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Abstract: The purpose of the study is to explore the factbes mediate preservice science teachers’
(PSTs) understanding of nature of science (NOS)s Btudy was conducted during the Laboratory
Application in Science Il course and totally 50 BSdined the study voluntarily. The laboratory csmur
was designed under the inquiry-based instructidve design of the study was qualitative and expboyat

in nature. During the semester, reflection papaeweollected to understand PSTs’ experiences tivith
intervention every week. At the end of the semessemi-structured interviews were conducted to
determine the impact of the inquiry-based labosatestruction. All of the data were analyzed at émel

of the semester and determined factors that me®8&fEs’ NOS understanding. Findings revealed that
three main factors; discussions and presentatigisg inquiry skills, and doing inquiry-based ladory
activities were determined as factors that leadeteelopment of PSTs NOS understanding. Furthermore,
intervention also developed PSTs perspectives @baahing NOS
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Ozet: llkdgretim Fen Bilgisi Gretmen Adaylarinin Bilimin Dgasini Anlamalarina Etki Eden Faktorler.
Bu calsmanin amaci, ilkgretim fen bilgisi @retmen adaylarinin bilimin @gasini anlamalarinda hangi
faktorlerin etkili old@unun ortaya cikarilmasidir. Bu gaha Fen Bilgisinde Laboratuar Uygulamalari 1l
dersinde uygulanmive toplam 50 fen bilgisi getmen adayl calmaya gonulli olarak katilrgtir.
Laboratuar dersi agarmaci-sorgulayici yontemle yuritulgiir. Bu galgmada nitel argirma yontemi
kullanilmigtir. Dénem boyunca her haftagrétmen adaylarinin deneyimlerinin ve gililerinin
belirlenmesi icin yazili dokiimanlar toplandi. Dériersonunda agirmaya dayali laboratuaggtetiminin
etkisini belirlemek i¢cin @gretmen adaylariyla milakat yapildi. Verilerin amalsonucunda ¢ 6nemli
faktor; laboratuar ortamindaki tagmalar ve sunumlar, agrma becerilerinin kullaniimasi ve atamaya
dayal laboratuar etkinliklerinin yapilmasgrétmen adaylarinin bilimin gasina yonelik anlaylarini
gelistiren faktorler olarak belirlenrgtir. Son olarak uygulamalar sonrasindaeimen adaylarinin bilimin
dogasinin @retimine ydnelik algilarinin pozitif ydonde gietigi tespit edilmstir.

Anahtar kelimeleBilimin dogasi, Argtirma temelli @&retim, Fen laboratuari, Fen bilgisigrétmen
adaylari

Introduction

It is commonly accepted that a scientifically It student should develop a functional understandi
nature of science (NOS) (Abd-El-Khalick, Bell, & derman, 1998; National Science Teachers
Association [NSTA], 1982). After the main sciencgueation reforms (American Association for the
Advancement of Science [AAAS], 1993; National ReskaCouncil [NRC], 1996; Ministry of National
Education in Turkey [MoNE], 2004; NSTA, 1971), dmng scientific literacy was main concern for
many countries. Therefore, researchers focusechdarstanding students’ scientific literacy at alldls.
Because of uncertainty of definition, science etlwsaused scientific literacy in various ways (N®&
Phillips, 2002). However, understanding of NOS aatkntific inquiry (SI) are accepted as important
components of scientific literacy. Major educatiorganizations in science education emphasized the
importance of students’ understanding of NOS andA®IAS, 1993; MoNE, 2004; NRC, 1996; NSTA,
1971).

Nature of Science (NOS)

Although science organizations (AAAS, 1990, 1993INE, 2004; NRC, 1996; NSTA, 1971) and science
educators aimed to develop conceptions of NOSetiseno one common accepted definition of NOS, and
it has been defined in numerous ways (Alters, 1986Y-El-Khalick, Bell, and Lederman (1998) defined
NOS as “typically, the nature of science has bessduo refer to epistemology of science, sciensay

of knowing, or the values and beliefs inherenthi® development of scientific knowledge” (p.418)nfo
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aspects of NOS that especially related to K-16 atioic are unproblematic and there is a consensus ab
definitions of these NOS aspects (Abd-El-Khalick02; Abd-El-Khalick & Akerson, 2004; Schwartz,
Lederman & Crawford, 2004; Smith, Lederman, Belc@dmas, & Clough, 1997). These are (1) The
Empirical Nature of Scientific Knowledge; (2) Obegations, Inference, and Theoretical Entities in
Science; (3) Scientific Theories and Laws; (4) Theory-Laden Nature of Scientific Knowledge; (5)Th
Tentative Nature of Scientific Knowledge; (6) Thee@tive and Imaginative Nature of Scientific
Knowledge; and (7) The Social and Cultural Embeddsd of Scientific Knowledge.

Abd-El-Khalick and Lederman (2000) and Lederman 9@)9 reviewed past studies about
understanding of NOS in order to clarify what hagrb learned from earlier investigations. Accordimg
these reviews, most of the research during the 496d the 1970s revealed that many science teachers
had inadequate NOS conceptions. Similar resulte Weemd during the 1980s and the early 1990s studie
After this undesirable result, some researcherasid on ways to improve teachers’ NOS conceptions.
Studies showed that promoting teachers’ NOS coiweptimproved students’ understanding of NOS
(Lederman, 2007).

Scientific Inquiry (SI)

After the 1990s, major reforms in science educaitiefuded Sl as an important part of scientifierificy
(NRC, 1996). Schwartz, Lederman, and Crawford (2@ddphasized that Sl refers to characteristich®f t
scientific enterprise and the methods that guidedévelopment of scientific knowledge. In this stud
inquiry-based laboratory activities were used tprove PSTs' NOS views. National Science Education
Standards (NSES) stressed on inquiry, as a teaalpipigpach. Inquiry involves using scientific knodde

and science process skills (SPS) together (NRCQ)208cience process skills were categorized as
observations, inferences, formulating hypothesesjgtiing investigations, defining variables, cditeg
data, and interpreting and communicating results.

Science Laboratory

During the past century, science laboratory coutsege been an important part of science education
(NRC, 2005). However, it needs more research toesgmt its values (Domin, 2007) in light of new
practices in science education. Roth (1994) stietss, “although laboratories have long been reizegl

for their potential to facilitate the learning afience concepts and skills, this potential hastgebe
realized” (p. 197). In the present study sciendmiatory course was used as the context of theystud
because it provided a convenient environment tagonthe inquiry-based laboratory activities.

Recently, NRC (2005) presented a report about $ifpool science laboratories. The report focused on
some skills need to be developed during labordiase investigations. These are mastering subjettema
developing scientific reasoning, understanding templexity and ambiguity of empirical work,
cultivating interest in science and learning sogreveloping teamwork abilities, understandingoxXS,
and developing science process skills (NRC, 2088ine researchers emphasized the importance of actua
practicing environment to develop learners’ NOS arsthnding. Akerson et al. (2000) stressed that
method courses might not be favorable contexts éeeldp science teachers’ NOS understanding.
Moreover, they suggested science content coursamaexplicit-reflective approach to NOS instruction
embedded in the context of learning science comtentd not only facilitate developing science tesrsh
NOS views, but might go a long way in helping tesshtranslate their understandings into actual
classroom practice” (p. 297). This study was cotetlign a science laboratory course, which included
science contents, such as photosynthesis and ievolut

Context of the Study
In science education literature, there are mangiesuinvestigated teachers’ practices with teachN@p
(Abd-El-Khalick, Bell, & Lederman, 1998; Abd-El-Khek & Lederman, 2000; Bartholomev, Osborne, &
Ratcliffe, 2004; Lederman, 1999). These studiesnvsldothat proper NOS teaching requires not only
knowledge of NOS but also qualified teachers anel afsaccurate teaching methods. This study was
conducted in the Laboratory Application in Sciericeourse. The researchers designed inquiry-based
activities to improve PSTs’ NOS views. Every weeRTB did an activity related to one of the NOS
aspects.

In their study, Bartholomew, Osborne, and Ratclif2®04) identified five dimensions related to
teacher perspectives for teaching nature of sciexpdicitly. These are (1) Teachers' knowledge and
understanding of the nature of science, (2) Te&lvenceptions of their own role, (3) Teachers' ofe
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discourse, (4) Teachers' conception of learninglggoand (5) The nature of classroom activities
(Bartholomew, Osborne, & Ratcliffe, 2004). Thesmelnsions were addressed in this study as follow:

In the first dimension, Bartholomew, Osborne, ardckfe (2004) defined a line from “Teachers are
anxious about their understanding” to “Confiderattthey have a sufficient understanding of NOStHia
present study, there were two laboratory sectioistiaree instructors taught the course. One of tivam
the first author of this study and the other tworeveesearch assistants. Each instructor had the
responsibility of one section together with theesgsher. Both research assistants took some courses
related to NOS before. They earned their bachédéordegree from elementary science education
department. Before teaching the course, every wleekesearcher and the instructors met three tiours
discuss the specific NOS aspect. About first dinmenst can be said that, the instructors were elus
“Confident that they have a sufficient understagdifiNOS.”

In the second dimension, Bartholomew, Osborne,Ratdliffe (2004) defined a line from “Dispenser
of knowledge” to “Facilitator of learning.” Durinthe meeting hours with instructors, the researeimer
the instructors discussed the laboratory activiied possible questions that would be confrontat wi
during the intervention. The researcher joinedtthe sections and observed the instructors, and when
PSTs ask questions, the instructors generally Helpem find answers by themselves, and did not answ
students’ questions directly. For the second dimenst can be said that, the instructors were eltus
“Facilitator of learning.”

For the third dimension Bartholomew, Osborne, aattRfe (2004) defined a line from “Closed and
authoritative” to “Open and dialogic.” This dimeosigenerally was related to the researcher bedause
both sections, there were discussion parts atrileoéthe laboratory activities and this part wesnaged
by the researcher. In this part, the researcheedasipen questions, not simple confirmatory yes-no
guestions, and expected deep explanation from P@deover, under the control of the researcher, the
groups in the laboratory had an opportunity to wlsctheir results with each other. About third disien,
it can be said that, the researcher was close peri@nd dialogic.”

In the fourth dimension, Bartholomew, Osborne, Riadicliffe (2004) defined a line from “Limited to
knowledge gains” to “Includes the development dadisaning skills.” In this study, PSTs completed
laboratory activity sheets using their science esscskills. These laboratory sheets included some
guestions related to observing, classifying, hypsiting, experimenting, measuring, etc. While
completing the laboratory activities, PSTs usedéhskills and answered the related questions. Heor t
fourth dimension, the instructors and PSTs fallowresl designated laboratory sheets, therefore nitbea
stated that the instructors were close to “Incluttesdevelopment of reasoning skills.”

In the fifth dimension Bartholomew, Osborne, andcifée (2004) defined a line from “Student
activities are contrived and inauthentic” to “Adties are owned by students and are authenticthén
current study every week, PSTs had a nature oficeiaspect and a blank laboratory sheet includihg o
some directions. In the present study, PSTs wepedat®d to develop their own activities and deftmeirt
specific directions. Most parts of the laboratoheets were formed according to PSTs’ individual
creativity. About the fifth dimension it can be dahat the nature of classroom activities were ecltus
“Activities are owned by students and are authérigcause of the structure of the laboratory sheets
Based on all of these dimensions, it can be saittliis study was conducted using the explicitiective
method aiming to develop PSTs’ views of NOS.

Nature of Science and Science Process Skills

Science education policies stressed that engadlilnigrsts in inquiry-based activities is an oppottyuitd
develop their understanding of NOS (NRC, 2000priter to complete inquiry-based laboratory actgifi
PSTs need to use their science process skills (SP8)relationship between scientific inquiry aneSS
was described by NRC (1996) as during scientifiguiry students should combine SPS and scientific
knowledge to develop their understanding of sciehtehis study, SPS were classified in two différe
forms; these are Basic Science Process Skills medrhated Science Process Skills. Basic SPS cafsist
observing, inferring, measuring, communicating, ataksifying. Integrated SPS comprise of contrgllin
variables, defining operationally, formulating hyjpeses, interpreting data, and experimenting. Digfirs

of basic and integrated science process skillp@sented in Table 1.

Tablel.Science Process Skills
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Name of the Science Process Skills| Specific Skills

Observing the process of gathering information about objecid eventg
using the all appropriate senses

Measuring guantifying the variables by using variety of imstrents and
standard or nonstandard units

Classifying a process that is used by scientists to categobpxts based
on their general characteristics

Inferring developing possible conclusions about observatiomgle
using prior knowledge

Communicating essential to all human endeavors and fundamentahllto
scientific work

Controlling variable one of the essential skills for managing the védemlof a

scientific investigation. Establishing accurateuttss can be
achieved when these variables are identified andralted
carefully

Defining operationally a skill that describes boundaries of things to dresidered in &
scientific investigation. For different disciplindlse defining
operationally can be refer different things

Formulating hypotheses a statement about a possible relationship in theralaworld
that might be found through scientific investigago
Hypothesizing should be based on accurate obsengatr

inferences.

Interpreting data involves some other SPS, for instance, making ptiedis,
inferences, and hypotheses from the data colleatedn
investigation.

Experimenting is the process that encloses all of the basic atebrated
processes

Source;from (Abruscato, 1995; Carin, Bass & Cont2005).

Laboratory Application in Science Il included ingubased laboratory activities every week. In this
course, PSTs had the chance to be actively invalvestientific activities and discussions. Everyekie
PSTs had laboratory sheet, which included activéilated to NOS aspect. PSTs completed these
laboratory sheets using their SPS. The PSTs coeapkight activities. In the Appendix A as an exampl
of the activities, the second activity, which rethto observation-inference activity manual, casden in
Appendix A.

In this study, preservice science teachers’ (P8II3$ understanding in inquiry learning environment
was explored. Specific research question;

What are preservice science teachers’ perspectindsexperiences related to their learning in the
science laboratory course?

(1) What are preservice science teachers’ persgsctabout factors that might affect their
understanding of NOS aspects?

(2) What are preservice science teachers’ persgsdcibout future science teaching?

Methods

In qualitative research the purpose of the studysh the research designs (Marshall & Rossman,)2006
Therefore, the design of the study was defined wditgtive and exploratory in nature (LeCompte &
Priessle, 1993), which provides the importance ohtexts and in-depth understandings of PST’
perspectives.

Participants

In this study the participants were selected frdemtentary Science Education (ESE) program of aipubl
university located in Ankara. In light of recentuedtion reforms the program focuses on contemporary
model for educating future science teacher. Inrttieéid year, all PSTs in the program are requied
enroll in Laboratory Application in Science | fdret first semester and Laboratory Application ineBce

Il for the second semester. During this year, thaselents also enroll in courses directly related t
methods of science teaching (e.g., Methods of Tirgdhand II, Instructional Technology and Matesial
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Development, Science Technology and Society, Schapkriences). In addition to these courses, the
students take pedagogical courses as a requiredfetiiteir program (e.g., Classroom Management,
Measurement and Assessment, Educational Psychology)

A total of 52 PSTs enrolled in the Laboratory Apption in Science Il course offered by the program.
At the beginning of the course, 50 out of 52 PSJreed to join to the study on voluntarily basis.tkd 50
PSTs, 35 were female and 15 were male with a mgarof21.6 years. All of the PSTs were juniors and
had the same science major background. During éh@ester, this course was taught in two different
sections. In the first section PSTs met 4 hourswek (on Tuesdays), the other section met 4 hoerrs
week (on Thursdays). The course hours were the gamboth sections from 1:40 pm to 5:30 pm.
throughout the course, PSTs worked as a group eladted their group members as they desire. We had
SiX groups per section.

Procedure
During the Laboratory Application in Science Il cs@, each week PSTs were given a laboratory sheet
prior to class. Each laboratory sheet started aitbading text about the aspect of NOS that i$dtwes of
that particular week. The reading text introduceéT® to the particular aspect of NOS prior to each
laboratory activity along with a conceptual framekvéor interpreting scientific investigations. Tle¢ore,
this part had an important role for teaching NO$lieitly. Before the inquiry-based laboratory adiyv
every week, PSTs took a pre-quiz included two oedhguestions related to activities and the aspiect
NOS at the beginning of the laboratory sectionth&t end of the laboratory section, all of the P&iate
reflection paper included three questions relatethboratory activities, SPS, and the aspects oSNO
During the laboratory classes, PSTs were engagehdeiaboratory activities related to views of NOS
during the semester. Each PST in every group wpsatad to complete her/his laboratory sheets. While
completing the sheets PSTs asked questions angsdext their tasks with each other. Furthermortheat
end of the instructor's presentation, all grouparetl and discussed their results with other graupise
laboratory class. Thus, PSTs joined small-groupveimole-class discussions each week.

In this study, the researchers used some laboratdivities, which were developed and/or adopted,
related to focus on the aspects of NOS by the relsess. For the focus of this study an activityethlas
Real Fossils, and Evolution Theories was adaptad Bell (2008) and NAS (1998).

Data Collection Process
In this study, all of the data were collected byame of interviews and PSTs’ reflection papers. da
were collected during the Laboratory ApplicationSoience Il course. One of the qualitative datacssi
was interviews with PSTs. At the end of the coud®,out of 50 PSTs agreed to join the interviews
voluntarily. Of these participants, 14 were malel 81 were female. The interviews were conducted to
gain deep understanding about PSTs’ views on N, &nd the laboratory activities. During the
interviews, a semi-structured interview protocolsweed. The interview questions focused on the NOS
aspect of the activity. The interview protocol vaesigned by the first author of this study and &xperts
on NOS were provided their feedbacks on the protoldoe protocol was finalized when all the issues
reached to the resolutions among the experts andetfearcher. In the Appendix B as an exampleeof th
interview, for the second activity, which relatedooservation and inference can be seen in Appdhdix

The other data source was PSTs’ written reflecti@ash week at the end of the laboratory activities
all of the PSTs responded to three open-endedignestThese questions were related to that weekis t
and discussions. Each PST wrote seven reflectigperpaduring the semester. The reflection questions
were prepared by the researchers. The reflectigerpawere collected from the instructors from two
sections in the laboratory. These three questiare e same related to each week. In the Appehds
an example of the reflection paper, for the seamiubity, it can be seen in Appendix C.

Data Analysis

In order to analyze PSTSs’ perspectives and expegienelated to their understandings in the course t
NVivo software program was used to analyze allhef interview and reflection paper data. Transcribed
interviews and reflection papers were enteredW\ovo software. During the analysis of the datainiefy
statements and assigning codes were validatedghrextensive discussions with the first author and
intentional scholar, who has experience with qatilié research and conducted quality of research on
NOS.
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Findings

Data analysis showed that findings about PSTs'pgeettves and experiences related to their learning
during the course. According to the analyses ofnterviews 41 (91 %) PSTs pointed out that thave
about NOS were changed at the end of the course clinge can be summarized with below excerpts:

PST #20: Before this course, | did not know NOSeatp However, science has its
nature from beginning; we were not taught abowg #hibject. In this laboratory, | learned
many new things about science. | liked this course.

PST #33: Before this course | did not know anythaigput NOS, my views were
changed. | knew that scientific knowledge is abgohnd it is not affected from creativity.
Every week | learned different things about NOS bwds surprised.

PST #27: Every week we focused one aspect, andemys\about NOS were changed. |
understand the relation between theory and lawensisis are not objective, scientific
knowledge is theory-laden and it is tentative. Befthis course, | thought scientists were
100 % certain about what they say, and scientifimdedge absolute and not changeable.

PST #34: First, | understand NOS in this courstink NOS is complex, my views
about NOS were changed. Sometimes only listeningading is not enough to understand,
thus | prefer laboratory activities to teach NOS;. dérlier readings about NOS aspects were
meaningful after this laboratory course. Unfortehgteven though throughout my earlier
education, | went to really good schools, | had ynasconceptions about nature of science.
Now, | had chance to change my views thus | am yappring the laboratory course there
were some discussions, these were important fobegause | learned many things. Every
week we wrote reflection papers about NOS and SPR8ink these papers helped us
understand NOS and SPS concepts. This course wédmeth laboratory course for me and |
know this is also true for my many friends. | wile a science teacher | will use these
activities.

Three main factors were determined to understawd PST develop their NOS conception.
These were; (1) importance of discussion and ptasen (explicit discourse about NOS), (2) the
importance of using SPS (inquiry skills), and (8 tmportance of doing activities (constructivist).
From these factors we understood that main charstite of The Laboratory Application in
Science Il course were important in shaping theigpants’ NOS conception. As it was
introduced earlier the course was characterizectitee issues provided in Table 2. Also in
Table 2 how often these characteristics of the smurontributed to the participants NOS
conception was given.

Table 2 Factors Affected Development of NOS Conception

The Course Characteristics The Participants’ Ageser?o of N**)
The Importance of Discussion and Presentation (2B3 %)
The Importance of Using SPS 45 (100 %)
The Importance of Doing Activities 45 (100 %)
. * refers to number of PSTs
. ** refers to the sample of interviews

According to the table, 10 (22,3 %) the PSTs exg@eéthe importance of discussion and presentation
to understand NOS aspects during the intervenfionexample:

Part #34: Before this semester, | had some misg@biocs, such as theories become
laws, and laws cannot be changed. At the end o&c¢hieity, there was a presentation in the
laboratory, we discussed these concepts, and aeonteptions were changed.

65
Vol. 6, Issue 2, December 2010



PRESERVICE SCIENCE TEACHERS' UNDERSTANDING OF NETORSCIENCE

PST #4:. During the activities, we discussed oumugrmmembers, and at the end, we
reached scientific knowledge. In addition, thereavpresentations after the activities, we
learned and connected NOS aspects with thesetadivi

According to Table 2, all of the PSTs (45) artiteththat through the semester using SPS helped
develop understanding of NOS aspects. Below, thexr¢hree statements from interviews:

PST #2: | think there are relationships among NSBS and scientific knowledge.
While doing experiment we use SPS, using SPS help study more systematic, it would
be different methods in science. We can reach semdts with different methods. We used
SPS while conducting activities in the laboratory.

PST #27: There are strong relationships among tdteeknowledge, SPS, and NOS. |
figure out that there is a destination we wangtach it, this is scientific knowledge, we used
some tools which were SPS and scientific methauts.car way of this journey is NOS.

PST #6: We cannot separate NOS and SPS. Becausglento do activity we used
many SPS in laboratory, and at the end we constlumtir scientific knowledge. We should
do these to develop science, and findings shouldHaged by other people to develop
science.

Lastly, all of the PSTs (45) stated that doing\diistihas an important role to develop understandihg
NOS aspects. For example:

PST #31.: | think laboratory is more suitable tateaot only NOS aspects but also other
science context. Because in laboratory we are ective do, thus we learn better than
traditional class presentations.

PST #37: Firstly, | liked this course, | read ladtory manual before and we did
activities ourselves, thus we could easily undestdOS aspects.

PST #40: | think student do not understand NOS daspeclass by direct teaching. |
remember all of things in the laboratory, becauss, fwe were in conflict then we do
activities and we understood. In addition, untié tboratory course | did not set up any
experiment, in this course we designed experiments.

After the analysis of interviews, it was found tBdt(82,3 %) preservice science teachers gained som
views about their future science and NOS teachiithough there was not any aim for this subjectlevhi
planning and conducting this study, the PSTs exdénbeir views about teaching positively. Beloverth
are some statements from interviews:

PST #12: | do not think NOS can be taught in clagh only lecture. Especially in
elementary school, students cannot understand N@&®svwithout laboratory. | think
laboratory is important for science courses. | grdhboratory to teach NOS aspects.
Students should do experiments, they should obsgireetly. My views about NOS were
changed during the laboratory course, if | did join this course, | will graduated from
university, | will be a teacher and unfortunatelwill teach to my students wrong things
about NOS.

PST #17: When | will be a teacher, | will use ladiory for teaching NOS aspects.
Because, | think elementary students could not istaled NOS aspect with oral
conversations. Students need activities about N@8is course, we did activities and we
learned better, also we will be teachers, and Wldagich NOS like that.

PST #19: This laboratory is different than othdwol@tory courses. | think not only NOS
but also other science classes should be taugddbamatory. | remember when | was in high
school, | only memorized scientific knowledge iasd during lectures and | forgot them. |
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learn better in laboratory, because | observe,l altdexperiments. | will use some activities
from this course, when | will be a science teacher.

PST #25: This laboratory course was different tldimer laboratories. | think for
teaching many aspects [of NOS] laboratory enviramnie useful, because students can
learner better by doing activities. However, sorhiehem [NOS aspects] can be taught in
class. | think laboratory should be fruitful, statke should like laboratory environments. |
will use similar activities to teach NOS aspectspstudents in future.

PST #29: | prefer laboratory environment to teadbSNaspects. | think if students do
something they can learn better. Science classrddsbe student centered, students should
observe, thus they like science, otherwise scierlasses will be boring for students.
Moreover, during activities students can use anetlde their creativities.

PST #7: | absolutely believe that application isyvienportant in science, because by
practicing scientific knowledge will be more lagtiand fruitful for students. | think science
lesson should be taught with inquiry methods italory. Students should do experiments.
If students do experiment, they can learn bettectire is not enough for learning, because
students memorize after lecture.

PST #8: | do not think classroom environment isadilé for science education, | prefer
laboratory. Because in class we listen to teach@ate note, and memorize scientific
knowledge, after exams we forget all of them. Eggc NOS should be taught in
laboratory, because in laboratory, students dorexpet, and they can have concrete data,
thus they can learn better.

In these quotations, PSTs emphasized that whenvilielge science teachers, they will prefer to use
inquiry-based laboratory activities to teach NOfeas$ and other science concepts. The PSTs compared
their past learning at middle or high school andytistated difference between inquiry learning and
learning through memarization. Generally, PSTs nr&rad science concepts during their education, but
they realized that they did not learn. The PSTspted that science concepts should be thought in
laboratory environment by using scientific actedti All these expressions revealed that PSTs had a
common understanding about effective student legrmihich was carrying out inquiry-based laboratory
activities to teach NOS aspects.

Discussion and Implication

The results showed that PSTs develop their undelisigs of NOS aspects at the end of the laboratory
course. According to the results, PSTs stated tlfmetors, which have role to develop their NOS
understandings. These were the importance of dismusnd presentation, the importance of SPS,aand t
importance of doing inquiry-based laboratory atig. The difference between SPS and inquiry was
determined by the Standards (NRC, 1996) as “Ingisirg step beyond ‘science as a process’, in which
students learn skills, such as observation, infaxeand experimentation. The new vision includes th
‘process of science’ and requires that studentsbownprocesses and scientific knowledge as they use
scientific reasoning and critical thinking to deyektheir understanding of science.” (p. 15).

As a first factor, PSTs emphasized the importarfagiscussions and presentations at the end of the
laboratory activities. The laboratory course wasiglged and the inquiry-based activities were preghar
according to explicit-reflective teaching approakbllowing the inquiry-based laboratory activitiéisere
were power-point presentations to reflect sciershaécators’ NOS views. Generally, these presentations
included summaries of the readings parts. Aftet, AR8Ts were engaged in reflective discussionhief t
target NOS aspects, they shared and discussedréseilts. Reflective discussions of the target NOS
aspects are important, Khishfe and Abd-El-KhalizZR(Q2) conducted an experimental research, and they
showed effectiveness of discussions after inquayelnl activities in favoring the experimental groip.a
second factor, all of the PSTs stated the impoearfcusing science process skills (SPS) in devetppi
understanding of NOS aspects. Thus it is necessapmphasize the relation between SPS and NOS
because this relation is important for studentmternalize science while learning it. On the omadh
scientific processes are skills related to doingeexnents, such as observation and inference. ©ottier
hand, NOS refers to the epistemological promisedl, Bederman, and Abd-El-Khalick (2000) stated,
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“[Aln understanding that observations are consedify our perceptual apparatus and are inherently
theory-laden is part of an understanding of theneadf science” (p. 565). In this study, SPS areéd as

an important part of explicit-reflective and inqulsased laboratory activities. While preparing \atti
sheets many times SPS were used as giving dieciook as ‘construct your hypotheses’ and ‘defimery
variables’ for activities. PSTs expressed that $BPped them to study more systematical to conclude
activities, and to reach scientific knowledge. Ehare strong relationships among some NOS aspeatts a
some SPS (Khishfe & Abd-El-Khalick, 2002). Researshnoted that, students often conflate SPS with
NOS aspects and it is necessary to distinguish difatiiern (Abd-El-Khalick, Bell, & Lederman, 1998

this study, these relationships were constructeB3®Ys at the end of the course. For instance, wdisam

is one of the important science process skillsy alsservation is an important way to gain inforiomti
about natural phenomena, and it is differ from rafice. PSTs used their SPS and they improve their
understandings of NOS aspects.

In the past, researchers utilized SPS to develof N@erstanding. These attempts were classified as
examples of the implicit approach (Abd-El-Khalick l&derman, 2000). Especially, many of the 1960s
and 1970s education programs SPS were acceptedpantant tool to enhance students’ understandings
of NOS views. However, most of the studies faileddevelop students’ NOS views (Gabel, Rubba, &
Franz, 1977; Lawson, 1982; Rowe, 1974). For theardhat, the implicit approach assumed that NOS
understanding is an ‘affective’ learning outcome fomgnitive’ (Abd-El-Khalick & Lederman, 2000).
Therefore, they did not realize that, in orderrtgpiove NOS understanding it needs instructionsgchvhi
included intentionally and planned NOS aspectsaA{srd factor, all of the PSTs indicated the intpoce
of doing inquiry-based laboratory activities fordemstandings of NOS aspects. Using inquiry-based
activities was classified as a tool for implicitpapach (Abd-El-Khalick & Lederman, 2000). Howevigr,
this study inquiry-based laboratory activities aexplicit-reflective teaching were integrated. Indee
according to Inquiry and the National Science EtlanaStandards (NRC, 2000), inquiry-based learning
has three dimensions for students. These are tepstience concepts and principles, gaining sorifis sk
to conduct scientific investigation, and undersiagaf nature of science. Therefore, using inqliaged
laboratory activities in order to develop NOS vielwspractical. For example, Schwartz, Lederman, and
Abd-El-Khalick (2000) expressed that “For sciendassroom, explicit instruction attention to, and
reflection on nature of science, perhaps in conjanawnith, and in direct reference to inquiry adies in
which the students are engaged may be the crfeddgogical component required for successful tegch
of nature of science through inquiry” (p. 8). I ttame way, Abd-El-Khalick and Lederman, (2000esta
that “involving learners in science-based inquigtivaties can be more of an explicit approach i th
learners were provided with opportunities to reflen their experiences from within a conceptual
framework that explicates some aspects of NOS.6&p).

According to reviews about NOS (Abd-El-Khalick & derman, 2000; Lederman, 1992; Lederman,
2007) researchers, who believed that developing@$ views as ‘cognitive’ learning outcome, and they
used explicit approach. Explicit-reflective approadiffers from didactic teaching, and this approach
emphasized understanding of NOS as cognitive owdcdirerefore NOS should be explicitly taught
(Khishfe & Abd-El-Khalick, 2002). In this study, N&aspects were targeted and planned intentiorally.
addition, constructivist approach was consideregiahse this approach helps PSTs construct their
understandings of NOS aspects. NOS understandmegsognitive learning outcomes, and they could be
best taught using explicit-reflective way as a tausivist approach.

Many research efforts aimed to develop adequateegtions of NOS for students (Lederman, 2007).
Especially some of them focused on teachers’ cdimrepand their practices in classrooms about NOS
(Lederman, 1992). Researchers accepted three assnsn@bout students’ understandings of NOS
conceptions in classroom. These are; students’epiions were significantly related to their teasher
conceptions, teachers transform their conceptiots their practice, and students can gain impjicitl
adequate NOS views doing inquiry-based activitisd¢El-Khalick, Bell, & Lederman, 1998). After the
research about this topic Abd-El-Khalick, Bell, aheéderman, (1998) concluded that, teachers’
conceptions of NOS and their practices in classebare more complex. In addition, they indicated tha
teachers’ beliefs about NOS do not automaticalfflju@nce their practices in classrooms (Abd-El-Ktlali
Bell, & Lederman, 1998).

In the findings part aforementioned that there wasany goal about PSTs’ future teaching while
planning and conducting this study. However, atehd of the course PSTs extended their views about
teaching NOS positively. PSTs expressed, they tvaltslate their NOS conceptions in their classrgoms
and they will prefer to use explicit reflective aimdjuiry-based laboratory activities to teach NGPeat.
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Laboratory Application in Science Il course did matlude any part related to planning and praagicin
NOS aspects for PSTs. Therefore, there was nobppgrtunity to asses PSTs’ practices about teaching
NOS aspects. Further research should explore fhetigéness of NOS instruction on PSTs by examining
their real classroom practices.
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Genisletilmis Ozet
Bilimin dogasinin anlgiimasi bilim okuryazarfiinin temel bir yapita olarak kabul edilir. Bundan dolayi
fen alanindaki bir¢cok reform cafnasi bilimin dgasinin @renciler tarafindan anjdmasini bir hedef
olarak belirlemgtir. Bilimin dogasina ait kavramlaringgencilere kazandiriimasiggimciler tarafindan
amaclanmasina gamen tanimi konusunda tam bir uglgoktur. Bu ¢cakmada bilimin d@asi bilimsel
bilginin kendinden kaynaklanan gkxleri ve varsayimlari icerir ve bilimin bir insairiini olmasi
nedeniyle di fakttrlerden etkilengini kabul eder. Bu ¢calmada bilimsel bilginin yedi temel karakteristik
Ozelligi Uzerinde durulmgtur. Bunlar; dgisebilir olma, deney temelli olma, sibjektif olma,yhh
glctinden ve yaraticiliktan etkilenme, toplumdarkirkiirden etkilenme ve son ikisi gézlem-gikarim ve
teori-yasa kavramlari arasindakgkilerin ortaya konulmasidir.

Bilimin dogasi hakkinda gecmicalsmalari derleyen agarmacilar bircok fen gretmeninin ve
Ogrencinin bilimin d@asina yonelik kavram yanilgilarinin ofglitnu ortaya c¢ikarmgtir. Bilim
okuryazarlginin diger 6nemli bir yapita bilimsel argtirma yontemidir, oda bilimsel bilginin geimi icin
onu yonlendiren metotlar ve bilimsel giiamanin dzelliklerini icerir. Bilimsel sure¢ bederi ile bilimsel
bilginin birlikte kullaniimasiyla bilimsel agarma tam olarak uygulangolur. Gsrencilerin bilimin dgasi
hakkinda gorglerini belirlemek ve onlari gafirmek icin yapilan cajmalar genellikle fen gretimi
(metot) derslerinde yapilguir. Fen laboratuari bunun igin uygun ofduhalde bu zamana kadar cok
kullanilmamstir. Fen @retimi icin yapilan konferanslarda ve toplantila@atirmaya dayall laboratuar
yontemi Israrla tavsiye edilgtir. Bu sayede grencilerin hem bilimsel okuryazarhlari hem de rilin
dogasina yonelik anlaylarinin gelgebilecgi vurgulanmgtir. Bu calgmada fen bilgisi laboratuar
uygulamalari dersinde yapilgtr.

Fen gitimindeki gecmg calsmalar gostermgtir ki 0gretmen adaylari ve gdetmenlerin bir¢gu
bilimin dogasi hakkinda kavram yanilgilarina sahipler. Bu icioid problem ¢ink( ger dretmenler
kavram yanilgilarina sahiplerse bunlari kendi dersloluyla @&rencilerine de gecebilirler. Yapilan
calsmalar gostermgtir ki 6gretmenin sinif igindeki butiin davralar 6grencilerin @renmesinde etkilidir
ve @rencilerin @renmeleri @retmenden bamsiz dgildir. Bilimin dogasinin amaclangh gibi
Ogretilmesi icin oOncelikle fen gretmenlerinin bilimin d@asini dgru bir sekilde anlany olmasi
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gerekmektedir buda onlarin Universitedekigitimleri boyunca uygun deneyimler sayesinde
kazandirilabilir. Fen @timindeki 6nemli reformlardan sonra bircok Ulke lilin dogasina fen
mufredatlarindasiedi. Bu Ulkelerden biride Turkiye'dir, ilkiretim fen bilgisi ders programi yeniden
tasarlanip bilimin dgasina yonelik amaclar mifredata konuldu. Yeni fesgpami kgisel farklihklari ne
olursa olsun butungsenciler icin bilim okuryazargini hedeflemjtir. Bu bgzlamda yeni program bilimin
dogasinin tam olarak anjdmasini ana hedeflerinden biri olarak belirlgtini Yapilan aratirmalarda
Ogrencilerin bilimin dgasina yonelik anlayliarinin gelsmesinde @retmenlerin ¢ok etili bir faktor oldiu
ortaya konulmstur. Ezer fen @&retmenleri bilimin dgasini anlamaz ve bunigri@tmenin neden dnemli
oldugunu kabul etmez iseler Tirkiye'de glurulan bu yeni mifredati derslerinde uygulamaykdk.
Eger @gretmenler bu programi uygulamazsa yeni mifredgedie ve Oonemini yitirmg olacaktir. Bu
calismanin 6rneklemi fen bilgisigietmen adaylaridir yani gelggie fen bilgisi gretmenleri.

Bu calsmanin amaci, ilkgretim fen bilgisi @retmen adaylarinin bilimin gasini anlamalarinda hangi
faktorlerin etkili oldigunun ortaya cikarilmasidir. Bu gaha Fen Bilgisinde Laboratuar Uygulamalari I
dersinde uygulanmive toplam 50 fen bilgisi getmen adayl calmaya gonulli olarak katilrtir.
Laboratuar dersi agarmaci-sorgulayici yontemle yuritllgtir. Bu calgmada nitel argirma yontemi
kullaniimigtir. Donem boyunca her haftagr@tmen adaylarinin deneyimlerinin ve gigflerinin
belirlenmesi icin yazili dokiimanlar toplandi. Doénersonunda agtirmaya dayali laboratuaggtetiminin
etkisini belirlemek icin @retmen adaylariyla mulakat yapildi. Bu gnanada fen bilgisi gretmen
adaylarinin bilimin dgasina yonelik algilarinin gefhesinde nelerin etkili oldiu ve @&retmen adaylarinin
algilar ve balg acilari incelenmtir. Verilerin analizi sonucundagéetmen adaylarinin bilimin gasina
bakslarini gelitiren G¢ temel faktér belirlenstir. Bunlar laboratuar dersi boyunca yapilan surarmbke
tartismalar, bilimsel stire¢ becerilerinin kullaniimasi s@gulayici metotla etkinliklerin yapiimasi olarak
ortaya konulmstur.

Verilerin analizi sonucunda (¢ 6nemli faktor; ladtiar ortamindaki tagimalar ve sunumlar,
arastirma becerilerinin kullaniimasi ve atmmaya dayall laboratuar etkinliklerinin yapiimagretmen
adaylarinin bilimin dgasina yoénelik anlaylarini gelstiren faktorler olarak belirlenrgiir. Son olarak
uygulamalar sonrasindagi@tmen adaylarinin bilimin gasinin @retimine yonelik algilarinin pozitif
yonde dgistigi tespit edilmitir. Fen laboratuarinda yapilan tantalar ve sunumlarin énemli olgu 10
adaylari tarafindan kendi gginlerinin bir etkeni olarak gorilmiiir. Son olarak gretmen adaylarinin
timd sorgulayict yontemle etkinlik yapmanin bilimishogasina yonelik anlamalarini gglidigini
belirtmiglerdir.

Fen bilgisi @retmeni adaylarinin bu laboratuar dersinin onlagelecekteki fen gretimleriyle
iliskisine dair gorgleri incelenmitir. Calismanin bainda aratirmacinin béyle bir amaci olmamasina
ragmen verilerin analizi sonund&i@tmen adaylarinin fengéetimine yonelik tutumlarinin pozitifekilde
gelistigi belirlenmistir. Ogretmen adaylari ilerde fengetmeni olduklarinda bilimin d@sini @gretmek
icin laboratuarda sorgulayici ammma yontemini kullanacaklarini belirtghérdir. Osretmen adayi
gecmite aldiklari fen dersleriyle bu laboratuar derskarsilastirip bu dersi tercih etrglierdir. Bu
calsmada @retmen adaylarinin bu laboratuar sersinden sonreeyielerine bgl olarak bilimin
dogasinin @retimi hakkinda gorlerinin nasil dgistigi incelenmitir. Sonuc olarak gretmen adaylarinin
bilimin dogasinin @retimine yonelik pozitif tutum gefiirdikleri belirlenmitir. Ayrica ¢alsmanin sonunda
daha o6nce bilimin dgasi konularinin fen getimi derslerinde vurgulangi fakat bu ¢akmada bunu fen
laboratuarinda yapmanigr@tmen adaylarinin bilimin g@sini anlamalarinda etkili oldu gorulmigtar.
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APPENDIX A (An Example of NOS Activities)

Name
Laboratory 2

Surname

ID Number

Rationale

Although science associations and science educatorso develop conceptions of natufe
of science (NOS), there is no agreement upon desaefinition of nature of science. One
of the most famous definitions of NOS related ts&mology of science, science a way |of
knowing, and related to the values and beliefs rieteto the development of scientific
knowledge (Abd-el-Khalick, Bell and Lederman 1998here are some main aspects |of
NOS. Some of them are scientific knowledge is eitglirbased, tentative, and scientific
knowledge includes observations and inferencesw&rh, Lederman & Crawford, 2004).
Science process skills (SPS) are thinking skiles #tientists use to construct knowledge,
think on problems, and formulate the results (GaBiass, & Contant, 2005). Scientists
make their discoveries by using their science meakills (Abruscato, 1995). SPS afe
classified in two different forms; Basic and Intetgd SPS. Basic SPS consist of observing,
inferring, measuring, communicating, classifyingdaredicting. Integrated SPS consist |of
controlling variables, defining operationally, fankating hypotheses, interpreting data,
experimenting, formulating models, and presentinfprimation (Brotherton & Preece,
1995).

In this week we will focus second aspect of NOSjefic knowledge includes

observations and inferences. Observations anceiméess are different.

Overview

Objectives

At the end of the laboratory pre service teacheukhbe able to;

1. Explain the second aspect of NOS; scientific dedge includes observations and inferences.
Observations and inferences are different (speleifiming outcomes)

2. Use appropriate basic and integrated scienagpsaskills (specific learning outcomes)

3. Design an experiment about the black box (§pdearning outcomes)

Black Box. !

Introduction
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This laboratory experiment will provide you opparity to understand the second NOS aspect (Scientifi
knowledge includes observations and inferencese®asons and inferences are different) and to use

necessary basic and integrated SPS.

Preliminary Information
The instructor will demonstrate the Black Box.

250 ml <] )
V4 Y. <”\/
I

=

Fioure 2 Fioure 3

|
I

Ficure 1

Your research study should include;
1. What is your observation?

7. Write your conclusion (your experimental designmsupyour inference or not)
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Appendix B (An example of interview questions)
1- Is there any relationship between scientific knalgke and observation-inference?
2- Can you explain your answer with an example froengacond laboratory class?
3- Is there any relationship among nature of sciescience process skills, and scientific knowledge?
4- Can you give any example related to science praieéks used in the second laboratory class?

Appendix C (An example of reflection paper questios)

By considering the processes that you followed dadeict Black Box experiment please answer the

following questions.

1- Explain the aspect of NOS (Scientific knowledgeudes observations and inferences. Observations
and inferences are different) in your own wordeaBe relate the aspect of NOS to the experiment tha
you designed (conducted) in this week.

2- Write the basic and integrated science processs skiht you used to conduct the Black Box
Experiment.

3- What do you think about the role(s) of SPS to usided the aspect of NOS?
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