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ABSTRACT

DEVELOPMENT OF PRE-SERVI CE CHEMI STRY TEACHERS

PEDAGOGICAL CONTENT KNOWLEDGE FOR NATURE OF SCIENC E:
AN INTERVENTION STUDY

Demird®°j en, Bet ¢ |
Ph.D., Department of Secondary Science and Mathematics Education
Supervisor: Assoc. Prof. Dr. Esen Uzuntirygko n d a k - €

CoSupervisor: Prof . Dr . Fitnat

November, 2012368 pages

The purpose of this study w#o delve into theamplexities of development

K

of preservice chemistry teachersod scienc:

knowledge of instructional strategies, and knowledge of assessment during
Pedagogical Content Knowledge (PCK) for Nature of Science (NOS)étisin.

Thirty pre-service chemistry teachers enrolled Research in Science Education course
participated to the study. Case study, one of the qualitative research methods, was
used as research design. PCK for N@s$ructionspanned two semester weeks
including learning NOS, expliciteflective, and learning how to teach NOS,
addressed four PCK components, parts. This study only involved the collection of
qualitative data sources including responses given to an open ended instrument,
interviews, observati@) and documents such as lesson plans and reflection papers.
In-depth analysis of explicit PCK and constant comparative metieoglused as

data analysis methedResults revealed that most of the-pegvice chemistry

teachers had naive and transitionaWws about NOS. However, they had informed
view after explicitreflective NOS instruction. Although all participants developed

PCK for NOS i n some extent and neverthel

different from each other in terms of both the r@éegof integration among the

[



Y
components and the degree to which these components and connections manifest
themselves in their lesson plans and reflection papers. Moreover, there was no clear
relationship between the pairRCKoiND&nt sb N
whereas most of them attempted to teach NOS aspects that they had informed views.

Keywords: Pedagogical Content Knowledge, Nature of Science, Science Teacher

Education Case Study
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KKMYA ¥JRETMEN ADAYKAMRINNDOJIRISL KONUSUND.
PEDAGOJKK ALAN BKLGKLERKBNKKRN UG/EQ LKLKAKMAK
¢ALI k MASI

Demird®°j en, Bet ¢ |
Doktora, Orta ¥Jretim Fen ve Matemat.
Tez YO rDeotDr.&ses Wzuntiryakk o nd a k - &
Ort ak Te z Prdfn Eithat® issio:] | u

K a s,20t2,368sayfa

Bu -al ékmanén amacé bilimin dojasé i -1

s¢recinde kimya °jJretmen adayl ar énen f en

lgilibi I gi lerini, ©°Jretijnrsiternadtierjmel ebriil ghillegr
gel i Ki mini i ncel emektir. Kimya 300 reti mi
ki mya °jJretmen adayé -alékmaya kateél méxkt
durum -al ékmaseé araktérma deégeamninmme oleukt |
bilimin dojaséné nasél ©°jJretecejini °Jrei
i -in PAB °jJretim s¢reci i ki °Jretim d°nei
kaynak!| aarédmuée saorak ara verilen cevaplar, g

planla € o | u Kk tVerilerm analizindederinelemesinPABv e s ¢r e k| i

kakéel akt érmal e ver.i analiz y°ntemleri ol

bilimin dojasé °Jretimindédénl|ld9mie Iiohyas €° ]

ilgili - eki t |l inéykalnalréak sianhai p-dgkdunkll,argéné yad|l ak e

yeretéelen bilimin dojasé °jJretiminden sol

beraktéjéneée g°stermiktir. Aydgeayd®ejret m

bilimin do s ésahipelmakla brlktBP AB | bgii Isd kneen | er i ar
a

a
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yansétma yazélareéena ne derece aktardekl al

Daha da °nemlisi, i°jirnetdmg m sa&d ayll aryé&rkd ra r Ei
araséenda a-éek bir ilikki bul unmaméxt éer . |
yeterli anlayéka sahip olduklaré bilimin

etmi kKl erdir.
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CHAPTER |

INTRODUCTION

AWhy do medical doctors change their
Seyhan, A housewife lady, Personal communication [15.12.2011]

This was the reaction of Seyhan to the dispute among medical doctors on
whether individials with high cholesterol level in their blood should take medication
or not. On a TV programme, some of the medical doctors were advocating the
inefficacy of medication against cholestendiile some others were strongly
recommendingnedication to th@aients with high cholesterol level. She was
surprised and could not able to realize why scientists changed their minds and did not
reach a consensus. On the other hand, | was not shocked as much as she was. Why
did we differ in terms of our reactions? Téeswer was lying under the difference of
our understanding about what science is and how it works, that is nature of science
(NOS). |, as an individual with adequate understanding of NOS, was aware of
tentativeness of scientific knowledge and the roleubfectivity in science and
thereforeunder st and the underlying reasons fo
dispute among them. This knowledge on NOS puts me on a higher position than
Seyhan in terms of our scientific literacy (SL) levels.

SL has bee a slogan among science educators and set as an important goal
for science education community by reform documehisegrican Association for
the Advancement of Science [AAAS], 1993; National Research Council [NRC],
1996) and curriculumis different countes such a3 urkey, Britain, Netherlands,
North America, Canada, AustralandSouth Africa(Dillon, 2009). Why it is
important to achieve SL and how this contributes to individual and society are
another important points that need consideration. Sene=@archers provided
various arguments for this issue. For instanaBd&r (2000), in his analysis of

historical and contemporary meanings of SL, stated that SL defines what the public



2

should know about science in order to live more effectiiretite naural worldinstead
of identifying what individuals should learn about scietwcbe preparetbr their
science and technology related care@rsthe other hand, Laugksch (2000) grouped the
arguments for promoting SL as macro and micro view. The maomwin@udes the
benefits to the nation, science, or society. According to macro gidynations whose
citizens have an appropriate level SL will be able to fulfill the need for scientists,
engineers, and technically trained personnel required for faondzftresearch.
Moreover, theseesearclpr ogr ams directly influence the
international markets and in turn wealth. Also, higher levels of SL results in greater
support for science since the more the public understands about thevebjec
processes, and capabilities of science, the less the public will have unrealistic
expectations and this will not result in loss of confidence in science and withdrawal of
support. On the other hand, micro view deals with the benefits of SL todoelviMicro
view suggests that improved understanding of science and technology is advantageous to
an individual living in a science and technology dominated society. Personal decisions
(e.g., diet, smoking, and vaccination), demarcation of science fitwen disciplines for
being skeptical about pseudoience (e.g., astrology), and employment for jobs
requiring understandings and skills of science and technology are three context where
individuals can benefit from SL.
After providing arguments for why Sk important andiace this goal shapes
the science education, first of all, one should clearly define what SL is. SL is defined
asfé the knowledge and understanding of scientific concepts and processes required
for personal decision making, participationcivic and cultural affairs, and
economic productivity NRC, 1996, p. 22).
Besides the definition of SL, the characteristics of a scientifically literate
person were listed by NRC document as;
e Ask, find, or determine answer to questions from curicaiyut everyday
experiences,
e Be able to read with understanding articles about science in the popular press
and to engage in social conversation about the validity of the conclusions,
e Be able to evaluate the quality of scientific information on the basis of

source and the methods used to generate it,
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e Has the capacity to pose and evaluate arguments based on evidence and to
apply conclusions from such arguments appropriately.

In addition,DeBoer (2000) provided a long list for characteristics of a
scientiically literate person. Some of these caharacteristics are as; differentiating
theory from dogma; understandihgw scientific research is done and findings are
validated; usingnowledge of scienc&here appropriate in making decisions,
creatingjudgmerts, resolving problems, and taking action; distinguishing science
from pseudescience such as astrology; recognizing that science concepts, laws, and
theories are tentative; and discriminating evidence from propaganda, fact from
fiction, sense from nonsessand knowledge from opinion.

Although there are several definitions of SL andslidtthe characteristics for
a scientifically literate individual, there are soaweed upon ingredients of 8k
understanding of basic science concepts, NOS, and sdextusologysociety (STS)
relationship(Bauer, 1995; Layton et al., 1994; Shamos, 1995his sense,
educating for SL not only involves teaching science concepts buealsimngabout
the NOS (Eichinger, Abell, & Dagher, 1997). Therefore, NOS hasthediocus of
attention in science education circles as a primary component of SL (Bell &
Lederman, 2003).

In line with the science education reform movemerdsiad the worldandin
Turkey, Elementary Science amdchnology Education Prograaeterminedtso
vision as fAall students, regardl ess of
develop scientific and technological literaginistry of National Education
[MoNE], 2000, p. 9). Moreover, having an adequate understanding about how
science itselivorks has been the focus of Secondary Chemistry Education Program
(MoNE, 2007, p. 9). The program emphasized gtatlents shouldot onlyacquire
knowledge and skills of chemistry but also should use scientific methods through
internalizingthe method itslf and gain attitudes, valuesnd habits seemly to
scientists. As NOS has comeldeprominence as a component of SL, what the
science education community means by NOS should be clearly articulated.
According to McComas, Clough, and Almazroa (1998) N§)S i

...a fertile hybrid arena which blends aspects of various social studies of

science including the history, sociology, and philosophy of science combined
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with research from the cognitive sciences such as psychology into a rich

description of what scieeds, how it works, how scientists operate as a social

group and how society itself both directs and reacts to scientific endeavors (p.

4).

Despite what should students learn about NOS has been an important
guestions among science educattirsre is a remrkable consensus on fundamental
NOS elements to be communicated to-goéege studentdMcComas & Olson,
1998;0sborne, Collins, Ratcliffe, Millar, & Duschl, 2008mith, Lederman, Bell,

McComas& Clough(1997. The aspects which are accessible td Kstudents and
constitute contemporary views of N@g&e: scientific knowledge is tentative;

empirical; theoryladen; partly the product of human inference, imagination, and
creativity; and socially and culturally embedded. Three additional important aspects
are the distinction between observation and inference, the lack of a universal method
for doing science, and the functions of and relationships between scientific theories
and laws (Lederman, 2007).

There is a growing body of research on identifying sttder® vi ews of N
several levels of educatipfiom primary school level to university level and by
usingdi f f erent i nstruments. One of the ear
conceptions about NOS was conducted by Wilson in 1954 (as cited ennhaal,
1992).This studywas primarily an attempt to validate the Science Attitude
QuestionnaireResultandicated that students believed that scientific knowledge was
absolute and scientists6é primary goal wa:
thework of Wilson, therdhaveb e en s ever al attemps to reve
in different levels of educatiohederman (1992) was the first who reviewed the
studies conducted between 19891 in order to clarify what has been learned about
NOS by stdents and teachers. He concluded that students did not have informed
understanding of NOS irrespective from the instruments used to assess
understandings. Aftef990s researchersontinuednvestigatingst ude nt s 6
conceptions of NOS. The majority thfesestudies focusg on elementary school
(Kang, Scharman & Noh, 20p5middle school (Songer & Linn, 1991), high school
(Moss, Abrams, & Robb, 2001), and college levels (Ryder & Leach, 1999) showed

that students in all levelsadnaive conceptions regardindg?$. In Turkey, there
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have been increasing number of studies conducted using different instruments on
views of NOS withelementarystudentsfA k - ay , ¢ l0ilkid e n®iert,i n2kOaly6a |,
Sar éayd&®AKkKatyg @Zd@ntavk ¢av ata E@lrvo, & Ertepeén
201Q zRkal, Tekkaya, Sungut,ak&oj lu, & ¢ak&oj lu, 2011) and secondary
studentfAk - ay, 2011, B e D03 @ n& -&G ibaladkn 20082 0 1 O ;
Doj an Bolran, A& ¢akKeld eéfl,uSuague,;, doa0ker oj |l u
kahin & KPY lkgeaeral, theddsiudies indicated that regardless of the
grade level and gender relatively low number of the elementary and high school
students haddeqauteiewson the some aspects of the NOS.

Attempts toincreag st u d e n t tderstandidgeogND§, tmestly, use
one of the two appaches that are implicit and explicit to NOS instruction. /bd
Khalick and Lederman (2000) differentiated between implicitexpdicit
approaches to NOS instructidn implicit NOS instruction, students engage in
sciencebased activities, but NOS issues are not particularly addressed. It is assumed
that students can learn the NOS by doing science. Explicit instruction provides
extensive opportunities for students to reflect on their understandings of the NOS and
how the readings, lectures, or other learning activities impact their understandings.
The weight of the available evidence from numerous studies that emgelitlyedof
the approachefmvors expicit-reflective NOS instruction over implicit one for
developing NOS understanding (ABdiKhalick & Lederman2000).

Who is responsible for studentsod i nad:¢
Teachers are the most influential fadgtoclassroom learningndeven welldesigned
NOS instruction that imcompatiblewiththet e ac her s é vi enaydbe about
inef fective (McComas et al ., 1998) . Resear
views are not compatible withe contemporay conceptions of NOSAbd-EI-
Khalick, Bell, & Lederman, 1998kerson, Buzzelli& Donnelly, 2008 Brown,
Luft, Roehrig,& Kern, 2006;D o j ,&2005 Liang,Chen,Chen, KayaAdams,
Macklin, & Ebenezer2008 Liu & Lederman2007 Lederman, 1992Thye&
Kwen; 2003 Yakmaci, 1998; Yalvac & Crawford, 200 al va-, Tekkaya,
¢ ak e r&K a huy,a o] ) and the2for@&acherdhave difficultywith teaching
an appropriate view to students (Abell & Smith, 1994; Akerson;Blbd&halick, &
Lederman, 2000; Lederman, 1992).
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Assumingthatthereisacleac ut r el ati onship between
understanding of NOS and translation of their NOS underistgumto classroom
practice, science educators made several attempts for teaching NOS to both pre
service and irservice teachers (AbBI-Khalick & Lederman, 2008 Akersonet al,
2000;mj an, ¢cakérojl u, ¢avuck, Bilican, Ar sl
Mc Donal d, 2010; Ma&ilJgiall, ATxmaal,, 260M®Mg°%r Al t
efforts was found to be effective @mhancingeacher8 N OS u n d,eeseartha n d i n ¢
on the transformation ofteachsa 6 conceptions into classro
teachersdé conceptions of NOS can be thou
conditionfor effective NOS instructianThere are numerous factors explaining what
i mpede t eacher sféheidNiOF endetstaridings mte thear tlassraom
teaching beliefs and intention@bd-El-Khalick et al, 1998; Bell, Lederman, &
Abd-El-Khalick, 2000; Lederman, 1999; Lederman, Schwartz,-BbHKhalick, &
Bell, 2001; Schwartz & Lederman, 200pedagogickskills and teaching experience
(Abd-El-Khalick et al., 1998; Brickhouse & Bodner, 1992; Lederman, 1999;
Lederman et al200J); classroom management and organization (Eb&halick et
al., 1998; Bell et al., 2000; Hodson, 1993; Lederman, 1995; Lederd88);
knowledge of subject matter (Lederman et al., 2001); pressure to cover content (Abd
El-Khalick et al., 1998; Hodson, 199&8pncern about not being able to spend
enough time for teaching basic knowledge of science because of the time allocated
for NOS teaching (Lederman, 1999); concerns about students' abilities and
motivationfor learning NOSAbd-El-Khalick et al., 1998; Brickhouse & Bodner,
1992; Lederman, 1999); institutional constraints (Brickhouse & Bodner, 1992);
constraints imposed by coopéing teachers, in the case ofgervice teachers
(Abd-El-Khalick et al., 1998; Bell et al., 2000), and context where teaching occurs
(Akerson Cullen, & Hanson, 2000 In addition to these factors, studies provided
evidence for other factors which agecific to teaching NOS directly suchN®S
teaching selefficacy, NOS content knowledge, lack of resources and experience for
teaching and/or assessing understandings of the NOS, and -syigeific
pedagogical knowledge for teaching NOS (ABleKhalick et al., 1998; Akerson et
al., 2009; Bell et al., 2000; Lederman, 1999; Lederman et al., 2001).
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Subjectspecific knowledge for teaching is called as pedagogical content
knowledge (PCK) and when i$ applied to NOS, subject specific knowledge for
teachig NOS becomes PCK for NOS. PCK for NOS has been stressed as crucial for
ensuring teacher séb transl ati on of their
successful NOS classroom instruction (ABldKhalick & Lederman, 2008
Hanuscin, Lee, Akerson, 2011; Led&m et al., 2001Schwartz & Lederman, 2002
How could science educators help teachers in developing their PCK for N©DS?
important solution for this problem is that providing teachers with the opportunities
for studying the subject matter such as NQ#nfra teaching perspective (van Driel,
Verloop, & de Vos, 1998). Studying NOS from a teaching perspective leaves science
educators with a difficult task of involving teachers in activities stimulating their
PCK for NOS.
PCK is a specialized professional kvledge unique to teachers and it
discriminates a science teacher from a scientist (NRC, 1996). Shulman is ttee first
conceptualiePCKHe del i neated it as the knowl edge
knowledge of subject matter per se to the dimension of stijgttr knowledge for
teachingo and he continues fAthe most reg:
most useful forms of representation of those ideas, the most powerful analogies,
illustrations, examples, explanations, and demonstratioasvord,the ways of
representing and formulating the subject
(Shulman, 1986, p. 9). PCK is tompecific and science teachers have different PCK
for different topics in science. Considering NOS as a topic in science (Laalerm
1998) entails a specific conceptualization for PCK for NOS. When PCK is applied
NOS teaching, PCK for NOS include
€ an adequate understanding of wvariou:¢
wide range of related examples, activities, illustrations, exptamsti
demonstrations, and historical episodes. These components would enable the
teacher to organize, represent, and present the topic for instruction in a
manner that makes target aspects of NOS accessible to precollege students.
Moreover, knowledge of atnative ways of representing aspects of NOS
would enable the teacher to adapt those aspects to the diverse interests and
abilities of learners (AbdEl-Khalick & Lederman, 2006) p. 692).
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In other words, PCK for NOS is the knowledge of a science teadter th
makes NOS aspects understandable and accessible to different groups of students.
PCK for NOS was also defined by Schwartz and Lederman (2002) as a blending of
subjectmatter knowledge, NOS knowledge, and pedagogical knowledge. In another
study, Kim, Ko,Lederman, and Lederman (2005) extendetrti@el in terms of
subject matter knowledge, relevant knowledge of the scientific concept, such as the
history of its development and its empirical grounds. In addition, they asserted that
NOS-specific pedagogid¢&nowledge includes knowledge of the difference between
an implicit and an explicit approach and between a didactic and an explicit and
reflective approach.

Hanuscin et al(2011) andHanuscinandHian (2009) adapted Magnusson,
Krajci k, andPCRmrséende teacirlg n8del and used that model as
a |l ens for research on nature and devel o]
focused on science teaclkSdo)kmwledgeioe nce t ea
learnergKoL), knowledge of instructional stregieqKolS), knowledge of
curriculum(KoC), and knowledge of assessm@ibA) from the perspective of
NOS. Both studies indicated the applical
a lens for research on PCK for NOS and uneven development oétgdeGK for
NOS. That is, change KolS was not accompanied by the changel<ar. These
studies suggested that professional development efforts could be enhanced by
focusing on improvingll aspects of e a ¢ RGKfos NOS, rather than focusing
solelyon particular aspects. Different thabovementionedtudies, several studies
focused on the effect of interventions ol
Abd-El-Khalick, 2003; Akerson &Volrich, 2006). Theaxaminedvhether teachers
successfully tnaslatel their NOS understanding into classroom practice without
using any PCK for NOS frameworResults of these studies indicated that
interventions were effective imelping teachers to teach several NOS aspects in their
classes in some extend. Howeumsth studies clearly suggested a professional
development support specific for NOS and PCK for NOS.

Consequently here is an increasing emphasis for the necessity of
professional development that should enable teachers to develop and revise existing

maer i al s rather than simplSchwarz&use the re



Lederman,2002 and enhance teachersodo PCK for NC
(e.g., instructional strategies, learner, assessment, curriculusfieictive NOS

instruction (Akersn & Abd-El-Khalick, 2003; Akerson &Volrich, 2006; Hanuscin

& Hian, 2009; Hanuscin et al., 201Moreover, here are few studies using a

particular framework for examining the nature and development of PCK for NOS

(e.g., Hanuscin et al., 2011; HanusciHéan, 2009 nd it i s cl ear tha
PCK for NOS is an area of research that needs to be investigated (Lederman et al.,

2001).

1.1. Purpose of the Study

The purpose of this studyasto trace the development of ggervice
c hemi st r pedagjogiealcdntent kwawledge for nature of science with regard
to their science teaching orientation, knowledge of learner, knowledge of
instructional strategy, and knowledge of assessment during pedagogical content

knowledge for nature of science instruction

1.2. Research Questions

The main research question of the study is:
Howdoespres er vi ce chemistry teachersoé6 PCK
KoL, KolS, and KoA develop throughout PCK for NOS instruction?

The subproblems of this study are:

1. What kinds of vews do the preservice chemistry teachers have on the nature
of science concepts before explicflective NOS instruction?

2. What kinds of views do the preservice chemistry teachers have on the nature
of science concepts after expliciflective NOS instrction?

3. Which components of PCK for NOf® pre-service chemistry teachers
develop throughout PCK for NOS instruction?

4. How and to what degredo pre-servicechemistryteachers integrate the
components of their PCK for NOS?
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5. How and to what degre@®pre-servce chemistry teachers translate PCK
components into thelesson plar®

6. How are preservice chemistry teachers' NOS understanding and their PCK
for NOS related?

7. Which PCK model (general PCK, disciplispecific PCK, or topic specific
PCK) best explains theatureof PCK for NOS?

1.3. Definitions of Important Terms

NOS:NOS refers to the epistemology and sociology of science, science as a
way of knowing, or the values and beliefs inherent to scientific knowledge and its
development (Lederman, 199R)OS not onlyconveys an understanding on
scientific processes including the studies of scientists but also products of science
(Meichtry, 1993).

Understanding of NOSAn understanding of NOS includes the answers given
to the questions ow AWhaor ks?8ci BRHCW?9¢ i ¢
group work?0, and AHow society di?t ects s
(McComas & Olson, 19985t udent sd6 NOS under standings
on agreed upon NOS aspects accessible togikege studentsAAAS, 1993;
McComas & Olson, 1998JRC, 1996, scientific knowledge is tentative; empirical;
theoryladen; partly the product of human inference, imagination, and creativity; and
socially and culturally embedded. Three additional importantcéspee the
distinction between observation and inference, the lack of a universal method for
doing science, and the functions of and relationships between scientific theories and
laws.

PCK for NOS: PCK for NOS include

€ an adequat e uouslaspedstobNDS,iknowgledgefofav a r

wide range of related examples, activities, illustrations, explanations,

demonstrations, and historical episodes. These components would enable the

teacher to organize, represent, and present the topic for instrucéion in

manner that makes target aspects of NOS accessible to precollege students.

Moreover, knowledge of alternative ways of representing aspects of NOS
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would enable the teacher to adapt those aspects to the diverse interests and
abilities of learners (AbdEl-Khalick & Lederman, 2000a, p. 692).

PCK for NOS instructonMagnusson et al . 6s (1999)

basis of PCK for NOS instructioRCK for NOS instruction mainly consisted of two
parts.In the first part, preservice teachers learned about NOgafined one and half
semester) in an explicit reflective manneollowing the learning NOS paiity the
second part (spanned four weeks corresponds to 16 course pogisgrvice

chemistry teachers engagedartivitiesdesignedo enhancéour main dinensiors

of their PCK considerinfla gnusson et alST@ KoiKdl®and wh i
KoA.

STO:Sci ence teaching orientation is
beliefs about the purposes and goal s
(Magnussoret al, 1999, p. 97).

KoL: KOL is the knowledge and beliefs about students' understanding of

c h

P

def

specific science topics (requirements for learning specific science concepts, and areas

of science that students find difficult including misconceptiongdMissoret al,
1999).

KolS:KolSi' s t he teachersdé6 knowledge of
teaching particular topics (Magnussetral, 1999). This knowledge comprises of
two categories: knowledge of subjegtecific strategies, and knowledgeapbic
specific strategies. The subjesgiecific strategies are broadly applicable; they are
specific to teaching science as opposed to other subjects. Thepepitic strategies
are much narrower in scope; they apply to teaching particular topics witlimain
of science.

KoA: KoA comprises two categories as knowledge of the dimensions of
science learning that are important to assess, and knowledge of the methods by
which learning can be assessed (Magnussah, 1999).

Explicit-reflective NOS instretion: This approach intentionally draws
|l earnersd attention to aspects of NOS
specific questioning in the context of activities, investigations, and historical

examples.

t

for

h i
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1.4. Significance of the Study

This study fulfills several gaps in literature on examining and facilitating
teacherso translation of their NOS under:
addresses several issues in science teacher education.

Studies showed that even when science teachersiifavened
understandings of NOS, they generally do not explicitly teach NOS, or may do so
through didactic approaches which are ineffective (Schwartz & Lederman, 2002).

This finding indicates the necessity of effant®t onl 'y t o i ncrease t
undestandings but alstm help themn how toeffectively teach NOS to their
studentsMoreover, studies examining factors affecting ac her sé tr ansl at
NOS understandings intffective classroom instructiomevealed the importance of

t e a c Ibdeefs im Significance of NOS learning and intentions for teaching NOS
(Abd-El-Khalick et al., 1998; Bell et al2000; Lederman, 1999; Lederman ef al.

2001; Schwartz & Lederman, 200&)dthere is dack of research on providing

guidance forhowtodevglo t eacher sé6 valuinglintht NOS ( Lc¢
study, the PCK for NOS instruction intends to accomplish the task of helping science
teachers in considering NOS as one of the important science learning outcomes since

it guides teachers to reflect aralise their STO in a way to consider NOS. Also, the
instruction supports teachers in designing effective NOS teaching.

Although PCK for NOS has been advocated as one of the crucial factors that
facilitate teacher sd s udecstarslingfintolclassroommn s | at |
teaching(Abd-El-Khalick et al., 1998; Akerson et al., 2009; Bell et al., 2000;

Lederman, 1999; Lederman et al., 2Q@éacher educators have been less successful

in helping teachers enhance their PCK for NOS (Hanuscin & HZ09)2For
enhancing teachersd PCK for NOS, providi
not be adequate (Ochaniji, 2003). There is a obvious call for professional

development that should enable teachers to devietdpown material§Schwartz &
Ledeman,200? and enhance teachersd PCK for NC
to be considered for affective NOS instruction (e.g., instructional strategies, learner,
assessment, curriculum) (Akerson & ABttKhalick, 2003; Akerson &Volrich,

2006; Hanuscin &ian, 2009; Hanuscin et al., 2011). This study including a PCK
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for NOS instruction may lead to science teacher educatiodesigning effective
professional development programs for science teachers.

In terms of the issues of research on NOS teachihgsibeen emphasized
thatthe development arekpeciallin at ur e of teachersdé PCK fo
research thahould be examined deeddlyL e der man et al ., 2001) .
research has used the PCK perspective, which was so heavily researaigethdur
1990s, as a |l ens for research on Thehe t ea:
number of studies using the PCK framework for the research on teaching NOS is
relatively low Faikhamta, 20124anuscin et al., 2011; Hanuscin & Hian, 2009).
This gudy will contribute to research on NOS teaching by utilzing a particular PCK
framework (Magnusson et al., 199%he PCK for NOS (Magnusson et. al., 1999)
framework utilized in this study may provide a deeper understanding of why teachers
may fail to enatparticular practicesAnother point that needs consideration is that
there is a need to examine the interplay
PCK for NOS (Hanuscin et al., 2014nd investigation diow PCKcomponents
interact with each other tighly recommende(bell, 2008).This study regarded
the interaction among the PCK components and hence was able to evaluate the

A

qualityofpreser vi ce chemistry teachersd PCK for
degree of integration and coherence amorigs 6 components (Friedr
Magnusson et al., 1999; Park & Oliver, 2008d)e results of this study will

contribute to not only research on PCK but also on PCK for NOS. Also, comparing

and contrasting nature of PCK and PCK for NOS will digddt on nature of PCK

for NOS. There have been several models for PCK as general\RaK&

MaKinster, 1999, topic specifiqlLederman, 1998 and discipline specifidiavis &

Krajcik, 2009. Which one of these models can fully capture the essence oftee r s 6
translation of their NOS understanding into classroom? This study will delve into the
complexities on nature of PCK for NOS and add to research on both PCK and PCK

for NOS.
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CHAPTER Il

LITERATURE REVIEW

The purpose of this study was to delato the complexities of preervice

chemistry teachersdé6 STO, KoL, Kol S, and

i nstructi on. Therefor e, |l iterature on

factors affecting t eachd¢andingintd dassnPCK,at i on

and finally PCK for NOS will be reviewed this chapter

2.1. Nature of Science

Having an adequate understanding about NOS has been identified as vital in
science education reform and an essential part that contributes ta stiden S L
(AAAS, 1993; Bauer, 1995; Layton et al., 1994; NRC, 1996; Shamos, 1995).
Therefore, what is meant by NOS and to what extend students should learn NOS has
been an issue to be resolved among philosophers of science and science educators.
Although theywere not able to reach a cleart definition of NOS accepted by all
interested in NOS (Ab&l-Khalick & Lederman, 2004), there are some agreed
ideasonthe NOS aspects that should be communicated-i@ Students for
achieving SL. Ths first of all, Iwill present and discuss various ideas on NOS and
then explain what constitutes NOS in this study.

Typically, NOS refers to the epistemology and sociology of science, science
as a way of knowing, or the values and beliefs inherent to scientific knowledge a
itsdé devel opment (Leder man, 1992) . NOS
nature of scientific knowledge but also scientific enterprise (Meichtry, 188 of
the earlier studies for clarifying what is meant by NOS was conducted by Kimball

(1968).Kimball, in his extensive study of the literature on the nature and philosophy

w h

(



15

of scienceproposed a theoretical model of the NfoBusing on eight aspects of
science

(1) curiosity is the fundamental driving force in scienoé science concerns

with production of new knowledg€2) science is a dynamiather than a

static accumulation of informatio(3) science aims at comprehensiveness

and simplificatioremphasizing mathematical language as the most precise

and simplest means of stating relationsh{g} there are many methods of
scienceas there are practitioner®) the methods of science are characterized
by attitudes which are more in the realm of values than techrsgoésas
dependence upon sense experience, insistence on operationabasfiniti
recognition of the arbitrariness of definitions, schemes of classification, and
evaluation of scientific work in terms of reproducibijifg) a basic

characteristic of science is a faith in the susceptibility of the physical universe

to human orderig and understanding; (7) science has a unique attribute of

opennesi mind and in the realm of investigaticamd (8) tentativeness and
uncertainty mark all of sciencBlothing is ever completely proven in science

(p. 275).

After the work of Kimball (198), Rubba and Anderson (1978) defined a
model called A Model of the Nature of Scientific Knowledge. This model included
six factors explaining the nature and characteristics of scientific knowledge.
According to this model scientific knowledgeasioral(it cannot be judged as
morally good or bad), creative (it is partially a product of human creativity),
developmental (it is tentative), parsimonious (it attempts to achieve simplicity of
explanation instead of complexity), testable (it is capable of erapidst), and
lastly unified (the specialized sciences contribute to an interrelated network of laws,
theories, and concepts). Approximately 10 years after Rubba and Anderson (1978),
AAAS (1989) defined NOS focusing @L as an essential for individualsilg in a
scientifically literate society and introduced three main themes for NOS as;

1. Thescientific world view: Theworld is understandablescientificideasare

subjectto change scientific knowledge s durable and siencecannot

provide completeanswers toall questions
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2. Scientificinquiry. Sciencedemands evidengscience is a blend of logic
and imaginationscience explains and predicsientists try to identify
and avoid biasand sciences not authoritarian
3. Thescientific enterpriseScienceis a complex social activifycience is
organized into content disciplines and is conducted in various institutions
there are generally accepted ethical principles in the conduct of science
andscientists participate in public affairs both as spectaéisd as
citizens
Studies beginning with Kimball and the subsequent ones drove a debate on
teaching and learning about the NOS among researchers, resulting in a growth in the
related literature. For examplglters (1997) examineNOS views of210science
philosophers with a doctoral degree who werentieenbers of the Philosophy of
Science Association (PSA)y usingan instrument including 20 itemBhefirst 15
itemsof this instrumentvere directed towards identifying the degree to which
science philosdpers agregwith theNOS tenetsThese tenetwaere 1. The
fundamental driving force in science is curiosity concerning the physical universe, 2.
Science aims at evamcreasing comprehensiveness and simplifications using
mathematics as a simple, precisetihod of stating relationships, 3. The methods of
science are better characterized by some wgjoe attributes than by techniques.
Item 16askedthe participants to add or delete one of the NOS tenets. Remaining
three items were related to how sciencigsbphers viewdand definedscience.
Resultsrevealed that science philosophers varied on their views about the tenets.
Alters (1997) concl ud e énphilosophicah positibrer e i s |
underpinning the exi st i. #8yandNi@&forscienceci ence
educators should employ a pluralistic approach by which students have the
opportunity to interpret science from different philosophical positions (e.qg.,
empiricismor radical constructivism)
As a r esponse utypSmiaHLedermanpBellf MA&6Ma3, st
and Clough(1997) expressettheir concerngelated tahis study and strongly
disagreed with its conclusidar several reasong&irstly, Smith et al. (1997) stated
that there were problems withe selectionandwording of items and more

importantly withtheinterpretations ofhesurvey data. They admitted that there was
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substantiatlivergence among science philosopbersv iregandsgthe contribution
of philosophies to science (e.g., priorism and conventionglisowever, to them,
much of this disagreement was not relevantit@XeducationSmith and colleagues
recommendedthatik 2 t eachers should ignore Alter:
iéeétoo much is being made of disaterceement
inaccessible, and probably inappropriate for mastXinstructio (p. 1102).
Anot her opponent,especily totitplurahstictagproach, st ud
was proposed by Smith and Scharmann (1999). They advocat&usteat of
learning the vaous philosophical viewpoints about sciensiidents need a sound
understanding of NOS which help them in making informed decismoler to be
rationale consumers of scientific knowledge. Smith and Schar(i888)proposed
that students should leaand judge the characteristics that qualify something more
or less scientific. They identified the following characteristics;
e Science is empirical.
e Scientific claims are testabldalsifiable.
e Scientific tests or observations are repeatable.
e Science identative/ fallible.
e Science is sel€orrecting.
e Science places a high value on theories that have the |laxgpdshatory
power.
e Science values predictive power.
e Science values fecundity
e Science values opanindedness.
e Science values parsimony.
e Scientists demand logical coherence in their explanations.
e Scientists value skepticism.
What should be taught to-kK2 students has been an issue of concerns among
science educatards a solution to this issu#icComas and Olson (1998)
qualitatively analyzeé science educaticstandards documents. The analysis revealed
that there was an evidence for the contribution of four disciplines to our

understanding of science, namely philosqphstory, sociology, and psychology of
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science Table 1 displays how eadhmscipline contributes to scienbg responding

appropriate questiorabout science

Table 1.Contribution of various disciplines to our knowledge on science

Philosophy of science  What is science? How is it done? What is the nature ¢
scientific knowlede?

History of science How is science perceived by the society and operatec
during the history?

Psychology of science What are the characteristics of scientists?

Sociology of science Who are scientists? Hodo scientists work?

In addition tothe contribution of different fields to science, analysis of
standards documents indicated that that there was a consensus about the following
elements of the NOS that should be communicated to students (McComas & Olson,
1998);

e Scientific knowledge while durahléas a tentative character.

e Scientific knowledge relies heavily, but not entirely, on observation,
experimental evidence, rational arguments, and skepticism.

e There is no one way to do science (therefore, there is no universalstep
step scientific methd).

e Science is an attempt to explain natural phenomena

e Laws and theories serve different roles in science; therefore students should
note that theories do not become laws even with additional evidence.

e People from all cultures contribute to science

e New knowledge must be reported clearly and openly

e Scientists require accurate record keeping, peer review and replicability

e Observations are thectgden

e Scientists are creative

e The history of science reveals both an evolutionary and revolutionary
character

e Science is part of social and cultural traditions

e Science and technology impact each ather
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e Scientific ideas are affected by their so@atihistorical milieu
After the work of McComas and Olsoh998, Osborne and his colleagues

(2003)conducted a sty using Delphi technique in order to determine what should
be communicated to students about NOS with the participation of 23 ind&idual
including international experts of science educators; scientists; historians,
philosophers, and sociologists of suie; experts engaged in work to improve the
public understanding of science; and science teachers. Osborne et al. (2003) in the
first round of theirthree ound study searched fte the p:
following questions(a) What,f anything do you think should be taught about the
methods of science? (b) What, if anythidg,you think should be taught about the
nature of scientific knowledge? and (c) What, if anything, do you think should be
taught about the institutions and social prastiocescience? In the second round,
participants rated and justified the importance of each 30 themes, emerged in the first
round, in terms of school science curriculum. In the third and final round, they
deduced the number of themes and came up with Hlogvfiog nine themesreaching
aconsiderable level of agreement

e Science and Certainty

e Analysis and Interpretation of Data

e Scientific Method and Critical Testing

e Hypothesis and Prediction

e Creativity

e Science and Questioning

e Cooperation and collaborationtime development of scientific knowledge

e Science and Technology

e Historical Development of Scientific Knowledge

e Diversity of Scientific Thinking

Inarecentstudy r zék and Nola (2011) proposed

approach in order to portray a deep understanding of NOS for the science educators.
AThe basic idea of a family resembl ance
of a family can each resemble car@other in some respects but not in otbéps
594). When applied to sciender z € k  01d)stdted that there were

characteristics common to all sciences but they cannot be used for demarcation.
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Rather they advocated that family resemblance apph describes the ways in
which the sciences are similar or dissimilar. The following categgivesa
description of NOS using family resemblance approach and provide the aspects that
should be considered when comparing different disciplines in sci@rcactivities,
(2) aims and values, (3) methodologies and methodological, el (4) products.
Il rzék and Nola (2011) advocated that thi:
others presenting list the NOS tenets since it depicts the ogmrded and dynamic
NOS. Moreover, the family resemblance approach is pedagogically effestiv
provides teachers the opportunity of focusing on any categories and discuss an aspect
of science relevant to the class.
Different than the aforementioned studies aiming to define NOS, McComas

(1998) discussed NOS mythshich refers to misconceptits, and proposed that
these myths should be considevetlle teaching NOS. Since these misconceptions
are commonthey provide a more comprehensive NOS understanding for classroom
instruction when considered with NOS aspects to be communicated. The cd®mon
myths identified by McComas (1998) are as follows;

¢ Hypotheses become theories that in turn become laws.

e Scientific laws and other such ideas are absolute

e A hypothesis is an educated guess

e General and universal scientific method exists

e Evidence accumated carefully will result in sure knowledge

e Science and its methods provide absolute proof

e Science is procedural more than creative

e Science and its methods can answer all questions

e Scientists are particularly objective

e Experiments are the principadute to scientific knowledge

e Scientific conclusions are reviewed for accuracy

e Acceptance of new scientific knowledge is straightforward

e Science models represent reality

e Science and technology are identical

e Science is a solitary pursuit
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As science @ucatorswe cannot expect teachers or students to become
historians, psychologists, sociologists, or philosophers of sci€heeefore, thaim
of introducing NOS in classroom should h;
understanding of science, notogal or even a very complex understanding
(Matthews, 1998, p. 168). This more complex understanding of science includes an
understanding of what science is, how it works, the epistemological and ontological
foundations of science, how scientists operata aocial group and how society
itself both influences and reacts to scientific endeavors. Although there have been
some disagreements on a specific definition on NOS, there are some agreed upon
important aspects of NOS which is relevant and accessiBlel® (Abd-EIl-Khalick
et al, 1998; Lederman & AbdEl-Khalick, 1998; McComas & Olson, 1998; Osborne
et al., 2003; Smith &Scharmann, 1999). The following aspects constituted our
understanding of NOS and reflect the contemporary understanding on NOS as
defined by literature.

Scientific knowledge is tentativaithough scientific knowledge is durable, it
changes with the new data or reinterpretations of existing ones. This change might be
a complete (e.g., phlogiston theory vs. oxygen theory) or partial clferggeatom
theories). It is impossible to test every possible situation for a scientific knowledge.
Therefore, scientists are not able to prove a scientific knowjatkjead they just
merely support the existing knowledge and no one can guarantee firiure, there
might be a new data by which current scientific knowledge might be inadequate to
explain.

Science is based on observations and experinsantnce and scientific
knowledge are based on observations and experiments. Scientists use observati
and experiments when appropriate to test the validity of their claims. Not every
scientific discipline enables scientists to conduct experiments such as astronomy or
not all scientific knowledge is constructed as a result experiments such as evolution
theory. Therefore, experiments and observations play vital role in science to reach
scientific knowledge when used properly.

Scientific knowledge is based on inferences as well as observations:
Scientific knowledge is the inferences derived from obsemsitiObservations are

descriptive statements about phenomena obtained by using senses (e.qg., sight,
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hearing, touch, smell and taste) or some technological devices (e.g., using scale to
measure mass). However, inferences are the interpretations of thesatise
(e.g., Rutherfordbdbs atom model based on |
particles passed, scattered through and reflected from gold foil)

Scientific theories and laws have different roles in scieBcentific theories
and laws have difrent meanings and roles in science. Scientific laws are the
descriptive statements about the perceived relationships, regularities, patterns, and
generalizations in nature. On the other hand, scientific theories are the explanations
for phenomenaorlaws&or i nstance, while Boyl eds | aw
between pressure and volume of a gas, kinetic molecular theory explains why there is
such a relationship between pressure and volume. There is no hierarchical
relationship between theory and lawce it is impossible for a theory to become a
law considering their role in science. Also, scientific theories and laws are tentative
as they are scientific knowledge and there is no status difference between them in
terms of reliability and changeability

Scientific knowledge is theolgden and includes subjectivitfhroughout a
scientific study, in all phases, for scientists it is impossible to achieve complete
objectivity. When scientists develop questions, design investigations, and make
observationaind inferencegheir previous knowledge, experiences, expectations,
and theories and laws that they believe unavoidably affect them. For instance,
Millikan excluded some his oil drop experiment results because of his belief in
atomic theory while Ehrenffiancluded all the results based on his belief in-anti
atomic theory. Considering all the factors influencing scientists throughout their
work, scientific knowledge is theottgden and includes subjectivity.

Creativity and imagination plays a major rdke sciencelogic by itself is
not sufficient enough for science and creativity and imagination are required during
various phases of a scientific study such as constructing hypothesis, designing
different ways for observations and experiments, finaligrpretation of data.

Social and cultural factors affect scien@&cience cannot be isolated from the
social and cultural environment in which it is conducted. Politics, religion,
philosophy, economy, moral values are some of the factors which indlukeading

what and how science is conducted, interpreted and developed. In addition, scientific
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knowledge is produced, presented, and evaluated in social contexts including groups
of scientists and scientific organizations.

Science and technology is nbetsame thingScience and technology are
confused with each ot hetheteshnobgical i n t odayo:
developments are presented as scientific development in popular media. Science and
technology are different from each other with regardhéar tpurposes, methods, and
products. Purpose of science is to explain natural world while technology seeks
solutions for humanés problems they encol
and hence tries to make the life easier. In addition, sciensistscientific inquiry
methods such as hypothesis testing and experimenting while technicians use problem
solving strategies such as technological design and construct. From the perspective
of products, scientific knowledge is product of science and desgigich are
solutions for peoplesd needs are product
technology is not the application for science since some technological devices are
discovered before the underlying scientific knowledge is produced.

There is no univee and step by step scientific methddbst people believe
that there is a universal and step by step scientific method which is used by all the
scientists around the world. These commonly believed steps that constitute the
method are a) defining the prebh, b) gathering background information, c) forming
a hypothesis, d) making observations, e) testing the hypothesis, and f) drawing
conclusions. History of science provides examplegliarinating the myth in the
belief forfollowing the aforementionedegds. For instance, Darwin proposed the
theory of evolution right after his observations in Galapagos Islands without forming
a priori hypothesis. There are several common scientific processes such as forming
hypothesis, observation, experimentation, ineggtion, and hypothesis testing but
these processes do not have to follow a specified order.

Serendipity plays a role in sciencgerendipity is a term used for describing
the interaction of logic and chance during a scientific discovery. There arassario
examples of scientific discoveries where chance plays an important role such as
penicillin and Xrays. During these discoverjegientists were looking for
something but an unexpected and unplanned another thing was occurred. Just chance

is not enouglfior a scientist to discover new phenomena. Scientists paid attention to
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these things and interpreted it using their logic, and as a,nesadticed a scientific
knowledge different than the one which they intended to investigate.

After critically lookingat the NOS literature and defining our understanding
of NOS that would be communicated to{service chemistry teachers, the next step
was to portray a clear picture of what teachers know about aforementioned NOS
aspects. Teacher s &stdNl@ibsubjectanatierknoaleddel ng r e f «
(SMK) in this study and is a prequisite for a wetdeveloped PCK for NOS (van
Driel et al., 1998). Therefore, identifyli
for designing a more effective PCK for NOS instrantsince first part of PCK for

NOS instruction aims to increase teacher:

2.2. Teachersdé Understanding of NOS

Earlier attempts related to investigat
to 1950sbut careful consideration ofteache 6 NOS under st andi ng s
beginning of 1990sinceNOS emergedas aprerequisite for achievin§L in science
education reform movements. Lederman (1992) reviewed the studies between 1950
and 1992 and concluded that teachers do not have infarmusgstanding of NOS
irrespective from the instruments used to assess their understandings. After the
beginning of 1990s, science educators used various instruments and categorizations
for i dentifying and describing the way t
Abd-El-Khalick and BouJaoude (1997) defined 2&ervice science
teachersé knowledge base about the struct
discipline, and their NOS understandings. For assessing NOS, they tiseih 22
version ofViews onScienceTecmology-Society(VOSTS) and concept mapping
associated with interview$he itemswere abouthe nature of observations,
scientific models, and classification schepntibs tentativeness of scientific
knowledge precision and uncertainty in scientific knodtgs logical reasoning in
scienceand the epistemological status of scientific knowle®gsults of this study
revealed that there was I|ittle evidence |
Considering different dimensions assessed by VOSTS distn of informed

views varied betweeB8% and 67% and while the naive views ranged between 33%
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and 62%. The percentages of teachers havingmOS conceptions in different
dimensions were as below;
e There is a universal and step by step scientific naetbilowed by all
scientists (94%).
e The difference between competent and incompetent scientists is to follow the
scientific method (88%).
e Scientific models are copies of reality rather than human inventions (47%).
e Science is universal and there is no placehe theories in guiding scientific
research (82%).
e Observations are not theelgden (71%).
e There is a hierarchical relationship between hypothesis, theory and law
(59%).
e Scientists do nahake assumptions in their wof&9%)
Haidar (1999) explored13preservicescienceand 224 irservice chemistry
t eacher s 6 wusingaNigedimmensiohbON®DS questionnaire prepared by
using various items from different NOS scalBise questionnaire was consisting of
items reflecting the beliefs of traditiorahd constructivist views about science.
Traditional viewsuggestshat:fi éscience is merely a means of revealingrthtiral
laws of God that regulate a clockwork universe; the only way tosgaemtific
knowledge is through the application of the indoictmethod; scientis&re objective
free from illusion and myths of the past; and scientific knowledge is absolute and
devoid of creativity and human imaginaton ( p. 807) . On the cont
views refers to contemporary views of NOS (e.g.otirdadennes of observation,
there is no step by step and universal scientific metiSwigntific theories and
models, role of scientists, scientific knowledge, scientific method and scientific laws
were the focus of the study in relation to N@®erall,both preservice and in
service teachers demonstrated neither traditional nor constructivist about NOS. The
percentages of teachers holding traditional views about science were as below (Table
2);
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Table 2. The percentages of teachers holding traditierels about science in
Hai dar (1999)6s study

Preservice In-service

Scientific theories

Theoryladennes of observations 55 47
Discovery of scientific theories 81 81
Hierarchical relationship between hypothesis, the 97 76
and law
Rejection ofscientific theories and models 26 14
Scientific models
Role of a scientist 29 32
The scientific method 48 52
Recording data 55 59
Evaluation of scientific ideas 52 44
Subjectivity 58 49
Purpose of science 26 33
Scientific knowledge
Cumulativenature 48 68
Tentativeness* 10 25
Sources* 10 25
Generation* 10 25
Scientific method
Step by step method 65 75
Single method 19 36
Scientific laws
Invention of laws 71 71
Nature of laws 39 39

* values indicates the ranges not the exact values

Murcia and Schibeci (1999) investigated the major conceptions of the NOS
held by a sample of pigervice primary school teachefi$iey used a newspaper
science report to help participants articulate their views of the NOS. Sample
consisted of 73 volurer students who were enrolled in an introductory physical
science unit for primary preervice teacherfesult of the study showed that over
70% of the respondents answered in a way consistent with the new philosophy on
eight of 15 true/false statementghich suggests the following views on the NOS
Scientists have shared beliefs and attitudes about their work and, in turn, the
spreading of scientific informatias important to progress in science. A strong

conceppnof sci ent i st s Obypemsonal betiedsjvalgesamd f ect e d
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background existed in the study group. Responses to other statements showed a
relatively high degree of uncertainty and inconsistent vigitls the new philosophy

of science. Generallyhe respondents displayed a naivd anclear understanding

of scientific method he di scovery of Atrutho through
also showed a poorly developed understanding of scientific theory. There was little
awareness of the social c onheesponses.f sci en

In another study with preervice teacher§hen (2001) explored prospective
science teachedgbiology, chemistry, earth science, and physN®S conceptions
and the relationship between their conceptions and majors, iL4mpyospetive
secondary science teachers at three different universities completed the questionnaire
on NOS and followup interviews. It was found that prospective science teachers
from different disciplines varied in their views on NOS and attitudes toward tgachin
NOS. Prospective teachers in all science majors hold strong beliefs in the value of
scientific knowledge; the tentative nature of science; realism (scientific studies seek
truths about the world); hierarchical relationship of hypotheses, theoriesyamnd la
and the existence of universal scientific method.

In a similar study, preerviceandirss er vi ce science teachert
the characteristics of science and technology, the aim of science and scientific
research, the characteristics of scienkfiowledge and scientific theories, and the
relationship between science and technology was explored (Tairab, 2001). The data
for the study were collected using eight items selected fatare of Science and
Technology Questionnail@®STQ) and with the pécipation of 41 preservice and
54 in-service science teachers. Although the majority of science teachers held
realistic views about science, its aim and the nature of scientific resesatttie
nature of technology was naively conceived by the sciesamhers. The majority of
both groups of science teachers held the view that supports the tentativeness of
scientific knowledge. On the other hand, 22% and 24%egfre-service and in
service science teachers, respectively, held static views aboutfeclardiviedge.

They also supported the view that science is a collection of facts or a body of
knowledge that explains the world and that the purpose of scientific research is to
collect as much data as possible. Over half of both groups of scienceteache

conceived a scientific theory éhe most appropriate explanation and interpretation
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put forward by scientists ( p . In a@lditi@n) similar percentages of both groups of
science teachers (396 of preservice and 28% of in-service science teachgrs
confused a scientific theory with a scientific fact suggesting that theories were facts
before being proven by experiments.

Two years later, Thye ariflven (2003) examined preservice chemistry
teacher sé c o nveeegof Natora &f Sceeho@d/NI3)uestionnaire
was administered to 125 preservice teachers. The modified instrument is an eight
item, open ended questionnaire designed to elicit descriptive responses to common
NOS misconceptions. Responses were analyzed into coded categories of informed
ill -informed, and ambiguous. 76% of students believed the necessity of
experimentation to forward the development of science. 46% of the participants
showed iltinformed views and 37% showed ambiguous viewsciensfic theory is
a hypothesis that hastbeen provenyel. h e v i e wdels dneahte copies of
realityo was illinformed by 42% of the students. 24% of the participants believed
that the science is universal and 74% of the student#l iatbrmed or ambiguous
views on the definition of sence. Interestinglymost of the teachers had informed
views on the tentative nature of scientific knowledge.

Erdojan (2004) i nv eserntice griancestehchérhom vi ews
NOS. A total of 166 preservice science teachers from three differemtrsities
participated in the study. 21 items selected from the epistemology of science
category otheVOSTS i nstrument . I n order to wunde
NOS in depth, serstructured interviews were also conductedime volunteer pre
service science teachers. Results of this study revealed thsgiee science
teachers held naive views on the definition of science; the nature of scientific
models; the relationships between hypotheses, theories, and laws; fundamental
assumptions for alicience; the scientific method; uncertainty in scientific
knowledge; epistemological status of scientific knowledge; coherence of concepts
across disciplines. On the other hapalrticipants hdrealistic views on the nature of
observation; the nature ofassification schemes; the tentativeness of scientific
knowledge; cause and effect relationship.

In a comprehensive studyod an (2005) investigated t

chemistry, biology teachers and™€lass mattscience students on NOS in Turkey.
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A total of 1994 students and 362 teachers (d#sics, 124 chemistry ari@3
biologyteacherschosen fronsciencehigh schots andAnatolianhigh schools in 21
cities of seven geographical regions participated in the study. In order to assess the
views of participants on NOS, a total of 25 questions from VOSTS ( science, the
characteristics of science person, the social streictuscientific knowledge, the
effects of science and technology on society, the effects of society on science and
technology, the characteristics scientific knowledge) were translated and adapted into
Turkish. Each statement in a VOSTS item was categiizto one of the three
categories: realistic (an appropriate view),-heeit (expresses a number of
legitimate points) and naive (an inappropriate vidR@sults of this study revealed
the misconceptions of teachers and students on NCfsldition,the participants
held traditional views on the definition of the nature of scientific models, the
relationships between hypotheses, theories, and laws, the scientific method,
fundamental assumptions of science, epistemological status of scientific knowledge
and relationships between disciplines while they have contemporary (realistic) views
on the scientific observations, the nature of classification schemes, the tentativeness
of scientific knowledge, and cause and effect relatioissiNaive views of the
teaters and the corresponding percentageswe
e Scientists are objective (81%).
e Scientific models are the copies of reality .@38).
e Science is universal and is not affected by social and cultural valug2%qj28
e Scientific laws are absolute and do not cha{ig8s).
e Gender makes a difference in scientific studies and discoverig&gi4
e Scientific method is necessary to acquire a scientific knowledge (31%).
e There is a hierarchical relationship among hypothesis, theory and law.
Hypothesis becomes theory ifistproven to be true and theory becomes law
if it is universalized (8%%).
e Theories are discovered rather than inventeB{33.
e Laws are discovered rather than invented (34%)
e Experiment is necessary for development of scientific knowledg8%@3
In astudy, chemistry student teachers' and classroom student teachers' ideas
on the science and the NOBawasnegvaldda) ed’
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essay type questions concerning the scientific theory, the nature of theory and the
nature of law weresked and responses were takewritten formatfrom 37 pre
service chemistry and 78 elementary teachers. It was found that the student could not
differentiate theoretically and empirically concepts which are presented in the
theories. All of them thougtibat there is no difference between an object and a force
exered to an object, and empiricancepts auld be seen while theoretiacancepts
could not. In addition, the studentsdribe similar ideas about the scientific evidence
and 96% of the particgnts viewed experiment is necessary for scientific proof. The
view that theories change but laws not change (95%) was also prevalent among the
preservice teachers.

kahin,amknG°r gen (2006) ingdminvestigatd ed a st
both secondary schbsocial and science branch pgsaduate (notthesis master)
teacher candidatesewsabout the NOS. A 1Rzem Likert type scale was
administered to 207 participants. A score of 1 assigned to ansvibesteans
indicated a low acceptanoérelated NOSspectwhile a score of 5 assigned to
answers to items indicated a high acceptahbe.student teachers generally showed
a low level of understanding of the NOS. Characteristics of science particularly was
not well understood including the independeatscientific knowledge from
religious affirmation (%32), direct observation (%37), and the limits of science
(%30). The characteristics of sciemhich was wellunderstood by the student
teachers were the goals of science (%84), scientific theories ,(%e82)tific
experiments (%69), and the inability of science to address ultimate causation (%84).

During the development and initial implemeida of a NOS rubric by
Brown,Luftt Roehri g, and Kern (2006), beginning
NOS was investigated. The creation of the rubric involved five beginning secondary
science teachers, four experienced secondary science teadidlige additional
beginning secondary science teachers used to pilot the rubric. Three different
perspectivesdlOS | abel ed as fiaPrdo diuSc ttou,a tfieRdr, 00c ewsi st
AnSituatedo category aligning to a more t
showed that most beginning teachers conceptuaN2dusingh Pr oduct 0 and/ «

AProcesso f r amedaaoavémderstandidg ofithe sefatiorskip
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between theories and laws. Experienced teastheoshave taken a NOS course
aligned their NOS perspective withSi t uat ed o perspecti ve.

Liu and Lederman (2007) explored the relationship between 54 Taiwanase
prosecti ve science teacheros culturally ba
Data were collected through Views on Nature of Science FH(MNOS-C) for
teachersdé conceptions on NOS and five op
worldviews. Understandings of®E were classified into informed and naive
categories based upon contemporary views of these constructs and those stressed in
international reform documentBhe majority of participants (over 70%) held
inadequate views of the empirical NOS, tentativeéssientific knowledge,
creativity and imagination involved in scientific investigation, and hierarchical
relationship between theories and laimsaddition, mosbf the participants viewed
science as equivalent to technology or believed that sciektibewledge is proven
true based on objective observations or experimental evidence (%64). About 40% of
participants demonstrated adequate understandings of the distinction between
observation and inference. Majority of the participants ascribed theoryekalady
to new information and technologies and many also believed that theories are
tentative due to insufficient evidence for proving their validity (%59). All of the
respondents held naive views that scientific laws can be proven true through repeated
testing and scientific theories are tentative antecedents to scientific laws (%76).
Almost all participants indicated that creativity and imagination are needed in the
development of scientific knowledge placed different emphases on the only one stage
of investigation (%57). Participants viewed scientific knowledge as universal and
failed to recognize that different belief systems could influence the use of scientific
knowledge and the way scientific investigations are conducted (%46).

Yal etal:(2007)e x pl ored Tur ki sh preservice s
sciencetechnologysociety issues. Dataerecollected through an adoptéatm of
VOSTS instrument consisting of 26 multigtboice items from176 prgervice
science teachers who enrolled in thre¢edént science education programmes.
Subscales of the instruments are as science and technology, influence of society on
science/technology, influence of science/technology on society, characteristics of

scientists, social construction of scientific knoside, social construction of
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technology, and nature of scientific knowledge. Results of the study showed that
Turkish preservice science teachers held a realist view that scientific knowledge is
subject to change (%76), interdependence of science anakegi(%75),

influence of society on science/technology (%61), influence of science/technology

on society (%62), social construction of scientific knowledge (%76). While many
pre-service science teachers viewed technology as the application of scienge (39%
and nearly all the participants agreed on the hierarchical relationship in which
hypotheses become theories and theories become laws depending on the availability
of the supporting evidence (%93).

Akersonet al.(2008)as a part of their investigationaxined the relationship
betweenpres er vi ce teachersd NOS views, their
cultural valuesThe Views of Nature of Science Form B (VN®B$to describe NOS
views, the Learning Context Questionnaire (LCQ) to classifyspre vi ce t eacher
ethical and intellectual positions wusing
Inventory (SVI) were used to measure-pre r vi ce teachersd cul tu
Participants were all 14 early childhood yservice teachers who were enrolled in
The Early Childhood Education Teacher Education Program. Researchers coded
el ementary teachersé views as either 0606i |
understanding of the NOS aspect), 6édbdadeqgl
60 0i nad e dieating &ndistondeption was held by the student). Prior to
instruction, none of the preservice teachers held adequate or informed views of the
elements of NOS including empirical basis, observations and inferences, creativity
and imagination, social araliltural embeddedness, scientific theories and laws, and
multiple methods of scientific investigations.

In a recent study condud®y Liang et al. (2008), an imementwas
developed to evaluate NOS views of preservice teaddalizing convenience
samping techniquethe study involve@09 preservice elementary teachers who were
enrolled at two American universities. The participants were either majoring in
elementary education (K) or had dual majors in elementary-gKand special
education (K12).The target NOS ideas reflected in the instrument are tentativeness,
empirical basis, observations and inferences, creativity and imagination, social and

cultural embeddedness, scientific theories and laws, and multiple methods of
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scientific investigationsThe instrument comprising of 58 Likert scale items and 10
openended questionsasdeveloped considering empirically derived instruments
such as VOSTS and students' responses on VNBYSising this instrument,
researchers statédat most of the preervce elementary teachers hold naive
conceptions on several NOS aspects including creativity and imagination (%42),
scientific theories and laws (%98), and multiple methods of scientific investigations
(%33).

Asl an (2009) invest i gad NOb. Thedressachee nc e
used an 18tem questionnaire which was modified using the items of VOSTS. The
analysis revealed that science teachers had naive conceptions on various NOS
aspects including definition of science (5,5%), effect of science onp¢889%),
features of scientists (32,5%), nature of observations (41,6%), scientific models
(69%), nature of classification (21,6%), tentativeness of scientific knowledge
(25,8%), the relationship between hypothesis, theory, and law (97,3%), scientific
assumptions (45,9%), theories (33,9%), the scientific method (37,8%), scientific laws
(79,8%), scientific hypothesis (74,3%)

In a recent study YwaciandEr Nas (2010) investigated 26 $ervice science
teachersd under st andi ngquestiondNT&resulsofng sev
this study revealed that science teachers had naive understandings on several NOS
aspects. The percentages of teachers having naive NOS conceptions are as below;

e The purpose of science is to achieve abstract truth (27%)

e Scientiic knowledge is absolute where the knowledge in other fields
is not (27%)

e Experiments are crucial to reach scientific knowledge (50%)

e With the proof theories become laws (15%)

e Theories can change while laws cannot (54%)

e The role of creativity and imaginat is less than the scientific
method itsel{23%)

Doj an et asalpartof(theiOsfudirstly identifiedthepar t i ci pant s
NOS understandings usiadL4-item questionnaire which was formed using the
items of VOSTS questionnair@nalysis of preest results showed that teachers had

nave concepbins on various NOS aspects including scientific model§ %3 the
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relationship between hypotheses, theory, and lawi¥8f nature of theories
(74.4%), the scientific method (38%), epistemological status of theory @)7 law
(66.7%), and hypothesis Q%0).

The aforementioned studies provided an empirical evidence for beth pre
serviceandikws er vi ce science teachersd inadequat
from the instruments used to assess NOS. These findings indicate the necessity of
helping teaches to increase their understanding of NOS. PCK for NOS instruction
designed in this study, firstly, aimed to enhanceper vi ce chemi stry t
conceptions and hence fulfilled the gap in literature advocating the need for
educating teachers for NBD. I n addition, since teachers
study is a prerequisite for a weleveloped PCK for NOS and at the same time, the
instruction was helpful for teachers to satisfy the necessary condition for a well
established PCK for NOS. The nestép is to find out whether teachers with
adequate NOS understanding successfully translate their NOS conceptions into their

classroom and the factors that facilitate or impede this translation.

2. 3. Factors Affecting Teacdargtandingintbr ans | af

Classroom

Empirical studies revealed that both{gervice and irservice science
teachers do not have adequate NOS understandings. As an attempt to solve this
problem, science educators directed their attention to various attempigpforing
teachersé inadequate understandings of N
explicit approaches to NOS instruction (Alil-Khalick & Lederman, 2000a).

The basic assumption of implicit approach is teatningaboutNOS would
occurasacorlsquence of t he | scencebasedsadiviiesh gage men
without any direct references to NOS. Therefstgcessful experiencesdoing
sciencesuch as sciengarocessskills instruction or engagement in sciefiased
inquiry activitiesstimulateacquiring of better conception on NOSontrary to the
implicit approach, advocates of arplicit approaclttontened thatenhancig
| ear ner s6 c o showWdbe plaonedfor msteadsufley having students

participated in science activitids addition, they claimed thaertain aspects of
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NOS should be made explicit amy attempt aimedtfostering adequate conceptions
of NOS among learner$herefore, those researchers provided opportunities for
students where they reflect on their exparesnexplicitly in a way to relate science
with their experienced.he basic difference between implicit and explicit approaches
is not the kind of activities used to promote NOS understandings. The diffésence
the extent to which learners are providethvihe conceptual toothat would enable
them to think about and reflect on the activities in which they are engaged.
result of their review of the empirical studigbd-El-Khalick and Lederman (20@p
concluded thagxplicit approach was more effet in development appropriate
conceptions of NOS among science teachers

With the recognition of success of explioiflective approach in improving
teachersdé NOS conceptions, the number of
increasgAkersonet al, 2000; AbdEl-Khalick & Lederman, 2008 Lin & Chen,
2002).In addition, assumption that thereisacleant r el ati onshi p bet
NOS understanding and successful translation of their NOS conceptions into
classroom practice also acceleratedstinglies on NOS. Researchers tried to explore
whether teachers with adequate NOS conceptions are good at translating their
understanding into classroom practice and if not to reveal the factors that impede this
relationship.

One of the earlier attemptsx@ | or i ng t he rel ationship
beliefs about NOS and their classroom practice, was made by Brickhouse (1990).
She conducted her study with three science teachers using interviews, observations,
and classroom artifacts in order to reveal theliefs about NOS and science
teaching. The results of this study indicated that teachers may reflect their beliefs
about the nature of scientific theories, scientific process, and progress in their
classroom instruction. While two experienced sciencehteac s 6 consi st ent
provided evidence for the coherence between their NOS beliefs and teaching
practice, the beginning teacherdés instru:i
reflect his NOS beliefs. The bvwdgwedfani ng s
the absence ofclearut r el ati onship between teacher

teaching.
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As a follow up study, Brickhouse and Bodner (1992) focused on the
beginning teacherds beliefs about scienc:
factorsresulting in incongruence between her beliefs and practice. They conducted a
seveamonth length case study. Imews, classroom observations, and documents
related to teaching were used as data collection sources. Data sources pointed out
severalfact@ t hat i mpeded this beginning teach
NOS understanding into classroom as institutional constraints including pressure to
teach school science instead of NOS, <cl a:
concern for grades arack of SMK, institutional constraints includimgpact of
principals,regulations and socialierarchiesscheduling of classes, building designs,
andtexts and materials for instruction

After these studies science education community shifted theitiatig¢o
how teachersdé classroom instruction may
understandings and the reasons explaining it. In the following year, Hodson (1993)

i nvestigated the degree to which teacher:
reflectthée r NOS vVvi ews. Firstly Hodson identif]
toward science and categorized seven teachemnslastivistwho emphasiesthe

priority of observation (2), hypothetiedeductivistwho gives priority taheory and
emphasiesfalsification by critical experimentation (3), and context@@ocating

who believes thahere is no one method of scier{2¢ Observations, teaching

materials, and interviews supported the finding that teachers do not directly translate

their NOS conceptionsiio classrooms. Although only two teachers had inductivist

stance, inductivist and verificationist laboratory experiences were dominant in their
classrooms. Teachers expressed several constraints for the inconsistencies between

their philosophical stancend classroom practice as lack of time and resources,

pressure of the curriculum and exams, laboratory management and organization

issues, concerns about discipline, and organizing and selecting the most appropriate
experiments that work for both contentan class.

After realizing that there was noclearut r el ati onship bet we
NOS understanding and their classroom practice (Brickhouse, 1990; Brickhouse &

Bodner, 1992; Hodson, 1993), science educators started to seek for addressing the
difficulties that teachers faced with when teaching NOS. With this purpose;IAbd
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Khalick et al. (1998) designed a program for secondary science teachers in which
they taught NOS in an expligieflective manner. They investigated the effectiveness
ofthisprogbem on secondary science teachersd NO
practices using various data sources including VNOS and associated interviews,
daily |l esson plans, classroom \vnclegpt apes.
rationales, goals, objeets, lesson plans, assessment instrumegitsctions
Although teachers (n = 14) possessed adequate understandings on numerous NOS
aspects after participation to the program, they were not able to translate their NOS
understandings into classroomeveathgh t hey t hought that th
lesson plans and instructions provided little evidence for explicit references to NOS.
Moreover, teachers stated several factors for inadequacy of their lesson plan and
instruction for teaching NOS such as seeing NOS as much significant as other
learning outcomes (e.g., science content), classroom management concerns,
insufficient NOS understanding, lack of resources and experience for NOS teaching,
time limitation, and constraints forced by cooperatingheacAbdEIl-Khalick and
his colleagues recommended that teachers should be provided with the opportunities
where they experience teaching and assessing NOS. Also, the need for programs
where learning NOS and learning how to teach NOS part are separategbich
other was evident in their suggestions.

As aresponseto AbAI-Khal i ck et al . 6s (1998) <cal
learning NOS and learning how to teach NOS are separated, Lederman (1999)
conducted a multiplease study with fivéiology teachers (Bhalesand2 female¥
possessing different teaching experiences (two beginning and three experienced) in a
series of workshops intended to teach both NOS and how to teach NOS. After
completion of the workshop, sessiructured interviewsan operended
guestonnaire, classroom observatiotesson plans, instructional materials, periodic
informal interviews/discussions, and studietérviewswere used during a yelng
case study. Analysis of data revealed t h;:
influence their classroom practice. Teaching experience, on the other hand, was an
I mportant factor in teaching NOS because
indicated a consistency with their views of NOS, which is similar to the findings of

Brickhouz (1990). Another i mportant factor w
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of NOS as a learning outcome as indicated by-Eb&halick et al. (1998) and
intentions to teach NOS. Unless teachers believe in the importance of NOS they do
not teach NOS in theclassroom. While classroom management concerns was
reported by beginning teachers as a concern for not teaching NOS, experienced
teachers stated lack of experience in NOS teaching as a factor. Interestingly,
curriculum was not found to be as a factot fir@vents teachers to teach NOS since
curriculum provided flexibility to teachers for teaching their own purpose. Lederman
recommended that programs should include the components that help teachers in
valuing NOS as an instructional outcome.

Oneyearldr after Ledermanés (1999) recomr
included the valuing NOS component in the second one of a two consecutive science
method courses. Eleven gservice teachers learned NOS in an expfigitective
manner in the first course atite second course included a student teaching
experience component, emphasizing the difference between NOS and scientific
inquiry, considering NOS as an important learning outcome, and inadequacy of
implicit approach for teaching NOS. Various qualitatita sources were used
I ncluding student teachersod6 responses to
|l esson plans, classroom videotapes, supe.l
portfolio consisting ofationales, goals, objectives, lesson plassessment
instruments, and videotapesabdissroom instructigrand semstructured interviews.
Analysis of data indicated that most of the participants did not confuse NOS with
science processes. Moreover, nine of the 1ispreice teachers made exjli
attempts to teach NOS in their class as evidenced bylésson plans, portfolios,
and supervisor$ield notesHowever, most of them failed to include an instructional
objective about NOS that they intended to communicate during their teachiegy. A f
NOS related objectives were found in their lesson plans but just two of them could be
categorized as adequate. Also,-pegvice teachers did not include NOS
understanding as an important dimension to assess in their lesson plans and NOS
teachings. Altbugh participants recorded improvements in teaching NOS, they faced
with several constraints namely conflict between teaching NOS and science content,
lack of necessary time for NOS teaching and concern for falling behind the other
teachers who are not tdgang NOS, inadequate NOS SMK, lack of NOS teaching
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experience, lack of opportunity for deciding what to teach because of mentor
teachers, and stress caused by student teaching, which leaded to failing to consider
what is important to teach.

Although the mportance of beliefs and intentions to teach NOS has been
emphasized so far (Bell et al., 2000; Lederman, 1999; Lederman et al., 2001),
Akerson and Ab¢El-Khalick (2003) investigated whether these factors were
sufficient in effective translation of NOS uergtanding into classroom during an
experienced science teacheroés, who had i
to teach NOS, NOS teaching in his class. Results showed that beliefs and intentions
are necessary but not sufficient for an effective N€xghingAkerson and AbeEl-
Khalick (2003 concluded their study with the need foofessional development
thatst i mul ates the devel opment of teacher s
Lederman (2002) investigat e dledgewmentitoe gi nni I
and instruction planning after they participated to a program providing explicit
reflective NOS learning experiences, requiring inclusion of NOS in instructional
objectives and assessments. That is, teachers were externally forcedddante
teach, include NOS related objectives, and assess NOS in their NOS teaching
attempts. Their initial attempts for teaching NOS were not complete and proper
considering the content they taught while their following attempts were more
successful. Requirg extra effort, lack of NOS understanding and discipline specific
SMK, the relationship between NOS and science subject were the factors found to be
i nfluencing in teachersodo | earning and te:
insufficiency of intentiongor teaching NOS. Schwartz and Lederman (2002)
advocated that teachers should possess PCK for NOS for effectively translating their
understandings into classrooms and there was a need for meaningful professional
devel opment enhancing teachersdé6 PCK for |

Lederman et al. (2001) concentrated their efforts on finding out facilitating
and inhibiting factors in teaching NOS. Sevengeevice teachers who participated
in a program on teaching and learning NOS through activities constituted the cases of
this study. VNOS in conjunction with interviews, lesson plans, classroom
observations, formal and informal discussions, and exit interviews provided evidence

for facilitating and inhibiting factors. As facilitating factors, researcher support, NOS



40

course and aivity packet, intentions to teach NOS, and viewing NOS consistent
with curriculum came into prominence while classroom management, time
constraints, lack of NOS knowledge, SMK, state standards, lack of ownership of
practicum class, and general pedagogicalcerns were found to be inhibiting ones.
When these factors were compiled into more general categorizatiensonsfor
teaching NOSNOSknowledge, SMK, and pedagogical knowledge (PK) were
described as the most influential factors. Lederman aneazples (2001)
recommended that one must avoid providing a list of NOS teaching activities if s/he
i ntends to empower teachersd PCK for NOS
meaningful professional development programs.

Different than the majority of thstudies focusing on factors affecting
transl ation of teachersd NOS understandi i
qualitative methods, Sweeney (2010) used survey research in order to determine the
factors (importance, developmental appropriatenessp@segnce of NOS aspects in
state standards) predicting teach-ersodo te:
item questionnaire including Liketype questions scored on gbint scale was
administered to 377 # teachers. Different factors were found#osignificantly
predictive in determining the teaching of different NOS aspects. Developmental
appropriateness was found to be a signif]
NOS aspects but collaborative, empirical, and inferential. Seeing N@$ as
important learning outcome was a significant predictor for all NOS aspects. Teaching
the creative and absence of step by step scientific methodakii28tsvere
predicted by presence in state standards but not by the other NOS aspects.

Beginning from Bickhouse (1990) and followed by other science educators
(Abd-El-Khalick & Akerson, 2003; AbdEl-Khalick et al., 1998; Brickhouse, 1990;
Brickhouse & Bodner, 1992; Lederman, 1999; Lederman €2@01, Schwartz&
Lederman2002) research on investigatimigh e f act or s t hat i nfl ue
translation of their NOS conceptions into classroom practice indicated some
regularity with regard to research design, data collection sources, and more
importantly factors. In the light of these findings in the literef the factors
influencing teachersdé translation of thei

can be summarized as;
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Teacher s6 bel i efEsKhalick@& Akensan,008Bellcen s ( Abd

al., 2001 Herman, 2010tL.ederman, 1999; Lederman et 2001 Sweeney
2010

Classroom managememi{d-El- Khalick et al.,1998Hodson, 1993;
Lederman, 1999; Lederman et al., 2001; Ochaniji, 2003)

Pressure to cover science content covered in curriculum (Aslan, 2009;
Brickhouse & Bodner, 1992; Hodson, 1993; Ledan et al., 2001; Ochanii,
2003; Koehler, 2006)

Pressure from coperating teachers and parents (AHeKhalick et al., 1998;
Aslan, 2009; Bell et al., 2000; Koehler, 2006; Ochaniji 2003)

Lack of SMK (Brickhouse & Bodner, 1992; Hodson, 1993; Lederman,et al.
2001; Schwartz & Lederman, 2002; Wahbeh, 2009)

Inadequate NOS understanding (ABHKhalick et al., 1998; Akerson et al.,
2009; Bell et al., 2000; Lederman, 1999; Lederman et al., 2001; Ochanii,
2003; Schwartz & Lederman, 2002)

Time restrictions (Ab¢El-Khalick et al., 1998; Bell et al., 2000; Brickhouse
& Bodner, 1992; Hodson, 1993; Koehler, 2006)

Absence of resources and experience for teaching NOSEAKHalick et

al., 1998; Akerson et al., 2010; Bell et al., 2000; Brickhouse & Bodner, 1992;
Hodson,1993; Lederman, 1999; Lederman et al., 2001; Wahbeh, 2009)
Confusing NOS with scientific inquiry (Bell et al., 2000; Koehler, 2006;
Ochanji 2003)

Concern for studentso abilities to
Undeveloped PCK for NO\pd-El-Khalick & Lederman, 200QaAkerson

& Volrich, 2006; Hanuscin et al., 201llederman et al., 200Qchaniji,

2003; Schwartz & Lederman, 2002; Wahbeh, 2009)

Feeling responsibility for teaching NOS (Herman, 2010)

Low self-efficacy for teaching NOS (Akerson &t, 2009; Schwartz &
Lederman, 2002)

Presence of state wide tests (Aslan, 2009; Brickhouse & Bodner, 1992;
Koehler, 2006)
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e Absence of NOS in curriculum to be followed (Akerson et al., 2009; Akerson
et al., 2010; Koehler, 2006; Lederman et al., 2001)

Various f actors have been well document e

teaching practices and PCK for NOS is
in their instruction. Science educators might help botkspreice and irservice
teachers by designing uses and trainings that stimulate the development of PCK.
The need for designing professional development programs that help teachers to
develop and revise existing materials and enable them to develop PCK for NOS
considering all saglimensions namely ST, oL, KolS, KoA, andKoC has been

well documented in literatur@.g.,Akerson & AbdEI-Khalick, 2003; Akerson
&Volrich, 2006; Hanuscin & Hian, 2009; Hanuscin et al., 2ZBdhwartz &

Lederman, 200R In addition, the area of PCK for NOS requires mordisgu
(Lederman et al., 2001¢specially the ones using an explicit PCK framework (e.g.,
Magnusson et al., 1999)his study fills the gap in literature by both using a
particular PCK framework (Magnusson et al., 1999) and designing a program that
enhanceshe development of PCK for NOS. Before explication of PCK for NOS, we
should clearly define what PCK is.

2.4. Pedagogical Content Knowledge

PCK is the knowledge that differentiates a scientist from a science teacher
(NRC, 1996) and known as pedagogjmafessional knowledge for teachers. The
PCK was first conceptualized by Shulman (1986) as a result of his research on the
way in which a college graduate transforms his/her SMK into a form which is

Oon¢

understandabl e by st ude KnowledgeSGhowthiman ( 19 8 |

Teachingo and s ouigWhta tf oarr et hteh ea nssowerrcse so fo f

knowledge? What does a teacher know and when did he or she come to know it?
How is new knowledge acquired, old knowledge retrieved, and both combined to
formanewk nowl edge Hamme?up with three typé aof content
knowledge and differentiated among three which are SMK, curricular knowledge,
and PCK. SMK is defined as consistingsabstantiveand syntactic knowledge

Substantive knowledge refers to lwagrinciples and concepts of the discipline that
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form the accepted truths in a domain to be communicated to students while syntactic
knowledge refers to principles and means by which knowledge in a discipline
develops and accepted (e.g., NOS for scie@@e).r r i cul ar knowl edge
knowledge on existent program that can be used for teaching specific subject and
topic, accompanying instructional materials, how the topic being taught is related to
other topics that students learn at the same timerdlaturriculum), and topics in the
preceding and following years that are correlated to the topic of instruction (vertical
curriculum). PCK was defined as

é .knowledge, whiclgoes beyond knowledge of subjetatter per se to the

dimension ofubject matteknowledge foteaching..Within the category of

pedagogical content knowledge | incluéta, the most regularly taugkapics

in one's subject area, theost useful forms of representatiohthose ideas, the

most powerfubnalogies, illustrations, exames, explanations, and

demonstrationgn a word, the ways akpresenting and formulating teabject

that make it comprehensiltie othersé [ P CikcJudes an understanding of

what makes the learning of specifipics easy or difficult: the conceptioasd

preconceptions thatudents of different ages ahdckgrounds bring with them

to thelearning of thosenost frequentlyaught topics and lesso(js 8)

In the following year, Shulman (1987) pursued his research on knowledge
base for teaching and sdutdor the answers of sources of the knowledge base for
teaching, the terms used for conceptualizing these sources, and implications for
educational reform and teaching policy. He came up with the following list of
teacher knowl edge rehansionrofiamogic: st udent sd ¢ om

content knowledge; general PK, with special reference to those broad

principles and strategies of classroom management and organization that

appear to transcend subject matter; curriculum knowledge; with particular
graspofthemateral s and programs that serve as
teachers; pedagogical content knowledge, that special amalgam of content and
pedagogy that is uniquely the province of teachers, their own special form of
professional understanding; knowledge ofmesis and their characteristics;

knowledge of educational contexts, ranging from the working of the group or

classroom, the governance and financing of school districts, to the character of
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communities and cultures; and knowledge of educational ends,sest@nd
values, and their philosophical and historical grounds (p. 8).
Moreover, Shulman (1987) made an attempt for describing the process in

which teachers transform their SMK in a way that is comprehensible and
understandable by students (see tablél8)added that the steps constituting the
process were not fixed and rather were cl
level changed. Shulman (1987) concluded that there was a need for teacher
assessment and education programs grounded on contentechipediagogy, which
is PCK.

Table 3.A Model of pedagogical reasoning and action from Shulman (1987, p.

Reasoning Action

Comprehensior SMK about and outside of the discipline

Transformation Preparation of an instructional repertoire and claricaof
instructional purposes
Representation selection including analogies, metaphors,
demonstrations, examples, explanations and etc.
Selection from instructional repertoire
Adaptation and tailoring to student characteristics

Instruction Observabldorms of classroom teaching

Evaluation Checking for studentsd unde
Reflection Reviewing and critically an
New On SMK, students, teaching, self

Comprehensior Reinforcing of new understandingand learning from experienc

After the work of Shulman (1987), Tamir (1988) elaborated and extended the
notion of PCK providing a framework for
framework included sixategoriesvhich weregeneral liberaéducaion (basic skills
of reading, mathematics, comprehension, and reasoning), personal performance,
subject matte(knowledge and skills in related domaiggneral pedagogical
(student, curriculum, instruction, and evaluatidoundationf the teaching
profession(historyandpolicy, philosophyand psychologycultural and cross
culturalfactors, professional ethicglnd subjet matter specific pedagogical, which
is PCK. Tamir (1988) made a clear distinction between PK and subject matter

specific PK by sting that
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This distinction is very important with regardtemacher educatiorsince,

while the first (i.egeneral pedagogy) may be handled by expereireral
pedagogy and, hence, can be taugimixed disciplinary classes, the second
(i.e., subjectmatter specifi®®K) must be handled by instructors who are
pedagogical experts in a particular disciphmarking with student teachers
preparing tdeach in that disciplingp. 100)

Moreover, Tamir (1988) el aboramnged Shul

the following components:

Student Knowledge(Specific common conceptions and misconceptions in a
given topig, skills (How to diagnose a student conceptual difficulty in a
given topig

Curriculum Knowledge(The prerequisite concepts needed for
undestanding a specific topic in sciengskills (How to design an inquiry
oriented laboratory lesspn

Instruction (Teaching and managemeKtowledge(A laboratory lesson
consists of three phases: fyab discussion, performance, and plastoratory
discusgon), skills (How to teach students to use a microsgope

Evaluation Knowledge(The nature and composition of the Practical Tests
Assessment Inventoyyskills (How to evaluate manipulation laboratory

skills)

The most distingui s98& maddel of PEKafronur e o f

Shul ma®6H1987)(islth inclusion of assessment as a dimension of PCK and

differentiating between knowledge and skill by defining each for all the PCK

components.

Grossman (1990) investigated the nature and sources of P@ihgtthe

data she obtained from three beginning English teachers with no professional

preparation and three graduates of a-frear teacher education program. She

proposed a model of teacher knowledge and advocated that there were four areas

which form he base of professional knowledge for teaching; general PK, SMK,
PCK, and knowledge of conteff{oCx) (see Figure 1).
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SUBJECT MATTER GENERAL PEDAGOGICAL
KNOWLEDGE KNOWLEDGE
_ _ Learners Curriculum
Syntactic Substantive Classroom
Content and and Other
Structures Structures _ | Managemen _
Learning Instruction

! |

PEDAGOGICAL CONTENT KNOWLEDGE

Conceptions and Purposes of Science Teach

Knowledge of _ Knowledge of
Curricular _
Studen Instructional
_ Knowledge _
Understanding Strategies

!

KNOWLEDGE OF CONTEXT
Students

Community District School

Figure 1. Model ofteacheknowledge(Grossman, 1990, p. 5)

Grossmanodés (1990) model suggests that
between SMK, PK, KoCx, and PCK. Althoughsti c| ear from t he Shu

1987) PCK definitions that KolS for teaching particular topics and KoL, are the two
key components of PCK, Grossman (1990) added two more on these components as
conceptions and purposes of teaching science and curricaatddge which was

an separate base from PCK ensuring translation of SMK into a comprehensible from
by students. While the former refers t
purposes for teaching a subject at different grade level, the lattey tetbe

knowledge on available curriculum materials for teaching particular topic and what
students studied in the past and will study in the future in the same grade (horizontal)
and previous or next grade (vertical). However, Grossman did not mentioh ab

assessment as a dimension of PCK although Tamir (1989) explicitly stated about that

0]

1
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component. Moreover, Grossman (1990) argued that the aforementioned PCK
components were not fragmented in practice as it was explained in theory. With
regard to the saues, the study provided four different sources from which different
PCK components develofa) disciplinary educatiofor SMK, conceptions of
teaching the discipline, Ko@nd KolS,(b) observation of classésr KoC, KoL, and
KolS, (c) classroom teachinexperiences fakolS and KoL, and (d)Yteacher
education courses for conceptions of teaching the discipline and KolS curriculum.
Cochran, Kingand DeRuite1991) brought a criticism as being static to the
PCK definitions in literature and defined PCi¢rh a constructivist perspective as
Pedagogical content knowledge is an integrated understanding that is
synthesized from teacher knowledge of pedagogy, subject matter content,
student characteristic, and the environmental context of learning. In other
words, PCK is the using the understanding of subject matter concepts, learning
processes, and strategies for teaching the specific content of a discipline in a
way that enables students to construct their own knowledge effectively in an
given context (pp. :12).
They advocated that the four components were transformed into PCK and
PCK was the integration of four components which could not be observed as separate
components. Late€ochran, DeRuiteand King(1993) used a new term
APedagogi cali n@o n(tPeOnktg )Kon of wo rrbasedhRCKr constru
definition emphasizing dynamic nature. For them, development of PCKg is continual
and PCKg enables teachers to create learning environments where students construct
their own understanding with respect to sfietopics. Moreover, Cochran et al.
(1993) acknowledged that they added two I
1987) PCK model as teachersod understandi |
ages, developmental levels, motivations, learning strateamesprior conceptions
and teachersd understanding of the soci al
environmental contexts. They claimed that these two additional PCKg components
formed the basis of constructivist based teaching since learning was trgated
students in social settings.
PCK definitions in literature summarized so far (Cochran e1991];
Grossman, 1990; Shulman, 1986; 1987; Tamir, 1988) did not include any argument



48

about how their definitions might be-cenceptualized with respect torpeular
domains. This tendency changed with the work of Magnusson et al. (1999). They

viewed PCK as a transformation of SMK, PK, and KoCx and elaborated upon

Grossmandés (1990) and Tamirédés (1988) PCK
Magnus s on 99 mode definéssa PCKLn®del for science teaching and
includes five components with the addit.i .

(1990) which are conceptions and purposes of science teaching (refers to orientations
toward teaching science or STO in Magsan et al. (1999)KolS, KoC, and KoL
(see Figure 2).
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Expl anation of each componentasi n Magn!

STO was defined as teachersd beliefs
purposes of teaching science at a particular level and directly influences
teachersdé6 decision making related to I
figure 2. Theras a reciprocal relationship between STO and the other PCK
components (KoC, KoL, KolS, and KoA). Magnusson et al. (1999) defined

several STO and accompanying instructional strategy. For instance, a teacher

with a didactic orientatiopresents informatiothroughlecturing or

discussion, andtudents are expected to know the facts of science or a teacher

with an inquiry orientation engages students in defining and investigating

problems, drawing conclusions, and assessing the validity of conclusions.
Magnussn and colleagues argued that teachers might use the same

instructional strategies but the purpose of implementation it determines a
teachero6s orientation.

KoC includes two sulsomponents as mandated goals and objectives, and

specific curricular program¥/h i | e t he f or mer refers toc
about the curricular goals and objectives in the topic they teach for and the

vertical curriculum (what students have learned in previous year and what

they are expected to learn in the next year in the sapng) tthe latter refers

to teacher s 6 kcaracwdrpeodrgnes aral matarials t h e

appropriate for teaching a specific domain or topic.

KoL includes two sultomponents as requirements of science learning and

areas of student difficulty. Thefoemr r ef er s t o teacher so
pre-requisite knowledge, skills and abilities are needed for students to learn

the target topic as well as studentso
i ncludes teacher sd knowlisencgpgonssobout t h
students in a particular topic.

KolS includes two sutisomponents as subject specific instructional strategies

and topic specific strategies. Subjspecific strategies are the ones used for

teaching science (e.g., conceptual change,mpqgoroblem based learning).

Teachers should know how to employ them in their class. Topic specific
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strategies are the representations (@lgstrations, examples, models, or
analogiey and activities (e.gproblems. demonstrations, simulations,
invedigations, or experimenitshat help students to comprehend the specific

topic and these strategies differ from topic to topic.

5. KoAincludestwosult o mponent s as teachersd know

and how to assess it. What to assess refers to teabherk n o wl edge on

outcomes that need to be assessed throughout or end of the instruction. For
i nstance, a teacher with a process

process skills as well as their knowledge on the topic. How to assess is the

tteachersod knowledge on various assessm

needs to be assessed.
Magnusson et al. (1999) concluded their study with several arguments about
the nature of PCK. These arguments are as;

e ..components that are shown indicate thate ae different types of subject
specific pedagogical knowledge that are used in teaching science. Within
each component, teachers have specific knowledge differentiated by topic,
although they might ndtavesimilarly elaborated knowledge in each wpi
area(p. 115)

e Successful teachers are expected to develop all PCK components in all the
topics.

e There should be coherence among all the components and development of a

single component is not sufficient

e A teacKerasaP€Copic might be different

the same topic and even a teacher might have different PCK in different

topics.

All the efforts defining PCK mostly focused on what constitutes the PCK.
Related to formation of PCK some argubdttseveral knowledge bases were
transformed into a new form of knowledge which is PCK (Shulman, 1987;
Magnusson et al., 1999). However, GBEswsome (1999) brought a different
perspective on this issue by recommending a continuum and transformative and
integrative PCK constitutes the two extremes on this continuum (see Figure 3).

According to integrative model PCK does not exist and teacher integrates SMK, PK,
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and KoCx during his/her teaching. Transformative one implies that PCK is the new
knowledge formd as a result of transformation of SMK, PK, and KoCx. She used an
analogy from chemistry to better explain the two models. Integrative model is like a

mixture of which the components can be separated while transformative one is like a
compound of which theomponents lost their initial properties. There should be fluid

i ntegration of all components in an expel
perspective and on the other hand, an expert teacher should possess PCK for all the

topics in transformativenodel.

[ swk ]| Pk
I

‘W‘ [ P?( )

[ Kobe ]

Figure 3. (a) Integrative model, (b) Transformative model (Gdssvsome,1999, p.
12)

What have research claimed about the nature of PCK? Before the study of
Veal and MaKinster (1999), there has been no explicit effort and consideratio
this issue. There were several studies in which the nature of PCK was presented
implicitly. For instance, Shulman (1986) advocated that there should be an
e X ami n at thesubjechrid topiépecific pedagogicdnowledge 6 ( p . 10)
but did not proide any explanation about the difference between the two. Similarly,
Magnusson et al. (1999) acknowledged that PCK

...components that are shown indicate that thexdiéferent types of

subjectspecific pedagogical knowledge that are used in teachiagci

Within each component, teachers have specific knowledge differentiated by
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topic, although they might néave similarly elaborated knowledge in each

topic aregp. 115).

Although both Shulman (1986) and Magnusson et al. (1999) mentioned about
subject-specific and topkspecific pedagogical knowledge, they did not elaborate
upon what they mean by these two. The first step in resolving the issue of nature of
PCK was taken by Veal and MaKinster (1999). By utilizing from the literature, they
came up wit a scheme reflecting the hierarchical order among different PCK models

beginning from general PCK and ending with teppecific PCK (see Figure 4).

General PCED

Disciplines

History Math

English

Science

Dromain Specfic PCK

Science

Biology

Geology

Chemistry

e : Topic Specific PCE T

Chemaistry

Solubility Oxidation

Stoichiometry

Figure 4. PCK Taxonomy proposed by Veal and MaKinster (1999)
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Pedagogy is the broadest of all the BGifQd refers to knowledge on general
teaching, assessment, evaluation, management, reinforcement, and etc. It is not
specific to any discipline, domain, or topic and broadly applicable to all. General
PCK was defined as the PCK relevant for different gisees (e.g., science,
mathematics, history). For instance, Magnusson et al. (1999) acknowledged that a
science teacher should know teaching strategies specific to science such as learning
cycle, problerbased learning, conceptual change, and etc. Diffelisaiplines
might use the same teaching strategy but the use and implementation of them are
specific to the discipline. Domaspecific PCK is more specific than general one
since it deals with the issues of teaching one of the domains (e.g., chemiatry)
discipline (e.g., science). There are variations in teaching strategies, laboratory
activities, and assessment methods that are used by different disciplines in the same
domain. But the purpose and tools are specific to the domain. Although the topic
specific PCK seems the most specific category among the others, a teacher who has
this type of PCK could have the general, domain, and discippeeific PCK. Veal
and MakKinster (1999) argued that although there were some overlapping topics
among differendomains in science (e.g., heat and temperature), the representation of
content in terms of the way and the degree indicates differences. For instance, while
chemistry teachers prefer to use kinetic molecular theory, physics teachers prefer to
use the corept of transferred heat when explaining the temperature. -ppiific
PCK implies that a teacher might have different PCK in different topics. Considering
the differences in the nature, studentso
curriculum, teachingtrategies, and assessment methods with respect to different
topics it is expected that a teacher cannot have the same PCK across all topics s/he is
teaching. For instance, a chemistry teacl
from his/her PCK in cheioal equilibrium topic.

After the work of Veal and MaKinster (1999), a few studies provided their
arguments on the nature and types of PCK. Some researchers (Davis et al., 2008;
Davis & Krajcik, 2005) advocated that teachers should possess disciplaifecspe
PCKaswellastopis peci fi c one. Theyeatharsmust&mow e x p| a
how to help students understand the authextiwities of a discipline, the ways

knowledge is developad a particular field, and the beliefs that represent a
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sophisticatedunderstanding of how the fieldwoiks ( p. 5) . Mor eover,
that a science teacher must have disciptipecific PCK and this PCK would allow
him/her to engage his/her students in the process of scientific inquiry and more than
that tohelphis/her students understand the scientific enterprise itself that is NOS.
Similarly, Davis and colleagues (2008) defir®dK for scientificnod el i ng as i é
incorporates knowledge of instructional strategies that can promote students'
engagement in modtieg practices and learning of metamodeling knowledgelso
incorporates teachers' knowledge of their students' ideas and the challenges students
face, again associated with modeling practices and metamodeling knoa(pd@ke
Davis and Krajcik (2005&cknowledged that teachers should have all the
components (KolS, KoL, STO, KoA, and KoC) in their disciplspecific PCK.

PCK has been an important concern in education community especially
among the ones interested in teacher education. Much effdseraglaced on the
components of PCKQochran et al., 1991; 1993; Grossman, 1990; Magnusson et al.,
1999; Shuman, 1986; 1987; Tamir, 198ile the nature and different types of
PCK took less attentiorb@vis & Krajcik, 2005; Davis et al., 2008; Gedswome;
1999; Veal & MaKinster, 19995ince PCK for NOS is the concern for this study,
one might ask which one can fully explain the nature and component of PCK for
NOS and al so which model can be used for
successful translan of NOS understanding into their classroom. In the following
PCK for NOS part, | will seek for the answers given to this question and explain the
PCK model that guided our study.

2.5. Pedagogical Content Knowledge for Nature of Science

PCK for NOS ha been pointed out by science education community as one
of the impeding factors affecting teache]
understandings into their classrooAb{l-El-Khalick & Lederman, 200QaAkerson
& Volrich, 2006; Hanuscin et al., 201llederman et al., 200Qchanji,
2003;Schwartz & Lederman, 2002; Wahbeh, 2009). Moreover, the task of designing
professional development programs, helping teachers in developing and revising

existing materials and enabling them to develop PCK for NOSidermng all sub
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dimensions namely STO, KoL, KolS, KoA, and KOC, was assigned to science
teacher educatofgkerson & AbdEI-Khalick, 2003; Akerson &Volrich, 2006;
Hanuscin & Hian, 2009; Hanuscin et al., 20$thwartz & Lederman, 2002
Lederman (19983ees NOS as a topic in science and this shows the necessity
for a conceptualization of PCK for NOS. When we apply the concept of PCK to
NOS, it includeseéeé
€ an adequate understanding of wvariou:
wide range of related examplestivities, illustrations, explanations,
demonstrations, and historical episodes. These components would enable the
teacher to organize, represent, and present the topic for instruction in a
manner that makes target aspects of NOS accessible to prestlidgets.
Moreover, knowledge of alternative ways of representing aspects of NOS
would enable the teacher to adapt those aspects to the diverse interests and
abilities of learners (AbdEl-Khalick & Lederman, 2000, p. 692).
In other words, a teacher withsafficient PCK for NOS is able to transform
her knowledge about NOS into a form whicl
learning. After this definition, in a study where Schwartz and Lederman (2002)
investigated knowledge, intentions, and instructionaltpr@s of two beginning
science teachers during their learning and teaching NOS, a model for PCK for NOS
(see figure 5) and a model ensuring successful translation of NOS understanding into

classroom practice were proposed.

NOS

Knowledge @
Pedagogical
Knowledge

Figure 5. PCK for NOS $chwartz & Lederman, 2002, p. 232)
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Schwartz and Lederman (200@)nceptualizedCK for NOSas a blending
of SMK, NOS knowledge, and PK. However, they did not elaborate how these
individual components blend and form PCK for NOS. Moreadvew one can dede
whether a science teacher has aeileloped PCK for NOS or not is not clear from
their definition since the knowledge and skills of a teacher with PCK for NOS was
not explicitly defined. Schwartz and Led:¢
successflly address NOS, attention must be given to the development of
Atraditional 0 subject matter kswelvat edge, |
the interaction among these domainso (p.
the necessity of knowledge oftory of scienceHOS), scientific inquiry, and
related pedagogical approaches for teaching NOS. Although Schwartz and Lederman
(2002) provided a little explanation about pedagogy, from their definitions it seems
that they did not consider NOS assessnent,budent so | earning di ff
misconceptions about NOS, and mandated NOS goals and objectives in their
definition of pedagogy. On the other hand, they took attention to the necessity of
further research on how SMK, NOS, and pedagogy contribute éogemce of PCK
for NOS.

Schwartz and Lederman (200a¢wed PCK for NOS as necessary but not
sufficient for ensuring teaclhearcdbéiefsswbcces

and intentions are the other componéh#t complement the PCK for NOSeg

FFgure 6). Beliefs were defined as teache
(NOSteachingselé f fi cacy) and studentsd ability |
expectancy) . I ntentions referred teacher:

learning goapurposefully for themselves.
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Knowledge base that
includes

Beliefs:
il can teac
AMy student
NOS. o

PCK for NOS

Intentions:

Al am goin
NOS. o

Purposeful
Translatiorf

== === === =4

Classroom Practice:
Explicit teaching of NOS

*

* Dashed lines indicate that the
transition from one component t
another is not direct by addition.
personal and contextual factors

v
Student Achievement

s

Figure 6. A model of the requirements for teaching NOS (Schwartz &

Lederman, 2002, p. 233)

Kim et al.(2005)utilized a framework treating development of PCK for NOS

as a continuum (Levelimplicit, Level 2didactic, and Level-&xplicit and

reflective)in their attempt for investigating-s er vi ce teacher so

knowledge for teaching NOS throughout microteaching sessiensparticipants

had Level 1 PCK for NOS which means they inclutli€aiS objectives in their lesson
plans but did not incorporate these objectives in their teaching. Twelve participants
in Level 2 PCK for NOS addressed NOS in their teaching compared to Level 1

participants. However, these 12 participants preferred to did&etic explanation

about NOS without expliciteflective discussions right after completion of their

peda
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teaching activity. Finally, 39 of 70 participants were categorized as Level 3 PCK for
NOS and explicireflective NOS discussions together with assessatégmpts were
evident in their lesson plans. Kim et al. (2005) using the data of their own elaborated
Schwartz and Ledermands (2002) PCK for N
emphasized the need for an understanding of scientific concept such asahistor
development of that concept and N&&ecific PK knowledge of the differences
between an implicit and explicit approach and between a didactic and an explicit
reflective approach was necessary.

Utilizing the two PCK for NOS models proposed Schwartzlasdkrman
(2002), Jenny (2011) conducted a case study with five teachers in order to investigate
their intentions to teach NOS, beliefs, ;
PCK for NOS into three as the beginning, developing, and experienced $tages.
of the teachers were in the beginning stage category and they focused on
communication of NOS aspects by using the activities they learned from textbooks
or teacher trainings without considering
developingstagd e si gned their own instruction an:
and misconceptions about NOS. Two teachers in the experienced stage were able to
design their own NOS teaching, revise existing materials for teaching NOS, and
integrate NOS into their &ehing even without purposefully plan to teach it.
Moreover, these teachers considered stud:
misconceptions more compared to the developmental stage teachers and collected
continuous f eedb aclkaghounthes instrictteom Jeany | ear ni |
(2011) proposed the components essential for PCK for NOS as SMK, NOS
knowledge, PK, knowledge ¢fOS, knowledge of students, knowledge of purpose
of NOS attempts, and KoA and further emphasized the integration among these
components for effective NOS instruction. Knowledge of students, knowledge of
purpose of NOS attempts, and knowledge of assessment were the new components
added to Schwartz and Ledermandés (2002) |
Jenny (2011) which as not mentioned by Schwartz and Lederman (2002). When a
closer look was taken to the components proposed by Jenny (2011), the similarity
bet ween those components and Magnusson e

For example, knowledge of studentsposed by Jenny (2011) refers to KoL in the
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Magnuson at al . o6s model . I n the same vei.l
refers to STO, and knowledge of assessment is similar to KoA.

Different than the previous studies, some researchers preferredaio use
already existing PCK models (e.g., Magnusson et al., 1999) by adapting it for NOS.
Based on Magnusson et al.o6s (1999) study
teaching is modifiable, Hanuscin and Hian (2009) and Hanuscin et al. (2011) used
different contexts for investigating the PCK for NOS development; the former used
mentormentee relationship and the latter used a professional development program
where teachers learned about NOS and importance of NOS. First of all, both study
supportedthemp | i cabi Il ity of Magnusson et al . 0s
on PCK for NOS. Also, the uneven development of PCK components (STO, KolS,
KoL, KoA, and KoC) was evident in their conclusions; that is, although mentee
developed her KolS for NOS, st not develop KoL relevant to NOS (Hanuscin &
Hian, 2009) and participants of professional development program developed KolS
but did not develop KoA (Hanuscin et al., 2011). Both studies emphasized that
professional development efforts could be moredi¥e by helping teachers to
develop all PCK for NOS components instead of addressing some components. Also,
the need for research on interplay among PCK for NOS components was highlighted
(Hanuscin et al., 2011A recent study (Faikhamta, 2012) respahtieat call and
investigatedirs er vi ce science teachersd NOS unde
based NOS course. Pakased NOS course was framed based on the PCK for NOS
model adapted by Hanuscin et al. (2011)
Throughawat t he course teachersd6 NOS -under st al
reflective contengyeneric (e.g., mystery cube) and contembedded activities (e.qg.,
collision theories). Moreover, the course included some sessions on STO, KolS,
KoL, KoA, andKoC andanalysis of the results showed that althougbkervice
teachers had napve and partially infor me
and theories, and tentativeness) before the course they improved their understanding
into more informed views. Whtregard to change in STO thatdarvice teachers
experienced, projediased science, process, and guitegiiry were the most
preval ent orientations considering the M

After PCK-based NOS course, there wererdases in those orientations and the
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participants developed inquiry orientation. Although Faikhamta (2012) addressed alll
PCK for NOS components in the course, she did not analyze the all PCK components
but STO and the integration among those.
Although theliterature provides examples of several frameworks for
investigating PCK for NOSongsanopAkerson Rogers andWeiland(2011)
examined preservice teachersé PCK for NO:
teaching, and reflective practice forwhicleth cal | ed Al esson st ud)
al. (2011) mentioned about the degree of inclusion of NOS objectives in their
planning and explicit attempts to teach NOS without considering student,
assessment, and curriculum dimension.
In a recent study, Ab&l-Khalick (2012) decribeteacher knowledge
domains for teaching with and abdN®S and proposed a modetluding
knowledge domainsnsuringg e a c $uecess ib addressing N@&heir
instructions According to this model, NOS understandingyuiry pedagoigal skills
and understanding, and science content understanding intersect to form PCK for
NOS or what they called as NOS PQWoreover the reciprocal interaction between
any two of those requires teachers to have and enact those interactions in their
techingTeacher s0 sci enc ereferstodeep antd integrattet r st and i
understandings afcience contentnquiry pedagogical skills and understanding
includes two suadimensions ag&) enacting studestientered and inquiry teaching,
and(b) appreaat i ng, assessing, and monitoring c|
NOSThe intersection between science content understanding and inquiry
pedagogical skills and understandfogms a new knowledge domain which is
inquiry as instructional meank dealswith teacher understandings and skiéated
to teaching science content by using inquiry as an instructional méathedast
di mensi on, NOS under sNO& oodceptians approor@te tod e st
national reform documentbloreover, it is nosufficient to ensure successful NOS
teaching andreesubdomains of NOS understandings are needibd firstis
understandinghatNOS and inquiry are not the same while related and called as
reciprocity of NOS and inquityhe other sugiemnsion of NOSinderstanding is
contentsituated or domainspecifidOS understandingandrefersto knowing which

NOS conceptions are more germane to teaching within a specific topic (e.g., teaching
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nature of models in atom)hislast dimension, HPS8jmensions theknowledge
of the historical, philosophical, psychologicahdor sociological aspects of the

development of scientific knowledge

NOS
understandings
HPPSS
understandings
; ; content
reciprocity of situatedness of |
NOS & inquiry NOS ’
NOS
PCK
inquiry
pedagogical inquiry as science content
understandings &  instructional understandings
skills means

Figure 7. Teacher knowledge domains for teaching with and about NOS
(Abd-El-Khalick, 2012)

To summarize, there aranety of studies on PCK for NOS; while some
developed their own PCK for NOS modébd-El-Khalick, 2012;Jenny, 2011; Kim
et al., 2005; Schwartz & Lederman, 2002), the others modified an already existing
PCK model (Magnusson et al., 1999) for investigaffCK for NOS Faikhamta,
2012;Hanuscin & Hian, 2009; Hanuscin et al., 2011), and few did not use a
framework although they focused on PCK for NOS examination (Pongsanan et al.
2011). PCK for NOS models neither proposed nor modified by the researchers
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shared some common elements as KoL, KoA, KolS, and STO. These components

strengthened the Magnusson et al.od6s (199

this model guided our research in designing our PCK for NOS instruction and

monitoring developmentgfres er vi ce chemi stry teacherso
Another important issue that needs to be considered is the nature of PCK for

NOS. Although PCK literature has provided several arguments on different kinds of

PCK (general, domain or disciplirspecific, and tojg-specific PCK), none of the

PCK for NOS studies aforementioned sought

category can fully explain the nature of

arguments could be proposed. Utilizing the PCK taxonomies proposeeabyav

Makinster (1999) some might think that PCK for NOS is general PCK since it deals

with knowledge and skills related to teaching science. Some others might see NOS as

a topic in science and argue that PCK for NOS is topic specific (Hanuscin & Hian,

2009; Hanuscin et al., 2011; Lederman, 1998). NOS can be taught using content

generic activitiesandtope peci fi ¢ PCK have the potenti.

teaching practice. On the other hand, NOS can be taught using eemteetded

activities andne science teacher may teach the same aspects (e.g., nature of

theories) when teaching different topics in a discipline (e.g., atom theories and

kinetic molecular theory). At this situation togpecific nature may not fully

explain the way thisteackies NOS t eaching attempt in tw

(2008) arguments resolved the issue at this pdid;] w] hi | e PCK i s typi

conceptualized as topgpecific, teachers also need discipispecific knowledge

about how a di s.¢nithpiddefiniteon ofPOK Kosdisciplinary 6 )

practices, Davis and Krajcik (2005) elaborated that teachers should have knowledge

and skills that help students in understanding the discipline itself and when applied to

science understanding the scientific enaeatvimplies that teachers have PCK for

NOS. The arguments on nature of PCK for NOS formed based on PCK literature

should be supported by empirical research and moreover, there is a need for research

on different types of PCK (e.g., general, discipigpecific, and topic specific) in

order to deepen our understanding on science teacher knowledge (Abell, 2008). This

study fills the gap in the literature in this regard.
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2.6. Summary of the Literature Review

Developmentofprs er vi c e ¢ h e miOsHKok, KolS, amékKoh er s 0
and the nature of their PCK for NOS were investigated in this study. Therefore,

S

literature was reviewed under the headings of NO8,ac her sd wunder st an

factors affecting teacher sd otcless,’P€K, at i on

and finally PCK for NOS

NOS came into prominence in science education reform movements because
of i ts contri but iAAAS, 1998; Bauer, 199bdLaytomnetal.a | 0 s
1994; NRC, 1996; Shamos, 199After that point, stakeholdeof science
especially science educators tried to find the answers of what is NOS? What level of
NOS understanding is necessary for students? and Which NOS aspects should be
learned by students? Although the lack of cleastrNOS definition accepted byl al
interested in NOSAbd-EI-Khalick & Lederman, 2000 there are some NOS aspects
on which NOS related people reached a consensus by recognizing their essentiality
for achieving scientifically literate citizenridOS refers to the epistemology and

sociology of science, science as a way of knowing, or the values and beliefs inherent

(

S|

to scientific knowl edge an Warious effarts vieeev el o p |

made in defining what constitutes NOS and which aspects provide a more coherent
NOS understaridg (Alters, 1997; AAAS 1989 ; | 20 Kiknbal, 19688) | a ,
Matthews, 1998MccOmas, 1998yicComas& Olson 1998 Osborne et al., 2003;
Rubba & Anderson 197&mith et al, 1997 Smith& Scharmann1999 for students

to achieve SLAIthough there have been some disagredmen a specific definition

on NOS, there are some agreed upon important aspects of NOS which is relevant and

accessible to KL.2 (Abd-El-Khalick, Bell & Lederman, 1998; Lederman & Adil-
Khalick, 1998; McComas & Olson, 1998; Osborne et al., 2003; Smitlh&8tann,
1999). The following aspects constituted our understanding of NOS and reflect the
contemporary understanding on NOS as defined by literature.

e Scientific knowledge is tentative

e Science is based on observations and experiment

e Scientific knowledges based on inferences as well as observations

e Scientific theories and laws have different roles in science
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e Scientific knowledge is theofaden and includes subjectivity
e Creativity and imagination plays a major role in science

e Social and culturdiactors affect science

e Science and technology is not the same thing

e There is no universal and step by step scientific method

e Serendipity plays a role in science

Teacherso6 NOS understanding refers to
requisitefor a welldeveloped PCK for NOS (van Driel et al., 1998).Therefore, after
defining our understanding of NOS, the next step was to portray a clear picture of
what teachers know about targeted NOS aspects. The efforts in examining what both
pre- and insenice teachers know about NOS differed in the participants (e.qg.,
elementary, elementary science, secondary sciencsgpriee, and iservice
teachers) and the tools used for assessi |
qualitative and quantitative). Wheater the tools they used or whoever the
participating teachers, the results of these studies indicated that teachers do not have
informed NOS understanding and moreover they have several misconceptions in
NOS (Abd-El-Khalick & BouJaoudel1997 Akersonet d., 2008 Aslan, 2009;

Ayvaci & Er Nas, 201@Brown et al.2006§ Chen, 200, Do j ,2005Doj an, et al
201 Er d 0 2084n G¢ r s,82605 ldaidar,a999 Lederman, 1992; Liang et

al. 2008;Liu & Lederman2007 Murcia& Schibecj1999 k a hi2006et al . ,
Tairab, 2001 Thye & Kwen, 2003 Y a | etal-,2007) such as tb purpse of

science igo achieve abstract truthgientific knowledge is absolute where the

knowledge in other fields is notxperiments are crucial t@ach scientific

knowledge, vwth theproof theories become lawseories can change wailaws

cannot, andhe role of creativity and imagination is less than the scientific method

itself.

Real i zing the teacherso inadequate NO!
directed their attempts to i mprove teach:
i mpr ove staoteptiohsssifce ey 8ssumed that teachers with an
adequate NOS understanding is able to translate his/her understanding into the
classroom teaching. The efforts, aiming
could be categorized as implicit and expltoitNOS instruction (AbdEl-Khalick &
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Lederman, 2000a). Advocates of implicit approach believed that students can learn
NOS by engaging in authentic science activities without any connection to NOS
while explicit approach advocated tlathanciig learner6 concepti ons of
should be planned for amértain aspects MOS should be made explicit amy
attempt After recognizing the effectiveness of explicit approach, science educators
made some progress i n enhe@kecsonetgl.,2008;ac her s
Abd-El-Khalick & Lederman, 2008 Lin & Chen, 2002)However, subsequent
researches indicated that teachers were not able to directly translate their informed
NOS understandings into their teaching (e.g., Brickhouse, 1990; Brickhouse &
Bodner, P92; Hodson, 1993). To reveal the factors that resulted in the absence of
clearcut relationship, several studies conducted withsgr@ice and irservice
teachers using mostly qualitative sources throughout their NOS teaching attempts.
The associatedfacor s wi t h teachersd NOS teaching
literature are as follows;
e Teachersodo bel i etEsKhaick& Akersan,&008Belien s ( Abd
al., 2001 Herman, 2010tL.ederman, 1999; Lederman et al., 208tveeney
2010
e Classroom maagementAbd-El- Khalick et al.,1998Hodson, 1993;
Lederman, 1999; Lederman et al., 2001; Ochaniji, 2003)
e Pressure to cover science content covered in curriculum (Aslan, 2009;
Brickhouse & Bodner, 1992; Hodson, 1993; Lederman et al., 2001; Ochaniji,
2003; Koehler, 2006)
e Pressure from coperating teachers and parents (AHeKhalick et al., 1998;
Aslan, 2009; Bell et al., 2000; Ochaniji 2003, Koehler, 2006)
e Lack of SMK (Brickhouse & Bodner, 1992; Hodson, 1993; Lederman et al.,
2001; Schwartz & Lederman, 200&ahbeh, 2009)
¢ Inadequate NOS understanding (ABdKhalick et al., 1998; Akerson et al.,
2009; Lederman, 1999; Lederman et al., 2001; Ochanji, 2003; Schwartz &
Lederman, 2002)
e Time restrictions (AbeEl-Khalick et al., 1998; Bell et al., 2000; Brickhouse
& Bodner, 1992; Hodson, 1993; Koehler, 2006)
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e Absence of resources and experience for teaching NOSEAKtalick et
al., 1998; Akerson et al., 2010; Bell et al., 2000; Brickhouse & Bodner, 1992;
Hodson, 1993; Lederman, 1999; Lederman et al., 2001; Wak0e%)
e Confusing NOS with scientific inquiry (Bell et al., 2000; Ochanji 2003;
Koehler, 2006)
e Concern for studentso abilities to | e:;
e Undeveloped PCK for NOApd-El-Khalick & Lederman, 200QaAkerson
& Volrich, 2006; Hanuscin et al., 2011,ederman et al., 200Qchaniji,
2003;Schwartz & Lederman, 2002; Wahbeh, 2009)
e Feeling responsibility for teaching NOS (Herman, 2010)
e Low self efficacy for teaching NOS (Akerson et al., 2009; Schwartz &
Lederman, 2002)
e Presence of statwide tests (Aslan, 2009; Brickhouse & Bodner, 1992;
Koehler, 2006)
e Absence of NOS in curriculum to be followed (Akerson et al., 2009; Akerson
et al., 2010; Koehler, 2006; Lederman et al., 2001)
Among the factors listed abo¥RCK for NOSis the one thascience
educators might help both pservice and irservice teachers by designing courses
and trainings that stimulate the development of PKa&reover, he need for
designing professional development programs that help teachers to develop and
revise exisghg materials and enable them to develop PCK for NOS considering all
subdimensions namely STO, KoL, KolS, KoA, akaC has been well documented
(Akerson & AbdEI-Khalick, 2003; Akerson &Volrich, 2006; Hanuscin & Hian,
2009; Hanuscin et al., 2011; Schwagtz ederman, 2002). Also, the area of PCK for
NOS requires increasing number of studies (Lederman et al., 2001), especially the
ones using an explicit PCK framework (e.g., Magnusson et al., 19G%).is the
knowledge that differentiates a scientist frosceence teacher (NRC, 1996) and was
first conceptuali zed by Sh uknawkedyge, (Hch 8 6 ) .
goes beyond knowledge of subjetatter per se to the dimensionsoibject matter
knowledge foteaching ( p. 8) . Af t e r(1986)) moreweseaich of Shu
was conducted on the components and nature of PCK (Davis et al., 2008; Davis &
Krajcik, 2005; GesfNewsome, 1999; Grossman, 1990; Shulman, 1987; Tamir, 1988;
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Cochran et al., 1993; Magnusson et al., 1999; Veal & MaKinster, 199%)wHiadj
the recognition of PCK bin 1980s, science educators conceptualized PCK for NOS in
2000s as including
€ an adequate understanding of wvariou:
wide range of related examples, activities, illustrations, explanations,
demorstrations, and historical episodes. These components would enable the
teacher to organize, represent, and present the topic for instruction in a
manner that makes target aspects of NOS accessible to precollege students.
Moreover, knowledge of alternativeays of representing aspects of NOS
would enable the teacher to adapt those aspects to the diverse interests and
abilities of learners (AbdEl-Khalick & Lederman, 2000, p. 692).
Although, literature provides various models for PCK, some researchers
preferrel t o construct their own model for in
attempts Abd-El-Khalick, 2012;Jenny, 2011; Kim et al., 2005; Schwartz &
Lederman, 2002) and very few utilized an already existing PCK model (Magnusson
et al., 1999) by modifying irdbm the perspective of NOS teachif@ikhamta,
2012Hanuscin & Hian, 2009; Hanuscin et al
PCK model was originally proposed by science teaching and has an adaptable nature
for different topics in science. Theseresearchs usi ng Magnhusson et
provided evidence for the applicability of this model as a lens for research on NOS
teaching Faikhamta, 20124anuscin & Hian, 2009; Hanuscin et al., 2011). In this
study, Magnusson et al .rg#for(NDSwWas )sedtnCK mo d
this study when designing PCK for NOS instruction and analyzing the data.
Although several studies considered what constitutes PCK for R@khamta,
2012;Hanuscin & Hian, 2009; Hanuscin et al., 20dénny, 2011; Kim et al., 26;
Schwartz & Lederman, 200R they did not provide their arguments explicitly about
the nature of PCK for NOS. Based on the literature on PCK some may advocate that
PCK for NOS is a general PCK (Veal & MaKinster, 1999), some may claim that it is
topic-specific (Hanuscin & Hian, 2009; Hanuscin et al., 2011; Lederman, )] 998l
the others may provide their arguments in favor of discigpecific nature of PCK
for NOS Davis& Krajcik, 2005 Davis et al.2008. The nature of PCK for NOS is

an area thateeds further investigationand Vi rt ual |l y no research
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perspective, which was so heavily researched during the 1990s, as a lens for research
ontheteachng of NOS. 0 ( 870)dMoreower,the int2rplay @mongp .

various compoents of PCK for NOS should be investigated (Abell, 2008; Hanuscin

et al., 2011). This research fills the gaps in the literature in these respects by
examininghowprs er vi ce chemistry teachersd PCK
KoL, KolS, and KoA) changedthoog hout a course in which e

NOS understanding and PCK for NOS were the main focus.

2.7. The Present Study

An i mportant question that needs to b
theoretical framework for PCK for NOS amongthe omdsr eady exi st i n |
Literature provided several frameworks for PCK for NO@&neof them were
developedy researcher@bd-El-Khalick, 2012;Abd-El-Khalick & Lederman,
2000;Jenny, 2011; Kim et al., 2005; Schwartd.&derman, 2002gnother was
modifiedusingan already existing PCK mod#lagnusson et al., 199@aikhamta,
2012;Hanuscin & Hian, 2009; Hanuscin et al., 2011), and was defined as degree
of integrating NOS in lesson plaflRongsanon et aR011).Although they may
seem as diérent frameworks, when examined more closely these frameworks shared
some shared elements (see table 4). Moreover, these elements constitute the

components of PCK proposed by Magnusson et al. (1999).
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PCK for NOS Models

Abd-El- Schwartz Jenny Faikhamta,
Khalick& & (2011) 2012;
Lederman Lederma Kim Hanuscin & Khalick,
(2000 n (2002) etal., Hian, 2009; 2012
2005 Hanuscinet

Components al.. 2011

NOS X X X X X

SMK

PK

STO X X X X

KolS X X X X

KoL X X X

KoC X

KoA X

HOS X X X

I n this study, Magnusson

A

. 0S

PCK for NOS instruction and analyzing the data (Sgere8). There were several

reasons for thidjrstly, Magnusson et al

. 0s

(19909)

(19

mo d

that goes beyond the PCK components. Magnusson et al. did not see their model just

as a collection of the proposed components namely STO, KallS, KoC, and

KoA. Moreover, they emphasized that teachers should have all PCK components and

a teacherds PCK highly depends
coherent, which was also recognized by otleredrichsen et al., 2009; Ra&

t o

Oliver, 2008a)This nature was not considered by other PCK models in literature

although they include some

indicated above (table 4). In this study, | considered not only the components but
also the itegration and coherence among the components in analyzing the data and

component s

wh at

of



70

deciding the quality of pieesearchasupignt sdé6 PCI
Magnusson et al . 0s mod el provided evi del
lens for research d4OS teaching (Hanuscin & Hian, 2009; Hanuscin et al., 2011).

Thirdly, | tried to fill the gap ,in literature by responding tiexd for designing

professional development programs enabéeherdo develop PCK for NOS

considering all sagimensions namgISTO, KoL, KolS, KoA, and KOC has been

well documented (Akerson & AbHI-Khalick, 2003; Akerson &Volrich, 2006;

Hanuscin & Hian, 2009; Hanuscin et al., 2011; Schwartz & Lederman, 2002).

[PCK for NOS

e which shapes
:

including including including
1 which shapes which shapes

which shapes

including

Including NOS
as a dimension
of scisncs
lzarning to
55255

KoL KoIS
[I ° |] t| ° ||

NOS goals including  including including  including

and
objactivas

Methods of
assessing
NOS

HOS
specific
stratagies

for

leaming NOS

Arszz of student

Strategies for
difficulty sbout

specific NOS
aspects

NOS

[REpressﬂtarﬁﬂni] [ Activities ]

Figure8.PCK f or NOS model , modi f I99BCKusi ng M
model,guidingthis study

All the PCK components except KoC were addressed in this study since KoC

was not relevant to Turkey context in terms of NOS. First of all, there are no specific
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NOS objectives in secondary chemistry curriculum. Alsd Gcspecific

curriculums and materials for teaching NOS in Turkey leaded us to exclude KoC and
to focus on four which are STO, KoL, KolS, and KoA from the perspective of NOS
teaching. How these components addressed throughout our PCK for NOS instruction

and analyzed will be explained in detailed in Chapter 3.
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CHAPTER IlI

METHODOLOGY

This study mainly focused onhowpee r vi ce chemi stry teac
NOS including STO, KoL, KolS, and KoA developed throughout PCK for NOS
instrudion. This chapter will provide information about the methods and procedures
that were used ithestudy under the several subtopics. First of all, research design
and the rationale for the research design will be discussed. Then, participants,
procedurecontext, data collection methods, and data analysis procedures will be
designated. Finally, validity and reliability issues, ethical considerations,

assumptions and limitations will be presented.

3.1. Research Questions

The main research question of gtadywas:
Howispreser vi ce chemi stry teachersd PCK f

KolS, and KoA developed throughout PCK for NOS instruction?
The subproblems of this studyere

1. What kinds of views do the preservice chemistry teachers have on the nature
of science concepts before exphogflective NOS instruction?

2. What kinds of views do the preservice chemistry teachers have on the nature
of science concepts after explicdflective NOS instruction?

3. Which components of PCK for NO#® pre-service chemisy teachers
develop throughout PCK for NOS instruction?

4. How and to what degredo pre-servicechemistryteachers integrate the
components of their PCK for NOS?

5. How and to what degredo pre-service chemistry teachers translate PCK

components into thelesson plan®
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6. How are preservice chemistry teachers' NOS understanding and their PCK
for NOS related?

7. Which PCK model (general PCK, disciplispecific PCK, or topic specific
PCK) best explains the natuwéPCK for NOS?

3.2. Research Design and Rationale

This research is qualitativaterpretive in nature. Marshall and Rossman
(2006, p. 53) emphasized the strengths of qualitative methodology for several types
of research;

e Research that elicits tacit knowledge and subjective understandings and

interpretaions,

e Research on littlknown phenomena or innovative systems

e Research that cannot be done experimentally for practical or ethical

reasons, and

e Research that delves into complexities and processes.

The main concermof this studywas to understand how peervice chemistry
teachers developed and translated various PCK components (STO, KoL, KolS, and
KoA) throughout the PCK for NOS instruction. Tacit nature of PCK has been well
documented in the related PCK literature (Loughran, Mulhall, & Berry, 2004; 2008;
Loughran & Berry, 2010). Therefore, qualitative methodology helped to make tacit
nature of PCK for NOS explicit by the use of multiple data sources (e.g., lesson
plans, reflection papers, and field notes). Also, in this study, since an innovative
system PCK for NOS instruction) and little known phenomenon (PCK for NOS)
were the focuses of the stydpalitative methodology provided-otepth information
about the phenomenon being investigated. Anoteeson why qualitative
methodology was utilized in thiudyis that this study had one group of participants
who were trained in PCK for NOS instruction and there was no control group. That
is, this research could not be done experimentally for practical reasons. Finally,
delving into the complexities andqaess was achieved by qualitative methodology

using multiple data sources throughout the PCK for NOS instruction (process) and
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understanding not only each PCK components but also the integration among them
(complexities).

As well as the strengths of qualitve methodology which are utilizable for
this researcho deeply/better understand the nature ofper vi ce t egacher so
qualitative researchasseverakey characteristicselated to methodologyhich are
pertinent to this study (Creswell, 2007)

e Natural setting: The dataevecollected in the field where participants
experience the issue or problem under study. PCK for NOS instruction was a
part of a twesemester elective courseRe s ear ch i n Chemi stry
and the participants had been leagibout NOS in this course before the
PCK for NOS instruction begun. During the natural schedule of this two
semester course, several weeks were devoted to PCK for NOS instruction
which was a natural setting for the participants.

e Researcher as a key ingtrent: In this study, the researcher collected data
herself by examining documents, observing behavior, and interviewing
participants.

e Multiple sources of data: The researcher relied on multiple forms of data such
as responses given to open ended instngsnenterviews, observations and
documents such as lesson plans and reflection papers. Then, the researcher
analyzed all the data by organizing them into themes or categories.

e Participantsd meanings: The researchel
participants had about NOS and PCK for NOS by using theigsgiérated
data and interviews.

e Theoretical lens: In this research, the PCK lens was used to understand how
pre-service chemistry teachers translated their NOS understandings into their
practices.

e Holistic account: The researcher tried to develop a complex picture of
development and nature of PCK for NOS by identifying not only each PCK
component but also integration among the components within the context of
PCK for NOS instruction.

In short, etensive description of the nature and development ofspreice
chemistry teachersd PCK for NOS during P



75

concern of this study, which is appropriate to qualitative research approach
(Creswell, 2007). Moreover, as Bogdan ankldh (2007) referred, the data
collected in this qualitative reseanalererich in description and not handled by
statistical procedures.

Case study, one of the qualitative research traditions, guided this study in
designing, collectingand analyzing th data. Case study is the study of an issue
investigated through one or more cases within a bounded system (i.e., setting, a
context) (Creswell, 2007). Qualitative case studies can provide an in depth portrayal
and analysis of a particular practice, praces event (McMillan & Schumacher
2001). Case can be defined as a phenomenon of some sort occurring in a bounded
context (Miles & Huberman, 1994) and may be an individual, a role, small group,
organization, community, nation, decision, policy, processd@émt,andevent of
some sort (Creswell, 2007). The selection of case is not related to its
representativeness rather the uniqueness and being illustrative of an issue affects
whether the case is selected or not (McMillan & Schumacher, 2001). In thys stud
the preservice chemistry teachers receiving PCK for NOS instruction formed the
case since they were unigue in that there was no other group receiving any type of
PCK for NOS instruction.

Case study does not control the behavioral events instead facuses
contemporary ones and by this way tries to answer how and why questions (Yin,
2003). This study focused on a contemporary event (the development and nature of
PCK for NOS during PCK for NOS instruction, which was a part ofsemester
long course on BS) and examined how pservice chemistry teachers developed
PCK for NOS. The aim of the case study is to expand and generalize theories not the
statistical generalization (Yin, 2003). The aim of this case study was to expand the
theory of PCKforNOSbyt i | i zing the Magnusson et al
science teaching, which was used by several otRaikhamta, 20124anuscin &

Hian, 2009; Hanuscin et al., 2011). Yin (2003) defined the caseatiidg¢ a n

empirical inquiry that investigates a comggorary phenomenon within its rede

context, especially when the boundaries between phenomenon and context are not
clearly evidento (p. 13) . Mor eover, he el

since s/he wants to consider contextual conditiorises®e conditions might be
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relevant to the phenomenon being investigated. In this case study, the PCK for NOS
i nstruction might be pertinent to the de\
There are four characteristics of case studies wiierie presenn this study;
bounded system (PCK for NOS instruction), case of somethingépvece
chemistry teachers receiving the PCK for NOS instruction), holistic (studying each
participants PCK for NOS and comparing them in their totality), multiple sources of
data (open ended instruments, interviews, observations and documents such as lesson
plans and reflection papers) (Punch, 2005)

There are several types of case studies depending on the size of the bounded
case and the intent of the case analysis (Cresk@ll7; Yin, 2003). Considering the
size of the bounded case, case study research can be amimgldtiple case study.
Determining whether a case study is single or multiple is highly depends on the
research questions being investigated. Mukgasee sidy is conducted for the
purpose of either predicting similar results (a literal replication) or predicting
contrasting results (a theoretical replication) through the use of different cases which
are different from each other in some respect (e.g., ey teachers and
beginning teachers or females and males).On the other hand, the circumstances for
conducting singlease study can be listed as; critical case (case meeting all of the
conditions for testing a wefbrmulated theory), extreme or uniquase (the case/s
having particular characteristics which are seldom encountered), representative or
typical case, revelatory case (the case which is previously inaccessible to scientific
investigation), and longitudinal case (studying the same single cdsteegent
points in time) (Yin, 2003). Tdpresenstudy constituted a singlease study (one
group of preservice chemistry teachers receiving PCK for NOS instruction) by
selecting the representative or typical case, one of the siagéestudies. The
participants of this study were not different from other groups eéerece
chemistry teachers in other chemistry teacher education programs at different
universities. The group was in their last year of a-figar chemistry teacher
education progranwhich will be explained in detail in the participants part, and
represented the typical senior year chemistry teacher undergraduates. Case studies
are also distinguished by considering the purpose (Yin, 2003); exploratory,

descriptive, and explanatory eastudies. Exploratory case studies focus on
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exploring phenomenon in the data while explanatory ones explain the phenomena

and might yield to theory development. Descriptive case studies aim to describe the
phenomenon in the data by using-psgablishedheories. This studyasa

descriptive singlease study since the focus was to describe the way thaepriee
chemistry teachersd develop PCK for NOS
using an already existing PCK model (Magnusson et al9)19ich was also used

by others Faikhamta, 20124anuscin & Hian, 2009; Hanuscin et al., 2011).

3.3. Participants

Participants included 30 pservice chemistry teachers (8 males and 22
females). They were enrolled in an elective couiBesearch itChemistry
Educatiom course where NOS was taught during 2009/2010 spring semester. All the
participants started the undergraduate program in 2005 and their ages ranged
between 22 and 24 with an average of 23. All were in their senior year and in a
position to graduate at the end of 2009/2010 spring semester. Each had similar
background in terms of coursework; including chemistry courses, pedagogical
courses, and subjespecific pedagogical courses (see Appendix A for the whole
chemistry teacher educatipnogram including courses, course credits, and course
hours). The participants were not familiar with the conteiRedearch in Chemistry
Educationcourse since they had not received explicit NOS instruction in their
previous courses. However, some of plagticipants had taken ors@mester long
History of Chemistry course before taking this course-$e/ice chemistry teachers
were asked about what they learned st tourse Theystated that they just learned
how chemical ideas developed throughoaetliistory and there was no exphcit
reflective discussions guided by the instructor of that course with the purpose of
teaching NOS.

3.4. Context: Research in Chemistry Education Course

A chemistry teacher education program at a public university irrnk

constituted the context for this study. This figear program certifies undergraduates
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as chemistry teachers for grade$2 During their five year program (see Appendix
A), chemistry education majors take chemisiourseqe.g., general chemistry,
analytical chemistry, organic chemistry, industrial chemistry), general pedagogical
courses (e.g., introduction to education, instructional planning and evaluation),
subjectspecific pedagogical courses (e.g., methods of science teaching, laboratory
experments in science education), and elective chemistry and chemistry education
courses (e.g., atomic spectroscopy, history of chemistry, research in chemistry
education). A twesemester elective Research in Chemistry Education course of
which content is partl with recent reform movements in science education was the
focus of this study. This elective course was framed with the purpose of teaching
NOS and how to teach NOS to gmervice chemistry teachers during 2009/2010 fall
and spring semesters. At thergatime, throughout these two semesters, the course
was formed the context for the second year of a theee project, funded by The
Scientific and Technological Research Council of Turkey (TUBITAK) aiming to
help both preand inservice teachers develtpeir understanding of NOS and

ability to teach NOS (Project Number: 108K086). Research in Chemistry Education
course included two main phasés the first phasgre-service chemistry teachers
learned about NOS in an explicéflective manner and inésecond phasthey
received PCK for NOS instruction stimulating the development of their PCK for
NOS. Therefore, the context will be introduced under twehsdaings; NOS
instruction and PCK for NOS instruction.

3.4.1.NOS Instruction

SinceNOSundersanding, which refertopre er vi ce chemi stry t
SMK in this study and is a pirequisite for a weldeveloped PCK for NOS (van
Driel et al., 1998), participants first learned about NOS. Numerous studies on how to
teach NOS have provided evidenoe the effectiveness of expliaieflective
approach over an implicit one (Akerson et al., 2000;-Eb#&halick & Lederman,
2000a; Lin & Chen, 2002; Matkins, Bell, Irving, & McNall, 2002). Therefore, in this
study, all the activities were designed in a waat participants had a chance to

reflect on their experiences, gained through engaging in the activity, from the
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perspective of NOS through the use of cognitive toolssEreice chemistry

teachers engaged in both content generic and stggecific ativities, which is in

line with NOS teaching literature, to address NOS (see Table 5 for all activities). All
activities will be briefly explained below and activity sheets for each are provided in
Appendix B.First Step in NOS Teaching: New Society AdlyyiObject Coming

from SpaceThe Role andmportance of Models in Science, aBdmpeting

Theories Lamarck and Darwinvere modified from thactivitiesavailable inNOS
literaturewhile Mysterious Stoned.ithology, Phases of thoon-Lunar and Solar
EclipsesA Case from HoS: Phlogiston and Foundation of Modern Chemistry
Discovery of DNA Thought Experiments, Superconductivity, &wilence and
Technology: In the Pursuit of SeharBpsigns are Competingere aeveloped by
researchers studying in TUBITAK gject
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Table 5.How did each expliciteflective NOS activity address various NOS aspe

focused in this study?

NOS aspects

Science is based on observations a

experiments
There is no universal and step by st¢

Science and technology is not the sg
scientific method

inferences as well as observations
Scientific theories and laws have
thing

different roles in science
Scientific knowledge is theofiaden

and includes subijectivity
Social and cultural factors affect

science
Creativity and imagination plays a

major rok in science
Serendipity plays a role in science

Scientific knowledge is tentative
Scientific knowledge ibased on

Explicit -reflective NOS
activities

an
an

1. First Step in NOS Teaching 5 5 5 x  x =
New Society Activity*

2. Mysterious Stones ~ ~ ~
Lithology**

3. Phases of the Moehunar - -
and Solar Eclipses**

an

4. Competing Theories ~ = ~
Lamarck and Darwin*

5. Object Coming from Spaee
The Role and Importanceo a a a a
Models in Science*

6. A Case from HoS: a
Phlogiston and Foundation a
of Modern Chemistry**

an
Q
Q
Q

~N

Discovery of DNA** a

«©

Q|
13
R

Thought Experiments**

©

Superconductivity** ~

Q
an
Q

10. Science and Technology: In a
the Pursuit of Seharap a
Designs ee Competing**

* Modified from the activities available in literature
** Developed by researchers studying in TUBITAK project
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First Step in NOS TeachinrdNew Society ActivityFour participants, who are
the scientistsyereasked to waitt the outside of the classrooihen, the
participants in the classrooweretold that theywerethe citizens of a new society
and lived according to several ruleghe participants in classroom wenéormed
about the rulesrhich weae; (a) The societyenmb er s6 only vocabul ar
or "no." (b) If the scientist is smiling when he/she asks them a question, then the
answer is always "yesdhd if the scientist is not smiling when asking the question,
the answer is always "no," regardless of thesgion and the accuracy of the
response. (c) Depending on which outstanding characteristic we used among our
scientist group (e.g., either gender, hair color, or glasses) the society members can
only speak, that is say yes or no, to the scientists whe thaevsame characteristic
that you have chosen, or in the case of gender, the opposite characteristic. The
scientists wding outside of the classroom vestold that theyliscovered a new
society and their task was to find out as much as they can. Rightredf scientists
had entered the classroom, they started to find out the characteristics of the new
society. When all the rules are discovered, the instructor/s conducted an-explicit
reflective class discussi on davalio, 008t i s
Yeki IDeejmi u,d&K°esneoj |l u, 2010) .

Mysterious StonesLithology: In this activity, the groups of participants
classified the 13 stone samples belonging to various geological classes. The groups
were asked to do their classification based on anedie rationale and scientifically
meaningful characteristic. The groups who had finished the classification based on
their first observations were given the physical characteristics and chemical formulas
of the stones and were asked to reclassifiesttires again. After completion of the
two round classifications, the groups presented their classifications together with
their justifications. A whole class expligiflective class discussion was conducted
by the instructor/s on observation and infegrareativity and imagination, and
subjectivityin science and tentativeness of scientific knowledge.

Phases of the Moehunar and Solar Eclipse#t the beginning, the groups
of participants were asked to share their ideas on phases of the Moon, Lunar and
Solar eclipses. Then, the groups were distributed ping pong ball, torch, and stick.

They were asked to construct models using these materials and investigate how the
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phases of the Moon, Solar and Lunar eclipses occur by using the models. When the
groups ompleted their models and provided their explanations, they shared all these
to the other groups. After the presentations, the instructor/s conducted an-explicit
reflective class discussion on roles on models in science, if scientific models are
copies ofreality, and whether experiments are the principal routes to scientific
knowledge.

Competing TheoriesLamarck and Darwinin this activity, the participants
were asked to form groups of A and B. Group A and Group B included 4
participants and there weemore than one Group A and Group B. Group A was
introduced the evolution theory of Lamarck and Group B was introduced the
evolution theory of Darwin. After the introduction, the groups were asked to form
hypothesis which schematize how human and mongegias emerged. DNA
sequences of these species were given to the groups to test their hypothesis. Group A
and B presented their hypothesis and how they supported or refuted their theories
presenting their data and evidences after completion of the gralowdypothesis
formulation and testing. During the presentations, the groups realized how they had
been influenced by the theories they were given at the beginning. At the end of the
activity, the instructor/s conducted a whole class expigflectivediscussion on
observation, inference, and subjectivity in science and scientific method (National
Academy of Sciences, 1998).

Object Coming from Spaed'he Role and Importance of Models in Science:
The participants are told that an object came from spadéheir task is to propose a
model which explains the behavior of that object. The object was a closed cylinder
which has four ropes coming out of four different holes on the cylinder. This object
was shown to the participants and they were asked tovebs®at happens when
each rope was pulled out. The participants worked in groups of four or five in order
to propose and construct a model regarding to how the system inside the cylinder
works. After the groups had completed their works, each group pedstieir
models and explained how they construct their models based on the observations,
hypothesis, and tests. There was more than one possible model which successfully
explains the behavior of the ropes coming out of the cylinder. Hence, at the end of

the activity, the instructor/s conducted an explieftective whole class discussion



83

on the difference between observation and inference, hypothesizing and testing, and
the role of models in scien¢eederman% Abd-El-Khalick, 1998).

A Case fronHOS - Phlogiston and Foundation of Modern Chemistfijne
phlogiston is the scientific theory about how the burning occurs and was accepted by
the scientific community until the oxygen theory was formulated throughout the 18
century. According to this theory bung matters include phlogiston and they emit
phlogiston when they burn. In this activity, phlogiston and oxygen theory were
introduced to the participants. The participants were asked to test these two theories
using the scientifieoénadsboniteghefr efibf eé o
scientific knowledge that exist in f&entury about burning. After that, the existence
of data which are incompatible with phlogiston theory and the acceptance of oxygen
theory were reviewed with the participants. At the entthefactivity, the/instructor/s
conducted a whole class explicit reflective discussion on observation and inference,
socialcultural factors, and subjectivity in science.

Discovery of DNAThere were several activities in Discovery of DNA
activity; formaton of DNA model during the process of discovery of DNA,
synthesizing DNA from banana, sharing an article about life of Rosalind Franklin,
and solving a criminal case using scientific method. After all of these activities, the
instructor/s conducted a whattass discussion on empirical based, tentative, and
socially and culturally embedded nature of science. Also, there is no universally
accepted scientific method followed by every scientists were discussed.

Thought Experimentd/arious thought experimenits sciencge.g.,
Galileobs free fall eXweemntrodueedtothand Schr ©
participantsat the beginning of tis activity. Then, the participants discussed the
experimentoS c hr © d i nbyg esingtlse mGdeltof that experiment. Aetend
of the activity, the instructor/s conducted an explieftective whole class discussion
on two common myths; the experiments are the principal routes to scientific
knowledgea general and universal scientific method exists

SuperconductivityAt the beginning of the activity, the participants watched a
video on superconductivity and were asked to explain what they observed. After that,
theories proposed to explain superconductivity were introduced by conducting an

explicit-reflective discussion ohow scientific knowledge changed based on new
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data. Additionally, the difference between theory and law were discussed based on
superconductivity theory in the same way.

Science and Technologlyt the Pursuit of Seharaesigns are Competn
At the begnning, the participants were presented a problem which they can face with
i n their daily |ife. The problem was fnDe:
transportation easier and safer for the farmers who have to climb high mountains to
col |l ect Se hapansspvere askedtework & igrouips of four or five to
design a technological product or method which solve that problem. After
completion of design phase, the groups built the models of their designs, tested their
models, and revised it if needed. Hertbe, participants experienced the
technological design process. At the end of the activity, the instructor/s conducted an
explicit-reflective whole class discussion on the difference between science and

technology and relationship between them.

3.4.2. P for NOS Instruction

After ensuring that preervice chemistry teachers had learned about NOS,
PCK for NOS instruction started. The main idea behind this instruction was to
stimulate the developmenttfep ar t i ci pant sé PCK for NOS.
i terature part, Magnusson et al . ot (1999
studyin designing the PCK for NOS instruction. All the PCK components except
KoC were addressed throughout the instruction since KoC was not relevant to
Turkey context irterms of NOS. First of all, there are no specific NOS objectives in
secondary chemistry curriculum. Also, lack of specific curriculums and materials for
teaching NOS in Turkey leaded us to exclude KoC. All activities constituting PCK
for NOS instruction dovities were planned by theesearcheand reviewed by
faculty with expertise in teaching and learning about NOS. This instruction spanned
four weeks (corresponding to 12dtass hours) and each week was dedicated to
different component (STO, KoL, KoAolS). General flow of each session was as
follows:

e Participants answer a series of oggled questions eliciting their ideas
about the targeted component of PCK for NOS.
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e Participants engaged in argumentative discussions within small groups, and
presentd their ideas to the class.
e The instructor facilitated the discussions and wrapped up the session with a
presentation related to the sessionos
e Participants wrote reflection paper on their learning on teaching NOS at the
end.
How each PCK for NOS eoponent addressed throughout our PCK for NOS
instruction will be explained belovn addition,see Appendix C for activity sheets

used throughout each week.

3.4.2.1. Science Teaching Orientation

The purpose of this c¢| antasonsvoaeacht o r ev e
chemistry and then help them to understand the value of NOS teaching for achieving
scientific literacythrough reflectionBefore the class beag, participants individually
answeredtheopeanded questi ons of TfaMilespéciallys t he ¢
chemistry educatiomZandiiWhat kind of instruction do you design to achieve the
goals you mentioned i n pr evheguassongpre st i on
service chemistry teachers watched a video of a mother who has to dediderwhe
not to get her baby vaccinated for swine flu (sesg@ntific decision making). Then
thepartici pants were presented with two di
claims that it is enough to know biology and science concepts and the other
advocates that further knowledge is needed to decide on-soientific issues) on
what that mother in the video needs to know for an informed decision making about
getting vaccinated her babyhe mrticipants were asked to select one of the
arguments bynoviding their evidences and warrants. During this process pre
service chemistry teachers worked in group of 5 or 6. After each group discussed on
whom to support, one of the participants from each group presented their ideas to the
class. During these @sentations, the instructor facilitated the discussions and guided
the participants in understanding the importance of learning NOS for an informed
decision making on sociscientific issues. After the discussion, the instructor closed

the session with arpsentation on scientific literacy and the importance of NOS for
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achieving it. The participants wrote a r

this class about chemistry teaching?0 af:

3.4.2.2. Knowledge of Learner

Arguing aboui various NOS conceptions enabled-pegvice chemistry
teachers to realizdifficulties and misconceptions about NOS that their future
students might have. For this class, concept cartoons were prepared using the
common myths of NOS (McComas, 1998, sepd&mlix C). Although McComas
(1998) listed 15 myths about NOS there were 11 concept cartoons since in some
cases one concept cartoon included more than one myth related to each other. After
preparation of the concept cartoon, each was enclosed to a sepaedtge having
different color. Before this class had begunghgicipants individually answered the
openended questions of #fAWhat might your st
do you think that they might know that@ndiiwhere do you think they mig have
|l earned these?0 The purpose of these que:
service chemistry teachers were aware of the possible misconceptions that their
future students might havAfter the questions were answer#tk participants were
told that they received some letters from science teachers who encountered problems
when teaching NOS and needed their help. The main task of the participants was to
select one of the ideas of which they believe that it was true by providing their
evidences andiarrants. Also, the participants were expected to explain how they
could convince a student believing a myth about N@8ing this process pre
service chemistry teachers worked in group of 5 or 6 and answered the questions of
Whi ch st ude nted Wwhich aheismiscaception? Wit is the source of
misconceptions? And how can a teacher challenge a student to confront his/her
misconceptionsAfter each group discussed on whom to support, one of the
participants from each group presented theiradeahe class. During these
presentations, the instructor facilitated the discussions and guided the participants in
understanding the myths, sources of them, and as a teacher what they should do in
their teaching. After the discussion, the instructosetbthe session with a

presentation on common myths in literature and sources of them (McComas, 1998).
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The participants wrote a reflection pape:l

chemistry teaching?0 after that present at

3.4.2.3. Knowledgeof Instructional Strategies

In this class, praervice chemistry teachemsayzed mainly two lesson plans
prepared on the topic of colligative properties (One of the lesson plan used implicit
approach for teaching NOS and the other used expditéctive one for teaching the
same NOS aspect) and argued on two sScien:
of two NOS teaching approaches (implicit versus expiefiective) and thus
enhanced their KolS for teaching NGEefore this class beg, the partidpants
individually answered the opeanded question glWhat kind of instructional
strategies do you use for teaching NOS and chemistry concepts at the same course
hour®d After completion of the questions, pservice chemistry teachers were told
that achemistry teacher needed their help in designing a chemistry lesson in a way to
teach both chemistry and NOS concepts. For this taskarticipants formed groups
of 5 or 6 and the two lesson plans were distributed to each group. The groups were
asked taanalyze the lesson plans by comparing and contrasting them considering the
several issues such as objectives in each plan, teaching approach used in each plan,
and the appropriateness of teaching approach in each plan for the objectives. When
the analysi®f lesson plans completed, one participant from each group presented
their ideas on two lesson plans (objectives, teaching approach, and appropriateness).
Then, ideas of twscience educators on lesson planning (one supports the use of the
lesson plan utiting the implicit approach and the other one supports the use of other
lesson plan utilizing the expliereflective approach) were presented to the groups in
activity sheet and the groups wergked to select one of the ideas by providing their
evidencesand warrants. Right after groups had completed their discussion, each
group presented their ideas on whom to support. During these presentations, the
instructor facilitated the discussions and guided the participants in understanding the
importance of usig explicitreflective approach in effective NOS teaching. After the

discussion, the instructor closed the session with a presentation on various
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you learn from thisclashao ut chemi stry teaching?0 afte

3.4.2.4. Knowledge of Assessment

Participants assistedchemistry teacher witlligning his/her assessment task
with the lesson objectives including chemistry and NOS and this task helped pre
service ckmistry teachers to consider NOS as a dimension of science learning and
the methods by NOS can be assessed. At the beginning of thehegssticipants
were told that they would assist a chemistry teachers having difficulty in aligning
his/her assessmewith the lesson objectiveshe marticipants were not explicitly
told that the chemistry teacher had difficulty in assessing NOS since one of the
purposes of the class was to understand whétk@articipants included NOS in
their knowledge of what tassess. After this instructiotine participants formed
groups of 5 or 6 and then objectives of the teacher were distributed to the groups.
The groups were expected to design specific assessment task for the objectives
instead of suggesting general assesd# strategies. After completion of the group
works, each group presented which objectives they assessed and how they did it.
During these presentations, the instructor facilitated the discussions and guided the
participants in understanding the importand assessing NOS if one teacher
integrated NOS in his/her lessdkfter the discussion, the instructor presented an
example of assessment that could be used to assess the objectives of the teacher.
Then the session was closed with a presentation orugaajgproaches to assessing.
The participants wnMbdtddyauleareffoméistlasson papel

about chemistry teaching?06 after that pr

3.5.Data Collection Sources

Qualitative data sources formed the data collection toolssrsthdy and the
tools integrated within the context is presented in FiQuheprovides a big picture
of how the data collection occurred within various course activities. Data sources

which provide for the case study may be documents, archival recusdsjews,
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direct observation, participant observation, and physical artifacts (Yin, 2003).

Documents including Views on Nature of Science Questionnaire FOMNOS$-C,

Lederman et al., 2002), open ended instruments, lesson plans, and reflection papers,
interviews, and participant observation formed the sources of evidence in this study

to gain an irdepth information aboutpieer vi ce chemi stry teache
development of PCK for NOSYNOS-C in conjunction with follow up interviews
wasusedtassess participantsd views on NOS. I
responses given to open ended instruments, observational records including videos,

and lesson plans were used to understand the nature and development of PCK for

NOS. Each data source wiklelaborated in detail. As known, each source has

strengths and limitations peculiar to oneself. Thus, by using different kind of data

collection sources the researcher will have a chance to compensate the limitations in

one method by the strengths of angdementary one. Alsalesigning a study in

which multiple cases, multiple informants or more thandeia gathering method is

used can greatly strengthen the studyods |
Rossman, 2006).
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3.5.1. Views on Nature of Science Questionnaire Form C

Assessment of NOS understanding has been a concern for science educators
for over 40 years (Lederman, 2007). These efforts yielded various qualitative (e.qg.,
VNOS-C by Lederman et al., 2002 and critical incidents by Nott & Wellington,
1998) and quantitativee(g.,VOSTS by Aikenhead & Ryan, 1992; Nature of
Scientific Knowledge Scaley Rubba & Anderson, 1978) instruments that can be
used NOS in different gradds. spite oftheir advantages in administration and
analysis process, quantitative instruments are criticized because they are not enough
to gain indepth information aboutpat i ci pant s NOS views and
i nconsi stent data with the data obtained
1990). Lederman et al. concluded tidtiOSCai med t o el uci date | e
views and generate profiles of the meanings they ascribeitmsdOS aspects for
the purpose of informing the teaching and learning of NOS rather than for labeling
|l earnersd views as adequate or inadequat
numerical scores. Also, conducting follay interviews right after admistration of
VNOS-C was strongly suggested for increasing the validity (Lederman, 2007).
Therefore YNOS-C, including operended questions about targeted NOS aspects in
this study, in conjunction with followp interviews was used to understand the
meaning that participants ascribed to NOS aspects was used in this study (Lederman
et al., 2002, see Appendix Dijhe questions and related NOS aspettNiOS-C are
as follows;
e Question 1: General idea about what science is and empirical nature of
science
e Queston 2: Nature and purpose of experiments
e Question 3: Role of experiments and experimental evidence in
development of scientific knowledge
¢ Question 4: Tentative nature of science and the reason for
tentativeness
e Question 5: Distinction between theory and law
e Question 6: Distinction between observation and inference and nature

of models
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¢ Question 7: Imaginative and creative and empirical nature of science
¢ Question 8: Role of scientific evidence in scientific knowledge and
subjective nature of science
¢ Question 9Imaginative and creative, and social cultural
embeddedness nature of science and role of scientific evidence
¢ Question 10: Imaginative and creative nature of science
VNOS-C in conjunction with followup interviews was used as main data
collection sourcen identifyinghowpres er vi ce chemi stry teache
changed. Although there were 10 activities in NOS instruction, some activities lasted
more than three course hours corresponds to at least two weeks. Therefore, the
implementation of 10 activiteespanned one and half semesf&0OS-C was
administered three times; before NOS instruction (at the beginning of first semester),
during NOS instruction (at the end of first semester), and finally after NOS
instruction (in the mid of second semest&dne o f t he ND&8vidwsags i pant s
measuredy VNOS-C during NOS instruction were missingherefore, in this study
thechangeinpreer vi ce chemistry teachersd NOS wu
in terns of how they we used to understand NOS beft®S instruction and what
kind of NOS views they had after NOS instruction.

3.5.2. Openended Questions

Two types of operended questions were ugednvestigae howthe
participantsé PCK for NOS developed over
CourseThe first question was used to understand whether learning NOS part
i nfluenced participantsd views on chemi si
value of NOS for their future teaching, if yes, how they decided to teach NOS). Also,
this question wih the addition of new onegasadministeredfter PCK for NOS
instruction to make a comparison betwgegs e r v i ¢ e vidwe an cheraistrg 0
teaching before and after PCK for NOS instruction. The questions used after learning
NOS part were as follows

e As ateacher candidate, in your view, what is the goal of science education

and specifically chemistry education?
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e As ateacher, in your view, what kinds of knowledge, skills etc. a student,
learning science/chemistry based on the science/chemistry cumicshould
have?

e Why is it important for your students to have the aforementioned
knowledge/skills/objectives, listed in the previous two items? In other words,
what is the difference between the students having those
knowledge/skills/objectives and the dénts who do not have?

¢ What kind of instruction do you design to achieve the aforementioned goals?

e How deesstudents' prior learning affect your instruction designed to achieve
the aforementioned goals?

e What kind of difficulties you may have during yousiruction?

e How do you assess whether your students achieved the aforementioned
goals?

e Until now, what did you learn from this lesson about science/chemistry
teaching?

e Are you going to use what you learned from this class when you teach
chemistry in futurePlease explain your reasoning.

Along with these questionegw questionsvere asked to preervice
chemistry teachemsfter PCK for NOS instructioas:

¢ What did you learn about science/chemistry teaching in last four weeks (PCK
for NOS instruction)?

¢ Did what you learned in the last four weeks change your point of view about
science/chemistry teaching? Please explain your reasoning.

e Are you going to use what you learned in the last four weeks when you teach
chemistry? Please explain your reasoning.

The seond operended questionontained several suiuestionsas
indicated in Figure 7 with preilews 1, 2, 3, and dndwere different for each PCK
for NOS classThesequestions were aimed to reveal{gervice chemistry teachers'
knowledge and ideas relatexldach PCK for NOS component; namely, STO, KoL,
KolS, and KoA.Table 6 displays opeended questions corresponding to each PCK

component
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Table 6.Prequestions asked before each PCK for NOS instruction class

PCK Open-ended questions
Component

e As ateacher candidate, in your view, what is the goal of

science education and specifically chemistry education?

e As ateacher, in your view, what kinds of knowledge, skills
STO , .

etc. a student should have as a result of science and especia

chemistry teadng?

e What might your students already know about NOS?
e Why do you think that they might know that?

Kol e Where do you think they might have learned these?

KolS e What kind of_instructional strategies do you use for teachin
NOS and chemistry concepts at #ane course hour?

KoA e Help a teacher who has difficulty in assessing his objective

given in the activity sheet

3.5.3.Reflection Papers

After each PCK for NOS class, pservice chemistry teachers were asked to
write reflection paper to determinesth ef f ect of each cl ass on
knowledge of each related PCK for NOS component, as indicated in Figure 7 with
reflection paper 1, 2, 3, and 4. The questions were the same for each:class as
e What is the message that this lesson want to give? Wihgod learn about
chemistry/science education?
¢ How did this lesson change your perspective on chemistry/science education?
e How do the things you learned in this lesson affect your chemistry/science

teaching?

3.5.4.Lesson Plans

Two lesson plans wereltected, as indicated in Figureby lesson plan 1
and 2, in order the understand the nature and developmentsd#rpree chemistry
teachers' PCK for NOS . Right after completion of learning NOS part and just before

the PCK for NOS instructiorthe paricipants were asked to prepare a lesson plan,
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indicated bylesson plan 1 in Figure 7 and from now on will be named in this way.
This lesson plan 1 was also helpful for providing supporting evidence or counter
evidence for the view thatvenif teacherdiave informed understanding of NOS
consistent with reforms; they generally do not explicitly teach NOS (Schwartz &
Lederman, 2002). Several chemistry topics were assigrteé participants and there
were more than one participant preparing a lessongsidhe same chemistry topic. The
chemistry topics were

e Particulate nature of matter

e Atom
e Solutions
e Mole

e Periodic table

e Chemical bonds

e Gases

e Chemical reactions

e Rate of chemical reactions

e Chemical equilibrium

e Acids and bases

e Electrochemistry

e Radioactivity

The rticipants were free to teach the concepts they wanted to focus in their

topics and they were not told that they should integrate M@Sheir instructionA
lesson plan format (Appendix E) including several parts such as general and specific
objedives, teaching strategy, detailed explanation of their instruction, and assessment
were given to preervice chemistry teachers. After completion of lesson plan 1, PCK for
NOS instruction startedsfter PCK for NOS instructionpre-service chemistry teaehs
were asked to revise their lesson plaffie participants were not told to integrate NOS
during the revisions although they were expected to do so. These revised lesson plans
wereindicated as lesson plan 2 in Figure 7&an now on will be named ithis way
The lesson plan 2 was used to determine how PCK for NOS instruction assisted pre
service chemistry teachers in translating their NOS understanding into their lesson

plans.
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3.5.5.Interviews

Interviewing is one of the data collection methodsth ar e used when
cannot observe behavior, feelings or how
(Merriam, 1998, p. 72)Therefore this technique providsopportunity to
compensate the limitations of the use of documentary types of souNBOSC,
opentended questions, reflection papers, and lesson plan 1 and 2. Interviewing is
helpful in understanding what is in someone else's mind. Two types of semi
structured interviews were conducted in this stddhe first one was conducted with
nine partici@nts in order to understand the meanihgyascribed to NOS aspects.

Lederman et al. (2002) advocated that foHovquestions, directed after completion

of VNOS-C, were hel pful in clarifying ambigui
thinking on NOS asgrts. During those interviews, respondents are provided their
questionnaires and asked to explain and justify their responses. The second type of
interview, thereforewas conducted after PCK for NOS instruction with nine

participants in order to gain am-dlepth understanding of their PCK development and

how PCK for NOS instruction contributed to this development (Appendi@dveral

examples for the interview questions are as;

1. Was there any change in your views about what you expect from students to
leam about chemistry before NOS instruction, after NOS instruction, and
after PCK for NOS instruction? If yes, how?

2. Do you think that your students should learn NOS? Was there any change in
your views before NOS instruction, after NOS instruction, and aét fer
NOS instruction? If yes, how?

3. What kind of instructional strategies would you use or did you use to teach

NOS? How did learning NOS part and PCK for NOS part contribute to your

knowledge of instructional strategies? Which instructional strategeanaire

affective than others? Please, explain why.

4. How did you determine whether your students had informed undertanding
about NOS related objectived®hat kind of assessment method would you
or did you use? How did learning NOS part and PCK for NOScpattribute

to your knowledge of assessment?
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3.5.6. Participant Observation

The purpose oflaservation is to makin-depth and detailed explanations and

descriptions about the phenomenon being investig&attiop, 200R Participant

observation is a tygpof observation where researcher is not a passive observer rather

s/he may take various roles and even may participate the events being studied. In this
study, participant observation technique was used as one of the data collection

sources since | partgated to all the course activities. The Research in Chemistry

Education course was the context for TUBITAK project and | was a researcher in

that project. More importantly, the research team had the responsibility in conducting

all the course activitiesyhich mainlyconstitutedeach class's content (what to teach

and how to teach) and teaching. In each class, the research group of two or three was

the leader in conducting all the course activities. However, the other researchers were

also responsible durg the guidance provided to small group discussions. As well as

I had many opportunities to teach NOS to that group of participants before PCK for

NOS instruction, | conducted all the classes took place in PCK for NOS instruction.

All the class sessions weevideotaped with the permissiontbé participants. These
participant observations enabled me to realize how actually PCK for NOS works

(Flick, 2006). The participant observation was used as a complementary data source

rather than a primary one. Sinicéid not have a change to conduct interviews with

all participants, | used my participatory observations to increase the credibility of

reflection papers that each participant wrote after each PCK for NOS class.

3.6. Pilot Study

| conducted a pilot stydwith nine preservice chemistry teachgisx male,
threefemaleM=25) enr ol l ed to AMet hods of
at a public university in Ankara during 2009/2010 fall semester. Doing a pilot

research helped me to revise and refint BRCK for NOS instruction and

Sci

instruments (Marshall & Roseman, 2006). None of the nine participants took any

formal course and had personal intere$tOS. During the pilot study, NOS

instruction spanned four weeks period (16 class hours) while

en
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PCK for NOS instruction lasted three weeks (12 class hours). The same data
collection sources were usedNOS-C, lesson plans prepared before and after PCK
for NOS instruction, responses to opgarded questions given at the beginning of
each PCK for NOS class, retition papers at the end of each PCK for NOS class,
and interviews. The pilot study informed me about several thifigg, | realized the
activities that | prepared for STO, KolS, and KoA did not work the way | intended
to. Therefore, | revised them #flose activities. Second, | noticed ttz

participants were having difficulty irealizingthe relevance of PCK for NOS
instructionto their futureas achemistry teacér. Therefore, | was more explicit in

the way that | conneet! PCK for NOS components their chemistry teaching.

3.7. Data Analysis Procedure

Data analysis is the process of making sense of data and hence arriving
reasonable conclusions (Merriam, 2002). In contrast to quantitative analysis, there is
no formula for transforming data mfindings during qualitative data analysis as
emphasized by Patton (2002s A Qual i tative analysis trat
No formula exits for that transformati on.
destination remains unique for each imguiknown only wherandifar r i ved aso
(p. 432).In this study, the analytic procedure proposed by Marshall and Rossman
(2006) was followed in analysis of the data. The analytic task of qualitative
researchers includes two basics patéda analysis andata interpretation (Bogdan
& Biklen, 2007). Data analysis refers to
organizing them, breaking into manageable units, coding them, synthesizing them,
and searching for patter ns oxpléinngfinding® ) . Da:
by relating to theory, showing why findings are important and making them
understandable. Analytic procedures consist of seven main phases (Marshall &
Rossman, 2006)

¢ Organizing the data: It includes arranging the huge piles of dataay éhat
researcher can easily handle the data (e.g., organization can be made
considering names, places, datedactivitieg. In this study, two main

el ectronic files were formed for orgail
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understanding and PCK for NBDAIso, in the file created for PCK for NOS

datg there were three stfiles; one was containing the data of each PCK

component interested in this study (e.g., KoL, KolS, KoA, and STO), one

was for lesson plans, one was for interviews. Each PCK for NOpawent

subf il e included all participendetsd refl
guestions, and participatory observational field notes.

Immersion in the data: It is a process of becoming familiar with the data

through reading and rereadinglit.the present studyfter organizing the

data into files, all the data including lesson plans, reflection papers, answers

to openended questions, and participatory observational notes were read and
reread for ensuring familiarity.

Coding the data: Coding tke process in which a name is given to the

meaningful part (e.g., a word, sentence, and paragraph) among the data at

hand Marshall & Rossman, 2006Coding process requires separating into

parts, investigating, comparing, conceptualizing and assoctaengata.

Codes can be derived from the researcher himself/herself, the related

literature or the data itself. The codes used in this study directly came from

the |Iiterature on NOS and PCK for NOS
model and its components pided the codes in this study as STO, KoL,

Kol S, and KoA while change in partici|
categorized as naive, transitional, and informed (Khishfe & Lederman, 2002).
Generating categories and themes: After coding the data, detegod

themes explaining the codes generally should be built. Categories should be
internally consistent but at the same time different from each other. Category

and theme generation can be indicative or deductive (Patton, 2002). Inductive
analysis is th@rocess of discovering patterns, themes, and categories in data
whereas deductive one uses already existing framework to describe categories
and themes. I nducti veomatal ycti sdrteype@lsc
which are created by researchers anderpticitly used by participants

(Marshall & Rossman, 2006. 458). After coding the data in this study, as

literature suggestedfdcused on the interaction among the components

(Abell, 2008) in order to understand the quality of PCK (Friedrichsen, et al
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2009; Magnusson et al., 1999; Park & Oliver, 2008a). The category of
integration came directly from the literature, hence ensured conducting
deductive analysis. However, all the new-salegories under the category of
integration emerged inductively wh the data on PCK for NOS were

analyzed, which will be explained later in detéal) the degree of integration
among PCK components, (b) the frequency and nature of connections, (c)
connections evident iapplicationversus evident in knowledge only, and

finally (d) the power of connections among the participants in the same
category.

Of fering interpretations: I nterpretat]
and coherence to the themes, categories, developing linkages and a story line
thatmakessensgend i s engaging to reado ( Mar sl
this phase, the researcher must have to give meanings to the data at hand,
explain the relationships among findings, establish catfset relationships,

arrive some conclusions based on the fingjragnd finally provide

explanations for why the findings are important.

Searching for alternative understandings: This phase includes looking for
alternative explanations different than the ones used to interpret the data and
providing reasonable explanatis for why the existing explanation is more

pl ausi ble than the alternative ones.
PCK model was the guiding framework for designing both activities in PCK

for NOS instruction and data collection sourceasideringhe evidences

about the applicability of it for PCK for NOS (Hanuscin & Hian, 2009;

Hanuscin et al., 2011Therefore, components in that model were analyzed.
Additionally, analyzing each component and presenting them would not

enough to capture the compiy of PCK, how the components were

integrated was analyzed, which was recommended by PCK literature (Abell,
2008). After formation of PCK for NOS profile for each participant, the
participantsd® maps waeaweategooes entergadfot vy ¢ 0 |
explaining the differences among the participgdajshe degree of integration
among PCK components, (b) the frequency and nature of connections, (c)

connections evident iapplicationversus evident in knowledge only, and
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finally (d) the power of connéions among the participants in the same

category Those new categories did not exist before the analysis begun and
came out as a result of analysis as | searched for an alternative explanation on
the participantsd PCK for NOS.

e Writing the report: The resecher must write a report which is reasonable
(relating it to the literature), appropriate for the experiences of individuals
(using terminology which is understandable by the readers), plausible
(providing the warrants behind the ideas presented), signde (presenting
conclusions and implications for the next research), and readable (using
logical, clear, and fluent language). In this study, the report was written by
relating it to the NOS, PCK, and PCK for NOS literature, using the
terminology in thae literature, supporting findings and conclusions with the
data in hand, and providing conclusions and implications for NOS and PCK
for NOS practices and research.

Additionally, different techniques were employed for analyzing the change in
part i NOPwewdasddPCK for NOS. In the following parts, the techniques

used for different part data will be explained in detalil.

3.7.1. Analysis of the Changes in NOS Views

VNOS-C (Lederman et al., 2002) was the main data source during the
analysisofthecange i n participantsd NOS vi ews.
NOS views before and after NOS instruction, data obtained WWd@S-C and
follow-up interviews were analyzed using analytic induction (Strauss & Corbin,

1998). Analytic induction involveloth inductive and deductive analysis (Patton,

2002). In deductive phase, the researcher examines the data using an already existin
framework and then during the inductive phase the researcher looks through the data
again to see whether there are undisced patternin the present studyn ithe

deductive phase of analytic induction, already existing categorization proposed by

Khi shfe and Lederman (2002) was wused for
before and after NOS instruction. Khishfe and Leder(@802)advocated that that

there is a continual <change in students?o
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begins with napve, continues Qonsiddringt r ansi |
this continuum,prs er vi ce chemi stry ihgswaasbatkegoszéd NOS
as naive, transitional, and informed. Each NOS aspect addressed in this study was
evidenced itself in more than one data source (interview&l@S-C) and

moreoveyin more than one item MNOS-C. A participantdos view
aspect was categorized as informed if s/lhe had provided evidence of meaningful
understanding related to that aspect in all contexts. If a participant had not exhibited

any meaningful understanding with respect to a particular aspect in all contexts,

hissrer view of the related aspect was <cat e/
demonstrated meaningful understanding of a particular aspect in some contexts but

not the others, his/her view in that aspect was categorized as transitional. Each
participanés view was categorized considering the aforementioned categorization

and the data related to participantsd NO:
whether there were undiscovered patterns, which formed the inductive phase of

analytic induction. That is, ithis study analytic induction involved formulating an

initial definition of the phenomenon, investigating some cases of this phenomenon,

framing a hypothetical explanation, investigation of further cases to test the

hypothesis, reformulating the hypotresr reducing the phenomenon if the

hypothesis does néit, and implementing this cycle of analysis until the point that it

may be concluded that the hypothesis is correct (Punch, 2005). An example of
categorization for theorladen NOS aspect is givenTable 7. How we ensured

validity and reliability will be discussed in the following part under the heading of

validity and reliability issues of the study.
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Table 7.An example of categorization for theediaden NOS aspect

Level

Example statemats

Naive

Scientific knowledge is objective.

Science should not be affected from these terms. There is onl
truth. That truth does not change from place to place and pers
person.

But physics, biologyé. objec
subjectvity. Investigations are scientific studies based on
experiments, observations

Informed

Scientists are affected from their own experiences, existing
knowledge, and beliefs while explaining a phenomenon.
Since scientistso6 peviemvsnal ¢
interpretations, beliefs are different from each other there are
hypotheses [related to extinction of dinosaurs].

't stems from the difference
Individuals having different majors in different disciplines dege
different point of views for the situations they encountered anc
look differently [to the same phenomenon] hence forms differe
hypothesis.

Scientists can reach different findings based on their existing
knowledge, the social and cultural environmidaty live when
they use the same data

NOS class, responses to ogamded questions given at the beginning of each PCK
for NOS classand after PCK for NOS instruction, and interviews conducted with
nine participants were the main data sources during analysis-séwiee chemistry
teachersé PCK for NOS. This analysis

analysis as it is the case fwme qualitative analysis (Patton, 2002). In the first

.2

Lesson plan 1 and 2, reflection papers written at the end of each PCK for

Analysis of Participantsodé PCK

f

phase, deductive analysis was conducted where the data was analyzed according to

an

study (Patton, 2002). All the main aforemiened data were analyzed for the how

e xi

or

nv

sting framework, which was Magnuss:¢

PCK for NOS components, which are STO, KoL, KolS, and KoA, indicated

themselves in these data sources. After completion of deductive analysis for

individual PCK for NOS components, since it is strongly recommendéd tha
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researchers must focus on the interaction among the components (Abell, 2008) in
order to understand the quality of PCK al
degree of integration and coherence among components (Park & Oliver, 2008a;
Friedrichsen etlg 2009) the integration among PCK for NOS components were

determined. For determining the consistencies and coherercaelng schemaas
constructed describing instances of inte:
based. Based on tlkeding scemea PCK for NOS map was formed for each

participant and thethe participantémap compared and contrasted which eventually

resulted in new categories, which formed the inductive analysis of data. How

deductive and inductive analyses were performedbeiklaborated in the following

parts. In deductive phase (a)depth analysis of explicit PCK (Park & Chen, 2011;

Park & Oliver, 2008a) and in inductive phase (b) the constant comparative methods
(Glaser & Strauss, 1967) were used in order to delvehetecamplexities of the

nature and integration of participantso |

3.7.2.1. Indepth Analysis of Explicit PCK

In order to determine the PCK for NOS components which participants
developed during PCK for NOS instruction and integration of thesgonents,
which referred to connections and consistencies among PCK components addressed
in this study, a modified version of-gtepth analysis of explicit PC#ark & Chen,
2011; Park & Oliver, 2008a) was employed during the deductive phase of qualitati
analysis. This method mainly relies on creating a PCK profile for each participant
providing a detailed descriptionofaggee r vi ce chemi stry teache
defined by Magnusson et -setviceklemistry 999) mod
teachers wre asked to prepare lesson plan 1 right after the NOS instruction they did
not integrate any NOS aspects in their lesson plans. When | asked whether they
attempted to teach NOS in their own way, only two participants stated that they tried
to teach NOS implicitly by engaging students in an inguipgased learning setting.
Therefore, while the PCK profiles were creataainly lesson plan 2, reflection
papers written at the end of each PCK for NOS class, responses {ermjash
guestions given at the begingiof each PCK for NOS class and after PCK for NOS
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instruction, and interviews conducted with nine participants were used as suggested
in literature to assess and capture the complexity of PCK (Baxter & Lederman,
1999).
The PCK profile consisted of sevec@mponents including (see Appendix G
for the participantsdé profiles);
e Chemistry topic on which the lesson plan was prepared
e Objectives including science process skills and NOS aimed to be achieved
e Synopsis of the lesson plan prepared after PCK for NiStguiction
e Evidence for the components of PCK for NOS and connections among them
e A description of where the PCK for NOS components was evident throughout
data collection
e Postintervention PCK for NOS map representing which components and
connections and csistencies are present
The final PCK for NOS map included only four components of Magnusson et
al .o6s (1999) model, namely, STO, Kol, Ko
curriculum was not a focus in PCK for NOS instruction. Different types of lines were
usedto show connections and consistencies among the PCK for NOS components
which were evident in different data sources;
e Bold lines for the connections and consistencies that exist in lesson plans
¢ Solid lines for the connections and consistencies thatiaxisflection papers
e Dashed lines for the connections and consistencies that does not exist in any
of the data sources
It was obvious that the strength of one connection or consistency between
two components might be different from another and it waso@iigh | assumed the
same strength for each connection or consistency for convenience (Park & Chen,
2011) when drawing the PCK for NOS map for each participant, | considered the
differences in power of consistencies and connections when presenting tte hesul
order to decide whether a connection or consistency was evident in any of the data
source, &oding schemwas formed. Thigoding schemeéescribed the instances of
PCK components and integration of components irspeer vi ce chemi stry
PCK.During the formation of theoding schemgd relied on the data and literature
using indepth analysis of explicit PCK (Park & Chen, 2011; Park & Oliver, 2008a).
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Based on the data and the literature, | defined every possible instance which can be
countedas an evidence for any PCK component and consistencies or connections
among themgeeTable 8). Formation ahe coding schemwas accomplished by a
researcher who is an expert on both PCK and PCK for NOS by discussing and
negotiating any incongruitiekor deciding whether the integration between any two
PCK components addressed in this study was an indication of consistency or
connection, we utilized the PCK literature during the formation of coding scheme.
With the recognition of shaping effect of STO KL, KolS, andKoA (Magnusson

et al., 1999), any integration between SKGL, STO-KolS, and STGK0A was

coded as consistency. For instance, if agaice chemistry teacher used implicit or
explicit-reflective instructional approach to teach NOS thitsance was counted as

an evidence for the consistency between his/her STO and KolS. On the other hand
any integration which was observed any two components of KoL, KolS, and KoA
was coded as connection since each has the capacity to inform other (A, 20
(e.g., KoL might inform KolS and KoA might inform KoL). For instandeg pre-

service teachermdga n assessment to revealNOSatudent s
the beginningf his/her instruction this was coded as a connection between KoA and
KoL where KoA informed KoLAll the reliability and validity issues regarding the
coding schemérmation and coding will be discussedtiire following part under

the heading of validity and reliability issues of the study.
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Table 8.Coding scheme desbing instances of PCK components and integrati

among them
PCK Instance Consistency Direction
Components or
Connection
¢ If pre-service teacher is aware
that students have misconception:
in NOS STO
STOKoL . . Consistent influenced
¢ If pre-service is teaching for one KoL
of the mythsaboutNOS (e.g.,
hierarchical relationship between
theory and law)
¢ If pre-service teacher uses STO
STOKoIS implicit or explicit approach to Consistent  influenced
teachNOS KolS
¢ If pre-service teacher assesses STO
STOKoA NOS Consistent  influenced
KoA
e If pre-service teacher makes at KoA
assessment t o r Connection informed
misconceptions abolOS at the KoL
KoA-KoL  -Deginning
If pre-service teacher assesses
A : , KoL
student sé mi s co Connection informed
NOSs/he commauicated in his/her
KoA
lesson plan at the end
e If pre-service teacher makes ar
assessmenttorevealssdent KOA
misconceptions abolOS at the Connection _ informed
KoA-KolS beginning and then designs KolS
instruction based on assessment
result
¢ If pre-service teacher makes an
assessment compatible with the
instructional strategy (e.g.,
relabeling observations and K
: : olS
KoA-KolS mfe_ren_ces they made at the _ Connection informed
beginning of the lesson, preparing KOA

poster on their investigation they
made thoughout the lesson,
preparing a periodic table using
each groupds da
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Table 8(continued)

PCK Instance Consistency Direction
Components or
Connection

e If pre-service teacher design ar
instructional streegy to eliminate
studentsd misco
attention to use of words, after
communicating observation and
inference using gestalt pictures,
after communicating several natu
of science aspects asking questio
to assess stude
andthen talking about nature of
science whether there is a

e KoL-KolS misconception)
¢ |f a preservice teacher teach fo
eliminating a misconceptiofe.g.,
for eliminating the myth of
experiments are not the principal
routes to scientific kowledge KoL
teachemuses some cases froma Connection informed
science magazine where scientist KolS
only use observations or step by
step scientific method and makes
the students to involve in scientific
proces$

KoL
Connection informed
KolS

3.7.2.2. The Constant Comparative Mdtod

In the first deductive phase, profiles for each participant and accompanying
postintervention PCK for NOS maps were constructed based on the PCK
components defined in Magnusson et al
PCK literature (Park & @en, 2011; Park & Oliver, 2008a). In the second inductive
phase, constant comparative method (Glaser & Strauss, 1967) was used in order to
identify patterns and regularities among the PCK maps without using a pre
established system of categories or co@esstant comparison method compares
incidents in data to develop explanatory categories towards building a theory. This

method involves comparing one segment of data with another to determine

(@}
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similarities and differences (Merriam, 2002) and then the dajeouped under

similar dimensions. This dimension is tentatively given a name and it becomes a
category. All PCK for NOS maps were compared and contrasted with each other in
order to identify similarities and differences among them and then eventually to
come up with a categorization. As a result of identification of patterns and

regul arities exi-ntergedtion RCK foradNO$ mapsg, gneant s 6 p o !

dimensional categorizations were emerged without using an already existing
framework for categorizain. In the nine dimensional categorizations, there were
two main dimensions;

¢ One dimension showed the degree to which the components are integrated

o There were four components addressed in PCK for NOS instruction
which were STO, KoL, KolS, and KoA. There#p the maximum
number of connections/consistencies that could be observed among
the components of PCK was six.

o If the number of consistencies/connections was 5 and 6 in a
participantés PCK for NOS map, thi
was categorized dgghly-integrated.

o If the number of consistencies/connections was 3 and 4 in a
participantdés PCK for NOS map, thi
was categorized as somewhat integrated.

o If the number of consistencies/connections wasd2 in a
particippnt 6 s PCK for NOS map, this par
was categorized as namtegrated.

e The other dimension indicated the degree to whickspreice chemistry
teachers can translate their PCK for NOS into their lesson plan 2, which
refers toapplicaion in this study.

o The data for analyzing participant
obtained from lesson plan 2, reflection papers written at the end of
each PCK for NOS class, responses to egragted questions given at
the beginning of each PCK for NOS daand after PCK for NOS
instruction, and interviews. As explained before, different types of

lines were used to show connections and consistencies among the

[
R

[
<
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PCK for NOS components which were evident in different data
sources;
A Bold lines for the connectiorand consistencies that existed in
Lesson plan 2
A Solid lines for the connections and consistencies that existed in
reflection papers, responses to oeedled questions, and
interviews
A Dashed lines for the connections and consistencies that did not
existin any of the data sources

ol f a participantodés PCK for NOS map
rest was solid, this participantds
knowledge.

ol f a participantodés PCK for NOS map
solid lines,th s partici pantdéds PCK for NOS
knowledgeapplication

ol f a participantdés PCK for NOS map
participantdés PCK f or appliGadon map was

All the reliability and validity issues regardiniget categorization of
participantsdéd PCK f or th@Sowinggparsunderithie | be di
heading of validity and reliability issues of the stuByamples for the maps

included the followings$n FigurelO.
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Highly-integrated in Highly-integrated in Highly-integrated in
applcation level knowledge- application lewel knowledge level

g STO
T /> /) i
@ @

somewhat-mtegrated mn Somewhat-inte grated . Somewhat-integrated in
application level knowledge-application lewve knowledge level

NPy

Mon-integrated in Mon-integrated in knowledge- MNon-integrated in
apphcation level application level knowledge lewel

Figure 10.Examples oPCK for NOS map categorized in different groups
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3.8. Validity and Reliability Issues of the Study

The consideration of validity and reliability issues in qualitative research is
different than its consideration in quantitative research because offérerttes in
their focus; qualitative research focuses on the existence and meaning of the
phenomenon while quantitative research focuses on to what degree the phenomenon
exists. These resulted in the use of different terms while talking about the validity
and reliability issues in qualitative research (Lincoln & Guba, 1985). Lincoln and

Guba (1985) proposed that Acredibilityo
refers to Aexternal validityo, fAdependabi
Acomhbrirlityo refers to fiobjectivity. o Th

transferability, dependability, and conformability ensure trustworthiness. Several
techniques were proposed to operationalize these new terms and more importantly to
addresall these validity and reliability issues in qualitative research. In the

following part, how all the validity and reliability issues in this qualitative study,

which refers to trustworthiness, were considered will be presented.

3.8.1. Credibility

Crediblity in qualitative research refers to what degree the research results
are congruent with the reality, which is the phenomenon being investigated
( Merri am, 1998). fACredibility requires e:
from the perspectivef@articipants and the goal is to demonstrate that the study was
conducted in such a manner as to ensure that the subjects was appropriately
identified and describedd (Marshall & Ro:
techniques increasing the credityilof qualitative research, namely, prolonged
engagement, triangulation, peer debriefings, member checks, participatory modes of
research, and cl ari fyi n,grianguasoa,molanedr 6 s bi
engagement, peer debriefings, and menshecks were used to ensure credibility.
Triangulation refers using different data sources of information by examining
evidence from the sources and using it to build a coherent justification for themes
(Creswell, 200Y. Patton (2002) defined four kindstofangulation adding to the
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credibility; methods triangulation, triangulation of sources, analyst/investigator
triangulation, and theory/perspective. Triangulation of sources and
analyst/investigator triangulation were used to increase credibility. Mutigta
sources includiny NOS-C, lesson plan 1 and Beflection papers written after each
PCK for NOS class, responses given to epeded questions after NOS instruction,
before each PCK for NOS class, and after PCK for NOS instruction; interviews
conduc¢ed after completiny NOS-C and PCK for NOS instruction; and videotaped
records of observations were used to achieve triangulation of sautbescurrent
study

Analyst/investigator triangulation requires using multiple observers,
interviewers, and angdts instead of one and it was ensured by several ways.
Throughout all data collectigorocessat least three researchers who were familiar
with NOS and PCK were patrticipated all the classes during NOS and PCK for NOS
instruction. During the analysis g& two analys, among those researchers,
independently coded the data for NOS and PCK for NOS after forming a rubric for
NOS and a coding scheme for PCK for NO@oreover, four researchers who were
studying PCKindividuallyc o mp ar ed par triNOS nmpsratdshén PCK f o
reached a consensus on categories inductively derived from data. The rubric for NOS
directly came from NOS literature (Khishfe & Lederman, 2002) andddeng
schemaised for creating PCK for NOWasprofil e
formed by me and a researcher who is an expert on both PCK and PCK for NOS by
discussing and negotiating any incongruities. After formatiagheftubric and
coding scheméywo independent researchers coded the data for NOS and PCK for
NOS. The incongiities between researchers were resolved by negotiation and
discussion.

Prolonged engagement is achieved by being present in the research site for an
extended period of time. The more researcher engages with the reality, the less s/he
affects the settingral in addition the more s/he can reach the reality. | spent a whole
year, including two semesters, within this research setting and with this participant. |
participated all the classes during NOS and PCK for NOS classes. Most of the time, |
was one of théeading instructor of the class and had a chance to observe and talk

with participants in and out of the class settings.
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Peer debriefing involves locating a person who reviews and asks questions
about qualitative study (Marshall & Rossman, 2006). | cheduwo of my
colleagues who had experience in qualitative research and were studying NOS and
PCK during collecting, coding, analyzing and interpreting the data.
Member check is the most essential technique for establishing the credibility
of the study (incoln & Guba, 1985). It refers to make the participants of the study
check the data, categories and interpretatiGnegwell, 2003 After completion of
anal ysis of data, one of the profiles cr
printed out andhe participants were asked to check the data, categories and
interpretations.

Although all the aforementioned efforts enhance credibility, Patton (2002)

advocated that credibility in qualitati v
theresearche and phil osophi cal belief in the v
Credibility of the researcher is related
whil e philosophical belief in the value

apprea@ation of naturalistic inquiry qualitative methods, inductive analysis,
purposeful sampling, and holistic thinki.
course on qualitative researéiso, | was involved in various researches on NOS,

PCK, and PCK for NS both in Turkey and USAAIl these evidences helped me to

increase my credibility as a researcher on PCK for NOS.

3.8.2. Dependability

The issue of reliability should be considered in two contexts within
qualitative research. First, if multiple datee used, are they internally consistent? In
this study, various data sources including lesson plans, reflection papers, responses to
opentended questions, and interviews were used and all these data sources were
internally consistent with each other. Secandtext is related to the process of data
analysis; inteicoder agreement. In this study, interder agreement was achieved
for both analysis of the change in parti ¢
NOS, two researchers who have experience on N@Esnistry education, and
gualitative research coded the NOS data for 25%NDS-C. For PCK for NOS,
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two researchers who have experience on NOS, chemistry education, PCK, PCK for
NOS, and qualitative research coded the PCK for NOS data for five participants
Inter-rater reliabilities were calculated for NOS and PCK for NOS in order to
enhance credibility. The formula proposed by Miles and Huberman (1994) was used

during calculation as;

Reliability = Number of agreements/

(Total number of agreements + disagments) X 100

Inter-rater reliability was calculated as 95% for NOS and %90 for PCK for
NOS. The inconsistencies between coders were resolved by negotiating and

discussing.

3.8.3. Transferability

Transferability refers to what extend the findings & $tudy can be useful to
others with similar research questions (Lincoln & Guba, 1985). In order to show the
degree to which the results of this study can be useful in other settings thick
description was used. Thick description requires providing a géseorrich enough
to permit the reader to determine how well this study transfers to other similar
situations Patton, 2002 The physical and cultural environment of the college of
education, chemistry teacher education program, participants, and tagtcan¢re

NOS and PCK for NOS instruction conducted were described in detail.

Until now, how the validity and reliability issues ensured were discussed in
detail. In the next partslata base search, role of the researcher, ethical issues, and
schedule wi be explained in detalil.

3.9. Key Words and Databases Searched

Key terms were determined based on the literature. Although chemistry

teacher education was the major concern, botls@nace and irservice science
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teachers were used as key words intamidto chemistry teachers since NOS is

above the patrticular discipline in science. The key terms used in this study were
NOS, PCK, PCK for NOS, prgervice science teachers;sarvice science teachers;
pre-service chemistry teachers, anesgrvice chenstry teachers. Among the

databases Science Direct, Educational Resource Information Center (ERIC), and
International Dissertation Abstract were searched for general and reaching primary
sources were searched. Various journals in Turkey, having onlingsaoeere also
searched to reach the primary sources such as. Hacettepe University Journal of
Education, Education and Science, and EI i
Journal of Education, Kastamonu Education Journal, Gazi University Journal of
Educatia, Eurasia Journal of Mathematics, Science and Technology Education,
Eurasian Journal of Educational Research, and Educational Science: Theory and
Practice) were searched. In addition to databases, | searched the various libraries in
different universitiege.g., Middle East Technical University, Gazi University, and
University of Missouri) in order to reach the books. The literature review is a never
ending process and it continued throughout all the phases of dissertation. After
completion of literatureaviews, all the primary sources were read by noting relevant

key points.

3.10. The Role of the Researcher

In qualitative research, since the researcher is the key instrument (Marshall &
Rossman, 2006) s/he should explain his/her role. Patton (2002sptbao
continuum describing the researcherdés r ol
revealedness, intensiveness, and extensiveness.

The degree of participantness ranges between full participant and complete
observer. In between the two, the reskar might take several roles including the
characteristics of both observer and participant. Participant observation is a type of
observation where the researcher is not a passive observer rather s/he may take
various roles and even may participate thenés being studied. In this study, | was
participant observer sincebnductedll the course activities, which were mainly

preparing each class's content (what to teach and how to teach it) and teaching. In
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each class, the research group of two or thu@ethe leader in conducting all the

course activities. However, the other researchers were also responsible during the
guidance provided to small group discussions. As well as | had many opportunities to
teach NOS to that group of participants before RQKNOS instruction, Instructed

all the classes took place in PCK for NOS instruction. These participant observations
enabled me to realize how actually PCK for NOS works (Flick, 2006).

Reveal edness is related to npmongi ci panit
study and ranges between full disclosure and complete secrecy. The course formed
the context for both this study and TUBITAK project. At the beginning of the
2009/2010 academic year, principal investigator introduced the project and
researcherotthe participants. Also, participants were asked to sign a consent form
and all participants voluntarily signed the form. The course spanned two semester
and the participants already got used to be involved all class activities and be
recorded by video ecaera during PCK for NOS instruction which implemented in
second semester.

Intensiveness and extensiveness is related to the amount of time that
researcher spend in the context (Marshall & Rossman, 2006). As | explained before,
| participated all the classen NOS and PCK for NOS instruction, spanned two
semesters. During these classes, sometimes | taughtaugla the classes.

Therefore, the participants perceived me as one of their teachers rather than one of
the researchers. Hence, in this studyad enough time to build trusting relations
with the participants.

3.11. Negotiating Entry

AfResearch on Chemistry Education Cour :
participants voluntarily took the course knowing that they would gain new insights
on chemistry edcation. Moreover, they knew that this course would be different in
terms of coursework from other courses in their program. At the beginning of the
course, all participants were informed about the TUBITAK project and the course

requirements. Before the RGor NOS instruction begun, | had explained my
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research to the participants honestly and the participants voluntarily involved in all

the activities.

3.12. Ethical Considerations

Ethical standards were taken into consideration from the beginning of the
study to the end. First of all, | applied twstitutional Review Board (IRB)
permission and it had been taken before the study begun (Appendix H). IRB
acknowledged that participants would be fully aware of the purpose and no potential
risk or harm involed in the study. Anonymity of the participants and the university
were ensured. Pseudonyms were used for all the participants and all the participants
voluntarily accepted to participate in the study by signing a consent form. In this
consent form and dlhe beginning of the course, the participants were informed
about the purpose of the study. Also, nobody except the researcher, supervisor, and
coders had access to the data. Hence, all the issues regarding ethics in research,
namely, deception of the paipants, protection of the participants from harm, and

confidentiality were assured (Frankel & Wallen, 2006).

3.13. Limitations and Trustworthiness of the Study

There are two limitations which are inherent to the nature of qualitative
inquiry. The firg one is related to disturbance of natural setting. Existence of
researcher and video recording of al/l cl
behaviors. However, as | explained before, this study was conducted within a two
semester long course anthaugh participants weraformedabout the research
after a while they perceived me as one of their teacher rather than a researcher. This
was because, | taught or-taught all the classes held during the course. Also,
participants never expressed tttety had some stress because of the video camera.
They behaved whether there was no camera existed. The second one is related to
generalizability of the study. The participants were typical in the sense that they took
similar courses during their teachelueation program compared to other chemistry

education majors in other universities in Turkey. Also, to the best of my knowledge,
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| can conclude that these participants were not different from othsepriee

science teachers in other European counamesUSA based on my readings and
experiences in USA. The findings of the study could be transferred into other similar
settings. Other limitation in this study was related to the lack of several data sources.
This study lacked of interviews associated vptes er vi ce t eacher so r e
behind their lesson plans. There are several ways in compensating the absence of
interviews such as using Content Representation Tools (CoReS) and Pedagogical and
Professionakxperience Repertoires {P&Rs) (Loughran et.a2008). In this study,
reflection papers were used in that sense since participants provided explanations
about their possible actions. Moreover, during the analysis and interpretation of data,

| differentiated participants provided evidence about tA€K for NOS in their

reflection papers (labeled as knowledge level) from the ones who translated their

PCK into their lesson plans (labeledagplicationlevel).
3.14. Time Schedule
Data were collected from 30 pservice chemistry teachers enrollecan
el ective AResearch on Chemistry Educati ol

Table 9 shows the timeline of the research.

Table 9.Timeline for the research

Date Events

June 2008 December 2008 Design of the study

December 2008 Septembe2009 Development of activities and data collectiol
sources
September 2000 December 2009 Piloting the study

December 2009 March 2010 Data analysis of the pilot study and revision
the activities and instruments

March 2010° July 20010 Data Colection

August 2010 August 2011 Data Analysis

August 2017 November 2012 Writing results, conclusion, and discussion
section
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3.15. Assumptions of the Study

There were several assumptions inherent to the study;

e Participants are information richses.

e Participants have enough SMK about the topic they prepared lesson plans.

e Having inadequate understanding of NOS is arpaaiisite for developing
PCK for NOS.

e Reflection papers providedtheggee r vi ce teachersodé reaso
lesson plans.

e Assuming the same strength for different connections between any two
components for convenience at the beginning of analysis but later focusing on
the differences among the participants by elaborating the power of

connections and hence tackled with this fation
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CHAPTER IV

RESULTS

In this chapter, resulrepresented unde¢hreemain partsthe change in
preservice chemistry t edewlopemensobtheMPRCKfounder st
NOS, and lastly the relationship between-gexice chemistry teachers' NOS
understanding and their PCK for NOEBach part provided the answers for-sub
problems of the main r es e-aervicehcheqistegyst i on, |
teachersodo PCK for NOS including SO, Kol,
PCK for NOS instrucdseémni?oe Thlremihamhgyey i @aqg
understanding part answered the-pub o bl ems of AWhat kinds of
preservice chemistry teachers have orNBS concepts before expliereflective
NOS instruction® andiiwhat kinds of views do the preservice chemistry teachers
have on thd&NOSconcepts afterexplicit e f | ect i ve NOS i nstruct.i
ofpreservice chemistry teachersd PCK for NC
problems ofiwhich components of PCKf NOSdo pre-service chemistry teachers
develop throughout PCK for NOS instructidd®@w and to what degres® pre-
service chemistry teachers translate PCK components into their lessori plaohs?

How and to what degredo pre-service teachers integrateetbomponents of their

PCK for NOS® Relationship between piervice chemistry teachédOS

understanding and their PCK for NOS part included the answer given to the question
of iHow are preservice chemistry teaché&NOS understanding and their PCK for

NOS relatedd

4.1.The ChangeinPreser vi ce Chemi stry Teachersdo NO

VNOS-C in conjunction with followup interviews was used as main data

collection source in identifyinghowpseer vi ce chemi stry teache
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changed. Considerirtge administration o¥NOS-C at several timeand there are
some missing data in second administration of VNS t he change 1 n
NOS understanding was presented under severglans

e theparti ci pant s 6antat& th&iOS imdsuctiondak o r e

indicated by the percentages of their views)

e thechangeitheparti ci pant sé vi ews andaftereach

p a

N

theNOS instructiofl as i ndi cated by percentages

and informed views and supported with the quédeshose views)

Although a a researcher | did my best in collecting data in some of the
VNOS-C there were some unanswered items and this caused missing data related to
some aspects of NOS. In the first VN@Sadministered before NOS instruction
13.3% ofthe participants' views in each NOS aspect was missing whereas it was
3.3% in theory and law aspect in the VNGSdministered after NOS instruction.
Therefore, the sum of percentages of participants with naive, transitional, and

informed views may not bE00 at all timesvhen percentages were presentaust

of all, the overall change in participani

views beforeand afteitheNOS instruction was presented to provide a big picture of

the changeseeFigurell). In Hgurell, t he percentage of part

transitional, and informed NOS viewstino administration oNOS-C instrument
waspresented independent from the aspects so that how the number of participants
with different NOS views changed could &asily realized. There was a gradual
increase in the number of participants with informed NOS vi@&sXbo of

participants beforand72.9%0 after)whereaghere was a gradual decrease in the
number of partici pant s2.9% aof pancipanistdioremda L v e
5.2% after)and with transitional NOS view&27.6% of participants before and

21.4% after).It can be concluded that explicgflective NOS instruction contributed

to preservicechemistrtyt eacher sé NOS understandings.

N
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80 - 72,9

Before After

H Naive B Transitional = Informed

Figure 11 Pere nt age of participants with napve

views beforeand after NOS instruction

Second, aalysis ofVNOS-C administered beforthe NOS instruction
indicated that prservice chemistry teachdmadvarious misconceptions about NOS
(e.g., hypothess become theories that turn into laws, scientists are particularly
objective). When all NOS aspects addressateNOS instruction was considered
t he per cen328%)andudnsitionallkyy %) vidws wa0.5%6 whereas
the percatage of informed views wa6.24 (13.3% of the views was missing)
While vast majorityof the participants8§0%) had napve dawew about
aspect of NOS, interestingly no particip:
imaginative NOS aspect. Howevesen in the creative NOS aspect where no
participants e #33% ef the paricipants had gansitional wiew
about the role of creative and imagination in science, which was an evidence for the

inconsistency in their NOS viewseeFigure12).
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Figure 12. Thepercentage f parti ci pants with napve,

Tentativeness
Empirical-Based
Theory & Law

Theory Laden
Socioculturalembedded

Obssarvation & Inference
Creativity & Imagination

NOS views in each NOS aspect before NOS instruction

Third, analysisof VNOS-C administered aftethe NOS instruction indicated
that partici pandisnd tNi@S dwise wse dc waanyge decr e
transitional views, and increase in informed vieseefigurel3). When all NOS
aspects addressed in the NOS instruction was consjdleisegeen thathe average
percentage of tr an s iased subst@dtialawneteasitkepyve vi e\
percentage of informed views rosertd%o. In spite of thancrease innformed
NOS views, preservice chemistry teachers still had difficulty in understanding
empiricatbased §.7%0), and social and cultural embedded N®3%) as well as the
difference between theory and la¥#83%), and observation and inference (10%).
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Figure 13. Thepercentage f parti ci pants with napve,
NOS views in each NOS aspect after NOS instruction

Fourthtoprovde a c¢l ear picture of how the n
and informed NOS views changed throughout the NOS instruction, participants
VNOS-C results before, during, and aftte NOS instruction were comparesege
Figurel4). The comparisons revealedththere were remarkable increases in the
number of participants with informed NOS views in each aspect. The most
noticeable change was observed in theory and law aspect and this was followed by
social and cultural embedded and thelagen NOS aspects. @mumber of
participants with napve views decreased i
accompanied by increases in the number of participants with informed views. The
least change was evidenced in creative and imaginative NOS aspect since there was

no participant with napve views before N
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Figure 14. The comparison 0¥ NOS-C results obtained from its administration
beforeand after NOS instruction

Finally, regarding how the participant
throughout NOSnstruction, n this part, the change in pservice chemistry
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teachersodo views on each NOS aspect befor:«
elaborated under the stieadings of NOS aspects.

Scientific knowledge is tentativaBeforethe NOS instructionall participants
stated that scientific knowledge was tentative. However, most of them explained that
lawsdo not change andreabsolute. Thereford0%of the views in this aspect were
categorized as transitional. A gradual decline was observed muthieer of the
participants believing that laws are absolut¢ MOS-C administered aftethe NOS
instruction. Also, the percentage of transitional views decreaséd@t-C
administered aftethe NOS instruction and this decrease was accompanied by the
increase in the percentagetbé participants with informed view®96.726) (seeTable
10). Afterthe NOS instruction, most of the participants expressed that all scientific
knowledge could change and there was no place for absolute knowledge in science

(see Table 11 forsamplestatements).

Table 10. Th e number and percentage C
ftentativeness of s ¢ -IC admtinistérad befoke ara aft
the NOS instruction

Time of VNOS-C administration in the NOS instruction

Views Before After
Naive 4 (13.3%) 0 (0%)
Transitional 12 (40%) 1 (3.3%)

Informed 10 (33.3%) 29 (96.7%)
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Tablell.Par ti ci pantsod6 sample statemen

knowledge after the NOS instruction

Level SampleStatements
€ things that we accepted as
Scientific theory can change while scientific laws cannot.
Naive instance, Conservation of Mass law is always true and covers ¢
physicatchemical changes.
él aws dangersuch as aw of gravity
éscience is tentative and c:
absolute. If [scientific knowledge] is insufficient in answeri
guestions of humankind in time, it changes.
Science does not consist of absolutehssutlt can continuousl'
change as a result of researches.
Because scientific knowledge can change.
But science can be questioned and change. In first
fundamental base of science is the change.

Informed

Science is based on observations and experimeBéfore the NOS
instruction only 26.7®% of the participants expressed that experimeat®important
role in science and experimem®not the principal role to scientific knowledgeeé
Table 12). AftettheNOS instruction, there was a considerable degr@athe
number of participants wiatmbstthreequagef and t r .

the participants had informed vievedbout this aspectéeTable 13).

Table122The number and percentage of
based onoobservati ons and -€xagnmnisteredebafore ar

after the NOS instruction

Time of VNOS-C administration in the NOS instruction

Views Before After
Naive 8 (26.7%) 2 (6.7%)
Transitional 10 (433.3%) 6 (20%)

Informed 8 (26.7%) 22 (73.3%
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Tablel3.Par ti ci pantsod6 sample statemen

observations and experimentso aft e

Level Sample Statements
If we do not do the experiments, we cannot prove that sciel
knowledge is wrong.
Naive Whether hypqtheses are true or not can reveal only whei
conduct experiment.
Because we can prove that scientific knowledge is true mere
doing experiments.
Experiments may not be required to produce every Kkinc
scientific knowledge.
| do not thing that scientific knowledge is not produced witt
Informed doing an experiment. But | believe that experiments are nece

for producing scientific knowledge more easily or developing it.
[Science] is a mental activity where data obtained from
experiments are questioned, evaluated, [and] warrants
presented, [and] which is enriched by hypotheses and theories

Scientific knowledge is based on inferences as well as observati®efere

theNOS instructionmajorityo f t he p ar tve and ipfamet wewshia d

nay

this aspectgeeTable 14). In other words, the participants did not provide consistent

views about the role of indirect evidence in science, the role inferences as well as

observations in producing scientific knowledge, #ranaure of scientific models

(seeTable 15). Afteithe NOS instruction, there was an increase in the number of

participants with informed views (frod8.3% t023.3%) bearing in mind that, this

increase was not enough as desired.

Table 14.The numberand pere nt age of the partic

knowl edge IS based on i nferenceG

administered before and after the NOS instruction

Time of VNOS-C administration in NOS instruction

Views Before After
Naive 8 (26.7%) 3 (10%)
Transitional 14 (46.7%0) 20 (66.7M%0)
Informed 4 (13.2%0) 7 (23.3%)
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Tablel5.Par ti ci pantsod sample statement

based on inferences as well as obs
Level Sample Statements
Science is based on confirmation and proof. Therefore, sc
reflects reality. For instance, [the idea of] atoms have buil
Naive bIO(_:ks was proven. . 3 .
[Scientific knowledge] is verified by observations, proofs. W
the electroscopes, [scientistsivastigated the smallest buildir
block of matter.
We said that science progressed systematically. Hence, nev
[and] scientific knowledge is produced with the ma
comprehensive experiments and inferences based on
[experiments] conductedin the light of technologica
developments.
Informed Scientists have been accepted the most valid model about str

of the atom and used it. Still it has not been stated that this r
is absolutely true. But it was accepted since that model is the
of which its use is true.

Nowadays, various atom models have been developed. But,
[as we know it today] was modeled with the experiments.

Scientific theories and laws have different roles in scienBefore NOS

instruction only one participant had imfoed view about the role of theories and

laws in sciencesgeTable 16). Additionally, this aspect is the one of which the

participants had the highest number

other aspects of NOS. Most of the participants betlehat there was a hierarchical

relationship between theory and law as well as theories were not proven and would

be laws when proverséeTable 17). Also, they confused law with phenomenon.

Napupve

v i e ws of théooyand law in scienceodeceedisrostly when

compared to the decreases in napve

percentage of participants with informed views increas@@¥oin theVNOS-C

administered aftethe NOS instruction.

Vv

of n

e WS
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\Y

es and | aws have d i fCf aelmimsketec

before and after the NOS instruction

Time of VNOS-C administration in NOS instruction

Views Before After

Naive 24 (80%) 4 (13.3%)
Transitonal 1(3.3%) 4 (13.3%)
Informed 1 (3.3%) 21 (70%)

Tablel7.Parti ci pantsd sample statemen

have different roles in scienceo

¢

Level

Sample Statements

Naive

Theories can change. If heory is accepted by all scientists,
turns into law. When it becomes a law, it does not change.
Law is an unchanged reality. On the other hand, theory
knowledge which is not accepted by all scientists and can ct
with new information.

€ as abvious frem its name it is a theory and not absolute
Scientific theories can change in time while scientific laws
accepted without pursuing their change. For instance, thec
evolution is known but not accepted whereas law of gravi
known andaccepted.

Since whether theories are true or not cannot be compl
proved they did not turn into laws and can change.

Informed

Scientific theory explains phenomena. Laws are about
relationships between phenomena. For instance,

Law of gravity.

Boyle and Charles Laws explain the relationship betw
variables while Kinetic Molecular Theory explains how -
phenomenon occurs. That is the difference between scie
theory and law is not to with one is supported more thar
other. There is no Brarchy between them.

Scienti
NOS instructi

fic knowledge is theorladen and includes subjectivityBeforethe

onglmostonethir@ f t he participants

stating that science and scientific knowledge is objective, and isfectea by

scient

had naj

i stds existing knowledge, attitude:
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having that belief iNOS-C administered aftethe NOS instruction¢eeTable 18).
Beforethe NOS instruction33.3% of the participants had informed viewoaib

theoryladen NOS aspect and there was a remarkable increase in the participants with
informed view in this aspec8(% of the participants INNOS-C administered after
theNOS instruction). Most of the participants emphasized that scientists inevitably
are affected by their existing knowledge, attitudes, and values after NOS instruction
(seeTable 19)

Table18The number and percentage of
knowledge istheof aden and i ncl ude sC asimirb$gred:

before and after the NOS instruction

Time of VNOS-C administration in NOS instruction

Views Before After
Naive 9 (30%) 0 (0%)
Transitional 7 (23.3%) 6 (20%)
Informed 10 (33.3%) 24 (80%)

Table 19.Par t i camplesrttast & me n t scientifee knavtleelge is theoryfi

| aden and i ncl udeNOSsstrbciioact i vityo after

Level Sample Statements

Scientific knowledge is objective.

Science must not be affected by these terms. There is one reality

reality does not changeofn region to region or person to person.

But physics, biologyé[are] obj e

When scientists propose and explanation about a phenomenon th

affected by their experiences, existing knowledge, and belief

Since scientistsd personality,

are different from each other there are two hypotheses

It [presence of two theoriesn extinction of dinosaurs] stems from tl

Informed di f f erences i n sci emlividuals having differen
degrees in various disciplines bring different viewpoints for the ev
they encountered and hence they propose different hypotheses.
Scientists can reach different conclusions even they use the sam
based on their existg beliefs, and social and cultural environment t
live.

Napv ¢




133

Social and cultural factors affect scienc®eforethe NOS instructior30%

of the participants believed that science was inevitably affected by social and cultural

values whereas the percentaggarticipants with that belief increased?8.3%

(Table 20) About half of the participants5@3.3%0) stated that science was universal,

and not affected by social and cultural factors bettoedNOS instruction. However,
there were only two participantaving that belief aftethe NOS instruction (see

Table 21 for participantsd statemen

Table 200.The number and percentage of
and cul tur al f a ct o rCsadnanisteredchbefe and after the

NOS instruction

Time of VNOS-C administration in NOS instruction

Views Before After
Naive 16 (53.3%) 2 (6.7%)
Transitional 1 (3.3%) 6 (20%)
Informed 9 (30%) 22 (73.3%)

Table21l.Par t i camplesrttasté me nt s raed caltural thctorso
af fect s dheNdOBdnstractionf t er

Level Sample Statements

Science is universal. Science is not affected from social and cu
values in any sense.

If science is not universal we would be living in Stone Age.
There & no true or false and everybody has his/her own idea.

We have a proof in hand and we defend it. It is impossible ths
proof can be affected from social and cultural values.

Science reflects the social and cultural values of the societyichy
it is conducted. Because science is a human endeavor.

Soci al and cul tur al val ues di
are conducted with the purpose of satisfying those needs. There
have the belief that scientific studies reflect tloeial and cultural
values.

Science reflects the social and cultural values and is affected
them.

Naive

Informed

t eXxal

fsoci

a
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Creativity and imagination plays a major role in sciencehe role of
creativity and imagination aspect is the one of which the participants had least
difficulty in understandinggeeTable 22). Beforéhe NOS instructionall
participants explained that creativity and imaginatsamportant in science and
nearlyhalf of the participants believed that creativity and imaginatased in
particular phaes of an investigation. More importantly, they advocated that scientists
must be objective and therefore creativity and imaginasioot used in data
interpretation geeTable 23). Aftethe NOS instruction93.3% of the participants
stated that creatity and imaginations important in every phase of a scientific
investigation including data interpretation.

Table22.The number and percentage of
and i magination pl ays a -Cnadminiered bedole
and after the NOS instruction

Time of VNOS-C administration in NOS instruction

Views Before After
Naive 0 (0%) 0 (0%)
Transitional 13 (43.3%) 2 (6.7%)
Informed 13 (43.3%) 28 (93.3%)

Table23.Parti ci pantsd sampl @crseat ewmieny

plays a major role in scienceo aft
Level Sample Statements
élt is useful to wutilize it [

[planning and design of an investigation]. The latter phédata

Naive collection and data interpretation] must be bases on evidence.
Scientists use their creativity and imagination after they collect dat
In every phase [planning and design of an investigation, data
collection, and data interpretation] af investigation, creativity and
imagination is used.

Informed

Scientists put their creativity and imagination into every phase
beginning from the observation when they produce scientific
knowledge.
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Science and technology is not the same thilgnce there wasmquestion
related to this aspert VNOS-C, activity sheets, video recordings of class
discussion, and interviews were used as data sources. Analysis of data revealed that
the participants had inadequate views about science and technologythefGS
instruction. They stated that science and technology were different from each other
but could not explain the difference. Most of the participants (82%) defined
technology as the application of science (e.g., machines or computers}hAfter
NOS instructio, only five participants had still that belief about technology whereas
others described technology as a technique, process or system directed to satisfy a
need. Additionally, 82% of the participants explained the difference between science
and technolog¥py differentiating them with regard to purpose, process, and product.
All the participants believed that science and technology were closely related both
before and aftethe NOS instruction. However, 61% of the participants thought that
a technological evelopment based on a scientific discovery, which was consistent
with their belief that technology was an application of science b#fefdOS
instruction. On the contrary, all the participants but three started to think that science

is not the only bas#or a technological development.

411.The Change in Each Participantdéds NOS V
Aspect Before and After the NOS Instruction

NOS understanding refers to SMK in this study and is aquaisite for a
well-developed PCK for NOS (waDriel et al., 1998)Therefore, it is important to
analyze how each participant changed his/her NOS views with regard to every aspect
after the NOS instruction (see Table 24). Also, those findings will shed light to the
findings about theelationship beaveenpres er vi ce chemi stry teach
understanding and their PCK for NOS.
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Table 24(continued)

NOS Aspects

Empirical- Observation Theory & Theory- Sociocultural-  Creativity &

Tentativeness based & Inference Law Laden embedded Imagination
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4.2. DevelopmentofPres er vi ce Chemi stry Teacherso PC

In the PCK literature it is strongly recomnuked that researchers must focus
on the interaction among the components (Abell, 2008) in order to understand the
guality of PCK. Since a teacherodos PCK hi
and coherence among components (Park & Oliver, 2008a; [ehedri Abell, Pareja,
Brown, Lankford, & Volkman, 2009) and the literature provides the evidence for
uneven development of PCK components (Hanuscin et al., 2011, Magnusson et al.,
1999) I will focus on (a) the degree of integration among PCK componéntdg
frequency and nature of connections, (c) connections evidaeppiicationversus
evident in knowledge only, and finally (d) the power of connections among the

participants in the same category.

4.2.1. The Degree of Integration

The analysisof 3pres er vi ce ¢ he mi @nterveption RCKh er s 6
NOS maps showed that all participants developed PCK for NOS in some extent and
nevertheless the participantsdé PCK for N
of both the degree of integratiomang the components and the degree to which
these components and connections manifest themselves in their lesson plans and
reflection papers. TablésZhows how preservice chemistry teacheasedistributed
among seven categories emerged as a resulhsefas@comparison analysis of PCK

maps. Results related to participants in each group will be presented separately.

Table 25.Number ofparticipantsin each PCKcategory

Degree of translation into lesson plan
Knowledge  KnowledgeApplication  Application

Degree of integration

Highly-integrated 2 2 10
Somewhaintegrated 4 3 6
Non-integrated 0 0 3
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4.2.1.1. HighlyIntegrated PCK for NOS

The participants in this groups are the-peevice chemistry teachers who
havefive and sixconnection and ewistency in their PCK for NOS méiine
maximum number of connection and consistency can be six since there are four
conponents of PCK for NOSyhese group will be elaborated considering the degree
to which those prservice chemistry teachers translateeir PCK for NOS into their
lesson plang=irst of all, participants in application level (i.e., five or six of the lines
in their map are bold indicating they all translated the components that they
developed to their lesson plans) will be explaineentim knowledgepplication
level (i.e., their map include a mixture of bold and solid lines indicating that they
translated some of the componentd they developed), and finally in knowledge level
(i.e., their map include one bold line and the rest islsoticating that they could
not translate all of the components they developed but one).

One third of the participantsere categorized as application lewetegrated
the four components of PCK that were emphasized in the course, as evident in their
lesson plans. All of them were oriented to teach NOS and included NOS objectives
in their lesson plans as well as chemistry related ones. Also, their orientations to
integrate NOS into their teachings were obvious in their reflection papers as they
answeredhe question related to tipairpose of their chemistry teachir@ne of the
pre-service chemistry teachers statedt"The purpose of chemistry education is to
reach scientific literacy by helping students to understand and gain science process
skills, natire of science as well as chemistry concepis Mor eover, the NO
objectives were evident in her lesson plan (e.g., students will be able to explain what
theory is, what law is, the difference between theory and Rparticipants in this
groupprovided evidence for consistency of their KoL, KoA, and KolS with their
NOS teaching orientation in their lesson plans. They all planned their lesson
considering studentsodo difficulties and mi
of explicit-reflectve appr oaches as the instructional
understanding of NOS at the beginning, throughout, and/ or at the end of the lesson.
For instance, one of the student teachers, Gozde, planned her lesson to teach
Avogadr o6s naskedherrstudemsdo dsslgrean investigation for

measuring the mass of one NaCl crystal where students only used observations. Her
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goal was to overcome studentsd belief in
routes to scientific knowledge (McComa 1998) . 0 After groups
presented their findings together with their investigation process, Gozde conducted

an explicitreflective debriefing by asking the questions of

...How did you measure the mass of one NacCl crystal? Did you conduct any

experiment or did you just make observations? Is it possible to produce

scientific knowledge without doing an experiment in science? Can you give

examples of scientific knowledge where scientists rely on observations and

inferences...

To assess whethstudents changed their NOS conceptions, Gozde chose to
have her students watch a video including different areas of science of which some
of them use observation and experiment while other just can use observations. After
students watched the video, shkeakstudents to differentiate these areas and give
examples from the video together with their reasoning.

In addition to consistencies evidentin highlynt egr at ed group6és
six of the participantsd KolL,erektovdys.and Ko |
Five of them had connections among their KoL, KolS, and KoA and four of them
used their KoA to reveal students misconceptions on related NOS aspect they wanted
to teach and then considered studentsod mi
That is, their KoA consecutively informed their KoL and KolS. They used concept
maps,trud al se test items, and questions to r
preferred instructional strategies and discussion questions to eliminate those
misconceptias. For instance, Nilay administered 10 questiorisue-falseformatas
a preassessment and three of the questions were directly related to NOS;
ADefinitions about the phases of matter |
knowledge since theyodnumerous test, Scientists claim that previous knowledge in
the discipline is wrong since they do nof
purpose of administering this test is to
instruction considering studen® mi sconception. 0 Moreover,
reflective discussion based on expected

Nilay (N): Scientists thought and searched for the nature and states of matter

throughout the history. If you consider this process for prodiszrentific
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knowledge, what are the things that stood out to you? Is there only one and

only scientists studied on nature of matter?

Expected Student Answer (ESA)Lots of scientists worked on the same

topic.

N: What else? Did any of them use the alreaxigting knowledge in the

discipline? or Did scientists start to work over?

ESA: Scientists used the previous knowledge available in the discipline

produced by other scientists.

N: Were the knowledge accepted as absolute or did they change over time?

ESA: There was a change in scientific knowledge produced throughout

history.

Also, Nilay explained the plasma state of matter and she stated that by this
way she exemplified the tentativeness of scientific knowledge.

Five of the participants in highlytegrated group were different than the
ones mentioned above in that their KoL and KolS informed their KoA. These
participants specifically designed their
misconceptions in related NOS aspect and they used specific assessategies to
identify whether students still had these misconceptions at the end of the instruction
which is an indication that their KoL informed their KoA. For instance, Hale formed
three groups in class, then provided one area for each about gleeofisadioactivity
where instances of science and technology together and asked students to discuss
whether which parts of these areas exemplifies science or technology. These areas
were;

...The first one: Usage of radioactive elements for activatinguémmatic

valve system that distributes petroleum to different tanks. The second one:

Usage of radioactive elements (e.g., Co 60, lodine 131) in the treatment of

cancer and thyroid defect. The third one: Usage of radioactive elements in

measuring the thicless of a material.

Hale at the end of the lesson asked her students give examples for both
science and technology and had other students to express their ideas about the
relevancy of examples. One pgervice chemistry teacher, Oya, differed from the

others whchadsame number of integration in that she asked her students to design a
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poster where students were expected to present their investigation together with their
understanding about NOS at the end of the lesson. In that lesson, Oya used explicit
reflective inquiry method to teach rate of reactions and several NOS aspects which is
an indication that her KolS informed her KoA.

So far,| have summarized the way pservice chemistry teachers in highly
integrated group translated their PCK into ttesson plan, which are in application
level. With regard to the participants in knowledgeplication level, there wa®on
clear pattern in terms of the componehisydeveloped anthe degree to which they
intagrated and translated those componé&ltsenit comes to participants in highly
integrated group in knowledge levekaw that both of themvereaware that
studentsdé existing misconceptions are on
their NOS teaching and they thought that first of allthepsu | d el i cit st ud
misconceptions using various assessment techniques and then design instruction
accordingly. Although they are aware the way they can integrate the components,

they did not translate their knowledge itieir lesson plan

4.2.1.2.Somewhatintegrated PCK for NOS

The participants in this groups are the-pegvice chemistry teachers who
havethree and fouconnection and consistency in their PCK for NOS ifthe
maximum number of connection and consistency can be six since thévarare
conponents of PCK for NOS)hese group will be elaborated considering the degree
to which those prservice chemistry teachers translated their PCK for NOS into their
lesson plans. First of all, participants in application level (i.e., three pofdbe
lines in their map are bold indicating they all translated the components that they
developed to their lesson plans) will be explained , then in knowleplgiecation
level (i.e., their map include a mixture of bold and solid lines indicatirtghileg
translated some of the componentd they developed), and finally in knowledge level
(i.e., their map include one bold line and the rest is solid indicating that they could
not translate all of the components they developed but one).

Onefifth of the participants developed somewhategrated PCK for NOS as

evident in their lesson plaisomewhaintegrated irapplicationlevel, see Table 25)
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Their postintervention PCK for NOS maps showed that four of them were the same
in terms of the nature of théRCK. Although they focused on anticipated student
misconceptions about NOS (e.g., A general and universal scientific method exists
and Experiments are the principal route to scientific knowledge, McComas, 1998)
and used different types of instructiontthgegies (e.g., expliciteflectiveinquiry

and explicitreflective casebased) to teach NOS, all four had KoL, KolS, and KoA
consistent with their orientation of teaching NOS. For instance, one of them, Figen,
used guidednquiry method in her lesson plavhere students used a simulation of

an electrochemical cell and were asked to write their observations and inferences
throughout their investigation. After completiohpresentation of investigations, she
conducted an explicit reflective discussion @servation, inference, and the

di fference between them by asking the

How did you observe?, What are your inferences?, and What is the difference

bet ween observation and i nf ergenpreferred As

to use a project work, as she mentioned in her reflection paper, where students were

required to design a cell and expl#insing their knowledge about electrochemistry
and NOS. In her reflection, she statedfhdt | ear ned Ilwhetherl <c an

qu

a |

as

students learned nature of science or not. | learned different assessment methods such

as concept maps, concept cartoons, project works, and quastaer method

(informal way). 0 Another thing theygt i

(.

connected their KoL to their KolS. I n or
called as AExperiments are t hMcCgmas, nci pal
1999 6, Hulya purposefully involved student

passedor sugar to dissolve) of granule, powdered, and cube sugar in three beakers

of waters at different temperatures (80A

explanation. After groups shared their explanatibhidya conducted an explieit
reflective discussin on the myth of experiments are the only route to scientific

knowledge by asking the questions of

...What are their observations? How did they observe?, Which senses or what

did they use? What are their inferences? How did they propose their

explanatios on what they observe? Is the observation only way to reach
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valid and reliable claims in science? What are the other ways used in science?

Is making experiment possible at all times in sci@nce

In other words, for all of the four participants in sorheiintegrated in
applicationlevel group their KoL informed their KolS. Two participants in this
group successfully translated their PCK for NOS into their lesson plans. They were
similar in the sense that they were able to connect the components\bpdd.
For instance, Ebru did not have KoA and therefore her map had integration among
STO, KoL, and KolS only, while Ardaés PCI
among STO, KolS, and KOA since he did not have-delleloped KoL.

Three participants in thigroup were categorized as knowledgmplication
level. All the three preervice chemistry teachers in this group provided consistency
between theirSTO, KoA, and KolS irtheir lesson plan whereas consistency
between their STO and KoL stayed in knowletiyel. Also, tvo participantsKoL
informed their KolS in knowledge levdtour preservice chemistry teacheas
knowledgedevel were similar in the sense that they could only align their KolS with
their STO inapplication Also, all four developed KoLral KoA atknowledge level
consistent with their STO. In addition to these consistenitie=e of those
par ti ci pnéommedstlieir KOS but they were not able to translate their
understanding intesson planFor instance, Haydar emphasized the irfgpwe of
considering misconceptions in his refl ecHt
realized that there are some students who have various kinds of misconceptions
about nature of science that | do not have. | thought that | should elicit Stuglent
misconceptions at first. If we ignore the existence of misconceptions, students will
not learn targeted nature of science aspects and will continue to keep the
mi s c o nc e phe didnotsohsiddrwot el i cit st udamddids & mi s c
nothing inhis lesson plan.

4.2.1.3. NonIntegrated PCK for NOS
The participants in this groups are the-peevice chemistry teachers who

havetwo and oneonnection and consistency in their PCK for NOS it

maximum number of connection and consistency caixdugince there are four
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conponents of PCK for NOSThese group will be elaborated through the features

of the participants in application level (i.e., two or one wof the lines in their map are
bold indicating they all translated the components thet tleveloped to their lesson
plans) since there were no participants in knowleajg@ication and knowledge

level. All three preservice chemistry teachers in the Aotegrated group were

successful in aligning their KolS with their STO. That is, theylweselicit
reflectiveinquiry and explicireflective-history of science approach to communicate
various aspects of NOS (e.g., tentativeness, cumulative nature of science, creativity
and imagination, and empiriebbsis). It was not surprising thane ofthethree
pre-service teacheisad connections among KoL and other components since there
was no evidence about their KoL in all data sources. Two of these participants had a
consistency between their KoA and STO which is supported by their use ofcspecifi
assessment strategies (e.g., having students interpret a case) to identify whether
students understand the emphasized NOS aspect throughout the lesson. On the other
hand, the other student teacher did not provide any evidence about his KoA and also,

he dd not consider assessing NOS in his lesson plans and reflections.

4.2.2. The Frequency and Nature of Connections

The connections and consistencies both evident in all 38gowice
c hemi st r gpplicatian(cepresented by bold lines) or knowledgvel
(represented by solid lines) were compiled into a comprehensive PCK for NOS map
to provide a summary of the most and least frequent connections and to identify the
outstanding features of integration of the PCK components (see EBuséthin the

group as a whole.
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Figure 15. Comprehensive PCK for NOS map showing the frequency of connections
among PCK components, evident in 30 part
circles show the frequency of connection among two comysne

While | wascompiling individual maps into this mappbserved that
integration of components was idiosyncratic. That is, the way and the degree they
connected the components differed to a certain degree. This idiosyncrasy is evident
from the distibution of participants amorggven out ohine categories emerged
during constantomparative analysis of PCK for NOS mgpse Table 25)
Moreover, even participants in the same category were different from each other in
terms of the way they connecteayawo components of their PCK. For example, in
some instances,peer vi ce teachersé KoA informed t
others their KoL and Kol S informed teach:
features for each map peculiar to onesbdre wee common aspects sharedadly
maps. Until student teachers developed KoA, KoL, and KolS either in knowledge or

applicationlevel, they succeeded to align these components with their STO. That is,
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they were aware that students may have misconceptiordifadlties about NOS
(e.g., confusing observation and inference; experiments are the principal routes to
scientific knowledge), they used instructional strategeesous types of explicit

reflective approach to communicate aspects and to overcome neptions; and

finally they assessed studentsod under st al

techniques (e.g., concept maps, concept cartoonsalaeequestions, and question
answer method). In addition to these consistencies, the connection betweand<oL
KolS was one way. At all times as long as there was a connection betwsetwih
componentspres er vi ce teachersdéd KoL infor med

Anot her salient feature that dr aws
intervention PCK for NOS map was tf&ifO and KolS was central to the
integration. That is, they were the most frequently connected ones compared to any
two others. In addition, the connection between STO and KolS was the only one that
all participants could translate their knowledge mppication Whenl looked at
how preservice chemistry teachers were successful in aligning their instructional
strategy (KolS) with their orientation of teaching NOS (STO), all but three decided
to use various types of expliagflective approach in theie&ching. Inquiry was the
most preferred instructional teaching strategy (16) and the order of the preferences
for instructional strategy was as; inquiry together with HOS (5), HOS (3 )beessl
(2), and activity (1). Only three of the participants useplicit approach for
teaching NOS and again inquiry was preferred by two of them against HOS used by
one.

To delve into the complexities the nature of interaction among KoL, KolS,
and KoA,| did a close analysis on the way these components inform eactanthe
came up with a new map (see Figlié representing all the interactions among
KoL, KolS, and KoA in bottapplication(represented by bold lines) and knowledge

level (represented by solid lines).

t h e

at i
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Figure 16. The map showing the natuof interaction among KoL, KolS, and KoA

KoL was more often connected to KolS than KoA and in addition, different
than the other interactions among any two components, there was one way
interaction between KoL and KolS. That is, in all instanceswhezea c her s 6 KoL
Kol S are evident al ways partgSermicepant sé Kol
chemistry teachers who had this connection purposefully selected instructional
strategies or asked appropriate questions in expéfigctive discussions whereey
can dissatisfy or challenge studentsdé ex]
instance, Yasemin designed her instruction to teach the difference between theory
and law in the content of Graham Diffusion Law and carefully selected her explicit
reflective discussion questions. She assumed that students learned about Kinetic
Molecular Theory in previous lesson and in that class Yasemin divided students into
groups of four and asked to design an investigation to explore the factors affecting
rate of difusion of gases by providing the materials. After completion of the
investigations students presented their investigation and what they found about
diffusion of gases. Then, Yasemin conducted a whole class discussion on Graham
Diffusion Law and also condted an explicireflective class discussion on the
nature of theory and law by asking the questions

...What does Graham diffusion tell about gases?, Does it describe a

relationship or pattern?, What does Kinetic Molecular Theory tell us about
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gases?, Dodsdescribe a relationship or pattern too or does it explain the
relationship or pattern described by |&ws
Although both of the interactions between KKbA and KoAKolIS are two
directional, the number of connections between alA (12) is more thathe
number of connections between K&®IS (9). A closer look at the interaction
bet ween KoA and Kol S showed that teacher:
often as their KolS informed their KoA. In the former, student teachers used
assessment opportueits t o reveal studentsodé existing
and then design instruction accordingly or they used assessment tasks to understand
whether students still hold misconceptions at the end of the lesson and then apply an
instructional strategy tovercome the misconceptions. Among the participants who
had KoL and KoA interaction, the number of cases where KoL informed KoA was
equal to the number of cases where KoA informed KolL-sereice chemistry
teachers who focused on eliminating a difficldtymisconception about NOS
preferred to use specific assessment strategies to determine whether students were
able to overcome these difficulties or misconceptions. For instance, Nurdan focused
on differentiation between science and 1sorence in her tehing and as an
assessment she asked students to interpret a cartoon (seel Figbce the
participants of whom their KoA informed their KoL, they used assessment tasks to
elicit studentsd misconceptions oher di ffi
idea in her reflection paper as AConcept
tree can be used to assess studentsod6 und:
assessment methods to identify studentséo

desi gn instruction considering misconcept:.i
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Figure 17. Cartoon used by Nurdan for assessment purposes

4.2.3. Connections Evident irApplication versus Evident in Knowledge Alone

Whenl compared the number of participants who aligiineir KoL, KolS,
and KoA with their STO impplicationversus knowledge (e.qg., articulated in
reflection papers but not lessonis3aw that translating their KoL into their lesson
plans was the greatest area of difficulty (see FigGjeSixteenparticipants provided
evidence about their KoL through focusing on helping students to eliminate at least
their one of their misconceptions or difficulties related to NOS. On the other hand
nine of 10 student teachers whose KoL was evident in their reflectionsjzgub
general ideas about their learners such as students may have misconceptions or
prejudges about science. For instance, after KoL lesson Kader stated that
Since | have had similar misconceptions before this lesson, | know that it is
hardto eliminats t udent sé mi sconceptions about
Therefore, | will be careful when teaching ideas about nature of science and
try to eliminate misconceptions about NOS.
However, shalid nothing to elicit and eliminate these misconceptions in her
lessorplan. When it comes to KoA, participants were more successful in translating
their KoA to theirlesson (application levethan translating their KolLTwenty two

out of 30 participants assessed NOS in their lesson plans using various assessment
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techniquegsee Table 26)On the other hand, although four of six participants who

had consistency between KoA and STO in their knowledge level, as evident in their
reflectionswereawar e of that they should assess ¢
and the various waythey can use to assess (e.g., concept maps, concept cartoons,
true-false items, and caséhey did not consider assessing NOS in their lesson plans.

Other two preservice chemistry teachers in knowledge level rather developed

awareness less than otheuf since the two just explained in their reflection papers

that they should consider assessing NOS.

Table 26.Various assessment techniques used in lesson plans for assessinc

Preferred assessment techniques for NOS Frequency

Concept map

Informd assessment

Giving examples

Poster

Video-case

Project work on the chemistry topic and emphasized NOS aspe
Cartoon

Concept cartoon

Truefalse test

Research on focused aspects
Diagnostic tree

RPRRPRRPRPRLPNMNNMNNDMO

Closer analysis of the wayKoL, KolS, and KoA interact among themselves
in applicationversus knowledge level revealed that although two way connections
between KokKoA and KoAKo I S wer e evident in partici
were only one way interactions in knowledge lggele Figurel6). In addition,
connecting KokKoA and KoAKolS in lesson plans was harder for participants than
connecting KokKolIS. In some cases, participants used assessment opportunities to
understand whether their students eliminate the misconceftinanss their KoL
informed their KoA) or they preferred an assessment strategy compatible with the
instructional strategy (that is their KolS informed their KoA) in their lesson plans.
However, student teachers in knowledge level preferred to use assefsnthe
purpose of eliciting studentsd ideas abol
accordingly. One of them explained in her reflectionithét r eal i zed t hat 1
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studentsdé misconceptions and to identify
understandig about NOS, assessing nature of science is very important. We can
revise or modify our nature of sclhence t ¢
connection between KoL and KolS had the same nature bagplicationand

knowledge level, that isw&hys KoL informed KolS.

4.2.4. The Power of Connections among the Participants in the Same Category

A closer |l ook to the participantso6 PC|
helpedmeto realize that although they had the same connectioeyg differedin
terms of how powerfully connect the components of PCK. These differences
emerged especially among the participants who can highly integrate their PCK in
applicationand knowledge level. Therefore, in this pamill focus on students in
highly integraed group.

Five of the preservice teachers in highiptegratedapplicationgroup used
assessment opportunities to reveal stude]
throughout instruction (e.g., at the beginning and at the end) and then design
instruction acordingly to remedyhosemisconceptions. But some of them used
more effective ways for assessing and eliminating misconceptions. In her post
interview, Derya stated that she preferred to have students to draw a concept map
both in gases topic (e.qg., ideals, real gas, Kinetic Molecular Theory, and Beyle
Mariotte Law)andNOSandt o di rect specific questions
misconceptions. In her lesson plan, she conducted exgftattive discussion
based on expected student answers with the adissétisfy students existing ideas
and the below is a section from her lesson plan

Derya (D): Why do we call Charles Law as law not as Charles theory?

ESA: Laws have more support/evidence than theories.

D: Is the difference related to amount of evidenca®s have more support

than theories?, Could somebody remind us kinetic molecular theory that we

learned in previous class? Could somebody explain Charles Law? What is the

difference between them? Is there a difference between what they tell us

about the penomena?
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In another case, Gaye asked students to investigate Gilbert Newton Lewis
before the class they teach about polarity in covalent bonds, had students share what
they found and then conducted exphaflective discussion considering expected
studmt s6 mi sconceptions. Moreover, she was
usage of the words) tfie misconception about the hierarchical relationship between
theory and law, explained it to students, and then gave several examples (e.g.,
evolution theoy, gas laws, kinetic molecular theory) to explain the nature of theories
and | aws and the difference between them
follows;
Gaye (G):Why do we call it as Lewis theory although it shed light modern
chemistry? and Canehe be a Lewis Law?
ESAs: (1) Since the truth of Lewis theory is not proved, it is not called as
law, (2) Since it is not directly observable, it stayed as theory. For instance,
evolution is a theory and it is not observable too, and (3) The Lewis tiseory
not accepted by all scientific community and therefore stayed as theory not
become a law.
G: There is difference between the way we used the word theory in our daily
life and the way it is used in science (scientific theory) and the continued that
If the truth of theories was not proved or theories were not accepted by most
of the scientific community, we would not teach and learn in our chemistry or
science classes.
Burcak who focused on the nature and role of observation and inference in
science preadfrred to use two gestalt pictures in order to overcome the misconception
of AScientific knowledge is based on the
for inference. o She asked students to ob:
discussion. Different &m Burcak, Gaye, and Derya two of the-pegvice teachers
who used assessment at first to reveal misconceptions and then for informing
instruction preferred to use lecturing when they identified students still had
misconceptions at the end of the class.afh assessment one of them used question
answer method and the other one asked her students to draw a concept map.
Similarly, two student teachers in highihtegrateeknowledge level group differed

in terms of the proposed assessment and instructiamalmod t o over come
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misconceptions. While one of them just mentioned about her ideas about assessment
and misconceptions in general sense sayi |
misconceptions and to identify whether students have adegu@gestanding about

NOS, assessing nature of science is very important. We can revise or modify our
nature of science teachi Alpeotheameakplamed t he
that videos, concept maps, and concept cartoons could be usedtoetici udent s 6
ideas and then strategies that create di

should be used.

4.3. Relationship betweenPrs er vi ce Chemi stry Teachersbod
and their PCK for NOS

Lack of NOS understanding has beaninted ait asone of the factors that
I mpede transl ation of teachersdo NBS unde]
Khalick et al., 1998; Akerson et al., 2009; Lederman, 1999; Lederman et al., 2001;

Ochanji, 2003; Schwartz & Lederman, 200R)erefore, in thipart the relationship,

i f existed, between the participantsodé PCI
elaborated. As explained in the developmentofpeer vi ce chemi stry t e
for NOS part, 30 participants were different from each other in terinstbfthe

degree to which they integrated the PCK for NOS components they developed and

the degree to which those components and connections/consistencies among

components manifested themselves in their lesson plans and reflection papers.

Although there wasine-dimensional matrix (see Table 25), the participants were

distributed among seven categories. There were no participants-integrated in
knowledgeapplicationlevel and norintegrated in knowledge level.

In order to understand whether therelear relationship between the
participantsdé NOS understanding and thei.
made by using the data of participants in the same group (e.qg.,-hitddyated in
applicationlevel) and different group (e.g., highiytegraed inapplicationlevel vs.
highly-integrated in knowledge level and highhtegrated vs. neintegrated). First
of all, a comparison was made among the participants with higtdgrated,

somewhaintegrated, and neimtegrated group. Those participsntere compared



155

in terms of number of i nfor med, transi t i
VNOS-C. There was no clear pattern or relationship between those two (e.g., the
more number of informed view a participant have about NOS aspects the more
integrated PCK for NOS s/he has). Secondly, the participants in the same group (e.g.,
somewhaintegrated) but from different levels (e.gpplication knowledge
application and knowledge) were compared and no clear pattern or relationship was
found eitte r . Finally, participantsdé profiles =
addressed in their lesson plans and to identify what kind of views they had about the
aspects they addressed (see Table 26). It was revealed that most of the participants
attemptedd teach NOS aspects on which s/he had informed view. Only four
participants (Bur-ak, Oya, Figen, and Er ¢
had transitional views. When those parti
was seen that they redi®n their informed views during their explicéflective
discussions. More interestingly, two participants (Ferhat and Kader) designed their
i nstruction to teach the aspects that thi
their limited NOS understalings, those two participants were categorized in
somewhaintegrated in knowledge level and niortegrated imapplicationlevel.

As a final point, some participants addressed some myths about NOS (e.g.,
models are not copies of the reality) and some [d€§}fcts that were not addressed
in VNOS-C but addressed in our NOS instruction (e.g., scientific knowledge is
cumulative). For instance, Nurdan taught the difference between science and non
science. When her VNGS was analyzed, it was observed that skt ihformed
views all NOS aspects in VNGGS. Also, her lesson plan provided evidence about
her adequate NOS understanding through the expdiftéctive discussions she
conducted. G°k-e addressed cumul ative nai
attemptdd t o el i mi nat e t he roystep scientific methodi ni ver s
existso. Similarly both have informed vi
out of seven, see Table 26) and transitional views on the others. Interestingly, Hale
includedthed i f f er ence between science and tech
nature of scientific models in their | es:

some NOS aspects (two out of seven, see TAHleAgain, their lesson plans were
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reviewed whetherthereavs any evidence about transl at

their teaching. No evidence was found in that respect.



Table27.Each participantsdé PCK for NOS and NOS Aspects a

Empirical- Observation Theory Theory- Sociocultural- Creativity & PCK for

Participants - Tentativeness based & Inference & Law Laden embedded Imagination NOS

Bur - ak | | T* | T | | HI-At
Derya |* | N |* T | | HI-A
G°zde | |* T | | | | HI-A
Gaye | | | |* | | | HI-A
Mehtap |* | | |* |* | |* HI-A
Nilay |* | | | |* T |* HI-A
Nurdan | | | | | | | HI-A
Oya | T | | T* N T* HI-A
Hale T N N | | T | HI-A
Melek | T |* | |* | |* HI-A
Yasemin | | T |* | | | HI-KA?
Beste | |* | N | | | HI-KA
Ahmet | |* | | T |* |* HI-K3
G° k- e | | T | | | | HI-K
Ayse | T | T | | | SI-A*
Arda |* |* T N T | T SIA
Ebru | | | T | | |* SIA
Figen | | T* | | | | SIA

LGT



Table 27(continued)

Participants Tentativeness Empirical- Observation Theory Theory- Sociocultural- Creativity & PCK for

based & Inference & Law Laden embedded Imagination NOS
H¢el ya I I* | I I T I SIA
¥zden I I* | I I I I SIA
Kzzet I o I I T* T I SIKA®
Meral I I* | I I* I I* SI-KKA
Serhat I* T | M I* N I* SI-KKA
Erdi | T T* | | | | SkK®
Haydar I* I T T [* I I SIK
Kader I N* I* I I I I* SIK
¥zgén I T N T I T I SIK
Ferhat I* I T N* [* T I NI-A’
Haki I I I N I I I* NI-A
Serap I I* I I I I I NI-A

* indicates the NOS aspect addressed in lesson plan, 1 representsihlighitsited inApplication level, 2 represents Highly
Integrated in KnowledgeApplicationlevel, 3 represents Highiyptegrated in Knowledge level, 4 represents Somewhat
Integrated imMpplicationlevel, 5 represents SomewHategrated in KnowledgeApplicationlevel, 6 represnts Somewhat
Integrated in Knowledge level, and 7 represents-Mggrated inPApplicationlevel

8GT
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4.4. Summary of Results

In this study, bothhowpreer vi ce chemi stry teacher s,
understanding and they developed PCK for NOS wepbosd after participating to
the course including learning NOS and how to teach N®8.main findings of the
study are as below;
e Before NOS instruction, majority of the pservice chemistry teachers had
napve and transiti on adctsMosteftheprabout v al
service chemistry teachers used to think that
o Some scientific knowledge is absolute such as 1&&3¥bo)
0 Experiments are the principal routes to scientific knowle@g&o}
0 Science based on confirmation and pra.4%)
o Law is an unchnged reality. On the other hand, theory is a
knowledge which is not accepted by all scientists and can change with
new information §3.3%)
0 Science is objective and there is place for subjecti®dy3o)
o Science is universal and not affected from socidl @ultural factors
(56.8%0)
o Creativity and imagination is used in planning and design of an
investigation. Data collection and interpretation must be based on
evidence 43.3%)
o Technology is the application of science (82%).
e After the preservice chemistrieachers learned NOS through explicit
reflective NOS instruction, which spanned one and half semester, most of
them had informed views on numerous NOS aspElawever, few of them
still indicated napve views about s omi
knowledge is empiricabased §.7%) and sociatultural embedded(7%) as
well as the roles of both observation and infered®&o] and theory and law
(13.3%) and the difference between those.
e Examinationofpres er vi ce chemistry twhichovbrer so6 f |
preparedefore PCK for NOS instructigindicated that only two of them
integrated NOS into their teaching using implicit approach.
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Although there were some similarities among 30g@®/ice chemistry

teachersodé post | nwagandtbenektenotowhithCK ma p,

participants connected the components differed to a certain degree. Those
pre-service chemistry teachers were distributed among seven out of nine
categories (the degree of integration vs. the degree of translation, also see
Table 25). Also, participants in the same category were different from each
other in terms of the way they connected any two components of their PCK.

Developmentofprs er vi ce chemi stry teacherso

changes in one PCK component (e.ggwledge of instructional strategies)
may not be accompanied by the changes in another component (e.g.,
knowledge of assessment).

In terms of the frequency and nature of connections, it was revealed that
KolS and STO were central to the integration andevtiee only ones that all
participants could translate their knowledge into their lesson plans.
Through the participation to PCK for NOS instruction, all but three pre
service chemistry teachers developed KolS effective for teaching NOS more
successfullyhan any other components

With regard to the way KoL, KolS, and KoA inform each other, there was
only one way interaction between KoL and KolS, in contrast, interactions
between KokKoA and KolSKoA were two directional. In all cases where
participants conect their KoL with KolS, always their KoL informed their
KolS. Also, number of participants who could use their KoL to design
instruction was higher than the ones who can connectk@A and KoA-

KolS.

When the comparisons were made between connectiatengin
applicationversus evident in knowledge indicated thatgeevice chemistry
teachers were more successful in translating their KoA and KolS into their
lesson plans than they do KoL.

There was no clear relationship betweeng®@rvice chemistry e ac her s 0
understanding and their PCK for NOS (e.qg.,rtiere number of informed
views on NOS aspects, the more integrated PCK for NOS s/he has

However, most of the participants preferred to teach the NOS aspect/s that

P

NO
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they had informed view/s abo@nly four participants included the NOS

aspects of which they had transitional views but they relied on their informed
views during their expliciteflective discussions. More interestingly, two

participants designed their instruction to teach the asfiettthey have

napve views about them and expectedly
somewhaintegrated in knowledge level and niortegrated imapplication

level. Also, some participants addressed some myths about NOS (e.g., models
are not copies of theality) and some NOS aspects that were not addressed

in VNOS-C but addressed in our NOS instruction (e.g., scientific knowledge

Is cumulative).
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CHAPTER V

DISCUSSION, CONCLUSION, and IMPLICATIONS

In this chapter, first of all, the salts, which are the change in fmervice
chemistry teachers' NOS views, PCK for NOS, and the relationship between NOS
understanding and PCK for NOS, were discussed. Then, conclusions were made
based on the results derived from the study. Finally, intpies for pre and in
service education, curriculum developers, and textbook writers and recommendations

for science education research were presented.

5.1. Discussions

In this part, results of the study were compared and contrasted with the other
studies on NOS, PCK, and PCK for NOS. Since there were three main results of this
study (i.e., the change in NOS understanding, development of PCK for NOS, and the
relationship between teachersd NOS under
result was discusdeunder different headings as discussion of the results for the
change in NOS understanding, discussion of the results for PCK for NOS, and finally

discussion of the results for NOS understanding and PCK for NOS.

5.1.1. Discussion of the Results for thel@nge in NOS Understanding

In this part, | will discuss findings with regard to how and to what degree the
preservice chemistry teachersd NOS under st
views before and after NOS instruction, and then how NOS instruofiaenced
that change.

First, vast majority ofthepfe er vi ce chemi stry teacher

transitional views about various NOS aspects (e.g., scientific knowledge is absolute,
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theories change while law do not, scientists are objective, technsltiyy i
application of science, and science is based on confirmation), which is consistent
with the literature indicating that both pre aneservice teachers lack of informed
NOS understandingA\pd-El-Khalick & BouJaoude, 199'Akerson et al., 2008;

Aslan,2009;Ayvaci & Er Nas, 2010Br own et al ., 2006; Chen,
Dojan et al ., 2011; Erdojan, 2004; G¢r se
1992; Liang et al. 2008; Liu & Leder man,

al., 2006; Tarab 001; Thye & Kwen, 2003; Yalva- e
pre-service teachers had naive view on the theory and law aspect. This aspect was
followed by socioculturabmbedded and thectgden NOS aspects. These findings

were similar with the other ( Asl an, 2009; Chen, 2001; Dc
Liang et al., 2008; Tairab, 2001; -Yal va-
service teachers experienced the most difficulty in understanding theory and law,
socioculturalembedded, and theetaden NOS aspects. Creative and imaginative

aspect was the one about which-prer vi ce chemi stry teachers
views instead they had transitional and informed views about that aspect, which is
compatible with the literature (Akerson, AlettK hal i ck, & Leder man 2
& Er Nas, 2010).

Second, analysisofpeer vi ce chemistry teacherséo
i nstruction indicated that most of the p:
views on most of the NOS aspects (e.g., tergaess, theoraden, creativity and
imagination, and difference between science and technology) whereas few of them
still had napve vi ews a boenitckowledgerisa | NOS
empiricatbased .7%) and sociatultural embedded(7%) as well as the roles of
both observation and inferencE)o) and theory and lawl8.3%) and the difference
between those. These findings are consistent with the findings of studies
investigating the effect of various teaching approaches on NOS undergtéiad-
El-Khalick & Akerson, 2004; Ab¢El-Khalick, Bell, & Lederman, 1998; Akerson et
al., 2000; Lin & Chen, 2002). Those findings were evidence for the fact that pre
service chemistry teachersd napuve Views
even after explicireflective NOS instruction spanned one and half semester. Also,

this is compatible with the research on misconceptions, pointing out that they are
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resistant to change (Posner, Strike, Hewson, & Gertzog, 19829eRfiee chemistry

teaches built their NOS understanding as a result of {@sging primary, secondary,

and higher education communicating implicit NOS aspects through various ways
(e.g., science teachersodé | anguagcencand t e:
textbooks, ¢achers, classroom instruction and laboratory experiences have been
perceived to influence the formation of
Clough, & Almazroa, 2000¥For instance, until recently, the hierarchical relationship
between theory and lakas been presented in science textbook while explaining the
scientific method (AbéEl-K hal i ck, Waters, & LeserviceO08;
chemistry teachers themselves pointed ou
NOS views they had before NO/&truction. These factors are as not being taught

NOS in schools, inability to disprove existing theories and laws, textbooks, TV

shows, traditional science teaching, internet, and journals. They advocated that

especially textbooks, TV shows, internetdanurnals communicate implicit

messages about theories and laws through the language they used. For instance,

theory is used for the ideas that are not tested and law is used for the things that do

not change. Therefore, science teachers should baladert the implicit NOS

messages received by their students via the language and textbooks they used during
their instruction. Additionally, teachers should be engaged in various opportunities in
various contexts for more informed NOS understanding as eizelabyAkerson,

Morrison, and McDuffie (2006).

Third, althoughpres er vi ce chemi stry teachers ha
views on numerous NOS aspects, there was a substantial increase in the percentage
of participants with informed views on the majoritiythe NOS aspects as a result of
explicit-reflective NOS instruction. This is consistent with the findings of-Ebd
Khalick & Lederman, 2000a, 2000b; Akerson et al., 2000;-BEb&halick &
Aker son, 2004; Ayvaceé, 2007 ;n&KEBen,2002; Mat ki |
McDonald, 2010. More specifically, various settings, namely, argumentation inquiry,
and HOS served as contexts throughout expigflective NOS instruction in this
study. These contexts created a collaborative and social environmeatpuer
service chemistry teachers explained their ideas about NOS, compared their NOS

understandings with the ones addressed in the activities, realized the myths they had
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about NOS and critically discussed on them, and finally made inferences about NOS
corsidering all those experiences. The effectiveness of those environments, where
learners are provided authentic science experiences, on NOS understanding also was
supported by others for HOS (Adifl-Khalick & Lederman, 2000b), argumentation
(McDonald, 20100gunniyi, 2006), and inquiry (Schwartz & Crawford, (2004;
Yacoubian & BouJaoude, 2010). Another salient feature of NOS instruction in this
study i-Bstingihaude. TheoNO§ instruction spanned one and half semester
and moreover, the pigervicechemistry teachers engaged in PCK for NOS activities
where they both learned and taught about NOS. Thislastong nature helped the
participants to retain and translate their NOS understandings into other settings more
easily than the others learned N@S$horter period. Although, the instruction in this
study was not enough for stimulating the
to the informed ones, this kind of change might be realized by engaging students in
explicit-reflective NOS activits in various settings and encouraging them to transfer
those understandings into other settings (e.g., deemsaking on socioscientific

issues) (Akerson et al., 2006/nne Eastwood et al., 20)L.2

5.1.2. Discussion of the Results for PCK for NOS

In this part, | will discuss findings relatedtoggee r vi ce chemi stry
PCK for NOS considering applicability of
for research on teaching NOS; nature of PCK for NOS developed throughout
instruction- the natureof PCK for NOS itself (e.g., general, disciplspecific, and
topic specific), similarity and differen
degree to which components and connections manifested themselves in lesson plans
and reflection papers; theefjuency and nature of connections in terms of centrality
of components and connections; and PCK components of whidepriee teachers
have difficulty in translating these components into their lesson plans.

First of all, this research provided evideificeapplicability of Magnusson et
al .6 (1999) PCK model in characterizing
for NOS, which is consistent with the literature (Faikhamta, 2012; Hanuscin & Hian,

2009; Hanuscin et al., 2011). Another important ingdabout the nature of PCK for
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NOS was its idiosyncratic nature, which has been empirically supported by other
scholars (Loughran, Mulhall, & Berry, 2008; Park & Chen, 2011; Van Driel et al.,

1998) for other topics (e.g., chemical equilibrium, photosymghasd heredity).

Al t hough there were some similarities am
map revealed as a result of constant comparative analysis, the way and the extent to
which participants connected the components differed to a certamedddpis

idiosyncrasy was evident from the distribution of participants among seven out of

nine categories (the degree on integration vs. the degree of translation, also see Table
3) and even participants in the same category were different from eacmdgrens

of the way they connected any two components of their PCK. For instance, the

highly integrated participants differed in terms of how powerfully they connect the
components of PCK. While some of the participants used more specific assessment
techniques to reveal misconceptions and then preferred to use instructional strategies
that dissatisfy students with their existing ideas, others used quassarer method

to understand whether students still had misconceptions at some point in the lesson

ard then lectured about emphasized NOS aspects.

When | examined studentso6 first | essol
part | saw that only two of the participants integrated NOS into their teaching using
implicit approach. They both did not state the@S8lrelated objectives explicitly,
and in their post interviews they stated that they assumed students could learn NOS
through experiencing the science itself. This finding supported the view that even
when teachers have informed understandings of NOSstenswith reforms, they
generally do not explicitly teach NOS (Schwartz & Lederman, 2002). Analysis of
various data sources (lesson plans 2, reflection papers, and interviews) used
throughout and after PCK for NOS instruction indicated that all partitspan
devel oped PCK for NOS in some extent. Ho
were different from each other in terms of both the degree of integration among the
components and the degree to which these components and connections manifest
themselves inhteir lesson plans and reflection papers. While some of the participants
in highly integrated group developed all components of PCK and translate these
components and connections among them into their lesson plans some others in

somewhat integrated group rgenot able to connect all components or to develop
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some components (e.g., KoL, KoA). Similarly, participants in-imb@grated group

did not develop KoL and/or KoA. Students in knowledge level for each integration

category had similar type of connecti@mong the components but they could not

translate those into their lesson plans. These findings are compatible with prior

researches (Hanuscin & Hian, 2009; Hanuscin et al., 2011; Magnusson et al., 1999)
suggesting that t he deyweunevgnnieanidchaogesin e ac h
knowledge of one component (e.g., knowledge of instructional strategies) may not be

accompanied by changes in other components (e.g., knowledge of assessment).

| also explored the frequency and nature of connections tdighédn the
degree to which the instruction was succ.
When individual maps were compiled into a group map, | saw that KolS and STO
were central to the integration and was the only ones that all participants could
translate their knowledge into their lesson plans. This integration showed that PCK
for NOS instruction tackled an important challenge namely helping teachers in
internalizing NOS as an important learning outcome and achievable by students
(Abd-El-Khalick & al., 1998; Schwartz & Lederman, 2002). Also this instruction
fulfilled the | ack of research on providi
valuing of NOS (Lederman, 2007), which is compatible with the finding that a PCK
based NOS course contributedthe changeinis er vi ce sci ence teac
orientations to teach science (Faikhamta, 2012). Through the participation to PCK
for NOS instruction, all but three peervice chemistry teachers developed KolS
effective for teaching NOS more successfullyntlaay other components. This
finding aligns with the research providi.
instructional strategies is more than development of assessmerE[Alalick et
al., 1998; Bell et al., 2000; Hanuscin & Hian, 2009). In catti@a prior studies (Bell
et al., 2000; Hanuscin & Hian, 2009) most of the gevice chemistry teachers in
this study (22 out of 30) specifically a:
evident in their | esson pltoaassess NOSoortheir at t r |
| ack of knowledge of strategies for asse:
(Hanuscin & Hian, 2009) while others hold the discrepancy between practice and
belief in the I mportance of teacghing NOS
NOS (AbdEI-Khalick et al., 1998). In both circumstances, the PCK for NOS
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instruction helped student teachers to align their belief with their practice and to
increase their knowledge of assessment in terms of both what and how to assess.
Another intereting finding is related to the way KoL, KolS, and KoA inform each
other. While there was only one way interaction between KoL and KolS, in contrast,
interactions between KeKoA and KolSKoA were two directional. In all cases

where participants connect th&oL with KolS, always their KoL informed their

KolS and they purposefully used several instructional strategies to overcome
studentsdé misconceptions about NOS. Al so.
their KoL to design instruction was higher thaa tines who can connect Kt{oA

and KoAKOolS. Although there is no universally accepted elements for PCK, this
provides empirical evidence for the agreed upon elements on PCK components as
KoL and KolS (Park & Chen, 2011; Park & Oliver, 2008a; Shulman, Y1986

Comparisons of connections evidengjplicationversus evident in
knowledge only helped me to understand the PCK components of whiskrpree
teachers had difficulty in translating these components into their lesson plans.
Participants were more stessful in translating their KoA and KolS into their lesson
plans than they do KoL. Several studies provided consistent findings about teachers
KoL. In a study by De Jong and Van Driel (2001) they reported that exsarvice
teachers did nothaveconcern f or studentsd | earning. Al s
thatpreser vi ce teachers do not consider stud
(Park & Chen, 2011; Tabachnick & Zeichner, 1999). Since participants of this study
did not have the chance tmplement their lesson plans in real classrooms, they were
not able to translate their KoL into their lesson plans which supports the explanation
of KoL improves with teaching experience (Abell, 2007). The other reason for pre
service teacdhwlrtsyp ihmvdmmgs idddrfiing student s
teacherso | imited KoA (Hanuscin & Hian,
finding; participants had the most di ffi
ideas and designing or revising thetruction accordinglyAnother reason for why
pre-service chemistry teachers had difficulty in translating their KoL into their lesson
plan may be related to the nature of KoL class during PCK for NOS instruction.
Although students' difficulties and mmaceptions about NOS were adressed in that

class, several participants stated that they eliminated their own miconceptions about
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NOS after that class rather than they learned how to eliminate students'
misconceptions in their future classAtso, there wa only one directional

connection between KeKoA and KolSKoA in knowledge level although two
directional connections were evident in lesson plans. Knowledge levetpviee
teachers did not consider the ways where their KoL and KolS might inform their
KoA. Since these prservice teachers could not translate their knowledge into their
lesson plan, they might not have seen or discover possible alternative ways where
they could connect KolKoA and KolSKoA.

The discussion on nature of PCK for NOS helpedtananswer the sub
problemofi Whi ch PCK model ( gspecifcP@K, ortoficK, di s ci
specific PCK) best expl aAlthough Magnessanatt ur e 01
al .6s (1999) PCK model hel ped me examine
the wse of this model does not imply that | am taking any stance towards to the nature
of PCK for NOS (e.g., disciplinspecific, topic specific, and general). In addition to
idiosyncratic nature another important aspect that needs consideration about PCK for
NOS is itsd nature. I proposed several as
NOS based on the literature as general PCK (Veal & MaKinster, 29@®pic
specific PCK (Hanuscin & Hian, 2009; Hanuscin et al., 2011; Lederman, 1998).
Whenoneteaclle NOS as itsd6 own content -using cC
specific nature may fully explain the wa:
understanding into teaching. But, what happens when one teaches NOS using content
embedded activities? For instan one chemistry teacher may have PCK for both
atomic theories and aclohse theories and both of the topics may provide
opportunities teaching the same aspects such as nature of theories. This instance was
evident in our par tugkHRena prdparad hislessoeann pl an
teaching atomic theories and Haydar designed a lesson ebhasgdheories, and
they have different PCK for these different chemistry topics both of them used
explicit-reflective approach to teach nature of theorieshistpoint, argument
proposed by Davis and colleagues (2008) resolved the issue. They advocated that
Aé[w]hile PCK is typi-spedfi,teackecsalsomgetd ual i z e
discipines peci fic knowl edge about howover, di sci
Davis and Krajcik (2005) defined PCK for
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know how to help students understand the authentic activities of a discipline, the
ways knowledge is developed in a particular field, and the beliefs that represent a
sophisticated understanding of how the field works (p. 5). Davis et al. (2008)

deepened their argument by discussing on PCK for scientific modeling including

féknowledge of instructional strategies t
modelingpract es and | earning of metamodeling Kk
knowl edge of their studentsd ideas and t |

with modeling practices and metamodeling knowl@dge 6). Discipline specific
perspective helpstoekpai n t eacher sé NOS teaching pr a
contents. Reflecting on nature of PCK for NOS helped me to fill the gap in
understanding different types of PCK (e.g., general, disciglreeific, and topic
specific) and deepened my knowledge onrsmeteacher knowledge.
Finally, since preservice teachers have relatively undeveloped PCK (Van
Driel et al., 1998)However bearingn mind that preservice teachers will enact
these knowledge when they become practicing teachers, one can thagkyire
teachersé PCK as their PCK roeRCKpraess ( Da:
packagingand pursue some research on their PCK (EbH&halick et al., 1998; Bell
et al., 2000)More evidence is needed how these ggevice chemistry teachers

unpack theiPCK for NOS and enact in their classroom practices.

5.1.3. Discussion of the Results for the Relationship between NOS
Understanding and PCK for NOS

There have been several efforts for ul
understanding and their classroomapices are related. Those efforts revealed that
no clearcut relationship between the two and moreover, inadequate NOS
understanding has been pointed out as one of the factors that impede both pre and in
service teacher s6 tr adngintaeffecivea NOSfteachimge i r N
practices (AbeEl-Khalick et al., 1998; Akerson & Ab&I-Khalick, 2003; 1998;
Akerson et al., 2009; Bell et al., 2000; Lederman, 1999; Lederman et al., 2001;
Ochanji, 2003; Schwartz & Lederman, 2002). More importantlyetieea need for
research on how SMK, NOS, and pedagogy contribute to the formation of PCK for
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NOS (Lederman, 2007; Schwartz & Lederman, 2002). Although, the need has been

well documented, the relationship between NOS understanding and their PCK for

NOS wasot articulated by the ones using an explicit PCK for NOS framework (e.g.,
Hanuscin et al., 2011; Lederman et al., 2001). For instance, Hanusin et al. (2011)

Il nvestigated three el ementary teachersodo |
understandingamder e successful i n improving thei
Their findings indicated that three teachers had robust knowledge of instructional
strategies indicating itself in several ways (e.g., drawing analogies and using

chil drends tkedtofekmowledger obagsessmedt. Hoveever, how teachers

with different PCK for NOS were the same or different was not an explicit concern.

One of the most important findings of this study was the absence ctakear
relationship between the pservicechmi st ry teachersd NOS und
their PCK for NOS. In other words, no pattern was detected with regard to NOS
understanding among the participants in the same group (e.g.,-mtgdyated in
applicationlevel vs. highly integrated in knowledgeséd) and the participants in
different groups (e.g., highiyntegrated vs. somewhattegrated). However, a closer
look revealed that majority of the participants provided evidence for his/her PCK for
NOS in the NOS aspects of which they had informed vidss finding was
expectable knowing that one cannot teach what s/he does not understand (Shulman,
1986). Interestingly, two of thepeeer vi ce chemi stry teachers
indicated itself in the aspect s ofthemmt t he:
was categorized in somewhategrated in knowledge level and the other was in
norrintegratedapplicationlevel. This finding is consistent with the view that SMK,
which refers to NOS understanding in this study, is ar@geisite for a rich PCK
Aydén, 2012; Shul man, 1986) .

5.2. Conclusion

In this study, howpres er vi ce chemi stry teacherso6
understanding, how they developed PCK for NOS, and how their NOS understanding
and PCK for NOS related were explored after participatingeaourse including
learning NOS and howtoteachNB$h i shf e and Leder manbs (2
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assuming a continual change in students?o
transitional, and informed) was usked the analysis of NOS understandinBsised
on the anal ysi s o-andhssocige interviews, thafolloveng V NO:
conclusions were made:
¢ Aslong as preservice chemistry teachers do not receive explicit NOS

i nstruction, they have napve and tran:

aspectsnamely, scientific knowledge is tentative, empirbaked, theory

laden, and sociocultur@mbedded as well as the role of creativity and

imagination in science, and the roles of both observation and inference and

theory and law and the difference betwéieose.

e Longlasting explicitreflective NOS instruction is effective in terms of
helping preservice chemistry teachers to have more informed views on
numerous NOS aspects, namely, scientific knowledge is tentative,theory

laden, and the role of creaty and imagination in science.

e Preservice chemistry teachersd NOS unde
aspects (e.g., scientific knowledge is empiricated and sockalultural
embedded as well as the roles of both observation and inference and theory

andlaw and the difference between those) are resistant to change.

For the PCK for NOS part, Magnusson e
conceptual basis and the sophistication
considering the interaction among componentisn ce t eacher sé PCK d:«
degree of integration and coherence amon:
2009; Magnusson et al., 1999; Park & Oliver, 2008a). Based on the analysis of

lesson plans and reflection papers, the following conclusiens made:

e Even when teachers have informed understandings of NOS consistent with

reforms, they generally do not explicitly teach NOS.

e PCK for NOS instruction, where PCK components (e.g., science teaching
orientation and knowledge of assessment) are askettes¢plicitly, is
effective in helping teachers to internalize NOS as an important learning

outcome and achievable by students.



173

Magnusson et al.od6s (1999) PCK model i

characterizing and eval ufarNOSrg t he qual

PCK for NOS has an idiosyncratic nature, which implies that every teacher is
different from each other in terms of the PCK for NOS components s/he
develops, the degree to which s/he develops those components, and the way
s/he integrates componerdf PCK for NOS.

Development of PCK for NOS is uneven, that is changes in one PCK
component (e.g., knowledge of instructional strategies) may not be
accompanied by the changes in another component (e.g., knowledge of

assessment).

PCK for NOS instructionwhere PCK components (e.g., science teaching
orientation and knowledge of assessment) are addressed explicitly, is
effective in stimulating the devel opm

instructional strategy and knowledge of assessment for NOS.

Enhancingtac her s knowl edge of | earner of
PCK for NOS component is addressed explicitly in PCK for NOS instruction.

For investigating how prservice chemistry teachers NOS understandings

and their PCK for NOS was related, variousparisons were made among the

participants with the same (e.g., higlimyegrated irapplicationlevel) and different

PCK for NOS (e.g., highlntegrated imapplicationlevel vs. highlyintegrated in

knowledge level and highlintegrated vs. neintegratel). Based on these

comparisons, | can conclude that

Thereisnocleac ut r el ati onship between teach
their PCK for NOS.

Teachers attempt to teach the NOS aspect/s that they have informed view/s
about or they rely on their inforrdesziews during their expliciteflective

discussions.
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5.3. Implications of the Study

This study has several implications for{s&rvice and irservice teacher
education, textbook writerandcurriculum developers, based on the results obtained
and digussions made.
This study showed that both pendins er vi ce teachersdé vie
compatible with the contemporary conceptions of and therefore teachers have
difficulty with teaching an appropriate view to students. Accordingly, both pre and
in-service teachers need courses or workshops enhance their NOS understanding.
Those workshops or courses should provide teachers with opportunities of which
they engage in expliciteflective discussions on NOS. They should include several
important features fagffective NOS teaching and learning as evidenced in the NOS
instruction developed and implemented in this study;
e Reflection: After engaging in various research experiences, students take a
step back from the role ofciipeseanche]
order to understand how their experiences relate to NOS.
e Context: AReflectiond requires a cont ¢
process skills, HOS, and haradis activities may serve as important contexts
in which students reflect on theikperiences.
e Students do not do ANOSO. Instead the:
opportunities to students to reflect on their experiences from the perspective
of what science is, what scientific knowledge is, and how science works.
Thus, studerst make informed inferences about NOS.
e Longlasting: NOS teaching experiences should last at least one semester or
more.
Also, the PCK for NOS instruction followed NOS instruction required pre
service chemistry teachers to integrate NOS into their chengstching. This
translation helped preervice chemistry teachers teredlect their own NOS
understanding and to-eonstruct more informed understandings of NOS aspects
they are going to teach. Therefore, the courses or workshops aiming to develop pre
serviceorins er vi ce teachersd6 NOS understanding

opportunities where teachers reflect on NOS aspects explicitly in various contexts,
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and include the various teaching (e.g-teaching NOS to peers and being required
to makeNOS explicit of their instruction through objectives, activities, and
assessment) opportunities.

The organization of teaching opportunities has crucial importance since there
are factors directly influencinggsiiteacher
their teaching NOS, namely PCK for NOS. For stimulating the development of PCK
for NOS, first of all, both preand inservice teachers should be provided with the
opportunities where they study NOS from teaching perspective. This can be realized
by enacting an explicit PCK framework (e.g., Magnusson et al., 1999) on a course
where NOS is taught. Moreover, individual PCK components should be revisited in a
way where teachers are able to see how those components connect with each other.
Teachers, geecially preservice, may have difficulty in seeing the relevance of PCK
for NOS instruction to their teaching. Also, they may think from the perspective of
learner not the teacher. Therefore, bothgmevice teachers and-gervice should be
engaged inxlicit-reflective discussions on their STO, KoL, KolS, KoA, and KoC
and the way they connect these knowledge bases and they should reflect on their

experiences as teachers.

Second, there are sever al Il ssues that
NOSunderstanding into their teaching and could be resolved by both textbook
writers and curriculum developers. These issues are pressure to cover content,
concern about not being able to spend enough time for teaching basic knowledge of
science because of thime allocated for NOS teaching, concerns about students'
abilities and motivation for learning NOS, and lack of resources and experience for
teaching and/or assessing understandings of the NOS. If curriculum developers
include NOS objectives as well asntent related objectives (e.g., physics,
chemistry, and biology) and more importantly both curriculum developers and
textbook writers provide activities for assessing and teaching NOS, teachers easily

may tackle the aforementioned challenges.
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54. Recanmendations for Science Education Research

This study has some implications for science education research, which
would contribute to research on P@Kd PCKfor NOS and science teacher
education. These are;

1. PCK s an elusive construct because of itd ta&iure and this leaves

researchers with a challenging tasiaking tacit nature of PCK explicit.
In depth analysis of explicit PCK method is very valuable in resolving
that issue through creating PCK profiles, including evidences of PCK
components and farplay among them, and finally visualizing the PCK
with maps. Considering the recent existence -afapth analysis of
explicit PCK method, there needs to be more researthwhat extend

this model captures the complex nature of PCK.

2. PCK for NOS is ararea of research that needs further investigation. With
regard to stimulating the development of PCK for NOS, how the use of
Content Representatig@oRe$ andProfessional and Pedagogical
experience Repertoil®aPReR9, about NOS developed by experietice
teachers, contributes to PCK for NOS should be investigated.

3. Considering the discussion on nature of PCK for NOS, much research is
required on different types of PCK in order to shed light on nature of
PCK for NOS. Which type of PCK can fully capture tivay teachers
enact their PCK for NOS? General, topjeecific, or discipline specific?

Is topic specific PCK (e.g., PCK for aelhse theories) a prequisite for
development PCK for NOS or vice versa? Or should topic specific PCK
and PCK for NOS be deloped in a parallel way at the same tPme

4. Also, it would be beneficial to explore how teachers with different level
of NOS understanding enact their PCK for NOS in their classroom to
understand the relationship between NOS understanding and PCK for
NOS.
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