactivity of metals
so by this way they easily understand how standard reduction potential table was
formed” (Stimulated recall interview). The second one is Zeynep prepared a handout
including purpose, process that students should follow and space for their observations.
During the demonstration, she discussed why redox reactions occurred between Zn
(zinc) and CuSOg4 solution or why no reaction occurred between Cu and ZnSOg4

solution in terms of reactivity of metals.

The second demonstration was related to galvanic cell (Zn—Cu cell) and performed
while explaining the galvanic cells and working principles of that. Both of the pre-
service teachers distributed a handout to guide students to pursue the demonstration.
The purpose of this demonstration was make the content concrete for students. Zeynep
stated that “Every single student has different learning style so enriching the
conceptual knowledge with this kind of demonstration may improve students’
understanding” (Stimulated recall interview) In addition, both of them aimed to elicit
students’ possible misconceptions by using demonstration. For instance, Defne
explained the function of salt bridge by indicating through the demonstration so she
believed by this way she helped students understand the content easily (Stimulated

recall interview). Also, Zeynep explained the components of galvanic cell and asked
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students “what will happen if we remove the salt bridge from the system? Or why did

we read zero when we removed the salt bridge from the system?” (Field notes)

Although Defne did not use any activities besides her conceptual explanations
regarding electrolytic cell, Zeynep showed videos to enrich her instruction during the
electrolytic cells. She showed videos regarding electrolysis of water and NaCl solution,
and electroplating process. She mentioned her purpose of using these videos as “I
would like to support the information provided about electrolysis with visual materials.
In order to learn meaningfully, I tried to provide daily life applications of the topic and

attract students’ attention to the topic”

4.3.3.2.2 Representations

Beside demonstrations, pre-service teachers used three representations of chemistry
namely symbolic, macroscopic and microscopic level. Defne used three
representations together for teaching galvanic cell but she overlooked using these
representation for teaching concentration and electrolytic cell. She generally provided
macroscopic drawing of a cell and symbolic representations of reactions as shorthand
notations for sub-topics of electrochemical cells. She underlined the importance of
using these representations as:

“As I know from my own experiences, visual images are more prone to stick
in mind so | explained the same concept both drawing the cell on the board and
providing explanation about it. Student may forget what | said but they can

understand more easily when they see” (Stimulated recall interview).

Macroscopic drawings taken from Defne’s PowerPoint slides were following: (See
Figure 6 and Figure 7)
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Sekil 1.5 Derigim pili

Figure 6. Drawing of concentration cell
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Figure 7. Drawing of electrolytic cell

Defne used microscopic representations during the animation while teaching galvanic
cells (Field notes). During stimulated recall interview, she underlined the importance
of using microscopic representation in terms of making the abstract nature of the topic
more concrete and leading learners to visualize what is going on in the batteries.

Furthermore, Defne stated that

“...the lack of knowledge of students pertained to atomic level prevented them
to understand meaningfully so by using animations including microscopic level
help students to understand the working principles of cells and what is going
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on each half cell..maybe we can prevent students from possessing possible

misconceptions by this way..”(Stimulated recall interview)
On the other hand, Zeynep used three representations for teaching galvanic and
electrolytic cell. Symbolic representations and macroscopic drawings of cells were
always provided to students as similar with Defne’s instruction. However, Zeynep
used microscopic representation utilizing animation while providing knowledge in
only galvanic and electrolytic cells. During the interview, she stated the importance of
using different representation as:

“the importance of using multiple representations is make concrete the abstract

concept and more understandable. ..otherwise, just presenting the content is not
effective without using demonstration or using animation including
microscopic level. For instance, regarding activity [demonstration related to
reactivity of metal], just saying active metal loses electron more readily than
passive metal to form positive ions not so effective merely or for the other
demonstration [galvanic cell demonstration] while explaining it was said the
anode loses mass, the cathode gains mass but how this will happen, why one
of the electrode will decrease and the other will increase in mass. By making a
demonstration, we could not observe it so animation support the demonstration
via microscopic level so students can understand meaningfully” (Stimulated
recall interview)

Furthermore, Defne and Zeynep implemented analogies during her instruction. For
instance, Defne used a sea level analogy while explaining Standard hydrogen electrode

(SHE). SHE is used as a reference half-cell. She mentioned:

“As you remember while measuring a mountain we accept the sea level zero
although there is an area above sea level. As a sea level, we accept SHE as a
reference point and measure the other reduction potentials according to it”
(Field notes).

The underlying reason of Defne’s analogy usage is: “...1 link the SHE with the concept
[sea level] they are similar. | both attract their notice and..I think by this way they can

learned easily”.

Another analogy also used by both Zeynep and Defne that was waterfall analogy while
explaining spontaneous and nonspontaneous reactions. Zeynep articulated that: “In the

height of the waterfall, the potential energy is high and spontaneously move to the
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bottom of the waterfall. But for a reverse situation, we have need external power and
occur nonspontaneous” (Field notes). However, while using the analogy, she did not

emphasize the differences and similarities of analogy and spontaneity concept.

During the instructions, both Zeynep and Defne made comparison between galvanic
cell and electrolytic cell at the beginning of the galvanic cell sub topic but they present
the knowledge in different way (see Table 14). Defne used comparison table in power
point slides, but she just read the explanations in the PowerPoint. In her verbal
explanation, she didn’t emphasize the difference in terms of spontaneity, energy and
charge of the electrodes. During stimulated recall interview, she explained why she

used this comparison table:

“When I was student, I couldn’t discriminate electrochemical cell and
electrolytic cell concepts so | tried to prevent my students from
misunderstanding. | wanted to explain the topic more organized way in other
word from the general to the specific”

Table 14. Comparing galvanic cell and electrolytic cell

ELECTROCHEMICAL CELLS

Galvanic cell Electrolytic cell

Systems that convert chemical energy Systems that convert electrical energy into
into electrical energy. chemical energy with the help of external

power.

On the other hand, Zeynep preferred to use drawing of galvanic and electrolytic cell
to compare these cells. She explained the differences of these cell both verbally and
visually and pointed out that while galvanic cell has a positive cell potential (E°i >0),

Electrolytic cell has a negative cell potential (E%en <0) (Field notes)
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Figure 8. Representation of galvanic and electrolytic cell

Eventually, both of the pre-service teachers mentioned daily life applications of
electrochemistry. At the end of the lesson, they mentioned battery types that we came
across in our daily life namely dry cell batteries (Zn-MnO>), lead storage battery,
Nikel-Cadmium (Ni-Cd) batteries and Lithium batteries. They provided general
explanations and pictures regarding battery types by using PowerPoint slides.
Furthermore, Zeynep mentioned the commercial applications of electrolysis using
videos and animations. She indicated videos and provided explanations pertained to
how electroplating is used and electrolysis of water and NaCl solution (Field note).

In the interview, Defne explained why she emphasized the daily life usage to

electrochemistry as:

“I tried to apply 5E learning cycle in my instruction so at the elaboration part
| mentioned the daily life applications of the topic[electrochemistry]...by this
way, students become aware of how the battery work and link battery to the
electrochemistry...We use electrochemistry in every part of our life for
instance in our laptops, cell phones,Mp3 players..when student go to buy
battery, they can use their knowledge about electrochemistry”’(Stimulated
recall interview)

Similar points were also emphasized by Zeynep as:

“From my own experiences as a student, when you learn the logic behind the
theoretical knowledge and usage of it in our life, this makes the knowledge
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permanent. The aim of my instruction is make students understand what is
happening around us and developmental process of technology so this prepare
the students as scientifically literate citizens....also they gain a general
knowledge...by emphasizing daily life application of the topic, students
focused on the instruction so maybe it can increase their attitude to science”

(Stimulated recall interview)

Table 15 indicated the summary of the results pertained to knowledge of

instructional strategies component:
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4.3.4 Knowledge of curriculum

4.3.4.1 Knowledge of goals and objectives

Defne and Zeynep can be accepted as partially knowledgeable about goals and
objectives of electrochemistry topic. While preparing their CoRe, they wrote
objectives that they addressed during their instruction. Most of these objectives were
chosen utilizing the national high school chemistry curriculum. In addition to
objectives presented in the national chemistry curriculum, they also added alternative
objectives while preparing her CoRe and mentioned these objectives during the

interview. For instance Defne wrote:

“Students should be able to understand the nature of science by explaining
history of battery and students should be able to design galvanic cell
experiment” (CoRe)

National high school chemistry curriculum included objectives, limitations and
warning related to topic, possible misconceptions that teacher should consider and
suggestions regarding activities that can be utilized during instruction. Defne and
Zeynep were aware of most of the objectives stated in the curriculum, however they
were not conscious about the limitations and cautions related to the topic. For instance,
during the instruction both of the pre-service teachers gave examples regarding
batteries used in daily life parallel with the objectives stated in the curriculum as:

Students should be able to give examples regarding common batteries.
(NME, Objective 3.2, p. 65)

Students should be able to explain the working principles of rechargeable
batteries common examples as lead storage battery. (NME, Objective 3.3, p.
65)
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However, they didn’t take in consideration warnings mentioned in the curriculum as:

“It is suggested to give chemical reactions occurring in the batteries” (NME,

Warning,3.3, p.65)

During the instructions, they covered all the objectives determined in the CoRe. For

instance, there was an objective as following

Students should be able to give examples of industrial applications of
electrolysis (objective 3.5, p. 65, NME 2012)

During the instruction just after electrolysis sub topic, they provided examples
pertained to commercial applications of chemistry namely purification and
electroplating of metals. For instance, Defne provided just some explanation about the
process of electroplating of metals and the importance of this process in our life. She
mentioned that “For instance, iron will rust and iron rusting is indication of corrosion.
We can plate the surface of the iron with another metal that resistant to corrosion to

protect them corrosion.” (Filed note)

Zeynep also used videos to empower her explanation related to industrial applications
of electrolysis and indicated video pertained to how electroplating process works

especially electroplating a key with copper (Field notes).

4.3.4.2 Curricular Saliency

One of the indication of understanding curricular saliency is knowing the topic that
come before and after electrochemistry. During the interview, when it was asked the
place of the topic in the curriculum and which topics are taught before and after
electrochemistry, both of the pre-service teachers stated that before electrochemistry
chemical equilibrium should be taught and after the electrochemistry, nuclear

chemistry should be taught.
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Moreover they also had a sound understanding regarding the sequence of sub topics in
the electrochemistry. For instance, Defne considered the importance of understanding
the main concepts within the electrochemistry topic such as learning anode, cathode,
oxidation and reduction reactions in order to understand working principles of galvanic
cell. Another example that can be indicator of Defne’s knowledge of curricular

saliency was as following:

“Firstly students should learn spontaneous and nonspontaneous reactions. If
they don’t know what these reactions mean exactly, they have difficulty in
differentiating galvanic and electrolytic cells. So first | emphasize spontaneous
and nonspontaneous reaction and highlight that in galvanic cell spontaneous
redox reactions occur, in electrolytic cell nonspontaneous redox reactions
occur” (CoRe interview)

Zeynep was also aware of the sequence of sub-topics as presented in the national high

school chemistry textbook. She stated that the sequence of the topics as:

“Firstly redox reactions and activity, then historical development of cell from
Galvani to Daniel, then galvanic cell and standard electrode potential, then
factors affecting cell potential, working principles of galvanic cells, common
batteries used in daily life then electrolytic cell and application in daily life”
(CoRe interview).

A specific example may be found in the CoRe. Zeynep wrote that: “Students will
understand what factors that electrode potential depends and they can find electrode

potentials mathematically by using Nerst equation” (CoRe)

4.3.4.3 Altering the curriculum

When Defne’s instruction and her CoRe were taken into account, she did not have
adequate knowledge to alter the sequence of subtopics in electrochemistry. She strictly
pursued the high school chemistry textbook and accepted the textbook as a guide. She
just decided to teach redox reactions, galvanic cell, concentration cell and electrolytic
cell respectively after then she taught the batteries and commercial applications of
electrolysis different from the topic sequence stated in the curriculum. During the

interview she explained the reason of this change as:
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“During my instruction | used 5E learning cycle as instructional method. |
preferred to teach daily life applications of the topic after | explained all the
main concepts in parallel with my instructional strategy in the elaboration
step of 5E learning cycle”. (Interview)

Similar to Defne, Zeynep didn’t alter the sequence of the sub-topic in electrochemistry.
She pursued the sequence of the topic presented at the high school chemistry textbook.
She explained the reason of this as “ I don’t have so much experience in teaching so |
don’t want to take risk and follow the high school chemistry textbook™ (Stimulated

recall interview)

4.3.4.4 VVertical curriculum

Based on the analysis of related data and observations, Defne did not make any link
between electrochemistry and topics that students learned previous years or topics that
student are expected to learn in later years. On the other hand, Zeynep referred the 9"
Grade and stated that “..at the 9" grade you are supposed to learn reactions types and
redox reactions is one of them. Do you remember?” (Field notes). She aimed to remind
the topic they have learned previous years and make students aware of regarding the

topic in chemistry are related.

4.3.4.5 Horizontal curriculum

Both participants connect electrochemistry to the previous topics in the 11" grade
especially chemical equilibrium topic. According to the analysis that was done to
identify relation Defne made between electrochemistry and previous and next topics
in the 11" Grade, it was detected that she only made relation to previous topics namely
chemical equilibrium and entropy. For instance, during explaining the working
principles of galvanic cell, she connected the topic especially the flow of ions through
salt bridge with chemical equilibrium. During the instruction, this explanation was

observed:

“....in the anode half-cell, the positive ions will increase so the anions flow
through salt bridge to the anode compartment. In the previous topics you learnt
chemical equilibrium, you can interpret the flow of ions through salt bridge
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utilizing chemical equilibrium in order to maintain neutrality.”(Video
recordings).
It can be interpreted that she just mentioned the previous topic but she could not make
conceptual relation between topics so her knowledge of horizontal curriculum was

superficial.

Similarly, during the factors affecting cell potential of galvanic cell, she linked the
topic with Le Chatelier’s principle in chemical equilibrium. During the instruction

Defne wrote a chemical equilibrium reaction as:

aA@) + bB ag) 2 aA @) + bBgy

and Defne said “..you heard about the Le Chatelier’s principle, right ..what does this

principle mean?”

Defne and students together summarized what Le Chatelier principle stated and talked
about the effect of concentration changes on the equilibrium. Then Defne directly
moved to the Nerst equation (Field notes). As it can be seen, Defne just mentioned
the related topic but she could not link these topics conceptually for instance she did
not mention how students can utilize Le Chatelier’s principle to predict effect of
concentration change on cell potential. On the other hand, Zeynep linked
electrochemistry and chemical equilibrium conceptually. Zeynep also wrote a
chemical reaction as Defne wrote, and with students she wrote the equilibrium constant
as K= [A%']/ [B?*]. Then they talked about the effect of concentration changes on cell
potential. She mentioned that if we increased the reactant ion concentration, cell

potential will increase.

During the interview, the reason for utilizing horizontal curriculum was asked, Defne
mentioned:“...by making relation, I draw their [learners] attention to the topic
[chemical equilibrium] that you have already learnt then students can combine the new
knowledge with chemical equilibrium so they learn the new topic [electrochemistry]

more easily” (Stimulated recall interview)
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Also Zeynep articulated similar reason regarding associated the topics. She stated
that:

“In electrochemical cells, there are chemical equilibrium reactions. I refer
chemical equilibrium topic in order to help students link between the topic they
have learnt and the new topic so they can understand the new topic easily. Also
| want to lead students to think that all chemistry topics are dependent each
other”

4.3.4.6 Connection to Other Disciplines

Zeynep connected electrochemistry to physics topics that students have already
learnt. For instance, during the algorithmic calculations regarding the faraday’s law
in electrolytic cell sub-topic, she referred to the physics. During the interview, she
explained the importance of linking disciplines as:

Zeynep: Students should be able to understand there is a link between
physics and chemistry, there are not completely separated. In order to explain
a concept in science, we utilize different scientific disciplines. Moreover,
while explaining the new topic, refer to another topic they have already learnt
make easier to understand the new topic. Also, this is important to understand
the nature of science.

Researcher: How connecting the scientific disciplines lead them to
understand NOS?

Zeynep: Creativity is the starting point for scientific research and to proceed
the scientific research, scientists work in collaboration. For instance, in order
to explain the same concept, physicists and chemists consider it from
different perspectives. (Stimulated recall interview)

Defne didn’t associate electrochemistry with physics topics explicitly during her
instruction.
Table 16 indicated the summary of the ways of using knowledge of curriculum for

both pre-service chemistry teachers.
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4.3.5 Knowledge of assessment

In this part the results provided pertained to pre-service teachers’ using knowledge of
assessment and the Table 17 indicated the summary of the results.

Table 17. Knowledge of assessment for teaching electrochemistry

Methods of Types of Why to assess Types of When Dimensions of
Assessment( Assessment questions to science learning
how to assess) assess to assess ( what
to assess)
Informal Diagnostic To identify Open- During | Prior knowledge
Questioning students’ prior ended the and possible
knowledge or questions lesson misconceptions

misconceptions

Formative To identify Open- During | Conceptual
assessment student’s ended the understanding,
understanding questions lesson NOS
about the topic understanding ,
Daily life
applications
Homework Summative To identify True/False | Atthe Conceptual
assessment students still have | and open- end of | understanding
misconceptions ended the
or not question topic

4.3.5.1 Knowledge of methods of assessment (how to assess)

During the electrochemistry instructions, both of the pre-service teachers used only
two assessment methods namely, informal questioning and homework. They utilized
informal questioning method during their instruction for two purposes: to recognize
prior knowledge or possible misconceptions and to identify students’ understanding
about the topic. On the other hand, they used homework at the end of the topic to assess
students’ understanding and check if there was any scientifically incorrect knowledge
at the end of the instruction. However, pre-service teachers differentiated in content of

the homework. While Zeynep preferred to use interesting questions that students need
92



to search to respond in the homework, Defne preferred to use open-ended questions

that focused on content knowledge in the homework.

Both Defne and Zeynep preferred to use informal questioning method as formative
assessment in her CoRe and also they used this method for formative and diagnostic
assessment. During the interview Defne explained the underlying reason of her choice

as:

R: In your CoRe you wrote that you are going to use informal questioning for
formative assessment. Similarly, you used this method during your
instruction. Why did you prefer to use informal questioning?

Defne : ...during instruction I ask questions by this way I can keep students
active..This is effective..when | asked question to whole class, each student
think about the question and try to find the answer so | lead them to think
about the topic.”(Stimulated recall interview)

For the same question, Zeynep mentioned that “I used formative assessment during
my instruction, for instance while making a galvanic cell experiment or after
explaining the concepts. By using formative assessment, | aimed to assess if students

gained the knowledge meaningfully or not” (Interview)

At the beginning of the instruction, as diagnostic assessment both pre-service teachers
asked open-ended questions to identify students’ prior knowledge. For instance, Defne
asked questions to bring to light the prior knowledge of students regarding
electrochemistry such as “What is electrochemistry” and “Do you know why cell have

a definite time?”

Moreover, during the electrochemistry instruction several examples were observed
related to informal questioning usage to recognize possible misconceptions of students.
Both of the pre-service teachers used demonstrations of galvanic cell with whole class,
then asked questions related to the components of the galvanic cell (Field notes). For
instance, Defne asked ‘why did galvanic cell stop when we removed salt bridge?”.
During the stimulated recall interview, she explained the purpose this question to elicit
the possible misconceptions regarding the function of salt bridge. She was aware of

the students’ possible misconceptions related to salt bridge. Similar situation was
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observed during Zeynep’s instruction, she also asked questions regarding working
principles of galvanic cell as “How do electrons flow in a galvanic cell?” in order to

elicit if students have scientifically incorrect knowledge regarding the topic.

In order to assess students’ understanding both Zeynep and Defne used formative
assessment throughout the topic. Defne preferred to use informal questioning but the
level of questions were generally knowledge level questions and she had difficulty in
interpreting the feedback taken from students in order to change her instructional
decisions or reteach the missing point for students. For instance, after explaining how
the standard reduction table was used to determine anode and cathode in
electrochemical cell, pre-service teacher and student performed the question on the
board together and she gave feedback when necessary but she had difficulty in
interpreting the information she got from the assessment (Field notes). On the other
hand, Zeynep used laboratory activity sheet related to galvanic cell demonstration and
aimed to assess students’ understanding via the questions presented on the sheet as

following:

1) Which department belongs to anode and which one is cathode?

2) If salt bridge removed from the system, what will be happened?

3) Does the system produce electricity forever?

4) In order to reverse the reaction that takes place in the cells, what could be

done?

Also Zeynep used conceptual questions to assess students’ understanding, she had
difficulty in utilizing the feedback taken from students to reteach the problematic parts
for students in the topic. For instance, she asked students if the system produce
electricity forever and students responded the question as: “electrode will finish, the
electrolytic solution will evaporate so forth” (Field notes). Although students
responded to the question, Zeynep didn’t take into account the answers and just
explained the scientifically correct explanation as “system will stop when it reaches
the equilibrium”. During the interview, she explained the reason of this due to lack of

teaching experience and classroom management skills.
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At the end of the instruction, as summative assessment, Defne prepared a worksheet
that including open-ended questions and true/false questions and gave this worksheet
to students as a homework at the end of her instructions in order to identify if
students still have misconceptions related to topic and how much they learn. The

example items were below:

C. Read each statement below carefully. Mark T if you think a statement it
TRUE. If you think the statement is FALSE please mark F and write correct

explanations in the box.

The standard electrode potential for

hydrogen electrode is zero due to M

the  chemical property of (F)

hydrogen.

In concentration cells, the (T
spontaneous reaction is through (F)
the more concentrated solution.

Zeynep also used homework at the end of the instruction, but she preferred to use a
question researchable. At the end of the lesson, she asked to whole class to search

“How was man-made diamond produced?”

During the interview she stated that

“my purpose of choosing such a question was to lead students to learn how to
search scientific knowledge and try to link this knowledge to the topic that they
learnt. Also by this way | could attract their notice and maybe they gain a
perspective on scientific issues”.
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4.3.5.2 Knowledge of dimensions of science learning to assess (What to assess)

Both of the participants assessed mainly content knowledge but they did not ignore to
assess Nature of Science (NOS) and daily life applications of electrochemistry
utilizing diagnostic, formative and summative assessment methods during their

instructions.

Defne tried to assess NOS understandings of students to identify their prior knowledge
related to NOS aspects especially tentativeness and theory& law via informal
questioning during the instruction. For instance, at the beginning of the instruction she
asked “What is theory? What is law? Is there any hierarchy between law and theory?”
In addition to NOS, Defne assessed students’ knowledge pertained to relation between
daily life and electrochemistry via informal questioning. She asked students that “Does
cell have a definite time or does a cell work forever?” (Field notes). Contrary to Defne,
Zeynep emphasized NOS implicitly and just asked students’ imagination about the
scientist.

While Defne used open-ended questions and true-false questions to assess the content
regarding galvanic cell, Zeynep only used open-ended questions to assess the content
related to both galvanic and concentration cell during their instructions. For instance,
both of pre-service teachers’ open ended questions were related to galvanic cell and
its working principles. Learners are supposed to answer questions utilizing their
information related to balancing the redox reaction, deciding which electrode anode or
cathode by using standard reduction potentials, the direction of electron flow and how
mass of electrode changes, and shorthand notation of cell. The example of the question

pertained to galvanic cell as shown Figure 9.

Zeynep also used open ended questions to assess students’ understanding related to
concentration cell. The items of the question included deciding anode and cathode and
required writing the reactions occurring at anode and cathode, and calculating the cell
potential using Nerst equation. Also the changes occurring in the both half-cells were

asked. An example of the question was provided in Figure 9 and Figure 10.
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Asagida verilen hicreyi incele: erek;

1 elektrot Cu elektrot

1Cuso, S = 0.01 M cuso,

I. kap

Anot ve katot tepkimelerini yaziniz,
Pil potansiyelini Nernst denklemi ile hesaplayiniz.
1. ve 11. kaplarda ne gibi degisikliklerin meydana gelebilecegini
tartisiniz.

Pil potansiyeli sifir oldugund
neler yapilabilir? Tartisiniz.

a, pil tekrar calistiriimak istenirse

Figure 9. A question example from Zeynep’s

97



Ogrendikierimizi Uygulayalim

BT

Voltmetre

Fe elektrot

Al elektrot

1. kap : II. kap
1 MAI(SO,), gozeltisi 1M Fe,(SO,), cozeltisi

Al ve Fe'in standart indirgenme potansiyelleri;

3 = 0l
AP ey 38— Al E0=-1,66V

3+ - 2+ 0. }
PO i ¥ & P E® = +0,77 V

Yukaridaki sekilde verilen elektrokimyasal hicre igin asagidaki
sorulari cevaplayiniz.

a) Yikseltgenme-indirgenme yari reaksiyonlari ve toplam pil
tepkimesini yazarak standart pil potansiyelini bulunuz.

b) Hangi elektrodun anot, hangi elektrodun katot oldugunu
belirleyiniz.

c) Hangi elektrodun kiitlesi azalir? Belirleyiniz.

¢) Hangi elektrot dis devreden elektron alir?

d). Hangi kaptaki negatif iyon konsantrasyonu artar?
e) Hangi kaba tuz kdpriisiinden negatif iyonlar gelir?

f) Pil semasini yaziniz.

Figure 10. An example from Defne ’s questions
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4.4 Pedagogical Content Knowledge and Content Knowledge Interaction

4.4.1 Content knowledge and Science teaching orientation interaction

Content knowledge influenced science teaching orientation of pre-service teacher
regarding determining the active role of teacher during the instruction. For Defne’s
case, in galvanic cell, she constructed her instruction involving demonstration, analogy
and animation so she tried to involve students in class and keep them active in
instruction also she created class environment that gives a chance for discussion.
However, in sub topics that she had less content knowledge namely concentration and
electrolytic cell, she tended to talk more and student had a passive role. For Zeynep’s
case, similar to Defne, she enriched her instruction with discussion, demonstration,
animation, analogy and videos to keep student active during her instruction. During

the interview, she explained the role of her content knowledge on her role of a teacher:

“I know the basic concepts of electrochemistry but in addition to this I know
the nature of topic, history and daily life applications of electrochemistry so |
choose discussion method and try to participate the students actively into the
instruction” (Interview)

4.4.2 Content knowledge and Knowledge of learner interaction

Defne reflected her opinion about the link between her content knowledge and
knowledge of students’ understanding regarding electrochemistry topic as the

following interview quotation indicate:

“My content knowledge influence my knowledge regarding students’
understanding [knowledge of learner] so much...I mean while I was learning
electrochemistry, | had difficulty in understanding some parts of the topic so |
am more aware of the possible difficulties that students may have...while | am
explaining the concept in the class, | emphasize the concept that I find hard to
understand especially because I think on misconceptions we [students and
she] are at one with each other. If | were not aware of these misconceptions, I
would not mention them” (Interview)
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Defne and Zeynep possessed partial knowledge regarding students’ misconceptions
and difficulties about electrochemistry through reading the related literature and self-
experiences. They differentiated in one point as while Zeynep was aware of the
misconception and difficulties related to the all sub-topics of electrochemistry, Defne
was mainly aware of misconceptions and difficulties regarding galvanic cell in parallel

with their content knowledge.

When it was observed during the instructions Defne generally emphasized the
misconceptions that she had as a student in previous. For instance, she stated that she
had thought that “...Salt bridge seems like a bridge between two half-cell so in order
to complete the circuit electron moves through salt bridge so | think there may be some
students think like me”(Stimulated recall interview). She utilized her lack of
knowledge to understand better the concepts that students find difficult to grasp in
electrochemistry and the possible reasons of this difficulty. In other words, challenging
point in her content knowledge influenced her PCK in terms of knowledge of learner.
On the other hand, Zeynep was also aware of the misconceptions but she didn’t
emphasize the misconceptions during her instruction as Defne. For instance, although
she knew that standard hydrogen electrode was chosen arbitrarily and the zero value
of E%is not due to its any chemical properties as a content knowledge, during the
instruction she overlooked that students might have difficulty in understanding
standard hydrogen electrode (Field note). During the interview, she stated that “I
generally know the possible misconceptions and difficulties from articles but in real
classroom environment | sometimes could not recognize this misconception due to
lack of teaching experience” so having adequate content knowledge on a topic doesn’t

guarantee to utilize this to identify students’ understanding.

Compared to Zeynep, Defne did not have robust content knowledge in
electrochemistry so she made an effort to increase her content knowledge while
teaching electrochemistry. When we examined in terms of sub topics, she was more
knowledgeable in galvanic cell by comparison with electrolytic cell and concentration
cell. Although for galvanic cell, she was aware of most of the possible misconceptions

and difficulties and she emphasized them during her instruction by making scientific

100



explanations, she ignored the misconceptions regarding concentration cell and for the

electrolytic cell. For these sub-topics, only one example was observed.

Corresponding to students’ views including misconceptions related to topic, Defne
made correct explanations rather than probing the underlying reasons of students’
ideas. In other words, her explanations could not move beyond superficial explanations.
She tried to eliminate misconceptions rarely using instructional strategies as animation
or analogy. For instance, she stated that in the past, she had thought that standard
hydrogen reduction potential value is zero due to its chemical properties so she need
to emphasize that standard hydrogen electrode was randomly selected and just a
reference point during the instruction. In addition to scientific explanation, she utilized
analogy to make this more understandable for students. But sometimes she missed the
misconceptions and difficulties students might have. For instance, while explaining
galvanic cell, she asked students the direction of electron flow in galvanic cell, and
one student answered as “from positive charge to negative charge” then Defne
corrected student answer as from anode to cathode (Field note). After instruction,
when it was asked Defne’s view on the student’s answer in interview, she stated that
she could not understand why students said like this and she moved on the other topic.
In physics course, students learnt that electric current flow from positive charge to
negative charge. Also the direction of electric current and electron flow are reverse. In
chemistry, electron flows from anode, negative charge, to cathode, positive charge.
Due to the lack of knowledge of Defne in terms of determining the charge of electrodes
and the link between physic and chemistry, she could not diagnose the difficulty
students have in understanding the direction of electron flow. Table 18 indicated the
summary of results regarding the interaction between knowledge of learner and
content knowledge for teaching electrochemistry for both pre-service chemistry

teachers.
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4.4.3 Content Knowledge and Knowledge of instructional strategies interaction

4.4.3.1 Content knowledge and Subject specific strategies interaction

During the instruction, Defne chose 5E learning cycle instructional method. During
the interview, she explained the underlying reason of 5E learning cycle method

selection as:

R: How did you decide your teaching method?

Defne: sure..l know the content of the topic [electrochemistry] so | said 5E
learning cycle perfectly matches to nature of the topic [electrochemistry] and |
choose to use 5E learning cycle” (Stimulated recall interview)

Defne thought that she knew the nature of the topic and general concepts of
electrochemistry, so she matched the electrochemistry and 5E learning cycle. In
addition to this, she stated that she was familiar to the 5E learning cycle other than
alternative instructional strategies such as inquiry. Science teaching method course
also lead pre-service teachers to use 5E learning cycle. Furthermore, as it was
mentioned previous stage, her instructional strategy choice, 5E learning cycle, was in

line with her goals for teaching science

When it was observed, as it was mentioned in the previous part, she could not use 5E
learning cycle effectively. Due to Defne had better content knowledge on galvanic cell
compared to electrolytic and concentration cell, when it was examined the content
knowledge used during the 5E learning cycle method, whilst she used 5E learning
cycle during the galvanic cell topic, she utilized lecturing preponderantly during
concentration and electrolytic cells. However, she could not use 5E learning cycle
effectively. Lack of content knowledge or lack of knowledge of instructional strategy
might be reasons of this situation. For instance, in 5E learning cycle, second stage is
exploration. The purpose of this stage is to give a change to learners investigate the
explorable questions utilizing materials to learn scientific knowledge (Luera, Moyer
& Everett, 2005) During Defne ’s instruction she guided the demonstration related to
galvanic cell herself, students just observed the demonstration. Defne tried to make

students cognitively active via asking questions such as “What did you observe when
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the salt bridge was removed?”(Field note) Hence the exploration stage was directly
related to just galvanic cell and Defne dominated this stage rather than giving an

occasion to students gain actual experience.

On the other hand, Zeynep didn’t choose a subject specific strategy for her instruction
like Defne. She stated that she used discussion during her instruction but based on data
taken from observations, her instruction could be labeled as teacher centered
instruction enriched with analogy, animations, videos demonstrations and daily life

application of the topics.

In her own words, she explained her instruction as:

“..The nature of the topic is very appropriate to discussion. Due to the nature
of topic, | could enrich the instruction with demonstration, videos, daily life
applications, and animations including microscopic level. Also | could
integrate NOS into electrochemistry so my main aim was not to give the
content as lecturing, | would prefer to make them experience in practice in
addition to pure content”

Similar with Defne, Zeynep emphasized the role of nature of the topic in her
instruction strategy choice. Based on the observation data, Zeynep had adequate
content knowledge on galvanic, concentration and electrolytic cell but she underlined
the lack of teaching experience and classroom management skills prevent her from
enactment instruction effectively. During the stimulated recall interview, she stated
that “...after watching my instructions, I realized that I could not enact the instruction
via discussion effectively. | generally give the answers just after the questions so the
discussion environment cannot be created. Instead of this, | would try to understand
why students respond the question in this way, what is the logic behind this or why
lead them think like this.” Hence, it can said that her subject matter knowledge was

not the only factor but influenced pre-service teachers’ method choice.
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4.4.3.2 Content knowledge and topic specific instructional strategies interaction

Defne utilized her content knowledge in order to choose appropriate instructional
strategies in order to make the content more understandable or to eliminate students’
difficulties or misconceptions related to topic. However, in some excerpts during the
instruction, while using instructional strategies Defne dominated the class and mostly
she provided the explanation related to topic. For instance, while explaining the
spontaneous and nonspontaneous reactions in terms of galvanic and electrolytic cell,

she used a waterfall analogy.

She differentiated spontaneous and nonspontaneous reactions utilizing analogy as

following during the instruction:

Defne: most probably you see waterfall, so you know in waterfall there is a
flow from top to bottom. Have you ever seen a waterfall, is there a flow from
bottom to top?
Students: No
Defne: So in waterfall there is flow from high potential to low one and it is
spontaneous as galvanic cell, for the reverse one, there is need for an external
energy. If we apply external energy, waterfall may flow from bottom to top
like electrolytic cell. It is nonspontaneous. (Field note)
After the instruction, she explained how she utilized her content knowledge in order
to decide appropriate analogy as; “l learned spontaneous and nonspontaneous
reactions from chemical reaction and energy topic so | wanted to use this analogy.
Also this analogy was used to lead students understand and remember the concept

easily” (Stimulated recall interview)

As it can be seen from the interview and field note, due to Defne’s content knowledge,
she prefer to use an analogy to make the concept more understandable and eliminate
possible learners’ difficulties.

Similar situation is valid for Zeynep while she was teaching concentration cell and
electrolytic cell, she chose and used different kinds of representations appropriate to
the sub-topic of electrochemistry utilizing her content knowledge. For instance, she

explained how we determine anode and cathode electrode in concentration cells
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utilizing drawing of concentration cell (macroscopic representation) and writing half-
reactions occurring anode and cathode (symbolic representations). Another example
could be given from electrolytic cell, she preferred to use video and animation while
explaining the electrolysis of water and NaCl solution. During the stimulated recall
interview, she explained that: “I know that electrolysis is a bit complicated and abstract
concept, but I think electrolysis is important and we used it in our daily life so | choose
an appropriate animation for indicating electrolysis of water in microscopic level”
(Stimulated recall interview). Zeynep’s content knowledge regarding the sub-topics

of electrochemistry shaped her choice in terms of instructional strategy.

On the other hand, lack of content knowledge influenced pre-service teachers’ choices
regarding topic specific instructional strategies. For instance, while explaining
galvanic cell Defne preferred using animation and demonstration in addition to verbal
explanation, however during the concentration cell she just preferred verbal
explanation due to her lack of knowledge. The interview excerpt indicating this

situation as following:

Researcher: Do you know how to identify anode and cathode in concentration
cell?

Defne: the concentrated half-cell is cathode and the diluted half-cell is anode
R: why? Do you know the reason?

D: No I read from the textbook and I don’t know the underlying reason.

R: during your instruction you just said that and moved on? Why did you ask
anything to students related to this topic?

D: I don’t have deep knowledge related to this subtopic so I don’t prefer to
discuss with whole class.

R: you utilized representations such animations, demonstrations while
explaining galvanic cell but why do you prefer lecturing while explaining
concentration cell?

D: I think galvanic cell is the most important concept in this topic, the other
cells, concentration and electrolytic cells are other formation of galvanic cell
but the main process is same | mean oxidation and reduction reactions occur.
In concentration cell the same process takes place, but the same electrodes are
used but different concentration.

R: could you evaluate your content knowledge in these subtopics?

D: If I compare my content knowledge in terms of concentration cell and
galvanic cell, I know less about the concentration cell.

R: Do you think this affect your choice in terms of instructional strategy, |
mean you prefer animation, demonstration etc. While explaining galvanic cell,
but you prefer lecturing while explaining concentration cell?

D: maybe, | gave just explanations. (Stimulated recall interview)
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In this situation Defne’s lack content knowledge tailored her instruction in terms of
providing scientific explanation. She preferred to use lecturing to be in safe side rather

student involved activities as discussion.

In Zeynep’s case, although she generally had adequate content knowledge on
electrochemistry, she had difficulty in determining the charges of electrodes so she
ignored this and did not mention anyway. The reason of this was asked during the
interview, she stated that

“I know that the charges of electrodes are reverse in galvanic and electrolytic
cells but I don’t know why electrode charge is positive or negative or what
the charges of electrodes in both cells is so | did not mention this during the
instruction”

Another example from Defne’s instruction, in the factors affecting cell potential, she
just knew basic relation between the factors and cell potential, in other words she could
not link conceptual relationships between different aspects of the content and grasp the
underlying reasons of these relationships. For instance, regarding the effect of
concentration change on cell potential, the reaction have a less tendency to occur when
the concentration of product ion increased, a greater tendency to occur when the
concentration of reactant ion is increased. In other words, if the concentration of
reactant ion is increased, cell voltage will increase. During Defne’s instruction she was
supposed to make prediction related to effect of concentration change on cell potential
without using Nerst equation, but she just explained it as a textbook statement via
lecturing. Her lack of knowledge impacted her instruction. After the instruction, she
was asked the reason of preferring to provide students scientific explanation rather

than to discuss, she explained as:

“I don’t know the underlying reason of why concentration change effects the
cell potential so | only say the sentence mentioned in the textbook as if we
increase the concentration of ions in the anode half-cell, the cell potential will
decrease” (Stimulated recall interview)

Moreover, during the instruction, she had difficulty in constructing explanations to the
responses of learners’ questions due to lack of her content knowledge. For instance, in

electrolytic cell sub-topic, just after Defne explained galvanic cell and electrolytic cell
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have reverse reactions, students asked the function of battery in identifying electrodes
as anode or cathode, but Defne could not understand the students’ question so she
made an inappropriate explanation as respond to question as “in electrolytic cell the
value in voltmeter is negative but in galvanic cell it is positive. In electrolytic cell, an
external energy is provided with battery” (Field note). During the stimulated recall
interview, this section of the instruction was discussed and she stated that: “I think that
we will identify anode and cathode in electrolytic cell by utilizing standard reduction
potential table. But in electrolytic cell due to the battery, we think the reactions

reverse.”(Stimulated recall interview)

As it can be seen from the quotation, she did not know the function of battery in
identifying anode and cathode in electrolytic cell. Because of the uncertainty in her
content knowledge, she was inadequate to respond students’ spontaneous question
during instruction and her explanations were not directly related to the question. Table
19 indicated the summary of the result regarding the interaction between pre-service

teachers’ content knowledge and knowledge of instructional strategies.
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4.4.4 Content knowledge and Knowledge of curriculum instruction interaction

4.4.4.1 Content knowledge and Knowledge of goals and objectives interaction

Both Defne and Zeynep determined the objectives to be addressed during the
instruction from the National high school chemistry curriculum and chemistry high
school textbook. But in addition to the objectives stated in these sources, they added
objectives as mentioned in their CoRe. Examples from objectives written in Defne’s

and Zeynep’s CoRe as following:

“Students should be able to understand nature of science by explaining
history of battery (additional objective) (Defne)

Students should be able to design galvanic cell experiment (Additional
objective) (Defne)

Students should be able to understand working principles of galvanic cell
with its components (Objective 3.1, p. 65, NME 2012) (Zeynep) (Defne)

Students should be able to construct a cell system (additional objective)

(Zeynep)”

During the interview, Defne explained how she determined these objectives for her

instruction as:

“I did not copy all the objectives stated in the curriculum to my CoRe, I chose
the objectives based on the content | attend to emphasize during my instruction
and I added a few objectives that was not stated in the curriculum”.

Similarly, Zeynep stated that

“I know electrochemistry so while I was determining the objectives, I took into
account the important concepts in electrochemistry that | thought a teacher
should emphasize...exactly my content knowledge effected my preferences in
terms of objectives to be addressed during the instruction”(Interview)
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So content knowledge regarding the topic was influential to choose the objectives
that pre-service chose but although their content knowledge level was different, both
of them choose similar objectives so it can be said that their goals for teaching science
had more effect on their objectives rather than their content knowledge level.

4.4.4.2 Content knowledge and curricular saliency interaction

Both of the pre-service teachers were aware of the curricular saliency, in other words
they knew the sequence of the topics in electrochemistry and the topics before and
after the electrochemistry. During the instruction, Defne made small alterations
regarding the demonstrations conducted as making the demonstration related to
spontaneity of redox reaction before the galvanic cell demonstration. She thought that
if students understand the spontaneity of redox reactions, they can more easily

understand galvanic cell working principles.

On the other hand, Zeynep followed the curricular saliency exactly presented at the
chemistry high school textbook. Although Zeynep had adequate knowledge on
electrochemistry, she did not attempt to change sequence of the demonstrations due to

other factors. She explained the reason of it as:

“I wanted to follow the sequence of topics as given in the textbook and my
CoRe. | am afraid of failing to respond the questions that may come from the
students or explain the concept exactly during the instruction so I didn’t take a
risk and follow the high school chemistry textbook closely” (Stimulated recall
interview).

Hence the level of content knowledge of pre-service don’t have remarkable effect on
their knowledge of curriculum regarding curricular saliency, both of them followed

the high school chemistry textbook closely.

4.4.4.3 Content knowledge and altering the curriculum interaction

When | examined the whole instruction, Defne followed the textbook closely except a
few changes. For instance, in electrolytic cell, the electrolysis of water and molten

sodium chloride (NaCl) contents were ignored during the instruction although they
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were presented at the chemistry textbook. Furthermore, she did not make algorithmic
calculations pertained to quantitative aspect of electrolysis during her instruction

although there was an objective related to this content as

“Students should be able to make algorithmic calculation using moles of

electron, current, time and moles of product” (Objective 3.6, p. 65)

During the interview, the reasons for ignoring these sub-topics were asked, Defne
stated that due to her superficial knowledge in electrolytic cells, she mentioned that
she did not feel confident in responding questions that may come from students related

to content she knew less (Stimulated recall interview).

On the contrary to Defne, Zeynep covered most of the objectives presented in the
curriculum. Hence having adequate content knowledge may lead pre-service teacher

to cover the objectives provided through the curriculum and not ignore or alter them.

4.4.4.4 Content knowledge and vertical curriculum interaction

As it was mentioned under the knowledge of curriculum sub-title, Defne did not
connect electrochemistry with the topics that was presented in previous year or in later
years. So there was no empirical evidence regarding connection between her content
knowledge and knowledge of vertical curriculum. On the other hand, Zeynep
associated electrochemistry topic with the types of reaction topic presented at 9™ grade
as explained in the previous part. Having adequate knowledge may have caused her to

establish the link between these topics.

4.4.4.5 Content knowledge and horizontal curriculum interaction

Defne and Zeynep dominantly connected electrochemistry to the previous topic,
chemical equilibrium. Although Defne mentioned chemical equilibrium in two points
during her instruction, the link between these two topics was superficial not including
conceptual understanding. For instance, during explaining the concentration change

effect on cell potential and Nerst equation, she connected the topic with Le Chatelier’s
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principle in chemical equilibrium. During her explanation, she utilized a chemical

reaction and mentioned what textbook stated in the classroom as

“If we increase the concentration of ion in the anode half-cell, the cell potential
will decrease” (Field note)
She did not provide conceptual explanation or how we utilized chemical equilibrium
to interpret the effect of concentration change on cell potential. After the instruction,
during the interview, she stated that

“I don’t know the underlying reason also I could not understand exactly. I just
declare to students what I found in the textbook... If I evaluate my
instruction, | could not relate chemical equilibrium and electrochemistry, |
may blend these two topics a bit more. This is because of my lack of content
knowledge, but for the next instruction I will study more on these topics.”
(Stimulated recall interview)
Another example from Defne’s instruction was also related to association between
chemical equilibrium and electrochemistry. In galvanic cell sub-topic, she asked
students that “Does cell have a definite time or does a cell work forever?” Students
answered as “Cell will work until one of the electrodes finish or cell reaches
equilibrium”. Defne referred chemical equilibrium, but she could not link conceptually
these two associated topic in the class. During the interview, Defne stated that “T know
that chemical equilibrium and electrochemistry are related but I don’t have deep

understanding about these, I just know cell run down when positive and negative ions

become equal but | don’t know the reason of it ” (Stimulated recall interview)

Because of her lack of content knowledge in terms of both chemical equilibrium and
electrochemistry, she tended to make superficial explanations and could not lead
learners to understand conceptually rather she made learners memorize. Hence lack of
content knowledge impacted her knowledge of curriculum in terms of horizontal al

curriculum.

On the other hand, Zeynep made similar connections with Defne but the quality of this
link was different. For instance, while explaining concentration change on cell

potential, she mentioned that Le Chatelier’s principle can be used to predict the effect
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of concentration change on cell potential without using Nerst equation (Field notes).
Due to having adequate knowledge regarding electrochemistry and chemical
equilibrium, she could establish conceptual link between these topics. Furthermore,
Zeynep utilized chemical equilibrium during the concentration cell sub-topic. She used
her content knowledge in chemical equilibrium to determine anode and cathode in

concentration cell and explained as

“..concentration cell is composed of two half-cell including same electrodes
differing only in concentrations so when the concentration of reactant in both
half-cell are equal, concentration cell reaches equilibrium. In the less
concentrated half-cell oxidation reaction occurs in order to increase the
concentration so labeled as anode, in the more concentrated half-cell
reduction reaction occurs to decrease the concentration and labeled as
cathode” ( Stimulated recall interview)

Hence, content knowledge tailor the quality of knowledge of curriculum regarding

horizontal curriculum.

4.4.4.6 Content knowledge and connection to other disciplines

An example of not linking an interaction was observed when Defne was explaining
the electrolytic cell. Defne had superficial knowledge regarding electrolytic cell and
she could not connect the concepts related to this concept. For instance, she did not
know how we determine the anode and cathode electrode in electrolytic cell. As it is
known, in galvanic cell electron moves from negative terminal to the positive one.
However, in electrolytic cell, the electrode that is connected to the negative terminal
of the voltage source (battery) is cathode, the electrode that is connected to the positive
terminal of the voltage source is anode. So electron moves from positive terminal to
the negative terminal. Also in physics courses, it was learnt that electron flow is from
positive terminal to negative terminal. Defne had inadequate knowledge in terms of
the connection between physics and chemistry so she did not link the topic to physics
to help learners remember and use the knowledge they learned in physics

Table 20 indicated the summary of the results pertained to the interaction between

knowledge of curriculum and content knowledge while teaching electrochemistry.
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4.4.5 Content Knowledge and Knowledge of Assessment interaction

4.45.1. CK & Knowledge of methods of assessment (how to assess)

As it was mentioned in the knowledge of assessment part, Defne and Zeynep used
informal questioning and homework to assess students’ understanding. The
interaction between content knowledge and the pre-service teacher’s choice to how
to assess students’ understanding was detected regarding the quality and level of
the questions asked during the assessment. For instance, Defne preferred to use
informal questioning both to assess electrolytic cell and galvanic cell however the
level of questions differed. Although she tended to ask knowledge level question
or refrained from asking questions in electrolytic and concentration cell sub-topics,
she asked higher cognitive level questions in galvanic cell. For instance, Defne
asked questions to identify students’ understanding about salt bridge like “what is
function of salt bridge in galvanic cell?” “If we remove salt bridge from the
galvanic cell, will the cell continue to work?” “Why cell stopped working when
we removed salt bridge?” “Do electrons flow through salt bridge?”(Field notes)
These questions were aimed to move beyond the low level cognitive questions. On
the other hand, Defne generally ignored to ask questions to assess students’
understanding in electrolytic and concentration cell due to her lack of knowledge.
She stated that “I could not use informal questioning so much in electrochemistry
for the content that I don’t know exactly [concentration and electrolytic cell], I
hesitate asking questions because I don’t know what I should say as response to
students” (Stimulated recall interview). She thought that she had difficulty to ask
follow up questions and responding students’ questions. The level of content
knowledge influenced Defne in terms of deciding how to assess students’
understanding. Zeynep also used informal questioning during her instruction for
all subtopics of electrochemistry namely galvanic, electrolytic and concentration
cell but she sometimes had difficulty in asking follow-up questions to assess

students’ understanding.
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During the interview, reason of this situation was asked and she mentioned:

“I don’t have so much teaching experience so I don’t feel familiar with the real
classroom environment, | feel anxiety regarding to fail to answer the questions of
students’ correctly so when | take the correct respond to the question I moved on
the next topic” (Stimulated recall interview).
For summative assessment, Zeynep preferred to use interesting and researchable
question related to how man-made diamond was produced. Her content knowledge
may have led her to assess students’ understanding questions aimed to push students
search and use their knowledge to explain new situations. The level of content

knowledge influence the quality of questions preferred to assess students’

understanding.

4.45.2 CK& Knowledge of dimensions of science learning to assess (What to

assess)

Defne and Zeynep predominantly assessed students’ conceptual understanding during
her instruction. An example indicating the interaction between content knowledge and
what to assess could not be detected. Table 2lindicated the results of interaction
between content knowledge and knowledge of assessment for teaching

electrochemistry.
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Table 21. The interaction between knowledge of assessment and content knowledge

for teaching electrochemistry

Defne’s knowledge of assessment

Zeynep’s knowledge of assessment

Content knowledge

How to assess

Defne used informal
questioning and
homework to assess
students’ understanding.

The qualities of questions
were differed based on her
content knowledge on the
sub-topics of
electrochemistry.

Defne tended to ask
knowledge level question
or refrained from asking
questions in electrolytic
and concentration cell sub-
topics

What to assess

Defne assessed
predominantly
conceptual

understanding.

Defne asked a
few questions
regarding NOS
aspects.

118

How to assess

Zeynep used informal

questioning and

homework to assess

students’
understanding.

She asked questions
regarding the all sub-

topics of

electrochemistry.

Zeynep used a

researchable question

as a homework

What to
assess

Zeynep
assessed
predominantly
conceptual
understanding.



CHAPTER 5

CONCLUSION, DISCUSSION AND IMPLICATIONS

5.1 Conclusion

There have been assertions regarding firstly, the pre-service chemistry teachers’
nature of PCK and then, the interaction between PCK and CK on electrochemistry

topic.

Assertions regarding nature of pre-service chemistry teachers’ PCK

e Pre-service teachers had multiple purposes and goals for teaching science and
they concentrated on schooling goals for teaching science.

e Pre-service teachers were aware of possible misconceptions and difficulties
that students may have parallel with their content knowledge level. Also, pre-
service teachers were aware of the students’ possible difficulties and
misconceptions due to having self-experiences as a student and knowing the
related literature on the topic.

e Pre-service teachers had limited knowledge of curriculum. They had
difficulty in making vertical and horizontal relations, altering the curriculum
and connecting the topic with other disciplines. The quality of knowledge of
learner changed parallel with their content knowledge.

e Pre-service teachers perceived textbooks as a source of information, followed
the textbooks closely and the textbook influenced their instructions strongly.

e Pre-service teachers were more focused on teaching rather than thinking
about students.
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e Pre-service teacher assessed learners’ understanding on the topic, NOS and
daily life application in the topic utilizing traditional assessment methods.
However, they had difficulty in interpreting and considering students’ ideas

to plan their instruction.

Assertions regarding the interaction between pre-service chemistry teachers’
PCK and CK

e Content knowledge and pedagogical content knowledge were correlated
knowledge bases but they are separate and there is not direct proportion
between them.

e Basic level of content knowledge is required for teaching in other words
there is a threshold for transforming content knowledge into an
understandable way for students.

e A basic level of CK is a prerequisite for developing PCK, while a high
CK does not affect a high PCK to the same extent.

e The comparison of pre-service chemistry teachers teaching on
electrochemistry who are with strong and weak content knowledge
revealed that there have been remarkable differences in terms of PCK
components.

e Pre-service teachers with having different content knowledge level
preferred to use traditional assessment methods.

e The level of content knowledge tailored the quality of knowledge of
curriculum regarding horizontal, vertical relation and connection between
other disciplines.

e Pre-service teacher with high content knowledge was more aware of the

possible misconceptions compared to one having low content knowledge.
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5.2. Discussion

5.2.1. Discussion of the results of nature of PCK

5.2.1.1 Orientation to science teaching

In this study, both of the pre-service teachers’ orientation to science teaching was
teacher centered but their teaching orientation included central and peripheral goals.
Friedrichsen and Dana (2005) mentioned that teachers’ orientations have a complex
nature and do not comprise of a central and single component of orientation. Hence,
in this study teaching orientation of pre-service teachers’ goals for teaching science
were categorized as central and peripheral goals including subject matter, affective and
schooling goals proposed by Friedrichsen & Dana (2005). In the current study, both
of the pre-service teachers focused on schooling goals pertained to preparing students
for applying science concepts to their daily life, promoting students’ scientific literacy
and preparing students for the university entrance exam. In addition to that, pre-service
teachers held affective goals as leading students to develop positive attitude towards
science. Hence, participants had multiple purposes for teaching science that is parallel
with the literature (Demirdogen, 2016; Friedrichsen & Dana, 2005) During the
instruction, in addition to schooling goals, participants had subject matter goals as
central goals as providing conceptual understanding of chemistry concepts. When it
was examined, there were small differences between interview and classroom
observation in terms of participants’ goals and purposes for teaching science on the
contrary to the studies conducted with experienced teachers (Aydin, 2012; Sen, 2014).
Due the courses that were taken by pre-service teachers during the teacher education
program, the instructors usually underlined the importance of providing experiments
and activities, associating the science concepts to the daily life application and using
instructional strategies promoting students’ meaningful understanding so pre-service
teachers were more aware of these. Furthermore, because of the course requirement

they were supposed to supply, they made an effort to apply them in their teaching.

Although pre-service teachers enriched their lecturing with analogies, demonstrations,

animations and activities consistent with their goals and purposes for science teaching,
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they preferred to use lecturing mainly in other words they preferred to use teacher
centered instruction. This finding was parallel with Friedrichsen, Abell, Pareja, Brown,
Lankford and VVolkmann (2009) and Brown, Friedrichsen and Abell, (2013). Brown et
al. (2013) mentioned that pre-service teachers believed that science teaching can be
supplied by transmitting the knowledge to students. The possible reason of this may
be experiences as a student regarding learning science is teacher centered (Brown et
al. 2013), lack of teaching experience in real classroom environment and inadequacies
in their content knowledge.

5.2.1.2 Knowledge of Learner

In this study, pre-service teachers were knowledgeable regarding knowledge of
learners’ understanding on electrochemistry. In other words, they were aware of
prerequisite knowledge required to learn electrochemistry, and possible difficulties

and misconceptions that students may have related to the topic.

Although studies in the literature mentioned that pre-service teachers were not aware
of the misconceptions related to the topic (Képyla et al. 2009; Nakiboglu, Karakoc &
De Jong, 2010; Usak et al. 2011), in this study pre-service teachers were generally
aware of the misconceptions and difficulties congruent with their content knowledge
level on electrochemistry. When pre-service teachers had adequate content knowledge
on the topic, they had better understanding on students’ misconceptions and difficulties.
The sub-topics that they had inaccurate knowledge about, they were unable to identify
students’ misconceptions and difficulties. This is also consistent with other research
studies (Halim & Meerah, 2002; Hashweh, 1987; Kapyla et al. 2009; Kaya, 2009).
Kapyléd et al. (2009) reported that pre-service teachers with weak content knowledge

could not realize any learning difficulties that student may come across.

During the instruction, sometimes pre-service teachers missed the misconceptions that
students had due to lack of their content knowledge. This finding was consistent with
related literature (Sanders et al., 1993; Hashweh, 1987) Hasweh (1987) stated that

unknowledgeable teachers were not aware of the possible misconceptions that students
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have due to having similar misconceptions with the students. Another reason may be
explained due to the lack of teaching experience of pre-service teachers. As it was
known teaching experience is the one of the most important factor for constructing
PCK of teachers (van Driel et al., 2002). On the other hand, there have been studies
indicating that teaching experience does not guarantee that teachers have rich PCK
(Friedrichsen et al., 2009; Aydin, 2012) so the level of content knowledge has a crucial
role on teachers’ PCK. Hence having adequate content knowledge on the topic helped
pre-service teachers to recognize students’ misconceptions and learning difficulties

during the instruction.

Furthermore, in this study, the source of pre-service chemistry teachers’ knowledge on
learners’ difficulties and misconceptions was their own experience as a student and
related literature on electrochemistry corresponding to the literature (Aydin et al. 2013)
This is, however, contrary to the finding of Canbazoglu et al. (2010) stating that pre-
service teachers were aware of the possible misconception and difficulties only due to
their self-experiences rather than related literature. There have been several studies
conducted to investigate common learners’ difficulties and misconceptions in
electrochemistry (Garnett & Treagust, 1992a, 1992b; Mutlu & Sesen, 2016; Ogude &
Bradley, 1996; Ozkaya, 2002; Sanger & Greenbowe, 1997a, 1997b; Schmidt et al.
2007) and how to teach electrochemistry to improve students’ understanding (Huddle
etal., 2000; Yang, Andre & Greenbowe, 2003). During the courses taken at the teacher
education programs, instructors underlined the importance of misconception and
learning difficulties on students’ learning and this may lead our pre-service teachers to

take them into account during their instruction.

5.2.1.3 Knowledge of instructional strategy

In the study, surprisingly, while the pre-service teachers with low content knowledge
preferred to use subject specific instructional strategy as 5E learning cycle, the other
pre-service teacher having adequate content knowledge did not choose subject specific
instructional strategy. Hence, the instructional strategy selection was not directly

proportional to the level of pre-service teachers’ content knowledge (Ingber, 2009;
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Kiépyla et al. 2009). It can be explained with the role of orientation on pre-service
teachers’ instructional decisions (Magnusson et al. 1999). Although there have been
inadequacies in Defne’s electrochemistry content knowledge, she chose 5E learning
cycle due to her goals for teaching science. Another reason might be the effect of
disciplinary education on pre-service teachers PCK (Grossman, 1990). During science
methods course preservice teacher are getting used to preparing 5E learning cycle
lesson plans on general chemistry topics and teaching this plan to their peers. So they
were supposed to be familiar to 5E learning cycle instructional strategy and when they
are supposed to make an instruction they prone to make an instructional decision in
favor of 5E learning cycle. In the literature researchers investigating the factors
affecting the instructional decisions of pre-service teachers (Aydin et al., 2010; Boz
& Boz, 2008) stated that pre-service teachers’ content knowledge as a factor that effect
their instructional decisions but these studies proposed other factors in addition to
content knowledge namely pedagogical knowledge, nature of topic, mentor,
experiences as a student and as a teacher, belief and feelings have an effect on their

instructional decisions.

During their instruction, pre-service teachers used representations as animations,
figures and analogies. Regarding representations, three faces of chemistry which are
macroscopic, symbolic and microscopic (Talanquer, 2011) were used by pre-service
teachers for explaining different sub-topics of electrochemistry. It is crucial to make
connections among three levels of representations to promote conceptual
understanding of chemistry (Hinton & Nakhleh, 1999; Treagust, Chittleborough &
Mamiala, 2003). Participants preferred to use symbolic, macroscopic and microscopic
representations simultaneously to explain a sub-topic consistent with their content
knowledge at this topic. Pre-service teachers having low content knowledge on
electrolytic cells preferred to use just macroscopic and symbolic representations in her
explanations. Similar to this finding, De Jong and Van Driel (2004) reported that
teaching difficulties regarding how to use macro-micro representations can be
explained by pre-service teachers’ content knowledge. In addition to content
knowledge, pre-service teacher with weak content knowledge may have difficulty in
using all levels and integrating these levels into the instruction while teaching a

specific topic, for this study electrochemistry. Various studies reported findings
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parallel with this (Tarkin, Kutucu, Ekiz, Tuysuz, Bektas, & Uzuntiryaki, 2011; Pozo,
2001). Hence, lack of content knowledge (Smith & Neale, 1989) and lack of general
pedagogical knowledge can be associated with ineffective usage of topic specific
instructional strategies (Magnusson et al. 1999)

Another point was that both pre-service teachers used analogy to make the concept
more understandable for students but both of them had difficulty in using analogy
effectively as ignoring to emphasize similarities and differences between target and
analogue concepts. Pre-service teachers used analogies especially sea level analogy
while explaining the standard hydrogen electrode concept considering their knowledge
of students’ possible misconceptions (De Jong, Veal & van Driel, 2002) De Jong et al.
(2002) stated that teachers preferred to use analogies while explaining some parts of

chemistry topics that students had learning difficulties.

Although pre-service chemistry teachers did not assess students’ NOS understanding
effectively, they mentioned NOS aspects explicitly and history of electrochemistry
during their instruction in parallel with their goals for teaching science. They
mentioned the historical evolution of galvanic cell process and highlighted the
tentativeness aspect of NOS explicitly as suggested by the literature (Abd-EI-Khalick
& Lederman, 2000). They underlined the explicit approach :*“... even though any
attempt to foster better understandings of NoS among science teachers should be
framed within the context of the content and activities of science, these attempts,
nevertheless, should be explicit and reflective.”(Abd-El-Khalick & Lederman, 2000,
p. 691). In the national chemistry curriculum, there was no emphasis regarding NOS
and NOS aspects but during science teaching methods course, pre-service teachers
were provided a conceptual framework that helped them improve their understanding
regarding NOS aspects and how to teach NOS in their instruction so pre-service
teachers were attentive to integrate NOS aspects into their instructions. Hanuscin
(2013) also underlined that pre-service teachers develop their knowledge on how to

teach NOS in science methods course works.
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5.2.1.4 Knowledge of curriculum

In this study, pre-service chemistry teachers had limited knowledge of curriculum. Pre-
service teachers differentiated in terms of using and quality of knowledge of
curriculum based on their content knowledge. For a pre-service teacher, having
adequate content knowledge, her knowledge of curriculum and how to use that
knowledge was better than the counterpart that having low content knowledge in terms
of making vertical and horizontal relations, connecting the topic to the other disciplines,
and altering the curriculum. This finding is consistent with the related literature
(Canbazoglu et al. 2010; Kaya, 2009)

Although they were aware of most of the objectives presented in the national chemistry
curriculum, they did not know how to use the curriculum effectively and also they did
not have knowledge regarding limitations, warnings or other instructional
recommendations presented at the national chemistry curriculum related to the topic
(Friedrichsen et al. 2009).

In the current study pre-service teachers were aware of the sequence of the sub-topics
but they were not able to change the sequence of the sub-topics. This may be related
with content knowledge (Aydin, 2012) and lack of teaching experience in the real
classroom environment. Having inadequacies in their content knowledge might
prevent pre-service teachers making flexible changes if necessary during their
instruction (Rollnick et al. 2008). Rollnick et al. (2008) mentioned that teachers’
insufficient understanding regarding the topic might obstruct making the relation
between concepts. Regarding teaching experience, as it was mentioned before, pre-
service teachers could not find so much opportunity regarding teaching in a real
classroom environment so they did not want to take risk and instead of changing the
sequence of sub-topics in the electrochemistry they closely pursued the sequence of
the topic presented in the high school chemistry textbook and accepted the textbook as
aguide (Yore, 1991). Yore (1991) stated that science teachers usually seemed textbook
as a source of information that shaped their teaching. Furthermore, pre-service could
not differentiate national chemistry curriculum and chemistry textbook. When it was
mentioned about curriculum, they generally perceived it as chemistry textbook. This
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point was consistent with the literature (Friedrichsen et al. 2009) as pre-service teacher
equated national curriculum with the textbook. Hence, they closely pursued the

activities and questions existing in the chemistry textbook.

When it was examined the national chemistry curriculum for the 11%" grade in Turkey,
there have not been any goals regarding nature of science, but pre-service teachers
determined goals pertained to nature of science in addition to the goals presented to
the curriculum for their teaching. This may be associated with the given importance to

NOS by teacher educators during courses at the teacher education program.

5.2.1.5 Knowledge of Assessment

Regarding knowledge of assessment, pre-service teachers implemented assessment
method as informal questioning and homework in order to identify learners’ prior
knowledge, misconception and understanding pertained to electrochemistry.

Pre-service teachers were aware of the prior knowledge and misconceptions that
students may have and the importance of students’ views on the topic (Van Driel et al.
1998; 2002). As it was known, in order to learn electrochemistry effectively, students
are supposed to know some main concepts namely chemical reactions, chemical
equilibrium, redox reactions and so forth. Hence, they used informal questioning to
identify learners’ prior knowledge however, their questions were too vague and
general (e.g. “what is electrochemistry?”) so it seemed that their purpose for asking
these questions was to attract students’ attention and focus their prior knowledge to
the instruction instead of considering learners’ prior knowledge to tailor their
instruction. This finding confirms with the existing literature (Friedrichsen et al., 2009;
Meyer, Tabachnick, Hewson, Lemberger & Park, 1999). Meyer et al. (1999)
underlined that pre-service teachers tried to diagnose students’ understanding and prior
knowledge but they rarely used this, instead they used this assessment for motivating
students, and leading students to take responsibility regarding their own learning and
being aware of what they know or do not know. One of the possible reasons of it might
be that pre-service teachers focused themselves as teachers rather than students as

learners in other words they focused on their instruction rather than noticing students’
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learning and also pre-service teachers did not have adequate knowledge how to use

students’ prior knowledge to plan or shape their instruction (Tabachnick & Zeichner,
1999)

Pre-service teachers also utilized informal questioning to recognize students’ possible
misconception during their instruction in line with their knowledge of learner.

The studies focused on the interaction among PCK components concluded that
knowledge of learner especially being aware of students’ misconceptions tailored
teachers’ knowledge of assessment (Park & Oliver, 2008; Henze, van Driel & Verloop,
2008).

Another issue regarding the knowledge of assessment is knowledge of dimensions of
science learning to assess. In the current study, pre-service teachers did not focus not
only content that was supposed to learn by students but also students’ NOS
understanding and daily life applications of electrochemistry. This finding was in
contrast to the previous research conducted with teachers (Hanuscin, Lee, & Akerson
2011, Aydin, 2012). During teacher education programs, teacher educators present
explicit and reflective instructional strategies to pre-service teachers regarding NOS
especially during science methods courses so they were aware of the importance of
emphasizing nature of science explicitly and integrated the NOS aspects into the

chemistry topic.

Another point is pre-service teachers’ knowledge of assessment methods. Both of the
pre-service teachers preferred very similar assessment strategies as informal
questioning and homework. Alternative assessment strategies may also be used, but
pre-service teachers preferred to use traditional ones. This may be due to having
insufficient knowledge pertained to knowledge of assessment techniques and how to
use them in practice (Bektas, Ekiz, Tuysuz, Kutucu, Tarkin, & Uzuntiryaki, 2013;
Friedrichsen et al. 2009). In the literature, among PCK components, knowledge of
assessment is generally one of the least developed or undeveloped (Hanuscin et al.
2011; Henze et al. 2008)
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5.2.2. Discussion of the results of interaction between CK and PCK

5.2.2.1 Content knowledge and orientation to science teaching interaction

In the study, both of the pre-service teachers enacted teacher centered instruction as
Geddis (1993) and Friedrichsen et al. (2009) reported similar findings that pre-service
teachers view teaching as transferring information to students so their instruction
generally teacher centered. Halim and Meerah (2002) explained this situation as pre-
service teachers tend to focus on their teaching and “view teaching as telling and not
representing content for pupils’ learning” (p. 223).

In terms of determining goals and purposes for science teaching, both pre-service
teachers determined similar goals for science teaching although they have different
level of content knowledge. It can be concluded that content knowledge had no strong

impact on determining pre-service teachers’ goals and purposes for science teaching.

5.2.2.2 Content knowledge and knowledge of learner interaction

When it is examined, pre-service teachers emphasized students’ misconceptions
regarding electrochemistry consistent with their content knowledge level on
electrochemistry. Pre-service teacher with high content knowledge was more aware of
the possible misconceptions compared to one having low content knowledge. For
instance, the sub topics as concentration and electrolytic cells that her content
knowledge was inadequate, she was less aware of students’ possible misconceptions
as similar with findings of Hashweh (1987), Kéapyla et al. 2009 and Halim and Meerah
(2002). Halim and Meerah (2002) stated that when the teacher had more scientifically
incorrect concept about the topic, they could identify students’ misconceptions less.
Also, due to lack of content knowledge, pre-service teacher had difficulty to recognize
student misconception most probably due to having the similar misconception (Kapyla
et al. 2009; Nakiboglu et al., 2010; Hashweh, 1987; Van Drirel et al. 2002).
Furthermore, pre-service teacher with low content knowledge could not interpret
students’ question or explanations correctly and sometimes her judgements were not

appropriate so this may have reinforced misconceptions for students. This finding was
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also reported by Halim and Meerah (2002). An interesting finding in this study was
that lack of content knowledge of pre-service teacher triggered her to emphasize the
misconceptions and difficulties during her instruction and offered analogies and
animation to make the concept more understandable for students by looking at her past
experiences as a learner. The pre-service teacher with having robust content
knowledge sometimes could not think that students would have these misconceptions

regarding this topic.

In terms of prior knowledge both of the preservice teachers were aware of the prior
knowledge but they had difficulty in using this prior knowledge while planning and
enacting their instruction (Tabachnick & Zeichner, 1999). Tabachnick & Zeichner
(1999) also stated that although pre-service teachers able to elicit prior knowledge they

were unable to use this information to plan their instruction.

5.2.2.3 Content knowledge and knowledge of instructional strategies interaction

In terms of choosing subject specific strategies, while pre-service teacher with low
content knowledge chose to use 5E learning cycle, the pre-service teacher with high
content knowledge chose traditional instructional strategy that was enriched with
activities and representations. Hence, it can be concluded that having better content
knowledge had no strong impact on pre-service teachers’ knowledge choice on subject
specific instructional strategies. This result stand in line with Kapyld et al. (2009) and
Ingber (2009). One reason for chosen a more student-centered by a pre-service teacher

with weak content knowledge might be conceal of the lack of content knowledge.

When pre-service teachers’ instruction was examined, both of pre-service teachers
used similar topic specific strategies such as animation, analogy, Vvideos,
demonstration and drawings during their instruction but they differentiated in terms of
effective usage of them parallel with their content knowledge level. Having better
content knowledge in a sub-topic led them to choose a more student-centered or
teacher-centered approach. Participant with solid content knowledge tended to use

discussion, while the other one with inadequate content knowledge was reluctant to
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use student centered approach due to probability of not being able to respond students’
spontaneous questions. Regarding the topic specific activities, they don’t have so much
experience and knowledge which demonstration or experiment is more appropriate for
their teaching, most of the activities and representations used in their teaching were
taken from the chemistry textbook (Nakiboglu et al., 2010)

Based on the literature the teachers who is more familiar with the topic have a tendency
to talk less and choose activities that involve students more, however the teachers who
are less familiar with the topic are keen on more talking and prefer to use teacher
centered activities (Sanders et al. 1993) In the current study, both of them gave
opportunity the students involved the instruction in which subtopics they feel
comfortable in terms of their content knowledge level.

5.2.2.4 Content knowledge and knowledge of curriculum interaction

In this study, level of content knowledge had impact on pre-service teachers’
knowledge of altering the curriculum, vertical and horizontal relations, and
connections to other disciplines. Pre-service teacher with less knowledge of content
knowledge had superficial knowledge on vertical and horizontal relation, and link
between other disciplines, and also she was not able to connect the other topic
conceptually that were supposed to associate with teaching electrochemistry. In other
words, lack of content knowledge prevented pre-service teachers to make connection
between topics to improve students’ understanding on electrochemistry. On the other
hand, pre-service teacher who was more knowledge in content knowledge discussed

the relation and tried to explain the connection conceptually.

Although both of the participants determined the objectives covering the whole topic,
during the instruction they chose to teach the subtopics regarding their content level.
The pre-service teacher with less content knowledge on concentration and electrolytic
cells did not emphasize these topics during her instruction. Content knowledge level
had an impact on pre-service teachers’ decision on determining the most important

topics during their teaching and pre-service teacher sometimes ignored some of the
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concepts during their instruction parallel with inadequacies their content knowledge.
One of the reasons might be to try to conceal weaker content knowledge. This finding
was consistent with other studies in the literature as Képyla et al. (2009), Kaya (2009),
Sanders et al. (1993) and Canbazoglu et al. (2010). Kéapyla et al. (2009) stated that pre-
service teachers with strong content knowledge emphasized most important concepts
than their counterparts with weak content knowledge. Hashweh (1987) also stated that
“Teachers planned to teach the concepts used in the textbook however, they were also
important additions and deletions partly affected by the teachers’ prior SMK. Teachers
tended to delete details they themselves could not remember “(p. 115) Hence having
adequate content knowledge may lead pre-service teacher to cover the objectives

provided through the curriculum and not ignore or alter them.

On the other hand, concerning the goals and objectives in the curriculum, there was no
remarkable difference between pre-service teachers with different content knowledge
level. Both of them had general knowledge regarding the objectives presented in the
national chemistry curriculum and did not have in depth knowledge on limitations,
warning and suggestions proposed by the curriculum. In addition both of them
mentioned additional objectives in their CoRe and their instruction pertained to daily
life applications of electrochemistry, historical development of electrochemistry and
nature of science also science process skill as making an experiment consistent with
their goals for science teaching. This may be explained with the impact of courses in
the teacher education programs. Grossman (1990) stated that disciplinary education is
one of the important factors that contribute the construction of PCK. Hence, of course
content knowledge was important to determine the objectives for teaching but the level
of content knowledge did not have remarkable effect on determining the objectives.
Most probably pre-service teachers’ orientation to science teaching is more effective
than content knowledge level on decisions of pre-service teachers regarding the
objectives and goals.

132



5.2.2.5 Content knowledge and knowledge of assessment interaction

In this study, both of the pre-service teacher used traditional assessment method
informal questioning for diagnostic and formative assessment and homework for the
summative assessment. This finding is consistent with Kaya (2009) that found that
pre-service teachers with having different content knowledge level preferred to use
traditional assessment methods. This may be due to lack of knowledge regarding
alternative assessment method and how to use them in practice. The level of content
knowledge influence pre-service teachers decision how to assess students’
understanding regarding the quality and level of the questions asked during their
teaching. Although both of them used informal questioning for diagnostic and
formative assessment during their teaching, they prefer to ask higher cognitive level
questions in the topics in which their content knowledge is better. For instance,
although Defne tended to ask knowledge level question or refrained from asking
questions in electrolytic and concentration cell sub-topics, she asked higher cognitive
level questions in galvanic cell. This finding consistent with Hashweh (1987) and
Carlsen (1993). Both of these studies mentioned that while good content knowledge
lead teachers to ask higher cognitive level questions, when teachers were unfamiliar
to the topic they tended to ask low cognitive level questions that required recall

information.
Although pre-service teachers mentioned daily life application of chemistry and nature

of science in addition to conceptual knowledge on electrochemistry, they

predominantly assessed students’ conceptual understanding.

5.3. Implication
It can be derived from the results of the study and the points discussed, this study have

various implications pertained to pre-service teacher education and teacher education

researches.
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Firstly, this study has implications for pre-service teacher education programs. Pre-
service teacher education programs have crucial role on improving pre-service
teachers’, in other words future teachers’, pedagogical content knowledge. During this
program pre-service teachers need support in terms of teaching ability and content
knowledge on chemistry topics. Lack of content knowledge is a kind of obstacle in
pre-service teachers’ PCK so specialized courses might be designed that link content
knowledge and its impact on teaching practices in order to respond pre-service teachers’
needs and concerns regarding CK and PCK. Although chemistry teacher education
program have already courses related to almost each component of PCK namely
“curriculum development and instruction in science education”, “measurement and
evaluation in science education” and “methods of science teaching I and II”, these
courses should be specialized integrating chemistry to this courses and propose much
more opportunities to pre-service teachers to practice these gained knowledge in real
classroom environment. For instance, the course related to measurement and
evaluation can be modified to provide pre-service teachers both knowledge on
alternative assessment methods and how to use them in practice. Moreover, engaging
pre-service chemistry teachers on their own teaching of chemistry lead them make
insightful shifts in their thinking about the instructions and views on how effective
teaching might be so this initiate the development of PCK. Hence utilizing the power
of reflection on professional development of pre-service teachers video stimulated

recall interview might be integrated to practice teaching course.

For further research the relationship between content knowledge and pedagogical
content knowledge need more research especially during the classroom teaching to
examine how experienced teachers use their content knowledge in interaction with
students, and how both CK and PCK interact. For pre-service teachers how content
knowledge and pedagogical content knowledge develop during the classroom teaching
and how content knowledge influence development of PCK and how PCK influence
development of content knowledge might be investigated. Such kind of studies would
contribute teacher educators understanding how teaching and content knowledge

impact each other.
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APPENDIX A

CoRe (Content Representation)

Name: Lesson Planning Form

Grade Curriculum  Objectives to be

Chemistry Topic/Content Area:
Level: Addressed:

1. What concepts/big ideas | Concept | Concept | Concept | Concept | Concept
do you intend students to | and/or and/or and/or and/or and/or
learn? important | important | important | important | important
idea #1 idea #2 idea #3 idea #4 idea #5

2. What do you expect
students to understand about
this concept and be able to do

as a result?

3. Why is it important for
students to learn this

concept? (Rationale)

4. As a teacher, what should

you know about this topic?
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Concept
and/or
important
idea #1

Concept
and/or
important
idea #2

Concept
and/or
important
idea #3

Concept
and/or
important
idea #4

Concept
and/or
important
idea #5

5. What difficulties do
students typically have about
each concept/idea?

6. What misconceptions do
students typically have about

each concept/idea?

7. Which teaching strategy
and what specific activities
might be useful for helping
students develop an
understanding of the

concept?

8. In what | Formative
ways would | Assessment:
you  assess
students’

understanding

or confusion | Summative
about this | Evaluation:

concept?

9. What materials/ equipment
are needed to teach the

lesson?
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APPENDIX B

ICERIK GOSTERIM MATERYALININ MULAKAT SORULARI

1. Pedagojik alan bilgisi al boyutlarindan fen 6gretimine karsi yonelimleri

a)

b)

d)

f)

Lisede kimya 6gretiminin amac1 nedir? Neden kimya 6gretiyoruz? Ogrenciler
acisindan bahsettigin bilgi beceri kazanimlara sahip olmak neden 6nemlidir?
CoRe da yazdigin amaglari/hedefleri(big idea) nasil belirledin? Amagclar
belirlemene neler yardimci oldu?

Ogrenciler agisindan bahsettigin bilgi beceri kazanimlara sahip olmak neden
onemlidir? Ornegin (CoRe 3. Madde) 1. Big idea galvanik pillerin ¢alisma
prensibini 6grenmek neden dnemli oldugunu diisiiniiyorsun? 3. Big idea da
Ogrencilerin giinlik hayatta kullandig1 pillerin 6zelliklerini 6grenmesinin

onemli oldugunu ifade etmissin. Bunlar1 6grenmesinin neden énemli oldugunu

diisiiniiyorsun?

Elektrokimya alan bilginin bu amaglar1 belirlemende katkis1 oldu mu? Evet ise
nasil?

Lisede elektrokimya konusunu 6gretmenin amaci nedir? Neden elektrokimya

konusunu 6gretiyoruz?
Elektrokimya konusunu Ogretirken 6gretmen olarak roliin nedir? Bu roli

belirlemende elektrokimya alan bilginin katkis1 var m1?

2. Pedagojik alan bilgisi al boyutlarindan 6grenci anlama bilgisi

a) Ogrenciler elektrokimya konusunda dnceden ne biliyor olabilir? Ogrencilerin

elektrokimya konusunu 6grenebilmeleri i¢in hangi 6n bilgilere ve becerilere

sahip olmasi gerekir? Buna nasil karar verdin?
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b) Ogrenciler bu kavramlar1 6grenirken ne tiir zorluklarla karsilasabilirler?
Zorluk yasamalarinin sebepleri neler olabilir? Bunlari nasil grendin? Ornegin
ders planinda(igerik gosterim materyali) 6grencilerin yiikseltgenme ve
indirgenme kavramlarini anlamakta zorlanacaklarini diisliniyorsun. Anot ve
katottun yiiklerini tayin etmekte zorlanacaklarini ifade etmissin. Ayrica
elektroliz sirasinda iyonlarin gogiinii anlamakta zorlanacaklarini yazmigsin.
Bunlar agiklayabilir misin?

c) lIgerik gosterim materyalinde yazdigin zorluklara nasil karar verdin?
Aciklayabilir misin?

d) Ogrencilerin elektrokimya konusundaki ana kavramlarla ilgili olarak sahip
olduklar1 yanlis kavramalar neler olabilir? Bu kavram yanilgilarinin
kaynaklar1 neler olabilir? Igerik gdsterim materyalinde yazdigin kavram
yanilgilarina nasil karar verdin?

e) Ogrencilerin elektrokimya konusundaki kavram yanilgilar1 ve yasadiklar:
zorluklar sizin Ogretiminizi etkiliyor mu? Nasil? Dersinizi planlarken
Ogrencilerin zorlandiklar1 noktalari ve yanlis kavramalarini nasil kullandin?

f) Elektrokimya konusundaki Ogrencilerin sahip olabilecegi olasi yanlis
kavramalar ve zorluklara sende sahip misin? Kendini elektrokimya alan bilgin
acisindan degerlendirir misin? Elektrokimya alan bilginin 6grencilerin sahip
olacagi kavram yanilgilar1 ve zorluklar1 belirlemende etkisi var m1? Varsa
nasil?

g) Ogrencilerin elektrokimya konusundaki yanlis kavramalarini ve zorlandiklari
noktalari nasil 6grendiniz? Kaynaklariniz nelerdir? (kitap, kendi deneyimlerin
Vs. )

h) Senin sahip oldugun kavram yanilgilart veya zorluklar 6grencilerin kavram

yanilgilarin1 ve zorluklarini belirlemede ne kadar etkili?

3. Pedagojik alan bilgisi alt boyutlarindan Ogretim Strateji, Yontem ve Teknik
Bilgisi

a) Ogrencilerin bahsettigin bilgi/beceri/kazanima ulagmast igin nasil bir 6gretim
tasarlarsin? Bu derste kullanabilecegin 6gretim stratejileri (analoji, gosteri

deneyi, benzetim/simiilasyon, grafik, giinliik hayat vs.) neler olabilir?
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b)

f)

9)

Icerik gdsterim materyalinde SE grenme dongusu kullanmaya nasil karar
verdin? Bu ogretim stratejisini segmendeki temel sebep neydi? Bu stratejinin
etkili oldugunu diisiiniiyor musun?

Ders planinda engagement basamaginda elektrokimyanin tarih¢esinden
bahsettin ve NOS vurgu yaptin. Neden bu basamakta bunu tercih ettin? Vb.
Yapmay1 planladiginiz bu aktivite/stratejinin etkili olacagini nasil 6grendiniz?

Dersini planlarken hangi 6gretim stratejisini kullanacagina karar vermende
elektrokimya konusundaki alan bilginin katkist nedir?

Bu strateji neden kimya 6gretimi yapiyoruz sorusunda belirledigin amaglara
ulagmanda nasil yardimci oluyor?

Konuyu o6gretirken 6grencilerin konu ile ilgili yanlis kavramalara sahip

olduklarinin farkinda varirsaniz ne yaparsaniz?

4. Pedagojik alan bilgisi alt boyutlarindan Olgme ve Degerlendirme bilgileri

a)

b)

9)
h)

Ogrencilerin planladigin  dersin sonunda elektrokimya konusunda ne
ogrendiklerini hangi 6lgme tekniklerini kullanarak oOlcersiniz? Neyi 6l¢meyi
amagcliyorsunuz?

Ders planinda bigimlendirici degerlendirme igin soru-cevap ydntemini
kullantyorsun. Genel degerlendirme olarak T/F testi ve ag¢ik uglu soru
dagitacagini sdylemissin. Nigin bu 0Olgme degerlendirme tekniklerini
kullanmay1 tercih ediyorsunuz?

Bu 6lgme tekniklerini dersin hangi asamasinda kullanmayi tercih edersiniz?
Nigin?

Ogrencilerin sahip olduklar1 &nbilgileri degerlendirir misiniz? Neden?

Bu 6lgme yontemini segmende elektrokimya konusundaki alan bilgin etkili
oldu mu? Nasil?

Yaptigin bu 6lgcme degerlendirme sana neyi anlatacak, 6grencilerin hakkinda
nasil bilgiler sunacak?

Bu bilgileri derste veya dersini tasarlarken nasil kullanirsin?

Bu sekilde 6l¢me degerlendirme yapmayi nasil 6grendin?

153



5. Pedagojik Alan Bilgisi Alt Boyutlarindan Miifredat Bilgisi

a)

b)

f)

9)

h)

Kimya miifredatinda elektrokimya konusunda belirlenen kazanimlar hakkinda
ne biliyorsun? Miifredatta bu konu ile ilgili 6grencilerin hangi kavram
/becerileri gelistirmeleri beklenir? Bu kazanimlari/becerileri uygun buluyor
musun?

Miifredatta elektrokimya konusuna temel olusturan konular nelerdir? Bu
konunun temel olusturdugu konular nelerdir? Yani bu konudan 6nce ve sonra
gelen konular nelerdir?

Sizce 6grencilerin 6grenmesi gereken en onemli kavramlar/noktalar nelerdir?
Bu noktalari/kavramlari nasil belirlediniz?

Ogrencilerin hangi kavramlari 6grenmesini ve bu bilgilerle neleri
yapabilmesini bekliyorsunuz?

Miifredatta elektrokimya konusunda bulunan kavramlarin siralanist nasildir?
Sen bu siralamay1 uygun buluyor musun? Neden? Yazarak gosterir misin?
Tasarladigin 6gretimde herhangi bir kaynaga ihtiyag duydun mu? Hangi
kaynaklardan yararlanmayi tercih edersin?

Miifredatta elektrokimya konusu kimyanin diger konulariyla ve diger
disiplinler (fizik vb) ile iliskisi yapilmis m1? Bu iligkilendirmeyi uygun buluyor
musun? Neden?

Sen elektrokimya konusunu anlatirken kimyanin diger konulariyla ve diger
disiplinler ile iliskisini kurmustun? Ornek verebilir misin?

Miifredatta elektrokimya konusu anlatilirken dikkat edilmesi noktalar

siirliklar ile ilgili bilgi verilmis mi? Uygun mu?
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APPENDIX C

DERS ANLATIM SONRASI GORUSMELER iCIN MULAKAT SORULARI

Ana Soru: Ders anlatimlariniz i¢in amaciniz/amaglariniz neydi? Bu amaci/amaglari

nasil belirlediniz?

1. Elektrokimya iizerine yaptiginiz 6gretimi nasil planladiniz? Plan yaparken hangi

noktalara odaklandiniz/agirlik verdiniz?

2. Bu sekilde plan yapmayi nasil 6grendiniz? Kaynaklariniz nelerdir?

Ogretmen Adaymin Ders Hakkindaki Gériisleri

1. Gozlemledigim Ogretiminiz ile ilgili ilging kisimlart sectim. O kisimlar ile ilgili

ders anlatim videolariniz1 da izleyerek sorular sormak istiyorum.

1. ders saati ile baslarsak;

Derse ilgi ¢ekici bir resim ile bagladin. Ogrencilere kurbaga ile pil arasinda bir
iliski kurup kuramadiklarmi sordun. Ogretim yaparken bu fotografi kullanma
nedeniniz nedir? O fotograf 6grencilerin konuyu 6grenmelerine nasil yardimei
olabilir? Sence bu resmi etkili sekilde kullanabildin mi?

Dersin yine baslarinda elektrokimya konusunda pillerin tarihgesinden
bahsediyorsun. Sence konunun tarihcesinin Ogretilmesi ya da ogrenciler
tarafindan bilinmesi gerekli midir? Konunun tarihgesinden bahsetmenin nedeni
nedir? Konunun tarihgesini bilmeleri 6grencilerin konuyu 6grenmelerine nasil
yardime1 olabilir?

Elektrokimya hakkinda verdigin tarihsel bilgilerden sonra, dgrencilere sizce
bilim adamlar1 nasil ¢alisiyor diye soruyorsun? Bilim kesin midir? Aslinda bu
soru ile birlikte derste bilimin dogasina vurgu yapiyorsun. Neden bilimin
dogasina vurgu yapmayi tercih ettiniz? Bu sizin kimya 6gretimi ile ilgili olan

amaclarinizi gergeklestirmenize nasil yardimer olmaktadir?
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Teori nedir diye soruyorsun? Teori nedir kanun nedir? Ogrencilerden “teori
ispatlanmamis kanun ispatlanmis” “hayir ikisi de ispatlanmis ama teori
degisebilir, kanun degismez.” Gibi cevaplar geliyor 6grenciler bu noktalarda
neden zorlanmais olabilir?

Teori kanun arasindaki iliskiyi aciklarken Gaz yasalarindan Charles
yasasindan ve kinetik teoriden 6rnek veriyorsun. Bilimin dogasini anlatirken
neden kimya konusu ile entegre/baglant1 yaparak anlatmayi tercih ettin?

Elektrokimya nedir? Bu soruyu neden sordun?

Al ve Brz tepkimesini yazip 6grenciye yiikseltgenme indirgenme tepkimelerini
yazdirtyorsun. Bu soruyu sormanin amact neydi?

Redox tepkimelerinin kendiliginden gerceklesip gerceklesmeyecegi (Aktiflik)
ile ilgili bir deney yapiyorsun. Bana biraz yaptigin deneyden bahsedebilir
misin? Neden bu deneyi kullanmayzi tercih ettin? Bu deney 6grencilerin konuyu
Ogrenmesine nasil yardime1 olabilir? Bu strateji sizin kimya 6gretimi ile ilgili
olan amaglariniz1 gerceklestirmenize nasil yardimer olmaktadir?

Deney diizenegini tahtaya ¢iziyorsun. O semay1 kullanma nedeniniz nedir? O
sema dgrencilerin konuyu d6grenmelerine nasil yardimcei olabilir?
Elektrokimyasal hiicrelerin iki cesit oldugundan bahsediyorsun. Konunun
basinda elektrolit ve galvanik piller seklinde ayrim yaparak anlatmay1 neden
tercih ettin?

Smifta galvanik pil mekanizmasi ile deney yapiyorsun. Bana biraz deney
diizeneginden bahsedebilir misin? O deneyi kullanma nedeniniz nedir? Sinifta
yapilan deney 6grencilerin konuyu 6grenmelerine nasil yardimei olabilir?
Deney diizeneginde kullanilacak her bir elementi ( elektrot, elektrolitik ¢cozelti,
tuz kopriisii, voltmetre ) hepsini tanitiyorsun. Neden bu sekilde bir anlatim
tercih ettin?

Tuz kopriisiinde KC1 tuzu kullaniliyor ve doygun ¢ozeltisi olmasi1 gerekiyor
diyorsun. Neden KCI tuzu kullanildi? Tuz kopriisiinde kullanilan tuzlarin
ozellikleri nelerdir? Neden doygun ¢ozelti hazirliyoruz?

Deney diizenegi ile ilgili bir ¢alisma kagidi dagittin. Bu calisma kagidim

dagitmanin amaci nedir? Bu calisma kagitlarin1 ders esnasinda nasil kullandin?
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Ogrencilerin galvanik pil ile ilgili anlamakta zorlanacagi ya da yanls
kavramaya sahip olabilecegi noktalar nelerdir?

Ogrencilere pil diizeneginde anot katot hangisidir? Hangisinde yiikseltgenme
hangisinde indirgenme olacak diye soruyorsun? Bu sorular1 sormanin amaci
nedir? Sence anot ve katot nasil belirlenir? Ogrencilerden bu soruya nasil bir
cevap vermesini bekliyordun?

Tuz kopriisii olmadan sistem calisir m1 diye soruyorsun? Ogrencilerden hayir
calismaz diye cevap geliyor. Neden diye soruyorsun? Cok kisa siire calisir
diyor. Tekrar neden diye sorguluyorsun? Ogrenci pilin déniisii olmuyor diyor.
Sence dgrenci pilin doniisii olmuyor derken ne diisiinmiis olabilir? Ogrenciler
tuz koprisiliniin neden sistemde oldugunu acgiklarken neden zorlaniyor
olabilirler?

Ogrencilere deney diizenegi iizerinden tuz kopriisiinii sistemden
cikardigimizda voltmetrede okudugumuz degeri gosteriyorsun. Ogrencilere
diiz anlatimla sifir olacagin1 sdylemek yerinde diizenek {izerinden anlatmay1
neden tercih ettin?

Ogrencilere tuz kopriisiiniin gérevini tekrar soruyorsun? Ogrencilerden;

9% ¢

“elektron akisini saglar” “elektronlar: aliyor anottan katoda dogru yol/ koprii
oluyor.” “fazla iyonlar1 tutuyor” “yiik denkligini sagliyor.” Ogrenciler bu
cevaplari verirken ne diisiinmiis olabilirler? Ornegin elektron akisinin sistemde
nasil oldugunu neden anlamakta zorluk ¢ekiyor olabilirler?

Deney mekanizmasindaki galvanik pil diizenegini animasyon kullanarak tekrar
anlattin. Neden animasyon kullanmayi tercih ettin? Kullanilan animasyon
ogrencilerin konuyu 6grenmelerine nasil yardimer olabilir?

Animasyonda ozellikle tanecikli yapiya vurgu yaptin. Tanecikli yapiya vurgu
yapmanizin nedeni nedir? Tanecikli yapida anlatim yapmak O6grencilerin
konuyu anlamasinda nasil yardimci olabilir?

Tuz kopriistindeki iyonlarin dagilimindan bahsederken kimyasal dengeye refer
ediyorsun? Nedenini agiklayabilir misin? Kimyasal denge konusu
elektrokimya konusunu anlamasinda rolii nedir?

Bu derste kullandigin aktivitelere bakarsak ilk once aktiflik ile ilgili bir deney
yapip daha sonra galvanik pil ile ilgili bir deney yapiyorsun. Deneyleri bu

sekilde siralamanin nedeni nedir?
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e Dersin sonunda tuz kopriisiiniin gorevini anlatarak iyonlarin dagilimini tahtada
gosterdin. Ancak Ogrencilerden tuz kopriisiinden elektron akisi oldugunu

diistinenler vardi onunla ilgili bir agiklama neden yapmadin?
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APPENDIX D

Name-Surname:

1.

2.

ELECTROCHEMISTRY CONTENT TEST

Please state whether the explanations below are true or false by writing “T” for

true and “F” for false.

a) __ Standard reduction potentials can be measured independently without the
use of other half- cell reactions with the known potentials.

b) __ Inelectrolytic cell, inert electrodes are non-reactive towards oxidation
and reduction.

C) _ The fact that the E° for Hz (1 atm)/H* (1 M) is zero is somehow based on
the chemistry of H" and H.

d) __ Anodes, like anions, are always negatively charged; cathodes, like
cations, are always positively charged.

e) __ Inelectrolytic cell with identical electrodes connected to the battery, the
same reactions will occur at both electrodes.

f) __ Working principle of concentration cells is based on the concentration
difference of electrolytes in anode and cathode half-cells.

g) ___ Inagalvanic cell, anode is always on the left and cathode is always on
the right.

h) __ Electron can flow through the aqueous solution without assistance from
the ions.

i) __ lron rusts when it contacts with both oxygen and water.

Which of the equations represent redox reactions? Please show your work and
indicate what is oxidized, what is reduced.

1 Hxgt Clyg) > 2 HCI ()

2 SOz + H20 () > H2S0 4a)

3 NHz@g+ H20() > NHa"(ag) + OH (ag)

4 NHs g+ % 02~ 2 NOzg) + 3 H20()
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3. Please balance the following redox reaction using half-reaction method and

show your work step by step.

FECI3(aq) + SnCIZ(aq) 9 FECIZ(aq) + SnC|4(aq)

4. Ni%*@aq) + Fer) > Fe?*(agq+ Ni
Ca?*aq + ZNne —> no reaction

Fe*"aq) +ZNe > Zn*(g+ Few)

Answer the following questions according to the equations above:

a) Which substance undergoes oxidation and which undergoes reduction?
Please show your work on each equation.

b) Which substance serve as the reducing agent and which as the oxidizing
agent? Please show your work on each equation.

c) Rank the elements (Fe, Ni, Ca, Zn) from the strongest to the weakest in order
of their reducing ability in aqueous solution.

5. Please answer the following questions according to electrochemical cell drawn
below.

Voltmeter

@.

The salt bridge contains KNOsg)
Cr¥*(aq) + 3¢ — Cr(s), E°=-0.74V
Pb*(aq) + 26" — Pb(s), E°=-0.13V

cr salt bridge Pb

1.0 M Cr(NOz3)3(ag) 1.0M Pb(NOg3)2(aq)
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b)

d)

f)

9)

h)

)

K)

Which electrode is the anode and which is the cathode? How would you
determine which electrode is anode and which electrode is cathode? Please
explain.

Please write half- reactions occurring at anode and cathode, and overall cell
reaction.

What is the function of voltmeter?

What is the charge of anode and cathode in this cell? How would you
determine the charges of each electrode? Please explain.

What is the direction of electron flow in this cell? Please draw the route of
electron flow on the cell above.

In which directions do the cations and anions flow through the solution?
Please draw the flow of ions at anode and cathode half-cells using arrows.

When galvanic cell operates, does any change occur in mass of each electrode
with time? Please explain.

In which direction do anions and cations in the salt bridge (KNO3(ag) flow?
Please draw the flow of ions using arrows.

What is the function of the salt bridge in this cell? Explain.

What would the value on the voltmeter be if the salt bridge were removed?
(Increase, decrease, or no change). Please explain your answer.

Please write shorthand notation of the cell.
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. Answer the following questions related to standard hydrogen electrode.

a) What is a standard hydrogen electrode? Explain its importance.

b) Why does the reaction 2H* + 2e” = H> (g) have an E° value of 0.00 V?

. Why do batteries go dead?

Please answer the following questions according to electrochemical cell drawn
below.

Vaoltmeter
S
i The salt bridge contains KNOsq)
4z salt bridge Wi Ag*(aq) + e — Ag(s), E°=+0.80V

— Ni%*(aq) + 2e- —Ni(s), E°=-0.25V

1.0M AgNO3(aq) 1.0M Ni(NOS)Z(aq)
a) What is the cell potential of this cell? Please show your work.

b) What is the overall reaction for this cell? Does the redox reaction taking place
in this cell occur spontaneous or nonspontaneous? How would you decide
this? Please explain your answer.

c) If the concentration of AgNO3(q) was changed from 1.0 M to 0.1 M and
concentration of Ni(NO3)2(q) remained at 1.0M, how the value of Ecen would
be affected? (Increase, decrease or no change ) Please explain your answer.
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9. The cell potential produced in the reaction Zng) + Cu " — Zn ?* + Cug) is
dependent of .
Please fill in the blank using the alternatives below. You can choose more than one
alternative.

I. The size of the cathode
I1. The metal used for the anode
I11.  The temperature
IV. The concentration of the Cu ?* ions

10. Please answer the following questions according to electrochemical cell drawn
below

1.0 M CuCl. 0.01 M CuCl;

a) How would you decide which electrode is the anode and which is the
cathode?

b) Could you please write the chemical reactions occurring at each electrode and
overall cell reaction?

c) If the concentration in the right cell was changed from 0.01 M CuCl; to 0.001
M CuClz, What would happen to Ecen» (Increase, decrease, no change, etc.)

d) When does this electrochemical cell stop working? Please explain your
answer.
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11. An electrolytic cell is used to produce molten aluminum from molten aluminum
oxide, as represented by the simplified equation below.
2 Al,O3 oy 4 Al gy + 302 ()

a) What are the half-reactions when molten aluminum oxide undergoes
electrolysis?

b) If 50.000 A were applied to the electrolytic cell for 5 hours, then what is the
mass of aluminum produced would be? (Al: 27 g/mole). Please show your
work.

12. Answer the following questions according to the cell drawn below:

L Standard reduction potentials:

Pt Pt Al o +3e > Al E°= -1,66
) 2H,0)+2e > Hyg+ 20Hw E°= -0,83

- Brogyt+ 262> 2Br (ag) E°= 1,09

O + 4H% g+ 46> 2H,0y E°= 1,23

10 M AIBrS(aq)
a) Is the cell a galvanic or an electrolytic cell? Explain why.

b) How would you determine which electrode is the anode and which is the
cathode?

c) In which direction do electrons and the charges (positive and negative
ions) flow in this cell to complete the circuit? Please use arrows.

d) What reactions are taking place at each electrode?

e) Does this redox reaction occur spontaneous or nonspontaneous? Can you
predict the E value for this set-up?

f) Suppose the solution was changed to molten AlBrs— what reactions are
taking place at anode and cathode?
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13. Cars in coastal cities are more prone to rust. Why? Please provide a detailed
explanation for your answer.

voltmeter

®

Q light bulb

Zn salt bridge Ag

1.0MZn?*  1.0MAg

14. Evaluate whether the following claim and reason are Correct or Incorrect.
Then please provide a detailed explanation for the answer you have chosen.

Claim Reason
If the salt bridge in the picture There will be a continuous flow of
above was replaced by a copper electrons in the electrolyte solutions
wire (an electrical conductor), the that can pass through the copper
light bulb would be lit. bridge

Claim is correct / incorrect because...........

Reason is correct / incorrect because............

15. Think that you are a chemistry teacher. While you are teaching electrochemistry
one of your students, Ahmet, claimed “In the electrochemical cell, electron enter
the solution from the cathode, travel through the solution and the salt bridge, and

emerge at the anode to complete the circuit.”

a) Do you agree with Ahmet? Please provide a detailed explanation for your
answer.

b) If you think Ahmet’s claim is not true, please provide a correct
explanation.
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You can use the following equations, in case of you need them to answer
the questions.

Q=1IXxt

AG° = —mFE° (Standard free-energy change)

AG = —nFE  (Gibbs free-energy change)

0,0592
n

E.=E,—

x logQ  (Nernst Equation)

1Faraday (F): 1F= 96485 Coulomb/mole

Thank you so much e
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