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ABSTRACT

DEVELOPMENT of PRE-SERVICE SCIENCE TEACHERS’ NATURE of SCIENCE VIEWS
AND NATURE OF SCIENCE INSTRUCTIONAL PLANNING WITHIN A CONTEXTUALIZED
EXPILICIT REFLECTIVE APPROACH

Bilican, Kader
Ph.D., Department of Elementary Science Education
Supervisor: Jale Cakiroglu

Co-Supervisor: Ceren Oztekin

January, 2014, 303 pages

The main focus of the study was to explore pre-service science teachers’ understanding of
NOS and translation of this understanding into their instructional planning for teaching NOS
within the contextualized explicit reflective NOS based approach. The study, first
investigated pre-service science teachers’ development of NOS views as a result of explicit
reflective NOS instruction in the context of HOS based science method course, which was
designed to improve pre-service science teachers’ both NOS views and NOS related
instructional practices. Second, the present dissertation aimed to explore pre-service science
teachers’ trajectory progress of translation of NOS views into instructional planning. Seven
volunteer pre-service science teachers were the participants of the study. An interpretive
qualitative research was embodied as a research design for the current study. Data were
collected by means of open ended questionnaire in conjunction with interviews, student
journals and lesson plans and interviews. All of the participants achieved informed
understanding almost for all NOS aspects. All participants achieved mostly informed views of
NOS for various aspects at the end of the science methods course. None of the participants
revealed inadequate understanding for any NOS issues at the end of the NOS intervention.

Regarding development of NOS instructional planning, most of them provide NOS

Vi



objectives, explicit reflective NOS instructional planning and some assessment strategies
specific to NOS. Participants were attributed to their development for instructional planning
NOS to several sources provided through the course. Mostly they perceived lesson plan
presentations followed by discussions as main source contributing their NOS instructional
planning.

Keywords: Nature of Science, Science Teacher Education, Nature of Science Teaching,

Contextualized explicit reflective approach
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FARKLI OGRENME ORTAMLARIYLA ILISKILENDIRILMIS DOGRUDAN YANSITICI
YAKLASIMIN FEN BILGISI OGRETMEN ADAYLARININ BILIMIN DOGASI GORUSLERI VE
BILIMIN DOGASI OGRETIM BECERILERINE ETKISININ ARASTIRILMASI

Bilican, Kader
Doktora, ilkégretim Bolimu
Tez Yoneticisi: Jale Cakiroglu

Ortak Tez Yoneticisi: Ceren Oztekin

Ocak, 2014, 303 sayfa

Bu calismanin amaci fen bilgisi 6gretmen adaylarinin bilimin dogasi goéruslerini ve bilimin
dogasini dgretime yonelik becerilerinin farkli 6grenme ortamlariyla iliskilendirilmis 6gretim
yontemleri dersinde gelistiriimesi ve ne tir faktorlerin bu gelisimine katiki yapildiginin
arastinimasidir. Bu calisma &6zel 6gretim yontemleri dersinde gergeklestiriimistir. Toplam
yedi fen bilgisi 6gretmen adayl bu calismaya katiimistir. Katilimcialrin bilimin dogasina
goruslerindeki gelisimi incelemek icin acgik uclu bilimin dogasi goérusler anketi uygulanmigtir.
Katilimcilarin bilimin dogasini 6gretme becerilerindeki gelisimi incelemek i¢in ders planlari ve
yari-yapilandiriimis goériasmeler ve yansitici raporlardan faydalaniimistir. Yine, katihmcilarin
bilimin dogasi 6gretimi becerilerine katki yapan faktorleri arastirmak igin yari-yapilandiriimig
gorusmelerden faydalaniimistir. Analizler sonuglari, katilimcilarin bilimin dogasi ile ilgili
goruslerinde dnemli ilerlemeler gdstermistir. Yapilan uygulama sonucunda katilimcilarin
hepsi goérulerini, yeterli veya bilgili géris kategorisine gelistirmis, hicbir katilimcinin herhangi
bir bilimin dodasi boyutunda yetersiz goériise sahip olmadigi gézlenmigtir. Genel olarak
katilimcilarin hepsi bilim dogasi entegre edilmis ders planlarinda gelisim géstermis ve bilimin
dogasini acgik ve yansitict bir bigimde planlayabilmistir. Baslangictaki ders planlarinda,
katilimcilar bilimin dogasi ile ilgili kazanim yazmakta ve bu kazanimlari etkinlikler araciligiyla
yansitmakta zorluk ¢cekmislerdir. Fakat son ders planlari géstermistir ki uygulama stiresince

katilimcilara verilen geri-donit, bilim tarihinden saglanan ornekler, ders planlarinin mikro
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Ogretim yoluyla sunulmasi, katilimcilarin gelisimine énemli katkilar yapmistir. Buna gére
katihmcilar uygulama sonrasinda birgok boyut icin acik ve yansitici olarak planlama
yapabilmiglerdir. Sonu¢ olarak, bu uygulamada kullanilan farklh &grenme ortamlariyla
iliskilendirilmis acik yansitici bilimin dogasi yaklasiminin, geri-dénut, yansitici etkinlikler,
mikro-6gretim, ders plani hazirlama gibi etkinliklerle zenginlestiriimesiyle etkinligi artmis ve
katilimcilarin bilimin dogasi goruslerinin gelisimi ve bilimin dogasi ile ilgili ders planlama

becerilerine olumlu katkilari olmustur.

Anahtar kelimeler: Bilimin dogasi, Bilimin dogasi 6gretimi becerileri, lliskilendirilmis

dogrudan-yansitici yaklasim, Ogretmen egitimi
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CHAPTER 1

INTRODUCTION

The need for enhancing society as scientifically literate is regarded as vital goal in many
countries. Scientifically literate person is defined by American association for the
advancement of Science (AAAS,2001), as someone that is familiar with the natural world,
understands some key concepts of science, be able to think in a scientific way, aware of
interdisciplinary nature of science, appreciates science mathematics and technology are
human enterprise which implies strengths and weaknesses of science, and able to use
scientific knowledge and ways of thinking for personal and social issues. Thus, science
education aims to increase scientific literacy which leads to improve in scientifically literate
adults in society resulting in improvement of public understanding of science. Driver, Leach,
Millar, and Scott (1996) suggest that public understanding of science involves three stages.
First stage is related to understanding of science content. It includes understanding of facts,
laws, theories which are consisting of scientific knowledge. Second stage is related to an
understanding of the scientific approach to enquiry. It involves ability to define scientific
study, distinguish science from non- science. Moreover, this aspect of science understanding
recognizes the role of theoretical and conceptual ideas in framing any empirical enquiry and
interpreting the outcomes as well as the understanding of empirical enquiry procedures. Last
stage refers to understanding of science as a social enterprise which refers to understanding
of science in society and society in science. That stage is related with knowledge about
science rather than natural world. It involves understanding of the social organization of
science, its mechanism for checking, receiving, and validating knowledge and it also
includes recognizing of influence of society and values on scientists choices and

interpretations.

It was claimed that reaching the goal of totally scientific literate people could be achieved by
in science courses if students were taught about nature of science (NOS). Thus

understanding of nature of science (NOS) is the indispensable part of scientific literacy (Abd-



El-Khalick & Lederman, 2000). Despite of the crucial importance of NOS understanding to
achieve scientific literacy, there is no agreement on the meaning of NOS. Generally,
Lederman (1992) defined NOS as values and assumptions inherent to development of
scientific knowledge. Scientific knowledge has been introduced seven agreed characteristics
(Abd-El-Khalick, Bell, & Lederman, 1998; Akerson, Abd-El-Khalick, Lederman, 2000) which
were are not a compliment list but rather presented as a framework to describe NOS aside
from scientific inquiry. These tenets also described what constitutes NOS in the present
dissertation. The first tenet is empirical nature of scientific knowledge. This tenet states that
science is based on and derived from observations and experiments. Scientists need
empirical evidence to produce scientific knowledge. Scientists evaluate accuracy of their
claims based on the evidence acquired with data through observations and experiments.
Moreover, not all kind of scientific knowledge is constructed solely based on experiments;
observations are as equal scientific method to reach scientific information. The second one
is the tentative nature of scientific knowledge. It refers that scientific knowledge is subject to
change in the light of new evidence through advances in technology or theory,
reinterpretation of existing knowledge or new perspective. Although scientific knowledge is
reliable and durable, it is not concrete or perfect. That is, scientific knowledge is never
absolute or certain. All kind of scientific knowledge including facts, theories and laws are
tentative. The third tenet is related to the scientific knowledge that based on inferences and
observations as well. This tenet highlighted that there is a crucial distinction between
observation and inference. Observations are descriptive statements related to phenomena
gathered through using senses. Scientific knowledge is not acquired through accumulation of
observable evidence. In that sense, inferences are the interpretations of observations.
Scientists’ imagination, creativity, background and perspective do contributions on how
scientists interpret observations. Scientists might infer models, or mechanism to explain
observations in nature (e.g. evolution, atom models). Another tenet was related to the
theories and laws. It explains scientific theories and laws as a different kind of scientific
knowledge. There is no hierarchical relationship between theories and laws. Scientific laws
are the description of observed phenomena or statements about the perceived relationships,
patterns or regularities in nature (e.g. Boyle’s law relating pressure of a gas to its volume at a
constant temperature). Theories are the inferred explanations for observable phenomena
(e.g. kinetic molecular theory provides explanation for what observed and described in
Boyle’'s Law).The fifth tenet is the subjective nature of scientific knowledge. It explains
although scientists look for objectivity while doing scientific investigations, it is inevitable that
scientists do scientific investigations, observations, inferences without any bias. That is,

scientists’ theoretical commitments, personal values, prior experiences, expectations and



background influence what and how scientists conduct their research. Contrary to common
sense, scientists’ do begin observations and investigations with mind-set questions,
problems, derived from certain theoretical perspective. The sixth tenet is the creative and
imaginative nature of scientific knowledge. It points out that scientific knowledge partially
involves scientists’ imagination and creativity. It is not solely based on or derived from
observations of the natural world. Scientists use their imagination and creativity while
designing experiments, hypothesizing, collecting data, analysis, and making sense of data.
Additionally, scientists use their imagination and creativity to fulfil missing information as
well. The last tenet is related to socio-cultural emdeddedness of scientific knowledge. It
outscores that scientific knowledge is produced within a culture and society in which
scientists belong to. Thus, socio-cultural components like politics, economics, power
structures, religion, values of society, philosophy are influential on how and what scientific

knowledge is produced and also its acceptance within the social community of culture.

Understanding of NOS is defined as understanding of what science is and how it works,
interaction between science and society, and epistemological and ontological underpinnings
of science (Clough, 2006; McComas, 1998). An appropriate understanding of NOS which is
accessible to K-12 students, includes recognition of purpose of science as seeking for
explanations in natural world, identifying role of science as social institutions and
appreciation of interaction between science and culture as well as understanding the nature
and status of scientific knowledge (Driver, Leach, Millar, & Scott, 1996; Lederman & Abd-El-
Khalick, 2000; McComas, 1998). Driver et al. (1996) provided some arguments on why the
development of appropriate understanding of NOS was essential in science education:
Understanding of NOS is necessary to make sense of science and manage technology in
daily life; informed decision making on socio scientific issues requires appropriate
understanding of NOS; appreciation of science as a part of contemporary culture and
recognition of the influence of scientific norms on moral commitments demands
understanding of NOS. Lastly they claimed that it facilitates better science subject learning.
In the same vein, Ryder et al. (1999) stated that views on nature of scientific knowledge
affects the development of students’ scientific concepts. Moreover, they claimed that

appropriate understanding of nature of scientific knowledge leads to more informed.

Even though nature of science understanding has been claimed to be an important learning
outcome for science education approximately for 100 years, research studies have
consistently shown that both students (Abd-El Khalick & Lederman, 2000; Akerson,
Nargung-Johsi, Weiland, Pongsanon, & Avsar, 2013; Dogan & Abd-El-Khalick, 2008) and



teachers have naive ideas and nature of scientific knowledge (Abd-El-Khalick, 2005;
Akerson & Abd-El-Khalick, 2000; Cil & Cepni, 2012; Akerson & Donnely, 2010; Ozgelen,
Tuzun, & Hanuscin, 2012). These naive views of both students and teachers were more
likely to be result of experiences from their science education. Eventually, typical science
instruction having lack of focus on the values and assumptions inherent to the development
of scientific knowledge were more likely to contribute to the development of naive views of

nature of science (Bell, 2004).

Both teachers’ and students’ naive NOS views lead researchers to take attempts to improve
NOS views. The research investigations attempted to change naive conceptions on NOS
took two approaches-implicit and explicit approaches. Implicit NOS instruction refers to
understanding of NOS as a learning outcome that could be attained through process of skill
instruction, science content course work and doing science (Lederman, 2007). Learning of
NOS was perceived as by-product of learners’ engagement with science-based activities.
Science teachers or educators intending to use implicit approaches assume that NOS could
be taught through focusing on science processes or constructivist activities. That is, implicit
approach views NOS as an affective outcome claiming NOS views to be more attitudinal in
nature (Abd-El-Khalick & Lederman, 2000). On the other hand, explicit approach to nature of
science instruction is the philosophy that treated teaching as purposive and goal-driven (Bell,
2004). Schwartz, Bell and Lederman (2004) stated that “the explicit approach advances that
improving views of NOS should be planned for through objectives, instructional attention,
and assessments. This approach intentionally draws learners’ attention to aspects of NOS
through discussions, guided reflection and specific questioning in the context of activities,
investigations, and historical examples”(p. 614). According to Abd-El-Khalick and Lederman
(2000), explicit approach has assumed that NOS views could be enhanced by instructional
prompts targeting NOS aspects as explicit instructional outcomes which are compatible with
instructional objectives and assessments. Later, Abd-El-Khalick (2005, 2012) pointed out
explicit approach as consisting of explicit component and reflective component. He linked
explicit component with curricular implications and he noted that: “...far from referring to
direct or other modes of didactic instruction, the label explicit emphasizes the need for
including specific NOS learning outcomes in any instructional sequence aimed at promoting
NOS understanding” (p.1057).He emphasized reflective component as a part of explicit
approach as paying attention to how the activities illustrate NOS aspects and how students’
own inquiries and scientists were similar or different where explicit instruction of NOS

focuses key aspects of NOS through discussions and written work following by engagement



of hands-on activities (Abd-El-Khalick, 2005, 2012). Additionally, Abd-El-Khalick (2012)

explained reflective label of an explicit reflective NOS instruction as:

The reflective component nonetheless does entail instructional
elements to be incorporated into pedagogical approaches. There is
a need for the provision of the structured opportunities designed to
encourage learners to examine their science learning experiences
from within a NOS framework. The latter framework would focus on
questions related to the development and validation of, as well as
the characteristics of, scientific knowledge...this reflective
component had often taken the form of questions or prompts

embedded within science learning activities...” (p. 1057).

Recent review of empirical studies on improving science teachers’ understanding of NOS
concluded that explicit reflective approach was generally more effective in enhancing
appropriate conceptions on NOS (Abd-El-Khalick & Lederman, 2000; Khishfe & Abd-El-
Khalick, 2002; Abd-El-Khalick, 2005). Lately, explicit reflective approach found to be more
effective if it was undertaken through contextualized settings such as history of science
(Clough, 2006; Abd-EI-Khalick, 2005; Kim & Irving, 2010; Rudge & Howe, 2009; Lin & Chen,
2002), inquiry based context (Khisfe & Abd-El-Khalick, 2002; Schwarzt, Lederman, &
Crawford, 2004; Schwarzt & Crawford, 2004; Yacoubian & BouJaoude, 2010), and learning
as a conceptual change (Abd-El-Khalick & Akerson, 2004).

Regarding transition of NOS views into science teaching, science teachers’ naive
understanding of NOS has been crucial factor keeping them emphasizing NOS explicitly and
reflectively which also lead students acquiring undesired NOS views (Lederman, 1992;
Akerson, Buzelli, & Donnely, 2008; Abd-El-Khalick & Akerson, 2004; Dogan, Cakiroglu,
Cavus, Bilican, & Arslan, 2011). Although teachers’ understanding of NOS was essential to
include NOS into their practice, it did not guarantee translation of their understanding into
science teaching (Lederman, 1999; Bell, Matkins, & Gansneder, 2011; Akerson & Volrich,
2006; Demirdogen, 2012). Previous studies have pointed out that even science teachers had
informed NOS views and intention to teach NOS, they still could not achieve explicit
reflective NOS instruction (Akerson & Abd-El-Khalick, 2003). Literature has implied that
science teachers need help particularly on learning how to teach NOS. Accordingly,
Lederman (2007) argued that teachers needed to develop sort of PCK (Gess-Newsome,
1999; Shulman, 1986) which was specific to NOS to be able to address NOS in their science
teaching in addition to deep understanding of NOS. Abd-El-Khalick and Lederman (2000)



noted that PCK for teaching NOS included “.....an adequate understanding of various
aspects of NOS, knowledge of a wide range related examples, activities illustrations,
explanations, demonstrations, and historical episodes. These components would enable the
teachers 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 alternative
ways of representing aspects of NOS would enable the teacher to adopt those aspects to
diverse interests and abilities of learners (Abd-El-Khalick, & Lederman, 2000). In other
words, PCK for NOS was reported as knowledge of science teacher that makes targeted
NOS aspects attainable by students (Lederman, 2007). Research suggested scaffolds,
continuous support, feedback and NOS modelled lessons to improve PCK for NOS. It was
concluded that these kinds of supports enable teachers to translate their NOS
understandings into their teaching effectively (Akerson, Cullen, & Hanson, 2009; Akerson &
Volrich, 2006; Akerson & Abd-EI-Khalick, 2003). Moreover, these studies have urged that
efforts needed to help teachers to shift their pedagogical approach toward teaching NOS
explicitly and reflectively, learn assessing students’ NOS understandings and develop
abilities to integrate NOS into science content. Therefore, the question of how to develop
science teachers’ knowledge in NOS instruction is still to open investigation (Kim, Ko,
Lederman, & Lederman, 2005; Lederman, 2007).

Discussions above indicated that to help science teachers to effectively address NOS, there
is a need to improve their NOS understanding and their knowledge in NOS instruction and
further explore the learning experiences contributing translation of their NOS conceptions
into practice. Such is the purpose of the present dissertation which was undertaken with pre-
service science teachers in research intense public university within a science methods
course. In order to improve pre-service science teachers’ understanding of NOS, the present
study included explicit reflective framework enriched with history of science examples.
History of science provided some sort of context coupled with explicit reflective NOS
obtaining more effective explicit reflective approach (Abd-El-Khalick, 2005; Clough, 2006).
Additionally, participants were provided opportunities to be aware of their initial NOS
concepts revise their concepts and reflect on their relative status of these concepts (Abd-EI-
Khalick & Akerson, 2004; Bilican, Cakiroglu, & Tekkaya, 2012; Dogan, Cakiroglu, Bilican &
Cavus, 2013). Moreover, NOS intervention was embedded in learning science content in
which participants focused on instructional objectives form national science curricula, and
modified curricula to integrate NOS which could be enacted in their own classrooms.
Additionally, they were provided with opportunities and support to design their own NOS

lesson plans and assessments. That component of the intervention provided content-rich



context for addressing NOS issues utilizing effective explicit reflective NOS instruction
(Bilican, Cakiroglu, & Tekkaya, 2012; Wahbeh, 2009).

Regarding developing knowledge in NOS instruction which facilitates translation of NOS
views into practice, some elements of intervention played an important role. These elements
included reflective discussions, feedback, modelling the teaching about NOS by participants
and designing NOS lesson plans. These latter elements contributed to development of PCK
for NOS through designing lesson plans including demonstrations, explanations, HOS
examples, and illustrations targeting NOS aspects as well as NOS assessments. While
designing lesson plans, participants were supposed to prepare their lesson plans in the
context of HOS as well as science content. They were required to integrate some elements
of HOS (e.g. historical development of science concepts, life of scientists) while planning to
teach particular science content as well as integrate NOS. Therefore, in current study, HOS
was expected to improve their NOS understanding as well as their NOS instructional
planning in addition to the former elements. Additionally, regarding development of PCK for
NOS, the intervention aimed to enable pre-service science teachers to learn about NOS
aspects and general pedagogies related to NOS through content generic activities, examples
from history of science and design of lesson plans to teach NOS in the context of different
science contents. Major elements in the current study were NOS lesson plan creation and
presentations followed by discussions which provided them with a form of reflective practice
and giving feedback to pre-service science teachers NOS lesson plans. In sum, pre service
science teachers were provided with structured opportunities enabling them thinking,
revising and modifying their own NOS teaching by means of lesson plan creation which
contributed to development of PCK for teaching NOS (Abd-El-Khalick, 2005; Gess-

Newsome, 1999). Next, purpose of the present dissertation was provided.

Purpose of the study

The main focus of the study was to explore pre-service science teachers’ understanding of
NOS and translation of this understanding into their instructional planning for teaching NOS
within the explicit reflective HOS based approach. The study, first investigated pre-service
science teachers’ development of NOS views as a result of explicit reflective NOS instruction
in the context of HOS based science methods course designed to improve pre-service
science teachers’ both NOS views and NOS related instructional practices; second explored
pre-service science teachers’ ftrajectory progress of ftranslation of NOS views into

instructional planning and third, explored learning experiences contributed to pre-service



science teachers’ ability to design NOS lesson plans. Research questions leading the study

were as following:

l. How do pre-service science teachers’ NOS understandings change in the
contextualized explicit reflective approach?

Il. How is the progress trajectory of pre-service science teachers in relation to
integrating NOS into their lesson plans as a result of feedback in the
contextextualized explicit reflective approach?

Il What learning experiences do contribute to pre-service science teachers’ ability to

integrate NOS into their instructional plans?

Significance of the study

Scientific literacy has been stated as perennial goal of science education by both national
and international science education documents. NOS has been indispensable component of
scientific literacy. Therefore, having students with desired understanding of NOS is one of
the main attainments to achieve scientific literacy. However, many studies have reported
both pre- and in-service science teachers’ lack of understanding of nature of science
(Akerson & Abd-El-Khalick, 2005; Lederman, 2007; Lederman, Abd-El-Khalick, Bell, &
Schwartz, 2002) which have resulted in their avoidance of addressing NOS in their
instruction. Accordingly, such reluctance prevents students developing informed ideas on
nature of science (Abd-El-Khalick & Akerson, 2009; Abd-El-Khalick & Lederman, 2000; Bell,
Matkins, & Gansneder, 2011; Lotter, Singer, & Godley, 2009; Seung, Bryan, & Butler, 2009).
Thus, science teacher education programs should help pre-service science teachers gain
more improved NOS ideas. Consequently, pre-service teachers would be skilled enough to

help their own students gain adequate views of nature of science.

Although, the research focused on improving science teachers’ NOS views within mostly
science methods course reported some success, the effect was is short term. (Akerson &
Morrison, 2006). Limited success in facilitating pre-service science teachers’ conceptions of
NOS is stated due to non-contextualized approach of explicit reflective NOS instruction
within the science methods course (Bell, Matkin, & Gansneder, 2011; Matkins, Bell, Irving &
McNall, 2002; Schwartz, Lederman, Khishfe, Lederman & Liu, 2002). Non contextual
approach leads pre-service science teachers believe that “real science” works differently
from what they have taught (Clough, 2006). Therefore, it might be stated that contextualized
explicit reflective NOS instruction is more effective in facilitating pre-service science teachers

to have contemporary conceptions of NOS (Abd-El-Khalick, 2002; Seung, Bryan & Butler,



2009). For example, History of Science is claimed to be an effective way to contextualize
NOS instruction because historical examples related to science serve as a specific reference
to NOS tenets (Abd-El-Khalick, 2001; Abd-El-Khalick & Lederman, 2000), and provide
learners with opportunities not only to learn issues relating to NOS but also science content
(Paraskevopoulou & Koliopoulos, 2011). However, to our knowledge, there are only few
studies regarding effectiveness of HOS contextualized explicit reflective NOS instruction on
improving pre-service science teachers’ NOS views (Bell, Matkins & Gansneder, 2011;
Seung, Bryan, & Butler, 2009). Thus, current study has aimed to fill the gap in the literature
by exploring development of NOS views of pre-service science teachers in a contextualized
science methods course by means of incorporation of history of science based explicit
reflective NOS instruction.

The development of NOS views of pre-service science teachers is important because the
national and nationwide reform documents related to science education hold science
teachers responsible for addressing NOS in their practice regardless teaching experience
(American Association for the Advancement of Science, 2001; National Science Education
Standards, 1996, 2000; National Turkish Ministry of Education, 2004). On the other hand,
research has revealed that adequate understanding of NOS does not guarantee translation
of these concepts into instructional practices (Abd-El-Khalick & Lederman, 2000; Bell,
Matkins & Gansneder, 2011). Therefore, in addition to having appropriate understanding of
NOS, teachers also should possess necessary skill to translate this knowledge into their
instructional practices which requires ability to either adapt or design NOS integrated science
lessons. Nevertheless, teachers are not experienced in designing and teaching NOS
integrated science lessons effectively (Bell, Matkins, & Gansneder, 2011). Therefore, first of
all, we should help pre-service teachers gain the necessary knowledge and practice of
adapting and designing NOS lessons. Beyer and Davis (2009) argued that teachers’ practice
of designing lessons is closely related to their pedagogical design capacity. It includes use of
personal resources and curriculum to make feasible adaptations to curricula to design
powerful learning opportunities for students’ learning (Hanuscin, Lui, & Akerson, 2011). It is
obvious that pre-service teachers need support in developing their pedagogical design
capacity for teaching NOS. Adopting pedagogical design capacity for NOS teaching is a new
standpoint has not been explored yet. Critique and adaptation of existing curricular materials
is believed to be an authentic task of teaching and improve their pedagogical design capacity
(Beyer & Davis, 2009; 2012; Davis, 2006). Furthermore, it is claimed that pre-service science
teachers should embrace NOS standpoint as a criteria for critiquing and adapting
instructional materials (Beyer & Davis, 2009; Davis, 2006; 2012; Lederman, 1992). Thus, pre



service science teachers need to learn how to adapt curricular material to meet their
instructional goals and their students’ needs to address NOS effectively in their practice.
However, literature has lack of studies exploring development of pre-service science
teachers’ existing curriculum adaptation for NOS teaching. Therefore, current study has
aimed to shed light on how pre-service teachers’ critique and adaptation existing curricula for
NOS teaching as a result of provided feedback while designing NOS lessons based on the

pre-determined Turkish science curricula content.

Apart from having adequate understanding of NOS and pedagogical design capacity for
teaching NOS, pedagogical content knowledge (PCK) for NOS is also required for the ability
to teach NOS (Abd-El-Khalick, & Lederman, 2000; Aydin, Demirdogen, Muslu, & Hanuscin,
2013; Wahbeh & Abd-El-Khalick, 2013;). Although, both in-service and pre-service science
teachers need to have certain level of PCK for NOS to be able to include it in their instruction
(Abd-El-Khalick, 2005; Demirdogen, 2012), still there is much left to be explored regarding
pre-service science teachers’ PCK for NOS (Akerson & Hanuscin, 2007; Demirdogen, 2012;
Hanuscin, Lee & Akerson, 2011; Lederman, 2007). Given the fact that PCK improves during
teaching experience, it is hard to make robust claims regarding pre-service science teachers’
PCK for NOS due to limited science teaching experiences. However, there could be
opportunities for pre-service teachers to gain this experience other than teaching. For
example, NOS integrated lesson plan preparation might be a good indicator for trajectory of
PCK for NOS (Bilican, Tekkaya, & Cakiroglu, 2011). Some researchers claimed that lesson
plan preparation allows researchers to gain insights of PCK of both in-service and pre-
service teachers (Jacobs, Martin, & Otieno, 2008; Mutton, Hazel & Burn, 2011; Rusznyak &
Walton, 2011). In general, developing lesson plans provides teachers with opportunities
regarding to think deeply on subject matter knowledge represented in textbooks, and
curriculum standards. Additionally, it requires teachers to create or utilize pedagogical
activities or instructional strategies enabling students grasp the subject matter best. In that
sense, NOS integrated lesson planning is expected to provide teachers with genesis of
pedagogical content knowledge regarding NOS (Abd-El-Khalick, 2005; Panasuk & Todd,
2005) such as having NOS specific instructional and assessment strategies. Despite the
potential use of NOS integrated lesson plans to explore and improve PCK for NOS, such
lesson plan preparation of pre-service science teachers’ has not been paid attention
systematically within the PCK theory lenses. Therefore, it is necessary to investigate
development of pre-service science teachers NOS integrated lesson plans to gain insights
on their PCK for NOS, and better help pre-service science teachers to improve their abilities

to teach NOS. However, there is a lack of studies assessing lesson plans to shed light on
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development of various dimensions of PCK for NOS. For instance, how pre-service teachers
perceive and translate explicit and reflective component of NOS teaching into their
instructional planning as a result of various kinds of support, might shed light on dimensions
of PCK such as knowledge of instructional strategies. Additionally, lesson plans give idea on
how pre-service science teachers plan to assess students’ understanding of NOS which is
related knowledge of assessment dimension of PCK (Magnusson, Krajcik, & Borko, 1999).
Thus current study has been unique in terms of utilizing systematic track on pre-service
science teachers’ NOS integrated lesson plans in terms of exploration various components
of PCK for NOS. In addition to these, current study fills the gap in literature by introducing a
different way of projecting some components of PCK for NOS that is NOS integrated lesson
planning. Additionally, teachers’ orientation to teaching of NOS has been also addressed as
another component of PCK (Friedrichsen, Driel, & Abell, 2011) for NOS in current study by
HOS contextualized NOS instruction. In the literature, it is indicated that pre-service
teachers are required contextualized models of NOS instruction to consolidate their
instruction (Akerson, Morrison, & McDuffie, 2006; Lederman, 2007), which eventually will
increase their orientation to teaching NOS. That is, contextualized NOS instruction by means
of HOS in the current study leads pre-service teachers think NOS as an integral part of their
science instruction rather than an addition on part to their teaching. Therefore, this study has
been important to conduct to show how development in pre-service teachers’ perception of
teaching NOS as an integral part of their science instruction could be promoted by history of

science (HOS) contextualized science methods course.

Consequently, current study has been unique regarding several points such as informing
about impact of history of science contextualized explicit reflective NOS instruction on pre-
service science teachers’ understanding of NOS, investigating their ability to design explicit
reflective NOS integrated lessons and informing the audience regarding development of
some components of PCK for NOS. The current study aims to contribute knowledge on
effective  NOS instruction strategies and pre-service science teachers’ NOS related

instructional practices.
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CHAPTER 2

LITERATURE REVIEW

The purpose of the study was to investigate pre-service science teachers’ development of
NOS understanding and development of translation of NOS understanding into instructional
planning. Therefore, overview of students, in-service and pre-service teachers’ NOS
understanding, strategies to improve NOS understanding and factors impeding translation of
NOS understanding into practice are reviewed in this chapter. Firstly, empirical studies

related to students’ NOS understanding were presented below.

2.1. Students’ nature of science understanding

NOS understanding have been argued to enhance students’ attitudes towards science, lead
informed decision making and facilitate science content learning (Driver et al., 1996).
Accordingly, the development of students’ NOS understanding has been considered vital
part of science instruction. However, vast majority of research indicated inadequate views of
students ranging from early grades level to middle and secondary grade level (Akerson,
Nargund-Joshi, Weiland, Pongnason, & Avsar, 2013; Akerson, Buck, Donnelly, Nargund-
Joshi, & Weiland, 2011; Akerson, Donnely, 2010; Cil & Cepni, 2012; Dogan & Abd-El-
Khalick, 2008; Khisfe & Abd-El-Khalick, 2002; Kilinc, Sungur, Cakiroglu, & Tekkaya, 2005;
Yenice & Saydam, 2010; Walls, 2012).

In this part, five empirical researches which were conducted with varying elementary level
have been reviewed through historical order. Through the review of the studies related to

students’ NOS views, the empirical research conducted with students at elementary level
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were chosen, due to the fact that the focus of the present study was pre-service elementary
science teachers who will teach science in elementary level in future. First study was
conducted by Kang, Schaoksalrmann, and Noh (2005), in Korea. They explored 1702
Korean 6th, 8th, and 10th grade students NOS views. In this study, students’ views on the
nature of science (NOS) were investigated with the use of a large-scale survey which was a
multiple-choice format questionnaire. The questionnaire consisted of five items which
examined students’ views on purpose of science, definition of scientific theory, nature of
models, tentativeness of scientific theory, and origin of scientific theory. Researchers
reported no significant difference related to NOS views regarding grade level. Results
showed that majority students possessed absolutist/empiricist perspective about the NOS.
That is, the vast majority of the students held the view that “scientific theories are facts which
have been proven by experiments”. Around half of the students believed that models are
proved by experiments. It was found that only few students (6th graders: 3.3%, 8th graders:
2.4% and 10th graders: 1.1%) revealed adequate understanding of tentativeness of scientific
theories. Nearly %50 of the students regardless grade level possessed the belief that
scientists discover theories as they already exist as objects. Researchers concluded that
findings of the study called for emergent efforts for the design of science lessons, units and

curricula which facilitated better NOS views.

In the same year Akerson and Abd-El-Khalick (2005) investigated younger elementary
students’ NOS views by means of qualitative methodology in USA this time. The authors
explored 23 fourth grade elementary students’ NOS views by using open-ended
questionnaire (VNOS-B) coupled with one to one interviews. Particularly, students’ NOS
views regarding the distinction between observation and inference, creative NOS views, and
tentative NOS views had been sought for. The open-ended questionnaire (VNOS-B) was
modified by adding a content specific item targeting views of observation and inference in
the context of content that students were studying in the class. The analysis of VNOS-B and
interviews of the study showed that most of the students (N=22) demonstrated inadequate
views on the NOS aspects which were concern of the study. For instance, 21 students
showed inadequate views of creativity and imagination in science. They did not believe that
scientists’ imagination and creativity was influential in scientific work. Regarding tentative
NOS, most of the students’ conception of change in science was as only “adding on” new
information to science. That is, they did not think of role of new interpretations, new
perspective or role of new evidence. Related to observation and inference, most of the
students (N=21) revealed contradictory views of the relationship between observation and

inference. They generally believe that scientists look at evidence and get all the answers
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directly. Only two of them recognized the role of evidence to make inferences. In sum, the
researchers of the study asserted that fourth grade student's NOS views were not aligned
with the recommendations of the educational reform documents. They recommended that
teachers needed to first know their students’ NOS views and then plan explicit reflective

NOS instruction to help them improve their NOS views.

Three years later, a similar study was undertaken with elder students in US (Khisfe, 2008).
As a part of larger study exploring development of seventh graders NOS views, the
researcher examined 18 seventh grade students’ NOS views. Data were collected by means
of open-ended questionnaire in conjunction with semi structured interviews. The
questionnaire consisted of four items in which two of them were content embedded and two
of them content generic questions. All items were designed to assess participants’ NOS
views related to tentative, empirical, creative NOS as well as the distinction between
observation and inference. Analysis of open-ended questionnaire indicated students’ naive
ideas on targeted NOS aspects. For instance, regarding tentative NOS, majority of the
students (72%) believed that “knowing is seeing”. Similarly, vast majority of students (82%)
failed to differentiate observation and inference. Related to empirical and creative NOS
nearly half of the students revealed naive views. They could not appreciate the role of
evidence. They failed to recognize the notion that scientific knowledge can be produced
through indirect evidences. Moreover, they did not appreciate the role of imagination and
creativity in development of scientific knowledge. Researcher recommended that the current
study presented an initial step to explore NOS views of students and students’ NOS views

could be improved through effective NOS instructional strategies.

Attempts have been taken to explore elementary grade students NOS views in Turkish
context as well. Last two studies reviewed in the current section were investigated Turkish
eight graders and seventh graders’ NOS views. For example, Yenice and Saglam (2010)
examined 187 eight grades NOS views by means of quantitative methods. They used Nature
of Science Knowledge Scale (NSKS) to determine eighth graders’ NOS views. The NSKS
scale was a 5-likert scale ranging from strongly agree to strongly agree with 16 items. The
scale covered three tenets of nature of scientific knowledge which were characterized as
“scientific knowledge is closed”, “scientific knowledge is justified”, and “scientific knowledge
may change”. The analysis revealed that students generally were unsatisfactory on the
nature of scientific knowledge. They believed that science was certain and authority based
but at the same time science could be empirically tested. Moreover, the analysis indicated

that they did not view science as tentative. The researchers concluded that Turkish eight
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graders held inadequate view of science. Their recommendation was to plan science lessons

in a way that help students to overcome their misconceptions regarding nature of science.

After two years, Cil and Cepni (2012) yielded similar results working with Turkish seventh
graders. They investigated 22 seventh grade students NOS views as a part of larger study
aiming to develop NOS views. An open-ended questionnaire follow up by with semi-
structured interviews was used to explore seventh grade students’ NOS views. Researchers
reported seventh graders NOS views mostly as transitional for most of the aspects before
explicit reflective NOS instruction. That is, majority of the students could not reveal
complimentary view on tentative, creative, and empirical NOS. Moreover, vast majority of
them could not differentiate inferences and observations. Researchers concluded that
current science education did not help students gain contemporary view of science. They
made calls for designing effective instructional strategies to help students gain desired NOS

understanding.

To sum up, empirical research concluded that elementary level students held inadequate
NOS views. However, it was claimed that both pre-service and in-service teachers can
develop teaching strategies which resulted in favourable changes in students’ NOS views
(Akerson & Hanuscin, 2007; Akerson & Volrich, 2006; Akerson, Abd-El-Khalick, & Lederman,
2000). Undeniably, for having students’ with more desirable NOS, teachers’ understanding of
NOS should be aligned with current education documents. Therefore, exploring NOS views
of both pre-service and in-service science teachers’ NOS views would be an initial step to
help elementary level students develop more appropriate NOS views. Following section
provided research from literature related to pre-service and in-service science teachers’

understanding of NOS.

2.2. Pre-service and in-service science teachers’ NOS understanding

Under this heading, empirical studies related to pre-service and in-service science teachers’
NOS views undertaken in variety of culture were presented through a historical order.
Through the current section, studies compared both pre-service and in-service science
teachers’ NOS views were provided as well as the studies only focused on either pre-service
or in-service science teachers’ NOS views in a historic sequence. Finally, empirical research
which concerned pre-service and in-service science teachers NOS views in Turkish context
were presented at the end of the present section. The empirical studies which were chosen
for the review in current section included the wide range of studies undertaken by means of

either qualitative or quantitative methods, with both pre-service and in-service science
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teachers, and with larger and smaller samples. All the review of these studies were aimed to
provide a framework related to both pre-and in-service science teachers NOS views in
international and national level. The first study reviewed was work of Haidar (1999),
conducted in United emirates. Haidar (1999) investigated 31 pre-service science teachers’
and 224 in-service science teachers’ NOS views. He administered five-dimensional scale
survey which was prepared by the researcher by utilizing items from various NOS scales.
The scale included questions related to theories and models; role of scientists; scientific
knowledge; scientific method; and scientific laws. Both pre-service and in-service science
teachers were asked questions reflecting various points of science views (e.g. traditional
views, constructivists’ views). Approximately, half of the participants revealed the recognition
that scientists’ preconceptions, background, theoretical perspectives played role in
development of scientific knowledge. That is, half of the pre -service science teachers in the
study recognized science as a social construct. Additionally, around half of the participants
stated that scientist should follow the steps of scientific method. Regarding tentative nature
of scientific knowledge, 48% of pre-service science teachers and 68% of in-service science
teachers pointed out that science is cumulative. Haidar concluded that both pre-service and
in-service science teachers held mixed views of science. He suggested that introducing
science from a constructivist point of view would help teachers to develop more desirable
NOS views.

Two years later, Tairab (2001) conducted another study to explore both pre-service and in-
service science teachers’ NOS views in Buhrein. The sample of the study was 42 pre-service
science teachers and 54 in-service science teachers. Particularly, the study explored
participants’ views on the characteristics of science and technology, the aim of science and
scientific research, the characteristics of scientific knowledge and scientific theories, and the
relationship between science and technology. Data were collected by means of 26-itemed
Nature of Science and Technology Questionnaire (NSTQ) measuring various aspects of
NOS. The findings revealed that both pre-service and in-service science teachers mostly
have merit or realistic views. Both pre-service and in-service science teachers did not regard
science as a social enterprise. Most of the pre- and in-service science teachers (%66 of pre-
service science teachers and %73 of in-service science teachers) recognized inferential and
explanatory nature of science which was consistent with the view that perceiving science as
systematic investigative process. Similarly, %68 of pre-service science teachers and %74 in-
service science teachers viewed scientific research as a tool to collect data as much as
possible. Researcher concluded that teachers should be provided opportunities to develop

more solid nature of science understanding.
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In USA, Abd-El-Khalick and Akerson (2004) investigated NOS views of 28 pre-service
teachers (25 female, 3 male) by means of qualitative methods. Data were collected by
means of combination of open ended questionnaire (VNOS-C), in conjunction with
interviews. Researchers carried out their investigation as a part of larger study in the context
of science method course. Participants’ views were categorized either naive or informed.
Findings concluded that the vast majority of pre-service science teachers held naive ideas
on NOS. For example, 86% of participants articulated science as set of orderly logical
procedure and used single scientific method and 96% them demonstrated understanding of
laws as proven, final product of science, and not liable to change. Additionally, pre-service
science teachers were found to have naive beliefs regarding to inferential, creative and
theory-laden nature of scientific knowledge. The authors suggested adoption of effective

strategies in an explicit reflective manner to improve NOS views.

Liu and Lederman (2007) conducted similar study with pre-service science teachers. They
explored 54 Taiwanese pre-service science teachers NOS views in relation to culturally
based worldviews in Far East context. Participants’ conceptions of nature of science were
assessed through administration of open ended questionnaire (VNOS-C) in conjunction with
interviews. Their worldviews were investigated through five open questions. Participants’
NOS views were categorized as either naive or informed based on the contemporary views
of nature of science. Vast majority of participants revealed naive ideas on most aspects of
NOS. For example, only %12 of them articulated role of evidence to support data instead of
proof. Similarly, majority of the participants (%59) believed that theories might change
because they are not proved. All of the participants held the misconception related to
theories and laws such that laws were proved and more reliable. Around half of the
participants (%46) viewed scientific knowledge as universal and they failed the recognize
influence of norms and values of culture on scientific investigations. Distinctively, all
participants were reported to recognize role of creativity in development of scientific
knowledge, but they appreciated role of creativity only for certain stages of scientific
investigation. About %40 of the participants recognized inferential nature of scientific
knowledge and were able to differentiate observation and inference. The authors concluded
that people with different worldviews may have concurrently different views about nature of
science. They suggested that incorporating sociocultural perspectives and nature of science

should be incorporated in the science curriculum together.

In a recent study, pre-service and in-service science teachers NOS views were investigated

with larger sample (N=110 pre-service science teachers, N= 348 in-service science
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teachers). Data were collected by means of quantitative data collection tools (Shim, Young,
& Paolucci, 2010) as a part of larger research comparing pre and post NOS views over a
science method course. Participants were attending state university teacher preparation
program and completed science methods course. Data were collected by means of Student
Understanding of Science and Scientific Inquiry (SUSSI) scale structured on a five point
likert scale. The scale included questions on: observations and inferences; social cultural
influences on science; imagination and creativity in scientific investigation and; methodology
of scientific investigation. Analysis revealed that there is no significant difference between
pre-service and in-service science teachers NOS views. It was reported that both pre- and
in-service science teachers mostly believed that scientific research does not influenced by
society and culture. Additionally, majority of them recognized role of scientists’ imagination
and creativity only for analysing and interpreting data. Additionally, majority of them also
stated that scientists used step-by-step procedure while conducting scientific investigation.
Authors suggested science teacher education programs and professional development

programs need to involve explicit reflective NOS emphasis.

A similar result was founded by Bell, Matkins, and Gansneder’s (2011) study in which they
reported naive views of pre-service science teachers. Researchers investigated 75 pre-
service primary teachers NOS conceptions as a part of investigation exploring influence of
context on NOS views. Data were gathered by means of open ended questionnaire
(VNOSB) in conjunction with interviews. Research results reported nearly all pre-service
primary teachers’ common misconceptions about nature of science. Most of the pre-service
science teachers (95%) viewed scientific knowledge as absolute truths. AlImost none of the
participants (90%) were able to appreciate role of imagination and creativity in development
of scientific knowledge. Additionally, all of them believed that theories became law when they
were proven. Majority of them (80%) also indicated scientists used data and observation to
prove theories, that, they also ignored role of inferences. The authors suggested the

necessity of explicit NOS instruction to provide teachers with better NOS understanding.

All of the aforementioned research that investigated pre-service science teachers and in-
service science teachers NOS views concluded similar results regarding NOS views. These
aforementioned research studies revealed that both pre- and in-service science teachers’
misconceptions related to NOS regardless of research design (e.g. sample, instrument, and

methodology) and cultural context (e.g. Asian, American, Arabic).

As there has been huge focus on NOS research all around the world, Turkish science

education educators have also carried out intensive research investigating Turkish pre- and
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in-service science teachers’ NOS views (Aslan & Tasar, 2013; Tasar, 2006,; Demirdogen,
2012; Dogan & Abd-El-Khalick, 2008; Kaya, 2012; Erdogan, Cakiroglu, & Tekkaya, 2006;
Ozgelen, Tuzun, & Hanuscin, 2012; Yalvac, Tekkaya, Cakiroglu, & Kahyaoglu, 2007). Next,
variety of empirical research on Turkish pre-service and in-service science teachers NOS

views were presented in a historical order.

In an earlier attempt to explore Turkish pre-service science teachers NOS views, Tasar
(2006) conducted a study with 36 pre-service science teachers in a “History and nature of
science” course. He explored pre-service science teachers’ NOS views by using qualitative
and quantitative methods. He administrated 48-item Nature of Scientific Knowledge Scale
(NSKS) as quantitative means of data collection. Additionally, participants were asked to
answer open-ended questions related to nature of science revealed in provided readings to
participants within the course. Findings revealed from analysis of the NSKS instrument
indicated that participants held views favouring tentativeness of scientific knowledge and
mostly recognized the developmental nature of science. However, analysis of qualitative
data revealed that participants possessed the pseudo relationship between theories and
laws. They also viewed laws as unchangeable because laws are proved. Additionally, they
also favoured universal consensus over a scientific issue. Author suggested that there has
been a need to investigate why pre-service science teachers held misconceptions related to

nature of science.

In the same year, similar study investigated pre-service science teachers’ NOS views with
larger sample this time (Erdogan, Cakiroglu, & Tekkaya, 2006). The researchers conducted
the study with 166 senior pre-service science teachers. Data were collected by
administration of modified version of Views on Science-Technology-Society (VOST)
instrument which included of 26 multiple choice items and seven subscales. Results of the
study showed that while pre-service science teachers held realistic views about nature of
science some of them showed traditional NOS views. Majority of the participants (75%)
believed that laws were in nature and discovered. Similarly, 86% recognized definite pattern
of doing science. They stated that scientific method should follow the scientific steps to get
accurate results. Almost all of the participants (94%) believed the so-called hierarchal
relationship between laws and theories. Distinctively, around half of the participants
recognized the subjective nature of scientific knowledge and they stated that scientists’
beliefs, background might influence the data they interpret. The researchers highlighted the
importance of educating pre-service science teachers scientifically literate. Therefore, they

suggested further investigation to improve pre-service science teachers NOS views better.
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Two years later, Dogan and Abd-El-Khalick (2008) investigated Turkish in-service science
teachers’ NOS views. The sample was 378 Turkish in-service science teachers. Data were
collected through administration of Views on Science-Technology-Society (VOST)
instrument which included of 26 multiple choice items and seven subscales. The subscales
were: science and technology; influence of society on science/technology; influence of
science/technology on society; characteristics of scientists; social construction of scientific
knowledge; social construction of technology; and nature of scientific knowledge.
Participants’ NOS views were categorized as naive have merit or informed. Findings of the
study indicated that majority of the science teachers had naive views. Majority of the
teachers (more than 66%) believed that models were the copies of reality. Almost half of the
teachers stated that scientific models were discovered because scientific facts were out-
there to be found. Nearly half of the teachers (45%) revealed the view that there was a
scientific method which was procedural, universal and step-by-step. Distinctively, majority of
the teachers revealed informed NOS understanding for tentative NOS. Based on the findings
of the study, researchers suggested long-term professional development programs
addressing NOS effectively for in-service science teachers.

Dogan, Cakiroglu, Cavus, Bilican and Arslan (2011) reported similar results regarding in-
service science teachers’ NOS views. They investigated NOS views of 44 in-service (24
Female, 20 Male) science teachers as a part of larger study exploring the effect of
professional development program on the development of NOS views. Data were collected
by administration of administration of Views on Science-Technology-Society (VOST)
instrument which included of 26 multiple choice items and seven subscales. Findings of the
study showed that, in-service science teachers’ naive views on most of the NOS aspects.
For instance, majority of them (84%) believed that the so-called hierarchical relationship
between hypothesis, theories and laws. Additionally, they (35%) also held the view of single
scientific method. Such that scientists needed certain procedure to construct scientific
knowledge. Additionally most of them (70%) also believed that the scientific knowledge was
out there to be discovered instead of constructed. However, for the empirical nature of
scientific knowledge, around half of the in-service science teachers showed merit views of it.
The authors recommended need for NOS education both through teacher education

programs and professional development programs.

Similar findings in Turkish context were reported in another study undertaken with larger
sample recently. Kaya (2012) explored 101 pre-service elementary science teachers NOS

views. Data were collected by means of administration of open-ended questionnaire VNOS-
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C followed by semi-structured interviews. Pre-service teachers were categorized as naive,
have merit and informed. Results revealed that most of the pre-service science teachers
held informed views on tentative and creative NOS (75%). Half of the pre-service science
teachers were aware of subjective NOS and also could be able to differentiate observations
from inferences. However, pre-service teachers did not recognize empirical and socio
cultural NOS. Additionally, they all held the misconception of hierarchical relationship
between theories and laws. The author recommended that challenging and designing NOS

lesson could contribute to deeper understanding of NOS.

The literature reviewed above provided empirical evidence for both Turkish and foreigner
pre- and in-service science teachers’ inadequate understanding of NOS. These findings
suggested urgent remedy to improve NOS views of pre-service science teachers. The

following section present current state of efforts undertaken to enhance NOS views.

2.3. Research on improving nature of science views

Two distinct approaches have been proposed in literature that has attempted to improve
NOS views. These approaches are the implicit and explicit approach (Abd-El-Khalick, &
Lederman, 2000; Abd-El-Khalick, & Akerson, 2004; Schwartz, Lederman, & Crawford, 2004).
The effectiveness of implicit and explicit approaches was examined in current dissertation
through the review of several studies which attempted to improve pre-service science
teachers NOS views. The focus of this section was the research studies which were
undertaken with pre-service and in-service science teachers since the concern of the current
dissertation is to improve the pre-service science teachers’ NOS views who are the future
science teachers. The studies reviewed were presented under the headings of research on
implicit nature of science approach and research on explicit nature of science approach. The
review started with research on implicit nature of science approach first. Then, it was
followed by the review of studies adopted explicit approach to improve pre-service science

teachers’ NOS views.

2.3.1. Research on implicit nature of science approach

The assumption endorses implicit approach was that, teachers’ NOS understanding can be
facilitated through process skill instruction, science content work, and doing science
(Lederman, 2007).Many researchers utilized this approach to enhance pre-service science
teachers’ NOS understanding. However, generally, findings of the studies which adopted

implicit approach to improve NOS views reported limited success of implicit approach
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regarding improving NOS views (Abd-El-Khalick & Lederman, 2000; Akgul, 2006; Bell,
Matkins, & Gansneder, 2011; Schwarzt, Westerlund, Garcia, & Taylor, 2010). For instance,
in a study conducted by Abd-El-Khalick and Lederman (2000) in USA, the researcher
investigated the effect of History of Science course on college and pre-service science
teachers’ NOS understanding. The sample of the study was 166 undergraduate college
students and 15 pre-service science teachers. The research was undertaken in the context
of “History of Science” course in which participants were introduced concepts such as
controversial scientific discoveries, scientific ideas within their cultural contexts, and rational,
and social characteristics of scientific method. NOS instruction did not occur through the
course in an explicit way. That is, the researcher expect participants to improve their NOS
views without any explicit emphasis to NOS but only as a result of engage in topics from
HOS. The change in participants NOS views were tracked by pre-post administration of
VNOS in with follow up interviews. Analysis of pre-VNOS indicated that almost all
participants held inadequate views of several NOS aspects at the outset of the study.
Researcher reported that majority of participants viewed science as absolute, value free
discipline seeking for truth. After completing “history of science” course, very few and limited
changes in participants' views were reported. However, the researcher did not specify which
NOS aspects were found to be changed. Researcher concluded that HOS course without

any explicit NOS emphasis did not contribute to any change in participants’ NOS views.

In another study, Turkish pre-service science teachers’ development of NOS views as a
result of implicit NOS instruction was tracked in an inquiry based course) (Akgul, 2006. The
research was undertaken in science methods course with 35 pre-service science teachers.
Within the course the pre-service science teachers were exemplified inquiry based learning
incidents. The course aimed to improve pre-service science teachers’ skills related to inquiry
based learning and its environment. The researcher assumed that engaging in inquiry based
activities through the course would improve pre-service science teachers’ NOS conceptions.
Data were collected by means of qualitative data collection methods such as philosophy
statements, nature of science card game and reflection papers. For instance, in pre-post
philosophy statements, pre-service science teachers were asked to respond the following
questions; what is science? Who does science and what does it mean to do science?
Findings of the study concluded that inquiry-based science course did not make any
significant contribution to the development of pre-service science teachers’ NOS views. The
researcher reported that pre-service science teachers viewed science as body of facts, and
certainty of scientific knowledge could not be discussed. The researcher extended her

argument as pre-service science teachers’ conceptualization of science in this way caused
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resistance to view science in a more contemporary view. Therefore, it was implied that the
science methods course that pre-service science teachers were engaged should be well

informed and equipped about NOS.

In more recent study, Schwarzt, Westerlund, Garcia and Taylor (2010) explored NOS views
of American secondary science teachers through the full immersion of authentic scientific
research program. The study was conducted with 40 secondary science teachers for 8
weeks. The researchers compared teachers’ NOS views in full immersion scientific research
program with and without explicit NOS instruction. The teachers were paired in two groups
such as 19 of them in scientific research program with implicit NOS instruction and 21 of the
teachers attended scientific research program with explicit NOS instruction. Both groups of
teachers were paired with research scientists to engage in scientific research with scientists.
However, the group with explicit NOS emphasis had weekly 2-hour group meetings in which
they participated in activities addressing NOS explicitly. In those meetings, teachers had the
chance discuss on the activities in scientific research program as well as they were
introduced to NOS activities similar to those detailed by Lederman and Abd-El-Khalick
(1998). Additionally, the teachers in the group with explicit NOS emphasis were also
provided with additional activities such as black-box Earth model activity (Schwartz,
Lederman, & Smith, 1999), southwest cactus inquiry and NOS concept mapping. Moreover,
teachers in this group participated in reflective activities such as journal writing, and
discussion. However, the teachers in non-NOS emphasis group only engage in scientific
research with scientists they paired with. Data included pre-post administration of VNOS-C,
interviews, and video-taped lessons. Data analysis revealed that teachers in both groups
showed naive understanding of NOS prior to the scientific research program. At the end of
the intervention, teachers in the group with explicit NOS emphasis were reported to make
substantial improvements in their NOS views. The teachers specifically showed substantial
improvements in their understanding of empirical NOS (100%), recognition of multiple
scientific methods (67%), tentative NOS (65%), role of creativity in science (58%) and socio
cultural NOS (48%). The least improvements in NOS understanding for these teachers were
reported for the inferential NOS (25%), definition and functions of scientific theory and
scientific law (29%), empirical and socio- cultural NOS which were 16% and 10%
respectively. However, the teachers in non-NOS emphasize scientific research group
showed minimal improvements in their NOS understanding. Only 16% of the teachers in this
group showed informed understanding of NOS in four or more NOS aspects. Based on the
results of the study, the authors highlighted the importance of explicit reflective NOS

instruction toward increasing scientific literacy. The authors suggested that effective
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programs with NOS related goals needed to have opportunities where in NOS issues were

discussed and reflected upon in science contexts.

Lately, some researchers compared the influence of implicit versus explicit NOS instruction
as a part of broader research exploring effect of explicit and contextual NOS instruction on
American pre-service science teachers’ NOS views (Bell, Matkins, & Gansneder, 2011).
Participants were the 75 pre-service teachers enrolled in science methods course. Through
the course participants were assigned four different classes that instructed with variations of
explicit NOS instruction and the one instructed with implicit NOS instruction. Researchers
stated these treatments were randomly applied. Pre-post treatment administration of VNOS-
B, semi-structured interviews and classroom artifacts were used as data source. Data were
analysed by means of qualitative methods, and non-parametric test were applied two make
comparisons between groups. Results indicated that nearly all of the pre-instruction
responses included common misconceptions related the NOS. The post instruction
responses revealed that the group which received implicit NOS instruction did not show any
improvement in their NOS views whereas other groups receiving explicit NOS instruction
showed significant gains in their NOS views. Generally, data analysis showed a significant
shift from absolute view of science towards greater understanding of human factors
contributing to the tentative nature of scientific knowledge. Concerning findings of the study,

the authors concluded the necessity of the explicit reflective nature of science instruction.

In sum, the literature reviewed above indicated that implicit approach was insufficient to lead
change in NOS views. However, empirical evidence from literature was mostly in favour of
effect of an explicit approach to gain desirable changes in NOS views of pre-service
teachers. Following section provided empirical studies related to the effectiveness of explicit-
reflective NOS approach.

2.3.2. Explicit- reflective nature of science approach

The second approach undertaken to improve NOS views were explicit approach which
adopted the assumption that improving views of NOS should be planned for through
objectives, instructional attention, and assessments. This approach intentionally draws
learners’ attention to aspects of NOS through discussions, guided reflection and specific
questioning in the context of activities, investigations, and historical examples. Explicit
approach considered NOS understanding as a cognitive instructional outcome rather than
affective one. Explicit approach also has a reflective component which enables participants

to reflect on their NOS learning through structured opportunities. That is, explicit approach is
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known as explicit-reflective approach. Research has shown that explicit reflective NOS
instruction to be more effective (Abd-El-Khalick & Lederman, 2000). Explicit reflective NOS
instruction may include both decontextualized and contextualized activities. Following part
reviewed the studies which adopted decontextualized NOS approach. Then, empirical

studies undertaken through the contextualized explicit-reflective NOS were reviewed.

2.3.2.1. Decontextualized explicit reflective nature of science instruction

Decontextualized activities introduce NOS concepts explicitly without being integrated into
the specific context of science content within explicit reflective NOS instruction.
Decontextualized activities might include content generic activities such as black box
activities, discrepant events, puzzle solving or pictorial gestalt switches (Lederman & Abd-EI-
Khalick, 1998; Clough, 2006). For instance, Akerson, Abd-El-Khalick, and Lederman (2000)
investigated influence of an explicit- reflective NOS instruction in the context of science
method course. Participants of the study were 50 pre-service science teachers enrolling the
science method course. Participants were provided explicit reflective generic activities in
addition to readings and assignments (Lederman & Abd-El-Khalick, 1998).Overall, through
the activities participants were provided with reflection opportunities on NOS aspects. Data
were collected by means of reflection papers, VNOS questionnaire administration in
conjunction with interviews. The results of the study indicated that majority of pre-service
teachers held inadequate NOS views at the outset of the intervention. At the end of the
intervention most of the students showed adequate NOS understanding particularly for
tentative, creative NOS, and function of observation and inference, and function of theories
and laws. The authors concluded that explicit-reflective NOS instruction was influential to
improve NOS views. Pre-service science teachers were reported to improve their NOS views
substantially but less substantial gains were reported related to subjective and socio cultural
NOS. The difference in the improvement of NOS aspects were attributed the fact that
intervention did not provide equal opportunities that were accessible to all NOS aspects.
Same authors reported similar results from a study conducted four years later as a part of
NOS study within the “conceptual change” framework (Akerson & Abd-El-Khalick, 2004).
Similarly, they investigated 28 (25 female, 3 male) pre-service science teachers’
development of NOS views as a result of explicit reflective NOS instruction through content
generic activities within the elementary science method course. Different from previous
study, researchers used conceptual change strategies to promote NOS understanding.
Changes in pre-service science teachers’ NOS views were tracked by administration of pre

and post VNOS in addition to weekly refection paper and interviews. Participants’ initial
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responses to VNOS were used to confront and stress participants NOS misconceptions in
discussion parts of the course. These kind of strategies provided participants with extensive
reflection opportunities. That is, they discussed and reflected on their VNOS responses, and
assigned reflection papers in response to course activities. Data analysis revealed that
majority of pre-service science teachers held naive ideas on NOS initially. However,
substantial changes in NOS views for all aspects were evident at the end of the study
favouring the value of explicit reflective approach. Only %14 of the participants did not show

any change in their NOS views.

Distinctively, Akerson, Morrison and McDuffie (2006) explored pre-service elementary
teachers’ retention of NOS views after engaged in decontextualized explicit-reflective NOS
instruction. The intervention took place in the context of science methods course which
aimed to help pre-service teachers to develop favourable attitudes toward science and
science teaching, understanding of some science content and understanding of NOS. The
sample of the study was 19 pre-service elementary teachers. Regarding explicit reflective
NOS instruction, pre-service teachers participated in intensive decontextualized NOS
activities (Lederman, & Abd-El-Khalick, 1998) designed to address NOS aspects. Data were
collected through VNOS-B administration in conjunction with interviews. VNOS-B was
administrated prior to intervention, after intervention and 5 months after the intervention to
investigate retention of NOS concepts of pre-service elementary teachers. The findings of
the study reported that pre-service science teachers made substantial improvements related
to their NOS views at the end of the study. Majority of the participants possessed informed
views for creative, tentative subjective, empirical and socio cultural NOS and the function of
theories and laws after explicit reflective NOS instruction. However, results gained after third
administration of VNOS- B indicated that, pre-service elementary teachers did not always
retain their NOS conceptions and they sometimes returned to their original NOS
understandings which were naive views. They reported that two of the participants returned

to their original NOS views for all NOS aspects.

Another study combined explicit reflective approach with metacognitive strategies (Abd-El-
Khalick & Akerson, 2009). In this study, participants were assigned two different groups in an
elementary science methods course. Control group received explicit reflective NOS
instruction through generic inquiry activities. Experimental group received same explicit
reflective NOS instruction in addition to training on metacognitive strategies which allow
participants to reflect on their preconceptions deeply. VNOS-C in conjunction with interviews

was used to track changes on participants’ NOS views. Participants were categorized as
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naive, partially informed and informed. Naive views referred to the views that misaligned with
contemporary conception of NOS. Partially informed view presented the view that
appropriate view aligned with current conception of NOS but still harbour some naive
notions. Informed view referred to the view that completely aligned with contemporary
conception of NOS. Prior to intervention, participants in both groups revealed naive views of
NOS. At the end of the intervention participants at both groups improved their NOS views.
However, experimental group revealed more informed views of NOS. Author concluded that

influence of explicit reflective approach might be enhanced by metacognitive strategies.

In a more recent study, Cakmakci, (2012) explored 48 Turkish pre-service science teachers’
development of NOS. The research was conducted in science methods course. Pre-service
science teachers received explicit-reflective NOS instruction coupled with educational
research. Explicit-reflective NOS instruction was undertaken through content generic
activities followed by class discussions. Educational research activities involved academic
article evaluations, as well as designing and conducting education research projects. During
the all tasks the lecturer explicitly addressed the targeted NOS aspects and also encouraged
learners to be reflective regarding their NOS views. Data were collected by pre-post
administration of VNOS-C in conjunction with interviews. The findings of the study suggested
that pre-service science teachers developed informed ideas about NOS over the science
method course. Author also suggested that explicit reflective NOS instruction combined with

educational research might be promising for better developing NOS views.

Yalcinoglu and Anagun (2012) conducted similar study with 29 pre-service science teachers
in the context of science methods course. Researchers provided pre-service science
teachers with content generic activities for five weeks developed by Lederman and Abd-El-
Khalick (1998). Each class activity was followed by class discussion to ensure explicit-
reflective NOS instruction. VNOS-C was used to explore the changes in pre-service science
teachers’ NOS views. Interpretative qualitative approach was adopted for data analysis. Prior
to explicit-reflective NOS instruction, majority of the participants had naive views on targeted
NOS aspects. However, analysis of the post VNOS-C responses supported the empirical
data favouring explicit-reflective approach for enhancing NOS views. Participants were
reported to have substantial gains in targeted NOS aspects specifically for subjective and
socio cultural NOS. Nevertheless, function of the theories and laws were the NOS aspects

that participants showed improvement less.

Overall, the aforementioned studies indicated that explicit reflective approach through

decontextualized activities is effective for improving pre-service science teachers’ NOS
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views. Although decontextualized explicit reflective NOS instruction provided learners with
opportunities to revise their NOS views without struggling science content, they were not
alone sufficient to help develop deeper NOS understanding (Clough, 2006; Abd-El-Khalick,
2005; Khisfe, & Abd-El-Khalick, 2002). Highly contextualized activities within explicit
reflective NOS instruction is claimed to be required for developing deeper understanding of
NOS which were transferable to new situations. Additionally, contextualized activities were
likely to develop teachers PCK for NOS (Abd-El-Khalick, 2001; Abd-El-Khalick, 2005;
Clough, 2006; Khisfe & Abd-El-Khalick, 2002).Therefore; there is a shift in the context of
NOS studies from decontextualized to contextualized ones. Subsequent section provided

empirical research which used contextualized explicit-reflective NOS instruction.

2.3.2.2. Contextualized explicit reflective nature of science instruction

Contextualized NOS activities introduce NOS concepts in an explicit and reflective way
embedded within science content. Contextualized explicit reflective NOS instruction involved
intertwine of NOS and science content. Research suggested inquiry, history of science, and
socio scientific issues and science content as contexts which provided contextualized explicit
reflective NOS instruction (Abd-El-Khalick, 2001; Bell, Mulvey, & Maeng, 2012; Bell, Matkins
& Gansneder, 2011; Deniz, 2007; Ozgelen, Tuzun, &Hanuscin, 2012; Rude, & Howe, 2009;
Howe, 2004; Scharmann et al. 2005).

Regarding inquiry context, explicit reflective NOS instruction integrating within the inquiry
context provided some cases of success. In a study which embedded explicit reflective NOS
instruction into a science content course, Abd-El-Khalick (2001) explored 30 pre-service
elementary teachers NOS views. The intervention both involved decontextualized and
contextualized explicit reflective NOS activities. First, participants were exposed to content
generic activities during the first five instructional hours. The author stated that these
decontextualized activities were introductory and they aimed to sensitize NOS to the
participants. Then, participants were engaged in contextualized NOS activities to integrate
NOS aspects. Such that, pre-service science teachers participated in content embedded
inquiry activity such as the “Rutherford’s Enlarged” activity in which students engaged in
during the atomic nature of matter topic. In this activity, the instructor shot ping-pong balls
into a cardboard which students could not see the inside of the box. The activity was
followed by reflective prompts to facilitate students’ explicit reflections on NOS aspects. For
instance, pre-service teachers did some observation, data recording and interpretation
through the activity. Then, they were asked clarify the NOS ideas presented through the

instructional prompts. Results were found to be evidence for substantial changes in

28



participants’ NOS views. An eight item, open-ended questionnaire (Abd-El-Khalick, 1998)
were used to track changes in pre-service teachers’ NOS views. The questionnaire was
implemented as pre-and post-test. Data analysis revealed that participants’ naive ideas on
NOS were shifted towards more favourable changes regarding NOS. For example, 43% of
the participants started to perceive science as a human endeavour which involved
imagination and creativity as well as collecting data. Regarding tentative NOS, 67% of the
participants stated that both laws and theories would change. To be brief, the author stated
that 53% of the participants conveyed more informed views of NOS at the outset of the
intervention. Author attributed the favourable change to content embedded activity within the

reflective approach.

Another study was undertaken by Deniz (2007) in the context of an introductory science
course with 166 pre-service science teachers. The researcher investigated pre-service
science teachers’ development of NOS views as a part of research exploring factors related
to NOS understanding in an introductory science course. The main focus of the course was
science process skills, hypothesis testing and nature of matter. The course involved weekly
laboratory meetings in which participants involved in inquiry based activities as well as
theoretical part. In the laboratory sessions, participants first engaged in content generic
activities such as trick tracks, young women-old women, aging president, the tube, and the
cubes (Lederman, & Abd-El-Khalick, 1998). After involving in content-generic activities,
participants were engaged in inquiry oriented sessions. For instance, pre-service science
teachers participated in Rutherford’s Enlarged (Abd-El-Khalick, 2001) activity in which they
re-do an experiment related to atomic theory. After each activity, pre-service science
teachers were asked to write reflection paper on NOS aspects. Data were collected through
pre and post administration of VNOS-B with follow-up interviews. Analysis of data sources
indicated that the explicit reflective NOS instruction in an inquiry oriented laboratory was

effective in leading positive changes in pre-service science teachers’ NOS views.

Similar but more recent study was undertaken in inquiry based laboratory course (Ozgelen,
Tuzun, & Hanuscin, 2012). The research aimed to explore development of pre-service
science teachers NOS views in the context of explicit-reflective and inquiry based laboratory
NOS instruction. A total of 52 pre-service science teachers were the sample of the study
enrolled inquiry based laboratory course. Pre-service science teachers were engaged in
inquiry based experiences coupled with explicit reflective NOS instruction. Change in pre-

service science teachers NOS views were tracked by means of pre-post administration of
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VNOS-C. Similar with the previous research, findings of the study revealed that pre-service

teachers developed informed NOS understanding for most of the NOS aspects.

Additionally, science process skills (SPS) as a context were suggested to be effective to
improve NOS views (Bell, Mulvey, & Maeng, 2012). In this approach, authors suggested
starting lessons with an activity based approach designed to teach science process skills
such as observing, inferring, experimenting etc. Then, learners were encouraged to reflect
and discuss nature of science in the context of activity and related science process skills.
Authors investigated effect of SPS as a context to developed better NOS views of pre-
service science teachers. Total of 17 pre-service science teachers were administered
VNOS-C questionnaire before and after attending science methods course which adopted
process skills based approach. Pre-service teachers were reported to shift their naive NOS

ideas toward informed NOS views at the end of the study.

Socio scientific issues also used to contextualize explicit reflective NOS instruction. For
instance, Bell, and Matkins (2007) used explicit reflective NOS instruction in the context of
global climate change in science methods course. A subset of 15 pre-service elementary
teachers enrolled the course. To explore participants’ development of NOS views, open
ended questionnaire (VNOS) were administrated before and after intervention. Findings of
the study reported improved NOS views as well as application of NOS conceptions into socio
scientific issues. Three years later, in a follow up investigation, same researchers compared
development of pre-service elementary teachers NOS views within global climate change
context versus as a stand- alone topic (Bell, Matkins & Gansneder ,2011). Pre-service
teachers in global climate change, received NOS instruction embedded in global climate
change context, whereas the ones in stand-alone topic only received explicit reflective NOS
instruction. The development of pre-service teachers NOS views was found to be significant
regardless of context. However, pre-service elementary teachers in global climate change
context were reported to be able to reflect their NOS understanding in other socio scientific

issues.

Another kind of context used for contextualized NOS instruction is history of science (HOS).
Multiple approaches were advocated for HOS contextualizing for explicit reflective NOS
instruction such as, utilizing historical case studies, integration of historical short studies into
content and utilization of scripts reflecting scientists’ life (Clough, 2006, 2007). For example,
Howe and Rudge (2005) suggested HOS based unit to improve NOS views. In their
research, 81 pre-service elementary teachers’ NOS views were tracked in the context of

HOS. The authors investigated the impact of eight series of lessons based on history of
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research on sickle-cell anaemia coupled with explicit-reflective NOS instruction. Pre-post
administration of VNOS-C in conjunction with interviews was used to decide the impact of
the HOS based unit on NOS views. The findings suggested improvements and enrichments
in pre-service sciences teachers’ NOS views such as tentative, subjective NOS, and validity
of observational methods. Authors attributed to positive change in NOS views to

contextualized example provided with HOS.

In more recent study, researchers investigated the changes in NOS views during a
historically based unit (Rudge, Cassidy, Fulford, & Howe, 2013). Participants of the study
were 130 pre-service elementary teachers enrolling a course of three series of lessons
based upon HOS. The course included unit on phenomena of history of industrial melanism
within the introductory biology course. The research was undertaken through three
instructional sessions. All sessions were based upon the history of research on industrial
melanism and involved guided discussions, individual and group work as well as explicit
reflective NOS instruction. Explicit reflective NOS instruction was ensured in the context of
history of industrial melanism. Data were collected by means of pre-post administration of
VNOS in conjunction with interviews. Analysis of data revealed that participants developed
deeper understanding of NOS for some NOS issues. Particularly, participants became more
sophisticated related to NOS aspects such as the role of experiments and evidence.
Researchers concluded that explicit-reflective NOS instruction was necessary but use of
multiple examples form HOS might help students to gain more meaningful NOS

understanding.

In some cases, explicit reflective NOS instruction has been integrated into science content.
For instance, Scharmann et al. (2005) designed an instructional unit on evolution and
intelligent design debate coupled with explicit reflective NOS instruction. Researchers
conducted action research in a laboratory course with pre-service secondary science
teachers. Researchers designed explicit NOS instructional unit within the course to help pre-
service science teachers enhance their NOS concepts. The unit was around 10 hour session
of 5-E inquiry based instructional sequences. The unit included first discussion on pseudo-
science. The aim of that was to give the idea that science involved some level of uncertainty.
Then, the participants were provided three theories such that evolution, intelligent design
and umbrellaology. Participants were required to place these theories on a scientific to non-
scientific continuum. The researchers aimed to address the idea that science developed
some criteria to make scientific decisions. Finally, participants were involved in inquiry

activities which were designed to reflect that scientific theories models were human construct
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and they assisted in solving problems. Data were collected by means of written artifacts of
participants and videotaped whole class discussions. Findings of the study indicated that
participants were able to demarcate science from non-science at the end of the unit
implementation. The researchers concluded the enhanced views of the pre-service science
teachers were due to the explicit-reflective manner of NOS instruction. Additionally, the
sequence of the unit that was designed to introduce NOS was also influential to improve
NOS views.

In a recent study, NOS was addressed explicitly and reflectively during teaching astronomy
and space (Buaraphan, 2011). Through the intervention, participants’ development of NOS
views and translation of these views into practice were explored through astronomy and
space content. Regarding investigating development in NOS views, the study conducted
through intensive one week NOS workshop in Thailand. Particularly three volunteer in-
service teachers were the focus of the study. The workshop included content generic NOS
activities as well as contextualized explicit NOS instruction. Contextualized explicit reflective
NOS instruction included modelled NOS lessons which integrated NOS into teaching of
astronomy and space. Additionally, participant teachers were provided reflection
opportunities on their NOS learning. The Myths of Science Questionnaire (MOSQ) was
employed before and after the workshop to explore changes in teachers’ NOS views. The
questionnaire was the 3-likert scale and participants’ responses were categorized as
informed, uncertain and disagree. At the end of the intervention participants revealed
informed conceptions for the differentiation of science and technology, and function of
theories. Researcher explained the limited change due to the resistance of the ideas to

change and the limited time of the workshop.

In another study Wahbeh (2009) designed explicit-reflective NOS instruction enriched with
content based examples to improve 19 Palestinian in-service science teachers’ NOS views
(Wahbeh, 2009). For this purpose, four inquiry based activities chosen from Palestinian
national science curriculum were used. These activities were used as a content based part
of the larger intervention which embodied content-generic activities as well. These activities
were selected from the topics of “atomic structure and elements”, “atmospheric pressure”,
and “electricity and light”. During the intervention, while doing inquiry based activities related
the aforementioned science topics, participants were provided opportunities to think NOS in
those science contexts. To track changes in in-service science teachers’ NOS understanding
VNOS-C and semi-structured interviews were used. Findings indicated that majority of the

participants held inadequate views of NOS prior to the intervention. However, at the end of
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the intervention, the researcher reported favourable changes in in-service science teachers’
NOS views. For instance, %68 of the participants used the word “empirical” to differentiate
science from other disciplines. Similarly, %68 of the participants recognized that scientists
made sense of natural phenomena from different paradigms and different point of views.
About half of the participants (%57) stated that scientific knowledge could be reasoned
through argumentation and inference. Regarding tentative NOS, %74 of the participants
showed informed views. Concerning socio cultural NOS, %63 of the participants agreed that
science reflected norms and values of the society in which it was practiced. Despite of the
these significant shifts in various aspects of NOS, few of the participants (%32) showed
development in their views related to theories and laws. Overall, the researcher reported
considerable changes in in-service science teachers’ NOS views due to the nature of the

explicit-reflective NOS intervention which embodied “content -rich” elements.

Distinct from the previous contextualized explicit reflective NOS studies, Seung, Bryan, and
Butler (2009) combined different contexts coupled with explicit reflective NOS instruction.
The study was undertaken with 19 pre-service science teachers in the science methods
course over two semesters. Participants were engaged in instructional NOS activities
designed based on three instructional approaches. The approaches were explicit, not
context-based; explicit, context-based; and explicit, case-based. The explicit, not context-
based involved a NOS activity unrelated to the content currently being taught. The cube
activity was chosen for this approach (Abd-El-Khalick &Lederman, 1998). The explicit,
context-based involved an NOS activity that was more related to the content such that
pendulum activity was chosen within that content. The explicit, case-based approach utilized
the use of historical narratives. Within this approach pre-service science teachers
participated in two activities in which they read a historical case and in the second activity
they developed a historical case. Adapted version of VNOS, semi structured interviews and
students’ written artefacts were used as data source. After intervention, pre-service science
teachers showed substantial changes in their NOS understanding. Additionally, it was
reported that pre-service science teachers perceived each NOS activity in different context
helpful for their future teaching. Author concluded that each context had their strengths and
each context was complement to each other. Thus, using various instructional contexts could

contribute to develop deeper NOS understanding.

In summary, research indicated that contextualized explicit- reflective NOS approach were
more influential in providing opportunities for pre- and in-service teachers to deeply

understand NOS concepts and to transfer their NOS understandings into different contexts
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including teaching. In addition to achieving deeper NOS conceptualizing which was
necessary condition for effective NOS instruction, such contexts also enabled teachers to
learn variety of examples, activities, demonstrations related to NOS. That kind of knowledge
of NOS also promoted transfer of NOS understanding into teaching practices. Accordingly,
following section provided insights on how pre-service science teachers with adequate NOS
understanding transfer their NOS knowledge into instructional practices and other factors

impact facilitate or impede this translation.

2.4. Translation of Nature of science conceptions into practice

Research claimed that there has been no clear cut relationship between NOS views and
effective NOS instruction (Abd-El-Khalick & Lederman, 2000). Although having adequate
NOS understanding have been necessary for effective NOS instruction, it does not
guarantee for accurate and effective NOS instruction (Abd-El-Khalick & Lederman, 2000;
Lederman, 2007; Brickhouse, 1990). Lederman (1992) concluded more complex relationship
between NOS understanding and NOS teaching practices, that is, many other factors such
as self-efficacy for teaching NOS, intentions for teaching NOS and some level of PCK for
NOS (Abd-El-Khalick, & Akerson, 2004; Bilican, Cakiroglu, 2012) also played an important
role in translation of NOS concepts into practice. As a result research efforts shifted towards

investigating teachers’ NOS practice and the factors influence their effective NOS instruction.

An earlier attempt focused on pre-service science teachers’ translation of NOS views into
practice, and the factors mediated this translation (Abd-El-Khalick, 1998). Study was
conducted with fourteen pre-service science teachers enrolled in science methods course.
Within the course, pre-service science teachers were exposed to contextualized and
decontextualized explicit-reflective NOS instruction and also experienced NOS teaching
modelling. Additionally, all pre-service teachers completed 12-week full time internship in
school setting. To explore pre-service science teachers’ understanding and teaching of NOS,
data collected by means of VNOS administration in conjunction with interviews, field notes,
classroom videotapes, lesson plans created by participants, and reflection papers. Analysis
of data revealed that all participants achieved adequate understanding of NOS. However,
they could not able to reflect their NOS understanding into their instructional design and
practices in an explicit and reflective way. Author concluded that pre-service teachers need
to some level of PCK for NOS to be able to address NOS in their instructional practices
accurately. Thus, necessary scaffolds, and support for NOS teaching should be provided in

teacher education programs as well.
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In a follow up study, 15 pre-service science teachers instructional planning was explored
(Lederman, Schwartz, Abd-El-Khalick, & Bell, 2001). Pre-service science teachers were
required to design lessons within two-week internship. These participants all attended a
program on teaching and learning NOS before. Through their internship, seven pre-service
science teachers were fully supported such as through providing feedback, helping out for
NOS objectives and NOS activities. These supported seven pre-service science teachers
who held adequate understanding of NOS views were successful in addressing NOS
aspects in their lesson plans. Authors attributed this success to following factors; pre-service
science teachers’ NOS conceptualization, their knowledge related to science content, their
PCK for NOS and their intentions to teach NOS.

After a year later, Akerson and Abd-El-Khalick (2003) conducted a case study exploring a
student teacher's NOS teaching practice that had appropriate conceptualizing of NOS;
intentions to teach NOS, and their belief that students could learn NOS. Student-teacher’s
efforts to implement NOS into her teaching were tracked through her internship for a year to
decide success and challenge of her while she was implementing NOS into her teaching.
Data were collected by means of observed, videotaped teachings in her class. Student-
teacher were provided so-called “socially mediated contextual” support. That kind of support
included NOS resources, lesson feedback and debriefings, clarifications, scaffold on her
lesson plans, and NOS lesson modelling. Findings of the study indicated that, although she
had intention to teach NOS, her NOS teachings were lack of explicit-reflective component at
the beginning of the internship. It was revealed that she improved her NOS teaching towards
to more explicit-reflective NOS teaching as a result of continuous support. Authors
concluded that, even teachers achieved NOS teaching rationale and belief that students
could learn NOS, they still need continuous contextual support to be able to address NOS

explicitly and reflectively.

Similar study conducted with a pre-service elementary teacher to explore the NOS teaching
of pre-service elementary teacher and impact on this teaching on first grade students NOS
conceptualization (Akerson, &Volrich, 2006). The pre-service teacher, had adequate
conceptions of NOS, intention to teach NOS and also trained on how to teach NOS.
Additionally, she was provided with support regarding to NOS teaching in weekly meetings.
Distinctive form the previous study, pre-service teacher successfully implement explicit
reflective NOS lessons, and favourable changes were detected in first grade students’ NOS
views. Authors concluded that, if pre-service teachers trained well (e.g. including developing

NOS views, experiences on implementing successful NOS lessons, etc., ) related to
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teaching NOS, pre-service teachers could implement explicit reflective NOS lesson

effectively.

Mellado, Bermejo, Blanco and Ruizz (2008) carried out a research to explore one
prospective biology teacher’s nature of science conceptions, learning of these conceptions
and teaching science. The prospective teacher was a biology graduate. To understand the
prospective teacher’s conceptions of science and science teaching, Inventory of Teacher_
Scientific and Pedagogical Beliefs designed by Porla'’n (1989) was used. Additionally,
interviews, classroom observations, planning documents and videotapes were used to
observe the prospecticve teacher’s behavior in class. Analysis of the results indicated that,
although the prospective teacher’'s views of natlre of science was in accordance with the
contemporary philisophy of science, it was contradictory to his teaching. While he was
teaching he perceived students only passive receptors of knowledge with little student active
participation. Additionally, he did not transfer his beliefs regarding nature of science. The
authors cocnluded that, the traditional education of the prospective teacher which only
focused on knowledge of the subject was the one of the main causes of the prospective
teacher’s manner in class. Additionally, they cocnluded that, the prospective teacher’s initial
teacher education did not help them to construct required PCK for teaching NOS. They
suggested that teacher education programs needed to help prospective teachers to be

aware of their own conceptions attitudes and classroom practice.

Another case study investigating junior pre-service science teacher teaching nature of
science in Turkey (Ozdem & Bilican, 2012) as part of larger study investigating pre-service
science teacher's NOS and argumentation teaching. The study was undertaken in teaching
practice course. The pre-service science teacher held adequate views of NOS and rationale
to teach NOS initially. The pre-service science teacher voluntarily taught five classes in a
public school. After his each teaching, he and one of his mentors who were experienced in
NOS and argumentation teaching and one of the authors in this case were met. Within the
meetings the pre-service science teacher got feedback about his teaching regarding NOS
as well as get opportunities to reflect on his teaching. The data were collected by means of
interviews, video-taped teaching lessons, audio recorded weekly meetings and reflection
papers. Analysis of the qualitative data indicated that, he had difficulties in integrating NOS
in his lessons for his first three teaching sessions. In the meetings, the mentor suggested
him the ways he could integrate NOS. That is, the mentor guided him how to provide
examples to address NOS within a content, to ask questions to illustrate NOS. Then, for the

fourth and fifth lessons, the pre-service science teacher showed efforts to keep up NOS
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discussions, and also used HOS to focus NOS explicitly. Additionally, it was detected that he
tried to focus on more NOS aspects. The authors concluded that feedback and reflection

opportunities were contributed the pre-service science teacher’s ability to teach NOS.

In Turkey, Demirdogen (2012) also investigated translation of pre-service science teachers’
into their lesson plans. Participants were 30 pre-service science teachers from variety of
universities. Participants were engaged in explicit reflective NOS activities first then they
were asked to create lesson plans. After they prepared their lesson plans, they participated
in a workshop in which they instructed how to integrate NOS into lesson plans. After
workshop, participants were given chance to revise and resubmit their lesson plans.
Interviews, and lesson plans were collected as data source. Analysis of lesson pans
indicated that the degree participants integrated NOS was varied. Although participants held
informed views of NOS, three of the participants did not reflect their understanding in lesson
plans. Participants were found to be more successful at assessing NOS and including
explicit reflective instructional strategies. Researcher reported that there was no clear cut
relationship between NOS views and translation of these views into practice. However,
participants used mostly the NOS aspects which they held informed views. Additionally,
researcher reported that participants were able to better reflect their NOS understanding into
lesson plans if they were aware of students’ misconceptions on NOS and if they know

required instructional strategies (e.g. explicit or implicit approach) to teach NOS.

More recent study explored six Turkish pre-service chemistry teachers’ NOS instructional
practices were explored (Bektas et al., 2013). Participants’ NOS instructional practice were
examined within the science teaching methods course in which participants were required to
prepare instructional sequences and present them as microteaching sessions. Through
microteaching sessions, other participants observed their peers teaching. Participants were
required to prepare lesson plan twice during the course. Data were collected by means of
lesson plans and written artefacts and interviews. The results indicated that participants
mostly integrated tentative NOS and function of theories and laws into their lesson plans.
Interviews revealed that participants failed to explain how they used instructional strategies
to address these aspects explicitly. Additionally it was reported that pre-service science

teachers had difficulties while assessing NOS conceptions in their plans.

To be brief, studies conducted with pre-service science teachers indicated many factors
impacting on translation of NOS views into instructional practices. In earlier studies, these
factors were identified as instructional constraints, student’s motivation, teaching experience
(Abd-El-Khalick, 1998, Lederman, 1999, Lederman et al. 2001). Additionally, intention to
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teach NOS and belief that students could comprehend NOS concepts were another
influential factor on translation of NOS views into classroom settings. Recently, development
of PCK for NOS was standing as one of the main motivation for addressing NOS in teaching
in an accurate and effective way (Akerson & Abd-El-Khalick 2003; Akerson & Voalrich, 2006;
Hanuscin, Lee, & Akerson, 2011).

However, the studies reviewed above reported success in translation of NOS views into
teaching practice if student- teachers were mostly provided one-to one, on-site support for
their NOS practice. In many contexts that kind of support might not be practical considering
the time and effort issues. Therefore, it is better if teacher education programs prepare pre-
service teachers effectively which enable them to be skilled enough before they start to
teach NOS to students in class. In that sense, lesson plan preparation integrating explicit
reflective NOS instruction as in present study, could serve as a tool to develop pre-service
science teachers’ ability to teach NOS in advance. As a result pre-service teachers would
need less support while they were in actual teaching because lesson planning integrated
explicit reflective NOS instruction would provide them authentic teaching experiences.
Additionally, systematic analysis of lesson plans would sign inefficiencies of pre-service
science teachers regarding NOS teaching which enable teacher educators to remedy pre-

service teachers in advance for their NOS teaching.
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CHAPTER 3

METHOD

The main focus of the study was to explore pre-service science teachers’ understanding of
NOS and translation of this understanding into their instructional planning for teaching NOS
within the contextualized explicit reflective NOS based approach. The study, first
investigated pre-service science teachers’ development of NOS views as a result of explicit
reflective NOS instruction in the context of HOS based science method course, which was
designed to improve pre-service science teachers’ both NOS views and NOS related
instructional practices. Second, the present dissertation aimed to explore pre-service science
teachers’ trajectory progress of translation of NOS views into instructional planning. The

following research questions were explored in the present dissertation:

I How do pre-service science teachers’ NOS understandings change in the
contextualized explicit reflective approach?

Il. How is the progress trajectory of pre-service science teachers in relation to
integrating NOS into their lesson plans as a result of feedback in the contextualized
explicit reflective approach?

. What learning experiences do contribute to pre-service science teachers’ ability to

integrate NOS into their instructional plans?

The study was undertaken in the fall semester of 2009-2010. Data collection was continuous
and spanned through the science method course which was lasted 13 weeks. Data were
collected by means of open ended questionnaire in conjunction with interviews, student
journals and lesson plans and interviews. Al the data source was examined to find out

evidences regarding participants’ NOS understanding and their NOS instructional planning.
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The rest of the chapter introduced the research design regarding method of the study,
participants, context of the study, data collection tools, data collection, data analysis and

trustworthiness of the study.

3.1. Research design

Present study was an interpretive qualitative research focused on meanings that participants
ascribed to the emphasized NOS aspects. A qualitative research which is not classified as
phenomenological, grounded theory, narrative analysis, or critical or ethnographic study
might be called as basic qualitative study (Merriam, 2009). Merriam (2009, p. 22), defines
central characteristic of interpretative qualitative research as one’s construction of reality as
a result of interaction with social world in which researcher is interested in exploring the
meaning of the construct that one is involved in. The meaning of the construct refers to “not
discovered but constructed. Meaning does not inhere in the object, merely waiting for
someone to come upon with.... Meanings are constructed by human beings as they
engaged with the world they are interpreting” (Crotty, 1998, pp.42-43). Basic qualitative
research is seeking to explore “(1) how people interpret their experiences, (2) how they
construct their world, (3) what meaning they attribute to their experiences” that is “to
understand how they make sense of their lives and experiences” (Merriam, 2009, p. 23).
Application of description of basic interpretative research in the current study, there has been
two main focuses of the study. First one was the meanings that participants ascribed to the
emphasized NOS aspects. The second focus of the study was how pre-service science
teachers’ interpretation of targeted NOS aspects was attributed to their NOS instructional

planning.

3.2. Participants

Participants were volunteered seven pre-service science teachers enrolled in science
method course offered in fall semester of 2009 in the department of elementary education in
the one of the biggest university in Turkey. All participants were at their third year and fifth
semester of science teacher education program. Participants’ age ranged between 21 to 26
years. One of the participants was male and six of them were female. All participants have
similar background such that completed same amount of credit of mandatory both science
and educational courses. The elementary science education program included the total of 92
mandatory credits. A total of 45 credits of these mandatory courses were consisting of
science courses such as fundamentals of physics, chemistry and biology. The participants

took these science courses in their first and second year of the elementary science
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education program. Rests of the credits were mandatory educational courses which were
probability and statistics, educational psychology, measurement and assessment and
instructional principles and method courses. These courses were offered to the participants
starting from first year of the students until their last year in the program. In the current study
none of the participants enrolled any course which has NOS emphasis. That is, it was first
time that participants were taking the science method course addressing NOS within an
explicit reflective approach. In other words, they were not exposed to any NOS instruction
prior to the science method course.

3.3. Context of the study: Description of an elementary science method course

The study was undertaken through an elementary science methods course. The course was
offered during the fall term in 2009-2010 about 13 weeks in total within the semester. It was
a 4 credit hours and mandatory course in the elementary science education program. It was
held weekly in 5 hours throughout the semester. The course consisted of 3 hours of theory
session and 2 hours of practice session. In the theory session participants were introduced
major concepts of the topic. The practice session of the course was held for 2 hours in a
week. Participants were intensively engaged in discussions, hands-on activities and reading
assignments in weekly held 2 hours practice sessions. The aim of the elementary science
method course was to provide participants with theoretical framework for teaching science at
elementary level, and with desired attitudes toward science and science teaching as well as
deeper understanding of nature of science. It included hands-on activities, readings activities
and assignments, to provide insights on scientific literacy, science process skills and nature
of science. Another important task of the course was lesson plan preparation. Since lesson
planning was one of the major activities of the course, participants were assumed to have
skills required to prepare lesson plans.

3.4. Data collection

Merriam (2009, p.23) suggested to use, interviews, document analysis and observation as a
data collection tool in basic qualitative studies. Taking into consideration this notion, data
were collected by means of open ended questionnaire, hamed as Views of Nature of
Science Questionnaire (VNOS) (Lederman, Abd-El-Khalick, Bell, & Schwartz, 2002). In
addition, student journals (reflection paper), interviews, and lesson plans were used as data
sources. While open ended questionnaire, students’ journals and interviews were used to
provide evidence for the change if any on participants’ understanding of NOS as a result of

explicit reflective NOS instruction in a HOS based context science method course, lesson
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plans, interviews, reflection papers and videotaped classes were used to project participants’

instructional planning regarding NOS teaching.

3.4.1. Views of nature of science questionnaire

In order to determine teachers’ NOS views, modified version of the views of nature of
science questionnaire, form C (VNOS-C) was administered in conjunction with semi
structured interviews to provide validity of the instrument (Lederman, Abd-El-Khalick, Bell, &
Schwartz, 2002). All participants responded the questionnaire twice over the science method
course as at the beginning of the science method course and at the end of the science
method course. The sample of questionnaire is provided in Appendix A. The Views of Nature
of Science Questionnaire—Form C contains 10 open ended questions addressing each
particular NOS aspect. The questionnaire was modified by adding some additional questions
from other VNOS questionnaire forms (e.g. VNOS B, VNOS D+). The need for modification
of the VNOS-C was determined by me as a researcher based on my past NOS research
experiences with pre-service science teachers. | believe that, modification enabled to get
more detailed responses from the participants. As a maodification, | split up some questions
in two or add some additional follow-up questions which would provide more detailed
responses. Through the current research, participants’ views about (a) empirical nature of
science (b) subjective nature of science, (c) tentative nature of science (d) role of creativity
and imagination in development of scientific knowledge, (e) inferential nature of science, (f)
socio cultural embeddness of scientific knowledge and (g) the function and definition of
theories and laws were considered. Open ended questionnaire utilized in current study was
used and validated previously by lots of researchers (Schwartz & Lederman, 2002;
Schwarzt, Lederman, &Crawford, 2004; Akerson, Buzell, & Donnelly, 2008).The
questionnaire was also provided in Appendix. Questions and related NOS aspects were
given in Table 1. However, these aspects were not limited to the only one question, because
of interdependent nature of all NOS tenets; one could seek for more than NOS tenets

understanding through one question.

The reason for use of open ended questionnaire was allowing respondents to express and
rationalize their own ideas on targeted aspects of NOS and avoid the problems arising from
use of standardized forced choice paper pencil NOS assessment instruments (Bell et al.,
2002).
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Table 1. VNOS-C questions and related NOS aspects

Question number The NOS aspects question refers to

General ideas about science

Empirical NOS

Nature and function of experiments

Tentative NOS

Inferential NOS and subjective NOS and tentative NOS

Nature of models, tentative NOS, and inferential NOS

Nature of models and inferential NOS

Imaginative and creative NOS

Functions of theories and laws, distinction between theory and law
0 Socio cultural NOS

P OoO~NOUAWNPE

3.4.2. Interviews

Within the data collection process, two different kinds of interviews were conducted. One of
them was related to participants’ VNOS-C responses and one of them was related to
participants’ NOS instructional planning. The interviews related to VNOS-C responses were
used to validate participants’ responses to open ended questionnaire (VNOS-C) as
suggested by the developers of the questionnaire (Lederman et.al., 2002; Abd-EI-Khalick,
1998). It was conducted at the beginning and end of the science method course as pre-and
post-interviews. Interviewing %15-20 of the participants was found to be sufficient by the
questionnaire developers (Lederman, et al., 2002; Abd-El-Khalick, 1998). Considering the
small sample size, | intended to interview with all of the participants to elaborate and clarify
their responses to VNOS-C questionnaire. Only five of the participants were agreed to
interview at the beginning of the science method course but all of the participants
volunteered to interview at the end of the science method course. The interview was semi-
structured consisting of the VNOS-C questions and took around 30 minutes. Through the
interviews, participants were provided with their responses to the questionnaire and asked to
elaborate their answers. Another interview also conducted to understand participants’ NOS
instructional planning better at the end of the science method course. The interview was
semi-structured and conducted with all of the participants. It was included questions which
were roughly related to participants ‘experiences and perceptions on writing NOS objectives,
integrating NOS into activities in an explicit and reflective way, NOS evaluation, and their
perceived improvement regarding NOS instructional planning. Interview questions were
provided in Appendix B. The interviews were spanned around 25 minutes. These interviews

used to triangulate data for participants’ instructional planning for NOS teaching.
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3.4.3. Written journal

The aim of e written journal was to encourage participants to think about their NOS teaching.
At the end of the intervention, pre-service science teachers were asked to write about their

perceptions of NOS teaching. To trigger them to write following questions were provided:

Do you think teaching NOS is necessary?

b. Do you plan to teach NOS in your future teaching if so in which ways? (what
will be your strategy, how you will teach)

c. Do you feel efficient enough to teach all NOS aspects? Explain your answer
(is there any NOS aspects you think you are not able to teach, or some

aspect you could teach better)

3.4.4. Lesson plans

Participants were asked to prepare NOS integrated lesson plans by means of using HOS
enabling researcher to track their NOS instructional planning. Pre-service science teachers
were mainly responsible to plan teaching NOS in their lesson plans through a HOS based
approach in addition to planning science content to be taught. Pre-service science teachers
were prepared five lesson plans, and each lesson plan were given feedback. Each lesson
plan were required to be science and technology curricula related, and at the grade level of
between K-6 to K-8. However, the content to be planned of the lesson plans was chosen by
pre-service science teachers by considering curriculum. They were responsible to include
mainly three parts in lesson plans: objectives, description of activities and evaluation parts.
In the objectives part of the lesson plan participants were supposed to write lesson
objectives related to both science content and NOS, in the description of activities parts of
the lesson plan, they were expected to write how they would teach the lesson and every step
they would do while teaching lesson. Lastly, in the evaluation part of the lesson plan
participants were expected to describe how they would assess if the targeted objectives

were achieved.

Table 2 lists the present study’s research questions and the instruments used for each

research gquestions with a validation strategy.
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Table 2. Outline of research questions and data collection tools with timeline

Research Questions

Data collection tools and timeline

How do pre-service science teachers’ NOS understandings
change in the context of explicit reflective HOS based
approach?

How is the progress trajectory of pre-service science teachers
in relation to integrating NOS into their lesson plans as a
result of feedback in the context of explicit reflective HOS

VNOS were administered at the
beginning and end of the science
method course in conjunction with
interviews

Lesson plans collected over the
science method course for five times
Interviews conducted at the end of
the science method course

p
based approach? Written Journal

What learning experiences do contribute to pre-service
science teachers’ ability to integrate NOS into their
instructional plans?

Interviews conducted at the end of
the science method course

3.5. Intervention

In present study explicit-reflective NOS instruction was undertaken both through
decontextualized and contextualized activities. The aim of decontextualize activities were to
familiarize participants with NOS whereas the aim of the contextualized activities were to
provide them opportunities to internalize NOS concepts. First, participants were exposed to
decontextualized NOS activities for the first four weeks. At the fifth week of the intervention,
participants were involved in HOS-NOS familiarizing task to be familiar with contextualized
explicit —reflective NOS instruction. In that week, participants were engaged in tasks such as
writing a reflective journal related to HOS, critiquing curricula with respect to NOS inclusion
and reading an empirical article related to explicit reflective NOS. After fifth week, the
intervention shifted to the contextualized explicit reflective NOS instruction. In the rest of the
intervention,HOS contextualized NOS activities were provided with participants. HOS
contextualized tasks were provided in conjunction with lesson planning activity. Following

section presented the detailed explanation of each tasks provided within intervention.

3.5.1. Decontextualized nature of science instruction

Participants were exposed to decontextualized explicit reflective NOS instruction through
content generic activities (Lederman & Abd-El-Khalick, 1998). Decontextualized explicit
reflective NOS instruction were undertaken through the science method course through five
weeks in total which were 20 hours intensive theory and practice sessions of science method

class. Starting from the second week of the science method course, participants were
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engaged in content generic NOS activities addressing seven target aspects of NOS through
five weeks. Each activity had been undertaken through. During intervention, pre-service
science teachers were firstly introduced the related concepts such as definition of science,
and who are scientists through an interactive discussion through providing them with the
stereotypical image of scientists. Additionally, the difference between science and non-
science had been discussed through hands-on/minds on activity which was “knowledge
claim statements (Scharman et al.,, 2005) in present case. That is, participants were
supposed to place some claims on a continuum from less scientific to more scientific. In
addition to these, the activities of “Tricky tracks”, “Young? OId?”, “The aging president”,
“Real fossil real science”, “An activity for the first day of class”, “Sequencing events”, and
“Black box” served to address the difference between observation and inference, the
empirical basis of scientific knowledge, imaginative, subjective and tentative nature of
scientific knowledge. In addition to these, the function of theories and laws were emphasized
during the activities explicitly. Through the activities participants were presented each
targeted NOS aspect through explicit reflective NOS instruction. That is, participants were
encouraged to discuss and reflect their ideas about the related NOS issue. After each
activity, main targeted NOS issues were emphasized (wrapped up) either orally or through
creation of NOS charts by the instructor enabling participants to pay attention to their unclear
NOS ideas. All activities were chosen purposefully to be content generic to encourage
participants to focus on NOS content rather than specific science content. Discussions of
NOS issues through content generic activities decreased the pressure of science content
and enable them to revise and refine their ideas on NOS rather than scientific content (Abd-
El-Khalick, 2002). The content generic activities were also appropriate for those with limited
science background by encouraging them think about science (Akerson, Abd-El-Khalick, &
Lederman, 2000). In short, these introductory activities served to provide students with a
NOS framework and familiarizing them to target NOS aspects. These aspects became a
theme embedded the remaining course activities. Table 3 showed representing each activity
with targeted NOS aspects and the summary of content generic NOS activities conducted
each week.
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Table 3. Outline of decontextualized nature of science activities

Course
weeks

Activities

Targeted NOS aspect

1% week

Draw a scientists

Knowledge claim
statements

Introduction of major concepts such as science,
scientists, how scientists work

Limits of science and what makes our knowledge be
scientific.

2" week

Card exchange activity

Tricky Tracks

Young? Old The Aging
President

Introduction of major concepts such as science,
scientists, how scientists work

Difference between observation and inference
Subjective nature of scientific knowledge

Subjective nature of scientific knowledge
Difference between observation and inference
Social cultural embeddness

3" week

Real fossil real science

An activity for the first day
of class

Role imagination and creativity in development of
scientific knowledge,

Empirical basis of scientific knowledge,

Role of scientists’ inference in development of scientific
knowledge

Subjective nature of scientific knowledge

Influence of scientists’ subjectivity on scientific
knowledge,

Tentative nature of scientific knowledge

Role imagination and creativity in development of
scientific knowledge

Function and definition of theory and laws.

4™ week

Sequencing Events

Black Box

Empirical basis of scientific knowledge,
Subjective nature of scientific knowledge,
Socially culturally embeddness,

Function and definition of theories and laws
Empirical basis of scientific knowledge
Subjective nature of scientific knowledge
Tentative nature of scientific knowledge

Role imagination and creativity in development of
scientific knowledge

3.5.2. History of science-nature of science context familiarizing tasks

Throughout the fifth week of the course, participants were provided opportunities to reflect

and improve their NOS views verbally by means of and written artifact as they encounter

course readings and activities in practice session of the science method course. Before

participants were provided HOS context learning opportunities through practice session of

science method course, they assigned to some tasks such as (a) writing reflective journal

related to HOS; (b) critique of curricula in terms of NOS; and (c) reading and discussing of
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an article on explicit reflective NOS instruction. Writing a reflective journal regarding HOS
included discussion of questions like: (a) what HOS is, (b) the use of HOS in teaching
science and (c) providing an example related to HOS. The goal of these essays was to
sensitize pre pre-service science teachers to HOS and give basic information about the
terms related to HOS, since HOS was utilized to contextualize science method course.
Secondly, pre pre-service science teachers were expected to examine Turkish science and
technology curricula with respect to NOS aspects. The aim of the current task was to make
students aware of curricula in terms of NOS. It also enabled them to acquire the knowledge
of content and objectives as well as evaluate these regarding NOS integration perspective.
They wrote a journal covering the possible answers of following questions related to

investigation of curricula with respect to NOS

I What is place of nature of science in the vision of science and technology
curriculum?

Il. How nature of science is reflected in the aims of science and technology
curriculum?

M. Chose a subject from the curriculum and discuss that how nature of science is

reflected in this subject?

Finally, they were assigned an article named “Influence of explicit and reflective versus
implicit inquiry-oriented instruction on sixth graders' views of nature of science (Khishfe &
Abd-El-Khalick, 2002) to discuss in class. This article was explaining and exemplifying
explicit reflective NOS instruction. The aim of this article assignment was to be discussed in

class to familiarize them with explicit reflective component of NOS instruction better.

After these tasks, pre pre-service science teachers were provided contextualized explicit
reflective NOS instruction by means of HOS based approach. The rest of the science
method course included HOS based readings, activities, and NOS integrated lesson plan
preparation tasks. All these HOS context familiarizing tasks were undertaken in practice
session of science method course.

3.5.3. History of science context coupled with explicit reflective NOS instruction

To contextualize science method course for more effective NOS instruction, practice session
of method course utilized activities and readings including HOS components. Such that,
conflicts, controversies and personalities of scientists which influenced scientists work

through a discovery of a scientific concept were used to create discussion environment to
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clarify NOS aspects explicitly. In general each week started with a reading script including
HOS example followed by lesson plan presentations. These reading scripts served as a

warm up part to initiate discussion on NOS and clarify NOS concepts better. Tablo4

presented the brief description of the each reading script with targeted NOS aspects:

Table 4.Brief description of History of science scripts

Reading script

Description of the script

Targeted NOS aspect

The changes in conceptions of
freezing, melting points from
“Science in Action”, by John
Lenihan, (1990)

Double Helix by James Watson
(1968)

Double Helix by James D.
Watson (1968):

Discovery of Current Electricity
(http://learningscience.edu.hku.hk
/Package.html)

That script mentioned about the
development of terms such as melting
point, and freezing points.

It was related to earlier thought about DNA,
and how James Watson started to be
interested in structure of DNA

That script was related to role of Rosalind
Franklin in discovery of DNA

The script related to two different
approaches adopted by two different
scientists Luigi Galvani and Alessandro
Giuseppe Volta.

Empirical NOS
Inferential NOS
Creative NOS

Tentative NOS

Soico-cultural NOS
Subjective NOS
Tentative NOS

Socio-cultural NOS

Subjective NOS
Tentative NOS
Empirical NOS
Inferential NOS

Moreover, these examples gave ideas related to approaching a HOS based example
regarding how to analyse an example in terms of NOS aspects, what kind of examples to
include in lesson plans, and how to integrate these examples into lesson plans and their
teaching. Last of all, the purpose of these examples was two folded such improving the NOS
understanding as well improving NOS teaching. After each HOS based example following

guestions were asked to highlight NOS aspects:

I What does this script have to do with science?
II.  Which aspects do you think might have been reflected through this

reading and why/how (in which ways)?

As mentioned earlier, each of these HOS reading script was followed by lesson planning
activity. Lesson planning activity as whole was consisting of lesson plan preparation and

presentation. Pre service science teachers were required to prepare 5 lesson plans (one for
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each week) on the one of the science topics selected from science and technology curricula
across grade K6-8. Then, each week one volunteer participant presented his/her lesson plan
to the class. Lesson planning activity provided opportunities to pre-service science teachers
to engage in science curricula for NOS integration and authentic teaching experiences.
Additionally, it also provided contextualized NOS learning environment enabling pre-service
science teachers refine and revise their NOS views. The following part provided a detail

description of lesson planning activity.

3.5.4. Description of Lesson planning activity

Lesson plan preparation and presentation was the core activity of science method course.
That activity provided learning opportunities regarding NOS understanding and teaching in a
contextual science method course by means of HOS approach. Pre-service science
teachers were required to criticize and analyse existing curriculum to develop NOS

integrating lesson plans by incorporating HOS.

While preparing lesson plans, each participant was responsible to decide what content they
would include in their lesson plans. The only restriction was the content in which participants
should select the science content which is relevant to the elementary science and
technology curricula. Pre-service science teachers prepared five lesson plans. Each lesson
plan was examined and given feedback by the course instructor one after another. That is,
participants turned in their next lesson plan after getting feedback from the previous one.
Feedback included revisions on how better NOS integration might have done into science
content with respect to (a) NOS objectives inclusion, (b) sample questions facilitating explicit
reflective NOS addressing, (c) creating more NOS based discussions, (d) assessment
strategies for NOS evaluation, and (e) NOS related misconceptions. Additionally, participants

were also provided with help if they needed during their lesson plan preparation.

Lesson plan preparation was supposed to give opportunities to pre-service science teachers
to identify strengths and weaknesses of curricular material in terms of NOS inclusion, and
then adapt curricular material to address NOS in their instruction. Additionally, practicing
lesson plan preparation, through getting feedback, equipped them with ability of adapting
curricular materials for NOS teaching, gave insight on how to integrate and asses NOS in an

explicit reflective way.

Regarding presentation of the lesson plans, for the four weeks, one volunteer participant

presented his/her lesson plans by means of microteaching in which the presenter acted as a
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real teacher, and others pretended like students. While presenting/microteaching the lesson
plans, participants were required to address NOS in an explicit reflective manner through
HOS based examples. Each presentation/microteaching of lesson plan was followed by
group discussion. After each presentation of lesson plans following questions were asked as

prompts to trigger discussion on NOS concepts:

I Which NOS aspects were presented through the lesson plan presentation?
I. Do you think these NOS aspects are presented adequately?
Il How better do you think they might be reflected in lesson plan?

V. What other aspects do you think might be included? And how?

The discussion generally involved the potential ways to better integrate NOS activities and
NOS concepts into their lessons plans. Additionally, discussion provided participants with

opportunities articulate meanings of various NOS aspects and to internalize these aspects.

Lesson plan presentations were expected to give opportunities of reviewing all NOS aspects
in both understanding and teaching perspectives through the context based examples. That
is, lesson plan presentations were aimed to serve as a contextual environment to discuss
NOS aspects to refine and revise NOS ideas. For instance, participants were required to
address NOS in an explicit reflective manner through HOS based examples. Thus, NOS
aspects were revised and discussed through HOS and science content contexts.
Additionally, through lesson plan presentations, participants were given chance to model
explicit reflective NOS instruction, to analyse and evaluate their peers to NOS teaching as
well as gain ideas on how to teach NOS in an explicit and reflective manner .The following
Table5 illustrated the timetable of the contextual activities. All these contextualized activities
except the content generic ones were implemented in 2 hours practice session of science

method course.
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Table 5. Outline of the contextualized activities

Week Contextualized activities

" e Contextual example: Reading exempt about changes in conceptions of
6" week freezing, melting points from Science in action by John Lenihan)
e Lesson plan preparation and presentation

" e Contextual example: Reading exempt from Double Helix by James
7" week Watson
e Lesson plan preparation and presentation

" e Contextual example: Reading exempt about Rosalind Franklin from
8" week Double Helix by James Watson
e Lesson plan preparation and presentation

9" week e Contextual example: Discovery of Current Electricity
e Lesson plan preparation and presentation
10" week e Discussion on Lesson plan preparation

e Lesson plan preparation

3.6. Data analysis

The data were collected based on qualitative research methodologies. Thus, the general
approach for all qualitative research data was taken. The data were analysed by using Miles
and Huberman (1994) systematic approach. This approach includes writing reflective notes
in passages, drafting a summary sheet, writing codes, creating patterns and themes,
counting for frequency of codes, relating categories and making contrast and comparisons.
Furthermore, the data analysis was constant and comparative which led to inductive and
comparative analysis (Merriam, 2009, pp. 175).

3.6.1. Views of nature of science questionnaire

All pre-and post- VNOS-C responses were analysed to generate pre and post instruction
profiles of participants’ NOS views. The protocol outline proposed by Lederman et al. (2002)
was followed for interpretation and analysis of the VNOS-C data. Additionally, volunteered
participants’ responses to interviews were used to elaborate their views as well to ensure
validity of questionnaire. Generating the NOS views profiles included writing reflective notes
in passages, drafting a summary sheet, writing codes, creating patterns and themes,
counting for frequency of codes, relating categories and making contrast and comparisons

based on the data analysis process proposed by Miles and Huberman(1994). Moreover,
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while analysing the responses to VNOS-C items, it was not assumed a restrictive one-to-one
correspondence between targeted NOS tenets and VNOS-C item. It was well realized that
views on particular NOS aspects could be explicated in response to various items in VNOS-
C and NOS aspects were interrelated (Lederman, et al., 2002). Therefore, for each NOS
aspect, participant’'s responses to all VNOS-C items were examined and looked for
evidences for understanding of the targeted aspect. Two researchers -l as a researcher and
another NOS expert independently analysed pre-post VNOS-C responses of three
participants’ responses. These analyses were compared, with any differences resolved
through discussion. At the end, both researchers were agreed on the NOS views categories
which constructed the NOS profiles of the participants for the present study. Additionally,
another colleague who was experienced at NOS also independently examined all the
categories which were constructed from the data gained through the VNOS-C responses for
a final check as the data analysis was completed. Any disagreement was resolved through
discussion, and agreement on categories was settled. Then, final categorization was formed.
This process was assumed to provide peer check to ensure validation (Lincon & Gubba,
1985) Analyses of VNOS-C questionnaire results were entailed transcription and coding of
the interview responses. Interview transcripts and interviewed participants were separately
analysed and compared for the purpose of establishing validity. Three types of
categorization were used as “informed” (1) “adequate” (A) and “inadequate” (IA). The views
were categorized as either “informed” (indicating a fully developed understanding of the NOS
aspect including extended examples and deeper explanations), “adequate” (indicating a
developing/acceptable view but with lack of deep explanations or examples), or “inadequate”
(indicating a misconception or not allinged view with contemporary sicence reforms was held
by the student). The differentiation between “informed” view and “adequate” view was made
based on overall NOS explanations, such as references to class activities as well their own
examples, details of examples and deepness of their explanations. To assess participants’
levels of NOS understanding, an evaluation criteria was constructed based on NOS literature
(Akerson &Abd-El-Khalick, 2009; Akerson, Cullen, & Hanson, 2009; Lederman, et al., 2002).
Following table 6 described the description of the categorization of each NOS aspects used

in the study:

After completing the analysis of the NOS questionnaire, each participants NOS
understanding profile was constructed through pre- and post-responses of the participants to
VNOS-C. Eventually, comparison of pre and post instruction profiles views were used to

track changes in participants’ views of NOS across the course.
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Table 6. NOS categorization schema

Categorization

Tentative NOS

Empirical NOS

Inferential NOS

Creative NOS

Socio Cultural
NOS

Theory & Law

Subjective NOS

Inadequate

Recognizes scientific
knowledge as
accumulation of
absolute, certain proven
facts

Fails to recognize the
role of evidence to make
scientific claims. Fails to
differentiate science from
other disciplines by
means of recognizing
role of the evidence

Holds the views that
“seeing is believing”, and
science is “what we see”,
disregards the role of
indirect evidence and
inferences

Recognizes science as
step-by-step procedure
and disregard the role of
creativity

Consider science as
universal and isolated
from the values and
norm of culture in which
it is practiced

Holds the view that there
is a hierarchical
relationship between
laws and theories

Recognizes scientists as
objective and value free.
Views different
interpretations of
scientist due to the lack
of evidence

Adequate

Recognition of science as
subject to change but this
view is supported with lack
of extended explanation or
examples

Refers to “observation” and
“experiments” but lack of
explanation on role of
experiments and
observations to get
“evidence” and lack of
examples to support the
claim.

Refers to that scientists
make inferences, but lack
of emphasis on the
distinction between
observation and inference
and lack of emphasize that
scientists make inferences
based on observations

Recognizes the role of
imagination and creativity
but emphasizes particularly
on certain part of the
scientific investigation.

Recognition of influence of
socio-cultural values on
scientific investigation but
lack of claim support by
extended explanations or
examples.

Consider that theories and
laws as distinct form of
scientific knowledge not
unable to articulate clear
and extended definitions or
provide examples.

Understand that scientists’
subjectivity influence the
development of scientific
knowledge but not unable
to provide clear and
extended explanations or
examples to support the
claim.

Informed
Recognizes that all scientific
knowledge is subject to change with
the new evidence, advancement in
technology and reinterpretation of
scientific knowledge. Also supports
that view with and extended
explanation or examples

Considers that scientific claims
should be supported with empirical —
direct/indirect-evidences. Also
supports that view with and extended
explanation or examples

Recognizes that while making
scientific claims, it is not possible to
observe all the natural phenomena,
but scientists make interpretations
based on scientific evidence. Also
supports that view with and extended
explanation or examples

Holds the views that scientist’s
imagination and creativity is crucial
part of their any part of investigation
and have role in every stage of
scientific investigation. Also supports
that view with and extended
explanation or examples

Hold the view that science is a
human endeavour and both influence
and influenced by the culture in
which it was practiced. Also supports
that view with and extended
explanation or examples

Recognizes theories and laws as
distinct form of scientific knowledge
as equally valuable. Understands
that scientific theories explain natural
phenomena, while scientific laws
describe observed relationships
between scientific phenomena. Also
supports that view with and extended
explanation or examples

Considers that scientist’ pre-
conceptions, values, background
influences the way they work and
interpret data. Recognizes that the
theories that scientists hold guide
their scientific investigations, data
interpretations etc. Also supports that
view with and extended explanation
or examples
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3.6.2. Written Journal

The data analysis of reflection paper included writing reflective notes in passages, drafting a
summary sheet, writing codes and categories regarding participants’ understanding of NOS
and their instructional planning of NOS (Miles & Huberman, 1994)

3.6.3. Interviews

After getting transcripts of the each participant’s interviews, each transcript was reviewed to
make sense of data. Thus, researcher identified unit of data in which research questions
might be answered this unit of data was searched for the regularities or patterns in the whole
data to create categories (Merriam, 2009, pp.176). That is categories related to participants’

NOS understanding and NOS teaching had been looked for through interview analysis.
3.6.4. Lesson plans

Lesson plans were analysed to seek for evidence for participants’ instructional planning for
teaching NOS. Similarly lesson plan analysis included category construction, and search for

patterns regarding participants’ instructional planning (Creswell, 2007).

Current study adopted instructional planning for NOS teaching including three components:
NOS objectives, NOS integration into activities and NOS evaluation. These components
were created based on experts’ opinions. The figure below represented what “instructional
planning for NOS meant in the present study (see figure 1):

Instructional
planning for NOS

NOS objectives

Inclusion of NOS
related objectives

NOS evaluation NOS integration

Evaluation Explicit reference

Figure 1. NOS instructional planning components
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These instructional planning components (see figurel) lead the researcher while creating a
rubric for lesson plan analysis. That is, lesson plan was perceived as consisting of three
parts as objectives, description of activities and evaluation parts. Then each part was
assesses based on inclusion of NOS components in it. Each category was constructed

based on literature and expert opinion:

Obijectives: In the objectives parts, inclusion of NOS objectives was categorized as:

l. Poor: No inclusion of NOS objectives referring to absence of no NOS
emphasis in objectives parts and categorized as “poor”

I. Implicit NOS reference in objectives referring to non-clear, non-direct state
intention of NOS objectives. These objectives were mostly subject-specific
and examination of description of activities revealed the objective might
related to NOS. For instance, an objective like “Students will be able to
recognize different ideas of different scientists about evolution” or “Students
will be able to exemplify different scientists’ views related to the generation
of bacteria” categorized as “needs development”.

M. Inclusion of NOS objectives explicitly referring to inclusion of NOS objectives
in objectives part, expressing an explicit intention for NOS teaching. For
example, objective like “Students will be able to state that scientific
knowledge can change through time by examining different views related to

spontaneous generation of bacteria” was categorized as “exemplary”.

Description of activities: Participants’ NOS integration into activities was examined through
three categories; No explicit reflective integration of NOS (poor); intent for explicit reflective
NOS integration (NI); and explicit reflective NOS integration (exemplary). While constructing
categories | kept in mind the fact that the explicit-reflective approach is an integrated
approach that has basis in theory and practice. Moreover, explicit and reflective (i.e., explicit-
reflective) is meant to suggest that both of these components are necessary as well as
complementary (Abd-El-Khalick, 2005). Instances like having instructional objectives and not
address them in instruction (explicit) or to enact instructional activities that are not aligned
with some intentional objectives (reflective) is not good instructional planning and would not
go far in advancing students' NOS understandings. Accordingly, the categories were created
based on the fact that the most obvious sign in a lesson plan for adopting the 'explicit'
component is to have one or more instructional objectives. These objectives needed to
address one or more aspects of NOS explicitly that were mentioned in description of

activities part of the lesson plan. Additionally, regarding reflective component of lesson plan;

56



the most obvious sign in a lesson plan for enacting the 'reflective’ component is to have
structured instructional prompts (i.e. questions, specific NOS activities) that provide students
with opportunities to reflect on their activities, learning from within a NOS framework.
However both components were necessary and complementary to achieve explicit- reflective
approach within NOS framework (Abd-El-Khalick, 2005). Therefore, | did not analyse lesson
plans separately as being explicit and reflective but as whole integrated explicit-reflective.
There were three categories as “poor”, “needs development” and “exemplary” which were
constructed to analyse participants’ lesson plans in terms of NOS objectives, NOS
integration and NOS evaluation. Each category was constructed based on literature and
expert opinion. The following table summarized the categories that were constructed while

doing analysis. Then, the brief description of each category was provided below:

Table 7. Lesson plans analysis’ categories.

Instructional planning for NOS components Categorization
Inclusion of NOS explicitly Exemplary
Objectives Implicit NOS reference in Objectives Needs development
NO explicit NOS reference in objectives Poor
Reference to NOS explicitly in Evaluation part Exemplary
Evaluation . e
No NOS evaluation specifically Poor
NO explicit reflective reference Poor
Intent for NOS integration :
e  Explicit but Direct NOS instruction Needs development
e Lack of coherence between NOS objective and P
NOS NOS specific instructional prompts
integration Explicit —reflective NOS instruction:

e  Specific NOS questions

e Clear connection between NOS and science
content

e Coherence between NOS objectives and NOS
specific instructional prompts

Exemplary

Brief description of each category:

Objectives: In the objectives parts, inclusion of NOS objectives was categorized as:

a) Poor (No inclusion of NOS objectives): referring to absence of no NOS emphasis
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b) Needs development (Implicit NOS reference in objectives): referring to non-clear,
non-direct state intention of NOS objectives. These objectives were mostly subject-
specific and examination of description of activities revealed the objective might
related to NOS. For instance, an objective like “Students will be able to recognize
different ideas of different scientists about evolution

¢) Exemplary (Inclusion of NOS objectives explicitly): referring to inclusion of NOS
objectives in objectives part, expressing an explicit intention for NOS teaching. For
example, objective like “Students will be able to state that scientific knowledge can
change through time by examining different views related to spontaneous generation

of bacteria.

Description of activities: Participants’ NOS integration into activities was examined through
three categories; No explicit reflective integration of NOS (poor); intent for explicit reflective
NOS integration (NI); and explicit reflective NOS integration (exemplary). While constructing
categories | kept in mind the fact that the explicit-reflective approach is an integrated
approach that has basis in theory and practice. Moreover, explicit and reflective (i.e., explicit-
reflective) is meant to suggest that both of these components are necessary as well as
complementary (Abd-El-Khalick, 2005). Instances like having instructional objectives and not
address them in instruction (explicit) or to enact instructional activities that are not aligned
with some intentional objectives (reflective) is not good instructional planning and would not
go far in advancing students' NOS understandings. Accordingly, the categories were created
based on the fact that the most obvious sign in a lesson plan for adopting the 'explicit'
component is to have one or more instructional objectives which explicitly address one or
more aspects of NOS that addressed in description of activities part of the lesson plan.
Additionally, regarding reflective component of lesson plan; the most obvious sign in a
lesson plan for enacting the ‘“reflective” component is to have structured instructional
prompts (i.e. questions...) that provide students with opportunities to reflect on their
activities, learning, etc. from within a NOS framework. However both components were
necessary and complementary to achieve explicit- reflective approach within NOS framework
(Abd-El-Khalick, 2005). Therefore, | did not analyse lesson plans separately as being explicit
and reflective but as whole integrated explicit-reflective. The brief description of each

category was made as followings:

a) Poor (No integration of NOS): referring to ‘no efforts or emphasis related to NOS

issues explicitly and reflectively.
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b)

c)

Needs development (Intent for NOS integration): This category was explained by
inclusion of NOS more indirectly and lack of efforts regarding to connect content with
NOS or providing NOS related questions as well as lack of coherence between NOS
objectives enacted in description of activities part. As mentioned above explicit-and
reflective components were complementary and necessary thus, the explicit and
reflective components were sought for simultaneously. To put it straight, concerning
explicit NOS component; it was more related with the consistency between having
objectives as well as mentioning it in description of activities part. That is, having
NOS objective couple with an activity. For instance, if participant did not included
any empirical NOS objectives but emphasized it in description of activities part that
means it lacked of explicit component and was categorized as “needs development”.
Similarly, considering reflective component; it was more related to providing
structured instructional prompts within a NOS framework. For example, in an
instance like, participant did not provide NOS questions, or activities that reflected
how science work or did not show efforts to keep up NOS discussions, the
participant failed to be reflective regarding NOS in her lesson plan.

Exemplary (Explicit-reflective NOS integration): This component was also examined
from two perspectives as being explicit and reflective Specifically achieving explicit
component in a lesson plan required to have one or more instructional objectives
that explicitly address one or more aspects of NOS which was included in
description of activities part as well. For example, "Students will be able to explain
the difference between observations and inferences" or "Provided with several
statements related to an empirical investigation, students will be able to accurately
identify which statements refer to observations and which refer to inferences".
Additionally if participant also mentioned observation and inference in description of
activities part, the categorization was made as an exemplary regarding reflective
component of lesson plan, were related to having structured instructional prompts
that provide students with opportunities to reflect on their activities, learning, etc.
from within a NOS framework. To continue with example on the inferential NOS (or
difference between observation and inference), the lesson plan could have, for
example, an instructional activity on differentiating observations and inferences".
Students will be asked to list three observations they made and three inferences
they derived. After group presentations, students were asked to discuss the
following questions, 'What distinguishes an observation from an inference? Do we
put the same level of trust in observations and inferences? Why or why not?” The

categorization for reflective component of lesson plan was made as “exemplary”.
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That is, if participant achieved both explicit and reflective components of their lesson
plan simultaneously, then participant attained explicit reflective approach to NOS

instructional planning.
Evaluation: For evaluation part two categories had been identified:

a) Poor (No NOS inclusion): It refers to ‘no emphasis to NOS in evaluation part
b) Exemplary (Inclusion of NOS): It refers to the intention to assess NOS explicitly in

evaluation part.
Samples of lesson plans from each category were provided in Appendix C.
3.7. Therole of the researcher

In present study | as a researcher conducted data collection and data analysis. Several
cautions have been taken to ensure validity and reliability such as peer review, use of
multiple data source, expert negotiations and so on. However due to the nature of qualitative
research it is impossible to elimination of all researcher biases. Therefore it is important to
inform the audience about the researcher background in relation to science and NOS to

minimize biases.

The researcher earned her bachelor's degree in science education from Middle East
Technical University in Ankara in Turkey. After graduation, the researcher started her
integrated Ph.D. program at the same university in the department of Elementary Education.
At the same time, the researcher did some tutoring that she help elementary students to
improve their science knowledge. During her Ph.D. program she involved in several projects
included conducted in conjunction with TUBITAK. Through that project, she involved in as a
researcher and conducted workshops for in-service teachers aiming to improve in-service
science teachers’ NOS views and NOS teaching practice. Additionally, through the Ph.D.
program, | assisted science method courses offered at Middle East Technical University for
pre-service science teachers which were highly concentrated on NOS regarding content and

assessing NOS views.

The researcher believes that science is empirically based, tentative, inferential, creative,
subjective and socially culturally embedded. However, | am as a researcher also aware that
these tenets are not a strict list and there has been criticism and negotiation on the tentative

definition of NOS among science education community. Additionally, | also believe that NOS
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could be learned by students if it is addresses explicitly and reflectively. Therefore, | also
believe that Turkish science curricula should include NOS in a more explicit and reflective
manner. That is, it should be targeted that elementary Turkish students should gained

informed understanding of how science works.

3.8. Limitations of the Study

The current dissertation has some limitations due to the nature of qualitative research. First
the results of the study could not be generalized. The study were undertaken through the
science method course and the course limited to the context thus it could not be generalized
to the other science contents. Additionally the number of the participants also limited the
generalizability. Since only seven participants’ NOS experiences were deeply investigated, it
is hard to generalize the results to the larger samples except the ones whose credentials and

academic experiences were similar to those were being investigated.

Second limitation of the study was related to the time constraints. Although participants were
engaged in NOS for a whole semester, for long-lasting changes in NOS views and NOS
teaching practice, learners need to engage in NOS for more time. However, in present study,
participants were engaged in NOS very intensively, and they involved in an environment that

that they could ask questions, reflect on their ideas without hesitation.

3.9. Trustworthiness of the study

3.9.1. Reliability

Since the data were collected based on qualitative research methodologies, the issue of
reliability has been discussed from the qualitative research perspective in present section.
Reliability in qualitative research deals with the consistency of the findings with data
(Merriam, 2009). Creswell (2007), described reliability as stability of responses to multiple
coders of data set through lenses of qualitative research. To ensure reliability various
qualitative research experts suggested strategies as triangulation, peer examination, the
researchers’ position and audit trail (Merriam, 2009; Creswell, 2007; Lincoln & Guba, 1985).
Actually, the first three strategies were used to ensure validity so; they were discussed under
the heading of validity below. However, the audit trail was highlighted to fulfil reliability
requirements of a study (Lincoln & Guba, 1985). Audit trail refers to describing the data
collection process, the process of category formation (Merriam, 2009).Creswell (2007) also

outscored the use of multiple coders to analyse data and providing external check on the

61



coding process. In the current study two coders analysed the some portion of data regarding
VNOS-C and the incongruities between researchers were resolved by negotiation and
discussion. Additionally one of the colleague who was experienced at NOS studies was
checked the raw data and interpretations any disagreement were resolved through
discussion and negotiation. Same process was followed for the lesson plan analysis. As a
result of extensive discussions and meetings the rubric for lesson plan analysis was
constructed. Then, the criteria formed were check by another expert who was very
experienced researcher at NOS and based on the feedback final lesson plan analysis criteria
was constructed. Moreover, another colleague who was also experienced at NOS research
checked the two participants’ analysis of lesson plan and any disagreement were resolved
through negotiation. Additionally, the thick description of data collection process coding
process and code formation was provided to ensure audit trail which ensured reliability for
the present study as well. Moreover, | as a researcher explicated the role of researcher
above which clarified and gave clue about my standpoint as a researcher, my biases, my
relationship to the topic, what approach | adopt while | was interpreting the data and what |

was sensitive about the data.

3.9.2. Validity

Since the data were collected based on qualitative research methodologies, the issue of
validity will be discussed from the qualitative research lenses. Although there are lots of
validation definitions from various perspectives it could be concluded that validity refers to
accuracy and trustworthy of findings (Creswell, 2007). Creswell concluded eight strategies to
provide valid conclusions and stated at least two of them should be supplied to ensure

validity (2007). These strategies are summarized as followings:

e Providing trust with participants and learning the culture by prolonged
engagement and persistent observations in the field.

e Making triangulation -use of multiple and different sources, methods and
theories- for providing confirmation on evidence.

e Providing external check by peer reviewing or debriefing.

e Clarifying researcher bias from the outset of the study to provide clear
understanding about researcher’'s position, biases or assumptions that
impact on the inquiry.

e Obtaining members’ views of the credibility of the findings and their

interpretations to judge accuracy.
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e Making thick descriptions that enables to transfer information to other
settings and to determine whether these findings could be transferred
because of the shared characteristics.

e Obtaining external audits that examine process and product of the study to
assess its accuracy. It provides a sense of the inter-ratter reliability
(Creswell, 2007).

In the current study triangulation of the data collection tools was done to ensure validity.
Interviews, responses to open ended questionnaires and reflection papers were triangulated.
Additionally, lesson plans were triangulated with interviews conducted at the end of the
intervention. These instruments were triangulated based on Patton, (1990) definition of
triangulation sources in which the consistency of findings is checked by comparing
information derived at different times by different means within qualitative methods to ensure
validity and researcher biases. Moreover peer review was provided from another researcher
who has no connection with the study to get an external check. Additionally, rich and thick
description of the context and participants let readers to decide whether the findings could be

transfer in other settings which lead readers about transferability of the findings.

3.9.3. Ethical considerations

Ensuring validity and the reliability of a qualitative research requires conducting investigation
by concerning ethical issues. Therefore to taking into account ethical manner, the current
dissertation does not involve any harm to participants in which there is no risk or issue of
confidentiality. Moreover participants’ names are used in any part of the study instead
pseudo names will be used. However participants were be not informed about the purpose of
study which could raises questions of ethics, however informing participants about purpose
of study could lead change in some participants’ attitude toward the lesson thus it could

create some internal validity threats.
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CHAPTER 4

FINDINGS

In this chapter, results are presented for each participant separately. More specifically,
change in each participant's NOS understanding, each participant's NOS instructional
planning, and how each participant’s learning experience contributed to their NOS

instructional planning development are presented as separate cases.

The first question that the current study explored was “How do pre-service science teachers’
NOS understandings change in the context of explicit-reflective HOS-based approach?” The
question was investigated through examining the changes in each participant's NOS views
over the NOS intervention by the help of VNOS-C and follow-up interview responses By
means of follow-up semi structured interviews on NOS views were used to create in-depth
profiles of each participant’'s NOS understanding. Later, the change in each participant’s
NOS understanding regarding each aspect was described. Three types of categorization

were used to define NOS understanding; inadequate (IN), adequate (A), and informed (I).

The second question explored “How does progress trajectory of pre-service science
teachers in relation to integrating NOS into their lesson plans occur as a result of feedback in
the context of explicit-reflective HOS-based approach?” The question was explicated by
describing each participant’s NOS instructional planning by the help of lesson plan analysis
and interviews. In this part, the results were presented in sections as (a) information about
each participant’s general instructional planning, (b) development of NOS instructional
planning regarding NOS objectives, (c) development of NOS instructional planning regarding
activities, (d) development of NOS instructional planning regarding assessment, and (e)

general overview about the development of NOS instructional planning.
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The third question described “Which learning experiences contribute to pre-service science
teachers’ ability to integrate NOS into their instructional plans?” This question was explored

by the help of interviews conducted with participants.

4.1. CASE |

The first case of the study was Safa. Safa’s responses were presented under three sub-
headings, namely; (1) Change in NOS understanding; which describes how her NOS
understanding changed in the context of explicit reflective HOS based approach, (2) The
progress trajectory in relation to integrating NOS into lesson plans, which explicates how
progress trajectory in relation to integrating NOS into her lesson plans occurred as a result of
feedback in the context of explicit reflective HOS based approach, and (3) Learning
experiences contributing to the ability to integrate NOS into instructional plans, which
explores which learning experiences contributed to her ability to integrate NOS into her

instructional plans.

4.1.1. Change in NOS understanding

Subsequent section presented the participant's NOS views on NOS aspects: tentative,
empirical, inferential, creative, socio-cultural NOS, theory and law distinction, and subjective

NOS. First, the participant’s views related to tentative NOS were presented.

Tentative NOS: Safa showed improvement in her tentative NOS views over the science
method course. In her responses to pre-VNOS-C, she indicated that science is subject to
change due to new evidence and technological improvements but she did not apply her view
for the change of laws. She stated that laws were certain and never change. Thus her views
were categorized as inadequate. Yet, an indication of informed view of tentative NOS was
revealed in post-VNOS-C responses. In her response to post-VNOS-C, she appreciated the
change of scientific knowledge in light of new evidence, which is gathered through either
accumulation of knowledge or falsification of the existing one. Additionally, she exemplified
her tentative NOS views in post- VNOS-C responses. Therefore, her views about tentative

NOS for post-intervention were categorized as informed.
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Table 8.Safa’s sample statements related to tentative NOS revealed in pre- and post-VNOS-C

Administration

of VNOS-C Categorization Sample Statements

| think this knowledge [scientific knowledge] may change in future
because technology and knowledge develop. Therefore, people can

find other things [new scientific knowledge] for science in the future and
Pre-VNOS-C Inadequate knowledge may change. For example, people [scientists] thought that

there is no life in Mars but now, scientists develop their knowledge

about life on Mars... Law is supported and proved; it never changes...

Science is tentative and can change in the future. There is no one truth

in science....

Scientific knowledge can be supported/developed or refuted by new
Post-VNOS-C Informed knowledge [evidence]

... For example, the atom theories changed over time and the

explanations [explanation related to the structure of atom] were

changed in time.

Safa’s responses to pre- and post- VNOS-C also gave some clues about her understanding

related to empirical NOS.

Empirical NOS: At the beginning of the intervention, Safa revealed adequate understanding
of empirical NOS, but she could not extended her view regarding the role of evidence to
make claims, and gathering evidence through testable procedure. For instance, in her
response, she stated that science involved experiments and observations but she did not
explain the role of experiments and observations in scientific process to get evidence.
Therefore, her view was categorized as adequate prior to NOS intervention in her pre-
VNOS-C. In her responses to post-VNOS-C, she used the word empirical to differentiate
science from other disciplines. Additionally, she stated that science explains phenomena
through experiments, observations and inferences, which imply that there is a requirement of
evidence in scientific claims. Therefore, her NOS view in post-VNOS-C-C was categorized

as informed at the end of the study.
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Table 9. Safa’s sample statements related to empirical NOS revealed in pre- and post VNOS-C

Administration of

VNOS-C Categorization Sample Statements
Science is part of life. It [Science] lets us observe life
Pre-VNOS-C Adequate through experiments, and understand things better...

.... [Regarding difference between science and other

disciplines] science is empirically-based but other disciplines
Post-VNOS-C Informed are not....

....science explains natural phenomena through

experiments, observations and inferences...

Safa’s views on inferential NOS were described below based on VNOS-C and follow-up

interview responses.

Inferential NOS: Safa showed adequate understanding of inferential NOS prior to NOS
intervention. She was aware of that scientists make inferences, but she did not provide
detailed explanations or examples. Additionally, she did not state that scientists made
inferences based on observations. However, in her responses to pre-VNOS-C, she stated
that scientists make conclusions based on data. For instance, in her responses to pre-
VNOS-C, she stated that scientists concluded dinosaurs existence based on fossils.
Although she revealed the view that science is not directly accessible through the senses,
she did not explicate the role of inference in proposing scientific explanations explicitly.
Therefore, her view was categorized as adequate. Yet, she shifted her view towards
informed view at the end of the NOS intervention. For participants to be considered to have
informed view of inferential NOS, they needed to express that natural phenomena are not
directly accessible to senses. In this case, Safa stated that scientists make inferences based

on their observations (see Table10 below for sample quotas).
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Table 10. Safa’s sample statements related to inferential NOS revealed in pre- and post VNOS-C

Administration of

VNOS-C Categorization Sample Statements
Based on traces and fossils, scientists conclude that [existence of
Pre-VNOS-C Adequate dinosaurs]. It is the conclusion based on fossils and lots of

research.

For example, scientists cannot do experiments about the solar
system. Scientists make inferences derived from observations.

Post-VNOS-C Informed [to determine existence of dinosaurs] Scientists made some
research and found fossils. With respect to these fossils, they
[scientists] make inferences.

Safa’s analysis of VNOS-C and follow-up interviews gave clue related to her views on
creative NOS.

Creative NOS: Prior to NOS intervention Safa did not recognize the role of scientists’
imagination and creativity in scientific investigations. She stated that science involves only
certain truths, and there is no place for imagination and creativity in science. Therefore, her
view related to creative NOS was considered as inadequate in pre-VNOS-C. However, she
shifted her view towards informed at the end of the intervention. As an indication of informed
NOS views on creative NOS, she appreciated the role of scientists’ imagination and
creativity at all steps of scientific investigation, as revealed in her responses in post-VNOS-C

(see Tablell below for sample quotas).

Table 11. Safa’s sample statements related to Creative NOS revealed in pre and post VNOS-C

Administration

of VNOS-C Categorization Sample Statements

Scientists should not use [imagination and creativity], because
Pre-VNOS-C Inadequate there are certain truths in science, which are not dependent on
scientists’ creativity and imagination...

Scientists use their creativity in all parts of their investigation.
They can use [their creativity] while they are making
observations, analyzing data, inferring based on their
observations, or making hypothesis. For instance, while
constructing atom models, all scientists make inferences
differently.

Post-VNOS-C Informed
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Next, Safa’s views on socio-cultural NOS were described.

Socio-Cultural NOS: Safa’s responses to pre-VNOS-C revealed inadequate view related
socio-cultural NOS. For participants to be considered as holding inadequate views related to
socio-cultural NOS, they needed to indicate science as a discipline detached from the norms
and values of society in which it was practiced. In the case of Safa, she stated that science is
universal and it should not be influenced by cultural values. Therefore, prior to the
intervention, her view was categorized as inadequate. However, she shifted her view from
inadequate to informed at the end of the study. That is, she recognized science as a
discipline influenced by culture’s norm and values and also provided an example to support

her view (see Tablel12 below for sample quotas).

Table 12. Safa’s sample statements related to socio-cultural NOS revealed in pre- and post-VNOS-C

Administration

of VNOS-C Categorization Sample Statements

Science is universal; it should not be affected by socio- cultural
Pre-VNOS-C Inadequate values. We think that scientists are objective. Thus, scientists
should not be affected [by values and norms of culture].

In the process of making observations, collecting data,
experimenting, or reaching scientific knowledge, scientists are
affected the conditions they live in. Thus, science is influenced
by socio-cultural values.... For example, scientists might be
affected by religious beliefs and limit themselves to conduct a
research that is contradicting to his/her beliefs....

Post-VNOS-C Informed

Safa’s view on function of theories and laws were presented based on her responses to

VNOS-C and follow-up interview.

Theory& Law: She revealed the misconception related to theory and law at the beginning
of the NOS intervention. The misconception was that theory could change, but laws do not
because they are proved. Therefore, her view was considered to be inadequate related to
theories and laws prior to NOS intervention. She shifted her view towards informed at the
end of the intervention. For a participant to be considered as holding informed view

regarding theories and laws s/he needs to be able to indicate theories as exploratory and
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laws as descriptive, as well as both are not hierarchically related. She also recognized theory
and law as different kind of scientific knowledge. She defined and exemplified them as well

at the end of the study (see Table13 below for sample quotas).

Table 13. Safa’s sample statements related to Theory & Law revealed in pre and post VNOS-C

Administration

of VNOS-C Categorization Sample Statements
Theory is a hypothesis that is supported by experiments and
Pre-VNOS-C Inadequate truths. The theory may change in future....

Law is supported and proved...Law is more reliable than
theories.

Theory is an explanation of scientific phenomena. Theory may
change over time....Law is definition of relationship between
phenomena. A law may change... [regarding difference between

Post-VNOS-C Informed theory and law] For example, the modern atom theory explains
the properties of atom but the first law of gravitation defines the
relationship between the matter and force.

Lastly, Safa’s views on subjective NOS were described below.

Subjective NOS: Safa indicated inadequate subjective NOS view at the beginning of NOS
intervention. To be considered as holding inadequate view related to subjective NOS, one
needs to indicate that science is a way for searching truth, as well as scientists’ pre-
conceptions and beliefs do not influence the scientific knowledge they produce. Similar view
was revealed in Safa’s case. In her responses to pre-VNOS-C, Safa did not bring any
explanation related to the reason for dinosaur extinction controversy but instead, she stated
that scientists should reach the same results. That is, she denied that scientists might have
different views related to the same phenomena. However, she shifted her inadequate view
towards informed at the end of the intervention. She appreciated scientists’ interpretations
could diverge because of their backgrounds, perceptions, pre-conceptions, and expectations
by providing detailed explanation. For instance, in her post-VNOS-C responses, she
explained the reasons behind the dinosaur extinction controversy due to scientists’ different
backgrounds; personal traits and socio cultural conditions (see table1l4 below for sample
quotas).
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Table 14. Safa’s sample statements related to Subjective NOS revealed in pre and post VNOS-C

Administration

of VNOS-C Categorization Sample Statements

| am not sure [regarding different kind on theories on extinction
Pre-VNOS-C Inadequate of dinosaurs]. Scientists should follow the same steps and
reach the same conclusions...

The explanations [on the same topic] in science may differ
because scientists are affected by their prior knowledge,
creativity, social and cultural conditions....They interpret data
differently because of these differences ...For this reason,
despite using the same information [data], they may disagree
on a topic.

Post-VNOS-C Informed

Overall, prior to NOS intervention, the participant revealed inadequate understanding on
creative, socio-cultural, subjective NOS as well as theory and laws. However, she had
adequate understanding on empirical and inferential NOS at the beginning of the
intervention. At the end of the study, she shifted her views towards informed for all aspects
of NOS.

The following section informs on firstly, Safa’s progress on NOS instructional planning and

secondly, the perceived sources of her development for NOS instructional planning.
4.1.2. The progress trajectory in relation to integrating NOS into lesson plans

Current section reports the participant’s development related to NOS instructional planning.
This section begins with information on the participant's general instructional planning,
continues with the participant’s development of instructional planning related to both NOS
objectives and the progress of instructional planning regarding to NOS activities, as well as
participant’s development of instructional planning in NOS assessment. Finally, an overview
on participants’ progress in NOS instructional planning is presented. First sub section starts

with information about Safa’s instructional planning in general.
4.1.2.1. Information about instructional planning in general

The examination of lesson plans showed that the participant planned to teach the following
topics respectively; Atom models (7th grade), Solar system (7th grade), Properties of matter
(6" grade), Electricity (7" grade), and Cell division and Inheritance (8" grade). All these
science content are included in Turkish Science and Technology Curriculum for Elementary
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Grades and the participants were free to choose any topic. Through the lesson plans,
participants were responsible for including objectives part referring to their planned goals of
the lesson, activities part referring to planned instructional strategies/tools to achieve their
planned goals, and finally assessment part referring to the planned strategies to assess their
planned goals. The participants were also asked to address NOS teaching and science
content together in their plans. That is, they were expected to integrate NOS into all parts of
the lesson plan, including objectives, activities and assessment. The subsequent section
presented Safa’s improvement regarding including NOS objectives into her instructional

planning.

4.1.2.2. Development of lesson plan regarding NOS objectives

Objectives part of the lesson plan indicated whether the participants had the intention of
teaching NOS explicitly or not. Inclusion of NOS objectives into lesson plan was an indication
of how participant perceived teaching NOS such as whether she recognized NOS as an add-
on topic or as an important issue as the other science content. Analysis of her lesson plans
showed that Safa’s tendency towards inclusion of NOS objectives into lesson plans were
vague for the first three lesson plans. For example, in her first lesson plan, she stated an
objective related to tentative NOS in the context of atom models. The objective she wrote did
not directly address the goal related to the comprehension that science is subject to change.
However, it was evident in the description of activities part that she intended to teach
tentative NOS in the content of atom models. Thus, her objective related to NOS was stated
to be content-specific. The objective on tentative NOS was as “Understanding the
development of atom models”. Other than tentative NOS objective, she did not state any
NOS objectives. However, the examination of the description of activities part of the lesson
plan indicated that she included instructional prompts to address tentativeness, subjectivity
and inferential aspects of NOS within the Atom models science topic. Thus, researcher gave

suggestions about inclusion of objectives on these aspects which directly aimed NOS itself.

Analysis of second and third lesson plans revealed unclear manner on inclusion of NOS
objectives. For example, in the second lesson plan, she did not include any NOS
objectives. In the third lesson plan, likewise her first lesson plan, she wrote a content
specific NOS objective. She included only one objective referring to tentativeness in the
content of atom models: “Notice that the thinking about atom concept changed in a time”.
While examining the description of activities part, one could conclude that she intended to
focus on tentative NOS with this objective. Safa did not include any objective on empirical

and subjective NOS but examination of the description of activities part indicated that she
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planned to cover empirical and subjective NOS aspects. Thus, she got notice on considering

including more NOS objectives by the researcher.

The analysis of the last two lesson plans showed that participant started to include NOS
objectives. In fourth lesson plan in which she planned to teach electricity, she wrote
objectives that directly addressing the NOS aspects. She stated NOS objectives related to
empirical and subjective NOS: “Recognize that the scientific knowledge can be obtained by
observations and empirically [experiments] “and “Notice that different scientists have
different scientific thought about the same topic”. In the last lesson plan that she planned
for cell and inheritance content, she wrote NOS obijectives directly focusing on the aspects.
She stated NOS objectives related to subjective, tentative, and empirical NOS: “Notice that
different scientists have different scientific thought about the same topic and science is

subjective”, Notice that scientific knowledge can change through the time” and ““Recognize

that the scientific knowledge can be obtained by observations and empirically [experiments]”.

Looking over all five lesson plans, it can be concluded that she improved herself in writing
NOS objectives. In her first lesson plan, she only stated tentative NOS in objectives parts as
a content specific NOS objective, although she intended to teach tentativeness and
subjectivity which was revealed through examination of description of activities part. In the
second lesson plan, she did not include any NOS objectives. In the third lesson plan, there
were objective only on tentativeness, but she planned to teach subjective and empirical NOS
as well which was inferred from the examination of description of activities part. For the last
two lesson plans, in objectives parts, she started to refer science and scientist rather than
being content specific which indicated her perception of NOS as separate topic to teach. In
the fifth lesson plan, she stated objectives on empirical and subjective NOS. Similarly, in the
fourth lesson plan, she stated empirical, subjective, and tentative NOS objectives. Looking
through the frequency of NOS objectives, tentative, empirical, and subjective NOS aspects
were the most stated NOS objectives among the others. The following table depicted the

objectives that Safa stated in each lesson plan.
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Table 15. NOS objectives in each lesson plan

# of .
lesson CISradIe Science NOS NOS objective
plans eve content aspects
1 2t Atorn models Tentative Understanding the development of atom
NOS models
2 7" Solar system - -
. . Notice that the thinking about atom concept
3 th Properties of Tentative changed in a time
matter NOS
Empirical Recognize that the scientific knowledge can
Nog be obtained by observations and empirically
h . [experiments]
4 7 Electricity
Subjective  Notice that different scientists have different
NOS scientific thought about the same topic
Empirical Recognize that the scientific knowledge can
Nog be obtained by observations and empirically

[experiments]

5 gt Cell division Subiective Notice that different scientists have different
and inheritance N Oé scientific thought about the same topic and
science is subjective

Tentative Notice that scientific knowledge can change
NOS through the time

-: indicates the lack of the task

At the end of the NOS intervention, interview was conducted to understand the participant’s
perceptions on NOS instructional planning. The interview included questions related to her
perception of writing NOS objectives, explicit-reflective NOS instructional planning, NOS
assessment, and her teaching rationale to teach NOS. Additionally, the participant wrote a
reflective journal on her perceptions of teaching NOS. Those answers were used to back up

her tendency for writing NOS objectives revealed in lesson plan analysis.

According to the analysis of post interview, she believed that teaching NOS should be
planned explicitly rather than as an add-on or side content. She stated that teaching NOS is
as important as teaching other science content. Therefore, it should be addressed in the
objectives part of the lesson plan:

R: Considering the lesson plans that you are supposed to prepare for your teaching as a
teacher in the future, do you think that NOS should be explicitly stated in the objectives part
of the lesson plan?
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S: I think there should be NOS objectives in it.

R: Why do you think so?

S: We did not learn NOS until this course. | think, providing students with NOS concepts will

help them value NOS and also NOS instruction would be more effective.

R: Let's say you will teach NOS in the content of digestion system. What do you think about
writing NOS objectives in addition to the objectives related to digestion system in your lesson

plan?

S: If | value NOS as important as other science content, | think | need to state NOS in

objectives.

Additionally, she also pointed out on how NOS was reflected in Turkish Science and
Technology Curriculum. She stated insufficient weight of NOS in the curriculum. According
to her, NOS objectives should be involved in the specific science content objectives in the
curriculum. By this way, science teachers can be motivated to pay attention to NOS in

teaching:

R: What do you think about the inclusion and/or reflection of NOS in the curriculum?

S: | checked the objectives in the curriculum. There is a rare emphasis in NOS objectives.

For that reason, | think NOS should be emphasized more in the curriculum.

R: Then, how should NOS be emphasized in the curriculum?

S: It should be embedded in the objectives part of the each specific science content. By this
way, teachers might be aware of NOS more easily because we are learning NOS here but

there are teachers who have no idea about NOS.

The following section described the development of participant’s explicit-reflective NOS

instructional planning through the activities part of the lesson plan.

4.1.2.3. Development of lesson plans regarding NOS activities

This section informed about in what ways and to what extent the participant achieved to

adopt explicit-reflective approach to teach NOS. Furthermore, the kind of strategies that
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participants preferred to use mostly while planning to teach NOS was also notified. Analysis
of the “description of activities” part of the lesson plans revealed that Safa adopted simply
teacher-centered teaching approach for the first two lesson plans. However, she switched
her NOS teaching approach to student-centered and explicit-reflective approach in which
there were more NOS questions and stronger connections with NOS and science content for
the rest of the lesson plans. For instance, in the first lesson plan, although she added
content specific NOS objective related to tentative NOS, in her description of activities part,
she addressed NOS in much more implicit way in the content of atom models. That is, in the
description of activities part, she did not use any strategies to provide opportunity for
students’ discussion and reflection on their ideas. . Additionally, Safa used lecture method to
teach tentative NOS such that she preferred to give definition of tentative NOS directly:

“...I will say to the students [regarding atom models] that the valid model is the model that
modern atom theory proposed. | will mention about all models [that] contributed to the
development of the valid model and tell them that [these models] are not wrong. We use
modern atom theory because it is the most developed model, and in the future if scientists

find new things about the atom; this model will change.”

Researcher encouraged her to adopt more student-centered teaching strategies and to be

reflective for her planned NOS teaching. The feedback given was:

“...Try to adopt more student-centered teaching strategies. To teach NOS, you could

emphasis how scientists work and what science is”

Although she addressed tentative NOS in the description of activities part of the first lesson
plan, and she added a content specific objective related to NOS, she did not provide any
instructional prompts related to NOS. For that reason, she failed to address explicit and
reflective components of tentative NOS effectively in her instructional planning. Therefore,
her lesson plan regarding tentative NOS was categorized as “needs development”.

In the same way, she maintained her teaching approach as teacher-centered (e.g. lecture
method) for the second lesson plan. In the second lesson plan, she did not provide any
NOS objectives which indicated lack of explicit component of instructional plan regarding
NOS aspects. However, in her descriptions of activity part, she planned to teach
tentativeness, role of scientists’ creativity and imagination, subjectivity, and socio-cultural

embededdness within the solar system science content. Likewise the first lesson plan, she
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maintained giving direct definitions of these aspects using lecture method. For instance, for

the subjective and empirical NOS, she gave the definitions directly:

“... Science is subjective. It changes with respect to social and cultural conditions, and
scientists’ creativity and imagination. In our example, all scientists found something about
this event [speed of light] by using their conditions and were affected by their creativity. All of
these show us that science is subjective. Also, scientists say something about the speed of
light by making observations, drawing inferences and conducting experiments about this

event. This shows us that science is empirically-based...”

Following this lesson plan, the researcher advised her to use some NOS questions to initiate

NOS discussion and create opportunities for students’ reflection:

“...Through the script, you analyzed the HOS example to point out NOS aspects. It is good
that you analyzed it and indicated NOS aspects. However, it is important to think about how
you could teach these aspects to the students. Thus, you need to think about questions or

other strategies that might be used to address NOS in that context explicitly and reflectively”

Therefore, her instructional planning regarding subjective and empirical NOS was
categorized as ‘poor”.

Nevertheless, while teaching tentativeness, she showed some efforts to be more reflective
and to apply student-centered strategies although she did not state any objective regarding
tentative NOS. Due to the absence of objective related to tentative NOS, her instructional
plan was considered to be lack of explicit component. However, she showed some efforts to
ensure reflective teaching of tentative NOS in instructional planning. For example, she added
questions and connected HOS example related to the speed of light with NOS better, instead

of giving direct definition of tentativeness as she did in her first lesson plan. She wrote that:

“....However, at the 17th century, some scientists thought that the measurement [regarding
the speed of light] that was done at the 13th century was not true. The light should gain
speed more rapidly than the known value. Then, they made experiments and observations to
show [support] their expectations [hypothesis] and they came up with a value which was
closer to the value of speed of light found in the 13" century. But the researches continued
their research about the speed of light during 18th and 19th centuries and they found
different values of the speed of light”
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After providing the example, Safa showed efforts to connect this HOS example with NOS by

providing some NOS questions:

“...What do you understand all of these explanations?”, “Which scientists are right about the
speed of light?” There is no absolute truth in science. Science is tentative, it changes in time

and it is developed with new research, observations and experiments...”

Regarding the teaching of tentative NOS, her efforts to have explicit- reflective approach
were detected. Thus, tentative NOS instructional plan was categorized as “needs

development”.

In the third lesson plan, she planned to teach properties of matter as the science content.
She planned to address tentative, subjective and empirical NOS for which she also provided
objectives related to these aspects. In her lesson plan, she showed efforts to be more
explicit-reflective and student-centered with respect to teaching these aspects. In her
descriptions of activity, she used hands-on activity combined with an example from history of
science to teach tentativeness. Regarding hands-on activity, she gave students an iron wire
and asked them to cut that iron wire into smaller pieces as much as students could. Later,
she asked the following questions related to hands-on activity, and then connected them to

properties of matter topic by using HOS example:

“...I give them [students] an iron wire to answer my questions by observation. | will continue
with discussing how small they can cut the wire, what they can say the length of the last part,

and whether they can continue cutting even that last part under the microscope”

Then she gave an example of different kind of explanations related to the properties of
matter. Then, she provided a question regarding tentative NOS:

“After listening to their different ideas about this topic [regarding different answers to
provided questions], | explain that there are different opinions that were discussed through
history by different scientists.... For example, Democritus said that the matter was composed
of little; indivisible particles and all matter had the same particles called atom. After 50 years,
other scientists showed that atoms could be separated to smaller particles. | will ask them
what can be the reason of the change in scientific knowledge... By conducting new
experiments and observations, scientists might change a scientific knowledge. This situation

shows us that science is tentative. Scientists might change the knowledge by observations
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or experiments. There is not just one way to reach new knowledge. After | will mention these,

| will continue with the atom models...”

Furthermore, she used phrases like below which indicated her efforts to be reflective. That
is, she provided students with opportunity to think about the example and reflect on the

example regarding NOS aspect:

“...I will discuss why we have different information about what the matter is composed of. |
will ask them to explain the reason of having different atom models.... and ‘What do you
know about matter?’ and ‘What do you think about how they are formed?’, ‘Do you think that
you can separate them in invisible parts?’ After they [students] answer to these questions |

will encourage them to discuss their different opinions about these questions...”

In addition to using hands-on activity combined with HOS example, she also tended to apply
more student-centered teaching strategies, and showed efforts favoring reflective approach.
That is, she added more questions and tried to create discussion environments instead of
adopting teacher-centered strategies for teaching tentative NOS. Thus, her instructional plan
regarding tentative NOS was categorized as “exemplary”. However, while she was planning
to teach empirical basis and subjectivity, she simply chose lecture method instead of using

examples, questions or hands-on activity:

“I will say that scientists continued their research by making observations and experiments.

For this reason, they [students] can understand that science is experimental based...”

For subjectivity, she planned to say:

“....it [scientific knowledge] might change from scientists to scientist because of their prior
knowledge, social and cultural conditions or their creativity. Science changes from a scientist

to scientist and this shows us that science is subjective...”

Researcher notified her about adopting reflective approach by using specific NOS questions

targeting the planned NOS aspects:

“You should write [to address subjective and empirical NOS] which questions you will ask,
and how you will integrate these questions and how you will link them to how scientist

works...”
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Since she provided objectives on these aspects, it was concluded that she had some efforts
to adopt an explicit approach but reflective component of her plan was missing (e.g. lack of
NOS related questions). Therefore, her instructional plan regarding empirical and subjective
NOS was categorized as “needs development”. In the fourth lesson plan, she displayed
the same tendency to teach NOS with the third planning. Similarly, she planned to teach
empirical basis, tentativeness and subjectivity in the content of electricity topic. She used a
HOS script about electricity. In her plan, first, she wanted students to read and analyze the
script regarding the targeted NOS aspects. She led students analyze the HOS script related
to NOS through specific NOS questions and gave students time to reflect on their ideas. For
instance, for empirical basis, for which she also provided an objective, she planned to ask

the following questions to address in an explicit reflective manner:

“I will continue with discussing their opinions about the text. Firstly, | will ask them ‘what can
you say about how scientists develop their thinking and how they [scientists] continue
making research about a topic with respect to the first paragraph?’ | ask these questions to
understand whether students realized that science is developed by making observations and
experiments. Science is empirically-based. ..... After | listen to their [students’] explanations,
| point out in paragraphs [HOS script] that all scientists make observations or experiments to

develop their investigations....”

Here, it can be detected that she kept her efforts to adopt reflective strategy and student-
centered teaching strategy through asking questions, and giving students time for
explanations. Therefore, her instructional plan regarding empirical NOS was categorized as
“‘exemplary”. However, for tentativeness and subjectivity, it seems that her plan was less
successful at connecting HOS based example with these NOS aspects. Here, she gave the
definition of tentativeness and subjectivity directly. Moreover, she used the same structure

as she used in the third lesson plan for addressing tentative and subjective NOS:

“....After that | will ask them [following question] “did all scientists have the same opinions
about the properties of electricity?’... Then, | analyze the paragraphs [pointing out relevant
pieces from the text] to show them different scientists with different opinions, which indicated
that the using of bottle by different scientists [referring various design of experiments for
same purpose] in different ways. And | ask them ‘What can be the reason of the change in
scientific knowledge?’ Then | will say that the science is tentative and subject to change and
it might change from scientists to scientist by the effect of their prior knowledge, social and
cultural conditions or their creativity. Scientific knowledge changes from a scientist to

scientist and this shows us that science is subjective. By making new experiments and
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observations, scientists might change a scientific knowledge. This situation shows us that

science is tentative.”

Additionally, the researcher suggested including more NOS questions and integration ideas
about other NOS aspects to achieve explicit reflective teaching of NOS. Regarding
subjective NOS planning, she included NOS objective but she planned to teach it in a direct
way in other words in an teacher-centered manner. Therefore, her instructional plan
regarding subjective NOS was categorized as “needs development”. For tentative NOS, she
provided neither objective related to it, nor instructional prompts to ensure reflective tentative
NOS instruction. Therefore, her instructional plan regarding tentative NOS was categorized

as “poor”.

Additionally, researcher also gave suggestions regarding inclusion of creativity aspect of
NOS:

“It is better if you ask more specific questions. For instance; at past, scientists use different
investigations about the same topic; what do you think why they make it differently —the
expected answer would be due to their creativity; and then you can ask ‘do you think that all

scientists use their creativity during their work”

Similar to the third and fourth lesson plans, Safa planned to teach tentative, subjective and
empirical NOS in addition to creative NOS which she also provided objectives related to
these aspects in her fifth lesson plan. She planned to integrate these aspects within the
content of cell division and inheritance. She used HOS based reading script on inheritance.
She planned to ask students to read and analyze the reading script regarding NOS aspects.
She provided some NOS specific questions to guide them to understand how the reading
script reflected NOS. As similar with previous two lesson plans (third and fourth), her
planned teaching for tentativeness adopted reflective and student- centered teaching
strategy in which she included NOS specific questions and provided some space for

students’ reflection:

“...After that, | will start the lesson by giving them [students] a reading text about the
development of genetic inheritance and then | will ask them ‘What do you know about
inheritance?’ and ‘What do you think about the development of inheritance theory?’, ‘Do you
think that it is accepted with its first version? ‘After they answer these questions, | ask them
to read the text. Then, | will engage them with the discussion on their different opinions about

these questions.”........ “After that | ask them ‘Did all scientists have same opinions about the
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genetic inheritance?’. Then, | will point out the parts indicating different scientists’ different
opinions and emphasize different scientists’ different thinking about inheritance. After, | ask
them ‘What can be the reason of the change in scientific knowledge?’ Then | will say that the

science is tentative and subject to change...”

Therefore, she achieved to be explicit reflective NOS instructional planning regarding
tentative NOS and it was categorized as “exemplary”. Like the fourth lesson plan, she also
tended to adopt reflective and student-centered teaching strategy while she planned to teach
empirical basis. She provided some specific questions and connected the HOS based
example with how science works well. Therefore, her planned teaching for empirical NOS
was considered to be “exemplary”. However, the way she emphasized empirical basis were

same as she addressed empirical NOS in her fourth lesson plan:

“I will continue with discussing their opinions about the reading text. Firstly, | ask them ‘what
do you think about how scientists develop their inferences about the topic?’ After | listen to
their explanations, | show them in paragraphs [the relevant parts in text] that all scientists
make observations or experiments to develop their investigations. But they do not follow the

same way, all had different ways. There is no only one way to reach the new knowledge...”

For the creativity and subjectivity aspects, she preferred to give direct definitions of each

aspect:

“...The creativity of scientists has an important influence for developing their scientific
knowledge. For this reason, there have been many different opinions about how inheritance

occurs in human body”

Furthermore she reflected her mixed views for subjectivity, by giving a definition of science

as tentative from scientists to scientists due to subjective nature of scientific knowledge:

“...it might change from scientists to scientist by the effect of their prior knowledge, social
and cultural conditions or their creativity. Scientific knowledge changes from a scientist to

scientist and this shows us the science is subjective...”

Thus, her instructional planning regarding subjective and creative NOS was categorized as
‘needs development”. To sum up, analysis of lesson plans revealed that, Safa’s tendency to
teach NOS shifted from teacher-centered teaching strategies (e.g. lecture method) to

student-centered teaching strategies and reflective approach. At first lesson plans, she
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preferred to give direct definitions of planned NOS aspects without adding any questions, or
making connections with the HOS examples that she provided. However, throughout the
further lesson plans, she used more questions to bring up NOS issues. Additionally, she was
able to connect HOS based examples with NOS more successfully which gave opportunities
for reflection of students. Distinctively, she used hands-on activity combined with HOS to
teach tentativeness. Mostly, she tended to adopt teacher-centered teaching strategies.
Another notable result was related to her manner for teaching tentativeness. She used
different kinds of instructional strategies for teaching tentativeness such as NOS questions,
HOS based examples and hands-on activity while she used mostly lecture method for

teaching planned NOS aspects (e.g. empirical NOS, subjectivity, creativity etc.).

Interview conducted at the end of the study to understand participants’ perception of NOS
instructional planning. Interview included questions related to her perception of teaching
NOS explicitly. Additionally, participant wrote reflective journal on her perceptions of teaching
NOS explicitly. Although she used different kinds instructional strategies for teaching only
tentativeness, analysis of interview and reflection paper also showed that she would use
HOS based examples and NOS specific questions while teaching NOS in a reflective
manner. For instance, during the interview she stated that she would use HOS for teaching
NOS:

R: How would you teach NOS, what kind of strategies would you use to address NOS?

S: In my opinion, we can teach [NOS] through examples. | would give reading text [HOS
based] or mention scientists” lives as | did in lesson plans. Then, | would point out to the

process that scientists go through while conducting scientific investigations.

Her responses in reflection paper also revealed that she tended to prefer student- centered
teaching approaches and reflective manner for teaching NOS. For instance, she stated that
she would plan to create a discussion opportunities on connection of NOS with the given

example or reading text:

“...I plan to teach NOS in my future teaching through texts [HOS examples], which show the
relationships between the scientific events and discussing NOS aspects in the classroom to

get attention of students for NOS examples”

Following table16 indicated each NOS aspect she planned to teach in activities part, and the

instructional strategies she planned to use to teach NOS:
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Table 16. Summary of NOS aspects addressed in description of activities part of lesson plan

ﬁeg;on Grade  Science NOS NOS teaching Explicit-
plans level content aspects strategies Reflective
th Tentative . Needs
1 7 Atom Models NOS Lecturing development
Tentative Needs
NOS HOS example development
th Empirical
2 7 Solar system NOS Lecture Poor
Subjective
NOS Lecture Poor
. Hands on activity
'II\'l%wéatlve combined with Exemplary
HOS example
3 6" rirgtrt):rrt'es o Empirical Lecture Needs
NOS development
Subjective Lecture Needs
NOS development
Tentative
NOS Lecture Poor
4 7" Electricity Egglrlcal HOS example Exemplary
Subjective Lecture Needs
NOS development
Tentative
NOS HOS example Exemplary
Subjective Lecture Needs
Cell division NOS development
5 8" and
Inheritance Empirical
NOS HOS example Exemplary
Creative Lecture Needs
NOS development
v :indicated the existence of the task, -: indicated the lack of task, V- :indicated the

incomplete of task



Next, participant’s development in NOS assessment revealed through lesson plan analysis

was presented.

4.1.2.4. Development of lesson plans regarding NOS assessment

This section informed about the kind of assessment strategies Safa used while assessing
NOS aspects in her lesson plans. Analysis of lesson plans revealed that she planned NOS
assessment in her all five lesson plans. Although her NOS assessment was vague in her first
lesson plan, she adopted more distinct assessment strategies for the rest of the lesson
plans. For instance, in her first lesson plan, she stated she would assess her students’
NOS understanding by asking questions about the development of science. However, she

did not specify any kind of questions that she would ask:

“I can assess my students’ NOS understanding by using some questions about the
development of science [and] | understand whether they have misconceptions about the

topic [relevant NOS aspects]...”

In the second lesson plan, she showed more robust attitude towards assessing her
students’ NOS understanding. She chose both formative and summative assessment
strategies to assess students’ NOS understanding such as paying attention to students
answers related to NOS questions as a formative assessment strategy, as well as assigning

them NOS poster preparation as a summative assessment strategy:

“l evaluate my students [NOS understanding] by observing their discussion with other
students and by paying attention to their answers related to nature of science at the end of
the lesson. And | give them homework which is preparing a poster indicating the

development of a scientific event by addressing the nature of science”

However, she did not apply any specific assessment strategy specific to each targeted
planned NOS aspects, instead, she preferred to use more general assessment strategies. In
lesson plans 3, 4, and 5, she adopted preparation of concept map as an assessment

strategy:

“I want my students to prepare a concept map related to these lessons to mention the nature
of science and their understandings about science. | detect their misconceptions with these

concept maps and [l] improve their understandings”
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Following table indicated the brief description of each NOS assessment strategy for each

lesson plan:

Table 17. NOS assessment strategies used in each lesson plan

# of lesson

plan Science Content NOS aspects NOS assessment strategies

1 Atom models Not specified NOS questions.
Poster preparation

Poster preparation

2 Solar System Not specified Students’ answers to NOS related

questions during the lesson

3 Properties of matter Not specified Concept map preparation

4 Electricity Not specified Concept map preparation

Cell Division and

Inheritance Not specified Concept map preparation

In general, it could be inferred that she considered assessing students’ NOS understanding.
She used generally concept map preparation to assess students’ NOS understanding.
Correspondingly, post interview conducted to understand participant's perception of
development regarding NOS instructional planning in terms of NOS assessment. Responses
to interview also revealed that she suggested poster preparation, NOS specific questions

and discourse in class as tools to assess students’ NOS understanding:

R: How would you assess students’ NOS understandings?

S: | would use classroom discussions of students, the questions that | ask related to NOS to
assess how students perceive NOS. | think, | would do a better assessment if | assess their

posters.

4.1.2.5. General overview for NOS instructional planning

In general, Safa improved her instructional planning for NOS regarding objectives,

description of activities and evaluation parts of the lesson plan. Regarding objectives part,
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she included content specific tentative NOS objective in her first lesson plan. She did not
have any NOS objective in her second lesson plan. She started to have NOS objectives
beginning from the third lesson plan. Regarding description of activities part, she mostly
used HOS to address NOS explicitly and reflectively. Exceptionally, she used hands-on
activity combined with HOS to address tentative NOS explicitly and reflectively in the third
lesson plan. She achieved explicit reflective instructional planning for empirical and tentative
NOS. Additionally, regarding NOS views, she achieved informed NOS understanding for all
NOS aspects over the intervention. However, she mostly addressed tentative, empirical,
subjective NOS in her plans. Moreover, she only achieved explicit reflective instructional
planning for tentative and empirical NOS which she also achieved informed views of these
aspects. Concerning assessment of NOS in lesson plans, she did not provide assessment
strategies specific to each targeted NOS aspects stated in lesson plans. However, she
stated poster preparation and concept map preparation as assessment strategies to assess
students’ NOS understanding. Regarding consistency of her instructional planning for NOS
aspects, she was consistent in her lesson plans among sections (e.g. objectives, description
of activities parts and assessment parts of lesson plan) specifically for tentative and
empirical NOS. That is, she provided objectives on these aspects, emphasized them
explicitly and reflectively in description of activities part and also addressed them in
assessment part of the lesson plan. General overview of Safa’s instructional planning
regarding objectives, description of activities and evaluation parts of the lesson plans was

summarized in the following table:
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Table 18. Summary of overall NOS instructional planning

#0l " Grade  Science NOS NOS Explicit- NOS NOS
lesson teaching X S :
level content aspects . Reflective  objectives evaluation
plans strategies
th Atom Tentative Needs
v v
L 7 Models NOS Lecture development
Tentative  HOS Needs ) v
NOS example development
th Solar Empirical v
2 7 system NOS Lecture Poor -
Subjective
- v
NOS Lecture Poor
Hands-on
. activity
'II\'l%wéatlve combined Exemplary v v
with HOS
. example,
3 gt Properties
of matter Empirical Lecture Needs i v
NOS development
Subjective Needs
- v
NOS Lecture development
Tentative
- v
NOS Lecture Poor
th . Empirical HOS v v
4 7 Electricity NOS example Exemplary
Subjective Needs
v v
NOS Lecture development
Tentative  HOS
v v
NOS example, Exemplary
Subjective Needs
v v
C_e!l . NOS Lecture development
5 gth division
and Empirical HOS
i v v
Inheritance NOS example Exemplary
Creative Needs
- v
NOS Lecture development
v :indicated the existence of the task, - :indicated the lack of task
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Following section will inform on participant’s perceived source of development for NOS

instructional planning.

4.1.3. Learning experiences contributing to the ability to integrate NOS into

instructional plans

In general, Sefika’s instructional planning for teaching NOS has been evolved in an explicit
reflective manner. That is, she included NOS objectives, specific activities for teaching NOS
and specific assessment strategies for assessing NOS. Researcher applied several
strategies to improve participants’ NOS instructional planning such as giving feedback to
lesson plans, providing HOS based examples coupled with NOS which was followed by NOS
discussions, and lesson plan preparations and presentations followed by NOS discussions.
To understand the relative importance of these learning experiences, researcher conducted
interview with participants. Analysis of interview revealed that Safa perceived lesson
planning activity and HOS based examples as the main source that contributing to her ability

to integrate NOS into instructional plans:

R: As a researcher, | aimed to help you improve your NOS understanding and NOS
instructional planning. For this reason, | applied several strategies such as giving feedback
for lesson plans, providing HOS examples in class and asking you to prepare and present
lesson plans, which was followed by class discussions. Which of these activities do you

think influence your skills regarding NOS instructional planning?

S: | would say lesson plan preparation first. While | was creating lesson plans, | practiced
how to integrate NOS into lesson more. Therefore, | would say that lesson plan preparation
contributed to my development of NOS instructional planning more. Also, the HOS examples
contributed, too. | think these examples might give clue on how to integrate NOS into lesson

plans.

K: How do lesson plan preparation and HOS examples contribute to your development

related to NOS instructional planning?

S: Lesson plan preparation helped clarify how to integrate NOS within the flow of lesson. The
HOS examples provided in class help to figure out how NOS is related with them, so | can

extend these examples and teach students more easily.
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4.2. CASE |l

The second case of the study was named Lale. In the following, the results were outlined as
;(1) how her NOS understanding changed in the context of explicit reflective HOS based
approach, (2) how progress trajectory in relation to integrating NOS into her lesson plans
occurred as a result of feedback in the context of explicit reflective HOS based approach,
and (3) which learning experiences contributed to her ability to integrate NOS into their

instructional plans.

4.2.1. Change in NOS understanding

First, the participant’'s view related to tentative NOS was presented Following section will
present participant's NOS views on tentative, empirical, inferential, creative, socio cultural
NOS, theory & law as well as subjective NOS. Following section presented participant’s
tentative NOS views.

Tentative NOS: Prior to NOS intervention, Lale showed understanding of science as subject
to change. However, she could not provide any detailed explanation on how change in
science occurs (e.g. reinterpretation of the existing data, new evidence, etc.). Additionally,
she limited the change of scientific knowledge only for scientific theories. However, she
perceived laws as absolute and never change. She showed incomplete understanding of
tentative NOS; therefore, her view was categorized as an inadequate view. At the end of the
intervention, she shifted her view towards to informed view. As an indication of informed view
of tentative NOS, she appreciated science as tentative by means of having new evidence or
technological improvements for all forms of scientific knowledge. Additionally, she

exemplified her view with the case of atom models (see table 19 below for sample quotas).

90



Table 19. Lale’s sample statements related to tentative NOS revealed in pre- and post-VNOS-C

Administration of

VNOS-C Categorization Sample Statements

..This knowledge [scientific knowledge] may change in future
for example we know that there are nine planets in our galaxy

Pre-VNOS-C inadequate but there can be other planets that will be discovered in
future... it [laws] never changes

..Scientific knowledge is tentative. It means, it is subject to

change .New evidence or technological improvements can

lead to change of scientific knowledge. For instance, atom
Post-VNOS-C Informed models [indicated science’s tentativeness]

... Theory can change through time. Because scientific

knowledge is tentative and can change through time... They

[theories and laws] can also change with new information

Subsequent section described participant’'s empirical NOS views.

Empirical NOS: At the outset of the intervention, she revealed inadequate understanding of
empirical NOS. The indication of the inadequate understanding of empirical NOS was not to
be able to differentiate science from other disciplines by means of empirical NOS which was
revealed by Lale. In her response, she differentiated science from other disciplines by means
of easing people’s life rather than requirement of an evidence, observation or testable
procedures. However, she shifted her view towards to informed view at the end of the
intervention. That is, she appreciated evidence as prerequisite to make claims, and support

scientific explanations (see table20 below for sample quotas).

Table 20. Lale’s sample statements related to Empirical NOS revealed in pre and post VNOS-C

Administration of

VNOS-C Categorization Sample Statements

[Regarding how science is different from other
disciplines] science is more concrete and helpful for
people; in science, one [scientists] could find a medicine
which is useful for people.

Pre-VNOS-C Inadequate

[regarding how science is different from other disciplines
] Scientific knowledge is supported by evidence in other
disciplines knowledge do not need to be supported by
evidence...

Post-VNOS-C Informed
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Participant’s inferential NOS views were presented below.

Inferential NOS: Lale revealed adequate understanding of inferential NOS at the outset.
Her responses to pre-VNOS-C revealed that she was aware of scientists made inferences.
Although she did not refer “making inferences” directly, she indicated that scientists get
some ideas based on evidence in her responses. For instance, in her responses on how
scientists decided on the appearance of the dinosaurs, she mentioned that scientists got
some ideas on the appearance of the dinosaurs based on the fossils and bone structures.
Thus her view was categorized as adequate view. She shifted her view towards informed
view at the end of the study. She revealed the understanding that the natural phenomena
were not directly accessible to the human senses. She articulated that, scientists made
inferences based on observations and she exemplified her view (see table21 below for

sample quotas)

Table 21. Lale’s sample statements related to inferential NOS revealed in pre- and post-VNOS-C

Administration

of VNOS-C Categorization Sample Statements

[to decide appearance of dinosaurs] They [scientists]
observe fossils again, [and] their bone structure and bone
shape. Therefore they [scientists] can obtain some ideas
about now dinosaurs looked.

[to decide existence of dinosaurs] They [scientists]
examine fossil traces and their genes, and they conclude
that dinosaurs really existed.

Pre-VNOS-C Adequate

[to decide existence of dinosaurs] Scientists investigate
some dinosaur fossils. They [scientists] have done some
observations [and] inference and experiments on the
bones of dinosaur. They conclude that dinosaurs really
existed.

...Scientists create models [scientific models] based on
their ~ observations, inferences, predictions and
experiments, like atom models...

Post-VNOS-C Informed

Following section displayed participant’s creative NOS views.

Creative NOS: Lale indicated inadequate understanding of creative NOS at the beginning of

the intervention. To be categorized as holding inadequate creative NOS view, one needed to
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express that scientists seek for the “true” results and they are objective. Thus, involvement of
creativity would hinder obtaining “true” results and impair scientists’ objectivity. In Lale’s
case, she did not recognize the role of scientists’ imagination and creativity in development
of scientific knowledge due to the reason that scientists’ objectivity would be damaged.
However, at the end of the study, she shifted her view towards informed view. She revealed
the appreciation of role of scientists’ imagination and creativity at all stages of scientific
investigation and for the fulfillment of the missing information (see Table22 below for sample

quotas).

Table 22. Lale’s sample statements related to Creative NOS revealed in pre and post VNOS-C

Administration

Categorization Sample Statements
of VNOS-C
.... for being a scientist, they [scientists] should be objective
.They [scientists] should assess results truly and objectively.
Pre-VNOS-C Inadequate With imaginations, they [scientists] cannot yield true answers.

They[scientists] use their creativity for combining the remains
of dinosaurs...... They have done some observations,
predictions and inference by looking fossil records then they
Post-VNOS-C Informed reach some conclusions by using their creativity.
Scientists use their creativity in every step of science scientific
investigation. ...They [scientists] use it [imagination and
creativity] while they are doing observations, inferences or
designing experiments.

Participant’s views on socio cultural NOS explained below.

Socio-Cultural NOS: At the outset of the intervention, she showed inadequate view on
socio cultural NOS. She perceived science as free of social and cultural influences. For
instance, in her responses she expressed that science was universal. However, she shifted
her view towards informed view at the end of the study. She appreciated the influence of
cultural values and norms on development of scientific knowledge via detailed explanation
and example (see Table23 below for sample quotas).
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Table 23. Lale’s sample statements related to Socio-cultural NOS revealed in pre and post VNOS-C

Administration

of VNOS-C Categorization Sample Statements
...Science is universal because we live in same world, for
example laws for the nature are not change by people to people.
Pre-VNOS-C Inadequate They are not affected by social political and philosophical

values....

Scientific knowledge can be affected by social cultural values.
Because scientists’ knowledge can be shaped by his/her
experiences and beliefs. Problems of society in which scientists

Post-VNOS-C Informed live affect their work. Because scientists did some research to
solve these problem. For instance, pig flue [A(HLN1) virus] is on
agenda nowadays, so scientists are working on it [pig flu virus]
more intensely to solve the problem.

Following section presented participant’s views on function of theories and laws.

Theory & Law: At the beginning of the intervention, Lale showed inadequate view of
theories and laws. She believed that there was a hierarchical order between theories and
laws and theories became law after they were proved. Yet, she shifted her view towards
informed over the science methods course. She explained the role and functions of theories
and laws, and gave detailed explanation on theories and laws. She expressed laws as
descriptive in nature and theories as explanatory in nature. Additionally, she supported her
explanation with an example on the case of atom models and Newton’s Law at the end of

the NOS intervention (see table24 below for sample quotas).
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Table 24. Lale’s sample statements related to Theory &Law revealed in pre and post VNOS-C

Administration Categorization Sample Statements
of VNOS-C

f the scientists concludes that his/her hypothesis is true
with experiments’ this hypothesis becomes theory. .....If
theories are proved, this theory becomes a law and it
never changes...

Pre-VNOS-C Inadequate

Theory is explanations about observable phenomena.
Theory can change through time. ...Law is the information
that states the relationship between observable
phenomena. They can also change with new information
... For example atom theories give examples
[explanation] related to structure of an atom. But
Newton’s law give [indicate] relationship among force
mass and acceleration.

Post-VNOS-C Informed

Subjective NOS: Lale held inadequate view of subjective NOS at the beginning of the
intervention. Participants holding inadequate conceptions of subjective NOS believed that
scientists’ investigations are neutral, and their personal beliefs, pre-conceptions,
assumptions do not influence the scientific knowledge they produce. For instance, Lale
indicated that the reason behind the controversy of dinosaur extinction is the only long time
period of after the event occurred. However, she shifted her understanding towards
informed view of subjective NOS. That is, she was able to articulate that scientists’
interpretations would vary because of personal backgrounds, perceptions, pre conceptions
and expectations by providing detailed explanation at the end of the NOS intervention. For
instance, she explained the dinosaur extinction controversy due to the scientists’
background, and different pre-conceptions of the scientists (see table25 below for sample

quotas).
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Table 25. Lale’s sample statements related to Subjective NOS revealed in pre and post VNOS-C

Administration

of VNOS-C Categorization Sample Statements

[regarding extinction of the dinosaurs]There are a lot of reasons
such as volcano, exposure to earthquakes and separation of
continents for extinction of living things. Because this events
occurs 65 millions of years ago scientist could not sure about
the reason of extinction of dinosaurs....

Pre-VNOS-C Inadequate

Scientists could interpret same data differently. Their
[scientists’] background, their field of study, preconceptions
might influence their interpretations. For instance, scientists
studying mainly in geography might think dinosaur extinction
due to continental drift while astrophysics might think that
extinction due to meteor hit...

Post-VNOS-C Informed

Participant revealed inadequate understanding on tentative, empirical, creative, subjective,
socio cultural NOS and theory & laws prior to intervention. Lale showed adequate
understanding on inferential NOS at the beginning of the intervention. She shifted her NOS

views towards informed view for all aspects of NOS at the end of the study.

Following section will inform on participant’s progress on NOS instructional planning and the

sources of her development for NOS instructional planning.

4.2.2. The progress trajectory in relation to integrating NOS into lesson plans

Current section presented participant’s improvement for NOS instructional planning. It was
outlined as; general information on participant’s instructional planning, development of
instructional planning related to NOS objectives, development of instructional planning
related to NOS activities, development of instructional planning related to NOS assessment
and finally, overall development of NOS instructional planning. Next sub section started with

general information about Lale’s instructional planning.

This section begins with information on the participant's general instructional planning,
continues with the participant’'s development of instructional planning related to both NOS
objectives and the progress of instructional planning regarding to NOS activities, as well as
participant’s development of instructional planning in NOS assessment. Finally, an overview
on participants’ progress in NOS instructional planning is presented. First sub section starts

with information about Safa’s instructional planning in general.
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4.2.2.1. Information about instructional planning in general

Participant handed in five lesson plans. She planned to teach science content such as atom
models (grade?) in her first lesson plan, solar system and space (7th grade) in her second
lesson plan, natural selection and evolution (8th grade) in her third lesson plan, bacteria (8th
grade) in fourth lesson plan, and buoyancy (grade 8) for the last lesson plan. She chosen all
the science content that she planned to teach from Turkish science curricula which was
available online. It was her responsibility to choose any science content from curricula and
adapt or modify it to address NOS explicitly. While creating lesson plans, she was in charge
with the writing of objectives part of the lesson plan in which she stated the planned goals of
her lesson, description of activities parts in which planned instructional strategies, tools were
described to achieve the planned goals and lastly, evaluation part of the lesson plan, in
which planned strategies were described to evaluate the planned goals. Since all
participants were required to teach NOS in their lesson plans, all were expected to adapt and
design lesson plans in which they address NOS explicitly. Following section presented Lale’s
development with regarding to writing NOS objectives.

4.2.2.2. Development of lesson plan regarding NOS objectives

Objectives part of the lesson plans were more related with whether participants had the
intention of teaching NOS explicitly/consciously. Inclusion of NOS objectives mostly
indicated how they perceived teaching NOS, for example, they recognized NOS as an ad-
on, topic or as an important issue as the other science content to be taught/planned
explicitly. Analysis of the lesson plans showed that Lale included objectives related to NOS
in all lesson plans. However, the objectives in first three lesson plans were more subject
/content specific. She wrote objectives related to science content not directly to the NOS, but
some NOS aspects were implied to be NOS objectives, were interpreted based on the
examination of description of activities part. That is, she did not state the objective in a way
that gave the idea of how science works. For instance in her first lesson plan in which she
planned to teach atom models, she included an objective interpreted as targeting tentative
NOS: “Students will be able to differentiate that ideas related to atom structure have
changed through history” Here, she did not state objective in a way that expresses an aim
addressing science is tentative. However, examination of description of activities revealed
that she included instructional strategies to teach tentative NOS. She adopted same

approach regarding writing NOS objectives for her second and third lesson plans. In her
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second lesson plan she planned to teach solar system and space. She included objective
on tentative NOS which was also subject/content specific such as: “Students will be able to

differentiate that ideas related to formation of universe have changed through history”.

Although she mentioned subjective and creative NOS in description of activities part of the
lesson plan, she did not provide any objectives on these aspects. Thus researcher alerted

her to think about NOS in her objectives part of the lesson plan:

“Think about why you write objectives; do you think all these objectives cover what you intent
to teach through the lesson; think about including objectives on NOS (feedback given to the

2" lesson plan)”

Similarly, she kept content specific NOS objectives in her third lesson plan. She included
two NOS objectives in the context of natural selection and evolution which were inferred to
be objectives on subjective and tentative NOS such as: “Students will be able to recognize
different ideas of different scientists about evolution” and “Students will be able to identify
that ideas related to evolution changed throughout time”. Since she kept her manner of
subject/content specific NOS objectives, she got feedback on being precise on NOS
objectives. In her fourth lesson plan, she planned to teach bacteria as science content. She
included NOS objectives on tentative, empirical and creative NOS. She revealed vague
manner of NOS objectives. That is, she both had content specific NOS objectives and NOS
objectives addressing NOS directly. Regarding content specific NOS objective, she included
objective regarding creativity in the context of “generation of bacteria” which was “Students
will be able to exemplify different scientists’ views related to the generation of bacteria”.
Therefore, she was alerted on writing objectives directly targeting creative NOS: “If you want
to teach creativity you can add an objective on it e.g. State the role of scientist’s creativity in

development of scientific knowledge (feedback given to the 4" lesson plan)”

Distinctively, she wrote objectives directly addressing tentative and empirical NOS such as
“Students will be able to state that scientific knowledge can change through time by
examining different views related to spontaneous generation of bacteria” and “Students will
be able to identify that experiments are not only route of getting scientific knowledge”.
Additionally, she included all NOS aspects in objectives part that she mentioned in synopsis
of the lesson plan. In her fifth lesson plan, she kept having objectives directly addressing
NOS. She wrote objectives on creative and empirical NOS: “Students will be able to state the
role of creativity in development of scientific knowledge (creativity aspect of NOS)” and the

objective related to empirical NOS was: “Students will be able to state the role of
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observations and experiments in development of scientific knowledge (empirical-based
aspect of NOS)”.

In general, analysis of all five lesson plans indicated that she developed more consistent
manner of including NOS objectives in her lesson plans. Although her first three lesson plans
included mostly content specific NOS objectives, for the last two lesson plans she included
NOS objectives directly targeting certain NOS aspects. Looking through the frequency of
NOS objectives, tentative NOS was the most stated one among the others. The following

table 26 indicated the objectives that Lale stated in each lesson plan:
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Table 26. NOS objectives in each lesson plan

# of .
lesson CISradIe Science NOS NOS objective
plans eve content aspects
1 6t Atom Tentative  Students will be able to differentiate that ideas related to
models NOS atom structure have changed through history
Solar
th System ) )
2 7 and
space
o Students will be able to recognize different ideas of
Natural i’luobéecwe different scientists about evolution
3 8" istljectlon ) Students will be able to identify that ideas related to
. Tentative  eyolution changed throughout time
evolution  NOs
. Students will be able to state that scientific knowledge
Tentative . o . -
can change through time by examining different views
NOS - .
related to spontaneous generation of bacteria
4 8" Bacteria Empirical ~ Students will be able to identify that experiments are not
NOS only route of getting scientific knowledge
Creative Students will be able to exemplify different scientists’
NOS views related to the generation of bacteria
5 gh Buoyancy Empirical  Students will be able to state the role of observations and
Force NOS experiments in development of scientific knowledge

- indicated the absence of the subject
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Interview was conducted at the end of the intervention to understand participants’ teaching
perception of NOS and perceived NOS instructional planning development. Interview
included questions related to participants’ perceptions of NOS objectives, and rationale to
teach NOS. Additionally participant wrote reflection paper on her perception of NOS
teaching. Analysis of interview and reflection paper also revealed her manner on NOS
objectives. Although she included somehow NOS objectives in her lesson plans, she stated
that she did not consider herself as efficient. However, she explicated that NOS objectives

should be written since NOS would increase students’ interest of science in interview:

R: How could you describe your development regarding writing NOS objectives?

L: I do not think that | improved them [writing NOS objectives]. | already made mistakes on
my first three lesson plans; | tried to change something on my fourth lesson plan. That is, |
constructed the lesson plans in a way that students will define subjectivity separately but |
am not sure whether it is true or not. | do not think that | made progression about writing
NOS objectives...While preparing a lesson plan, firstly we write objectives. | remember that it
was lack in my lesson plan. At the beginning we did not write objective about NOS aspects,
maybe at the beginning we did not pay attention very much (on NOS).Later, in your
feedbacks, you said that we should have objectives on the evolution and NOS aspects. At
least, it had such an impact in this way. | learned in the course that we should evaluate NOS
and should take it as an objective

R: Considering the lesson plans that you are supposed to prepare for your teaching as a
teacher in the future, do you think that NOS should be explicitly stated in the objectives part

of the lesson plan?

L: Like | said before, students can be guided about how the scientific knowledge is produced,;
it may help students love science by providing the application of science in their daily life.
Therefore, (NOS) it can be emphasized more.

Although her confusion on writing NOS objectives, she was aware of how NOS was reflected
in Turkish science education curriculum. In reflection papers and interview, she pointed out
that insufficient of NOS objectives were addressed insufficiently:

Objectives related to NOS aspects are written in the curriculum. But | do not think that they
are adequate. Especially in some parts of units there is any objectives related to NOS
aspects. They should be developed (reflection paper)
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The following section described the development of participants’ explicit-reflective NOS

instructional planning through the activities part of the lesson plan.
4.2.2.3. Development of lesson plans regarding NOS activities

That section of the “Results” part informed about in what ways and at what extent the
participant achieved to adopt explicit reflective approach to teach NOS in the lesson
plans/creating lesson plans. For instance, in her first lesson plan, she planned to teach
atom models (6th grade) as a science content. She covered tentative NOS in her lesson plan.
She included NOS objective on tentative NOS and addressed it also in the description of
activities part. She adopted an explicit approach of teaching it. Regarding reflective
component of her instructional planning, although she benefited from history of atom models
very briefly, she did not use this opportunity to create an environment for students discuss
and reflect on their ideas. Instead, she directly planned to mention change of theories. Thus,
she relied on lecturing (direct teaching) rather than connecting the HOS example with NOS,
and providing NOS questions to initiate NOS discussion environment. Therefore her planned
teaching was lack of reflective component of NOS instruction. Thus, her plan was
categorized as needs development regarding tentative NOS instructional planning. The
sample parts of her lesson plan which reflecting her manner of teaching NOS was as

following:

“...I will define the atom as building blocks of matter. After that, | will mention Dalton,
Thomson, Rutherford and Bohr Atom Models. | will say that as the time goes, the ideas
related to atom structure has changed. | will ask students that what characteristic of nature of

science is related to changing of ideas of atom structure through history...”

The second lesson plan was related to Solar system and space (7th grade) science
content. She planned to address tentative, creative and subjective NOS. She only included
tentative NOS objective, although she mentioned all three NOS aspects in description of
activities part of the lesson plan. In that sense, her instruction was not completely explicit
regarding creative and subjective NOS instructional planning. Similar to first lesson plan, she
compared different scientists’ views on formation of universe, but she did not use any HOS
based example to address NOS. Instead, she directly mentioned the aspects through

lecturing. That is, she gave direct definitions of tentative and subjective NOS:

“... | will mention some scientists’ views about the formation of universe. | will say that

Newton had claimed in 1600s that universe has no starting point. According to this claim the
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universe exists since the infinity and it will preserve its structure to the infinity. However,
George Lemaitre had stated that universe has a starting point and it expands consistently in
1927. The last studies of scientist support George Lemaitre’s claim. | will say that as you
notice as the time passes knowledge about the formation of universe had changed and it
shows the tentative aspect of nature of science. In addition these views are partly based on
scientists’ imagination and prior knowledge. This shows the subjectivity aspect of nature of

science...”

Since Lale kept her approach for teaching these aspects through lecturing as in first lesson
plan. Thus, her lesson plan was lack of reflective component of those NOS aspects due to
addressing it through lecturing and lack of NOS questions and discussion opportunities.
Therefore her plan was categorized as needs development for teaching subjective and
creative NOS aspects. Additionally, she was alerted by the researcher on providing more
NOS questions and showing efforts to create discussion on NOS such as: “...Think about
questions and strategies to foster students’ understanding of NOS. Try to use more student-

centered and try to create discussion on how scientists work...”

Third lesson plan included natural selection and evolution (8th grade) as a science content.
She planned to teach subjective, tentative and creative NOS. Yet, she provided NOS
objectives only for tentative and subjective NOS. Thus, instructional planning for creative
NOS was not exactly explicit. Regarding the way she addressed creative NOS in her plan,
she started her planned lesson with hands on activity, but she did not connect that activity
with any NOS aspects. Following sample from her lesson plan illustrated her manner of NOS

instructional planning:

“...Then | will apply an activity that is related to natural selection. | will give students 20 red
and 20 blue beans and want them to mix beans and select 10 beans randomly. Then | will
ask them the numbers of blue and red beans that they select. Then students discuss that
why they get different numbers of beans | expect them to relate this activity with natural
selection. | am planning to motivate them by asking questions: “do you think that in nature
genotypes of organisms are formed like that?” and “What can be the relationship between

the selections of beans with the natural selection of organism...?”

Therefore, her plan regarding creative NOS was lacking of reflective component as well. For
that reson, her lesson plan regarding creative NOS was categorized as needs development.
Moreover, she also addresses creative and subjective NOS together with the help of HOS

example on Darwin’s and Lamarck’s theories on evolution:
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“....After they read text, | am planning to talk about differences between Darwin’s and
Lamarck’s ideas. After | mention details | am planning to ask why scientists have different
views about the evolution. What can be the reasons of these different kinds of claims? With
doing this | am planning to create discussion environment for learning the ideas of students

related to subjectivity and creativity aspect of nature of science...”

Here, regarding subjective NOS, she both provided an objective and also planned to
emphasize it explicitly through a HOS example via discussion. That is, she planned to create
a discussion on subjective NOS via different evolution theories and she provided some NOS
specific questions. Therefore, she fulfilled explicit reflective instructional planning regarding
subjective NOS and categorized as exemplary.

To address tentative NOS she used the differences of Lamarck’s and Darwin’s’ theories of
evolution. Then she provided questions to emphasize tentative NOS. She achieved to
connect HOS example with NOS and created discussion environment to utilize students’
understanding of tentative NOS in her plan. Following incident from her lesson plan reflected

her manner of NOS instructional planning:

“I will mention Lamarck’s and Darwin’s theories related to evolution. | will tell that firstly
Lamarck’s arise in 1809 and after that Darwin’s theory arises in 1859.1 will say that Lamarck
believes transmutation of species; on the other hand, Darwin believes common ancestor.
Lamarck thinks that organisms do not have common ancestor, they turn into each other in a
linear way and the complexity of organisms increase. Darwin thinks that all living organisms
have a common ancestor. | will say that today Darwin’s theory is the most acceptable one. |
am going to ask why the Darwin’s theory is most acceptable one today. Why Lamarck’s
theory is rejected? Is scientific knowledge can change throughout out time? What aspect of

NOS is related to the changing of scientific knowledge?”

Regarding tentative NOS, she both provided objective and instructional prompts as well. For
that reason, her plan for tentative NOS included both explicit and reflective components.
Therefore, it was categorized as exemplary for tentative NOS instructional planning. In
fourth lesson plan, she planned to teach Bacteria (5th grade) as a science content and
covered tentative, creative and subjective NOS. In her lesson plan, she mentioned three
kinds of experiments related to Bacteria in history. She gave a script to the students on three

experiments done by three different scientists at past:
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“....Then | will mention that bacteria were first seen by Anton Van Leuwenhoek (1673) with
the discovery of microscope. In these times, it is believed that some of these bacteria
reproduce spontaneously. | will give a text related to the experiments of three different

scientists. In these years, bacteria were called as small animals...”

Then, she asked questions to initiate NOS discussion. First, she provided questions related
to reading script then, she added questions related to subjective NOS such that: “What did
scientist do for supporting their ideas?”, “Did they do some experiments?” and “Do all of the
scientists do experiments for their study”. Providing HOS based example, NOS specific
questions, to create NOS discussion environment and giving space for students to express
their ideas on subjective NOS, made her instructional planning have reflective component of
her NOS teaching. Additionally, she stated empirical NOS in objective part as well. Therefore
her plan regarding subjective NOS categorized as exemplary. Similarly, for teaching
tentative, she used same example. She added some questions to make students think on
how scientific knowledge changes such as: ‘Did ideas related to spontaneous generation
change as the time passes?”, “What can be the causes of this change?”, and “Which NOS
aspect is related to the changing of the theory of spontaneous generation?”. Having
instructional prompts specifically addressing tentative NOS, and also stating it in objective

part fulfilled it as exemplary concerning tentative NOS instructional planning.

In the same vein, she used same HOS example and also provided some questions to initiate
NOS discussion to address creative NOS. The NOS questions she used were: “Did
Spallanzani and Needham share the same ideas related to spontaneous generation?”, “Why
did Spallanzani and Needham think differently?” What can be the reasons? And “Spallanzani
and Needham did approximately same experiment. However they reach different
conclusions. What can be the reasons of this”? However, for teaching creative NOS she did
not connect HOS example with creative NOS. She only provided some questions alleged to
trigger students’ thinking on creative NOS. Yet, she provided an objective on creative NOS,
revealing her intention to teach it. Therefore her instructional plan regarding creative NOS

teaching was categorized as needs development.

She addressed Buoyancy Force as science content in her fifth lesson plan. She included
empirical and creative NOS in description of activities part. She also stated objectives of
creative and empirical NOS. In that sense, she provided explicit instructional planning for
empirical and creative NOS. Lale used HOS based examples. In current lesson plan, she
provided a reading script on Archimedes and provided some questions to emphasize

targeted NOS aspect. The sample of script was as following:
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...... After mentioning these | will give a text about Archimedes who suggest the idea of
lifting force of liquids. | will want them to read the text below. Then | am planning to ask these
guestions to mention some NOS aspects. | ask these questions for emphasizing creativity:
Why did Archimedes find lifting force while any other scientist did not? Did his creativity
affect his study related to lifting force?, and Did scientist use their creativity and imagination

during their investigations?”

Although her questions were more straight forward and insufficient to lead students to refine
their ideas on creative NOS, participant still showed efforts to provide instructional prompts
to cover creative NOS. In that sense, her instructional plan regarding creative NOS had a
reflective component and therefore categorized as exemplary regarding creative NOS

instructional planning.

In the same way, she used same HOS example to emphasize empirical NOS. She provided
questions related to script and then connect the HOS script to empirical NOS, which ensured
reflective instructional planning for empirical NOS. Since she stated an objective on empirical
NOS and the specific instructional prompts, her instructional planning regarding empirical
NOS was categorized as exemplary. See the specific questions she provided for teaching

empirical NOS below:

“What did Archimedes do for supporting his idea?

Did he do some experiments?

Do all of the scientists do experiments for their study?

Is experimentation only route of getting scientific knowledge?”

Additionally, she stated that she would wrap up NOS regarding empirical and creative NOS,

after the discussions provided via questions:

......... According to their answers | will mention that scientist's creativity affect their
investigations. In every step of science process skills, scientists use their creativity such as
while making observations, inferences, predictions, experiments even collecting data they
use their creativity. Because different scientist may focus on different data and their
interpretations may be different. Then, | will talk about that for supporting his idea
Archimedes made an experiment. However, all scientists do not use experiments while

getting scientific knowledge. In some cases, doing experiment may not be possible.
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Therefore, they can use their observations, inferences and predictions for getting scientific

knowledge...”

In general, she improved her instructional planning regarding NOS teaching. She shifted her
teaching NOS instructional plan from direct teaching of NOS with lack of explicit and
reflective components towards explicit reflective NOS instructional planning. She started to
use specific NOS questions. In her lesson plans, NOS objectives starting from third lesson
plan. She used HOS as a context to emphasis NOS mostly. Specifically, she achieved
explicit reflective NOS instructional planning starting from third lesson plan with the focus of
subjective, empirical and tentative NOS. Additionally, tentative and creative NOS were the
most used aspects in description of the activities part. Following summarized the
instructional strategies and NOS aspects she used in description of activities part of the

lesson plan:
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Table 27. Summary of NOS aspects addressed in description of activities in lesson plan

# of . NOS NOS o
lesson Grade Science NOS teaching objectives Expllc!t-
Level content aspects . Reflective
plan strategies
th Tentative . Needs
v -
1 6 Atom models NOS Lecturing development
Subjective Lecturin ) Needs
NOS 9 development
th Solar System  Tentative . v Needs
2 7 and space NOS Lecturing ) development
Creative Lecturin i Needs
NOS 9 development
Subjective  HOS
v .
NOS example Exemplary
Natural .
3 gth Selection and  Creative HOS ) Needs
- NOS example development
evolution
Tentative HOS v . Exemplar
NOS example plary
Tentative HOS v Exemplar
NOS example plary
th . Creative HOS Needs
v
4 8 Bacteria NOS example development
Subjective  HOS
v .
NOS example Exemplary
Empirical HOS v
NOS example Exemplary
5 gth Buoyancy
Force Creative HOS v Exemplar
NOS example plary
v" . indicated the existence of the task, -: indicated the lack of task, V- : indicated the

incomplete of task
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At the end of the NOS intervention participants was interviewed and wrote reflection paper
related to their NOS teaching perceptions and perceived development of their NOS
instructional planning. Analysis of reflection paper and interview also supported her manner
of NOS instructional planning. When she asked how she would teach NOS, she stated she
would teach NOS explicitly via questions in the context of HOS in her responses to both
interview and reflection paper. Additionally, during the interview she also stated that she

would teach NOS as integrated to the science content:

L: I thought that just like we do in the lesson plan, within the science content, through telling
students that this scientist invented this, the other invented this and asking students so what
shows this to us and waiting for their response and at the end explaining that “this shows us
that”. In this way | think that it should be taught explicitly...But while teaching students, by
asking many questions, we should encourage them to think about NOS. | thought that |
would have problems about teaching of creativity because | did not know what type of
questions to ask. In my last lesson plan, | focused on creativity and asked some questions.

In her reflection paper, she wrote that she would address NOS explicitly:

“Yes, | am planning to teach NOS aspects explicitly. | am planning to ask questions related

to NOS aspects and | want students to think about them”

Next, participant’s development in NOS assessment revealed through lesson plan analysis
was presented.

4.2.2.4. Development of lesson plans regarding NOS assessment

That part of the results section informed about Lale’s efforts to evaluate NOS aspects that
she planned to teach. The kind of strategies that she used for each specific targeted NOS
aspect was reported. For instance, in her first and second lesson plan, she did not
consider assessing NOS. Thus she was alerted on thinking about NOS assessment by the
researcher: “How do you plan to assess students’ understanding of NOS on targeted NOS
aspects? “Analysis of lesson plans indicated she adopted NOS assesment approach after
third lesson plans. However none of the assessments that she planned to make were
specific to each NOS aspect targeted to teach. In third, fourth and fifth lesson plans, she
kept same manner of assessing NOS. She did not provide any questions specific to targeted
NOS aspects. However, she emphasized NOS assessment as stating that she would ask

NOS related questions. Additionally, she also took formative assessment into consideration
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and emphasized students’ performance during discussions which revealed in her lesson

plans:

“I will evaluate students according to their performance during the lesson. | mean based on
their participation of discussions in the class. Also | am planning to ask a question what we
learned related to NOS? Which aspects did we cover? | will assess their NOS

understandings related to the participations of these questions...”

In general, Lale adopted the idea of NOS assessment after the third lesson plan.
Additionally, she combined formative and summative assessment. However, she did not
provide specific NOS assessment for each targeted NOS aspect. For example, in the fourth
lesson plan, she mentioned creativity explicitly and reflectively in description of activities part
as well as in objectives part of lesson plan. However, in evaluation part of lesson plan, she
did not provide any specific assessment strategy for creative NOS. Instead she stated she

would ask NOS questions.

Correspondingly, interview conducted at the end of the NOS intervention to understand
participants’ NOS teaching perception and their development for NOS instructional planning.
Responses to interview also supported her manner of assessment showed in third, fifth and
fourth lesson plans. Although she preferred to use questions as an assessment strategy for
students’ NOS understanding, she explicated lack of her knowledge on alternative NOS

assessment strategies:

L: At the beginning, | did not have much idea about the assessment of NOS. Later, | thought
that at the end of the lesson, questions related to NOS aspects that have been taught can be
asked to assess how much they understand. | think that is a good method but | do not know
the alternative methods because of that | do not feel myself competent very much.Following

table indicated the brief description of each NOS assessment strategy for each lesson plan:
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Table 28. NOS assessment strategies used in each lesson plan

#of lesson Science content NOS aspects NOS asses.sment
plan strategies
1 Atom models - No NOS assessment
2 Solar System and space - No NOS assessment
3 Natural Selection and Not specific to NOS General NOS questions
evolution aspect Students’ performance
4 Bacteria Not specific to NOS General [\lOS questions
aspect Students’ performance
Buovancy Force Not specific to NOS General NOS questions
5 yancy aspect Students’ performance

Subsequent section presented an overview of the participant’'s development regarding NOS

instructional planning.

4.2.2.5. General overview for NOS instructional planning

Generally, the analysis of lesson plans revealed Lale’s development in her NOS instructional
planning regarding NOS objectives, NOS activities and NOS assessment. She started to
include NOS objectives that she also mentioned these NOS aspects in description of
activities part. Moreover, she showed effort to be more student centered for NOS in
description of activities part. That is, she included NOS questions and planned to give more
space to students to express their ideas on science. In sum, her approach for planning NOS
was shifted from lecturing to more explicit and reflective manner. She achieved explicit
reflective NOS instructional planning for empirical, tentative, subjective and creative NOS.
Regarding her NOS understanding, Lale achieved informed understanding of all NOS
aspects mentioned in the study. However, she only tried to address creative, empirical,
tentative, and subjective NOS and she achieved to plan those aspects in an explicit reflective
manner. Concerning NOS assessment, she planned asses NOS in her lesson plans starting
from third lesson plan. She provided general assessment strategies such as asking NOS
questions but she did not specify assessment strategies. Additionally, towards last lesson
plans especially in fifth one she showed a consistency between the NOS aspects in
objectives part the NOS aspects in the description of the activities part. That is, she stated a
NOS aspect in objectives parts and also addressed same NOS aspect via instructional
strategies in description of activities part. She did not use specific assessment strategies for

each targeted aspects still she planned to assess NOS. She revealed that consistency
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specifically for empirical, tentative NOS and creative NOS for the whole lesson plans. That
is, for those NOS aspects, she wrote objectives, addressed them in description of activities
part through instructional prompts and also emphasized them in assessment part of the
lesson plan. Following table summarized general overview of Lale’s instructional planning

regarding NOS objectives, NOS activities and NOS assessment:

Table 29. Summary of overall NOS instructional planning

Lesson Grade Science NOS te[a\lcohisn Ri);lpel(lzctil\t/-e NOS NOS
plans level content aspects 9 assessment objectives
strategies NOS
th Atom Tentative . Needs
L 6 models NOS Lecturing development ) V-
Solar Subjective Lecturin Needs ) i
system NOS 9 development
th and Tentative . Needs
2 7 space NOS Lecturing development ) V-
Creative . Needs
NOS Lecturing development ) i
Subjective
Natural NOS HOS Exemplary \ %
th selection Creative Needs
3 6 and NOS HOS development v V-
evolution Tentative
NOS HOS Exemplary % %
Tentative HOS Exemplary % %
th . NOS
4 8 Bacteria .
Subjective HOS Exemplar % Y
NOS plary
Creative
NOS HOS NA % V-
th Buoyancy  Empirical
5 8 force NOS HOS Exemplary \% \%
Creative
NOS HOS Exemplary \ Y

v: indicated the existence of the task, -: indicated the lack of task, v- :indicated the

incomplete of task

Following section will inform on participant’s perceived source of development for NOS

instructional planning.
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4.2.3. Learning experiences contributing to the ability to integrate NOS into

instructional plans

In general, Lale’s instructional planning for teaching NOS has been evolved in an explicit
reflective manner which included NOS objectives, specific activities for teaching NOS and
specific assessment strategies for NOS. Researcher applied several strategies to improve
participants’ NOS instruction such as feedback to lesson plans, HOS based examples
coupled with NOS explicitly followed by NOS discussions, and lesson plan presentations
followed by NOS discussions. To understand the relative importance of these learning
experiences, researcher conducted interview with the participants. Analysis of interview
revealed that Lale perceived lesson planning activity which included creation and
presentation of the lesson plan, as the main source contributing her ability to integrate NOS
into instructional plans. Additionally, she also mentioned value of feedback given to the

lesson plans:

R: As a researcher, | aimed to help you improve your NOS understanding and NOS
instructional planning. For this reason, | applied several strategies such as giving feedback
for lesson plans, providing HOS examples in class and asking you to prepare and present
lesson plans, which was followed by class discussions. Which of these activities do you

think influence your skills regarding NOS instructional planning?

L: Preparing lesson plan is the most contributing thing to me. While preparing it, we search
for history of science. In that way, we learned both science in history and how to integrate
them. We worked a lot for that. In fact, if you remember, our lesson plans were very poor at

the beginning but later, we made certain improvement.

R: Hihi.

L: For the first time, we prepared lesson plans seriously. Besides, there was the format of
lesson plan. We integrate NOS to it [lesson plan] and in my opinion, it was useful in terms of
learning HOS...I did not think the feedback you gave us were as a different activity [other

than lesson planning] instead | thought that it is connected to it [lesson planning]

R: ok

L: When we got feedback about that topic, we saw our mistakes. Because, like | said, we

had many shortcomings. Therefore, in terms of correcting the mistakes, | think that | can put
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feedback to second order [as a contributing activity to the development of NOS lesson

planning]
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4.3. CASE Il

The third case of the study was named Lia. In the following, the results were presented
related to (1) how his NOS understanding changed in the context of explicit reflective HOS
based approach, (2) how progress trajectory in relation to integrating NOS into his lesson
plans occurred as a result of feedback in the context of explicit reflective HOS based
approach, and (3) what learning experiences contributed to his ability to integrate NOS into

their instructional plans.

4.3.1. Change in NOS understanding

Following section will present participant's NOS views on tentative, empirical, inferential,
creative, socio cultural NOS, theory and law, as well as subjective NOS. First, participant’s

view related to tentative NOS presented below.

Tentative NOS: Prior to NOS intervention, participant articulated the view that science is
subject to change for all kind of scientific knowledge including scientific laws. Although he
articulated the view of tentative NOS by giving example, his responses related to tentative
NOS lacked of detailed explanation such that he did not explain how/ why scientific
knowledge change. Instead he only stated change in scientific knowledge as a part of life.
Therefore his view was categorized as adequate. However, Lia provided more extended
explanation regarding tentative NOS at the outset of the study. He expressed that new
evidence would lead in change in scientific knowledge. Moreover, he supported his assertion
with an example. Therefore, his view on tentative NOS was categorized as informed view

(see table30 below for sample quotas).
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Table 30. Lia’s sample statements related to tentative NOS revealed in pre- and post-VNOS-C

Administration

Categorization Sample Statements
of VNOS-C

It [scientific knowledge] changes because the development in
science brings change which results in investigating different

Pre-VNOS-C Adequate aspects. It is feature of life and knowledge. To illustrate this
[tentative nature of scientific knowledge] Newton’s law of motion
which is x=v.t is valid in between 1700- 1900’s but it is changed
by Einstein’s Relativity theory after 1930’s

... It [science] may change in future. Kinetic molecular theory
illustrates that.
...new evidence, new data result in formation of new theories and
Post-VNOS-C Informed laws, or change in existing theories or laws. For instance, Kinetic
molecular theory changed over time. For instance, Boyle found
the equation P1.V1=P2.V2, then Charles proposed different
equation which was V1T1=V2T2, which both contributed to kinetic
molecular theory

Participant’s empirical NOS views were provided below.

Empirical NOS: At the beginning of the intervention, he displayed adequate understanding
of empirical NOS. To be considered having adequate view, one needed to aware of that
science is a testable procedure including observations and experiments but with lack of
detailed explanation and examples. In Lia's case, he differentiated science from other
disciplines by means of including measurement. Additionally, he also mentioned science
involved experiments and observations. However, he did not explain the role of evidence. At
the end of the intervention, his understanding shifted towards informed view of empirical
NOS. That is, he recognized role of evidence to make claims and he also recognized
evidence gathered through testable procedure. Additionally, he used the word “empirical” to

differentiate science from other disciplines. (See table31 below for sample quotas).
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Table 31. Lia’'s sample statements related to empirical NOS revealed in pre- and post-VNOS-C

Administration of  Categorizati Sample Statements

VNOS-C on
Science is different from other disciplines by its aspects of to
Pre-VNOS-C Adequate measure and having valid result that affect life of all living
organisms.
Actually, it [science] is set of experiments and observations...
POSt-VNOS-C Informed Scientific knowledge is testable and based on observable data.

It [science] is empirical based that is, it is based on evidence...

Following section described participant’s views on inferential NOS.

Inferential NOS: Ali showed adequate understanding for inferential NOS at the beginning of
the intervention. That is, he implied for the recognition that scientists make inferences For
instance; in his responses he indicated the understanding that scientists did not make direct
observations of natural phenomena. Such that, in his reply to how scientists decided the
existence of dinosaurs, he expressed that scientist examined the remaining of the dinosaurs.
Over the science methods course, he shifted his understanding towards informed view of
inferential NOS. That is, he could be able to state explicitly that scientists made inferences
based on data at the end of the intervention. He expressed that scientists made inferences

based on fossils (see table32 below for sample quotas).

Table 32. Lia’'s sample statements related to inferential NOS revealed in pre- and post-VNOS-C

Administration

Categorization Sample Statements
of VNOS-C
[To decide dinosaur’s existence] scientists examine some
Pre-VNOS-C Adequate remaining that belongs to animals. Also they make research on

DNA.

[to decide dinosaur’s existence]They gather some data like
fossils and they infer that these fossils do not belong to any
organism that known by scientists. Therefore they refer to a
different animal now known as dinosaurs.

Post-VNOS-C Informed

Subsequent section displayed participant’s views on creative NOS.
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Creative NOS: At the beginning of the intervention, he recognized role of scientists’
creativity and imagination in development of scientific knowledge but mostly in particular
stages of the scientific investigation. Therefore, his view was categorized as adequate. At
the outset of the intervention, he was able to articulate role of scientists’ imagination and
creativity in all stages of the scientific investigation by providing example at the end of the
intervention. Thus, his view was categorized as informed view (see table33below for sample

quotas).

Table 33. Lia’s sample statements related to Creative NOS revealed in pre and post VNOS-C

Administration

of VNOS-C Categorization Sample Statements

| think they [scientists] use their imagination and creativity in all
steps [of scientific investigation] because in any steps they

Pre-VNOS-C Adequate have unknown results. But mostly, it is the planning stage [of
scientific investigation] that they [scientists] use imagination
and creativity.

Through all steps of their investigation [scientific investigation],
they [scientists] use their imaginations. For instance, Einstein
used his creativity and imagination through all stages of
thought experiments

Post-VNOS-C Informed

Next, Lia's views on socio-cultural NOS were described.

Socio-Cultural NOS: At the beginning of the intervention, he revealed inadequate
understanding of socio cultural NOS. He believed that science is value free of the society
and culture. Yet, he achieved informed view at the end. That is, he recognized that science
was influenced by the cultural values of society and supported his view with an example at
the end of the intervention. In his response, he expressed explicitly that science could not be
isolated from cultural values. He also supported his claim by giving example of Galileo case

(see table34 below for sample quotas).
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Table 34. Lia’'s sample statements related to socio cultural NOS revealed in pre and post VNOS-C

Administration
of VNOS-C

Categorization

Sample Statements

Pre-VNOS-C

Post-VNOS-C

Inadequate

Informed

I want to believe the second choice [science is universal] but
unfortunately science reflects social and cultural values...

Scientists are affected by social political issues as any person
affected... we cannot isolate scientists from society they live
in...They [scientists] obviously are influenced by society,
environment and political conditions of the culture they live in. ...For
instance, Galileo, could not communicate the results of the his
scientific investigation because of the scholastic pressure existed in
Europe at that times.

Following section described participant’s view on function of theories and laws.

Theory & Law: At the beginning of the intervention, Lia had the misconception that laws are

more certain than theories. He stated that laws did not change because they were supported

by lots of experiments. However, he shifted his view from inadequate to informed view at end

of the intervention. That is, he appreciated role and function of theories and laws. He

described laws as descriptive and theories as explanatory in nature. Additionally, he gave

detailed explanation of theories and laws and also supported his explanation with an

example (see table35 below for sample quotas)

Table 35. Lia’'s sample statements related to Theory &Law revealed in pre and post VNOS-C

Administration

Categorization Sample Statements
of VNOS-C
...It [theory] is mainly based on predictions but may change
Pre-VNOS-C Inadequate because it is not law, that supported by uncountable
experiments.
Theory is an explanation of relationship between events or
organisms. Also it[theory] make explanation for behavior of
POst-VNOS-C Informed organisms and process of events —cell theory, quantum

theory....Law is a general expression related to relationship
between events-Newtonian movements laws; Conversation of
matter
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Lastly, participant’s views on subjective NOS were described below.

Subjective NOS: His response to pre VNOS-C regarding subjective NOS, could not be
categorized. However his response to post VNOS-C revealed informed view for subjective
NOS. At the outset, he recognized that scientists’ interpretations would differ because of
personal backgrounds, perceptions, pre conceptions and expectations by providing detailed
explanation at the of the intervention. For instance, he described the dinosaur extinction
controversy due to the different background of the scientists (see table36 below for sample

quotas).

Table 36. Lia’s sample statements related to Subjective NOS revealed in pre and post VNOS-C

Administration

Categorization Sample Statements
of VNOS-C

Pre-VNOS-C NC -

Scientists look at the same data but they interpret it differently,
because, their prior knowledge, training, social structures and
beliefs affect their work and investigations. For example in
Post-VNOS-C Informed dinosaur case [existence of different theories on extinction of
dinosaurs], scientists who deals with astronomy can think the
extinction due to meteor hit while scientists who are interested in
geology could think dinosaur extinction due to continental drift.

As a result, Lia held inadequate understanding on socio cultural NOS and theory &laws, and
he showed adequate understanding on tentative, empirical, inferential, and creative NOS at
the beginning of the intervention. He shifted his NOS views towards informed view for all
aspects of NOS at the end of the study. Following section will inform on participant’s
progress on NOS instructional planning and the sources of her development for NOS

instructional planning.

4.3.2. The progress trajectory in relation to integrating NOS into lesson plans

Following section will outline participant’'s progress for NOS instructional planning. First,

general overview of his instructional planning, second, development of his instructional
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planning regarding NOS objectives, third, development of his instructional planning regarding
NOS activities, fourth development of his instructional planning for NOS assessment and last
general overview of her development for NOS instructional planning are presented. Next

section started with general information about Lia’s instructional planning.
4.3.2.1. Information about instructional planning in general

Participant turned in four lesson plans since he did not hand in his second lesson plan. He
planned to teach the science topics such as cell theory (6th grade) in his first lesson plan,
properties of gases (6th grade) in his third lesson plan, gases pressure (6th grade) for the
fourth lesson plans, and periodic table (8th grade) for the last lesson plan. Additionally, he did
not get any feedback from his first lesson plan, since he did not hand in it in time. However,
he attended all class sessions from the beginning in which he saw his peers’ lesson plan
presentations (did micro teaching), NOS examples, provided by the instructor and
discussions undertaken in class sessions. Similar to the previous ones, participant chosen alll
these science content for her lesson plans from Turkish science curriculum and it was his
responsibility to choose and adapt any content from Turkish curricula to teach NOS. While
adapting lesson plans, he was responsible for writing objectives part in which he stated his
planned goals of the lesson, activities part referring to planned instructional strategies/tools
to achieve his planned goals and evaluation part in which he stated planned strategies to
assess his planned goals. Since all participants were required to plan teaching NOS in their
lesson plans, all were expected to adapt and design lesson plans in which they address
NOS explicitly. Subsequent section informed on participant’s improvement in writing NOS

objectives.
4.3.2.2. Development of lesson plan regarding NOS objectives

Objectives part of the lesson plans were more related with whether participants had the
intention of teaching NOS explicitly. Inclusion of NOS objectives mostly indicated how they
perceived teaching NOS e.g. they recognized NOS as an add-on, topic or as an important
issue as the other science content to be taught/planned explicitly. Analysis of lesson plans
revealed that Lia included NOS objectives in his all four lesson plans. In his first lesson
plan in which he planned to teach “cell theory” his NOS objectives were more in an implicit
manner. That is he did not include any objective directly related to science or how science
works generally. Instead, the objectives were more content specific. For instance, he

mentioned development of the cell theory in objectives part to address tentativeness. The

objective he wrote was: “Explain development stages of cell theory”. In a similar manner, he

121



mentioned different explanations about cell theory in objectives part to emphasize subjective
NOS inferred based on examination of description of activities part: “lllustrate different

proposals of cell theory”.

As mentioned previously, he did not turn in his second lesson plan but involved in class
activities such as listening to peer’s lesson plan presentations, and discussions on HOS
examples provided by instructor regarding NOS. For the third lesson plan, he planned to
teach gases as science content. He included two NOS objectives which were related to
subjective NOS and creative NOS. Unlike with his previous lesson plan, he wrote NOS
objectives on subjective and creative NOS directly related to science and how science works
rather than being content specific. The objectives he wrote were: “Develop their knowledge
of subjectivity of scientific knowledge” and “Understand the role of creativity in constructing
scientific knowledge through history”. However, in description of activities part he also
mentioned that students would discuss theory and law, in addition to subjective and creative
NOS. But he did not state any objective related to theories and law. The researcher
encouraged him rethink about writing objectives on theory and law through giving feedback:

“Why you did not include this (theory & Law) into your objectives.”

In his fourth lesson plan, he planned to teach gases pressure as a science content. He
included NOS objectives on tentative NOS and theory and law. Similar to his third lesson
plan, his objectives were directly related to tentative nature of scientific knowledge, and role
and function of theories and laws. The objectives he stated related to these NOS aspects
were: “State examples to explain the tentativeness of scientific knowledge by using Kinetic
Molecular Theory” and “Discriminate between law and theory”. However, he also included
empirical NOS in the description of activities part but he did not include objectives related to
empirical NOS. Thus, the researcher warned him about including NOS objectives related to
empirical NOS as well. In his fifth lesson plan, he planned to teach periodic table.
Additionally he planned to include NOS objectives regarding subjectivity and creativity in
science. The objectives were: “Will restate the role of creativity in science by giving
examples from history of design of periodic table” and “Draw conclusion that subjectivity of
scientific knowledge is exist by comparing past form of periodic table and modern form of
periodic table”. When we examined the all four lesson plans, it can be concluded he included
NOS objectives in his all lesson plans. That is, it might be concluded that he had awareness
about planning to teach NOS. Additionally, it was found that that his manner of writing NOS
objectives were shifted from subject content specific to more “science”/ how “science works”

related. That is, in his first lesson plan, his objective is related to development stages of cell
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theory and different explanations about cell theory .When we looked over directly to the
objectives, it was hard to infer that these objectives targeting to teach science as tentative
without examining the description of activities part of the lesson plan. However for the rest of
the lesson plans, it was apparent that he planned to teach about nature of science, and he
explicitly stated the aspects of science such as creativity, tentativeness of subjectivity of
NOS in his objectives. Looking through the frequency of NOS objectives, subjective NOS
was the most stated NOS objective among the others. The following table depicted the

objectives that Lia stated in each lesson plan:
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Table 37. NOS obijectives in each lesson plan

# of .
lesson C|5rade Science NOS NOS objective
plans evel content aspects
Subjective
h NOS Explain development stages of cell theory
1 6 Cell theory ] ]
Tentative lllustrate different proposals of cell theory
NOS
2 NA NA NA NA
Subjective Develop their knowledge of subjectivity of
. NOS scientific knowledge
3 6t Properties of
Gases Creative Understand the role of creativity in constructing
NOS scientific knowledge through history
T . State examples to explain the tentativeness of
entative o . S
NOS scientific knowledge by using Kinetic Molecular
4 g Gases Theory
Pressure
'll_'heory& Discriminate between law and theory
aw
Draw conclusion that subjectivity of scientific
Subjective knowledge is exist by comparing past form of
NOS periodic table and modern form of periodic
5 gh Periodic table.
table
Creati Will restate the role of creativity in science by
reative L . )
NOS giving examples from history of design of

periodic table

: indicated the absence of the task, NA: not applicable
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In addition to the lesson plans post interview and reflection papers were gathered at the end
of the NOS intervention to use as data source to understand participant's NOS teaching
perception and their development of NOS instructional planning. Interview included
questions related to NOS objective writing as well as rationale for teaching NOS.
Additionally, reflection paper was used to understand his perception of NOS teaching. Those
data sources were used to support his manner of planned NOS teaching regarding to NOS
objectives. Analysis of post interviews also revealed that he internalized teaching nature of
science as planned explicitly, rather than as an add-on or side-content. Interview analysis
indicated that he found inclusion of NOS objectives as “must” to make the teaching
meaningful due to function of objectives in lesson plan. He found objectives of lessons
something facilitating of teaching it, thus without having objectives regarding that content

make teaching of it hard :

L: While preparing my last lesson plan, | figured out that it was meaningless and hard to
teach something that you did not have in your objectives. Therefore, every issue that | taught

[plan to teach] should include objectives.

The following section described the development of participant’s explicit-reflective NOS

instructional planning through the activities part of the lesson plan.

4.3.2.3. Development of lesson plans regarding NOS activities

That section of the findings part gave insights about in what ways and at what extent
participant achieved to adopt explicit reflective approach to teach NOS in lesson
plans/creating lesson plans. For instance in the first lesson plan, in which he planned to
teach cell theory, he tended to have an implicit manner of teaching NOS. Although he had
two content specific NOS objectives such as tentative NOS and subjective NOS, he did not
emphasize these aspects in an explicit reflective manner. For instance, for tentative NOS, he
gave an example from HOS which was Robert Hook’s contributions to cell theory in this
case. But he did not explain how Robert Hook’s studies reflected how science/scientists
work. He planned to give example without any further NOS discussion questions, or
reflection opportunities for students. Therefore, his instructional plan for teaching tentative
NOS categorized as “poor”. Following sample from his lesson plan reflected how he planned
to teach NOS:

“In 1839, Schwann made generalization for laws governing cells identical for plant and

animal. He also supported Schlidens’ idea that organisms composed of cell or cell products
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(For animal). In 1852, Robert Remark generation schemes of Schkiden and Schwann. He
said that binary fusion was the means of reproduction of new animal cells. (Tentativeness of
knowledge). In 1879, Walther Flemming noted that chromosomes split longitudinally during
mitosis. Also Wilhelm Roux said that each chromosome carried a different set of heritable
elements and he support Flemmings’ proposals with this idea. In 1904, Theodor Bovary
confirmed this scheme. These discoveries are made by Mendel in 1866 also and these three

scientists confirmed Mendel's hereditary laws...”

Similarly, for teaching subjective NOS which were categorized as “poor” as well, he did not
connect the HOS example with NOS, or did not plan to include NOS questions either. The
lesson plan revealed that he expected students to understand related NOS aspects from the

example without any explicit connection to NOS as done for teaching tentative NOS.

Since he did not turn in his first lesson plan on time, he did not get any feedback. Thus any
data regarding feedback was not mentioned in this part. Furthermore, he did not hand in his
second lesson plan, thus current section is not mentioning analysis of second lesson plan. In
his third lesson plan, his NOS teaching efforts was more explicit rather than implicit. He
planned to teach subjective and creative NOS in the “gases science context” in which he
covered the same NOS aspects in objectives part too. For instance, for teaching subjective
NOS, he combined an inquiry based activity with HOS example to teach subjectivity. First,
he talked about Torricelli experiment and then wanted students make a similar experiment
investigating air pressure and compare their results with the ones Torricelli got. Following

was the sample from his lesson plan illustrating his planned teaching of NOS:

“...Then we will talk about the first person who had measured the pressure of gases. After
mentioning about Torricelli experiment (in 1643); we will try to made such an experiment with
water in different groups and then compare our results with that Torricelli made and we will

talk about the reasons of differences between two experiments...”

However he failed to add NOS questions to create a discussion environment on subjective
NOS. Instead he tended to give direct definition of subjective NOS, but he revealed an
incomplete understanding of subjectivity as indicated in the following sample of his lesson

plan:

“...we will try to make such an experiment with water in different groups and then compare
our results with that Torricelli made and we will talk about the reasons of differences

between two experiments. Here the subjectivity of scientific knowledge will be stated and the
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role of creativity will be clearly understood. What conditions affect the results of experiment

will be discussed...”

Therefore, the researcher gave him feedback about adding more specific NOS questions
and making clear connection between the example and subjective NOS: “Could you make
more clear connection between your example and subjectivity .Please write how different
results of students and Torricelli’s related with subjectivity”. In same manner, in other part of
description of activities part, he used another HOS example to address subjective NOS,
However, his manner was more direct and lacked of explanation and discussion regarding
subjective NOS:

“...After then the relationship between volume and pressure will be taught and the law that
stated by Robert Boyle (1627-1691) will be given. It will be stated that pressure and volume
are inversely proportional. That is; P,V,=P,V, will be taught on different examples. Then we
will have an activity by using balloon. We will fill the balloon with air and then get smaller its
volume. The volume of the balloon will be estimated according to radius and when
compressed the volume will change and the ratio between different pressures will be
detected easily. Then Jacques Charles (1746-1823) stated the relationship between volume
and temperature as; V1/P,=V,/P, Here we could see the subjectivity of scientific knowledge;
such that, although Boyle and Charles both examine same thing, gases, they reach different

relations of gases by using different parameters...”

Thus, Lia was alerted on to be focused on how he would convey that example to teach
subjective NOS. The researcher advised him to add some specific questions to start NOS
discussions and lead students to think about subjective NOS. In sum, regarding his
subjective NOS instructional planning, he included an objective on subjective NOS, and he
also included some instructional prompts ensuring efforts to be reflective despite of the
drawbacks. Therefore, his instructional plan regarding teaching subjective NOS was
categorized as “needs development”. Regarding teaching creative NOS, although he
included an objective on creative NOS, he did not provide any specific instructional prompts
to emphasis it through description of activities part of the lesson plan. Instead, he assumed
that creative NOS would be understood without any explicit emphasis of it. Due to the lack of
reflective component, his lesson plan regarding teaching creativity was categorized as
‘needs development”. Thus, the researcher suggested him to have an explicit reflective
manner for teaching creative NOS which included having specific questions directly lead
students think about creative NOS, and providing students with reflection opportunities on

creative NOS. The researcher advised him to have more specific instructional prompts to
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emphasize creative NOS: “You should indicate how these aspects [creativity] will be
understood. You should indicate specifically .For instance you can say that | will ask that
question.... to make discussion on creativity ....”, “...also you cam emphasis if Torricelli used
his creativity while making experiment; etc...” Additionally, the researcher also gave some
ideas on inclusion of some other aspects such as empirical NOS and theory & Law into
description of activities part. Here, instructor alerted him on possible potential integration of
some NOS aspects by advising to add some more NOS questions. Furthermore, the
researcher also oriented him to analyze the examples and contexts in his plan regarding
NOS integration opportunities. For instance, while he was talking about Torricelli experiment
and proposed an activity on Torricelli experiment, Lia planned to integrate only subjective
NOS. However, the researcher advised him also integrate empirical NOS here by starting a
discussion on function of experiments and inferential nature of scientific knowledge: “It is so
appropriate here to mention about what is an experiment; why we make experiments, do we

have to make experiment always; what he infer from experiment and what is inference...”

In the fourth lesson plan, his planned teaching efforts for teaching NOS were more explicit
and reflective compared to previous ones. He included various instructional strategies to
teach NOS other than lecturing such as use of HOS examples and inquiry based activities.
He planned to teach tentativeness, empirical basis, theory& law throughout the pressure of
gases content. Analysis of lesson plan revealed that he took into consideration the feedback
regarding theory & law and empirical basis from the previous lesson plan. He provided
specific instructional strategies on theory and law and empirical NOS. That is, his efforts to
teach theory & law and empirical NOS in a reflective manner were detected in his plan.
Additionally, he included aspect of theory & law both in objectives and activities parts of
lesson plan which ensures explicit component of his instructional planning. For instance,
while he planned to teach theory & law, he well connected an example from HOS with the
function and definition of theories and laws. He mentioned Gay Lussac’s law stating the
relationship between pressure and temperature of gases and Kinetic energy theory. He
asked questions about development of the kinetic energy theory, function of theories and
relationship between theories and laws. His lesson plan regarding teaching theory & law was
categorized as “exemplary”. Following sample from his lesson plan reflected his manner of

planned teaching for theories and laws:

“Today we will study the Gay Lussac’s law. He also examined the gases and found that the
pressure and temperature are directly proportional to each other. That is if you increase the
temperature of a gases when the volume and mole of the gases are constant the pressure of

the gases will increase. He concluded his study by this law; P1/T1=P2/T2. Now let’s think
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about the Kinetic Molecular Theory. Could you give examples from this theory through its
history? Especially what do you think about the role of the theories? Why do scientists state
the theories? Do all laws are based on a theory or not? Could you say that theories turn to
laws or laws result in theories? As you studied until here, firstly gases laws are stated and
then a theory, Kinetic Molecular Theory; developed. Do you think that laws may/must result

in theories and theories may/must result in laws...”

Similarly, he used the process of development of kinetic molecular theory in history to
address empirical NOS. Regarding empirical NOS, he provided HOS example then asked

questions related to role of evidence:

..... As you know the kinetic molecular theory has been developed after Boyle. After Boyle
explained the relationship between pressure and volume, Charles explained the relationship
between volume and temperature. Then Gay Lussac improved Kinetic Molecular Theory by
explaining the relation of pressure and temperature. Considering this progresses; what do
you think about the role of evidences in science and could you explain this progress with the
point of view of NOS? Do you think that scientific knowledge needs evidences to be
supported? (Students are expected to make inferences on the progress of Kinetic Molecular
Theory and the role of evidences will be stated. That is in order to support a scientific idea

scientists need to find evidences by making experiments or making observations etc...)”

Although he planned to address NOS through some instructional prompts, he did not
include an objective on empirical NOS. In that sense his plan regarding teaching empirical
NOS was lacking of explicit component. Therefore, his instructional planning regarding

empirical NOS was categorized as “needs development’.

Although he included NOS objective related to tentativeness, he did not provide any
instructional prompt within the flow of lesson to address tentative NOS. Therefore his
instructional plan regarding teaching tentative NOS was categorized as “needs

development”.

In his fifth lesson plan, he covered cell theory as science content. He covered creative and
subjective NOS throughout the description of activities part of the lesson plan. He also
provided objectives for these aspects. Concerning teaching creative NOS, he provided some
information regarding creation of periodic table by two different scientists. Then, he included

some questions on role of scientists’ creativity in their work:
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“...In 1869 the Russian chemist Dmitri Mendeleev and the German chemist J. Lothar Meyer,
working independently, found that when the elements were arranged in order of atomic
weight they could place them in horizontal rows (one under another), so that the elements in
each vertical column had similar properties. This tabular arrangement of the elements in
rows and columns, highlighting the regular repetition of properties of the elements is called a
periodic table. Here | will ask; Whether or not these scientists (Dmitri Mendeleev J. Lothar
Meyer) imagine the way to arrange the elements in order of periodic table?, Are the used
their creativity to arrange elements in periodic table?, and what is the role of creativity in
designing of periodic table?. | will force students to clarify the role of creativity in science by
asking such questions. Also they are expected to state the meaning of creativity and its role

in their own words...."

Regarding teaching subjective NOS, he used same HOS example on creation of periodic
table. Similar with his instructional plan regarding teaching creative NOS, he provided some

questions to emphasize subjective NOS too:

“....I will talk a bit about earlier periodic table that designed with respect to elements atomic

weight. Here | will ask questions related to different periodic tables:

What are the differences between two tables?

Why the Mendeleev form a different periodic table although he also investigated the same

data (elements)?

Could we infer that different scientists could draw different conclusions when investigating

same data?

Could we infer that scientists are not objective when doing their study of science...?”

Here, analysis of lesson plan revealed that he showed intention of teaching creative and
subjective NOS explicitly through providing objectives on creative and subjective NOS.
Additionally, he also provided HOS example and used it to emphasize creative and
subjective NOS through questions. Thus regarding being reflective for teaching creative and
subjective NOS, his efforts to provide instructional prompts, such as HOS example, NOS
questions were detected. Therefore, his lesson plan regarding teaching creative and
subjective NOS was categorized as “exemplary”.
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In general, Lia improved his instructional planning regarding description of activities part. In
his first lesson plan; his manner of teaching NOS was implicit in his instructional plan.
However, his teaching was shifted toward more explicit and reflective for the rest of three
lesson plans. That is; he started to provide NOS objectives as well NOS specific instructional
prompts to emphasize NOS explicitly and reflectively. He showed efforts to provide inquiry or
HOS examples and connected these examples with NOS via questions. He specifically
achieved explicit reflected NOS instructional planning regarding subjective, empirical NOS
and function of theories and laws. He mostly planned to emphasize subjective NOS (three
times) followed by empirical and tentative NOS. Following table illustrated the NOS aspects

and teaching strategies used in each lesson plan:

Table 38. Summary of NOS aspects addressed in description of activities part of lesson plan

# of

lesson Grade Science NOS aspects NOS teaching Explicit-
plan level content P strategies Reflective
Subjective
HOS example Poor
NOS
1 6" Cell theory
Tentative NOS HOS example Poor
2 NA NA NA NA NA
. . Needs
. o Properties Creative NOS Not applicable development
of Gases Subjective NOS HOS exar_nple/lnquwy Needs
based activity developmen
Empirical NOS HOS example glee\(/aglzpment
th Gases . . Needs
4 6 Pressure Tentative NOS Not applicable development
Theory& Law HOS example Exemplary
. o Periodic Subjective NOS HOS example Exemplary
table Empirical NOS HOS example Exemplary

NA: not applicable

At the end of the NOS study, participant was interviewed and asked to write a reflection
paper on his teaching perceptions of NOS. Interview also included questions on his
perceived development of NOS instructional planning. In addition to lesson plans, analysis of

post interview and reflection paper also supported his manner of teaching NOS. First, like his
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last two lesson plans, he stated that NOS should be taught in an explicit manner rather than
implicit one through HOS. He stated NOS instruction should be integrated to science content

as well.

L: itfNOS] should be integrated in the activities part of the lesson

R: as explicit or implicit?

L: - It should be explicit because it is very difficult to expect children in this level to

understand NOS from implicit instruction.

R: how would be the explicit NOS instruction?

L: Explicitly, like | said, experiment assistants can use that method. It is possible for the
teacher to teach it explicitly by using HOS. But nothing comes to my mind expect for these

two examples.

He also stated he would teach NOS through HOS and inquiry revealed through reflection

paper:

“l will use HOS to teach NOS aspects. If possible (in Turkey it is impossible) by doing

experiments | will try to teach NOS”.

Following section presented participant's NOS assessment strategies revealed through

lesson plans.

4.3.2.4. Development of lesson plans regarding NOS assessment

That part of the Results section informed about Lia’s efforts to assess NOS aspects that he
planned to teach. The kind of strategies that he used for each specific targeted NOS aspect
was reported. The examination of lesson plans revealed that his manner to asses NOS was
vague. In his first three lesson plans he did not evaluate NOS specifically. Actually in his first
lesson plan he did not even plan to assess students’ content knowledge either. In his third
lesson plan, he included an evaluation part but his assessment was lack of details. He only
stated he would give homework to assess students’ knowledge regarding gases which he
planned to teach in his third lesson plan. He was reminded on assessing targeted NOS
aspects on lesson plan: “..What about assessing those [students] on targeted NOS

aspects?”.
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In his fourth lesson plan, he showed more vigorous manner to asses NOS. He planned
assessment strategies specific to assess theory & law and tentative NOS which were stated
in both objectives and description of activities parts of the lesson plan. Although, he planned
to teach empirical NOS, theory &law and tentative NOS, he did not cover any specific
assessment strategies to asses these aspects except for theory &law and tentative NOS. He
adopted creation of comparison chart to assess theory &law understandings of students
such that revealed in lesson plan: “Think about the laws and theory that you have learned
and make a comparison chart for their differences”. For assessment of tentative NOS, he
combined HOS with diagram creation on development of gases law and required students
interpret their diagram regarding NOS. The sample of lesson plan illustrating his assessment
manner was: “Design a historical diagram that show relationship between gases laws and
interpret your diagram according to NOS and indicate the changes have been done in these
laws. Could you refer that scientific knowledge may change, develop or not? Explain your
reasons.” Although he showed explicit manner to asses NOS aspects in the fourth lesson
plan, he tended to asses subjectivity and creativity aspects more implicitly in his last lesson
plan: “Design a simple periodic table of metals. When you design your tables assume that
you do not have any information about the atomic numbers of the elements. According to
what characteristics of elements do you design your table? (Creativity subjectivity of students
[creative and subjective NOS aspects] will be assessed)”.

Following table indicated brief description of each NOS assessment strategy used in the

lesson plans:
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Table 39. NOS assessment strategies used in each lesson plan

# of lesson plan Science Content NOS aspects NOS assessment strategies
1 Cell theory - No NOS assessment
2 - - Not applicable
3 Properties of Gases - No NOS assessment
Theory &Law Comparison Chart creation
4 Gases Pressure
Tentativeness Chart creation combined with HOS

Subjective NOS

5 Periodic table Creative NOS

Diagram creation

In general, he just planned to asses NOS aspects in the fourth lesson plan explicitly among
the others. His way of NOS assessment was student-centered and targeting specific NOS
aspects. Additionally, in the post interview which was conducted to understand participants’
NOS teaching perceptions and perceived development of NOS instructional planning
revealed that he also considered formative assessment for NOS evaluation. Although he did
not consider the NOS related questions that he asked through the lesson plan in description
of activities part as a formative assessment form, he stated formative NOS assessment in

interview but he also stated lack of NOS assessment coverage through the course:

L: I think we did not emphasize assessment very much. | mean that the presentations in the
class did not include it very much. As | understood that there was a difference ‘n

assessment: by using “questioning” method, assessment is used constantly.

Subsequent section presented an overview of the Lia’s development regarding NOS

instructional planning.

4.3.2.5. General overview for NOS instructional planning

In general, Lia developed his instructional planning for NOS regarding objectives, description
of activities and evaluation parts of the lesson plan. Starting from the third lesson plan, he
wrote objectives on NOS which he also addressed them in description of activities part of the

lesson plan. Only in fourth lesson plan, he showed some vague manner of writing NOS
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objectives. That is, he did not provide objective on some NOS issues that he addresses

through description of activities part.

Regarding description of activities part, her manner of teaching NOS in his plans
shifted to more explicit reflective approach regarding NOS. Although his first instructional
plan was implicit, he improved his planning for NOS for rest of the lesson plans. That is, he
gave space for more NOS questions, and used HOS examples and inquiry based activities
to address NOS explicitly and reflectively. He achieved explicit reflective NOS planning for
subjective, empirical NOS and function of theories and law. Concerning with Lia’s NOS
views, he showed informed NOS views at the end of the study. However, he addressed
empirical, tentative, creative, subjective NOS and function and role of theories and laws.
However, as mentioned above, he only achieved explicit reflective instructional planning for

subjective, empirical NOS and function of theories and law.

For NOS assessment, he started to consider assessing NOS towards the end of the
lesson planning. That is, he did not evaluate any NOS issue in his first three lesson plans.
However, he proposed some NOS assessment strategies such as chart creation in his fifth
and fourth lesson plans. Regarding being consistent related to NOS, among objectives,
description of activities and evaluation part of the lesson plans, he developed this
consistency towards last two lesson plans. That is, in his fourth lesson plan, for theory & law,
he provided an objective, achieved explicit reflective instructional planning and also
proposed some assessment strategies specifically targeting to understanding of theory &
law. He also showed that consistency in his last lesson plan for subjective and empirical
NOS. That is he provided objectives, instructional prompts and assessment strategies
related to these aspects. General overview of Lia’s instructional planning regarding
objectives, description of activities and evaluation parts of the lesson plans was summarized

in the following table:
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Table 40. Summary of overall NOS instructional planning

#of lesson Grade Science content  NOS aspects NOS teaching strategies EXp“C.'t' .NO.S NOS
plan level Reflective objectives assessment
NSOugJectlve HOS example Poor \- -
1 6" Cell theory
Tentative NOS HOS example Poor \- -
2 - - - - - -
Creative NOS  Not applicable Needs v -
. development
3 6" Properties of
Gases Subjective HOS example/Inquiry based Needs v i
NOS activity development
Empirical NOS HOS example Needs - -
development
th
4 6 Gases Pressure  gniative NOS  Not applicable Needs v v
development
Theory& Law HOS example Exemplary v v
ﬁluobéectlve HOS example Exemplary v v
5 8" Periodic table
Empirical NOS HOS example Exemplary v v

v :indicated the existence of the task, -:indicated the lack of task, V-:indicated the incomplete of task



Following section will inform on participant’s perceived source of development for NOS

instructional planning.

4.3.3. Learning experiences contributing to the ability to integrate NOS into

instructional plans

In general Lia’s lesson plans shifted from non NOS component lesson plans toward explicit
reflective NOS covered lesson plans. Towards the last lesson plans specifically for fourth
and last lesson plan his inclusion of NOS was more consistent and robust. That is he started
include NOS objectives and cover same objectives in description of activities part explicitly
and evaluated them as well. Researcher adopted several strategies to improve participants’
NOS instructional planning such as feedback to lesson plans, HOS based examples coupled
with NOS explicitly followed by NOS discussions, and lesson plan presentations followed by
NOS discussions as well. To understand the relative importance of these learning
experiences, researcher conducted interview with participants. Analysis of interview revealed
that Lia perceived HOS based examples and feedback as main sources facilitating his NOS

integration ability:

R: As a researcher, | aimed to help you improve your NOS understanding and NOS
instructional planning. For this reason, | applied several strategies such as giving feedback
for lesson plans, providing HOS examples in class and asking you to prepare and present
lesson plans, which was followed by class discussions. Which of these activities do you

think influence your skills regarding NOS instructional planning?

L: | think that the contribution of HOS cannot be ignored. It contributed so much. As a pre-
service teacher, HOS had a serious role to success it [NOS instruction].....We created
lesson plans, but in the curricula, lesson plans are already pre-prepared. | think, presenting
lesson plans did not contribute that much. But | got main contribution from HOS based

examples and feedback.

He mentioned HOS based examples as a source of NOS examples that could be used while
addressing NOS and he stated HOS examples as a tool to convey NOS in a more concrete

way:

L: The example repertoire | had [regarding NOS] has been increased. Like | told before, in
1600s, a man said “atom is just like a cake and it can be split” In 900; another man said “it

cannot be split”. Maybe he told that a particular which is 1 million bigger than atom cannot be
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split. | had many examples now. For example, the time of the creation of a balloon, the
process of the presentation of the shape of DNA. In that, | had many important examples to
teach students that scientific knowledge can change socio cultural based etc. It contributes
to my teaching skills [of NOS]. | think that HOS is the most catchy one [regarding NOS
teaching] for pre-service science teachers. Because it [HOS] is concrete example,

experienced life examples and it sounds like a story. Everybody likes stories.

Then the researcher asked about the role of feedback in his development of NOS
instructional planning He stated the contribution feedback on his instructional planning as a

mind opening experience regarding using HOS to address NOS:

R: Can you clarify more on how the feedback contributed to the your NOS instructional

planning development

L: Feedbacks had the effect in this way: For example, while you are doing something, you
assume that you understand the topic and you do it. Then, when you show it to the lecturer
[researcher] s/he says “If you correct this, you will get closer to the right [regarding NOS
integration].”Then you correct it. | barely included NOS in my first lesson plan. Then after the
feedbacks, | noticed that | have lacking very much. When | was told that “you should
integrate these things, where will you integrate what aspect of NOS”. In that way, | started to
think on how | can integrate it [NOS aspects].After the integration, | get the feedbacks that
“that point is missing, you have a mistake in that, and you may improve this”. These things

have made contribution to me.
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4.4, CASE IV

The fourth case of the study was Simge. In the following, the results were presented related
to (1) how her NOS understanding changed in the context of explicit reflective HOS based
approach, (2) how progress trajectory in relation to integrating NOS into her lesson plans
occurred as a result of feedback in the context of explicit reflective HOS based approach,
and (3) which learning experiences contributed to her ability to integrate NOS into their

instructional plans.

4.4.1. Change in NOS understanding

Subsequent section informed on participant's views on tentative, empirical, inferential,
creative, socio-cultural NOS, theory &law, as well as subjective NOS. Following section

presented participant’s tentative NOS views.

Tentative NOS: Prior to NOS intervention, Simge explicated that scientific knowledge
change but if it is a theory. She stated that laws do not change. Therefore, her view was
categorized as inadequate. However, she shifted her inadequate view towards informed view
of tentative NOS at the outset. To be considered holding informed view of tentative NOS,
one need to recognize that all scientific knowledge is subject to change with the new
evidence, advancement in technology and reinterpretation of scientific knowledge. As in
Simge’s case, she expressed that scientific knowledge including laws and theories could

change due to the new evidence (see table41 below for sample quotas).

Table 41. Simge’s sample statements related to tentative NOS revealed in pre- and post-VNOS-C

Administration of

VNOS-C Categorization Sample Statements
Pre-VNOS-C Inadequate They [laws] do not change.
Theory may change...
...when new traces [evidence] found or revised scientific
knowledge can be developed, modified or changed
Post-VNOS-C Informed completely.

For instance, scientific laws and theories could be modified or
changed completely because of improvements in technology
and new improvements.
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Subsequent section described participant’'s empirical NOS views.

Empirical NOS: Simge revealed inadequate view with regard to empirical NOS prior to
NOS intervention. That is, she perceived experiments as to prove hypothesis rather than
supporting scientists’ claims. However, at the end of the intervention, she shifted her view
towards informed view of empirical NOS. She could be differentiating science from other
disciplines as science required evidence. Additionally, she also expressed that science
involved experiments, observations and proposed models based on data (see table42 below

for sample quotas).

Table 42. Simge’s sample statements related to empirical NOS revealed in pre- and post-VNOS-C

Administration

Categorization Sample Statements
of VNOS-C
... In order to prove your hypothesis you [scientists] have to
Pre-VNOS-C Inadequate make experiments repeatedly see the results and confirm your

hypothesis.

Science requires evidence to explain phenomena....Science
Post-VNOS-C Informed come up with evidences. You [scientists] can do experiments, or
observations, and propose models based on data you have....

Participant’s inferential NOS views were presented below.

Inferential NOS: Simge showed adequate view of inferential NOS at the beginning of the
NOS intervention. That is, she was aware of scientist made inferences, and science is not
“‘what we see”. For instance, in response to the VNOS-C-C question related to the
appearance of the dinosaurs, her reply indicated that she was aware of that scientists did not
directly observe the dinosaurs. She stated that scientists had fossils and combined bones
but they were not certain about this combination. However, she did not emphasize making
inferences directly. Therefore, her view was categorized as adequate view. At the end of the
NOS intervention, she revealed an informed view of inferential NOS. She articulated that
scientists make inferences based on data derived from observations and explanations. For
instance, in her response to dinosaur extinction controversy, she explained that scientists
infer different conclusions. Additionally, she also articulated that scientists’ inferences were

partially based on their imagination (see table43 below for sample quotas).
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Table 43. Simge’s sample statements related to inferential NOS revealed in pre- and post-VNOS-C

Administration

Categorization Sample Statements
of VNOS-C

... [to decide on existence of dinosaurs, scientists look at]
Fossil records...

They are not certain [regarding how dinosaurs look]. For
example, they [scientists] combine the bones of dinosaurs.
They [scientists], sometimes could not place a little bone [in the
frame], it might be e.g. on upper nose or somewhere else in the
body of dinosaur....

Pre-VNOS-C Adequate

...when they look at the same data, they infer different
conclusions...

Post-VNOS-C Informed .....for instance, scientists make inferences on dinosaurs’
digestion system, their appearance, habitat, their diet based on
fossils and also with the help of their imagination and creativity.

Following section displayed participant’s creative NOS views.

Creative NOS: At the beginning of the intervention, Simge showed inadequate
understanding of creative NOS. She described science as a procedural activity which did not
involve any imagination and creativity. Yet, she shifted her view from, inadequate to informed
view of creative NOS at the outset. That is, she recognized role of scientists’ creativity and
imagination in all stages of scientific investigation. She also provided detailed explanation

related to creative NOS (see table44 below for sample quotas).

Table 44. Simge’s sample statements related to Creative NOS revealed in pre and post VNOS-C

Administration

Categorization Sample Statements
of VNOS-C
No [regarding the role of scientists’ imagination and creativity in
Pre-VNOS-C Inadequate scientific investigations]. They [scientists] are[only] collecting data,

making experiments and calculate the results in order to confirm
their hypothesis.

...they [scientists] use their creativity and imagination while
constructing the dinosaur [model]...

Scientists use their imagination and creativity at almost every
stage of the scientific investigation. For instance, two different
scientists could collect different kind of data and design different
kind of experiments on same issue.

Post-VNOS-C Informed
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Participant’s views on socio cultural NOS explained below.

Socio-Cultural NOS: Simge stated science as value and norm free from the culture in which
it was practiced prior to NOS intervention. Therefore, her view was categorized as
inadequate regarding socio-cultural NOS. However, she revealed informed view of socio
cultural NOS at the end of the NOS intervention. She appreciated science as a discipline
influenced by the norms and values of the culture. She supported her explanation by
exampling scientists’ religious beliefs’ influence in research they conducted (see table 45

below for sample quotas).

Table 45. Simge’s sample statements related to socio-cultural NOS revealed in pre- and post VNOS-C

Administration of

Categorization Sample Statements
VNOS-C
Pre-VNOS-C Inadequate | believe that science is universal and it does not reflect social
and cultural values....
| believe now science reflects social and cultural values. For
POSt-VNOS-C Informed instance if a scientists believes in God, she/ he will try to

connect the issues [scientific investigations] for existence of
God (Einstein, Newton, Hawking )

Following section presented participant’s views on function of theories and laws.

Theory & Law: At the beginning of the intervention, Simge revealed the common
misconception related to the laws and theories that theories were rooted hypothesis and
laws were the confirmed facts. However, she shifted her inadequate view towards informed
view of theories and laws at the end of the NOS intervention. She recognized laws and
theories as different kinds of scientific information. She described theories as explanatory
and laws as descriptive in nature. Additionally, she also emphasized laws and theories

equally valuable scientific knowledge (see table46 below for sample quotas).
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Table 46. Simge’s sample statements related to Theory &Law revealed in pre and post VNOS-C

Administration

Categorization Sample Statements
of VNOS-C

Theory is rooted hypothesis. ....Law are confirmed facts acquired

Pre-VNOS-C Inadequate by doing experiments. They [laws] do not change.

Theory is an explanation about phenomena....Laws is statements
which state relationships between something [phenomena]

..... They[theories and laws] are different things they cannot be
compared to each other

Post-VNOS-C Informed

Subsequent section described participant’s subjective NOS views.

Subjective NOS: Simge showed inadequate understanding with respect to subjective NOS
prior to NOS intervention. That is, she could not explain the controversy of dinosaur
extinction due to the fact that scientists’ observations were filtered through the human
perceptions and theoretical frameworks. Yet, she revealed informed understanding of
subjective NOS at the end of the intervention. She showed the understanding that scientists’
interpretations would vary because of personal backgrounds, perceptions, pre conceptions
and expectations by providing detailed explanation at the end of the NOS intervention. For
instance, she linked the dinosaur extinction controversy to the “subjective” nature of science.
She explained that scientists brought out different conclusions because of their different

education, pre-conceptions, and background (see table47 below for sample quotas).

Table 47. Simge’s sample statements related to Subjective NOS revealed in pre and post VNOS-C

Administration

Categorization Sample Statements
of VNOS-C

Pre-VNOS-C inadequate There is more than one theory about extinction of dinosaurs and
they are all logical and have some traces.

[regarding existence of different theories related to the dinosaur

extinction] Because of the subjectivity aspect of nature of

Post-VNOS-C Informed science....Every scientists has different prior knowledge, different

kind of education, different background, thus, when they look at

the same data, they infer different conclusions.
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Participant showed inadequate understanding of NOS for all aspects, except she revealed
adequate understanding for inferential NOS at the beginning of the intervention. She shifted
her NOS views towards informed view for all aspects of NOS at the end of the study.
Following section will inform on participant’s progress on NOS instructional planning and the

sources of her development for NOS instructional planning.
4.4.2. The progress trajectory in relation to integrating NOS into lesson plans

Current section outlined participant's development for NOS instructional planning.
Participant’s progress for NOS instructional planning was presented through following sub-
sections: general information on participant’s instructional planning, participant’s
development of instructional planning related to NOS objectives, participant’s development
of instructional planning related to NOS activities, participant’s development of instructional
planning related to NOS assessment and participant’s overall progress related to NOS
instructional planning. Subsequent section presented general information on participant’s

instructional planning.
4.4.2.1. Information about instructional planning in general

Participant handed in four lesson plans and she did not turn in first lesson plan. She planned
to teach science content such as force and motion (6th grade) in her second lesson plan,
Structure of atom and periodic table (7th grade) for her third lesson plan, Cell division and
heredity (8" grade) for her fourth lesson plan, and fertilization, growth and development (6"
grade) for her last lesson plan. Similar with the other participants, she chosen all the science
content that she planned to teach from Turkish science curricula which was available online.
It was her responsibility to choose any science content from curricula and adapt or modify it
to address NOS explicitly. While creating lesson plans, she was in charge with the writing of
objectives part of the lesson plan in which she stated the planned goals of her lesson,
description of activities parts in which planned instructional strategies, tools were described
to achieve the planned goals and lastly, evaluation part of the lesson plan, in which planned
strategies were described to evaluate the planned goals. Since, all participants were
required to teach NOS in their lesson plans, all were expected to adapt and design lesson
plans in which they address NOS explicitly. The subsequent section presented Simge’s

improvement regarding including NOS objectives into her instructional planning.
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4.4.2.2. Development of lesson plan regarding NOS objectives

Objectives part of the lesson plans were more related with whether participants had the
intention of teaching NOS explicitly/consciously. Inclusion of NOS objectives mostly
indicated how they perceived teaching NOS e.g. they recognized NOS as add-on, topic or as
an important issue as the other science content to be taught/planned explicitly. Analysis of
the lesson plans showed that Simge provided NOS objectives in all last three lesson plans
but, she did not include any NOS objectives in her second lesson plan. In her second
lesson plan, she did not provide any NOS objectives. Therefore, she was alerted to
consider on function of objectives, and inclusion of NOS objectives: “Think about why you
write objectives; do you think all these objectives cover what you intent to teach through the

lesson; think about including objectives on NOS”.

For the third, fourth and fifth lesson plans she include NOS aspects in objectives parts. She
mostly included objectives on tentative and empirical NOS. For instance, in her third lesson
plan, which she planned to teach structure of atom and periodic table she provided two
objectives on tentativeness which were as: “Recognize the tentativeness aspect of the
nature of science with the help of the history of formation of periodic table” and “Discuss that
theories may change over time with the help of the NOS”. Additionally she also provided one
objective on empirical NOS and one objective on subjective one: “Recognize the empirical-
based aspect of NOS with the help of the history of formation of periodic table” and
“Recognize the subjectivity aspect of the NOS with the help of the history of formation of
periodic table”. Additionally, she covered all these aspects in description of activities part as

well.

In her fourth lesson plan, she covered cell division and heredity as science content. Similar
with previous lesson plan she included two objectives on tentative NOS. These objectives
were as followings: “Describe the tentativeness aspect of the nature of science with the help
of the history of heredity” and “Discuss that theories may change over time with the help of
the NOS”. She also included empirical NOS objective as well such as “Describe the

empirical-based aspect of NOS with the help of the history of heredity”.

She provided NOS objectives related to subjective, empirical, creative and tentative NOS in
her fifth lesson plan, in which she planned to teach fertilization, growth and development as
science content. Regarding tentative NOS, she wrote: “Discuss that theories may change
over time with the help of the NOS”. Regarding empirical, and subjective NOS, she planned
to achieve students to be able to define these aspects: “Define the empirical-based aspect of
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NOS with the help of the history of theories of reproduction” and “State the subjectivity
aspect of the NOS”. She also included creative NOS in objectives parts such as: “Discuss

the creativity aspect of the NOS during the acquiring of the scientific knowledge”.

In general, examination of lesson plans revealed her improvement regarding writing NOS
objectives. It could be summarized that she adopted more robust manner of including NOS
objectives throughout lesson planning. In her fist handed lesson plan, she did not include
any NOS objectives, but she provided some specific instructional strategies to teach NOS in
description of activities part. However, for the rest of the lesson plans she included NOS

objectives. The following table showed the objectives that Simge stated in each lesson plan:

146



Table 48. NOS objectives in each lesson plan

# of
lesson C|5rad|e Science content NOS NOS objective
plans eve aspects
1 - - - -
th . Tentative
6 Force and Motion NOS -
2
Empirical i
NOS
Recognize the tentativeness aspect of the
) nature of science with the help of the
Leonéatlve history of formation of periodic table
" Structure of atom Discuss that theories may change over
3 7 and periodic table time with the help of the NOS
— Recognize the subjectivity aspect of the
SUIectVe NG with the help of the history of
formation of periodic table
. Describe the empirical-based aspect of
Empirical NOS with the help of the history of
NOS .
heredity
4 gth Cell Division and Describe the tentativeness aspect of the
Heredity . nature of science with the help of the
Tentative history of heredity
NOS ] ]
Discuss that theories may change over
time with the help of the NOS
Empirical Define the empirical-based aspect of NOS
P with the help of the history of theories of
NOS .
reproduction
Subjective S
State the subjectivity aspect of the NOS
L NOS
5 gth Qell C.iIVISIOFI and
inheritance Tentative Discuss that theories may change over
NOS time with the help of the NOS
Creati Discuss the creativity aspect of the NOS
reative ) o i
NOS during the acquiring of the scientific

knowledge

Indicated lack of the task
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At the end of the NOS intervention, participants were interviewed and asked to write a
reflection paper with regard to their NOS teaching perceptions. Specifically, interviews
included questions related to perceived development of NOS instructional planning as well
as NOS teaching perceptions. In addition to lesson plan analysis, analysis of post interviews
and reflection paper also supported her manner about including NOS objectives. Her
response to interview it was revealed that she did not have any difficulty in writing NOS

objectives:

R: Considering the lesson plans that you are supposed to prepare for your teaching as a
teacher in the future, do you think that NOS should be explicitly stated in the objectives part

of the lesson plan?

S: | do not have problems with writing objectives. We do not have many examples [regarding
NOS lesson plans]. | also searched internet but there are not many examples related to HOS

lesson plans. We wrote the lesson plans with trial and error method...

Following section outlined participant development for addressing NOS in an explicit

reflective manner.

4.4.2.3. Development of lesson plans regarding NOS activities

That section of the “findings” part informed about in what ways and at what extent participant
achieved to adopt explicit reflective approach to teach NOS in lesson plans/creating lesson
plans. For instance, in her second lesson plan, she planned to teach force and motion as
science content and she planned to cover tentative and empirical NOS thorough the
description of activities part of the lesson plan. She provided HOS based example which was
related to different views of scientists related to force and motion through history. The

sample of the lesson plan was provided below:

“...Mention Aristotle, Leonardo da Vinci, Galileo Galilee, Isaac Newton and Albert Einstein in
historical order and explain thoughts and models about force and motion. Leonardo da Vinci
made important contributions to static and applied mechanics. The real founder of the
dynamic science is Galileo Galilei (1564) who was a professor in cities of Florence and Pisa.
Not develop a theory about the mechanics of Galileo did not develop a theory about
mechanics. His main contribution was developing empirical methods to test the hypothetical

theories which were used by Newton later...”
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However she did not provided any attempt to make clear connection to tentative or empirical
NOS to students explicitly and reflectively. Her approach was implicit to teach these aspects.
That is, she only provided HOS based example which was related to different scientists’
views on force and motion throughout the history and expected students to understand these
NOS aspects without any explicit reflective NOS emphasis. Additionally, she did not state
any NOS objectives which also indicated lack of explicit reflective approach to teach those

aspects. Thus, her plan regarding to tentative and empirical NOS was categorized as “poor”.

In her third lesson plan, she improved her implicit way of NOS instructional planning
towards more explicit reflective way. She covered structure of atom and periodic table as
science content and integrated tentative, subjective, and empirical NOS. Unlike her previous
lesson plan, she provided objectives on these NOS aspects. Similar with previous lesson
plan, she provided HOS example related to history of periodic table. Sample of her lesson

plan reflecting her manner of NOS teaching was presented below:

“....Give an introduction to lesson with the history of formation of periodic table: In 1789,
Antoine Lavoisier published a list of 33 chemical elements. Although Lavoisier grouped the
elements into gases, metals, non-metals, and earths, chemists spent the following century
searching for a more precise classification scheme. In 1829, Johann Wolfgang Ddbereiner
observed that many of the elements could be grouped into triads (groups of three) based on

their chemical properties...”

However, she could not able to connect HOS based example with NOS. That is, she did not
provide any instructional prompt connecting HOS based example with targeted NOS
aspects. Instead, she stated she would explain NOS issues via PowerPoint presentation.
However, she did not provide any information on how she would emphasize NOS in her

lesson plan:

“...I will explain this in PowerPoint presentation. At the end of the presentation | will explain
the aspects of NOS explicitly which are namely tentativeness, subjectivity and empirical-

based....”

Although she lacked of providing NOS questions, creating NOS discussion, or any explicit
NOS reference, inclusion of these NOS aspects in objectives part of lesson plan indicated
her effort/intention to teach NOS explicitly. That is, her lesson plan needed more
components to achieve reflective, but inclusion of NOS objective remedied to be explicit.
Thus, her lesson plan was categorized as “needs development”. Additionally, because of
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unclear manner regarding how she would integrate NOS, she got alerted on flow of lesson
plan regarding NOS and integration of these aspects as the following by the researcher:
“You should point out at which part you will mention these aspects how you will integrate

these aspects through which questions...”

In her fourth lesson plan, she covered tentative and empirical NOS throughout description
of activities part in the context of cell division and heredity. Similar with the third lesson plan
she provided HOS example which was related to history of heredity. She provided students

with different theories proposed through the history

In her fourth lesson plan, she covered tentative and empirical NOS throughout description
of activities part in the context of cell division and heredity. Similar with the third lesson plan
she provided HOS example which was related to history of heredity. She provided students

with different theories proposed through the history in her lesson plan:

“...The ancients had a variety of ideas about heredity: Theophrastus proposed that male
flowers caused female flowers to ripen. Hippocrates speculated that "seeds" were produced
by various body parts and transmitted to offspring at the time of conception. Aristotle thought
that male and female semen mixed at conception. Aeschylus, in 458 BC, proposed the male
as the parent, with the female as a "nurse for the young life sown within her. Various
hereditary mechanisms were envisaged without being properly tested or quantified. These
included blending inheritance and the inheritance of acquired traits. Nevertheless, people
were able to develop domestic breeds of animals as well as crops through artificial selection.
The inheritance of acquired traits also formed a part of early Lamarckian ideas on

evolution...”

Unlike the third lesson plan, she was able to connect example with tentative and empirical
NOS. She prepared some NOS questions to emphasize NOS throughout a HOS based
example. For instance, after she provided HOS examples, she planned to ask a question to
initiate NOS discussion such as: “What are the NOS aspects in this history of heredity?. She
also specifically added NOS questions regarding tentative and empirical NOS which were

revealed in the following sample part of fourth lesson plan:

“After explaining the history, | will ask questions to the students about the aspects of the
NOS in this part. These are the questions: What are the NOS aspects in this history of
heredity?, Can we say that scientific knowledge may change over time by looking the

development of heredity theories?, Can we say that there is a single scientific method to
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reach the scientific knowledge?. At the beginning, scientist speculated about the heredity.
Can we infer that scientific knowledge can be constructed without doing experiment?, What
are the experiments that scientist did in order to try to explain the heredity? And what are the

NOS aspects in this process? And Why scientific knowledge changed or improved...”

In sum, she was able to addressed targeted NOS aspect in objectives part and also be able
to connect HOS example with NOS questions. Therefore, she achieved to explicit reflective
NOS instructional planning in her plan and categorized as exemplary for both tentative NOS

and empirical NOS instructional planning.

Her last lesson plan was on fertilization, growth and development which were in the sixth
grade curriculum. She also planned to teach empirical, creative, tentative and subjective
NOS which were stated in objectives part as well. Like her previous lesson plans, she
provided students a reading script on history of generation. The sample from her lesson plan

was provided below:

“...In 1745 - 1748, John Needham, a Scottish clergyman and naturalist showed that
microorganisms flourished in various soups that had been exposed to the air. He claimed
that there was a “life force” present in the molecules of all inorganic matter, including air and
the oxygen in it that could cause spontaneous generation to occur, thus accounting for the
presence of bacteria in his soups. He even briefly boiled some of his soup and poured it into
“clean” flasks with cork lids, and microorganisms still grew there. A few years later (1765 -
1767), Lazzaro Spallanzani, an lItalian abbot and biologist, tried several variations on
Needham’s soup experiments. First, he boiled soup for one hour, and then sealed the glass

flasks that contained it by melting the mouths of the flasks shut...”

Then the reading script was continued with giving definitions of targeted NOS aspects in plan
and providing some NOS questions. She addressed subjective, creative and empirical NOS
by giving their definitions directly instead of connecting that HOS script on generation with

NOS. The part of lesson plan reflected the NOS emphasis was provided below:

“...From the history, we can say that every scientist has different prior knowledge and
therefore they construct different ways to reach the scientific knowledge. This is the
subjectivity aspect of the NOS. and we can also say that there is no single scientific method
to conduct the knowledge. During this, scientist offer different models or theories about the

same topic. While doing these, they imagine and use their creativity. This is called creativity
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aspect of the NOS. Thirdly, science requires evidences constructing the scientific knowledge

different from other disciplines. This is called the empirical aspect of the NOS...”

Then, later in her lesson plan, she provided some questions on how the HOS example

reflected NOS. The questions were as followings:

“Let’s back to the presentation, | want to ask some question about the NOS aspect: What are

the NOS aspects in these theories of reproduction?

Can we say that scientific knowledge may change over time by looking the reproduction

theories? What is the name of this aspect in NOS? (Yes. Tentativeness)

Can we say that there is a single scientific method to reach the scientific knowledge? (For
this question, | will wait for students to think that every scientist designs their own experiment

and they use their imagination and creativity for these observations, experiments etc.)

At the beginning, scientists speculated the about the theories from their inferences. Can we
say that scientific knowledge can be constructed without doing experiment? (Yes. There is

no single scientific method for getting the knowledge)

Although Simge provided some NOS questions to create reflection opportunities, the
questions she wrote were mostly “yes-no” questions. Additionally, she provided definitions of
the each aspect directly before giving the questions in her lesson plan. Therefore, she
arranged weak reflection opportunities for students regarding nature of science. In that
sense, her manner of teaching NOS, was more lecturing rather than providing reflective
opportunities for students because, she lectured all these aspects directly initially. Although
she wrote some questions the questions were more likely the questions for assessment at
the end. Therefore, her planning was categorized as needs development regarding NOS

planning with respect to aspects mentioned above.

Overall examination of lesson plans revealed that she improved her instructional planning
towards more explicit reflective way of teaching NOS. She mostly used HOS examples in her
plans to address NOS. Although, she was lack of in providing instructional prompts to
emphasis NOS, at least she achieved, to shift her lesson plans being implicit to somehow
explicit reflective /needs development regarding NOS instructional planning. Specifically, she
succeeded explicit reflective NOS instructional planning regarding tentative and empirical

NOS in her fourth lesson plan.
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She was interviewed and asked to write a reflection paper on her NOS teaching perception
at the end of the NOS intervention. Analysis of responses to interviews and reflection paper
also supported her manner of NOS teaching approach in her lesson plans. For instance, in
post interview, she stated that she would teach NOS as an embedded to content by using
HOS:

R: How would you teach NOS, in what way?

S: I would integrate NOS into the science content

R: how would you integrate it?

S : For instance, while teaching planets | would address tentativeness by saying pluton is
not a planet any more, the definition of planet was redefined or [another example] | would
mention Archimedes as he influenced his religious view while stating earth as the center of
universe. But by the help of observations, experiments scientific knowledge changed...l
would mention tentative NOS through HOS.

In her reflection paper, she stated she would emphasis more meaning of these aspects

instead of presenting NOS as set of postulates:

“I will not give the NOS definition; | will give some clues for elementary students. For
instance, | will say “scientific knowledge can change over time” instead of “tentativeness

means... This is one aspect of the NOS”.

Following table indicated each NOS aspect she planned to teach in the activities part, and

the instructional strategies she planned to use to teach NOS:
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Table 49. Summary of NOS aspects addressed in description of activities part of lesson plan

# of Grade . NOS NOS teaching Explicit-
lesson Science content : .
plan level aspects strategies Reflective
NA
1 NA NA NA NA
Tentative
NOS HOS example Poor
2 6" Force and motion
Empirical
NOS HOS example Poor
Subjective HOS example(HOS Needs
NOS reading script) development
3 4t Structure of atom Tentative HOS example(HOS Needs
and periodic table NOS reading script) development
Empirical HOS example (HOS  Needs
NOS reading script) development
Tentative HOS example Exemplary
o NOS
4 gth Cell division and
heredity Empirical
NOS HOS example Exemplary
Empirical Lecturin Needs
NOS 9 development
Creative Lecturing Needs
5 gh Fertilization, Growth, NOS development
Devel -
evelopment Subjective Lecturin Needs
NOS 9 development
Tentative Lecturin Needs
NOS 9 development

NA: not applicable
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Next, participant’s development in NOS assessment revealed through lesson plan analysis
was presented.

4.4.2.4. Development of lesson plans regarding NOS assessment

That part of the Results section gave insights about Simge’s efforts to assess NOS aspects
that she planned to teach. The kind of strategies that she used for each specific targeted
NOS aspect was reported. Examination of Simge’s lesson plans revealed that she mostly did
not evaluate students’ NOS understanding in her lesson plans. For instance, in her second
lesson plan, she stated that she gave homework in evaluation part of lesson plan, but she
did not give any details regarding homework. Moreover, she did not specify any strategy for
assessing NOS aspects that planned in lesson plan. Thus she got alerted thinking on
assessing the NOS aspects that she planned to teach in her lesson plan: “So how you plan

to assess students’ understanding of NOS on various [targeted] NOS aspects”.

For third, fourth and fifth lesson plans she did not specify any assessment strategy
regarding NOS. Although she included evaluation parts for these lesson plans except the
fourth lesson plan, she did not specify any assessment strategy regarding NOS issues.
Instead, she stated she would evaluate students through a formative assessment. For
instance in her third lesson plan, evaluation was as the followings:

“Evaluation: Performance during the lesson [based on students’] attention to the topic,

participation to activity...”

Similarly, in her fifth lesson plan, she stated she would assess students through the
questions she asked during the class, but she did not provide any evaluation part for fourth

lesson plan:

“l will evaluate the student while asking the questions”

Correspondingly, post interview was conducted to understand participant’s perception of
NOS assessment as well. Responses to interview also supported her repeated manner of
assessment. She stated that she would assess students’ performance during the class.

However, she did not state any specific task to assess students’ NOS understanding:

R: Considering the lesson plans that you are supposed to prepare for your teaching as a
teacher in the future, do you think that NOS should be explicitly stated in the objectives part

of the lesson plan?
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SINEM- You can evaluate students NOS understanding by looking for their performance,
their involvement, their answers to the questions throughout the academic term. Maybe we
do not have time for quizzes in every lesson. If you go to the public school, there may be
other work to do. Maybe you can do your teaching in 25 minutes of 40 minutes. In the rest of
the time, you try to gather the attention of the class...At the end of the lesson; you can make

a written exam or oral exam to evaluate how much they know about NOS.

Subsequent section presented an overview of the participant’s development regarding NOS

instructional planning.
4.4.2.5. General overview for NOS instructional planning

In general, analysis of lesson plans indicated Simge’s development of NOS instructional
planning regarding objectives, description of activities and evaluation parts. Regarding NOS
objective, she did not include any NOS objectives in her first lesson plan, but she provided
NOS objectives for the rest of the lesson plans. Regarding description of activities part, she
shifted her implicit way of teaching NOS into more explicit and reflective manner. However,
she lacked of reflective component in her instructional plans. That is, she mostly did not
provide efficient instructional prompts regarding NOS to enhance students’ understanding of
NOS. Her plans were mostly lacking of an NOS questions to initiate NOS discussions and
connections between HOS examples and NOS. She only achieved explicit reflective NOS
instructional planning in her fourth lesson plan for tentative and empirical NOS. Relating to
her NOS views, she achieved informed understanding for all NOS aspects, but only
addressed tentative, empirical, subjective and creative NOS in her plans but achieved
explicit reflective NOS instructional planning for only tentative and empirical NOS. Regarding
NOS assessment, she did not consider assessment of NOS in her lesson plans. Moreover,
starting from third lesson plan, she stated NOS in objectives part, and she also gave place in
the description of activities part of lesson plan. However, she failed to show that that
consistency for evaluation part. Following table summarized Simge’s general overview of
instructional planning regarding objectives, description of activities part and evaluation parts

of lesson plans:
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Table 50. Summary of overall NOS instructional planning

Iei;);n Grade Science NOS te[a\lcohisn Explicit- NOS NOS
level content aspects 9 Reflective  objectives evaluation
plan strategies
1 NA NA NA NA NA NA NA
Tentative  HOS
NOS example Poor ) i
2 gt Force and
motion Empirical HOS Poor ) )
NOS example
Subjective HOS Needs i
NOS example development
3 4t :ttgﬁﬁt:rrlz of Tentative  HOS Needs v i
periodic table NOS example development
Empirical HOS Needs v )
NOS example development
4 g, Celldivision P
and heredity Empirical HOS Exemplar v i
NOS example plary
Empirical . Needs v
NOS Lecturing development i
Creative Lecturin Needs v )
Fertilization, NOS 9 development
5 g" Growth,
Development  Subjective Lecturin Needs v )
NOS 9 development
Tentative Lecturin Needs v )
NOS 9 development

V : existence of the task, NA: not applicable, -. Absence of the task
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Following section will inform on participant’s perceived source of development for NOS

instructional planning.

4.4.3. Learning experiences contributing to the ability to integrate NOS into

instructional plans

In general, Simge’s instructional planning for teaching NOS has been evolved in an explicit
reflective manner which included NOS objectives, specific activities for teaching NOS.
Researcher applied several strategies to improve participants’ NOS instructional such as
feedback to lesson plans, HOS based examples coupled with NOS explicitly followed by
NOS discussions, and lesson plan presentations followed by NOS discussions as well. To
understand the relative importance of these learning experiences, researcher conducted
interview with the participants. Analysis of interview revealed that Simge perceived follow up
discussions after peer presentations of lesson plans as the main source contributing to her

ability to integrate NOS into instructional plans:

R: As a researcher, | aimed to help you improve your NOS understanding and NOS
instructional planning. For this reason, | applied several strategies such as giving feedback
for lesson plans, providing HOS examples in class and asking you to prepare and present
lesson plans, which was followed by class discussions. Which of these activities do you

think influence your skills regarding NOS instructional planning?

S: The discussions in the class were very useful.

R: How would it contribute to?

S: We learned much better. There was a face to face communication. | think that discussing
them actively were very useful... It [discussions] contributes to my viewpoint, | consider
different perspectives... We prepared the new lesson plans after we took feedbacks from
you but we could not correct it because we did not have a strict template. We prepared
different lesson plan with different content for the coming week and you gave feedback to it
as well. We did not understand what to do. These were the things [lesson plan preparation

and feedback] that contributed least. We did not provide the communication.
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45. CASEV

The fifth case of the study was Ebru. In the following, the results were presented related to
(1) how her NOS understanding changed in the context of explicit reflective HOS based
approach, (2) how progress trajectory in relation to integrating NOS into her lesson plans
occurred as a result of feedback in the context of explicit reflective HOS based approach,
and (3) which learning experiences contributed to her ability to integrate NOS into their

instructional plans.

4.5.1. Change in NOS understanding

Participants’ NOS views on tentative NOS, empirical NOS, inferential NOS, creative NOS,
socio-cultural NOS, theory & law and subjective NOS, were presented in current section.
First, participant’s views related to tentative NOS presented below.

Tentative NOS: Ebru showed inadequate understanding of tentative NOS prior to the NOS
intervention. Her responses in pre-VNOS-C revealed that she had some doubts regarding
tentative NOS by implying scientific knowledge as definite. She revealed her incomplete
understanding of tentative NOS by stating laws as certain. At the end of the intervention, she
recognized science as tentative due to technological enhancements and new data, and she
also exemplified it. For example, she stated that scientific knowledge including theories and
laws will change due to the new evidence. She also exemplified her claim with the case of

atom models, evolution theory and Newton laws (see table51 below for sample quotas)
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Table 51. Ebru’s sample statements related to tentative NOS revealed in pre- and post-VNOS-C

Administration

of VNOS-C Categorization Sample Statements

Pre-VNOS-C Inadequate Theories and hypothesis could change...Laws do not

It [scientific knowledge] may change with the improving
technology and finding new fossils records [new evidence].
Scientific knowledge may change in time. For example, in
evolution theory Lamarck theory has not been accepted anymore
because of the Darwin’s theory.

.... there is no %100 certainty in science...

...since theories and laws are scientific knowledge, they will
change too....For instance, atom models, they changed and
developed in time...Newton law changed...

Post-VNOS-C Informed

Participant’s empirical NOS views were provided below.

Empirical NOS: Prior to NOS intervention, Ebru revealed inadequate view of empirical NOS.
Although she stated that science was different from other disciplines by means of
experiments, she perceived experiments to prove and understand scientific facts. However,
she shifted her understanding towards adequate view of empirical NOS at the outset of the
intervention. The indication of adequate view was referring experiments and observation to
differentiate science from other disciplines without an explicit emphasize on evidence or
empirical basis. For instance, Ebru stated that science included observations and
experiments as distinct from other disciplines. She also indicated that scientists supported
their claims throughout the experiments and observations. However, she did not mention
evidence or empirical basis explicitly. Thus, her view was categorized as adequate view.

(See table52 below for sample quotas.
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Table 52. Ebru’s sample statements related to empirical NOS revealed in pre- and post-VNOS-C

Administration

Categorization Sample Statements
of VNOS-C

...It is the experiment part that makes science different form other
disciplines. For instance, to understand and prove buoyancy we

Pre-VNOS-C Inadequate need experiments whereas for sociology of philosophy there no
mathematical experiments...

Science includes observation, experimentation data collection
interpretation of these data etc. On the other hand other subjects
[philosophy, religion etc.] do not include such kind of aspects of
NOS.

Scientists could support their claims with the help of experiments,
observations...

Post-VNOS-C Adequate

Following section described participant’s views on inferential NOS

Inferential NOS: Prior to the intervention, Ebru revealed inadequate understanding of
inferential NOS. She held the belief that scientists observed the natural phenomena directly
and got conclusions. She did not show the understanding that all natural phenomena was
not accessible to the senses and scientist also made inferences. For example, in her
responses she implied that experiments yielded all the true conclusions denying the idea that
scientists actually make inferences based on data gathered through the experiments.
Moreover, in her responses related to the appearance of the dinosaurs, she stated that
scientists might have seen drawings of the dinosaurs left from the ancient times to decide
the look of dinosaurs. Therefore, her view was categorized as inadequate for inferential NOS
understanding. However, she shifted her understanding towards informed view for inferential
NOS at the end of the intervention. That is, she recognized that scientists made inferences
based on experiments and observations. In her responses, she clearly explicated that
scientists made inferences. Additionally, regarding the response on appearance of dinosaurs
she also expressed that scientists created the dinosaur model based on the evidence they

gathered (see table53 below for sample quotas)
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Table 53. Ebru’s sample statements related to inferential NOS revealed in pre- and post-VNOS-C

Administration

of VNOS-C Categorization Sample Statements

....sometimes mathematical conclusions can be required to prove
a reality. For example nobody can say that water boils at 100C
without experiment. There should be an experiment to say this...
[To decide existence of dinosaurs] scientists are investigating
fossils and maybe in ancient times, people drew dinosaur’s
pictures, so they [scientists] examine fossils and drawings.

Pre-VNOS-C Inadequate

.... [to decide existence of dinosaurs] They [scientists] found

some fossil records such as some bones they think that dinosaurs

existed...They found only two bones which belonged to
Post-VNOS-C Informed dinosaurs. By using these two bones, scientists created dinosaur

model....

..... It [science] includes scientists’ observations, inference,

experimentation etc...

Subsequent section displayed participant’s views on creative NOS.

Creative NOS: She had inadequate view of creative NOS at the beginning of intervention.
That is, she did not appreciate role of scientists’ imagination and creativity in development of
scientific knowledge. She expressed science as an activity only depended on experiments
and scientists’ imagination would impair their objectivity. Yet, she shifted her inadequate
view towards informed view of creative NOS. That is, she appreciated role of imagination
and creativity in all stages of scientific investigation. For instance, she recognized that
constructing dinosaur model included mostly scientists’ creativity (see table54 below for

sample quotas)

Table 54. Ebru’s sample statements related to Creative NOS revealed in pre and post VNOS-C

Administration

Categorization Sample Statements
of VNOS-C

...there should not be any imagination [in science] which can
only depend on experiment in science.

Pre-VNOS-C Inadequate ... Scientists do not use their imagination and creativity in
science so that, they become objective.

..In all parts [of scientific investigation] planning investigation
observations interpretation etc. they use their imagination and
creativity....For instance, designing a dinosaur model is all
related to scientists’ creativity

Post-VNOS-C Informed
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Next, participant’s views on socio cultural NOS were presented.

Socio Cultural NOS: At the beginning of the intervention, Ebru revealed inadequate
understanding of socio cultural NOS. She believed that science is as value free discipline in
which it was practiced within its culture. In her responses she described science as universal
holding the fact that science was only based on experiments. However, she achieved
informed view of socio cultural NOS at the end of the intervention. She recognized that
science was influenced by the culture and values of society. She supported her view with an
example as well (see table55 below for sample quotas). For instance, she clearly stated that
science reflected the social values of culture in which it was practiced. Moreover, she
supported her claim with an example representing the case in Turkey related to evolution

controversy preventing some Turkish scientists to study this issue.

Table 55. Ebru’s sample statements related to socio-cultural NOS revealed in pre- and post-VNOS-C

Administration

of VNOS-C Categorization Sample Statements

Science is universal. Because it depends on only experiment,

Pre-VNOS-C Inadequate investigations and statistics....

Science reflects socio cultural values. Because scientists are
human beings. It is impossible that, they are not affected their
culture and society which they live in. Even their expertise fields

Post-VNOS-C Informed are determined by their culture. For example, in Turkey, working
about evolution is not very easy and the number of scientists who
work about evolution is very low. This is due to the religion in
Turkey

Following section described participant’s view on function of theories and laws.

Theory & Law: Prior to the intervention, Ebru held the misconception that there was a
hierarchical order between theories and laws. She expressed that law was the last product of
the scientific investigation. In other words, she believed that theories became law when they
were proved. Yet, she shifted her view from inadequate to informed view at end of the
intervention. That is, she appreciated role and function of theories and laws. She explained

theories as explanatory and laws as descriptive. She also supported her explanation with an
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example of atom theory and Newton’s Law representing the difference between theory and

law (see table56 below for sample quotas)

Table 56. Ebru’s sample statements related to Theory &Law revealed in pre and post VNOS-C

Administration

Categorization Sample Statements
of VNOS-C

Theory is the real thing which is proved by experiments and
supported by scientists. ....Law is the last stage after theory. It is

Pre-VNOS-C Inadequate the last product of scientific investigation and they [laws] do not
change. Theories become law when they are proved and
accepted by all [scientists]

Theory is the explanation of the natural phenomena. ....Law is the
relationship between the natural phenomena. .... For

Post-VNOS-C Informed example[regarding difference between theory and law] atomic
theory explains the structure of atom, second law of Newton
shows the relationship between mass and acceleration

Lastly, participant’s views on subjective NOS were described below.

Subjective NOS: Ebru could not recognize role of scientist’s’ subjectivity while conducting
scientific investigations and making scientific propositions at the beginning of the
intervention. For instance, in response to the VNOS-C-C question related to the dinosaur
extinction controversy, she indicated that the reason behind the dinosaur extinction
controversy related to the equipment and tools used by scientists. That is, she ignored the
role of scientists ‘perceptions and theoretical frameworks. However, she recognized that
scientists’ interpretations would vary because of personal backgrounds, perceptions, pre
conceptions and expectations by providing detailed explanation at the end of the
intervention. She clearly explained that variations in explanations on a scientific issue
reflected the subjective nature of science. Thus, her view was categorized as informed view

(see table57 below for sample quotas)
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Table 57. Ebru’s sample statements related to Subjective NOS revealed in pre and post VNOS-C

Administration

Categorization Sample Statements
of VNOS-C

.... [regarding different theories on extinction of dinosaurs] | think
there may not be a lot of reason of this extinction] according to

Pre-VNOS-C Inadequate scientists. So every scientist has its own idea. Moreover
conditions and materials may not be enough to find real
[dinosaurs’] extinction reason...

Each scientist has his/her own prior knowledge, training,
creativity, experience and expectations. Due to these differences
their conclusions are different from each other’s although they all
have same information. This is the subjectivity aspect of NOS.

Post-VNOS-C Informed

To sum up, participant showed inadequate understanding of NOS for all aspects prior to the
study. She shifted her NOS views towards informed view for all NOS aspects, at the end of
the study. Following section will inform on participant's progress on NOS instructional

planning, and the sources of her development for NOS instructional planning.

4.5.2. The progress trajectory in relation to integrating NOS into lesson plans

Current section outlined participant’s NOS instructional planning in terms of general overview
of her instructional planning, development of her instructional planning related to NOS
objectives, development of her instructional planning related to NOS activities, development
of her NOS instructional planning related to NOS assessment and lastly, general overview of
her NOS instructional planning. Next section provided general information related to Ebru’s

instructional planning.

4.5.2.1. Information about instructional planning in general

Participant handed in five lesson plans. She planned to teach science content such as atom
models (grade7) in her first lesson plan, Formation of universe (grade 8) in her second
lesson plan, Heritage (grade 8) in her third lesson plan, electricity (grade 7) in fourth lesson
plan, and electricity (grade 8) for the last lesson plan. Similar with the other participants, she
chose any science content that she planned to teach from Turkish science curricula which
was available online. While creating lesson plans, she was in charge with the writing of
objectives part of the lesson plan in which he stated the planned goals of her lesson,

description of activities parts in which planned instructional strategies, tools were described
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to achieve the planned goals and lastly, evaluation part of the lesson plan, in which planned
strategies were described to evaluate the planned goals. Since all participants were required
to teach NOS in their lesson plans, all were expected to adapt and design lesson plans in
which they address NOS explicitly. Subsequent section presented participants development

regarding NOS objective writing.

4.5.2.2. Development of lesson plan regarding NOS objectives

Objectives part of the lesson plans were more related with whether participants had the
intention of teaching NOS explicitly/consciously. Inclusion of NOS objectives mostly
indicated how they perceived teaching NOS e.g. they recognized NOS as an add-on, topic or
as an important issue as the other science content to be taught/planned explicitly. Analysis
of the lesson plans showed that Ebru’s manner towards including NOS objectives was
shifted from no inclusion of NOS objectives towards inclusion of NOS objectives which were
both described through description of activities part of the lesson plan and evaluated in
evaluation part of the lesson plan as well. In her first lesson plan she did not address any
NOS objective. Although she included subjective, empirical, tentative and creative NOS in
description part of the lesson plan, she did not include any objectives related to these
aspects. Since she handed it late, she did not get any feedback. In her second lesson
plan, in which she planned to teach “formation of universe” she did not included any NOS
objective. However she claimed to include instructional activities/tools to address empirical,
creative, tentative and subjective NOS in description of activities part of the lesson plan. A
similar case is observed in her third lesson plan, in which she planned to teach heritage
she kept the same manner, and did not include any NOS objective, although she planned to
include instructional strategies covering empirical and tentative NOS in description of
activities part. For both lesson plans (lesson plans 2, 3) the researcher encouraged her to
include NOS objectives: “Think about why you need write objectives; Do you think all these
objectives cover what you intent to teach through the lesson; think about including objectives
on NOS” and for third lesson plan. The researcher warned her as: “What about including

objectives on NOS”.

She planned to teach “electricity” science content for grades seven and eight for the fourth
and fifth lesson plans. She included NOS objectives in both lesson plans. In fourth lesson

plan which was seventh grade, she included NOS objectives regarding empirical, creative

and tentative NOS. The objectives she wrote were as followings: “Explain that scientists can

not only make experiments but also observations to collect data”, “State that scientists use
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their creativity to reach scientific knowledge” and she wrote objective for tentative NOS as

“Specify the reasons of tentativeness aspect of NOS”.

In her fifth lesson plan she planned to teach empirical, subjective NOS which were both
stated in objective parts of the lesson plan and covered in description of activities part as
well. The objectives she wrote were as followings: “State scientific knowledge depends on
concrete data taken from observations or experiments” and “Identify scientist’s backgrounds,
training, and creativity affect their work”.

In general, while all lesson plans were examined regarding NOS objectives, it could be
summarized that she adopted more robust manner of including NOS objectives towards last
two lesson plans. In her first, second and third lesson plans she did not include any
objectives related to NOS aspects but she included NOS in description of activities part.
However, towards the last lesson plans, she showed more consistency about including NOS
in all parts of the lesson plan which were objective parts, description of activities part and
evaluation part. In her fourth lesson plan she stated all NOS aspects in objectives part that
she planned to teach in description of activities part. That is she included creative NOS,
empirical and tentative NOS objectives and she also provided some instructional strategies
in description of activities part as well. Similarly, in fifth lesson plan, she included objectives
regarding empirical and subjective NOS which she also mentioned in description of activities

part. The following table indicated the objectives that Ebru's stated in each lesson plan:
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Table 58. NOS objectives in each lesson plan

# of

lesson CISradIe Science NOS NOS objective
plans eve content aspects
th Atom
L 7 models i )
gth .
2 Formation i )
of universe
th .
3 8 Heritage - -
Empirical Explain that scientists can not only make
NOS experiments but also observations to collect data
4 7" Electricity 'I’\'géatlve Specify the reasons of tentativeness aspect of NOS
Creative State that scientists use their creativity to reach
NOS scientific knowledge
Empirical State scientific knowledge depends on concrete
NOS data taken from observations or experiments
5 8" Electricity
Subjective Identify scientist's backgrounds, training, and
NOS creativity affect their work

-: indicated the absence of the subject

Additionally, interview and reflection paper were used as data source to understand her NOS
instructional planning with regard to NOS objectives. At the end of the NOS intervention,
participants were interviewed related to her perceived development of NOS instructional
planning. Moreover, she also asked to write a reflection paper including points on her NOS
teaching perception. In addition to lesson plan analysis, analysis of post interview and
reflection paper supported her manner regarding instructional planning in terms of NOS
objective writing. She confirmed that she did not write any NOS objectives at her first lesson
plans due to her perception about the function of objectives in a lesson plan in response to

interview questions:

E: At the beginning | did not think that we would write objectives for NOS and | did not write
at the beginning.
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R: Why not?

E: Actually it was a big mistake. Maybe | did not know much about the content of the lesson
plan. | mean that may be | did not know why a lesson plan is written and how it is written.
While the basic aim of lesson plans we wrote that teaching NOS by the help of HOS. Thus,

absence of objectives related to them was a big lack.

Following section described participant’s development of explicit reflective NOS instructional

planning revealed through activities part of the lesson plans.

4.5.2.3. Development of lesson plans regarding NOS activities

That section of the “findings” part informed about in what ways and at what extent participant
achieved to adopt explicit reflective approach to teach NOS in lesson plans. For instance, in
her first lesson plan, she used a hands on activity combined with HOS which included
pictures of atom models belonging to five different atom models, and information cards on
each different atom model proposed by different scientists in history. Students were required
to match pictures and information cards. Through the activity she also planned to teach NOS
regarding tentative and subjective NOS. See below a sample from the lesson plan describing

the activity:

“In this part the class will be divided into 5 parts and | will give them 5 different pictures
belonging to different 5 atom models. At the same time | will give same written cards to each
group. These written cards gave information about the different kinds of atom models...
When exercise is finished | will make a brief summary about the lesson. Most importantly |
will point the date of the atom models. Every model that has a different discoverer was found
at a different time. Each model was developed and changed into another model. Moreover
atom has a very long history. By looking this history, we can infer that science is subjective,
tentative and includes creativity, imagination of the scientists because each scientist looked
at same atom, and made different models. Moreover these models were changed in time.

After making this summary, | will finish the lesson.”

However, she did not connect the activity with how science/scientists work. That is she did
not include any NOS related questions to provide NOS discussion and address NOS.
Instead, she adopted lecturing of these NOS aspects at the end of the lesson while she was

summarizing the whole topic. Additionally, she did not include any objective on NOS either.
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Therefore, her instructional planning regarding tentative, subjective and creative NOS was

categorized as needs development.

For the second lesson plan, her manner of teaching NOS was unclear. She included
empirical, tentative and creative NOS within the context of formation of universe. For
instance, for empirical NOS, she seemed to adopt more implicit manner of teaching it in her
lesson plan. That is, she just gave an example without any further NOS emphasis and
indicated that example implied empirical NOS. Since she did not include any NOS objective
or NOS instructional prompts, her plan regarding empirical NOS categorized as poor.

Sample of lesson plan part reflecting her manner of NOS teaching was presented below:

“...After listening to the ideas of all students, some information including the history of
theories about universe formation will be given to the students: It is not very easy to
understand completely how universe formed. There are numerous and different theories
about this formation. Today the most widely accepted theory is the Big Bang theory. It was
proposed between 1920 and 1930. There are three observations (observation aspect of
NOS) which are the reasons of Big Bang Theory: Universe is expanding (1920s). Relative

amounts of chemical elements in the universe (by experiments, empirically based).....

Here she got alerted on including NOS instructional strategies to address empirical NOS in a
more reflective way: “you need to ask questions or use other strategies to make student
understand various aspects of NOS; or you just expect them to realize these aspects just

from your instruction without an explicit emphasis”

Unlike to her manner of teaching empirical NOS, she was more reflective while teaching
tentative NOS in the same lesson plan. She provided an example and showed efforts to
connect it with NOS. She let students to express their ideas and tried to create a discussion

environment:

“...After talking about the Big Bang, other theories will be talked. These theories are related
to the formation of Universe which were by: out bursting from the Sun, by gas and dust
cloud and by decaying of Jupiter...After giving the names of these theories a question will be
asked: Do you think that in the future there may be different theories from these? Students
will explain their ideas individually whether they think another theory will be found in the
future. After their discussion it will be mentioned that there is a possibility of finding another
theory that explains the formation of universe due to improving technology. By giving this

information tentativeness aspect of the nature can be given...”
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Additionally, at the end of the lesson she also wrapped up tentative NOS. She made a brief

summary of tentative NOS by using an HOS example on formation of universe:

“It will be explained the most widely accepted theory is the Big Bang theory. The history of
formation of universe will especially be emphasized. In time a lot of theories were found by
different scientists. Scientists can always change their theories, laws, and observations etc.
in time. For example, today we saw different theories about the formation of universe. One of
them is widely accepted today. However, this may change in the future. This changing

shows the tentativeness aspect of the nature of science...”

Although her efforts to be reflective for teaching tentative NOS in her lesson plan, she did not
provide any objective regarding tentative NOS. Therefore, her instructional plan regarding

tentative NOS was categorized as needs development.

For teaching creative NOS, she provided hands on activity, and she showed efforts to
emphasize how the activity reflected how science works. Although she lacked of clear NOS
questions to guide NOS discussion or related the activity with how science works, inclusion
of specific instructional activity for NOS emphasis indicated efforts to be reflective in NOS
instruction in lesson plan. However, she did not provide any objective on creative NOS.
Therefore her instructional planning regarding creative NOS was categorized as needs
development. Following sample of lesson plan indicated Ebru’s efforts of planned teaching of

creative NOS:

....... These two questions will be asked:

Which theory can be the most acceptable theory? Why?

Draw a model, picture etc. that shows theory that you support. (They can use colorful pens in
their drawings). In the answers of this question, imagination and subjectivity aspects will be
mentioned since each group will create a different model by using their own imagination.
Moreover, all groups are at same level of knowledge about the topic. Therefore answers for
the 1st question can be a representation for the subjectivity because groups will support
different theories...Give the students 10 minutes to think about the questions and answer.
After waiting 10 minutes, a discussion will be started in the class (4th objective). Each
student will express his/her idea about the topic. Then the drawings will be stacked to the

board. Each group will explain their drawings. By emphasizing the differences of models, it is
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tried to be given that during the formation of scientific models or knowledge, scientists use

their creativity, prior knowledge, expectations etc...”

For the third lesson plan, she planned to teach Heritage as science content. Regarding
NOS teaching, she showed implicit manner of NOS instruction. At the end of the lesson plan,
she provided an example claimed to be related to empirical and tentative NOS without
further NOS emphasize to address these aspects explicitly and reflectively. Instructor met
with the participant to make clear explicit reflective NOS instruction to her after she turned in
third lesson plan. Her instructional plan regarding empirical and tentative NOS was
categorized as poor since she did not include any NOS objective or NOS instructional
prompts either. See the sample of lesson plan below reflecting Ebru’s planned teaching
manner of empirical and tentative NOS:

“...Of course the concept of heritable was also not known in that time. By the help of
improving technology people starts to find the reasons of these diseases such as hemophilia
or anemia by making more clear observations or experiments (Tentativeness
and Empirically-Based). In the past they did not see the intermarriages as a reason of
heritable diseases but now people know relative marriages play very important role in these

heritable diseases...”

She showed some improvements regarding NOS instructional planning in the fourth lesson
plan. She planned to teach batteries in electricity science content. She showed explicit
manner of NOS instructional planning through having NOS objectives such as empirical
NOS, tentative NOS and creative NOS and also addressing them in the description of
activities part of lesson plan as well. Additionally, she revealed reflective manner in her NOS
instructional plan via providing NOS questions and specific examples to address NOS.
However, her explicit reflective manner varied regarding NOS aspects. For instance, for
teaching empirical NOS, she started lesson with some questions related to experiment in
which she mentioned Volta Pile and Galvani Pile:

“...At the beginning of this part, some questions will be asked: According to you how did
Volta make his pile? If students give the experiment as an answer, the second question will
be asked: What is an experiment according to you? After they talk about this question, the
third question will be asked: Do you think that scientists always make experiments to reach

scientific knowledge?
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During answering of this question, there may be a discussion among students due to their
misconceptions about the NOS. Because there will be many students who say that scientists
should make experiments during their works. After this discussion finishes, an example will
be given to show that science does not have an obligatory including experiment. This

example is related with today’s topic which is Volta’s pile...”

Here she provided NOS questions, and also gave space to students to express their ideas
via discussion. Additionally, she showed efforts to create a discussion environment. Her
instructional planning regarding empirical NOS was categorized as exemplary. The following

was the sample of lesson plan reflecting Ebru’s manner of teaching empirical NOS:

“...During answering of this question, there may be a discussion among students due to their
misconceptions about the NOS..... After this discussion finishes, an example will be given to
show that science does not have an obligatory including experiment....... Before Volta, Luigi
Galvani (1737-1798) studied about this topic. By making some observations (empirically-
based) he explained his ‘animal electricity’ hypothesis in 1971. In that hypothesis, he
explained that when the nerves in the leg of a dead frog were cut, it was observed that the
nerves contracted............... I will connect the previous empirically-based part which is the
observations made by Galvani and Volta’s experiment. | will emphasize that scientists can

make only observation or experiment or they can make both of them together to collect

Regarding creative NOS, she also used HOS example which is about Volta's and Galvani’s
work. However, the provided example to address creative NOS was found to be
inappropriate. She provided NOS questions and showed efforts to create NOS discussion.
The questions that she provided to facilitate students’ understanding on creative NOS were

more appropriate for teaching of subjective NOS:

“....Then lesson will continue by talking about Volta. During this time, creativity aspect will be
tried to be given by comparing Volta and Galvani. The information ‘after Galvani explained
his theory, Volta found the reasons of that contraction. The reasons were two different
metals and including fluid of cells. Then he thought that to obtain electricity, there should be
two different metals and fluid’ will be given. After | give this information, | will ask that: What
can be the reason of that Volta did not continue working on an animal cell like Galvani? After
students give their answers, | will say that Galvani could not think in the same perspective

with Volta. Volta might have more creativity than Galvani and so he thought that | did not
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need an animal cell to create an electric current, because he found the reason of the electric

current...”

Since her example was more convenient to address subjective NOS, she was alerted to
address subijectivity through that example: “Maybe it is more convenient here to talk about
subjectivity; because both have different background (one of them doctor and the other is

physicist) so they make different inferences and conclusions”

Due to her efforts to address creative NOS in objective and description of activities part, her
instructional planning regarding creative NOS was categorized as needs development. On
the other hand, her plan regarding tentative NOS was more reflective. She provided same
HOS example which was related to Volta and Galvani, and connected HOS based example
with NOS well. She provided questions and gave space students to discuss their ideas as
well as addressed it in objective part of the lesson plan. Therefore, her instructional planning
regarding tentative NOS was categorized as exemplary. See the lesson plan sample below

reflecting Ebru’s creative NOS teaching:

“...After giving this information, | will ask: Do you think that Galvani’s hypothesis is still valid?
And can scientific knowledge change in time? When students finish their talking about the
questions, | will explain that after Volta’s experiment, Galvani’s hypothesis did not work
anymore. Due to the fact that Volta’s explanation was mostly accepted and he removed the
animal electricity theory of Galvani. This shows the scientific knowledge can change in time
(tentativeness). After this explanation, some questions will be asked: According to you how
can scientific knowledge change in time? What can be the result(s) of this changing? Again
in the explanations of these questions tentativeness aspect of NOS will be talked as by the
help of improving technology, new findings, different point of views, scientific knowledge can

change in time...”

In the fifth lesson plan she planned to teach bulbs in electricity science content. She kept
same manner of teaching NOS in her lesson plan as the fourth lesson plan. She showed
explicit manner of NOS instructional planning through having NOS objectives such as
empirical NOS, and subjective NOS that were addressed in the description of activities part
of lesson plan as well. Additionally, she revealed reflective manner in her NOS instructional
plan via providing NOS questions and specific examples to address NOS. For instance, to
emphasize subjective NOS, she adopted a different strategy which she used both content
generic activity and HOS based example to address subjective NOS. First she planned to

give a script on Edison'’s life and then relate this example with how science works:
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“...A small part of reading again will be read: A team of talented workers assisted him all
hours of the day and night. These men had the skills to make Edison's ideas and sketches
into real devices of wood, wire, glass, and metal. Then another question will be asked: Why
did not Edison’s workers find the incandescent light bulb, although they worked with Edison
and so they saw everything that Edison made? Do you think that scientists can arrive
different conclusions by looking at same object, data etc.? Can scientist's backgrounds,

training, creativity affect their work? Can you give examples about this being affected?”

After these prompting questions on subjective NOS, she planned to conduct a content
generic activity to facilitate students’ understanding on subjectivity. The content generic
activity was the “young of old” activity (Lederman et al 1998) in which students were shown a

picture in which both a young or an old lady could be seen:

“.... Students will look at the picture and will tell what they see? Some of the students will
see a young woman and other will see an old woman. It will be asked what you saw. Why
did you see different face although you look at same picture? It is said that all of you look at
same picture but you see two different women face. This situation is also valid for scientists.
They can look at any data, object, or event at different perspectives. Because they have

different backgrounds, training, creativity, etc...”

Providing specific instructional activities and questions to address subjective NOS made her
planned instruction reflective. Additionally, including subjective NOS in objectives as well in
description of activities part constituted for explicit subjective NOS instructional planning. In
that sense she achieved subjective NOS instructional planning in an explicit and reflective

manner and categorized as exemplary.

For instructional planning of teaching empirical basis in the same lesson plan, she planned
to ask several questions and showed efforts to create discussion environment to discuss on
empirical NOS. Similarly she used Edison’s life as a basis to start NOS discussion to

address empirical NOS:

....... In this part some questions will be asked to students: Which method did Edison use
during his invention of the light bulb? (It is expected students will talk about his experiments).
If they talk about experiment, there is no problem and second question will be asked. If they
will not talk about experiment, | will orient them to the reading passage including that “During
his most inventive years, Edison conducted experiments at his Menlo Park, New Jersey,

laboratory”, Can you define what experiment is?, According to you do scientists always make
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experiments to collect data?, Do they [scientists] make observations? , Can you give
example about how scientists make observations to collect data?, Do you think that scientific
knowledge requires observation or experiment? | mean can scientists find scientific
knowledge without concrete data? After they discuss these questions, a brief summary will
be made: Scientific knowledge depends on concrete evidences which are taken by
observations and experiments. Each scientist should support his/her idea with concrete data.
Otherwise, nobody accept their findings. There is no obligatory that scientists always should
make experiments. Sometimes they make observations to collect data for their study. For

example; scientists make classification among living things by making only observations.....

Additionally, she seemed to adopt more student centered approach via giving space for
student’s expression of ideas and acted as a guide orienting students as seen from the

lesson plan:

“...If they talk about experiment, there is no problem and second question will be asked? If
they will not talk about experiment, | will orient them to the reading passage including that
“During his most inventive years, Edison conducted experiments at his Menlo Park, New

Jersey, laboratory...”

Having structured instructional prompts which provided students with opportunities to reflect
on their activities and learning within a NOS framework made the instructional planning is
reflective. Regarding explicit component of her planned NOS teaching, having NOS
objectives and emphasizing them in description of activities part constituted as explicit NOS
instruction. Therefore, her instructional plan regarding empirical NOS categorized as

exemplary.

Overall, examination of her lesson plans indicated that she improved her instructional
planning regarding NOS teaching. At first lesson plans she adopted either lecturing or
implicit way of teaching NOS in her lesson plans. However her last two lesson plans included
examples from HOS, guiding NOS questions to create environment in which students reflect
on their ideas on science. Additionally, she was able to connect HOS based examples with
NOS more successfully which gave opportunities of reflection for students. Specifically, she
improved her instructional planning regarding empirical NOS, subjective NOS, and tentative
NOS. The most aspects used in her lesson plans were tentative NOS (in four lesson plans),
followed by empirical and creative NOS (in 3 lesson plans). Moreover, she achieved both
explicit and reflective NOS instructional planning in the context of HOS for empirical,

tentative and subjective NOS. She used content generic activities and HOS as a context to
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teach NOS, but she mostly used HOS to address NOS. Following table indicated each NOS

aspect she planned to teach in activities part, and the instructional strategies she planned to

use to teach NOS.

Table 59. Summary of NOS aspects addressed in description of activities part of lesson plan

# of Grade Science NOS aspects NOS teaching Explicit-
lesson level content strategies Reflective
plan
th Subjective &Tentative& . Needs
L ! Atom models Creative NOS Lecturing development
Empirical NOS HOS example Poor
th Formation of Tentative NOS HOS example Needs
2 8 . development
universe
Creative NOS Hands-on activity Needs
development
Tentative NOS HOS example Poor
3 8" Heritage
Empirical NOS HOS example Poor
Empirical NOS HOS example Exemplary
Electricity
4 4t Tentative NOS HOS example Exemplary
Creative NOS HOS example Needs
development
HOS example
N N Subjective NOS Content generic ~ Exemplary
5 8 Electricity activity
Empirical NOS HOS example Exemplary
v :indicated the existence of the task, - :indicated the lack of task

At the end of the NOS intervention, participant was interviewed to get insights on their NOS

teaching perception and development of NOS instructional planning. Interview included

questions regarding preferences to teach NOS. Additionally, participants were asked to write

a reflection paper on her perceptions of NOS teaching at the end of the study. Those data
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sources were used to support the findings revealed via lesson plan analysis. Analysis of
responses to interviews and reflection paper supported her manner of NOS teaching
approach in lesson plans. She stated in reflection paper, she would ask some NOS
questions for instance in the context of HOS to address NOS in her teaching:

“...I think that all aspects of NOS can easily be given by using HOS. For example; when |
look at only my lesson plans, | see that | can give all aspects in these lesson plans.
Moreover, my friends also make some lectures. In these lectures, they can also easily show
NOS.”

Additionally, she stated in her reflection paper that she would avoid direct teaching of NOS
instead she would prefer to use activities and some guiding questions and examples rather

than direct teaching:

“ will always try to give examples and make activities to teach NOS. | think that direct
teaching is not a proper way to teach NOS. Therefore, | always try to catch students’ interest

by asking questions such as:

e Do you think that scientists use their creativity and imagination? Can you give
examples?
e Can technology affect your chemistry, biology, or physics lessons?

e Do scientists make observation to collect data?”

She mentioned same manner of teaching NOS in responses to interview too. She repeated
that she would ask NOS questions, and activities. Additionally, she also stated that she

would integrate NOS into science content:

E: | do not prefer to give the information directly. For instance, at the beginning of the term, if
you only said “theory and law are different things, and these two things do not turn into one
another”, it did not make sense to me. | mean that maybe | would think it as you said that
time but | could not explain the rationale of the situation. With the help of the activities and
the guidance, we thought and said “yes, it is like that.” The same thing is also valid for the
lesson plans. Instead of only for instance, giving it directly, it is better to make students think
through the activities. For instance, regarding subjective and tentative NOS, it is better to ask
questions or giving examples instead of giving the direct definitions of these aspects. That is

what | tried in my lesson plans which were integration of NOS as well.”
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Next, participant’s development in NOS assessment revealed through lesson plan analysis

was presented.

4.5.2.4. Development of lesson plans regarding NOS assessment

That part of the findings section informed about Ebru’s efforts to evaluate NOS aspects that
she planned to teach. The kind of assessment strategies that she used for each specific
targeted NOS aspect was reported. Analysis of lesson plans indicated he adopted an NOS
assessment approach towards last lesson plans. However none of the assessments she
planned to make were specific to each NOS aspect targeted to teach. In her first lesson
plan, she did not consider assessing NOS. However her second lesson plan included NOS
assessment but she did not specify NOS aspects to be assessed. She planned to give
homework such as: “Please write a reflection about the history of the formation of universe.

Moreover indicate the nature of science aspects in your works...”

Unlikely to the second lesson plan, she did not include any evaluation for NOS in her third
lesson plan. Thus, she was alerted on NOS assessment by the researcher. However her
fifth and fourth lesson plans had NOS assessments in the form of homework and reflection
paper. In fourth lesson plan, although she mentioned empirical, tentative and creative NOS
in both objectives and description of activities part, she only asked students to exemplify
tentative NOS as an assessment. For instance, in her fifth lesson plan she stated that she

would give homework to assess students’ NOS understanding:

“...To evaluate students homework will be given to the students. This homework is given
below: Please find an example which shows scientific knowledge can change in time and

write the reason(s) of this changing.”

In her fifth lesson plan, she assigned reflection paper to the students. Distinctively, she
stated that she expected students to write on empirical and subjective NOS which were both

stated in objectives and description of activities part of the lesson plan:

“....At the end of the lesson, a reflection paper will be wanted. It is said that please write
everything that you learned in this lesson. Not only think about Edison’s light bulb, but also
the nature of the scientific knowledge. It is expected to be written empirically-based and
subjectivity aspects of NOS. Students do not have to use “empirically-based” and

“subjectivity” words but they have to talk about them.”
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Following table indicated brief description of each NOS assessment strategy used in lesson

plans:

Table 60. NOS assessment strategies used in each lesson plan

# of lesson plan Science content NOS aspects NOS assessment strategies
1 Atom models - No NOS evaluation
2 Formation of universe Not specified Homework
3 Heritage - No NOS evaluation
4 Electricity Tentative NOS Homework
5 Electricity Empirical NOS Reflection paper

Subjective NOS

- indicates the lack of task

In general, Ebru adopted an assessment strategy specific to targeted NOS aspects towards
the last lesson plans while she did not use any assessment for NOS or used more general
strategies to asses NOS at first. Correspondingly, an interview conducted at the end of the
study to understand her NOS teaching perception and development of NOS instructional
planning with respect to NOS assessment as well. In her responses to interview, she also
mentioned poster preparation and reflection paper as an assessment tool, although she did

not use poster preparation in her lesson plans for assessment:

E: At the end of the course [science method course], for example, we wrote reflection
papers. What we learned NOS in this lesson different than we learned in the physics,
chemistry and biology. | would asses [NOS understanding] by giving articles or reflection
papers as you did [in science method course]. For example, we prepared a poster. We read
a lot of journal, discuss on which one we should do for this poster...l think that students can

be improved in terms of aspects in this way.....

Subsequent section presented an overview of the participant's development regarding NOS

instructional planning.
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4.5.2.5. General overview for NOS instructional planning

Generally, the analysis of lesson plans indicated Ebru’s development of NOS instructional
planning regarding NOS objectives, NOS activities and NOS assessment. She started to
include NOS objectives which she mentioned in description of activities part and assessment
part as well. Regarding activities, she included more NOS questions, showed efforts to
initiate NOS discussions and gave more space to students to express their ideas in her
plans. Additionally, she used HOS to address NOS. Her manner of planning was shifted to
more explicit and reflective other than lecturing. Specifically, for teaching of subjective
empirical and tentative NOS she adopted explicit and reflective manner of teaching NOS in
her plans. Although she achieved informed understanding for all NOS aspects concerned in
the study, she addressed subjective, creative, tentative and empirical NOS through all lesson
plans. Yet, as mentioned above, she achieved explicit reflective instructional planning with

respect to subjective, empirical and tentative NOS.

Regarding NOS assessment, her last two lesson plans included her manner of assessing
NOS were shifted from general to more specified strategies. In addition to these, her last two
lesson plans were more consistent regarding objectives, description of activities and
assessment parts. That is, she stated the NOS objectives, she planned to provide explicit
reflective instructional strategies for those aspects in description of activities part and also
she planned to asses those aspects in evaluation part of lesson plan. The NOS aspects that
she showed this consistency were subjective, empirical and tentative NOS. In other words,
she achieved to have objectives of these aspects, planned explicit and reflective instructional
prompts and assed them specifically as well. Following table indicated general overview of
Ebru’s instructional planning regarding objectives, description of activities and evaluation
parts of the lesson plans was summarized in following table:
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Table 61. Summary of overall NOS instructional planning

# of lesson Grade Science NOS aspects NOS teaghmg Explicit-Reflective  NOS objectives  NOS assesment
plan level content strategies
th Subjective &Tentative& .
1 7 Atom models Creative NOS Lecturing Needs development - -
Empirical NOS HOS example Poor -
2 8" Formation of Tentative NOS HOS example Needs development -
universe
Creative NOS Hands on activity Needs development -
Tentative NOS HOS example Poor - -
3 g" Heritage B
Empirical NOS HOS example Poor - -
Empirical NOS HOS example Exemplary -
4 7" Electricity Tentative NOS HOS example Exemplary v v
Creative NOS HOS example Needs development v -
HOS example &
Subjective NOS Content generic Exemplary v v
5 8" Electricity activity
Empirical NOS HOS example Exemplary 4 v

v" :indicated the existence of the task, - :indicated the lack of task



Following section will inform on participant’s perceived source of development for NOS

instructional planning.

45.3. Learning experiences contributing to the ability to integrate NOS into

instructional plans

In general, Ebru’s instructional planning for teaching NOS has been evolved in an explicit
reflective manner which included NOS objectives, specific activities for teaching NOS and
specific assessment strategies for assessing NOS. Researcher applied several strategies to
improve participants’ NOS instructional such as feedback to lesson plans, HOS based
examples coupled with NOS explicitly followed by NOS discussions, and lesson plan
presentations followed by NOS discussions as well. To understand the relative importance of
these learning experiences, researcher conducted interview with the participants. Analysis of
interview revealed that Ebru perceived lesson planning activity which included creation and
presentation of the lesson plan, as the main source contribute to her ability to integrate NOS
into instructional plans. She stated lesson plan presentations as an authentic teaching
experience. Additionally, she also mentioned value of discussion followed by lesson plan

presentations, and feedback:

R: As a researcher, | aimed to help you improve your NOS understanding and NOS
instructional planning. For this reason, | applied several strategies such as giving feedback
for lesson plans, providing HOS examples in class and asking you to prepare and present
lesson plans, which was followed by class discussions. Which of these activities do you

think influence your skills regarding NOS instructional planning?

E: Firstly, while preparing lesson plans, | needed to investigate and learn NOS better.
Additionally, while presenting NOS lesson plans, | learned how to integrate NOS and teach
NOS in an authentic class environment. For instance, regarding teaching subjectivity,
presenting the lesson plan and feedback because of you and my friends | developed hugely
my ability to teach subjectivity....but preparing lesson plans were the activity that impacted
most on my ability to teach NOS. Because, preparing lesson plans required tedious work
and it was all my responsibility to prepare it. It included responsibility of both learning and
teaching [NOS]. Second, presenting lesson plans was also so important. It [lesson plan
presentation] was served as an authentic learning opportunity. That is, while presenting it
[microteaching] you might face some problems [regarding teaching NOS] that you need to
solve immediately. Additionally, lesson plan presentations of other friends provided variety of

examples which also contributed to my development of NOS instructional planning
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4.6. CASE VI

The sixth case of the study was named Melis. The results were presented related to (1) how
her NOS understanding changed in the context of explicit reflective HOS based approach,
(2) how progress trajectory in relation to integrating NOS into her lesson plans occurred as a
result of feedback in the context of explicit reflective HOS based approach, and (3) what

learning experiences contributed to her ability to integrate NOS into their instructional plans.

4.6.1. Change in NOS understanding

Participant’'s NOS views on tentative NOS, empirical NOS, inferential NOS, creative NOS,
Socio-cultural NOS, theory and law, as well as subjective NOS were presented in that

section. Following section presented participant’s tentative NOS views.

Tentative NOS: Prior to the NOS intervention, Melis showed inadequate view of tentative
NOS. Participants were categorized as holding inadequate conceptions of tentative NOS, if
they indicated that theories do change, but they indicated laws are certain, “true” and do not
change. Correspondingly, Melis stated that theories could change, but laws could not
change. However, she improved her tentative NOS understanding and showed informed
view of tentative NOS over the science methods course. In her responses, she indicated that
science could change through either accumulation of scientific knowledge or the
replacement of previous scientific knowledge with the new one. Additionally, she also
emphasized evidence and technological enhancements in development of scientific
knowledge. She also highlighted that both scientific theories and laws changed too.
Therefore, her view was categorized as informed view regarding tentative NOS at the end of

the study (see table62 below for sample quotas).
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Table 62. Melis’s sample statements related to tentative NOS revealed in pre- and post-VNOS-C

Administration

of VNOS-C Categorization Sample Statements

Laws cannot be changed. Theory can be changed. Theories
Pre-VNOS-C Inadequate cannot be changed, when they turn into laws. For instance
evolution theory can be changed.

Yes science can change...for instance there are five different
atom models and the models have changed in times. It was
changed with improving technology and adding new knowledge to
scientists previous knowledge.....Scientific knowledge change
Post-VNOS-C Informed through as an accumulation of existing knowledge or removing
the existing one and through totally constructing of new
knowledge through new evidence
...It [theory] can change because scientific knowledge is not
absolute and subject to change... It [law] can change...

Subsequent section described participant’'s empirical NOS views.

Empirical NOS: Before NOS intervention, she revealed inadequate understanding related to
empirical NOS. She considered experiments as procedural activity to prove scientific
concepts and she disregarded role of evidence to support data. Yet, she recognized role of
evidence to support claims and highlighted evidence to differentiate science from other
disciplines at the end of the NOS intervention. Therefore, her view was categorized as

informed view (see table63 below for sample quotas)
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Table 63. Melis’s sample statements related to empirical NOS revealed in pre- and post-VNOS-C

Administration

of VNOS-C Categorization Sample Statements
Science is different from other disciplines, because it is objective
Experiments are the procedural activity to prove truthiness of a
Pre-VNOS-C Inadequate condition. Experiments involve certain steps that scientists

follow... in science people try to prove the reasons of some
events. If they [reasons of events] are not proved with some
experiments how we accept the truth of that event.

NOS make science different from other disciplines..... For
example in science we support our ideas with experiments or
observations... [in science] data is gathered through experiments
and they are inferred. We have evidence [in science]. ....however
in religious or philosophy we cannot support our ideas such as
existence of god.

Post-VNOS-C Informed

Participant’s inferential NOS views were presented below.

Inferential NOS: Melis showed inadequate view of inferential NOS at the beginning of the
intervention. She believed that science is “what we see”, and she failed to recognize that
scientists actually make sense of “what they observe”. That is, she held the view that natural
phenomena were directly accessible to the human senses. For instance, in her responses
related to the existence of the dinosaurs, she expressed that fossils proved the existence of
the dinosaurs. However, she shifted her understanding toward informed view of inferential
NOS at the outset of the intervention. She recognized that scientists make inferences based
on observations. For example, she explicitly referred that scientist made inferences based on
their observations and supported her view with an example. Additionally, in her response to
the VNOS-C-C question related to the existence of the dinosaurs, she also stated that

scientists made conclusions based on the fossils (see table64 below for sample quotas).
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Table 64.Melis’s sample statements related to inferential NOS revealed in pre- and post-VNOS-C

Administration

Categorization Sample Statements
of VNOS-C

.. [to decide existence of dinosaurs] They [scientists] proved the

Pre-VNOS-C Inadequate existence of dinosaurs with finding and examining fossils.

They [scientists] make inferences according to their
observations. For instance, astronauts cannot do experiments
but they do observations and make inferences based on their

Post-VNOS-C Informed observations.
.. [to decide existence of dinosaurs] Scientists know their
[dinosaurs’] existence with fossils records. Scientist made
dinosaurs’ models according to bigness and shapes of fossils...

Following section displayed participant’s creative NOS views.

Creative NOS: Before NOS intervention, she indicated her awareness related to role of
scientists’ imagination and creativity in development of scientific knowledge. She recognized
that scientist used their creativity and imagination while conducting scientific investigations.
Nevertheless, she appreciated influence of imagination and creativity of scientists only at
certain parts of scientific investigation. In her responses, she specifically outscored planning
part of the scientific investigation that scientists’ imagination was involved most. On account
of she did not deny the role of creativity in development of scientific knowledge, her view was
categorized as adequate. Yet, she shifted her understanding toward informed view of
creative NOS understanding at the end of the intervention. As an indication view of informed
view of creative NOS, she recognized the role of scientists’ imagination and creativity for

every phase of scientific investigation (see table65 below for sample quotas)
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Table 65. Melis’s sample statements related to Creative NOS revealed in pre and post VNOS-C

Administration

Categorization Sample Statements
of VNOS-C

... When they [scientists] try to find and answer of an investigation
they [scientists] are of course use their imaginations. With using

Pre-VNOS-C Adequate their creativity, scientists make hypothesis and check the
truthiness of that hypothesis with experiments. They [scientists]
use their imagination in planning.

Scientists use their creativity in every step of scientific
investigation. For instance, while stating a model or while design
an experiment or to collect data [scientists use imagination and
creativity].

Post-VNOS-C Informed

Participant’s views on socio cultural NOS explained below.

Socio Cultural NOS: At the beginning of the intervention, Melis revealed inadequate
understanding of socio cultural NOS. She believed science as a discipline which is detached
from the norms and values of culture in which it was practices. She indicated science as
universal. But, she shifted her view toward informed view at the end of the intervention. She
articulated that science was influenced by the cultural values of society and she also
supported her view with an example related Aristotle’s case (see table66 below for sample

quotas).
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Table 66. Melis’s sample statements related to socio-cultural NOS revealed in pre- and post-VNOS-C

Administration

Categorization Sample Statements
of VNOS-C
| think science is universal because we all live in the same world.
Pre-VNOS-C Inadequate An event which may occur in the other side of the world may

affect us...

Science reflects social and cultural values. ..... Scientists’ socio
cultural environment in which they live, can affect their works. For

Post-VNOS-C  Informed instance Aristotle’s was a religious person and so he thought that
people were most important creatures in universe, so he said that
earth is the center of universe.

Following section presented participant’s views on function of theories and laws.

Theory &Law: Melis held the misconception that theories were less reliable than laws, and
laws were more certain since they were proved. She stated theories as confirmed
hypothesis, and laws as rule of unchangeable things. Still, she developed an informed view
of theory and law at the end of the intervention. That is she appreciated role and function of
theories and laws. She could be able to describe theories as explanatory and laws as

descriptive (see table67 below for sample quotas)

Table 67. Melis’'s sample statements related to Theory &Law revealed in pre and post VNOS-C

Administration

Categorization Sample Statements
of VNOS-C
... They [theories] cannot be changed if they become law. Theory
is the confirmed hypothesis, but it is not exact.
Pre-VNOS-C Inadequate Law is the rule of unchangeable things. Laws cannot be

change...For instance; the evolution theory can be changed
because the exact reason [reason for evolution] is not known
exactly.

Theory is the explanations of natural phenomena. .....Law
explains the relationship between some phenomena....Scientific
law explains relationships while scientific theories gives
explanations related to phenomena.

Post-VNOS-C Informed
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Subsequent section described participant’s subjective NOS views.

Subjective NOS: Melis showed inadequate understanding of subjective NOS at the
beginning of the NOS intervention. She could not recognize role of scientist’'s’ subjectivity
while conducting scientific investigations and making scientific propositions. For instance, in
her response related to the dinosaur extinction controversy, she explained the existence of
various theories based on the occurrence of the event that the dinosaur extinction happened
in ancient times and because of that scientists were not sure about the reasons. However,
she came to belief that scientist’'s interpretations would vary because of personal
backgrounds, perceptions, pre conceptions and expectations at the end of the intervention.
In her responses to post VNOS-C-C, she stated clearly that because of scientists’
subjectivity, they could infer same data set differently. Thus, her view was categorized as

informed view (see table68 below for sample quotas)

Table 68. Melis’'s sample statements related to Subjective NOS revealed in pre and post VNOS-C

Administration

Categorization Sample Statements
of VNOS-C
.. [regarding different theories on extinction of dinosaurs]At the
ancient times, lots of events had there occurred which damaged
Pre-VNOS-C Inadequate the world. Scientists are not sure about the reasons [of disasters],

even they look at same data. Thus scientists make their own
comments [related to disasters] which are logical for them.

Science includes subjectivity aspect of science. Scientist look at
same events and an object but they can infer different

Post-VNOS-C Informed conclusions. It is related to their prior knowledge, pre-conceptions
and socio cultural environment which they live. All of these
aspects can affect their work.

In general, prior to intervention, participant revealed inadequate views on all NOS aspects
except creative NOS which she showed adequate view. At the end, she shifted all her NOS
views toward informed view on all aspects of NOS. Following section will inform on
participant’s progress on NOS instructional planning, and the sources of her development for

NOS instructional planning.
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4.6.2. The progress trajectory in relation to integrating NOS into lesson plans

Current part informed on participants’ development of NOS instructional planning through
following sub sections; general information about instructional planning, development of
lesson plans regarding NOS objectives, development of lesson plan regarding NOS
activities, development of lesson plan regarding NOS assessment and general overview of
her NOS instructional planning. Next section provided general information related to Melis’s

instructional planning.
4.6.2.1. Information about instructional planning in general

Participant handed in four lesson plans and she did not turn in second lesson plan. She
planned to teach science content such as digestive system (7th grade) in her first lesson
plan, atom models (grade7) in her third lesson plan, Evolution (Heritage) (grade 8) in her
fourth lesson plan, and Magnetism (grade 8) in her last lesson plan. Similar with the other
participants, she chose all the science content that she planned to teach from Turkish
science curricula which was available online. It was her responsibility to choose any science
content from curriculum and adapt or modify it to address NOS explicitly. While creating
lesson plans, she was in charge with the writing of objectives part of the lesson plan in which
she stated the planned goals of her lesson, description of activities parts in which planned
instructional strategies, tools were described to achieve the planned goals and lastly,
evaluation part of the lesson plan, in which planned strategies were described to evaluate
the planned goals. Since all participants were required to teach NOS in their lesson plans,
they were expected to adapt and design lesson plans in which they address NOS explicitly.
Subsequent section presented participant’s development of lesson plans regarding NOS

objective writing.
4.6.2.2. Development of lesson plan regarding NOS objectives

Objectives part of the lesson plans were more related with whether participants had the
intention of teaching NOS explicitly/consciously. Inclusion of NOS objectives mostly
indicated how they perceived teaching NOS e.g. they recognized NOS as an add-on, topic or
as an important issue as the other science content to be taught/planned explicitly. Analysis
of the lesson plans showed that Melis provided NOS objectives in all last three lesson plans
but not in the first one. In her first lesson plan, although she showed some efforts to

address NOS in description of activities part, she did not include any NOS objectives.
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Therefore she was reminded about the function of objectives part and why one needed to

write objectives. She did not hand in her second lesson plan.

For the third lesson plan in which she planned to teach atom models she included general
NOS objective covering tentative, creative and subjective NOS. That is, for tentative, creative
and subjective NOS, she wrote a general objective covering all three aspects in one
objective. The objective she stated in her lesson plan was: “Explain the some aspects of
NOS which are tentativeness subjectivity and creativity”. The researcher suggested her to

write different objectives for each NOS aspect in her lesson plan as a feedback.

In the fourth lesson plan, she planned to teach evolution and also included objectives on
tentative, and subjective NOS. Additionally, she took into account the feedback given in
previous lesson plan and stated all objectives separately. Although she mentioned Theory &
Law in description of activities part, she did not include any objective about it. Regarding
tentative NOS, she wrote two objectives as “Explain that the scientific knowledge can
change in time” and “Explain the fact that theories are not absolutely correct”. Regarding
subjective NOS, she wrote objective as “Describe that scientists’ belief and prior knowledge

can affect their work”.

In fifth lesson plan, she planned to teach magnetism. She provided objectives on subjective
and empirical NOS which were as: “Explain the fact that scientists’ prior knowledge,
preconceptions, socio- cultural environments which they live can affect their work.”
Regarding empirical NOS, she wrote objective as “Describe that scientists can make

experiment to support their works.”

In general, while all four lesson plans were examined regarding objectives, it could be
summarized that she adopted robust manner of including NOS objectives. In her all lesson
plans, she directly targeted NOS aspects. Looking through the frequency of NOS objectives,
the most stated NOS aspect was subjective NOS in three lesson plans. The following table

depicted the objectives that Melis stated in each lesson plan:
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Table 69. NOS objectives in each lesson plan

# of
Grade Science o
lesson NOS aspects NOS objective
| level content
plans
th Digestive i )
L 7 System
2 NA NA NA NA
3 2t Atom E?g;?it\'/\ée uggg: Expla@n the some .asp.elcts of NOS vyhich are
Models Subjective NOS tentativeness subjectivity and creativity
Explain that the scientific knowledge can change
. in time
. Tentative NOS Explain the fact that theories are not absolutely
4 8" Evolution correct
Subjective NOS Describe that scientists pehef and prior
knowledge can affect their work
Empirical NOS Describe th_at scientists can make experiment to
support their works
5 8" Magnetism

Explain the fact that scientists’ prior knowledge,
Subjective NOS preconceptions, socio- cultural environments
which they live can affect their work

-: indicated the absence of the subject, NA: not applicable

In addition to lesson plan analysis, data from post interview and reflection paper were used
to back up the findings from lesson plan analysis. At the end of the study, participant was
interviewed and asked to write reflection paper to understand her perception of NOS
teaching, and her development regarding NOS instruction. The analysis showed her manner
on including NOS objectives in her NOS instructional planning. She stated that she did not
consider writing NOS objectives at first but then she started to include some objectives on

NOS in response to interview:

R: Could we talk about the NOS objectives you wrote?

M: At the beginning of the semester, when | examined curricula, | did not see much about
NOS objectives. Because of that | did not any NOS objective, instead | thought it was
enough just to mention it while you teaching it. But towards my last lesson plans, | started to

emphasis NOS in objectives part of my lesson plan.
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Additionally, she also stated that NOS objectives should be included but she concerned
about students’ attitudes about it due to the fact that it was not included in science content

and national examination content:

M: ...honestly, | would integrate NOS [regarding NOS objectives]. But, students are
responsible for a nationwide exam. They [students] could say this [NOS] is not included in
the content of that nationwide exam, so | do not want to learn it [NOS]. | would integrate
NOS into content, but attitudes of the students show that | should not address NOS [because

of the nationwide exam].

Following section described participant’s development of explicit reflective NOS instructional

planning revealed through activities part of the lesson plans.

4.6.2.3. Development of lesson plans regarding NOS activities

That section of the “Findings” part informed about in what ways and at what extent
participant achieved to adopt explicit reflective approach to teach NOS in her lesson plans.
For instance, in her first lesson plan, she planned to teach digestive system and she
planned to cover tentative and creative NOS. Although she planned to teach atom models
through creative drama activity, she preferred to emphasize creative and tentative NOS
through direct teaching without any space for student reflection, NOS questions or NOS
discussion. But, she enriched her direct instruction for NOS with an example from HOS.
Following sample part from her lesson plan illustrated the part of her planned tentative NOS
teaching:

“....After each group play their roles, | will start the direct instruction. | will explain the each
part of the digestive system. While | explain these, | will use history of digestive system to
show and emphasize students that the one of the characteristic of nature of science is
tentativeness because | want to embedded the NOS and HOS in my every lesson. Firstly, |
will ask about that how the location of organs is determined in history and how the location of
organ models is demonstrated in different way. | will wait them to answer my questions.
Then, | will show these 3 pictures and | will say that as you see form these pictures some of
the organs location are different from recent locations........ However, with improvement of
technology, scientists have more advantages to investigate something and they change the
model of organs. This shows us that the science is tentative and this is the aspect of nature

of science.....
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She kept similar manner for teaching creative NOS in her plan:

“....First picture was from 15th century and the second picture was from 16th century and as
you see scientists at that time demonstrated the location of organs in that way, because at
that time they did not have enough equipment to determine the exact locations of organs and
they demonstrate like that. So, they used their imaginations and creativity to demonstrate the
location of organs and this is the one aspect of NOS which is creativity...”

Therefore she was warned about focusing on how science scientists work, and asking NOS
questions by the researcher: “Try to get that answers[ideas] from students instead of directly
saying them [answering the questions related to NOS by yourself].....you should emphasis

on how scientists work and what science is...”

Moreover, she wrapped up NOS issues at the end of the lesson very briefly:

“....I will ask students about what they have learned today. | will ask them to describe their
learning with a sentence. With this method, | will understand how much they learn about the
lesson and at what level | will achieve the objectives. After | summarize the lesson like that
way | will make a quiz to measure their learning. Also, | will emphasize tentative and creative

aspects of nature of science for this lesson...”

In general, her instructional planning were found to be as lack of explicit reflective
component since she did not provided neither NOS objectives for both aspects or NOS
instructional prompts but direct teaching of these aspects. Thus, her lesson plan regarding
tentative and creative NOS categorized as needs development.

As mentioned earlier she did not hand in her second lesson plan. In the third lesson plan,
she planned to teach tentative, subjective and creative NOS in the context of atom models.
However, although she claimed to cover all these three aspects in her lesson plan, she just
emphasized tentative NOS explicitly and reflectively, but she failed to include subjective and
creative NOS in the description of activities part of the lesson plan. Regarding tentative NOS,
she planned to apply hands on activity throughout creative drama and HOS. She planned to
give some information cards which included brief information on different atom models.
Then, she asked students to create a role-play based on information on their cards. After the

play, she provided some NOS questions to start discussion on creative NOS:

“...After | give note cards to each group, | will want them to create a role play related to their

note cards. In addition, | will want them to draw a model related to their models on the board.
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| will give 10 minutes to create a role-play. After each group finish their playing and drawing
models on the boards, | will ask questions related to models them. Here are the questions:
What was the historical order of atom models? What do you think that why there were 5
models related to the atom, who was the first scientist working on atom models? What was
his contribution to atom models? And how do you interpret the meaning of different atom
models?”

Different from her first lesson plan, here she tended to give more space for students’
reflections. That is, she specifically stated that she would wait for students’ answers, in

addition to questions targeting NOS:

“Firstly, 1 will wait them to answer my questions and if they don’t, | will help them to

answer...”

Additionally, she also provided possible answers to her questions which provided more

detailed structure of lesson plan and the way she addressed tentative NOS:

“... Here are the answers of questions: Historical order is that: Dalton atom model (1803),
Thomson atom model (1904), Rutherford atom model (1911), Bohr atom model (1913) and
Electron cloud model (1926). The reason of different models is that each model was the
correct form of the previous one. That is, for instance, Bohr corrected the mistake [of by
refuted] Rutherford. With improving technology, and communication of scientists with each
other, [they] corrected the wrong points of these models. They could look at atom in more
meaningful aspect with each improving model, so there are five models. Dalton is the first
scientist to work on atom. Actually, he made the bases of atom theory. He found the most
important point of atom which was the all matter is composed of atoms. The latter scientists
started their working on bases of the Dalton atom model. ...... Different atom models show us
that the scientific knowledge can change. With improving technology or addition of new

knowledge, the models can change and this show us the tentative aspect of the NOS”

Although she achieved explicit reflective NOS instructional planning regarding tentative
NOS, she did not include any instructional prompts within the flow of lesson plan regarding
creative or subjective NOS. Instead, throughout an implicit manner she assumed some
examples would lead students understand these aspects. For instance, regarding creative
NOS, she assumed the information on note card would facilitate students understanding on
creative NOS. However, she did not include any NOS questions to emphasis NOS explicitly

and reflectively:

196



“...Thomson Atom Model: He assimilated atom model to plum-pudding. (Creativity aspect of
NOS)”

Absence of these aspects (subjective and creative NOS) in the description of activities part
did not make her instruction implicit since she at least stated subjective and creative NOS
into objectives part. Yet, due to lack of reflective component, her plan regarding subjective
and creative NOS was categorized as needs development.

Regarding fourth lesson plan, she planned to teach evolution which was presented under
the cell division and inheritance content in eighth grade science curriculum. Additionally, she
covered subjective and tentative NOS. Regarding subjective NOS, first, she provided some
questions to initiate NOS discussion on subjective NOS. Due to inclusion of subjective NOS
objective and instructional prompt, her lesson plan regarding subjective NOS was
“exemplary”. For instance, she started questions on Lamarck’s theory of evolution then

connected it to subjective NOS:

“...Here are questions; how did Lamarck constitute his theory of evolution? What do you
think about ‘Lamarck incorporated this belief [his conceptions related to spontaneous
generation] into his theory of evolution, along with other more common beliefs of the time?’

Can scientists’ beliefs and preconceptions affect their work? Explain it with examples.”

Then, she provided the content generic activity. She provided a picture which could be seen

either as a picture of vase or picture of side faces and asked students what they saw:

“During this question, | will show a figure to students and | will ask them what they see from
this figure. | think some of them see 2 people and some of them see vase... | will say at this
point ‘As you see some of you see vase and some of you see two people. You look at the
same picture and see different things. Scientists also can look at an event at different
aspects and this can affect their work. This is like working stills; some of you like working
with writing and other like with reading or listening. The same is true for scientists. Their prior
knowledge, working stills, expert areas and cultures different from each other, so these affect

their working...”

To cover tentative NOS, she gave a reading script including information from HOS. She
provided some information comparing Lamarck’s and Darwin’s evolution theory. Then, she

provided some questions related to tentative NOS and theory & law. She provided questions
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from the script first, then moved forward to questions related to theory & laws and tentative

NOS. She stated following questions in her lesson plan to address these NOS aspects:

“What can you infer about why August Weismann rejected the Lamarck’s theory?

What was the reason of rejection of Lamarck’s theory?

Can you define what does theory means?

Is there any difference between theories and laws?

Do you think that theories can change over time?

Can you give examples to changing theories?

What can be reasons of change of a scientific knowledge?”

Although she combined theory &l aws and tentative NOS in her plan, she only mentioned
tentative NOS in objectives part of the lesson plan. In that sense, her plan regarding
tentative NOS was explicit and reflective, but it was lack of explicit and reflective regarding
theory &law, and needed to be developed. Thus, her plan regarding tentative NOS was
categorized as “exemplary” while her plan regarding theory & law categorized as “needs

development.

Her fifth lesson plan was related to magnetism topic. Regarding NOS issues, she covered
subjective and empirical NOS in her plan. She also included these aspects in objectives part
of the lesson plan as well. She provided an article related to life of William Gilbert who made
important contributions to discovery of magnetism and electricity. Then she asked students
read the article and asked some questions related to article and NOS. She provided

following questions in her lesson plan:

“After students finish their reading | will ask some questions related to article. Here are

questions:

Was William Gilbert affected from prior knowledge in his work?

What did cause the William Gilbert’s founding of magnetism?

Can scientists be affected from prior knowledge and preconceptions in their works?
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Can socio-cultural events or structure affect scientists’ works?

Are scientists objective or subjective in their works?

How did William Gilbert find the magnetism?

Do scientists have to make experiments to find something?

How can you support your hypothesis or solution of a problem other than experimentation

method?

After, | finish the questioning part; | will come to end of the lesson...”

Here, she related article with empirical and subjective NOS. However, she only provided the
questions, and did not provide any clue on how questions targeted to specific NOS aspects.
Additionally, she did not wrap up or give any clue on how she would manage the discussion.
Therefore, her lesson plan related to empirical and subjective NOS planning was categorized

as “needs development”

In general, overall examination of her lesson plans indicated that she improved her
instructional planning regarding “description of activities” part. At first she tended to use
direct instruction but starting from fourth lesson plan, she used HOS as a context to teach
NOS and combined HOS examples with NOS questions to create environment in which
students reflect on their ideas on science. Distinctly in her third lesson plan she used hands
on activity to emphasis NOS. Similarly, in her fourth lesson plan she also included content
generic activity to address NOS, in addition to HOS based reading scripts. Specifically she
achieved explicit reflective NOS instruction for tentative and subjective NOS. The most used
NOS aspects were tentative and subjective NOS used in three lesson plans which she also

employed explicit reflective instruction for these aspects.

Following summarized the instructional strategies and NOS aspects she used in description

of activities part of the lesson plan:
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Table 70. Summary of NOS aspects addressed in description of activities part of lesson plan

Iet;)(];n Grade Science NOS NOS teaching Explicit-
plan evel content aspects strategies Reflective
T ] HOS-Direct instruction Needs
entative
NOS *Wrap up at the end of development
. . the lesson
1 2t Digestive
system HOS-Direct instruction
Creative Needs
NOS *Wrap up at the end of development
the lesson
2 NA NA NA NA NA
Tentative -
Hands on activity/HOS Exemplary
NOS
th Creative . Needs
3 7 Atom models NOS No emphasis/Example development
Subjective . Needs
NOS No emphasis development
Subjective Content-generic activity Exemplary
NOS
4 gth Evolution Tentative HOS reading script/NOS Needs
(Heritage) NOS questions development
Theory HOS reading script/NOS Needs
&Law questions development
Subjective HOS reading script/NOS Needs
NOS questions development
5 8" Magnetism
Empirical HOS reading script/NOS Needs
NOS guestions development
v" :indicated the existence of the task, - : indicated the lack of task, NA: not applicable

In addition to lesson plans, interview and reflection paper were also used as data source to
understand participant’'s explicit reflective NOS instructional planning. Participant was
interviewed related to her teaching perceptions of NOS and her development of NOS
instructional planning at the end of the NOS intervention. Moreover, she also wrote reflection

paper related to her NOS teaching at the end of the study. Analysis of reflection paper and

200



interview also supported her manner of NOS instructional planning. When she asked how
she would teach NOS, she stated that she would teach NOS explicitly via questions and
HOS based reading scripts in the context of HOS as revealed through lesson plan analysis
in responses to both interview and reflection paper. For instance in her interview she

underscored addressing NOS through questions:

R: How would you teach NOS to the students, in what ways?

M: | would give reading scripts [HOS based]. | would ask questions such as do you think
science is subject to change, it was changed at past, do you think still it could be changed,
what is the difference between theory and law. Moreover, | would animate scientists’ life to
address NOS.

Her responses to interview questions were also supported with her statements in reflection

paper too:

“I will teach and also | think that | will ask them in exams by giving articles. | think to teach
NOS aspects with giving articles and | will want them to interpret them. Also, | will give
scientists life and | will want them to create a play related to it. And then | will want them to

interpret the events.”

Next, participant's development in NOS assessment revealed through lesson plan analysis

was presented.

4.6.2.4. Development of lesson plans regarding NOS assessment

That part of the findings section informed about Melis’s efforts to asses NOS aspects that
she planned to teach. The kind of strategies that she used for each specific targeted NOS
aspect was reported. Analysis of lesson plans indicated that she started concerning about
assessing NOS towards last lesson plans. In her first lesson plan, she did not provide any
specific assessment strategy for NOS. However, she stated she would wrap up the NOS
aspects which were tentative and subjective NOS for the first lesson plan at the end of the

lesson:

“...Also | will emphasize tentative and creative aspects of nature of science for this lesson
and | will explain that everything in our world is discovered with using of science process

skills”.
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She kept similar manner for the third lesson plan regarding NOS evaluation. In her third
lesson plan, she did not specify any strategy to assess students’ knowledge of NOS.
However, she only stated that she would ask students what they learned, and then she
would decide if she achieved the lesson’s objectives. Thus, she was reminded to specify
strategies for assessment and be specific about NOS assessment. Following sample part

from her lesson plan illustrated her manner of NOS assessment:

“I will ask students about what they have learned today. | will ask them to describe their
learning with a sentence. With this method, | will learn at what level they learn about the
lesson and at what level | will achieve the objectives. Then, | will summarize the lesson and

finish the lesson.”

In her fourth and third lesson plan, she showed some efforts to evaluate the targeted NOS
aspects. For instance, in her fourth lesson plan, she stated she would ask student to
prepare homework on tentative nature of theories and laws, and subjective NOS. However,
she did not include any specific assessment strategy regarding function and difference of
theory & law, although she addressed this aspect in description of activities part. See below

the sample part from her lesson plan related to the assessment:

“...I will give students homework. It would be related to finding examples to changing
theories and laws and found examples to scientists whose beliefs, preconceptions, socio-

cultural environments affect their scientific work...”

Regarding her fifth lesson plan, she included empirical and subjective NOS in objectives,
description of activities and evaluation part as well. Concerning assessment of these
aspects, she stated she would want students to prepare homework specifically on empirical

and subjective NOS:

“...I'will learn at what level | will achieve the objectives and which objectives | am not able to
give. | will give students homework. It would be related finding examples of some other
methods other than experimentation that scientists used while investigating. Find events
from the history which affect scientists to find some concept as in the case of William’s

exploration of magnet.”

In general, although she did not think of evaluating NOS understanding of students in her
first two lesson plans, she developed a homework strategy for NOS evaluation towards last

two lesson plans. Moreover, she adopted an assessment strategy specific to the NOS
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aspects. That is, she stated content of homework for each targeted NOS aspects. In addition
to lesson plan analysis, interviews related to participant's NOS teaching perceptions and her
development of NOS instructional planning also supported her manner of assessment
revealed in fifth and fourth lesson plans. She stated she would give homework in which

students required to indicate NOS aspects:

R: What do you think of your NOS assessment?

M: At first, | did not assess NOS in my lesson plans. But towards last lesson plans, | started

to give homework to evaluate NOS aspects.

Following table indicated brief description of each NOS assessment strategy used in lesson

plans:

Table 71. NOS assessment strategies used in each lesson plan

# of lesson plan Science content NOS aspects NOS assessment strategies
1 Digestive system - No NOS evaluation
2 NA NA NA
3 Atom models - No NOS Evaluation
Evolution (Heritage) Tentative NOS Homework
‘ Subjective NOS Homework
Magnetism Empirical NOS Homework
> Subjective NOS Homework

-> indicates the lack of task, NA: not applicable

In general, Melis adopted an assessment strategy specific to targeted NOS aspects towards
the last lesson plans while she did not use any assessment for NOS or used more general
strategies to asses NOS at first. Correspondingly, an interview conducted at the end of the
study to understand her NOS teaching perception and development of NOS instructional
planning with respect to NOS assessment as well. In her responses to interview, she also
mentioned poster creation and reflection paper as an assessment tool, although she did not

use poster creation in her lesson plans for assessment:

E: At the end of the course [science method course], for example, we wrote reflection

papers. What we learned NOS in this lesson is different than we learned in the physics,
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chemistry and biology. | would asses [students’ NOS understanding] by giving articles or
reflection papers as you did [in science method course]. For example, we prepared a poster.
We read a lot of journal, discussed on which one we should do for this poster...| think that

students can be improved in terms of aspects in this way.....

Subsequent section presented an overview of the participant’'s development regarding NOS

instructional planning.

4.6.2.5. General overview for NOS instructional planning

In general, analysis of lesson plans indicated Melis’s development of NOS instructional
planning regarding objectives, description of activities and evaluation. Regarding NOS
objective, although she did not include any NOS objectives for her first lesson plan, she
provided NOS objectives for the rest of the lesson plans. Regarding description of activities
part, she shifted her direct teaching manner towards more explicit and reflective manner.
That is, she provided some hands on activities such as content generic NOS activities and
HOS examples to emphasize NOS. Additionally, she provided NOS questions to initiate NOS
discussions. She mostly used HOS scripts and NOS questions to emphasize NOS.
Specifically, for teaching subjective and tentative NOS she achieved explicit reflective NOS
instruction in her plans. Concerning her NOS views, she displayed informed views for all
NOS aspects at the end of the study, and she showed efforts to address generally tentative,
creative, empirical, subjective NOS and function of theories and laws. However, as
mentioned above, she only achieved explicit reflective NOS instructional planning for
subjective and tentative NOS. Regarding NOS assessment, she assessed NOS aspects in
her last two lesson plans. She provided homework as an assessment strategy for NOS
aspects. In addition to these she showed more consistent manner of NOS instructional
planning. That is, she stated NOS objectives, and she planned explicit reflective activities for
those aspects in description of activities part and also she planned to assess these aspects
as well. The NOS aspects that she revealed that consistency exists were tentative,
subjective and empirical NOS in her lesson plans. Following table indicated general overview
of Melis’s instructional planning regarding objectives, description of activities and evaluation

parts of the lesson plans was summarized in following table:
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Table 72. Summary of overall NOS instructional planning

# of lesson Grade Science NOS NOS Explicit- NOS NOS
plan level content aspects teaching strategies Reflective evaluation objectives
Tentative HOS-Direct instruction Needs
NOS Wrap up at the end of the development - -
th . . lesson
1 7 Digestive system
HOS-Direct instruction Needs
Creative NOS  Wrap up at the end of the - -
| development
esson
2 NA NA NA NA NA NA NA
'I’\'Ieonéatlve Hands on activity/HOS Exemplary - v
th : : Needs
- v
3 7 Atom models Creative NOS  No emphasis development
Subjective . Needs
- v
NOS No emphasis development
‘;’Ilébéecwe Content-generic activity Exemplary 4 4
" Evolution Tentative HOS reading script/NOS Needs v v
4 8 (Heritage NOS questions development
Theory &Law HOS _readlng script/NOS Needs v )
questions development
Subjective HOS reading script/NOS Needs v v
o NOS guestions development
5 8 Magnetism Empirical HOS reading script/NOS Needs v v
NOS questions development

v/ :indicated the existence of the task, - :indicated the lack of task, NA: not applicable



Following section will inform on participant’s perceived source of development for NOS

instructional planning.

4.6.3. Learning experiences contributing to the ability to integrate NOS into

instructional plans

In general, Melis’s instructional planning for teaching NOS has been evolved in an explicit
reflective manner which included NOS objectives, specific activities for teaching NOS and
specific assessment strategies for assessing NOS. Researcher applied several strategies to
improve participants’ NOS instructional such as feedback to lesson plans, HOS based
examples coupled with NOS explicitly followed by NOS discussions, and lesson plan
presentations followed by NOS discussions as well. To understand the relative importance of
these learning experiences, researcher conducted interview with participants. Analysis of
interview revealed that Melis perceived feedback given by the researcher to her lesson
plans, and follow up discussions after peer presentations as the main source contributing to

her ability to integrate NOS into instructional plans:

R: As a researcher, | aimed to help you improve your NOS understanding and NOS
instructional planning. For this reason, | applied several strategies such as giving feedback
for lesson plans, providing HOS examples in class and asking you to prepare and present
lesson plans, which was followed by class discussions. Which of these activities do you

think influence your skills regarding NOS instructional planning?

M: Discussions and feedback were the activities contributed most to the development of my
NOS instructional planning... if | rated it, first of all feedbacks that given to our lesson plans

contributed most and then discussions were the second one contributed to my development.

R: Why do you think so?

M: | did not anything about NOS initially. We started to learn NOS while trying to integrate
NOS [in lesson plans]. | did not know about how to do it at first. But later, | improved myself
by means of integrating NOS owing to your feedbacks. ..For instance, your feedbacks like
“use subjectivity aspect in this way...you could connect that NOS aspect (e.g. through this

question etc.) contributed the way | created next lesson plan.

Additionally, the discussions related to NOS lesson plan presentations (e.g. what other NOS
aspects could be integrated or How NOS aspects could be better integrated) contributed to

my NOS instructional planning.
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4.7. CASE VI

The seventh case of the study was Esin. In the following, the results were presented related
to (1) how her NOS understanding changed in the context of explicit reflective HOS based
approach, (2) how progress trajectory in relation to integrating NOS into her lesson plans
occurred as a result of feedback in the context of explicit reflective HOS based approach,
and (3) which learning experiences contributed to her ability to integrate NOS into their

instructional plans.

4.7.1. Change in NOS understanding

The participants’ NOS views on tentative NOS, empirical NOS, inferential NOS, creative
NOS, socio-cultural NOS, theory and laws well as subjective NOS were presented in that

section. First, the participant’s views related to tentative NOS were presented.

Tentative NOS: Before the NOS instruction Esin held inadequate views of tentative NOS.
She stated that scientific knowledge (e.g. theories and laws) is absolute and does not
change. Therefore, her view was categorized as inadequate. For instance, she stated that
laws did not change ever, but theories could be “improved” rather than changed. This
answer indicated that she perceived change of scientific knowledge as accumulation of
knowledge over time but ignored the fact that change in science might occur due to changes
in scientists’ thinking. However, she developed her tentative NOS views and achieved
informed understanding of tentative NOS at the outset of the NOS intervention. She
appreciated that science could change due to the reinterpretation of current evidence or with
new data. She also gave an example of Mendel law to illustrate the situation (see table73 for

sample statements)
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Table 73. Esin’s sample statements related to tentative NOS revealed in pre- and post-
VNOS-C

Administration

Categorization Sample Statements
of VNOS-C
....When | think about atom theories and evolution theory, [I can
Pre-VNOS-C say that ] theories does not change, but could be improved ...

Inadequate ... Law does not change...

...However in science knowledge can change over
time...Scientists could reinterpret the current knowledge
[evidence] or could find something [new data] totally different from

Post VNOS-C Informed the current knowledge ....For example; Mendel's law is only
accepted for single gene pairs. Recently chromosome theory has
brought up wider explanation. Therefore, scientific knowledge
may change or reinterpreted.

Participant’s empirical NOS views were provided below.

Empirical NOS: Esin revealed inadequate view with regard to empirical NOS prior to the
NOS intervention. She considered the purpose of experiments is to prove facts, ignored the
role of evidence to support data. Moreover, she could not differentiate science form other
disciplines by means of empirical basis prior to NOS intervention. Yet, at the outset of the
NOS intervention, she shifted her view to adequate view of empirical NOS. That is, she
brought out implications for evidence although there were not enough explanations. For
instance, in her response, she stated that science involved experiments and observations
but she did not explain the role of evidence or empirical basis (see table74 below for sample

quotas).
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Table 74. Esin’'s sample statements related to empirical NOS revealed in pre- and post-
VNOS-C

Administration

Categorization Sample Statements
of VNOS-C

Scientists always need experiments. Experiments allow

scientists to understand if their hypothesis is true or not.
Pre-VNOS-C Inadequate Scientists can only prove knowledge by experiments.

In order to understand science concepts we should do

experiments

NOS differentiate science from other subject. Science keeps
renewing itself. Science improves itself by means of

PoSt-VNOS-C Adequate observations and experiments as well as collecting data.

Following section described participant’s views on inferential NOS

Inferential NOS: In pre-VNOS-C-C, Esin considered science as “what you see” and
could not appreciate the role of inference in science while scientists make
conclusions. That is, she implied that natural phenomena was directly accessible the
human senses. For instance, in her response related to the existence of the dinosaurs
she stated that fossils proved that existence of the dinosaurs which denied the role of
human inference. Therefore, her view was categorized as inadequate. However, at
the end of the NOS intervention, she revealed adequate view of inferential NOS.
That is, her responses implied the recognition of scientists making inferences during

their investigations (see table75 below for sample quotas)
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Table 75. Esin’s sample statements related to inferential NOS revealed in pre- and post-
VNOS-C

Administration

Categorization Sample Statements
of VNOS-C
[to decide the existence of dinosaurs]They[scientists] are do
Pre-VNOS-C Inadequate research, find fossils under the stones which enable

them[scientists] to prove that once dinosaurs had lived

... [to decide existence of dinosaurs] They [scientists] found
fossils of dinosaurs...

....we [scientists] try to find answer on what we[they] cannot
observe based on our observations

Post-VNOS-C Adequate

Subsequent section displayed participant’s views on creative NOS.

Creative NOS: At the beginning of the intervention, Esin showed adequate
understanding of creative NOS. That is, she recognized the role of scientists’
creativity and imagination while conducting scientific investigations. However she
could not support her beliefs with example or detailed explanations. At the outset of
the NOS intervention, she revealed informed understanding of creative NOS. She
indicated that scientists used their imagination at all parts of the scientific
investigation. Additionally, she supported her claim with a black box example which
was mentioned in one of the previous science method classes (see table76 for sample

quotas).
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Table 76. Esin’s sample statements related to Creative NOS revealed in pre and post VNOS-
C

Administration

Categorization Sample Statements
of VNOS-C

...... Let's think about the mobile phone. If scientists did not use
their creativity or they did not imagine it before, the mobile
phones would not like today’s model. | think all technological
developments include imagination and creativity of scientific
people...

Pre-VNOS-C Adequate

....Scientist uses their imagination and creativity in every part of
investigation. For instance, in the black box experiment we saw
this. You don’t know what is inside, you observe and you use
your imagination to figure out what is going on inside the box

Post-VNOS-C Informed

Next, participant’s views on socio cultural NOS were presented.

Socio Cultural NOS: Esin showed inadequate understanding of socio-cultural NOS. She
stated science as universal and free from cultural norms in which science practiced at the
beginning of the intervention. She shifted her understanding towards informed view at the
end of the intervention. She recognized that science as a discipline which was influenced by

the culture’s norm and principles (see table77 for sample quotas).

Table 77. Esin’s sample statements related to socio-cultural NOS revealed in pre- and post-
VNOS-C

Administration

Categorization Sample Statements
of VNOS-C

Science is universal...Science is not affected by culture, history,
Pre-VNOS-C Inadequate political values efc....

Scientists are human .They are influenced by their background,
social, cultural beliefs etc. Scientific knowledge is subjective and

Post-VNOS-C Informed socially culturally embedded. For example, if the country of
scientists is suffered from flu, scientists study on this, not on the
earthquake etc...
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Following section described participant’s view on function of theories and laws.

Theory & Law: As previous participants, Esin also held the common misconception related
to the hierarchical order between theories and laws. She described theory as “proved”
hypothesis and laws as the most reliable certain scientific knowledge. Therefore, her views
regarding theories and laws were categorized as inadequate. At the end of the intervention,
she came to recognition of laws and theories as different kind of scientific knowledge. She
also was able to define theories as explanatory and laws as descriptive. Therefore, her view

was categorized as informed view (see table78 below for sample quota).

Table 78. Esin’s sample statements related to Theory &Law revealed in pre and post VNOS-C

Administration

Categorization Sample Statements
of VNOS-C

Theory is the proved hypothesis...they are proved with
experiments......... Combining more than one theory is law....The
order [comparing theories, laws and hypothesis] from less reliable
to most reliable would be like hypothesis, theory and law. The law
is more reliable than theory.

Pre-VNOS-C Inadequate

Theory is explanation of phenomena....Law is the generalization
of natural phenomena. ...There is no direct relationship between

Post-VNOS-C Informed law and theory. There is no difference [regarding status of
scientific knowledge]. Both of them help us to understand the
nature.

Lastly, participant’s views on subjective NOS were described below.

Subjective NOS: She could not recognize role of scientist’ subjectivity in scientific
investigations at the beginning of the NOS intervention. She held the belief that there
was only one “truth” in science, and there was no place for scientists’ subjectivity.
For instance, in her response, she indicated the reason behind dinosaur extinction
controversy due to the lack of data which denied the idea that scientists constructed
their own explanations based on their theoretical frameworks, personal pre-
conceptions, and assumptions. Therefore, her subjective NOS view was categorized
as inadequate. Yet, she shifted her understanding towards informed view of
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subjective NOS at the end of the intervention. She recognized science as subjective
and appreciated that scientists’ background, preconceptions, experience influenced

their judgments (see table79 below for sample quotas).

Table 79. Esin’s sample statements related to Subjective NOS revealed in pre and post
VNOS-C

Administration

Categorization Sample Statements
of VNOS-C
[regarding existence of different theories on extinction of
Pre-VNOS-C Inadequate dinosaurs] | guess they [scientists] have not had enough data so

they cannot prove why dinosaurs become extinct...They do not
have enough knowledge.

Science is subjective .if it had not been there would no other idea
about anything

[Regarding existence of different theories on dinosaur extinction]
Here, subjective nature of science is the issue. Scientists’
preconceptions, experience, background and their creativity
influence their ideas [on extinction of dinosaurs]

Post-VNOS-C Informed

To sum up, participant revealed inadequate views on almost all NOS aspects at the
beginning of the intervention. She shifted her NOS views towards either informed or
adequate at the end of the study. She achieved informed views on tentative, creative, socio
cultural, theory &law and subjective aspects of NOS, while she revealed adequate views on
empirical, inferential NOS. The following section informs on firstly, Esin’s progress on NOS
instructional planning and secondly, the perceived sources of her development for NOS

instructional planning.

4.7.2. The progress trajectory in relation to integrating NOS into lesson plans

The subsequent section presented findings related to general information related to
participant’s instructional planning, development of instructional planning regarding NOS
objectives, development of instructional planning regarding NOS activities, development of

instructional planning related to NOS assessment and general overview on participant’s
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development related to NOS instructional planning. Next section started with general

information related participant’s instructional planning.
4.7.2.1. Information about instructional planning in general

Participant handed in four lesson plans and she did not turn in fourth lesson plan. She
planned to teach science content such as Cell (6th grade) in her first lesson plan, Solar
System (grade7) in her second lesson plan, Gravitational Force (grade 7) in her third lesson
plan, and Atom models (grade 8) in her last lesson plan. Similar with the other participants,
she chose all the science content that she planned to teach from Turkish science curricula
which was available online. It was her responsibility to choose any science content from
curricula and adapt or modify it to address NOS explicitly. While creating lesson plans, she
was in charge with the writing of objectives part of the lesson plan in which he stated the
planned goals of her lesson, description of activities parts in which planned instructional
strategies, tools were described to achieve the planned goals and lastly, evaluation part of
the lesson plan, in which planned strategies were described to evaluate the planned goals.
Since all participants were required to teach NOS in their lesson plans, they were expected
to adapt and design lesson plans in which they address NOS explicitly. The subsequent
section presented Esin’s improvement regarding including NOS objectives into her

instructional planning.
4.7.2.2. Development of lesson plan regarding NOS objectives

Objectives part of the lesson plans were more related with whether participants had the
intention of teaching NOS explicitly/consciously. Inclusion of NOS objectives mostly
indicated how they perceived teaching NOS e.g. they recognized NOS as an add-on, topic or
as an important issue as the other science content to be taught/planned explicitly. Analysis
of the lesson plans showed that, Esin provided NOS objectives in all last three lesson plans
but not in first one. That is, her first lesson plan in which she planned to address cell as
science content, but she did not include any objective regarding NOS. However, analysis of
her lesson plan revealed her efforts to address some NOS issues such as empirical,
subjective and tentative NOS. Therefore, she reminded about the function of objectives in a
lesson plan by the researcher: “think about why you need to write objectives in the lesson

plans....Do you think all these objectives cover your all intentions for that lesson”

In her second, third and fifth lesson plans she gave place NOS objectives in objectives part

of lesson plan. For instance in her second lesson plan, in which solar system was covered,
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she stated general NOS objective covering aspects such as subjective, tentative and
empirical NOS. The objectives she wrote were as followings: “Realize the science is a
tentative process” and “Understand the nature of science (Subjectivity, tentativeness,
empirical based)”. In her third lesson plan she planned to teach force and motion and she
planned to teach atom models in her fifth lesson plan. For the third and fifth lesson plans,
she kept her manner and included more general NOS objective as in her previous lesson
plan. The objectives were as “Understand the aspects of nature of science (subjectivity,
tentativeness)” and “Recall the nature of science aspects; creativity, tentativeness,

empirically based, and subijectivity.”

Overall, the examination of her lesson plans revealed that she adopted the idea of
addressing NOS in objectives parts of the lesson plans. She did not provide any NOS
objective in her first lesson plan, but she started to include NOS in objectives part for the rest
of the lesson plans. Although she did not write separate objectives for each NOS aspect she
wanted to emphasize, she mostly stated tentative NOS in her lesson plans. The following

table showed the objectives that Esin stated in each lesson plan.
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Table 80. NOS objectives in each lesson plan

# of
Grade Science o
lesson I | tent NOS aspects NOS objective
eve conten
plans
th Force and
1 6 Motion ) .
Understand the nature of science
Empirical NOS (Subjectivity, tentativeness, empirical
based).
Understand the nature of science
Subjective NOS (Subjectivity, tentativeness, empirical
2 7 f;slfgm based).
Realize the science is a tentative
process
Tentative NOS Understand the nature of science
(Subjectivity, tentativeness, empirical
based).
Tentative NOS Understand the aspects of nature of
5 - Force and science (subjectivity, tentativeness)
Motion
Subiective NOS Understand the aspects of nature of
I science (subjectivity, tentativeness)
4 NA NA NA NA
Empirical NOS & . )
" Atom Subjective NOS & “Recal! t.he Naturt_e of Science a}s_pects,
5 8 models Creative NOS & creativity, tentativeness, empirically

Tentative NOS

based, and subjectivity

- indicated the absence of the subject, NA: not applicable
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Post interview conducted to understand her perceptions on NOS instructional planning
regarding to her perceived development of NOS lesson planning, rationale for teaching NOS
at the end of the study. Additionally, she was asked to write a reflection paper on her NOS
teaching perception at the end of the study. Related to writing NOS objectives, post interview
also supported her manner of including NOS objectives. She stated that she started to

provide NOS objectives towards last lesson plans in response to interview:

E: I did not think of writing NOS objectives at first. Then towards my last lesson plans |

started to write NOS objectives.

The following section described the development of participants’ explicit-reflective NOS

instructional planning through the activities part of the lesson plan.

4.7.2.3. Development of lesson plans regarding NOS activities

This section informed about in what ways and to what extent the participant achieved to
adopt explicit-reflective approach to teach NOS. In her first lesson plan, in which she
planned to teach cell, and showed efforts NOS teaching efforts in her plan by including
subjective and empirical NOS. In her instructional plan, she wanted students to examine
onion skin and blood sample under microscope to note down the differences between two

different cell types:

“...The classroom will be divided into two groups. One group will be given onion skin, and
the other one will be given blood drop .Teacher wants them to observe plant cell and animal
cell by group under microscope. Each group will observe the sample which they are
responsible, and they will try to draw what they observe. After this activity, the groups will
exchange their samples to observe the other cell type. After completing this activity, teacher
wants students’ to present their drawings.”

After that, she provided some questions to address subjective and empirical NOS. Then she
directly gave definitions of each aspect. For instance, regarding subjective NOS, she asked

a question related to activity and then she explained subjective NOS and empirical NOS:

“What are the differences and similarities between your drawings? When they complete their
discussion, teacher explains why they draw differently from each other. Subjectivity [she
explains each NOS aspect]: Science is subjective, scientist states different hypothesis even
if they look at the same data. Similarly, you did the same thing, you look the same cells with

same microscopes but you draw different from each other. You cannot be objective while
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you study scientific issues. Empirical based; what you draw your paper is based on your
observations and experiments. While you are stating a hypothesis, you should base your
results to your observations and experiments in a logical way. In here you did an experiment
related to it, you draw your cells by looking through the microscope. Then teacher gives the
differences and similarities between plant and animal cells and shows the pictures of the two

cells...”

She displayed some confusion related to subjective NOS. She did not show the perspective
of subjectivity of scientist while making inferences or proposing conclusions. Additionally,
she failed to connect microscope activity with NOS, instead she directly give definitions of
NOS terms. Thus, she got alerted on connecting the instructional prompt with NOS. For that
reason, her instructional plan regarding empirical and tentative NOS was categorized as

needs development.

In second lesson plan, she planned to teach tentative, empirical and subjective NOS in the
context of solar system. Unlike her previous lesson plan she also covered these NOS issues
in objectives part of the lesson plan. Similar with the previous lesson plan, she provided
students with HOS based script which was related to two different theories proposed in past

about solar system. She provided two kinds of models; geocentric model and heliocentric

model:

“Geocentric model: ...... is the theory that the Earth is the center of the universe and other
objects go around it. ..... It was embraced by both Aristotle and Ptolemy, and most, but
Heliocentric model:...., is the theory that the Sun is stationary and at the center of the

universe. Historically, heliocentric model was opposed to geocentrism, which placed the
Earth at the center. Discussions on the possibility of heliocentrism dated to classical
antiquity. It was not until the 16th century that a fully predictive mathematical model of a

heliocentric system was presented, by mathematician and astronomer Nicolas Copernicus...”

Then she also provided some NOS questions to initiate NOS discussion:

“The teacher asks students “What caused this [regarding geocentric model] knowledge has
been changing of? “Why the first knowledge [regarding geocentric model] has been
changed? “What do you think about this, do you know any idea?” The teacher helps students
to understand the basic elements of NOS which are “empirical based, tentativeness,
subjectivity”, but she does not give the answers directly, just helps students to realize this

knowledge ....”
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Although it was obvious that she had intention to emphasize NOS, she could not connect the
content or the example with NOS and she could not keep up and conclude questions she
provided. It was not clear that how she would connect e.g. change in knowledge on solar
system would be connected with empirical NOS. That is she failed to connect HOS example
with NOS properly. Therefore, instructor warned her to have more specific/concrete NOS
questions such that: “you should also indicate that which question is for which NOS aspect
e.g. Which aspect do you intent to teach while you are asking What caused this knowledge

has been changed”

In general, although she addressed the NOS aspects that she also stated in objectives part
of the lesson plan, she needed to be more reflective regarding her NOS instruction.
Therefore her instruction related to empirical and tentative and subjective NOS categorized

as “needs development”.

In her third lesson plan, she planned to teach force and motion as science content. She
stated subjective and tentative NOS in objectives and description of activities parts of the
lesson. In her plan, she started her lesson with hands on activity asking students to explore
free fall of two different kinds of objects by using “predict-observe-explain” strategy:

“...The teacher starts lesson with an activity: ...Give them paper and coin and ask “Which
one reaches the bottom first?” Therefore, they [students] make prediction....” Then she
wanted students to make an experiment about fall of two identical papers with two different
shapes. Then she wanted students to note down their predictions and observations: “.........
Teacher wants students to write step by step what they did and what they observe. After this
activity teacher gives students two identical papers. One of them is ruffled, the other is not.
And teacher wants the students to do the same procedure again as they do in Activity 1.
Also ask them whether their prediction is same with their observation. Why/or why not? After

a class discussion teacher continues her lesson...”

After, she continued giving brief information on how Galileo made contribution on knowledge

of falling objects:

“...We know that the objects are allowed to release from top, they fall down to the bottom.
We conclude this from our observations. The falling objects have always attracted the
scientists’ interests, and it is the subject to research. In this area, the best-known study is
said Galileo Galilee. Before the Galileo, there was a misconception about the falling objects.

The people had thought the heavy objects reached the bottom first. However, Galileo throw
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two different objects from the top of the Pisa Tower. After Galileo observed the objects which
were released from the top, even if they were not reach the bottom at the same time, but

they reached bottom in a closer time...”

Although she provided some hands on activity for teaching concept of free fall, she directly

planned to teach NOS aspects through lecturing right after she gave HOS example:

“...Subjectivity: The people thought the heavy object would reach the bottom first but Galileo
did not think like that. He thought that getting the floor does not depend on weight.

Tentativeness: Believing the weight affects reaching the time to the bottom of the objects;

however this knowledge has changed after Galileo....”

Here, she was reminded about her manner of teaching NOS which was direct teaching.
Thus, the researcher suggested her to lead students to make these conclusions regarding
NOS, rather than giving direct definitions of NOS aspects: “You are expected to make

”

students come that conclusion rather than making direct teaching...” In addition to the
tendency of her direct NOS teaching, she did not state clearly how the given examples
reflected these NOS aspects. Therefore, she warned on to be clear on how these examples
help students to understand these NOS concepts. In sum, despite of the some drawbacks,
she included NOS objectives and made efforts to include some instructional prompts to
address these NOS aspects. However, she could not add proper NOS questions, or connect
the examples with NOS either. Therefore, her lesson plan efforts regarding subjective and

tentative NOS was categorized as “needs development”.

In the fifth lesson plan, she planned to teach atom models and also she planned to cover
subjective, tentative, creative and empirical NOS in which she also stated in objectives parts.
She adopted a lecturing approach through all over the lesson plan. She first gave information

on four types of atom models, and then she pointed out NOS aspects:

“...During the introduction of the lesson, the teacher will explain to students that models are
important to scientists because models help them make predictions. For example, scientists
can use the model of an atom to predict how a particular substance will act when it is
combined with other substances. When new evidences are found, or the new experiments
are designed the models have changed with time. This helps us to understand the

tentativeness and the empirical based aspects of Nature of Science. And the every model
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reflects each scientist’s different creativity. The models change from scientist to scientist.

Subjectivity also related with creativity...”

Similar to her previous lesson plans, her lesson plan was lacking of reflective component.
That is, she did not included NOS questions to initiate NOS discussion and encourage
students reflected on their NOS views. However, she included objective related to these

NOS aspects. Therefore, her lesson plan was categorized as need development.

Overall, examination of lesson plans revealed that she improved her instructional planning
towards more explicit reflective way of teaching NOS. She mostly used HOS examples and
lecturing in her plans to address NOS. Although she was lack of providing instructional
prompts to emphasis NOS, at least she achieved to shift her lesson plans being implicit to
somehow “needs development” level of explicit reflective instructional planning regarding
NOS. The most used aspects were subjective NOS followed by tentative and empirical NOS.
Interview and reflection paper which were gathered at the end of NOS intervention were
used as additional data source. In interview, participant responded questions related to her
NOS teaching perception and her instructional planning development. She also asked to
write reflection paper on her NOS teaching perception. Analysis of responses to interviews
and reflection paper supported her manner of NOS teaching approach in her lesson plans.
She stated that she would teach NOS as an embedded to science content and by using

HOS examples in her responses to interview:

R: How would you teach NOS to the students, in what ways?

E: ...It could be integrated into the content. You can provided some HOS examples and also
could teach the science content...you can connect to NOS as well. Students might not
understand [NOS], thus better to guide them. | guess, NOS could be taught by connecting

the students’ activities with how scientist works through discussion.

Moreover, she emphasized NOS instruction to be explicit in her reflection paper:

“I think | should teach NOS via the explicit instruction. We did some activities in order to
understand the aspects of NOS in our lecture hours, | think they are helpful for teaching this
aspects. | may design some activities; | plan to teach the NOS as possible as the enjoyable
way.”

Additionally, she was aware of her development regarding NOS lesson planning. She stated

that she started to mention NOS towards her last lesson plans in her interview:
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R: How do you think your NOS integration into description of activities part of the lesson

plan?

E: I taught NOS through discussion [in lesson plans]. In my first lesson plans | did not
address NOS. But towards last lesson plans, | started to emphasize how science advanced,

how scientists could think and work differently.

Following table indicated each NOS aspect she planned to teach in activities part, and the

instructional strategies she planned to use to teach NOS:

Table 81. Summary of NOS aspects addressed in description of activities part of lesson plan

# of lesson Grade Science NOS NOS teaching . )
) Explicit-Reflective
plan level content aspects strategies
Tentative Needs
1 6t Force and NOS HOS example development
motion Empirical HOS example Needs
NOS P development
Subjective Needs
NOS HOS example development
th Tentative Needs
2 7 Solar system NOS HOS example development
Empirical Needs
NOS HOS example development
Tentative Lecturin Needs
3 2t Force and NOS 9 development
Motion Subjective Lecturin Needs
NOS 9 development
4 NA NA NA NA NA
Empirical Lecturin Needs
NOS 9 development
Creative Lecturing Needs
5 gt Atom Models ~ NOS development
Subjective Lecturin Needs
NOS 9 development
Tentative Lecturin Needs
NOS 9 development
v' :indicated the existence of the task, - :indicated the lack of task, NA: not applicable

Next, participant’s development in NOS assessment revealed through lesson plan analysis

was presented.
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4.7.2.4. Development of lesson plans regarding NOS assessment

This section informed about the kind of assessment strategies Esin used while assessing
NOS aspects in her lesson plans. Examination of Esin’s lesson plans revealed that she did
not assess students’ NOS understanding despite of the feedback she got related the

assessment of NOS.

Through the responses to post-interview which was conducted to explore her perceptions on
NOS instructional planning, she explicated her inability to asses NOS in her lesson plans.
Although she mentioned the necessity of addressing NOS in evaluation part of the lesson
plans, she could not able to write any NOS questions. She wrote questions only related to

science content:

E: I did not NOS assessment in my lesson plans....Actually, | knew that | needed to assess

NOS understanding. But | did not know how to write questions targeting to asses NOS...

Following section outlined overview of the participant's development regarding NOS
instructional planning.

Subsequent section presented an overview of the Esin’s development regarding NOS
instructional planning.

4.7.2.5. General overview for NOS instructional planning

In general, she improved her instructional planning related to NOS through lesson planning.
Regarding NOS objectives, although she did not state any NOS objective at her first lesson
plan, she included NOS objectives in the rest of lesson plans. Concerning description of
activities parts of lesson plans, she revealed some efforts to address NOS. She mostly used
lecturing and HOS examples to emphasize NOS. Despite of her efforts to address NOS
within an explicit reflective approach, she failed to include NOS questions to initiate NOS
discussions or connect HOS examples to NOS to create opportunities for students rethink
and revise their NOS views. She could not achieved “exemplary” form of explicit reflective
NOS instructional planning for any NOS aspects. She mostly addressed tentative, empirical
and subjective NOS in her plans as “needs development” form of NOS instruction. Yet, she
achieved informed view on tentative and subjective NOS, adequate view on empirical NOS.
However, she was consistent in her lesson plans regarding objectives and description of
activities parts. That is, she addressed NOS aspects in both objectives and description of

activities parts as well. However, she did not consider NOS evaluation in her lesson plans.
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General overview of Esin’s instructional planning regarding objectives, description of

activities and evaluation parts of the lesson plans was summarized in the following table:

Table 82. Summary of overall NOS instructional planning

#0l " Grade Science  NOS NOS Explicit- NOS NOS
lesson teaching X S :
level content  aspects . Reflective  objectives evaluation
plan strategies
Tentative Needs
Force NOS HOS example development i )
1 6" and
motion Empirical Needs
NOS HOS example development i i
Subjective Needs
v -
NOS HOS example development
th Solar Tentative Needs
v -
2 ! system NOS HOS example development
Empirical Needs
v -
NOS HOS example development
Tentative . Needs
v -
3 Force NOS Lecturing development
7" and
motion  Subjective Lecturin Needs v )
NOS 9 development
4 NA NA NA NA NA NA NA
Empirical . Needs
v -
NOS Lecturing development
Creative Lecturin Needs v )
NOS 9 development
5 gth Atom
Models S
Subjective Lecturin Needs v )
NOS 9 development
Tentative Lecturin Needs v )
NOS 9 development

v :indicated the existence of the task, - : indicated the lack of task, NA: not applicable

Following section will inform on participant’s perceived source of development for NOS

instructional planning.

224



4.7.3. Learning experiences contributing to the ability to integrate NOS into

instructional plans

In general, Esin’s instructional planning for teaching NOS has been evolved in an explicit
reflective manner which included NOS objectives, specific activities for teaching NOS. The
researcher used several strategies to improve participants’ NOS instructional such as
feedback to lesson plans, HOS based examples coupled with NOS explicitly followed by
NOS discussions, and lesson plan presentations followed by NOS discussions as well. To
understand the relative importance of these learning experiences, researcher conducted
interview with participants. Analysis of interview revealed that Esin perceived peer
presentations and follow up discussions after peer presentations as the main source

contributing to her ability to integrate NOS into instructional plans:

R: As a researcher, | aimed to help you improve your NOS understanding and NOS
instructional planning. For this reason, | applied several strategies such as giving feedback
for lesson plans, providing HOS examples in class and asking you to prepare and present
lesson plans, which was followed by class discussions. Which of these activities do you
think influence your skills regarding NOS instructional planning?

E: We were discussing the lesson plan presentations regarding how better we could
integrate NOS. | guess we better understand NOS and NOS integration through the
discussions. Because of that, it [discussions] made a good contribution to my development

regarding NOS instructional planning.

4.8. General overview

4.8.1. Summary of participants NOS understanding

In sum, participants revealed a substantial improvement in their NOS views. None of the
participant held inadequate view of any NOS aspect at the end of the science methods
course. More dramatic change occurred regarding the understanding of the role and function
of theories and laws and socio-cultural NOS aspects. All participants held misconception
related to hierarchical order between theories and laws, and “universal” science. At the end,
all of the participants achieved improved understanding the functions of theories and laws
and socio-cultural NOS. Similarly, six of the participants held inadequate understanding of
subjective and tentative NOS at the beginning of the science method course. All of the

participants improved their views as informed understanding of tentative and subjective NOS
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at the end of the science methods course. Total of the five participants held inadequate
views of empirical NOS prior to NOS intervention. At the end of the NOS intervention, five of
the participants developed their views such that all of them displayed informed
understanding of empirical NOS. Two of the participants who held inadequate understanding
of empirical NOS initially, developed their understanding towards adequate empirical NOS
view as well. Regarding creative NOS, three participants held adequate understanding and
four participants had inadequate understanding of creative NOS. All participants shifted their
creative NOS understandings towards informed view at the end of the intervention.
Surprisingly, almost half of the participants indicated adequate understanding of inferential
NOS at the beginning of the NOS intervention. At the end of the NOS intervention, six of the
participants achieved informed understanding of inferential NOS, whereas only one
participant holding inadequate view of inferential NOS achieved adequate inferential NOS
view. To sum up, all participants achieved mostly informed views of NOS for various aspects
at the end of the science methods course. None of the participants revealed inadequate
understanding for any NOS issues at the end of the NOS intervention. Following table 83
indicated participants’ pre and post NOS views with regard to each aspect over the science
methods course:

Table 83. Participants’ pre and post NOS views over NOS intervention

Social-

Tentative Empirical Inferentia  Creative cultural Theory&  Subjectiv
NOS NOS I NOS NOS Law e NOS
NOS
Participant Pos Pr Pos Pr Pos Pr Pos Pr Pos Pr Pos Pr
Post Pre

s t e t e t e t e t e t e
Safa I IA | A I A I A A | A | 1A
Lale A | 1A | A A | A | A | 1A
Lia A A A A | A | A | NC
Simge Al 1A | A A | A | A | 1A
Ebru A A IA | A A A | A | 1A
Melis | 1A | 1A | 1A | A | 1A | 1A | 1A
Esin IA A A A A | A | IA | IA | 1A

IA: Inadequate; A: Adequate; |: Informed; NC: Non categorize
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4.8.2. Summary of participants NOS instructional planning

Generally, all participants developed their instructional planning for teaching NOS. At the end
most of them provide NOS objectives, explicit reflective NOS instructional planning and
some assessment strategies specific to NOS. All of the participants achieved explicit and
reflective planning of at least one aspect except one participant. Among the explicit reflective
NOS instructional planning, empirical NOS was the most achieved one in lesson plans done
by six participants. It was followed by tentative NOS and achieved by five participants and
subjective NOS achieved by four participants explicitly and reflectively in lesson plans.
Following figure 2 summarizes the NOS aspects that were truly planned as explicitly and

reflectively in lesson plans:

The most used NOS aspects in lesson plans explicitly and
reflectively

Empirical NOS Tentative NOS Subjective NOS Creative NOS Theory & Law

O R N W & U1 O N

Figure 2. The most used NOS aspects in lesson plans explicitly and reflectively

Regarding evaluating students’ NOS understanding in lesson plans participants mostly
considered NOS assessment in evaluation part of the lesson plans towards the last lesson
plans. Two participants did not think of including NOS in evaluation part in any of lesson
plans. The other participants mostly used chart creation, concept map, homework, reflection
paper and NOS questions. Following figure 3 showed the assessment strategies used by the

participants in lesson plans:
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NOS assement strategies

3
2
| I I
0 . . : : . : . )
Chart creation Concept map Homework Reflection ~ NOS questions
paper

Figure 3. NOS assessment strategies

Additionally, participants showed consistency for some NOS aspects among the parts of
lesson plan (e.g. objectives, description of activities and evaluation parts). It was empirical
and tentative NOS aspects that they revealed more consistency among others. Following

figure 4 illustrated the NOS aspects that they addressed in three parts of the lesson plan:

Consistency in lesson plan parts regarding each NOS
aspects

: =
0

empirical NOS Tentaitve NOS Subjective NOS Creative NOS

Figure 4. Consistency between lesson plan parts regarding NOS aspects emphasized
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Regarding the science content they chose, mostly atom models and inheritance & cell, and

solar system. Following table illustrated the science content chosen by participants:

Frequency of planned science content
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Figure 5. Science content to be chosen in lesson plans

Moreover, participants were attributed to their development for instructional planning NOS to
several sources provided through the course. Mostly they perceived lesson plan
presentations followed by discussions as main source contributing their NOS instructional
planning. Additionally, they stated the importance of feedback given to their lesson plans,
lesson plan creation and HOS examples provided within course. Following figure 6.

illustrated the perceived source of participants’ development of NOS instructional planning:
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Percieved source of development for NOS planning

5

Figure 6. Perceived source of development for NOS planning
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CHAPTER 5

DISCUSSION, CONLUSION and IMPLICATIONS

This chapter presented the discussion of the findings in terms of change in pre-service
science teachers NOS views, their development of NOS instructional planning and the
learning experiences contributed to their NOS instructional planning. Then, conclusions were
made based on the findings of the study. Lastly, implications for science teacher educators,

teachers, and curriculum developers were presented.

5.1. Discussion

In this part, findings were discussed related to how and to what extent the pre-service
science teachers’ NOS views changed and how the explicit reflective contextualized NOS
instruction contributed to this change in pre-service science teachers’ NOS understanding
and NOS instructional planning.

5.1.1. Discussion of the findings for change in participants’ NOS understanding

First, in present study, the vast majority of the pre-service science teachers held inadequate
views particularly on the functions of theories and laws, socio-cultural embeddness of
scientific information, role of scientists’ subjectivity in development of scientific knowledge,
tentative nature of scientific knowledge and empirical nature of scientific knowledge. That is,
pre-service science teachers believed that science is objective, scientific knowledge is
absolute and only theories could change while laws do not. This finding is consistent with the
literature concluded that both pre-service and in-service science teachers had naive NOS
understanding (Abd-El-Khalick & Lederman, 2000; Abd-El-Khalick & Akerson, 2004; Akerson
& Donelly, 2008; Bell, Matkins, & Gansneder, 2011; Demirdogen, 2012; Haidar, 1999; Kaya,
2012; Tairab, 2001; Liu & Lederman, 2007; Shim, Young, & Paolucci, 2010; Tasar, 2006;
Ozgelen, Tuzun, & Hanuscin, 2012; Yalvac, Tekkaya, Cakiroglu, & Kahyaoglu, 2007). Vast
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majority of the empirical studies reported both pre-service and in-service science teachers’
inadequate views particularly on the functions of theories and laws, subjective, socio-cultural,
tentative and empirical NOS (Abd-El-Khalick & Lederman, 2000; Aslan, 2009; Dogan & Abd-
El-Khalick, 2008; Schwartz, Lederman, & Crawford, 2004; Yalvac et.al. 2007). The pre-
service science teachers’ inadequate views realized at the beginning of the present study
might have resulted from their experiences they gained through their primary, secondary and
college education. During their education at all levels, NOS has been miscommunicated
implicitly. In other words, teachers’ language, structure of laboratory activities and science
textbooks contributed to the development of naive NOS views. For instance, Clough (2006)
stated that very few teachers conveyed NOS accurately in classes although major reform
documents highlighted the importance of accurate NOS communication to the students.
Teachers who reflected their positivist science views in class or who just misused some word
which were important in science settings (e.g. use word of theory for uncertain, tentative
things) were the some significant reasons for students’ naive NOS ideas. Structure of
science laboratory activities might have lead built of inaccurate NOS views for students.
Starting from primary level to college level, laboratory activities followed step-by-step
procedure, asking only report of end product and lacking of focus on how scientific
knowledge was constructed. That kind of tasks conveyed science as procedural and
objective activity seeking only one correct answer. In addition to these, science textbooks
treatment of science portrayed inadequate science views (Abd-El-Khalick, Waters & Le,
2008; Bell, 2004; Clough, 2006; Irez, 2009; Vesterinen, Aksela, & Lavonen, 2011). For
instance, Irez (2009) assessed secondary school biology textbook regarding the depiction of
nature of science. He reported several problems related with the way nature of science
portrayed. The analysis of textbooks indicated that science was presented as collection of
facts, and procedural activity. Additionally, the author pointed out that aspects of science
were neglected in biology textbooks, Similarly, Abd-El-Khalick, Waters and Lee (2008) and
Niaz and Maza (2011) investigated NOS in secondary school chemistry textbooks. They
reported the inaccurate NOS dimensions reflected in textbooks. For example, they outscored
the so-called hierarchical relationship between theories and laws. In sum, teachers’
language during instruction, science textbooks and science laboratory activities might have

been the settings that students built their inaccurate NOS conceptions.

However, findings of the study revealed substantial improvements in pre-service science
teachers’ NOS views regarding creative, inferential, socio-cultural, empirical, subjective NOS
as well as function and definition of theories and laws in this study at the end of the
contextualized explicit reflective NOS intervention. Majority of pre-service science teachers

shifted their inadequate NOS views towards informed views as a result of the contextualized
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explicit reflective NOS intervention. These positive results of the study in relation to
developing favourable NOS conceptions have showed effectiveness of the contextualized
explicit reflective NOS instruction as indicated previous studies (Abd-El-Khalick, & Akerson,
2009; Akerson, & Donelly, 2008; Bell, Matkins, & Gansneder, 2011). The substantial
contribution of the explicit reflective NOS instruction to the development of pre-service
science teachers’ NOS views was attributed to the setting of the explicit —reflective NOS
instruction in the present study which integrated range of decontextualized and
contextualized explicit reflective NOS activities as suggested by Clough (2006).The current
study embodied decontextualized NOS activities first, which enable pre-service science
teachers to understand their initial NOS concepts, revise their concepts, and reflect on their
relative status of these concepts without pressure of understanding of science concepts
(Abd-El-Khalick& Akerson, 2004). Since decontextualized NOS activities were found to be
limited to gain deeper NOS understanding (Abd-El-Khalick, 2001), explicit reflective NOS
instruction continued with various contextualized opportunities for pre-service science
teachers to develop meaningful NOS understanding. HOS has been chosen to provide
contextualized opportunities for pre-service science teachers in the present study. For
instance, pre-service science teachers were provided with examples from HOS highlighting
all the relevant NOS aspects. They were encouraged to think how these examples from HOS
reflected specific NOS aspects. Throughout these examples, they also had a chance to
revise their NOS conceptions through various settings such as life of scientists, and
important scientific discoveries within HOS. In parallel, HOS was claimed to serve as an
effective way to contextualize NOS instruction because historical examples related to
science aided as specific reference to NOS tenets by some researchers.(Abd-El-Khalick,
2001; Abd-El-Khalick & Lederman, 2000; Clough, 2006; Howe & Rudge 2005;
Paraskevopolou & Koliopoulos, 2011). It was also claimed that HOS provided learners with
opportunities not only to learn issues relating to NOS but also science content (Clough,
2006; Howe & Rudge 2005; Paraskevopolou & Koliopoulos, 2011).

In addition to HOS context, the current study also provided science content as a context to
revise and refine NOS ideas. By means of science content, the pre-service science teachers
were involved in specific pedagogical practices such as planning, presenting and discussing
NOS lessons which were supposed to prepare as integrated to K-12 science content
explicitly and reflectively.These specific pedagogical practices provided pre-service science
teachers with structured opportunities to reflect on their NOS conceptions and also assess
their NOS conceptions in the context of science content. For example, while designing NOS
lessons, pre-service teachers needed to revise their NOS conceptions to be able to integrate

these concepts into their lesson plans within science content from elementary science
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curriculum. For instance, participants were expected to design a lesson e.g. for atom models
and integrate NOS explicitly and reflectively at the same time. To be able to do so properly,
participants needed to comprehend NOS in the context of atom models and embedded NOS
accurately. This process required pre-service science teachers to scrutinize their NOS
concepts in-dept. Furthermore, presentation of lesson plans followed by class discussions
helped pre-service science teachers revisit their NOS concepts which resulted in deeper
understanding of those NOS aspects. In sum, this content- rich context embodied science
content and HOS contributed to the effectiveness of explicit-reflective NOS instruction, which
resulted in informed views of pre-service science teachers as suggested by other
researchers (Abd-El-Khalick, & Lederman, 2000; Abd-El-Khalick, 2001; Abd-El-Khalick, &
Akerson, 2004; Clough, 2006; Deniz, 2007; Schwartz, & Crawford, 2004). In the present
study, almost half of the pre-service science teachers showed adequate understanding of
inferential NOS even at the outset of the study. That is, four out of seven pre-service
teachers inferred that all scientific knowledge is not accessible to senses and scientists
might have clues about some scientific knowledge which they made conclusions based on it.
However, these pre-service teachers failed to emphasize that scientists make inferences
based on data explicitly. In addition, they could not provide extended explanation about their
understanding on inferential NOS. These four pre-service science teachers’ adequate views
might be related to the context familiarity of the VNOS questionnaire question related to the
views on inferential NOS. In the VNOS questionnaire, the inferential NOS views of the
participants were assessed based upon the responses related to the extinction of dinosaurs.
Debates of extinction of dinosaurs were issued mostly on media through popular science
magazines and popular movies related to the dinosaurs. Supporting this notion, Nisbet et al.
(2002) stated that media had a significant role in promoting public’s perception of science
and scientists. For instance, in media scientists’ job was depicted as to solve and explain the
mysterious of the world. Therefore, pre-service science teachers’ personal experiences with
these informal leaning opportunities such as media, magazines and movies have conveyed
more appropriate messages related to inferential NOS. In other words, their prior
conceptions related to inferential NOS might be built in these informal learning experiences
and variety of personal experiences. This explanation was also consistent with
Hogan(2000)’s claim related to construction of NOS views which stated that students made
generalizations on notions about nature of science based on their personal experiences with

science
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5.1.2. Discussion for the development of NOS instructional planning

In this section, | discussed the pre-service science teachers’ evolution of translation of NOS
views into instructional planning. The discussion related to the development of NOS lesson
plans, particularly considering the participants’ development in writing NOS objectives,
providing NOS instructional strategies and NOS evaluation, is provided. Finally, discussion
on the relationship between NOS understanding and translation of these understanding into

lesson plans was presented.

Analysis of lesson plans revealed that all participants showed substantial development in
their NOS integrated lesson plans. Through the intervention, each participant prepared five
lesson plans aimed to teach different science content and NOS aspects. Participants were
supported while preparing lesson plans through feedback by the researcher, one to one
correspondence if needed, and discussions. Scrutinizing participants’ development of NOS
instructional planning closely, each part of the lesson plans (e.g. objectives, activities, and
evaluation parts) indicated substantial improvement related to NOS integration at varying

degrees.

Regarding NOS objectives, majority of the participants did not consider including any NOS
objectives in their lesson plans at first; although, they attempted to include NOS in their
lesson plans through some instructional prompts. After the second lesson plan, NOS
objectives have been seen in the lesson plans. Some participants wrote too general NOS
objectives such as “students understand NOS”, but through fourth and fifth lesson plans
more NOS objectives specifically targeting each NOS aspect such as “students will realize
that science is tentative” were written. In responses to interviews, the pre-service teachers
mostly stated that they did not think of the inclusion of NOS in the objectives part of the
lesson plans at first. The possible reason for not including NOS objectives might be related
to pre-service science teachers’ intentions on planning the lesson and how they value NOS.
That is, initially, pre-service science teachers did not aimed to teach NOS as other science
content in their lesson plans. Also, they did not value NOS as much as they value other
science content. Likewise, previous studies pointed out that teachers’ goals and intention
influence their choice to implement NOS into instruction. Therefore, they need to view NOS
as valuable instructional outcome as other science content first to consider implementing
NOS in their instructional practices (Bell, Lederman, & Abd-El-Khalick, 2000; Lederman,
1999; Schwartz & Lederman, 2002). Therefore, for the current study, it can be concluded
that the inclusion of NOS objectives especially for the ones particularly targeting specific

NOS aspects indicated that participants started to value NOS as an important content to
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teach as other science content and perceived NOS as a cognitive outcome. Additionally, it
also indicated that pre-service teachers think NOS as an integral part of their science
instruction rather than an add-on part to their teaching. That is, they perceived NOS as kind
of science content (e.g. like atom models) to be taught rather than perceiving NOS as an
extra-curricular activity. In that sense, the notion of NOS as an instructional outcome was
one crucial factor influencing development of PCK for NOS (Abd-El-Khalick, Bell, &
Lederman, 1998; Bell, Lederman, & Abd-El-Khalick, 2000; Schwartz, & Lederman, 2002). In
the current study, lesson plan preparation and feedback might have contributed to the
development of notion of NOS as an instructional outcome. Through lesson planning, each
participant was encouraged to think about the function of objectives and why they need to
write NOS objectives through feedback to lesson plans. Accordingly, it might be concluded
that lesson planning served as an important task to practice NOS objective writing and
feedback helped to gain meaningful development for PCK for NOS (Abd-El-Khalick, 2005;

Gess-Newsome, 1999).

Related to NOS instructional strategies, majority of the participants either planned to teach
NOS in an implicit way or in a didactic way (e.g. lecturing) for the first two lesson plans. That
is, participants could not transfer their NOS understanding into different other contents in an
explicit reflective way even they held informed views of NOS. This result confirmed the fact
that having desired NOS understanding does not enable them to transfer their understanding
into instructional practices effectively (Abd-El-Khalick, & Lederman, 2000; Lederman, 1992,
1999). One of the possible reasons for the lack of translation of NOS views into instructional
plans for the first two lesson plans might be the lack of their PCK for NOS. PCK for NOS was
reported to be one of the crucial factors impeding pre-service science teachers to transfer
NOS into their instructional practices effectively (Clough, 2006; Hanuscin & Hian, 2009;
Lederman, 2007).

However, towards last lesson plans nearly all participants planned explicit reflective teaching
of NOS in their lesson plans. Specifically for the fourth and fifth lesson plans, majority of the
participants could situate NOS into lesson seamlessly. They used discussion, questioning,
and HOS examples to address NOS. It seemed that they developed skills to well connect
NOS to science content through hands on activities, discussion, questioning strategies and
examples from HOS. It could be concluded that they gained skills to make instructional
strategies specific to NOS. This result showed that participants developed knowledge of
instructional strategies to address NOS which showed the development of some level of
PCK for teaching NOS (Akerson & Hanuscin, 2007; Demirdogen, 2012; Wahbeh, 2009). The

success of translation of NOS views into instructional plans through various strategies
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underscored the contextual nature of NOS learning (Abd-El-Khalick, 2001). That is, the
strategies that pre-service used to address NOS was mostly provided through the
contextualized intervention implemented in the study. For instance, content generic activities
were used to get attention of pre-service science teachers to NOS concepts. Additionally,
HOS examples were used to help pre-service teachers to deepen their NOS conceptions
and provided a context for discussion of NOS ideas (Clough, 2006; Dass, 2005; Rudge &
Howe, 2009) .Thus, the findings supported that, combination of variety of contexts for
improving NOS views also influence pre-service science teachers’ ability to transfer these
views into instructional practices (Abd-El-Khalick, 2005, 2001; Bell, Matkins, & Gansneder,
2011).

The possible development of PCK for NOS might be also attributed to the tasks and features
of the intervention related to lesson planning. For instance, in the current study, participants
were supposed to create and present lesson plans where they integrate NOS explicitly.
Lesson plan presentations took places in an environment where student teacher pretended
like a real teacher and peers role-played students. Presentation of lesson plans which might
be also inferred as microteaching served as a modelling of a NOS lesson by a peer. These
modelled lessons were criticized for its strengths and weaknesses regarding NOS integration
through whole class discussions. By this way, pre-service teachers had an opportunity to
observe their peers modelled NOS lessons through different science contents. Modelled
NOS lessons within different science content also facilitated the improvement of NOS
instructional planning since the pre-service science teachers had a chance to observe the
integration of NOS into science content. Moreover, follow-up discussions after the lesson
plan presentations, gave an opportunity to the both presenter and the audience to reflect on
their. Through the presentations and discussions, pre-service science teachers had a
chance to identify and adopt resources for effective NOS instruction. In addition, discussion
sessions provided a chance for reflection on NOS teaching which led improvement for NOS
teaching and motivation to teach NOS (Akerson, Cullen, & Hanson, 2010). Conclusively,
preparation and presentation of lesson plans followed by class discussions provided pre-
service science teachers with developed teaching skills regarding NOS teaching. These
results were compatible with the research suggesting that modelled NOS lessons, one to
one correspondence and feedback and reflection were influential in enhancing pre-service
science teacher’s instructional practices (Abd-El-Khalick, 1998; Abd-El-Khalick, 2005;
Akerson & Abd-El-Khalick, 2003; Akerson & Hanuscin, 2007; Akerson, Cullen, & Hanson,
2010; Akerson, Donlley, Riggs, & Eastwood, 2012; Hanuscin & Lee, 2009).
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Another possible reason for the improvement in explicit reflective NOS instructional planning
might be the nature of the intervention which provided extended and multiple opportunities of
planning NOS in an explicit and reflective way within variety of science content. To be able to
deploy NOS conceptions, pre-service science teachers needed support and to be involved in
situations including planning teaching of new content (Brown, Collins, & Duguid, 1989;
Wahbeh, 2009). Several researchers argued that teachers’ practice of designing lessons is
closely related to their ability to use personal resources and curriculum to make feasible
adaptations to curricula to design powerful learning opportunities for students’ learning
(Bayer & Davis, 2009; Davis, 2006; Hanuscin, Lui, & Akerson, 2011). In that sense,
preparing around five lesson plans within different science content and getting feedback from
these lesson plans enabled them to drill NOS instructional practice in variety of science
content. As a result, they gained necessary skill to translate this knowledge into their
instructional practices which requires ability to either adapt or design effective NOS
integrated science lessons (Akerson, Buzelli, & Donnelly, 2010; Bell, Matkins, & Gansneder,
2011; Hanuscin, Lui, & Akerson, 2011). The opportunities provided through the current
intervention enabled pre-service science teachers to learn how to adapt curricular material to

address NOS effectively in their planning.

Another important finding of the study came out to be the science content that the
participants chose to integrate NOS. Although they were free to choose any science content,
majority of them chosen science content as Atom Models, Solar System, and Cell and
Inheritance at least one of the lesson plans. Through the contextualized explicit reflective
NOS instruction, participants were introduced examples of atom models, an example related
to DNA (Chargaff rules) and an example of pluton was a well-known example from science
textbooks and science magazines. These examples may contributed to their knowledge
regarding NOS and also familiarize these contexts regarding NOS. Additionally, it might be
concluded that examples of these topics also contributed their subject matter knowledge on
these science contents. As a result, pre-service science teachers might perceive these
contents as safe zone and tended to choose these topics to address NOS since lack of
subject matter knowledge was considered to be one of the constraints that hinder them
integration NOS effectively (Abd-El-Khalick, & Akerson, 2003; Schwarzt, & Lederman, 2002).

Regarding the development of lesson plans related to NOS assessment, analysis of lesson
plans also revealed improvements for the NOS assessment. Majority of the pre-service
science teachers did not consider assessing NOS until the last two lesson plans. Towards
the last lesson plans, majority of the participants used specific assessment strategies other

than formative assessment for NOS. But two of the participants did not include any
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assessment strategies. Among the ones who considered NOS assessment used variety of
strategies including poster creation, reflection paper writing, and concept map creation and
giving homework. This finding was compatible with the work of Akerson, Buzelli, and
Donnelly (2010) which investigated the assessment strategies used by teachers at different
grade levels. They concluded that teachers used strategies such as journal writing,
adaptation of the VNOS questionnaire, and drawings. Authors attributed the variety of
assessment strategies used by teachers to their creativity as well as the practice of planning,
implementing and analysis of the assessment tools. For instance, in the current study,
participants had given opportunities to think on how to assess NOS, and to plan on NOS
assessment through lesson plan preparation. These opportunities contributed to their
development of PCK for NOS assessment. The two participants who did not consider
assessing NOS stated that they needed to assess NOS understanding of students in their
lesson plans, but they did not know how to do so. That indicated that they lacked of PCK for
NOS assessment and they might need more specific learning experiences targeting to
enhance knowledge for NOS assessment (Hanuscin, & Lee, Akerson, 2010). However,
these participants could be able to plan NOS explicitly and reflectively which was compatible
with the fact that development of PCK is uneven. That is, one could improve PCK for
instructional strategies of NOS but might need more support for the development of other
components of PCK for NOS (Akerson, Buzelli, & Donnelly, 2010; Hanuscin, & Lee,
Akerson, 2010).

One of the most important findings of the study was the lack of pattern between NOS
understanding of participants and translation of this understanding into instructional plans.
The result confirmed the fact that improved NOS views is important but not sufficient for
translation of these views into instructional practices (Abd-El-Khalick, & Lederman, 2000;
Lederman, 1999; Lederman, 2007). Even all of the participants achieved informed
understanding of the all NOS aspects, none of the participants attempted to address socio-
cultural and inferential NOS in their lesson plans. Majority of the participants mostly chose to
address empirical, tentative and subjective NOS in their lesson plans. Researchers argued
that participants’ level of comfort feeling with their NOS understanding was the one of the
reason mediate their NOS instructional practices (Schwartz & Lederman, 2002; Akerson,
Cullen, & Hanson, 2009). In current study, the learning experiences provided by the
intervention might develop more favourable beliefs related to teaching of empirical, tentative
and subjective NOS aspects. Another reason for mostly addressing these aspects in
instructional plans might be the contextual nature of NOS learning. That is, the activities,

examples and other learning opportunities in sum context of the intervention might provide
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better opportunities for the development of knowledge of NOS teaching (Abd-El-Khalick,
2001; Wahbeh, 2009).

5.1.3. Discussion of the findings for the learning experiences contributed to the pre-

service science teachers’ development of NOS instructional planning

In this part, | discussed findings related to the perceived sources provided within the

intervention which participants attributed to their development in NOS instructional planning.

Researcher used several strategies to improve participants’ NOS instructional plans such as
feedback to lesson plans, HOS based examples coupled with NOS explicitly followed by
NOS discussions, and lesson plan presentations followed by NOS discussions. To
understand the relative importance of these learning experiences, researcher conducted
interview with the participants. Analysis of interview revealed that almost all learning
experiences were appreciated by pre-service science teachers as they facilitated their NOS
instructional planning. However, majority of them perceived that lesson plan presentations
followed by the discussions were the main source contributing their NOS instructional
planning. That is, lesson plan presentations provided them as anopportunity which was close
to authentic teaching opportunity, in which pre-service science teachers pretended like a
real teacher and peers role-played students.Through this opportunity participants had
chance to think themselves as a real teacher and think about their NOS teaching experience.
Additionally, these lesson plan presentations also served as NOS modelled lessons for the
rest of the participants. These teaching experience and modelled lessons were the crucial
components for the development of NOS teaching knowledge (Abd-El-Khalick, 1998; Abd-EI-
Khalick, 2005; Akerson & Abd-El-Khalick, 2003; Akerson, Cullen, & Hanson, 2010; Akerson,
Donlley, Riggs, & Eastwood, 2012; Akerson & Hanuscin, 2007; Hanuscin & Lee, 2009). All
these lesson plan presentations were followed up by whole class discussions related to the
strengths and weaknesses of the NOS lesson modelled. These discussion sessions gave
opportunities for reflection on NOS teaching for both the presenter of the lesson plan and the
other pre-service science teachers. Reflection opportunities were the crucial for the
development of NOS teaching. It was argued that teachers who were more reflective were
more likely to better integrate NOS into their lessons. Moreover, reflection provided
motivation for NOS teaching and improved NOS teaching (Akerson, Cullen, & Hanson, 2009,
2010; Akerson, et al., 2012).
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5.2. Conclusion

In the current study, how pre-service science teachers changed their NOS views in a HOS
contextualized explicit reflective NOS instruction, development of NOS instructional planning,
and the learning experiences contributed to their NOS instructional planning were explored.
Findings of the study concluded that pre-service science teachers’ NOS understanding and
NOS instructional practices were contextualized. Related to NOS understanding, the current
study showed that, contextualized explicit reflective NOS instruction combined various
contexts were influential to gain desired understanding of NOS. The content- rich context
embodied science content, HOS and decontextualized NOS activities increased the
effectiveness of explicit-reflective NOS instruction resulted in informed views of pre-service

science teachers.

For the translation of the NOS views in instructional practices, the pre-service science
teachers revealed substantial improvements. Findings confirmed that informed NOS views
did not guarantee the translation of these views into practice. Thus, there have been no
clear-cut relationships between NOS views and NOS instructional practices. Findings
showed that combination of decontextualized (e.g. content generic) and contextualized (e.qg.
science content, HOS) explicit reflective NOS activities have facilitated pre-service science
teachers’ translation of their e views into instructional practices. Therefore, context in which
pre-service science teachers learn NOS have come out important factor playing role in
translation of NOS views into instructional practices. Additionally, pre-service science
teachers to be successful NOS implementers, they need contexts which provided them
reflection and feedback opportunities. Reflection opportunities and feedback have been
found to be important components of NOS teaching contexts resulting in favorable changes
in NOS instructional practices. NOS modeled lessons, practice of NOS instructional
planning within different science content have been also considered as other important
components to enhance pre-service science teachers’ NOS instructional planning. In that
sense, NOS lesson planning and NOS modeled lessons have provided pre-service science
teachers with opportunities of authentic experiences resulting in development of their

knowledge of teaching NOS.

5.3. Implications of the study

The present study has several implications for pre-service and in-service teacher
professional development, science teacher educators and curriculum developers based on

the findings derived from the study.
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The findings of the study revealed that, pre-service science teachers’ NOS understanding
and NOS instructional practices were context dependent. Pre-service science needed to be
provided contextualized opportunities to improve their NOS views and NOS instructional
practices. For that reason, contextualized NOS instruction needed to involve NOS learning
and NOS teaching experiences in variety of science content. NOS learning experiences
would involve having combination of content generic NOS activities, HOS examples, inquiry
based examples and science content embedded examples. Regarding NOS teaching
opportunities in a contextualized setting, pre-service science teachers are needed to design
and critiqgue NOS lessons. They need to observe NOS modelled lessons. Additionally pre-
service science teachers should be provided with feedback based on their experiences on

designing and teaching NOS lessons.

More specifically, regarding NOS understanding, science teacher education programs for
pre-service science teachers and professional development programs for in-service teachers
should involve combination of variety of contexts which facilitates meaningful NOS
understanding. Combination of contexts ranging from decontextualized activities towards
more contextualized explicit reflective NOS instruction is better to enhance NOS
understanding and translation of these understanding into instructional practices. The variety
of contexts could include content generic activities, examples from HOS and examples from
science content coupled with explicit reflective NOS instruction. In addition, context should
also provide specific pedagogical practices such as planning, presenting and discussing
NOS lessons. These specific pedagogical practices give both pre-service science teachers
and in-service science teachers structured opportunities to reflect on their NOS conceptions
and also assess their NOS conceptions in the context of science content. Moreover, all these
contextualized learning experiences should underscore reflection component strongly.
Reflection is one of the key factors enabling pre-service and in-service science teachers to
understand how their experiences in variety of context related to nature of science. In
addition, it is recommended that pre-service science teachers should engage in learning and
teaching situations in which they engaged in reflection opportunities on their NOS
instructional practices and also get feedback. It is argued that reflection lead better and
responsive teaching and teachers who are reflective in nature are more likely to apply newly
learned strategies in their instructional planning (Akerson, Cullen, & Hanson, 2010; Akerson,
Donelley, Riggs, & Eastwood, 2012; Hanuscin & Lee, 2009). In that sense, professional
development programs should involve reflection opportunities on NOS instructional practices
of pre-service science teaching which favoring motivation and development for NOS
instructional practices. Therefore, the current dissertation presented a good example of

series of NOS lessons which enhace both NOS views and NOS teaching ability. Specifically,
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for Turkish context, the current dissertation provided desing of a NOS course as combining
different contexts and including components such as feedback, reflection, modeled NOS
lessons, and practice of designed NOS lessons to improve not only NOS views but also PCK
for NOS. Furtheremore, variety of contexts for NOS designed in current dissertation also
enabled science educators to be able to address NOS in different contexts such as sicence
courses, NOS course other than the science method course.That is, the range of different
contextualized NOS examples for both to improve NOS understanding and NOS teaching
ability, different tasks aiming to improve NOS teaching ability such as NOS lesson planning,
NOS lesson plan presentations provided a NOS teaching package that science educators

could

Another important implication of the study is related to the translation of NOS views into
instructional practices. As mentioned earlier, having informed views of NOS is important but
not sufficient condition for translation of NOS views into instructional practices (Abd-El-
Khalick, & Lederman, 2001; Lederman, 2007). Pre- service science teachers need to know
how to teach NOS which requires PCK for NOS (Abd-El-Khalick, 2005; Akerson, & Abd-El-
Khalick, 2003; Akerson, & Hanuscin, 2007). Therefore, science teacher education programs
and science teacher educators need to involve structured opportunities targeting to
development of knowledge for NOS teaching. In that sense, these programs should highlight
continued support, feedback within highly contextualized explicit reflective NOS learning and
teaching situations. Moreover, it is argued that context —rich explicit reflective NOS better
facilitates teachers’ translation of NOS views in instructional practices. Through these
contexts it is more likely that pre-service science teachers learn variety examples from HOS
and science content and gain skills to connect these examples to NOS. Therefore, such

contexts are required for better development of PCK for NOS.

Lack of resources, and pressure to cover content are among the constraints impede
translation of NOS views into practice (Schwartz, & Lederman, 2002). Therefore science
teacher education programs and science teacher educators need to provide opportunities for
improvement of the pre-service science teachers’ ability to either adapt or design effective
NOS integrated science lessons. In that sense, lesson plan preparation within variety of
science content helps them to learn how to adapt curricular material to address NOS
effectively in their practice. In sum, pre-service science teachers should be involved in
planning and peer teaching task regarding NOS within their science teacher education
programs. Moreover, it is also important for in-service science teachers to be able to either

design or adopt existing curriculum for explicit reflective NOS teaching. Therefore,
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professional development programs for NOS also need to provide in-service teachers with
NOS lesson designing tasks to help them learning NOS teaching.

In addition, it is important to provide both pre-service, in-service and science teacher
educators with sufficient NOS learning and NOS teaching materials to enable them to
address NOS learning and NOS teaching in the higher education courses. Therefore, there
is a need for educative materials specifically targets to improve understanding of NOS and
teaching to teach NOS. Curriculum developers need to design, more contextualized NOS
activities and educative material to teach NOS teaching are needed.in that sense, present
dissertation provided a kind of educative material indicating integrating NOS into variety of
contexts such as HOS, and science content which modeled the teaching of NOS with

examples in different courses.

5.4. Recommendations for science education research

This study aimed to improve pre-service science teachers NOS understanding and NOS
instructional planning in a contextualized explicit reflective NOS setting. Based on the
findings of the present study, it could be concluded that combination of decontextualized and
contextualized explicit reflective NOS approach can be helpful to develop appropriate NOS
understanding. It is also clear from the present study that, feedback, reflection, designing
NOS lessons and modelled NOS lessons will help better conceptualizing of NOS aspects
and better ability to teach NOS. Implications of the study raised several issues for future
research. First, considering contextual nature of NOS learning and teaching, it would be
beneficial to compare and contrast different kind of explicit reflective NOS contexts in terms
of their effectiveness regarding facilitating NOS understanding. Additionally, it might be
useful to explore if the effectiveness of contexts for developing NOS understanding varies
regarding in-service and pre-service science teachers. Moreover, there is a need to
investigate how long both pre-service science teachers and in-service science teachers
retain their appropriate NOS views gained through contextualized explicit reflective NOS

instruction.

A second important question needs further investigation is how pre-service science teachers
NOS conceptions would translated into teaching after involved in contextualized explicit
reflective NOS instruction. Also it would be valuable to explore how in-service science
teachers’ NOS conceptions and NOS teaching practice would be change within a highly

contextualized explicit reflective NOS instruction.
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Finally, further investigation is needed to explore how teachers’ contextualized NOS
instruction would influence variety of grade level students’ understanding of NOS and levels
conceptions of NOS in relation to motivational factors for learning science. Regarding
developing students’ NOS conception, further research needed to explore how

contextualized explicit reflective NOS instruction leads more appropriate NOS views.

In sum, more research is needed to explore the complex relationship between teachers’
NOS conceptions, translation of these conceptions into practice and the relationship

between NOS instructional practices and students’ NOS concepts.
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APPENDICES

APPENDIX A

VIEWS OF NATURE OF SCIENCE QUESTIONNAIRE

(VNOS D +)

Name:

Date: / /

Did you take this course before: Yesd NOU

Sex: Femaled MaleQ

What is your current year of study at METU: U3year U4 year

Did you take any course related with Nature of Science before: YesQ NOU
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Instructions

[l Please answer each of the following questions. You can use all the space provided and

the backs of the pages to answer a question.

[l Some questions have more than one part. Please make sure you write answers for each

part.

[1 This is not a test and will not be graded. There are no “right” or “wrong” answers to the

following questions. | am only interested in your ideas relating to the following questions.
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1. Whatis science?

2. What makes science (or a scientific discipline such as physics, biology, etc.)

different from other subject/disciplines?

3. Does the development of scientific knowledge always require experiment?

If yes, explain why. Give an example to defend your position.
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4. Scientists produce scientific knowledge. Do you think this knowledge may change in the

future? Explain your answer and give an example.

5. (a) How do scientists know that dinosaurs really existed?

(b) How certain are scientists about the way dinosaurs looked?

(c) Scientists agree that about 65 millions of years ago the dinosaurs became extinct (all
died away). However, scientists disagree about what had caused this to happen. Why do

you think they disagree even though they all have the same information?
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6. In order to predict the weather, weather persons collect different types of information.

Often they produce computer models of different weather patterns.

(@) Do you think weather persons are certain (sure) about the computer models of the

weather patterns?

(b) Why or why not?

7. What is a scientific model?

8. Scientists try to find answers to their questions by doing investigations / experiments. Do
you think that scientists use their imaginations and creativity when they do these
investigations / experiments? YES NO

a. If NO, explain why?
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b. If YES, in what part(s) of their investigations (planning, experimenting, making
observations, analysis of data, interpretation, reporting results, etc.) do you think they use

their imagination and creativity? Give examples if you can.

9. a) What is theory? After scientists have developed a scientific theory (e.g., atomic theory,

evolution theory), does the theory ever change?

b) What is law? After scientists have developed a scientific law does the law ever change?

¢) Is there a difference between a scientific theory and a scientific law? lllustrate your answer

with an example
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10. Some claim that science is infused with social and cultural values. That is, science
reflects the social and political values, philosophical assumptions, and intellectual norms
of the culture in which it is practiced. Others claim that science is universal. That is,
science transcends national and cultural boundaries and is not affected by social,
political, and philosophical values, and intellectual norms of the culture in which it is

practiced.

e If you believe that science reflects social and cultural values, explain why and how.
Defend your answer with examples.

e If you believe that science is universal, explain why and how. Defend your answer with
examples.

264



APPENDIX B

INTERVIEW QUESTIONS CONDUCTED AFTER NOS INSTRUCTION

1. How do you think students’ learning about NOS? Why do they need to learn NOS in
your opinion?

How nature of science reflected in Turkish science curriculum?

3. Do you think you would prefer to teach NOS when you will be a teacher? If so, while
you are teaching NOS what kind of strategies you prefer to follow and what
strategies should be followed in your opinion?

4. Could you evaluate your development for the lesson plans you prepared regarding
of objectives part, activities you used and assessment on the basis of NOS
teaching? What difficulties did you face with while planning for NOS?

5. Several strategies such as giving feedback for lesson plans, providing HOS
examples in class and asking you to prepare and present lesson plans which was
followed by class discussions were applied during the intervention. Which of these

activities do you think influence your skills regarding NOS instructional planning?
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APPENDIX C

LESSON PLAN SAMPLES

a) The sample of lesson plan categorized as “poor”

Topic: Reproduction and Growth /Cell theory
Grade level: 6" grade level

Resources: Text book, http://www.biologyreference.com

Obijectives: Students will be able to;

1. Explain development stages of cell theory.
2. Distinguish between cell proposals.
3. lllustrate different proposals of cell theory.

Teaching methods: direct instruction, questioning.

Connection with other subjects: SPS 1, 2, 3 are related. These require knowledge of

microscope invention.

Starting: | will ask students to tell what they know about cell theory.

» Who had state cell definition first?
» Is there any idea about cell before microscope invented?

- Robert Hook is the first person who define cell in 1665.

- Although there are some thoughts about subunit (atomistic) that constitute living
thing they did not describe cell. Instead they give information about atom or very
small particles for everything.

This part will help student to recall their pre knowledge’s.
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Middle: | will teach cell theory in a gradual manner, starting from Robert Hook.

>

Robert Hook used microscope and made some observations. At result he stated his
observations as: there are some open spaces which are empty. He and some other
scientists suggest that these spaces might be used for fluid transport in living plants.

What have made Hook and other scientist here? Which SPS is this?

What could be the consensus for cell theory related to Hook’s study?

Almost all biologists at that time convinced that organisms were composed of some
type of fundamental unit, and it was the atomistic perception that drove them to look
for such units.

The knowledge appeared at that time is affected by communication between
different scientists and the social embedded ness appears here.

They made inferences depending on limited data.

In 1676, Dutch microscobist Antony Van Leuwenhoek observed red blood cell for the
first time. This ne w information support Hooks’ definition.

In 1824, Frenchman Henri Milne- Edwards propose uniform size for these globules
(cell). He said that “It is clear that cell constitutes the basic unit of the organized
state; indeed, everything is ultimately derived from the cell.”

Francois Raspail ringed the idea of Edwards as: Everything derived from old cell. But the

mechanism he described was wrong.

This information also supports Hooks’ definition of cell.

>

In 1832, Barthelemy Dumortier observed mid- line partition between the original cell
and the new cell. After this observation Barthelemy rejected the idea that cells arise
from old cells.( subjectivity of scientific knowledge)

In 1838, Schliden proposed that a plant composed of cell or cell products. And he
support Barthelemys’ idea that cells arise by crystallization- like process in cell or out
of cell.

- Which idea is more accurate?

Schlieden did not make enough observations and drive such a wrong conclusion.

>

In 1839, Schwann made generalization for laws governing cells identical for plant
and animal. He also support Schlidens’ idea that organisms composed of cell or cell
products. ( for animal)

In 1852, Robert Remark generation schemes of Schkiden and Schwann. He said
that binary fusion was the means of reproduction of new animal cells. (
Tentativeness of knowledge)

In 1879, Walther Flemming noted that chromosomes split longitudinally during
mitosis. Also Wilhelm Roux said that each chromosome carried a different set of
heritable elements and he support Flemmings’ proposals with this idea. In 1904,
Theodor Boveri confirmed this scheme. These discoveries are made by Mendel in
1866 also and these three scientists confirmed Mendel’s hereditary laws.
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End: | will make a brief summary of the cell theory and finish lesson.

As much as new information gathered the cell definition that now is stated. In next century

great development are recorded by invention of electron microscope.

Cell theory now stated as:

1. Allliving organisms are composed of cell.
2. All cells come from pre existing cells.

References:http://www.biologyreference.com, http://www.whfreeman.com/thelifewirebridge2/

(bilogy text book)
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b) The sample of lesson plan categorized as “needs development”

Title/Topic: Atom and Atom Models

Grade Level: 6" grade Duration: 20 minute
Resources/materials: Some sugar and a glass of water
Objectives:

« Students will be able to identify that all matters consist from hardly indivisible and
invisible particles.

« Students will be able to experiment that matters can be divided invisible small
particles.

+ Students will be able to define atom as building blocks of matter.

« Students will be able to differentiate that ideas related to atom structure have
changed through history.

«» Students will be able to recognize that atoms are also composed of small particles.

Teaching Method: Questioning and direct instruction

Connection with other subjects: This subject has connection with squeezing and expansion
characteristics, element and molecule concepts and change of state of matters.

Science process skills: Observation, prediction, stating hypothesis
Related NOS Aspects: Subjectivity and tentativeness

o How does this content portray the nature of science?

I will mention about some scientists atom models and | will emphasize that how this
models change through the history. | will say that scientific knowledge can change as the

time goes and it shows tentative characteristic of nature of science.

o How can this lesson be changed so it better illustrate the nature of science?

I have not got any idea for better illustration of nature of science for this lesson.

o What questions will you ask to facilitate student understanding of NOS?
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| am planning to ask some questions such as ‘what do you think about changing of atom

models through time?’ , ‘What can be the reason for changing of atom models’ etc..
Activities (Description of procedures):

e Starting:

At the beginning of our lesson | will prepare a solution. Firstly, | put a glass of water and | will
show some sugar. | will want students to observe them. After that | am going to want them
make some predictions about what will happen if | mix water and sugar. Then | will mix the
water and sugar and ask what happened to sugar? | will said that sugar divide its small
particles in the water and this particles are invisible. | will want them to state a hypothesis for
this experiment. With this experiment, students will use science process skills such as

observation, prediction and stating hypothesis.

e Middle:

| will define the atom as building blocks of matter. After that, | will mention Dalton, Thomson,
Rutherford and Bohr Atom Models. | will say that as the time goes, the ideas related to atom
structure has change. | will ask students that what characteristic of nature of science is

related to changing of ideas of atom structure through history.

e End:

I will summarize the lesson and | will mention about the subject of our next lesson which is
elements and molecules.

Evaluation: | will evaluate students according to their performance during the lesson.
References

o Devlet kitaplari midirligi, (2005). ilkégretim fen ve teknolojisi dersi( 6,7 ve
8.siniflar) 6gretim program. Ankara: Milli Egitim Bakanligi Talim Terbiye Kurulu
Baskanligi

o Gecmisten Gunimize Atom Modellerinin Serliveni, Retrieved November 24, 2009,
from

http://www.fenokulu.net/portal/Ogrenci.php

270


http://www.fenokulu.net/portal/Ogrenci.php

c)The sample of lesson plan categorized as “exemplary

Title/Topic: Lifting Force of Liquids

Grade Level: 8" Duration: 30 minute
Resources/materials: a text book, readings
Objectives:

e Students will be able to define what lifting force is.

e Students will be able to describe the relationship between the lifting force that affect
a matter and this matter’s density.

e Students will be able to describe the relationship between the lifting force that affect
a matter and this matter’s volume that sink.

e Students will be able to measure the density of a matter by using its mass and
volume.

e Students will be able to compare the lifting force that affects different matters with
different density.

e Students will be able to indicate that how Archimede find lifting force.

e Students will be able to state the role of creativity in development of scientific
knowledge.(creativity aspect of NOS)

e Students will be able to state the role of observations and experiments in

development of scientific knowledge. (empirical-based aspect of NOS)

Teaching Method: Questioning, direct instruction

Connection with other subjects: This subject is connected with the unit of ‘Let’'s Recognize
the Matter’ from 4" grade and the unit of ‘Alteration and Recognition of Matters’ from 5"

grade.

Science process skills: Observation, prediction, communication
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| want to start my lesson with an activity. In this activity, | will give students a wood piece, a
stone, a key and a plastic bottle. Also | will give them a bucket of water. Then | am going to
ask them what will happen if we throw these materials to water. | will want them to make
some predictions about which ones sink in water and which ones float in water. This will
improve their prediction skills. Then we throw the materials inside of the water and observe
what happened. This will improve their observation skills. At the end of this activity, | will
want students to discuss about why key and stone sink while wood piece and plastic bottle
float to improve their discussion skills.

Related NOS Aspects: Creativity and empirical-based

| am planning to give a text related to Archimede’s life and how did he find lifting force
principle. In this text | wrote that King Hiero Il had wanted Archimede to search whether his
crown had been made by pure gold or not. While he was in bath he noticed that the level of
the water rise in the pool as he got in, and realized that this effect could be used to
determine the volume of the crown. He thought that one matter that inside water displaces
an amount of water that is equal to its volume. Therefore crown would displace an amount
of water equal to its own volume. Immediately he design an experiment and he drop the
crown in to the water and measure the volume of water that crown displaced. By dividing the
weight of the crown by the volume of water displaced, he found the density of crown which is
lower than the actual value of gold. With studying this text | am planning to emphasize some
NOS aspects such as creativity and empirical-based. | am planning to ask these questions
for emphasize creativity:

e Why did Archimede find lifting force while any other scientist did not?

e Did his creativity affect his study related to lifting force?

¢ Did scientist use their creativity and imagination during their investigations?
e When do scientists need to use their creativity?

e In every step of science process skills do scientists use their creativity?

For emphasizing empirical-based aspect | am planning to ask these questions:

e What did Archimede do for supporting his idea?
e Did he do some experiments?
e Do all of the scientists do experiments for their study?

e Is experimentation only route of getting scientific knowledge?
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Activities (Description of procedures):

Starting: | am planning to make a review about our previous lesson which is about the
properties of matters. Then | am going to start lesson with an activity. In this activity, | will
give students a wood piece, a stone, a key and a plastic bottle. Also | will give them a bucket
of water. Then | am going to ask them what will happen if we throw these materials to water.
I will want them to make some predictions about which ones sink in water and which ones
float in water. Then we throw the materials inside of the water and observe what happened.
At the end of this activity, | will want students to discuss about why stone and key sink while

wood piece and plastic bottle float.

Middle: | will talk about that if a matter's density is lower than the fluid’s density that it is
inside, this matter float in this fluid. If a matters density is higher than the fluid’s density that it
is inside, the matter sink in this fluid. In our activity key and stone sink in water because their
density is higher than the water’s density. However, wood piece and plastic bottle sink in
water because their density is lower than water's density. We can find their density by
dividing their mass to their volume. Some amount of lifting force exerted on these matters.
Lifting force is the force that is exerted to a matter because of its volume and it is direction is
always opposite to weight of this matter. Then | will mention that one matter that inside of a
fluid displaces an amount of fluid that is equal to its sunken volume. The amount of lifting
force that is exerted to matter by fluid is depends on fluids density. As fluid’s density rise
lifting force that is exerted to matter increase as well. After mentioning these | will give a text
about Archimede who suggest the idea of lifting force of liquids. | will want them to read the

text below.

Archimede was born in Sicilia in 287 BC and dead in 212 BC. He was a Greek

mathematician, physicist, engineer, inventor, and astronomer. He is famous with his lifting

force principle. One day King Hiero Il suspected about the crown that he had been made
may be not from pure gold. He invited Archimede and asked to determine whether it was of
solid gold, or whether silver had been added by a dishonest goldsmith. Archimedes had to
solve the problem without damaging the crown, so he could not melt it down into a regularly
shaped body in order to calculate its density. While taking a bath, he noticed that the level of

the water rise in the pool as he got in, and realized that this effect could be used to
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determine the volume of the crown. He thought that one matter that inside water displace an
amount of water that is equal to its volume. Therefore crown would displace an amount of
water equal to its own volume. Immediately he design an experiment and he drop the crown
in to the water and measure the volume of water that crown displace. By dividing the weight
of the crown by the volume of water displaced, he found the density of crown which is lower
than the actual value of gold. Therefore, it was revealed that the crown had not been made
by pure gold.

Then | am planning to ask these questions to mention some NOS aspects:

e | am will ask these questions for emphasize creativity:

e Why did Archimede find lifting force while any other scientist did not?

¢ Did his creativity affect his study related to lifting force?

¢ Did scientist use their creativity and imagination during their investigations?
e When do scientists need to use their creativity?

e In every step of science process skills do scientists use their creativity?

For emphasizing empirical-based aspect | will ask these questions:

e What did Archimede do for supporting his idea?
e Did he do some experiments?
e Do all of the scientists do experiments for their study?

e Is experimentation only route of getting scientific knowledge?

According to their answers | will mention that scientist’s creativity affect their investigations.
In every step of science process skills scientists use their creativity such as while making
observations, inferences, predictions, experiments even collecting data they use their
creativity. Because different scientist may focus on different data and their interpretations
may be different. Then | will talk about that for supporting his idea Archimede made an
experiment. However all scientist do not use experiments while getting scientific knowledge.

In some cases doing experiment may not be possible. Therefore, they can use their
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observations, inferences and predictions for getting scientific knowledge not only

experiments.

End: At the end, I will summarize lesson. | will say that lifting force is the force that is exerted
to a matter because of its volume and it is direction is always opposite to weight of this
matter and one matter that inside of a fluid displaces an amount of fluid that is equal to its
sunken volume. Also | am going to say that sinking and floating actions are dependent on
fluid density and matter density. Then | will mention that Archimede used his creativity for his
study which is about lifting force of liquids and made an experiment to support it. These

show the creativity and empirical-based aspects of NOS.

Evaluation: | will evaluate students according to their performance during the lesson. | mean
due to their participation of discussions in the class. Also | am planning to ask a question
what we learned related to NOS? Which aspects did we cover? | will evaluate their NOS

understandings related to the participants’ of these questions.
References

o Devlet kitaplari mudurligi, (2005). ilkégretim fen ve teknolojisi dersi( 6,7 ve
8.siniflar) 6gretim program. Ankara: Milli Egitim Bakanligi Talim Terbiye Kurulu
Baskanligi

o Arsimet, Retrieved 10, January 2010,from
http://tr.wikipedia.org/wiki/Ar%C5%9Fimet
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APPENDIX D
EXTENDED TURKISH SUMMARY

(Genisletilmis Tiirkge Ozet)

FARKLI OGRENME ORTAMLARIYLA iLISKILENDIRILMiIS DOGRUDAN YANSITICI
YAKLASIMIN FEN OGRETMEN ADAYLARININ BiLiMiIN DOGASI GORUSLERI VE
BIiLIMIN DOGASI OGRETIMINE ETKIiSININ ARASTIRILMASI

Fen bilgisi egitimin amaci bilim okuryazari bireyler yetistirmek olarak tanimlanmistir.
Glnumizde yasanan hizli ekonomik, teknolojik, sosyal ve bilimsel degisimler gdz 6nine
alindiginda, bilimsel okuryazar bireylerin dnemi gucli bir tlke olugturmak isteyen toplumlarca
anlasilmistir. Bu baglamda, bilimsel okuryazar bireyler yetistirmek fen bilimleri dersinin
onemli amaglarindan birisidir. Tirkiye'nin de arasinda bulundugu birgok Ulke fen egitimini
gelistirmek ve bilimsel okuryazar bireyler yetistirmek adina kokli reformlar yapmistir. Bilimsel
okuryazar birey fen kavramlarini anlayabilen, bilimsel bilgiyi bilimsel olmayan bilgiden ayiran
ve bilimi sosyal bir insan aktivitesi olarak géren, bilim-toplum arasindaki iligskiyi kavrayabilen
bireyler olarak tanimlanmistir (Driver, Leach, Millar, ve Scott, 1996). Ayica, bilim
okuryazarligi bireylerin arastirma-sorgulama, elestirel disinme, problem ¢ézme ve karar
verme becerilerini, yagsam boyu 6grenen bireyler olmalarini, gevreleri ve dinya hakkinda
olup bitenleri merak eden ve anlayabilen bireyler olmalarini da igerir. Bilimin dogasi
konusunun anlagiimasi bilim okuryazarliginda istenilen dizeye ulasmak icin gerekli temel
sartlardan biridir (Abd-El-Khalick ve Lederman, 2000).Bireylerin bilimsel okuryazar olarak
yetisebilmesi icin bilimin dogasi ile ilgili istenen dlizeyde kavramlara sahip olmasi
beklenmektedir. Bilimin dogasi tanimi ile ilgili Gzerinde uzlasilmig ortak bir tanim olmamasina
ragmen, bilimin dogasi genel olarak bilim nedir ve bilimsel bilgi Uretilirken nasil stireglerden
gecer konulariyla ilgilenir (Lederman, 1992). Bilimin ve bilimsel bilginin dogasi Uzerinde
calisan arastirmacilar, 6zellikle ilkdgretim seviyesinde, 6grencilerin 6grenmesi gereken
bilimsel bilginin gesitli 6zelliklerini séyle agiklamislardir (Lederman, Abd-El-Khalick, Bell ve
Schwartz 2002):
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1.Bilimsel Bilginin Degisebilir Dogasi:

Bilimsel bilgi yeni gézlemler ve var olan gdzlemlerin yeniden yorumlanmasi ve gelisen
teknoloji ile elde edilen verilerin degismesi veya gelismesi ile degisebilir. Bilimsel bilgi
yorumlanmig veriler 1siginda glvenilir olmasina ragmen tam dogru ya da kesin degildir, her

zaman degisime agiktir.

2.Bilimsel Bilgi Delile Dayalidir:

Bilimsel bilgi, gézlem veya deneyler sonucu elde edilen deliller ile desteklenmeyi gerektirir.
Bilimsel bilgi gézlem veya deney sonucu elde edilen verilerin yorumlanmasina dayali olarak
olusturulur. Gézlem veya deney sonucunda elde edilen veriler, bilim insaninin teorik,
akademik ve kigisel inanglarinin sizgecinden gegirilerek ve kismen yaraticihk ve hayal

gucunden etkilenerek yorumlanir.

3. Bilimde Oznellik

Her ne kadar bilimsel bilginin objektif olmasi beklense de, bilimsel bilgi her zaman bilim
insaninin 6znelligini igerir. Bilimsel bilgi olusturulurken, bilim insaninin inanglari, akademik
gecmisi, beklentileri, almis oldugu egitim ve dnyargilari bilim insaninin segecegi arastirma
konusunu, verileri elde etme seklini, verileri yorumlamasini ve bilimsel bilgiyi olusturma

surecini etkiler.

4.Bilimsel Bilginin Yaratici Dogasi

Bilim insani bilimsel arastirmaya baslarken, arastirmayi tasarlarken, veri toplarken, verileri
yorumlarken bilimsel arastirma surecinin her asamasinda hayal gucu ve yaraticiligindan

etkilenir.

5.Bilimsel Bilginin Sosyal ve Kiiltiirel Yapisi

Bilim icerisinde Uretildigi toplumun ahlaki, kultirel, sosyal degerlerinden etkilenen bir insan
aktivitesidir. Toplumun kiltirel degerleri olusturulan bilimsel bilginin kabul goérip
gOremeyecegine veya bilimin nasil ve ne sekilde yapilacagina etki eder. Bunlara ek olarak

bilimsel bilgi icerisinde uretildigi toplumun kulturel, politik, sosyal degerlerini de etkileyebilir.
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6. Gozlem ve Cikarim

Bilimsel bilgi gézlem ve deneyler sonucu elde ettigimiz verilerin yorumlanmasina dayanir.
Bilimsel bilgi olusturulurken bilim insanlari gdézlem ve deneylere dayali olarak ¢ikarimlarda

bulunurlar.
7.Bilimsel Teoriler ve Kanunlar:

Teoriler ve kanunlar birbirinden farkl bilimsel bilgilerdir. Teoriler ve kanunlar birinden
digerine donlismezler, aralarinda hiyerarsik bir iliski yoktur. Kanunlar; dogada gdzlemlenen
iliskilerin tanimlanmasiyken, teoriler dogal olgular arasindaki iligkinin agiklanmasidir. Yeni
deliller 1s1ginda veya bilim insanlarinin var olan verileri yorumlamasinin degismesi sonucu

hem teoriler hem kanunlar degisebilirler.

Fen egitimin amacinin bilimsel okuryazarlik olarak belirlenmesi ve bilimin dogasinin bilimsel
okuryazar bireyler yetistirmede 6énemi vurgulanmis olsa da, yapilan bir¢ok ¢alisma gesitli
dizeylerdeki 6grencilerin yetersiz sevide bilimin dogdasi goéruglerine sahip oldugunu
gostermistir (Dogan ve Abd-El-Khalick, 2008; Akerson, Nargung-Johsi, Weiland, Pongsanon,
ve Avsar, 2013; Abd-El Khalick ve Lederman, 2000). Fen egitimi programinda yeterince bilim
felsefesine yer verilmemesi, bilimin dogasi ile ilgili kavramlarin acik bir bicimde
vurgulanmamasi, pozitivist yaklasimi benimseyen deney ve etkinlikler &grencilerin bu
yetersiz goruglerine sebep olarak ileri surilmektedir (Abd-El-Khalick ve Lederman, 2000;
Lederman,2007). Bu faktorlerin yansira, 6grencilerin sahip olduklar yetersiz goruslerde
dgretmenlerinde 6nemli bir roli vardir. Ogrencilerin bilimin dogasi ile ilgili yeterli gérusler
gelistirebilmesi icin, acik, yansitici yaklagimla bilimin dogasi 6gretimine ihtiya¢c vardir.
Bununla birlikte, yapilan c¢alismalar, fen 6gretmenlerinde bilimin dogasi ile ilgili yetersiz
goruslere sahip oldugunu ortaya cikarmistir (Abd-El-Khalick, 2005; Akerson ve Abd-El-
Khalick, 2000; Akerson ve Donnely, 2010; Cil ve Cepni, 2012; Ozgelen, Tuzun, ve
Hanuscin, 2012). Bilimin dogasi ile ilgili yeterli dizeyde anlayisa sahip olmayan fen
oégretmenlerinin, bilimin dogasini sinif icinde dogru bir bicimde &grencilerine aktarmasi
beklenemez (Lederman, 1999; Akerson ve Abd-El-Khalick, 2003; Bell, Matkins, ve
Gansneder, 2011; Akerson ve Volrich, 2006; Demirdogen, 2012). Bu nedenle, fen
Ogretmenlerinin  ve Ogretmen adaylarinin 6ncelikle yeterli dizeyde bilimin dogasi
kavramlarini gelistirmesi gerekir (Lederman, 2007).Bununla birlikte, yapilan g¢aligmalar

O6gretmenlerin yeterli diizeyde bilimin dogasi gérusiine sahip olmasinin bilimin dogasini sinif
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icinde dogru bir bigimde anlatabilecegdini garanti etmemektedir (Abd-El-Khalick ve Lederman,
2000; Lederman, 2007 ). Ogretmen ve dJretmen adaylarinin bilimin dogasini anlatabilmek
icin bilimin dogasi ile ilgili pedagojik alan bilgisine ihtiyacglari vardir. Bu bilgi bilimin dogdasi
konusu ile ilgili yeterli anlayisin yaninda, bilimin dodasini égretebilmek igin yeterli 6rnek,
degerlendirme stratejisi ve 6gretim yontemleri bilgisine sahip olmayi igerir (Lederman, 2007;
Akerson & Volrich, 2006; Akerson, Cullen, & Hanson, 2009). Bilimin dogasini nasil
Ogretecegini  bilmeyen o6gretmen ve 0ogretmen adaylari, yeni hazirlanmis 6gretim
programinda da ©6nemi vurgulanan bilimsel okuryazarlik hedefine ulasmada engel
olusturacaktir. Bilim okuryazari bireyler yetistirmek icin yapilan reformlarin sonu¢ vermesi
gelecegin fen o&gretmenlerinin bilimin  dogasini yeterli bir bigcimde anlayabilmesi ve
Ogretebilmesine baghdir. Bu baglamda, 6gretmen egditim programlarina énemli bir rol

dlismektedir.

Bu calismanin amaci Fen 6gretmen adaylarinin bilimin dogasi goéruslerini ve bilimin dogasi
ogretime yonelik becerilerinin farkli 6grenme ortamlariyla iligkilendirilmis 6gretim yontemleri

dersinde gelistiriimesidir. Calismanin arastirma sorulari asagidaki gibidir:

1-Fen ogretmen adaylarinin bilimin dogasi ile ilgili gorisleri farkh 6grenme ortamlari ile

iliskilendirilmis acik yansitici yaklasim sonucu nasil bir degisim gostermektedir?

2-Fen 6gretmen adaylarinin bilimin dogasi ile ilgili ders planlar farkli 6gretim ortamlar ile
iliskilendirilmis acik yansitici yaklasim ve geri dénat sonucu nasil bir dedisim

gOstermektedir?

3-Fen O6gretmen adaylarinin bilimin dogasi ile ilgili ders planlarinin degisimine ne tir

6grenme deneyimleri katkida bulunmustur?
YONTEM
Arastirma Deseni:

Fen 6gretmen adaylarinin, bilimin dogasi ile ilgili gérislerinin gelistiriimesi, bilimin dogasi ile
ilgili ders planlarinin gelistiriimesi ve bu gelisime katki sadlayan 6grenme deneyimlerini
arastirmak igin nitel arastirma yontemleri kullaniimistir. Bu ¢alisma bir yorumlayici nitel
calisma cesididir (Merriam, 2009). Nitel calismanin dodasina uygun olarak, Fen 6gdretmen
adaylarinin, bilimin dodasina ydnelik olusturduklari anlam ve anlayislar ve bu kavramla iliskili

olan deneyimleri arastirilmistir. Bu amagla, yluz yize gdérisme, belge incelemeleri gibi
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yontemlerle veri toplanarak, Fen &gretmen adaylarinin bilimin dogdasi gorusleri ve bilimin

dogasina iligkin ders planlari ayrintil bir bicimde betimlenmisgtir.
Katilimcilar:

Bu arastirmanin katilimcilari Ankara da bulunan biyiik bir devlet (iniversitesinde ilkégretim
Fen Bilgisi Ogretmenligi programina kayith yedi Ggiinci sinif 6grencisinden (6 kadin, 1
erkek) olusmaktadir. Katilimcilarin yaslar 21-26 yas araliginda degismektedir. Tim
katilimcilar akademik olarak benzer ge¢cmise sahiptir. Katihmcilarin hepsinin 92 kredilik ders
yukind tamamlama sorumlulugu vardir ve bu kredi yukinin 45 kredisi fizik, kimya biyoloji
gibi alan derslerinden olugsmaktadir. Katilmcilar bu 45 kredilik alan derslerini kayith olduklari
programin ilk iki yilinda tamamlamistir. Katilimcilarin tamamlamasi gereken diger ders
yukUmlukleri genel egitim pedagojisi ile ilgili derslerdir. Bu dersler, egitim psikolojisi, egitimde
olgme degerlendirme, dgretim yontemleri gibi derslerden olugsmaktadir. Katilimcilardan higbiri

daha 6nce bilimin dogasi ile ilgili veya bilimin dogasi ile iligkilendirilmis bir ders almamisgtir.
Veri Toplama Araglari:

Bu cgalismada veri toplama araglari, ¢alismanin nitel dogasina uygun olarak segcilmistir
(Merriam, 2009). Genel olarak arastirma sorulari, yari-yapilandiriimis gérisme, agik uglu
Bilimin Dogasi Gorusler anketi (Lederman, Abd-El-Khalick, Bell, ve Schwartz, 2002), 6grenci

yansitici rapor ve ders planlari ile arastiriimigtir.

Bilimin DogasiGériigler Anketi (VNOS-C) : Katilimcilarin bilimin dogasi ile ilgili goéruslerini
arastirmak icin Lederman, Abd-El-Khalick, Bell, ve Schwartz (2002) tarafindan gelistirilen ve
10 agik uglu sorudan olusan anket uygulanmistir. Bilimin dogasi alaninda galisan birgok
arastirmaci dogru-yanhs, coktan segcmeli veya likert tipi 6lgme araglarinin katilimcilarin
kendilerini ifade etmelerini sinirlayacagini belirtmistir. Bu nedenle, agik uglu o6lgme
araclarinin bilimin dogasi ile ilgili gérusleri daha anlamli ve derinlemesine arastiracagini
savunmuglardir (Lederman, Abd-El-Khalick, Bell, ve Schwartz, 2002; Schwartz ve
Lederman, 2002; Schwarzt, Lederman, ve Crawford, 2004; Akerson, Buzelli, ve Donnelly,
2008). Buna ek olarak, anketi geligtiren arastirmacilar katihmcilarla agik uglu sorulara
verdikleri cevaplarla ilgili yliz ylze yari-yapilandiriimis goriismeler yapmanin kisilerin bilimim
dogasi gorusleriyle ilgili daha detayl bilgi verecegini 6ne sirmustir ( Lederman, Abd-El-
Khalick, Bell, ve Schwartz, 2002). Tablo1.kullanilanBilimin Dogasi Gorusler Anketi (VNOS-C)

anketindeki her bir sorunun bilimin dogasi ile ilgili hangi boyutu arastirdigini géstermektedir:
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Tablo 84. Bilimin Dogasi Gorusleri Anketi sorulari ve ilgili boyutlar

Soru numarasi Bilimin dodasi boyutlari

Bilimle ilgili genel fikirler
Bilimsel bilginin delile dayali yapisi
Bilimsel deneylerin dogasi ve rolu
Bilimsel bilginin degisebilirligi
Oznellik, Bilimsel bilginin ¢cikarimsal yapisi, bilimsel bilginin degisebilirligi
Bilimsel bilginin ¢ikarimsal yapisi, bilimsel bilginin degisebilirligi, Bilimsel modeller
Bilimsel modeller, Bilimsel bilginin ¢ikarimsal yapisi
Bilimsel bilginin yaratici dogasi
Kanun ve teoriler
0 Bilimsel bilginin sosyal ve kilturel yapis!

P OoO~NOUAWNPE

Yari-yapilandiriimis gériismeler: Yari-yapilandiriimis gérismeler bu ¢alismanin baslica veri
toplama araglarindan biridir. Bu gérismelerin iki amaci vardir. Katiimcilarin bilimin dogasi ile
ilgili gorusleri hakkinda daha detayl bilgi edinmek igin uygulama éncesi ve sonrasinda
gerceklestirilmistir (Lederman, Abd-El-Khalick, Bell, ve Schwartz, 2002; Schwartz ve
Lederman, 2002; Schwarzt, Lederman, ve Crawford, 2004; Abd-El-Khalick, 1998). Bilimin
dogasi gorusler anketini olusturan arastirmacilar, érneklemin en az %10-15’ lik gibi bir
kismiyla yari-yapilandirilmig gérismeleri tavsiye etmistir (Lederman, Abd-El-Khalick, Bell, ve
Schwartz, 2002). Bu baglamda ¢alismaya katilan bes katiimci ile génullilik esasina dayali
yapilandiriimis gorismeler gergeklestiriimistir. Bu gorismeler yaklasik 30 dakika boyunca
surmustir. Gorismeler sirasinda katilimcilara Bilimim dogdasi gorisler anketine verdikleri
cevaplar sunulmus ve sorulara verdikleri cevaplari érneklendirmeleri, genisletmeleri veya

detaylandirmalari istenmigtir.

Katihmcilarin bilimin dodasina iliskin goruslerinin arastiriimasinin yani sira, bilimin dogasinin
ogretimine iliskin kavramlarinda 6grenmek icin gérusmeler dizenlenmigstir. Bu gérismeler
gonullilik esasina gore duzenlenmistir. Goriismeler uygulama sonrasi dizenlenmis ve
yaklagik 25 dakika sUrmistir. Bu gorismelerde katilimcilarin, bilimin dogasinin ders

planlarina entegrasyonu ile ilgili sorular sorulmustur.

Yansitici rapor:. Bu raporlarin amaci katilimcilari bilimin dogasi 6gretimi ile ilgili dginmeye
tesvik etmektir. Uygulama sonucunda katihmcilarin bilimin dogasi 6gretimi ile ilgili

kavramlarini anlamak adina agsagida verilen sorulari cevaplamalari istenmistir:

d. Bilimin dogasini 6gretmek gerekli midir? Cevabinizi litfen ayrintih bir

bicimde yaziniz.
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e. Gelecekte 63retmen oldugunuzda bilim dogasini 6drencilerinize dgretmeyi
distniyor musunuz? Eger 6gretmeyi dusunirseniz, 6gretmek icin nasil bir
yol izlersiniz?

f.  Su anda sahip oldugunuz bilgilerinizle kendinizi bilimin dodasini 6gretmek
icin yeterli gériiyor musunuz? Cevabinizi litfen ayrintili bir bicimde bigcimde

yaziniz.

Ders planlari: Katilimcilarin bilimin dodasi 6gretme becerilerindeki degisime, yaptiklari ders
planlari incelenerek karar verilmigtir. Katihmcilar toplamda bes ders plani hazirlamis ve her
bir plana bilim tarihi ve bilimin dodasini entegre etmeleri beklenmistir. Katilimcilar ders
planlarini hazirlarken konu ve sinif kademe secimine kendileri karar vermistir. Calismayi
yurtten arastirmaci, her bir ders planina bilimin dogasi entegrasyonu agsindan geri donut
vermistir. Calismada kullanilan ders planlari (¢ ana kisimdan olugsmaktadir, konu ile ilgili
kazanimlar, konu ile ilgili etkinlikler ve degerlendirme kismi. Konu ile ilgili kazanimlar
kisminda katilimcilarin segtikleri konu ve bilimin dogasi ile ilgili kazanimlar yazmalari
beklenmektedir. Konu ile ilgili etkinlikler kismi, katilimcilarin segtikleri konuyu anlatmak igin
izleyecekleri yol, kullanacaklari 6gretim stratejisi, etkinlik ve 6rnekler hakkinda detayli bilgi
verir. De@erlendirme kismi ise, yazilan kazanimlarin élglilimesine dair degerlendirmeyi nasil
yapacaklari hakkinda bilgi verir. Katihmcilardan ders planinin bu ¢ kismini bilimin dogasi ile
iliskilendirmeleri beklenmektedir. Arastirmaci, katiimcilara bu yb6nde geri dont
vermistir.Tablo 2. Calismanin arastirma sorularini ve bu sorulari arastirmak igin kullanilacak

veri araglarini 6zetlemektedir:
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Tablo 85. Arastirma sorulari, veri araglari ve veri toplama sireci

Arastirma sorulan Veri araglari ve Veri toplama siireci

Bilimin dogasi gorusler anketi
(VNOS-C) uygulama 6ncesi ve
sonrasinda uygulanmigtir

Yari-yapilandiriimig gérismeler
uygulama 6ncesi ve sonrasinda
yapilmigtir

Ders planlari toplanmistir

Uygulama sonunda yari-
yapilandiriimig gérugmeler yapilmistir

Yansitici raporlar toplanmistir

Fen 6gretmen adaylarinin bilimin dogasi ile ilgili gérusleri farkh
6grenme ortamlari ile iliskilendirilmis agik yansitici yaklasim
sonucu nasil degismistir.

Fen 6gretmen adaylarinin bilimi dogasi ile ilgili ders planlari
farkh 6gretim ortamlari ile iliskilendirilmis agik yansitici
yaklagim ve geri donut sonucu nasil degismistir?

Fen o6gretmen adaylarinin bilimin dogasi ile ilgili ders
planlarinin degisimine ne tir 6grenme deneyimleri katkida
bulunmustur?

Yari-yapilandiriimig goérismeler
uygulama sonrasi yapilmistir

Uygulama:

Calisma kapsaminda yapilan uygulama 6gretim yontemleri dersinde yapilmistir ve 10 hafta
stirmistir. Ogretim yéntemleri dersi bilimin dogasini ders igine bitiinlestiren bir yaklasimla
verilmistir. Uygulama boyunca bilimin dogasini 6gretmek amaciyla agik yansitici yaklagsim
farkl 6grenme ortamlarinda 6gretmen adaylarina verilmigtir. Bu ¢ergcevede katilimcilara énce
bir icerikle iligkilendiriimemis (de-contextualized) acik yansitici bilimin dogasi egitimi
verilmistir. Bu uygulama toplamda dort hafta sirmustir. Uygulama boyunca katilimcilar belli
bir igerik ile iligkilendiriimemis sadece bilimin dogasini 6gretmeyi amaglayan etkinliklere
katimiglardir (Lederman ve Abd-El-Khalick, 1998). Bu etkinlikler boyunca katilimcilara,
tartisma, bilimin dogasi ile ilgili fikirlerini gbzden gecirme, dizenleme ve fikirlerini diger
katilimcilarla paylasma olanagi sunulmustur. Tablo 3 uygulamanin ilk doért haftasinda
uygulanan ve bir icerikle iliskilendiriimeyen bilimin dogasi etkinliklerini ve bu etkinliklerinin

amagclarini 6zetlemektedir.
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Tablo 3. igerikle iliskilendirilmemis bilimin dogasi etkinlikleri ve ilgili bilimin dogasi boyutlar

Haftalar . S <
Etkinlik adi Amaclanan bilimin dogasi boyutu
Bir bilim adami ¢izin iddia Bilim nedir, bilim insanlari nasil galisir? Bilimsel bilgi
1.hafta . . )
ifadeleri nedir?.
Kart etkinligi Blllm nedir, bilim insanlari nasil ¢galisir? Bilimsel bilgi
nedir?
Avak izleri Go6zlem ve gikarim arasindaki fark
2.hafta " Bilimde 6znellik
Bilimde 6znellik
Geng-yash? Gozlem ve gikarim arasindaki fark
Bilimin sosyal ve kiiltirel yapisi
Bilimde yaraticilik ve hayal gtict
Fosiller Bilimsel bilginin delile dayali yapisi
Bilimsel bilginin ¢ikarimsal yapisi
Bilimde 6znellik
3.hafta
Bilimde 6znellik,
Bilimsel bilginin degisebilirligi
Tangram etkinligi I I ran grsebit |g|" .
Bilimde yaraticilik ve hayal glict
Teori ve kanunlar
_ Bilimsel bilginin delile dayali yapisi
Olaylari siralama etkinligi Bilimde Sznellik
Bilimin sosyal ve kiiltirel yapisi
4 hafta Teori ve kanunlar
Bilimsel bilginin delile dayali yapisi
Kutunun iginde ne var? Bilimde 6znellik

Bilimsel bilginin degisebilirligi
Bilimde yaraticilik ve hayal gticu

Uygulama da besinci hafta icerikle iligkilendirilmis etkinliklere gegis icin kullaniimistir. Bu
haftada katihmcilara farkli 6grenme ortami olarak sunulacak olan bilim tarihi tanitiimistir.
Ayrica, katihmcilarin bilimin dogasini fen alan icerigiyle de iliskilendirmesini kolaylastirma
adina, katilimcilarda o6gretim programini  bilimin  dogasi entegrasyonu agisindan
incelenmeleri istenmistir. Bu hafta boyunca katilimcilarin bu konulari sinif igcinde tartismasi

saglanmistir.

Uygulama besinci haftadan sonra igerikle iliskilendiriimis ag¢ik yansitici bilimin dogasi
etkinlikleri ile devam etmistir. Bu haftadan itibaren igerik olarak bilimin dogasindan érnekler

ve fen konu alanindan drneklerle iligkilendirmeler yapilarak bilimin dodasi agik yansitici bir
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bicimde vurgulanmistir. Arastirmaci, katilimcilara bilim tarihinden okuma pargalari saglamis,
katihmcilar bir kavramlari tarihsel yaklasim igerisinde incelerken ayni zamanda bilimin
dogasi boyutlar ile de iligkilendirme olanadi bulmustur. Katilimcilar sinif iginde bilim
tarihinden belli kavramalar ile ilgili okuma pargalarini okumus, daha sonra sinif igcinde bu
okuma pargasinin bilimin dogasi ile ilgili boyutlari nasil yansittidi ile ilgili olarak sinifigi
tartisma yapilimistir. Uygulamada bilim tarihinden drnekler secilmesinin sebebi, bilim tarihinin
bilimin dogasi ile ilgili kavramlari anlamayi kolaylastirmasidir (Clough, 2006; Abd-El-Khalick,
2005; Kim ve Irving, 2010; Rudge ve Howe, 2009; Lin ve Chen, 2002). Ayrica, arastirmacilar
bilim tarihinin, katihmcilarin bilimin dogasi ile ilgili boyutlarr fen konu icerigi ile
iliskilendirmesini de kolaylastiracagini 6ne sirmustir (Clough, 2006). Kisaca bilim tarihi ile
iliskilendirmenin acik yansitici yaklagimin etkiligini artiracagdi 6ne surilmustur (Clough, 2006;
Abd-El-Khalick, 2005; Kim ve Irving, 2010; Rudge ve Howe, 2009; Lin ve Chen, 2002).

Uygulama sulresince kullanilan bilim tarihi ile ilgili 6rnekler tablo 4." de 6zetlenmistir.
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Tablo 4. Bilim tarihi ile ilgili érnekler ve iligkilendirilen bilimin dogasi boyutlari

Okuma pargasi

Okuma pargasi icerigi

iigili bilimin dogasi boyutlari

Bilim is basinda (John
Lenihan,1990)

Erime ve donma noktalari
kavramlarinin ortaya ¢ikisi

Bilimsel bilginin delile dayali
yapisi

Bilimsel bilginin ¢cikarimsal
yapisi

Bilimde yaraticilik ve hayal
glcu

Bilimsel bilginin degisebilirligi

ikili Sarmal (James
Watson,1968)

DNA ile ilgili kavramlarin ortaya
cikisi

Bilimin sosyal ve kilturel
yapisi

Bilimde 6znellik

Bilimsel bilginin degisebilirligi

ikili Sarmal (James
Watson,1968)

Rosalind Franklin ‘in DNA’in
Kesfindeki rolu

Bilimin sosyal ve kiltlrel
yapisi

Bilimde 6znellik

Bilimsel bilginin degisebilirligi
Luigi Galvani ve Alessandro Bilimsel bilginin delile dayali
Giuseppe Volta’ nin elektrik ile ilgili yapisi
gelistirdigi agiklamalar Bilimsel bilginin ¢ikarimsal

yapisi

Elektrigin Kesfi
(http://learningscience.edu.hk
u.hk/Package.html)

Her hafta icin verilen bilim tarihi érnegini ders plani hazirlama ve sunma etkinligi izlemistir.
Her hafta katilimcilardan bilimin dogasini entegre ettikleri bir ders plani hazirlamalari
beklenmistir. Katilimcilar arasindan herhangi bir katihmci génullilik esasina dayali olarak
ders planini mikro 6gretim yontemiyle sunmustur. Bu sunumlari asagida belirtilen sorularin

yonlendirdigi sinif igi tartismalar izlemistir:

V. Mikro 6gretim boyunca hangi bilimin dogasi boyutlari entegre edilmistir?

VI. Entegre edilen bilimin dogasi boyutlari nasil yansitiimistir?
VII. Entegre edilen bilimin dogasi boyutlar sizce daha iyi nasil yansitilabilirdi?
VIII. Baska hangi bilimin dogasi boyutlari bu mikro dgretim érnegine entegre edilebilirdi?

Bu tartismalar, katilimcilara dncelikle bilimin dogasi ile ilgili goéruslerini yeniden gbzden
gecirme ve daha derin ve anlamli bir anlayis kazanma gibi imkanlar sunmustur. Ayrica,
katilimcilar bilimin dogasi ile ilgili fen kavramlari ile iligkilendirilmis 6rnekler gérme firsati

bulmuslardir. Bilim tarihinden O&rnekler ve fen kavramiyla iligkilendiriimis Ornekler,
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katilimcilara farkh 6grenme ortamlariyla iligkilendirilmis agik yansitici yaklasimla bilimin
dogasi ile ilgili goruslerini gelistirme firsati sunmustur. Arastirmacilar, birlestiriimis farkli
6grenme ortamlariyla iligkilendirilmis agik yansitici yaklagimla bilimin dogasi egditiminin daha
etkili oldugunu savunmaktadirlar (Abd-EIl-Khalick, 2001; Deniz, 2007; Ozgelen, Tuzun, ve
Hanuscin, 2012; Bell, Mulvey, ve Maeng, 2012; Bell, Matkins ve Gansneder, 2011; Rude, ve
Howe, 2009; Howe, 2004; Scharmann et al. 2005).

Bu calismada ders plani hazirlama ve ders planlarini mikro égretim yontemiyle sunmanin
katihmcilarin bilimin dogasi égretimiyle ilgili becerilerini gelistirecedi varsayllmistir. Yapilan
calismalar, 6gretmen adaylarinin bilimin dogasi ile ilgili 6gretim becerilerinin gelismesi igin,
O6gretmen adaylarinin bilimin dogasi ile ilgili, ders planlama, 6rnek bilimin dodasi dersleri
izleme ve bilimin dogasi 6gretimi ile ilgili tartisma ortamlarinda bulunmanin ve bilimin dogasi
ogretme deneyimleri ile ilgili geri donutin gerekliligine vurgu yapmistir (Abd-El-Khalick, 1998;
Akerson ve Abd-El-Khalick, 2003; Akerson ve Hanuscin, 2007; Abd-El-Khalick, 2005;
Hanuscin ve Lee, 2009; Akerson, Donlley, Riggs, ve Eastwood, 2012; Akerson, Cullen, ve
Hanson, 2010). Bunlara ek olarak, farkli 6grenme ortamlariyla iligskilendirilmis agik yansitici
bilimin dogasi dgretiminin, bilimin dogasi ile ilgili gdriglerin Ogretime transferini
kolaylastirdigi 6ne surilmektedir (Bell, Matkins, ve Gansneder, 2011; Abd-El-Khalick, 2005,
2001; Clough, 2006; Rudge ve Howe, 2009; Dass, 2005). Bu nedenle, uygulama
gerceklestirilirken farkli 6grenme ortamlari agik yansitici yaklasimla birlestiriimistir. Asagida
verilen tablo 5 uygulama da kullanilan igerik ile iligkilendiriimis agik yansitici yaklagsim

etkinliklerini 6zetlemektedir.

Tablo 5. igerik ile iliskilendirilmis acik yansitici yaklasimla bilimin dogasi etkinlikleri

Hafta Alan ile iligkilendirilmis agik yansitici bilimin dogas: etkinlikleri

e  Bilim tarihi okuma pargasi (Bilim is basinda, John Lenihan,1990)

6 hafta e Ders plani sunumu ve tartisma

7 hafta e  Bilim tarihi okuma pargasi ( ikili Sarmal, James Watson,1968)
e Ders plani sunumu ve tartisma

8 hafta e  Bilim tarihi okuma pargasi (ikili Sarmal, James Watson,1968)

e Ders plani sunumu ve tartisma

e Bilim tarihi okuma pargasi (Elektrigin Kesfi,
9 hafta http://learningscience.edu.hku.hk/Package.html)
e Ders plani sunumu ve tartisma

10 .hafta e Bilimin dogasi ile butunlestirilmis ders plani hazirlanmasi hakkinda tartisma
e Ders plani sunumu
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Veri Analizi:

Calismada elde edilen veriler nitel veri analiz ydntemleri ile analiz edilmistir. Nitel veriler
analiz edilirken kullanilan genel yaklagsim benimsenmigstir. Veri analizi, Miles ve Huberman
(1994) in 6nerdigi yanitlarin tekrar tekrar okunmasi, var olan desen ve kategoriler ile ilgili
notlar alinmasi ve en sonunda kodlar olusturmasi seklinde gerceklesmistir. Veri analizinde
gegerlilik ve guvenirligi saglamak adina olusturulan kodlar bilimin dogasi alaninda g¢alisan
baska bir arastirmaci tarafindan da kontrol edilmis ve kodlar izerinde uzlasma saglanmistir
(Creswell, 2007; Lincon ve Gubba, 1985).

Bilimin dogasi gériigler anketi analizi (VNOS-C): Katilimcilarin bilim dogasi goérisleri ile ilgili
profillerini olusturmak igcin Lederman, Abd-El-khalick, Bell ve Schwartz (2002) tarafindan
geligtirilen rubrik kullaniimistir. Analiz yapilirken katilimcilarin bilimin dogasi ile ilgili gérusleri
U¢ ana kategori altinda incelenmistir. Katilimcilarin bilimin dogasi ile ilgili gbrisleri yetersiz,
yeterli ve bilgili olarak G¢ ana kategori altinda incelenmistir (Akerson ve Abd-El-Khalick,
2009; Akerson, Cullen, ve Hanson, 2009; Lederman, Abd-El-Khalick, Bell, ve Schwartz,
2002). Bu kategorizasyonda yetersiz goris, bilimin dogasi ile ilgili sahip olunan kavram
yanilgilarini ifade etmektedir. Ornegin, bilimin degismez olarak tanimlayan katilimci yetersiz
gorius kategorisine alinmistir. Yeterli gorus ise bilimin dogasi ile ilgili kabul edilebilir gérigleri
ifade etmektedir. Fakat bu yeterli géris kategorisinde siniflandiriimis bir katihmci ifade ettigi
gériisti detayli aciklamalar veya 6rneklerle destekleyememistir. Ornegin bilimsel bilginin
degisebilir oldugunu kabul eden katilimci bu degisimin nasil oldugunu agiklayamamis veya
orneklerle destekleyememisse goriisu yeterli olarak siniflandiriimigtir. Bilimin dogasi ile ilgili
bilgili goérus kategorisi ise katihmcinin bilimin dogasi ile ilgili kabul edilebilir gériglere sahip
oldugunu ve bu gorislerini detayli agiklama veya 6rneklerle destekledigini gosterir. Ornegin
bilgili goris kategorisinde siniflandiriimis gorusteki katilimci bilimsel bilginin degisebilir
oldugunu kabul etmekle beraber bu degisimin var olan verinin yeniden yorumlanmasiyla,
bilim insaninin bakis agisindaki degisikler veya yeni veri elde edilmesiyle olacagini da ifade
eder. Yeterli gorus ile bilgili goéris arasindaki temel fark, katihmcilarin agiklamalarindaki
derinlik, aciklamanin detaylandiriimasi ve érneklerle zenginlegtiriimesidir. Asagdida belirtilen

tablo 6. her bir kategoriyi bilimin dogasi boyutlari ile ilgili olarak 6zetlemektedir:
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Tablo 6. Bilimin dogasi boyutlari kategorizasyonu

Kategorizasyon

Yetersiz

Yeterli

Bilgili

Bilimsel bilginin
degisebilir yapisi

Bilimsel bilgiyi kesin ve
degisemez olarak ifade
eder.

Kanunlari da kesin ve
degisemez olarak ifade
eder

Bilimsel bilgiyi degisebilir
olarak ifade eder. Kanun
ve teoriler i degisebilir
olarak ifade eder.

Bilimsel bilgi (kanun ve teoriler
dahil olmak lzere) bilim
insanlarinin bakis agisi, elde olan
verilerin yeniden yorumlanmasi,
gelisen teknoloji ile elde edilen
yeni veriler sayesinde degigir.
Gorus ayrica detayh agiklama
veya orneklerle desteklenmistir.

Bilimsel bilginin
delile dayali
yapisi

Bilimi diger disiplinlerden
delillerin rolini

vurgulayarak ayirt edemez.

Bilimsel bilgi elde edilirken
delillerin rollind g6z ardi
eder. Deneylerin bilimsel
bilgiyi birebir ispatladigini
savunur.

Bilimin deney ve gbzlemler
icerdigini vurgular. Fakat
deney ve gozlemlerin
bilimsel bilgiyi destekleyen
deliller elde etmek igin
kullanildigini
vurgulayamaz.

Bilimsel iddialar /bilgiler
olusturulurken bu iddia/ bilgilerin
deney ve gdzlemler sonucu elde
edilen verilerin yorumlanmasiyla
olusturulmus delillerle
desteklendigini ifade eder.

Goérusg ayrica detayh agiklama
veya orneklerle desteklenmistir

Bilimsel bilginin
¢tkarimsal yapisi

Bilim insaninin yaptigi
deneyler ve gézlemler
sayesinde bilimsel
olaylari/bilgileri birebir
gorduklerini savunur.
Bilimde her seyin bes duyu
organiyla gézlemlendigini
savunur. Bilim insaninin
cikarnim yaptigini géz ardi
eder.

Bilim insaninin ¢ikarim
yaptigini ima eder. Fakat
g6zlem ve c¢ikarim
arasindaki farki belirtmez.
Bilim insaninin gézlemlere
dayali gikarim yaptigini
belirtmez.

Bilim insaninin dogadaki tim
olgulari birebir
gbzlemleyemeyeceginin
farkindadir. Bilim insanlarinin
g6zleme dayali gikarimlar
yaptigini belirtir.

Gorus ayrica detayh agiklama
veya orneklerle desteklenmistir.

Bilimde hayal
glcul ve
yaraticilik

Bilimi belli bir proseduri
olan bir aktivite olarak
gorur. Bilimsel aktivitelerde
bilim insaninin yaraticilik
ve hayal giicinln rolini
g0z ardi eder.

Bilim insanin yaraticilik ve
hayal bilimsel bilgi
Uzerindeki roluinu ifade
eder. Fakat bilim insaninin
yaraticilik ve hayal gucunu
bilimsel surecin belli
basamaklarinda
kullanildigina inanir.

Bilim insaninin yaraticilik ve hayal
glcunun roltnun bilimsel surecin
her agsamasinda etkili oldugunu
ifade eder.

GorUs ayrica detayh agiklama
veya orneklerle desteklenmistir.

Bilimsel bilginin
sosyal kultirel
yapisi

Bilimi icinde bulundugu
toplumdan soyutlanmig
evrensel bir aktivite olarak
tanir. Bilim ve toplumun
birbirleri Gizerinde olan
etkisini g6z ardi eder.

Bilimin sosyal kiilttrel
degerlerden etkilenen bir
aktivite oldugunu ifade
eder.

Bilimin ve toplumun sosyal
kilttrel degerlerinin iki tarafli
olarak birbirlerini etkiledigini ifade
eder.

Gorls ayrica detayh agiklama
veya Orneklerle desteklenmisgtir.

Kanun ve teoriler

Kanun ve teori arasinda
hiyerarsik bir iligki
oldugunu ifade eder.

Kanun ve teorileri farkli
bilimsel bilgi turleri olarak
tanimlar. Fakat teori ve
kanun ile ilgili detayh
aciklamalar yapamaz.

Teori ve kanunlari farkh fakat ayni
derecede guvenilir bilimsel bilgi
olarak ifade eder. Teori ve
kanunun ne ifade ettigini dogru bir
bicimde aciklayabilir.

Gorus ayrica detayh agiklama
veya orneklerle desteklenmistir.

Bilimde 6znellik

Bilim insanlari objektiftir.
Yaptidi is bilim insaninin
kisisel inanglari, sahip
oldugu teorik bakis agisi
ve 6nyargilarindan
etkilenmez.

Bilim insaninin yaptigi isin
onun sahip oldugu
insaninin kisisel inanglari,
sahip oldugu teorik bakig
aclisl, ve onyargilarindan
etkilendigini ifade eder
fakat goérusiini detayli
aciklamalar veya
orneklerle destekleyemez.

Bilim insanini sahip oldugu kisisel
inanclarin, teorik bakis agisinin,
onyargilarinin, yaraticiliginin, veri
toplama, veriyi yorumlama,
arastirma dizayn etme vb. Gibi
birgok bilimsel sureci etkiledigini
ifade eder.

Gorus ayrica detayh agiklama
veya Orneklerle desteklenmistir
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Yari yapilandirilmis gériisme ve yansitici rapor analizi: Yari-yapilandirilmis gérismeler ve
yansitici raporlar katihmcilarin bilimin dogasi 6gretimine yénelik goéruslerini arastirmak igin
nitel veri analiz ydntemlerine goére analiz edilmistir. Bu amagla katihmcilarin gérisme
sorularina verdikleri cevaplar tekrar tekrar okunmus ve goérilen kategori ve kodlar
ctkarilmistir (Creswell, 2007; Merriam, 2009)

Ders plani analizleri:

Ders planlarn katilimcilarin  bilimin dodasina ydnelik ders dizayn etme becerilerini
gOstermektedir. Katilimcilarin bu becerilerindeki gelisimine literatir ve uzman gérusinden
faydalanilarak bir bilimin dogasi ders plani degerlendirme anahtari olusturularak karar
verilmistir. Uzman goérisinden faydalanilarak katilimcilardan hazirlamalar istenen bilimin
dogasi ders planlarinin G¢ ana kisimdan olugsmasi dngérulmustir. Buna gére bu calismada
bilimin dogasina iliskin ders plani yazilan bilimin dogasi ile ilgili kazanimlara bilimin dogasini
aclk yansitici bir bicimde vurgulayan etkinliklere ve bilimin dodasinin ders planinin
degerlendirme kismina dahil edilip ediimemesine goére incelenmistir. Asagidaki sekil 1 de de
Ozetlenen bilimin dodasi ders plani kisimlari géz dniine alinarak ders plani degerlendirme

rubrigi olusturulmustur.

Bilimin dogasi
ders plani

Bilimin dogasi Bilimin dogasini

Bilimin dogasi
degerlendirilmesi

kazanimlari ogretmeye iliskin

etkinlikler

Sekil 7. Bilimin dogasi ders plani kisimlari

Buna gore ders planini 3 kisimdan olustugu disiniimis ve her bir kisim kendi iginde bilimin
dogasini entegre etmesi agisindan degerlendirilmigtir. Degerlendirme yapilirken her kisi icin
Uc kategori olusturulmus ve katihmcilarin bu U¢ kisimdaki gelismeleri rapor edilerek genel
gelismeleri Ozetlenmistir. Buna gore ders plani kazanimlar kismi, etkinlikler kismi ve

degerlendirme kismi olarak U¢ ana kisim belirlenerek bilimin dogasi entegrasyonu acgisindan
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uc kategori altinda degerlendirilmistir. Kategoriler uzman goéristu ve literatlrden
faydalanilarak olusturulmustur. Bu kategoriler, yetersiz agik ve yansitici bilimin dogasi
planlamasi, kismen yeterli agik ve yansitici bilimin dogasi planlamasi ve yeterli bilimin
dogasi planlamasi olmak Uzere olusturulmustur. Ders planinin her bir kismi igin kategorilerin

ayrintili agiklamasi asagidaki gibidir:

Kazanimlar: Der planinda yazilan bilimin dogasi ile ilgili kazanimlar asagida agiklanan Ug¢

kategori altinda siniflandiriimistir:
Yetersiz: Bilimin dogasi ile ilgili olarak kazanim yaziimamis olmasini ifade eder.

Kismen yeterli: Bilimin dogasi ile ilgili olarak dogrudan yazilan bir kazanim olmasa da, bilimin
dogasini yapilan planlamaya dahil etmeye yonelik bir niyet s6z konusudur. Yazilan kazanim
dogrudan bilimin dogas! ile alakal degildir fakat ders plani igerisindeki etkinlikler
incelendiginde, yazilan kazanimin bilimin dogasi ile ilgili bilgi beceri kazandirmaya calistigi
anlagilir. Ornegin, katimcinin yazdigi “6grenci atom modellerinin zamanla degistigini
acliklayabilir” gibi bir kazanim yazip, ders planinin etkinlikler kisminda da bilimin degisebilir
dogasina yer veriyorsa, arastirmaci, katilimcinin bilimin dogasini ders planina dahil etmeye
ve bu amacini da kazanimlarda gdstermeye niyeti olduguna karar vermistir. Bu nedenle

bilimin dogasi ile ilgili olarak yazilan bu kazanim kismen yeterli olarak kabul edilmistir.

Yeterli: Bu kategoride kabul edilen kazanim dogrudan bilimin dogasini 6gretmeye yoénelik bir
niyet oldugunu gosterir. Yazilan kazanim dogrudan bilimin dogasi ile alakaldir. Ornegin,
“égrenciler bilimsel bilginin degisebilir oldugunu agiklar’ gibi bir kazanim dogrudan bilimsel

bilginin degdisebilir dogasi ile ilgilidir ve yeterli olarak kabul edilir.

Etkinlikler: Ders planinda yazilan bilimin dogasi ile ilgili etkinlikler asagida aciklanan Ug¢

kategori altinda siniflandiriimistir:

Yetersiz: Bu kategori, ders planinda kazanimlarin saglanmasi igin yapilan her turlG etkinligi
icerir. Eger katimci bilimin dogasini acik ve yansitici bir bigimde anlatmak igin bir ¢caba

gOstermemigse, katilimcinin bu plani bu kisim i¢gin yetersiz olarak siniflandiriimistir.

Kismen yeterli: Agik ve yansitici yaklasim, birbirinden ayrilmayan butin bir yaklagimdir. Yani
bilimin dogasini anlatmaya y6nelik herhangi bir girisim hem acik hem de yansitici olmalidir.
Bu iki 6zellik birbiri icin gerekli ve birbirini tamamlayan 6zelliklerdir (Abd-El-Khalick, 2005).
Bu baglamda bilim dogasi ile ilgili herhangi bir kazanima sahip olup, bu kazanimin elde

edilmesine yonelik bir etkinlik saglanmamasi veya bilimin dogasina yoénelik etkinlikler
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saglaylp bunu kazanimlarda belirtmemek yapilan bilimin dogasina yodnelik 6gretimin
etkinligini azaltir ve dgrencilerin bilimin dogasina ydnelik gelisimlerine bir katkida bulunmaz
(Abd-El-Khalick, 2005). Bu nedenle eger bilimin dogasina yonelik kazanim ve etkinlikler
arasinda bir tutarsizlik varsa bu planlama kismen yetersiz olarak siniflandiriimigtir. Buna ek
olarak, eger katilimci bilimin dogasini sadede dogrudan anlatimla 6dretmeyi planladiysa,
ogretimin yansitici yaninin olmamasi sebebiyle, gene plani etkinlik kismi igin kismen yeterli

olarak siniflandiriimigtir.

Yeterli: Bu siniflandirma dncelikle ders planinda bilimin dogasina ydnelik kazanim ve etkinlik
arasinda bir tutarlihk oldugunu gdstermektedir. Buna ek olarak ders planinda bilimin
dogasini vurgulamaya yoOnelik sorular, tartisma durumlari, érnekler saglanmistir. Ayrica,

bilimin dogasi ile igerik arsindaki iliskilendiriime ders planinda basaril olarak yapiimistir.

Degerlendirme: Ders planinda yazilan bilimin dogasina yonelik degerlendirme iki kategori

altinda siniflandiriimistir.

Yetersiz: Ders planinda bilimin dogasina ydnelik herhangi bir degerlendirme olmadigini

gOstermektedir

Yeterli: ders planinda bilimin dogasi ile ilgili kazanimlarin kazanilip kazaniimadigina dair bir

olgme yapildigini géstermektedir.

BULGULAR

Bilimin dogasina ait goriiglerde degisimler:

Yapilan analizler sonucu, katihmcilarin bilimin dogasi ile ilgili gértuglerinde 6nemli ilerlemeler
kaydettikleri goéralmustir. Yapilan uygulama sonucunda katilimcilarin hepsi gortlerini, yeterli
veya bilgili goéris kategorisine gelistirmis, hi¢bir katilimcinin herhangi bir bilimin dogasi
boyutunda yetersiz gériuse sahip olmadigr gézlenmistir. Bilimin dogasi boyutlari arasinda en
cok gelisimi katihmcilar, teori ve kanun boyutu ile bilimin sosyal kiltrel yapisi boyutunda
gOstermistir. Buna goére, uygulama 6ncesinde katilimcilarin hepsi, teori ve kanunlar arasinda
hiyerarsik bir yapi oldugunu disindyorken, uygulama sonrasinda butiin katilimcilar teori ve
kanunun farkli bilimsel bilgi oldugu, birbiri arasinda hiyerarsik bir yapi olmadigi, teorilerin
bilimsel olgulari aciklarken kanunlarin gézlemlenen bilimsel olgular ifade ettigi anlayisini
gelistirmistir. Kisaca, uygulama sonunda tim katilimcilar teori ve kanun ile ilgili olarak bilgili
gOrus sergilemistir. Ayni sekilde, uygulama 6ncesinde, tum katilmcilar bilimi evrensel olarak

tanimlarken, uygulama sonrasinda bilimin sosyal kiltirel yapisi ile ilgili olarak bilgili gérise
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sahip olmuslardir. Benzer olarak, uygulama baslangicinda alti kisi bilimde 6znellik ve bilimsel
bilginin degisebilir dogasi ile ilgili yetersiz gorise sahipken, uygulama sonrasinda tim
katilimcilar bu boyutlarla ilgili olarak bilgili géris ortaya koymustur. Uygulama baslangicinda
bilimsel bilginin delile dayali yapisi ile ilgili olarak yetersiz gérlse sahip katilimcilardan bes
kisi bu goruslerini bilgili olarak iki kisi ise yeterli goris olarak gelistirmistir. Bilimsel bilgide
yaraticilik ve hayal gucu ile ilgili olarak, uygulama baslangicinda Ug¢ kisi yeterli gorise
sahipken dort kisi yetersiz goérlse sahiptir. Uygulama sonrasinda ise tim katilimcilar bu
boyutla ilgili olarak goéruslerini bilgili goriis olarak gelistirmistir. Bilimin ¢ikarimsal yapisi ile
ilgili olarak uygulama baslangicinda katilimcilarin yaklasik yarisinin yeterli goruse sahip
oldugu goérulmustir. Uygulama sonrasinda ise, alti katiimci bilgili goris sergilerken,

baslangigta yetersiz goriise sahip bir katilimci gértisini yeterli goriise dogru gelistirmistir.

Bilimin dogasina yonelik ders planlarindaki gelisim:

Genel olarak katilimcilarin hepsi bilim dogasi entegre edilmis ders planlarinda gelisim
gOstermis ve bilimin dodasini agik ve yansitici bir bigimde planlayabilmistir. Baslangigtaki
ders planlarinda, katilimcilar bilimin dogasi ile ilgili kazanim yazmakta ve bu kazanimlari
etkinlikler araciligiyla yansitmakta zorluk ¢ekmislerdir. Fakat son ders planlari goéstermigtir ki
uygulama suresince katilimcilara verilen geri-dénut, bilim tarihinden saglanan érnekler, ders
planlarinin mikro &gretim yoluyla sunulmasi, katilimcilarin gelisimine 6nemli katkilar
yapmistir. Buna goére katiimcilar uygulama sonrasinda birgok boyut igin agik ve yansitici
olarak planlama yapabilmiglerdir. Katilimcilar, gogunlukla bilimsel bilginin delile dayal
yapisini aglk ve yansitici bir bicimde planlayabilmislerdir. Bu boyutu bilimsel bilginin
degisebilir yapisi ve bilimsel 6znellik boyutlari izlemistir. Buna gore alti kisi bilimsel bilginin
delile dayali yapisini agik ve yansitici bir bigcimde planlayabilirken, bes kisi bilimsel bilginin
degisebilir yapisini acik ve yansitici bir bicimde planlayabilmistir. Katilimcilardan dort kisi
bilimde 6znellik boyutunu acik ve yansitici bir bicimde planlayabilmis, fakat sadece birer kigi
bilimde yaraticilik ve hayal glcu ile teori kanun boyutlarini a¢ik ve yansitici bir bicimde

planlayabilmislerdir.

Katihmcilar, bilimin dogasina yonelik ders plani hazirlama becerilerindeki gelisimin
cogunlukla ders planlarini mikro-6gretim ile sunma ve bunu takip eden tartisma
etkinliklerinden kaynaklandigini ifade etmiglerdir. Katihmcilardan Ggl ise kendilerindeki
bilimin dogasina yoOnelik ders dizayn etme becerilerinin gelisimine arastirmacidan ders

planlarina yonelik aldiklari geri-donatin énemli katkisi oldugunu ifade etmistir.
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Sonug olarak, bu uygulamada kullanilan farkli 6grenme ortamlariyla iliskilendirilmis agik
yansitici bilimin dogasi yaklagiminin, geri-donlt, yansitici etkinlikler, mikro-6gretim, ders
plani hazirlama gibi etkinliklerle zenginlestiriimesiyle etkinligi artmis ve katilimcilarin bilimin
dogasi goéruslerinin gelisimi ve bilimin dogasi ile ilgili ders dizayn etme becerilerine olumlu

katkilari olmustur.
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