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ABSTRACT

THE EFFECT OF THE INSTRUCTION BASED ON THE EPISTEMOLOGICALLY AND
METACOGNITIVELY IMPROVED 7E LEARNING CYCLE ON TENTH GRADE
STUDENTS6 ACHI EVEMENT AND EPI STEMOLOGI CAL UNDETF
PHYSICS

Yerdelen Damar, Sevda
Ph.D., Department of Secondary Science and Mathesn&atiucation
Supervisor: Assoc. Prof. Dr. Ali Ery

January 2013, 342 pages

This study investigated the effect of the epistemologically and metacognitively stimulated 7E learning
cycle(EM-7TELC)on t ent h grade st udentsehologitayusderstandirgs hi e v e |
in physics.The participard of the study included 107 (49 Female, 58 Male) tenth grade students at

two Anatolianteachertraining high schoolsn Ankara. A quastexperimental with matchingnly

pretestposttest control group dign was employediwo intact classes of each school were randomly

assigned tdhe experimental and control group. The experimental group was instructed based on the
EM-7ELC while the control group was taught with the traditional instruction. The study was
conductedin 20092010 aedemic year The Force and Motion Achievement Tésand Il were
administered to assesskest udent sé achi evement in force and n
Expectation Survey was applied to prabbes t udent s & eynderstandimgs in physics. a |

Analysis of Covariance (ANCOVA) was employed to examine the effect dhgtiiction relied on

the EM-7TELC onthe st udent sd epi st emol ogi c a tlepistemotbgicalst andi n
understandings were controlled. The resudlicated that there was a significant differefetween

t wo gr o epissetologiaalsunderstandings favor of the EM7ELC group.In this study, a

statistcdly significant inteaction between the mode of instruction atlie st uden-t s 6 pre
epistemabgical understandingsasobservedAptitude treatment interaction (ATI) analysis was used

to figure out the nature difis interaction. The result dhe analysis demonstrated that the traditional

instruction wasmore effective for promoting physics achéenent forthest udent sé i ndi cat.
low epistemological stancélowever, the EM/ELC was more effectivéor the othertypes ofthe

students.

Keywords:PhysicsEducation PersonaEpistemology, Metacogniton, Scientific Inquiry, 7E Learning
Cycle,Force and Motion
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CHAPTER 1

INTRODUCTION

Recent educational documents in Turkey (Turkish physics curriculum development commission,
2007) and overseadlétional Research Council, 199pointed out the importance of inquibased
learning for sudents. For example, accordingNational Science Education Standards,

Inquiry is central to science learning. When engaging in inquiry, students describe objects
and events, ask questions, construct explanations, test those explanations against current
scientific knowledge, and communicate their ideas to others. They identify their
assumptions, use critical and logical thinking, and consider alternative explanations. In this
way, students actively develop their understanding of science by combiningificie
knowledge with reasoning and thinking skills 2).

Inquiry-based learningcreates a learning environment whestudents define and investigate
problems, formulating hypotheses, designing experiments, gathering data, and driving conclusions
about problems. Inquirsbased learning has several advantages. Some of themmaroving
intellectual power andhtrinsic motivation, helping to learn how to investiga@hancingmemory
retention, leading studexentered instruction, contributing seldncep and allowing more time for
assimilation and accommodation of information (Trowbridge, Bybee, & Powell, 2004).

There are several kinds of inquityased learning methodologies used in science educdtian.

learning cycle is one of them (Abraham, 200Birek & Cavallo, 1997)Research studies found that

the learning cycle has been more effective than traditional instructiorerfoancingst udent s 6
achievement and conceptual Tuunrdgeurts,t an0dl ;g BA -éénk | péh,y
&Turgut, 2011; Atek, 2005a; 2005b; Atek & Pol at,
2011; Coberret al.,2010; Eg i n, &K ajnn 2888;Hussain, Azeem, &hakoor, 2011Kanli &
Yagbasan20B; Nuhoj | u & Nlarlu & GurbRz2) PO&lY el maz & Huy,ugg¢zel
2006 ; Zol man, 1990Yal -ienn c& eBra ywsrtaky- e(kAgng,¢ 12010 ; A
Ceylan & Geban, 2009gkici, 2007; Kilavuz, 2005;K° sje a & T29I8aPya,bu- c u, 200
Sevi n- Sirib@nfBabn& ;Tayraukham, 2009), and in biology (Atilboz, 20Bd@lci, 2009;Balci,

Cakiroglu, & Tekkaya, 2006Budprom, Suksringam, & Singsriwo, 2010akiroglu, 2006 Dogru

Atay & Tekkaya, 2008Ebrahim, 2004 Er c an, 2009; Ha rKaynarurekkaya, & Kay
& ¢ aki r o;jLdrd)1999Marék9Cruse, Cowan, & Cavallo, 199dusheno & Lawson, 1999;

Oren & Tezcan, 2008; Sadi &Ck i r o] 1Sua,y g2 Haygh ARz & Salman, 206).

«

k
8 ;

Moreover several studies indicatétk positive effecs of the learning cycle on retentiaf learning
(Harurl uoj | uK &- Klayal, ntuiaiazofhai,Jittam, Ruenwongsa, & Panijpan,

2009; Turgut & Gurbuz, 2011), on studisd attitudes in physics, chemistry and biology{ é Kk | € &
Turgut, 2011; Balci, 2009; Billings, 2001; Brown, 20@khrahim, 2004 Ergin et al, 2008;Farrell,

Moog, &. Spencer1999;Hokkanen,2011; Kaynar, 2007; Lord,1999; Oren & Tezcan, 20@&:ker

& Gerber, 2000Siribunnam & Tayraukham, 2009;hi en Huong, 1997; Yél maz &
2006), on science process ski{lsA - & KTurgut, 2011; Budprom et al2010; Campbell, 1977;

Cumo, 199; Kanli & Yagbasan, 2(8) Polyiem, Nuangchalerm%& Wongchantra,2011;Se v i n - ,

2008), on thinking skillsBudprom et al.2010; Mecit, 2006;0ren & Tezcan, 2008Siribunnam &

Tayraukham, 2009Temel, Dincol-Ozgur, & Yilmaz, 2012), ortheir science perceptiagn(Campbell,

2006;K° sju& T ¢ n2@10;Liu, Peng, Wu,& Lin, 2009; Sriwattanarothait al., 2009), and
epistemological understandings (Bektas, 2011; Kaghat, 2009) However,when the outcomes of

instructions relied on the learning cycle are considered, few studies explored the influence of the
learningcyce on studentsd epistemol ogi cal understandi n

The leaning cycle firstwas introduced by Karplus and Thier (1967). It consists of three phases,
namely,the exploration, inventionand discoveryThe hitial learning cycle was enhanced into five



phases ad named as the 5E learning cycle (Bybee, 1997). Finally, the 5E learning cycle was
expanded into the 7E learning cycle by Eisenkraft (2003). This learning cycle differs from other
learning cycles with more emphasis on eliciting prior knowledge and traosfahnowledge Both
abroad andn Turkey, most of the leaning cycle studies explored the effectiveness of3faeand5E
learning cycle On the other hand, the effectiveness of the 7E learning cycle has been examained in
few studies.Thus, there is a ndeto study further the effect dhe 7E learning cycle in science
education.According tothe studiesinvestigating the effect of the 7E learning cycle experimentally
the 7E leaning cycle promoted t udent s® achi evement andll20®dnceptual un
Kanli & Yagbasan, 2008; Polyiem et a2011; Siribunnam & Tayraukham, 2009), their attitudes
(Bulbul, 2010; Siribunnam & Tayraukham, 2009), their science process $&ildi (& Yagbasan,
2008; Polyien®t al, 2011) and their thinking skills (Mé, 2006; Siribunnam & Tayraukham, 2009).

On the other hand, evenmith the use of the best teaching method, the result mightrbatisfactory.

Additional variables related to studentsdé |l earning mi
For instance, research showed studentespdnseetpi st emol ogi
learning activitiesfHammer, 1994; Hogan, 1999; Rosenberg, Hammer, & Phelan, 2006; Sandoval,

2005; Tsai, 1998) in science and mathematics. Hogan (1999) invedtipaw middle school

student s6 evewswere ralatédovghi threeia dpproashto constructing knowledge with

their friends. The researcher found the association
learning and their participationn i collaborative knowledgbuilding tasks. Therefore, science

instruction should takintoaccount studentsd personal epistemol ogi e
physics curricula which have been proved to improve

influence their epistemological understandings in similar way (Elbyl;Redish, Saul, & Steinberg,

1998).Put in different terms, the implicit instructish o c usi ng on studentsd concept u
and assuming their epistemological understandings wouafove in the same way are not so

effective compared to the instructienplicitly focusing on their epistemological developmegiby,

2001; Redish & Hammer, 2009; Sandoval &orrison, 2003) in terms of promoting their

epistemological understandingsowever,the limited humber of studies inspected the effectiveness

of epistemol ogi cal instructions in whi ch student s
emphasizedh science and other domaifrthermore, although thetudies did not explicitly declar

the theoretical framewoskunderlying their researclheir approaches to instructiaesign provided

cluesaboutwhat theoretical frameworks they supported. Most of these studies employed the idea that
studentsd epistemol ogi desand comexindegpendent @edistentolmdicalr e n't stab
beliefs the student either has or does not have (Hammer & Elby, 2002) to design their instructions

Relying on this view, they implemented strategswmilar to onesused in traditional conceptual

changeapproact o change studentsd napve beHddweverfmanywi t h mor e s
studies provided supporting evi daaeceneddeperdent student so6
rather than coherent, contertlependent stable beliefs (Leach, Millar,dey, & Sere, 2000; Lising

& Elby, 2005; Louca, Elby, Hammer, & Kagey, 200Rosenberg, Hammer, & Phelan, 206®th &

Roychoudhury, 1994; Sandoval & Morrison, 2003; Songer & Linn, 1991). In other words, the results

of these studies supportatie resourcesframework for personal epistemologyThis personal

epistemology frameworlarguesthat students have a set of fine graineourcegelated to their

views about the nature of knowleddaowing and learning. The activation of these resources is
contextdependent.Therefore,epistemological instructions should aim ¢o-activae and stabilize

epistemological resources the individual already has rather than removal of olds Helief

development ofheir epistemological understandin@slby & Hammer, 2010)Furthermore, except

for the study of Elby (20D, all of the studies emphasizing explicit epistemological instruction

conducted their research for university studentsUnl i ke 1El Bpds READOh and Hammer
(2009) studies, other personal epistemolsiydies tested their instructions in educational psychology

or similar courses and ai med mai nThys noeresecarehnge st ude nt
is needed for exploring the impact of explicitly epistemological instruction in science dodn

grade levelsin addition, the researchef the current studgould notreach any study testing the

effectiveness of the explicit epistemological instruction focusimgt udent sd per sonal epi ste
in Turkey.

Moreover, both scientific ingry and epistemology researchers emphasize the importance of

met acogntion for studentsé | earning. Sever al researct
for scientific inquiry (Baker, 1991; Schraw, Crippen, & Hartley, 2006; White & Frederiki<¥38,

2000). For instance, according to Schraw, Crippen, and Hartley (2006), scientific inquiry requires

metacognitive skills such as planning, monitoring, reflectiand selfevaluation of learning.



FurthermoreBaker (1991)suggested that using metaod@n enables science educators to provide
better ways for their students to learn from text materials and to promote independence in learning
through lectures, discussion, laboratory work, and handactivities. White and Frederiksen (1998)
pointed outthe importance of metacognitive reflection in inquiry processes. Furthermore, Weaver
(1998) summarizes the successful and unsuccessful teaching practices. The study indicated that
laboratory activities can improve conceptual change when discussion #edioefare integrated

into them. A number ofstudies in science provided evidence that metacognitive instruction had
positive impact on studeriis oncept ual under standi ngsAlemdad achi ey
2009; Bianchi, D07; Hoffmann, 2010; Koch, G®1; Michalsky, Mevarech & Haibi, 2009;
Mittlefehldt & Grotzer, 2003; Peters &itsantas 2010; Polat, 2010; Saribas, 200hhatu, 2006;

Tien, 1998; Viko, 2010; Yildiz, 2008; White & Frederiksen, 1998; Yuruk, Beeth, & Andersen, 2009),
on the retetion of learning (Adey & Shayerl 9 9 3 ; A k gAleiindar, Z0@;Bi@nchi, 2007;

Blank, 2000; Georghiades, 2004; Yuruk et 2009), on the transfer of learninglémdar, 2009;
Georghiades, 2006; Lin & Lehman, 1999; Mittlefehldt & Grotzer, 20BiBhatu, 2006), std e nt s 6
metacognition (AbZzlZKhalick & Akerson, 2009; Baird &Vhite, 1984; Butterfield, 2012; Cakir,
2011;Hennessey, 199%arkin, 2006; Michalskyet al, 2009; Yildiz,2009 attitudes towards science

ard l earning ( Ak & Mhite, 1984; ITen, 19883 iand dscientific inigy skills
(Dejonckheere, de Keer&, Tallir, 2011;Lin & Lehman, 1999; Saribas, 2009ien, 1998 White &
Frederiksen, 1998)Studies exploring the usefulness of metacognitive ingbaged instruction in

which scientific inquiry was incorporated with raebgnitive activitiee.g., Saribas, 2009 ien,
1998;White & Frederiksen, 1998ncludedvery small portion of the metacognitive studies conducted

in science. In Turkey, compared to the number of studies employing the learning cycle, there were
few studes testing metacognitive instruction in scienéek(g ¢ | , Alen@al, Q009 Cakir, 2011;
Saribas, 2009; Kirbulut, 2012; Polat, 20Mildiz, 2008). Only three of themwere metacognitive

inquiry studies whose participants included-peevice teachers @ementary students (Cak0Q11;
Saribas, 2009yildiz, 2008).

In addition there are few studies integrated metacognition into the learning dgteak( 2000;
Appamaraka, Suksringarm, & Singseewo, 2009; Sornsakda, Suksringarm, & Singseewo, 2009;
Yildiz, 200§. However all used the same integration following Blaiiksstudy. Therefore,
investigating different integratieusing different metacognitive strategeeeneeded.

Similarly, metacognition is a significant factor for personal epistemologyarekersas well
(Bendixen & Rule, 2004Bendixen & Feucht, 2010Elby & Hammer, 2010; Rule & Bendixen,
2010). According to Bendixen and RU2004), metacognition is very crucial for the effectiveness
and durability of personal epistemology developmengyTproposed an integrated model framework
for explaining the dewepment of personal epistemologiddetacognition is one of main elements
for this model. Likewise, according to Elby and Hammer (20d@tacognitive monitoring is needed
for the coactivaton and stabilization of epistemological sasces. Tiere is no study explicitly
addressing othe personal epistemology in the learning cyclerinstion.

In conclusion, m the light of above discussion, the purpose of this study is to investigateetieofff

the epistemologically and metacognitiveljnproved 7E learning cycle (EMELC) on tenth grade
studentsd physics achievement and epistemol ogical
1.1The Main Problem

The main problem of this study is:

What is the effecof the EM7ELC as compared tthe traditional instruction (T1) on tenth grade

Anatolian teacher training high scho®TTHS) st udent sé physics achi eveme
unit and epistemological understandiiig physics in Ankara?

1.1.1The Sub-Problems

The subproblems of the study are as follows;

SP1: Whatare the effecs of the EM7ELC and the Tl on tenth gradfTTHS st udent s®é phys:
achievement on force and motion unit in Ankara?



SP2: Whatare the effecs of the EM7ELC and the Tl on tentlgrade ATTHS st udent s 6
epistemological understandisip physics in Ankara?

1.2 Hypotheses
The research problem is tested with the follownnd) hypotheses.

Hol: There is no significant overall effect of the ENMELC and the Tl on the population mearishe
collective dependent variablesf tenth gradeATTHS st u d e n ttestosconeso of t physics
achievement in force and motion unit and epistemological understandipyysics when the effect
of s t u dtesh scards ofphysics achievement in forod anotion unit and epistemological
understandings in physics are controlled.

Hol.1: There is no significant effect of the ERELC and the Tl on the population means of tenth
gradeATTHS s t u d e n-test 6corgs @fsphysics achievement in force and matidnwhen the

ef fect of -test scdresndf lysicp achievement in force and motion unit and
epistemological understandings in physics are controlled.

Hol.2: There is no significant effect of the EMELC and tle Tl on the population means tafrth
gradeATTHS s t u d e n-tes €corgs of ggistemological understandings in physics when the effect
of st u dtesh $cards ofpphysics achievement in force and motion unit and epistemological
understandings in physics are controlled.

1.3 Definition of Important Terms
The important terms used in the study can be defined as follows;
The 7E learning cyclés an inquiry based learning strategy that requires dividing instruction into

seven phases which are namedhaslicit, engage, explore, explaiavaluate, elaborgtand extend
phases (Eisenkraft, 2003). The main distinction of the7E learning cycle from the 5E learning cycle is

putting more emphasis on eliciting studentsd prior wu

Metacognitive activitiegre the activities prompting students to engage in metacognitive thinking.

Epistemological activitiesare activities prompting students to thinking about the nature of
knowledge, knowingand learning. In this study, epistemological activities were t@egromoting
studentsd understandings of nature of physics

The instruction based on thepistemologically and metacognitivelyirsulated 7E learning cycle
(EM-7ELQ) is an instruction in which metacognitive and epigitgical activities were integrated
into seven phases of the 7E learning cycle.

Traditional physics instructiois an instruction in which students are mostly in the passive listener
role and teachers are in the knowledge transnmtier First, teachergxplain topics, then, solve a
few example questions and have students solve similar questions on the board.

Physics achievemeirt force and motion unis a masurement of what students knalwoutforce

and motionunit according to prespecified learnig objectives. In this study, Force and Motion
Achievement Test and Il (see Appedix E4 and E5) were administered to
achiexement in force and motion unit.

Epistemological understandings i ndi v i d uhe Inaude ofvknaviedge,nkviing and

learning (Hofer & Pintrich, 1997Elby & Hammer, 2010). In the present study, the Turkish
Maryland Physics Expectatidh survey givenin Appendix A wa s used to probe
epistemological understandings in physics.

knowl e

me as u

stude



1.4 Significance d the Study

Based on discussion conducted at the beginning of dingter, many studies indicatkat the
instructionrelied ont he | earning cycle has been effective f
science. On the other hand, a great deal researths 0 s hows t hat student s
understandings influence their approaches to learning activifies. esearch alsalemonstrates

explicitly epistemological instructions are more effective than implicit epistemological instructions

Therefore, tk instruction relied on the learning cycle shoeiplicittyt ake i nt o account
epistemological understdings. However, the researcher could not find any learning cyalty
explicitly focusing on studentsd personal epi ster

Furthermore scientific inquiry and personal epistemology researchers strongly suggest the explicit
integration of metacogniton into inquibhased instructiomor epistemological instructisnHowever,

this incorporation is rarely studied. Furthermore, there wagsearch investigating effectivenaxfs

an inquiry basedeaching strategy which explicitly emphasizes both metacogratiointhe personal
epistemology. Therefore, his study will fill the gaps menti@d above by investigating the
effectiveness of e 7E larning cyte as an inquiry based teaching strategy in which both
metacognition anthe personal epistemology aeplicitly integrated.

Furthermore, most opistemological studiegxploring the effect of explicitly epistemological
instructiondesigredthei r i nstruction by viewing stfiedent sdé p
stable and coherenaand maderesearchat undergraduate or graduate levdfowever, this study
adwcates t hat student sd =epistemol ogmsedspendorc| ude
contexts. Therefore, i nst e atheinstfucti@niainedtimegctiviaton c han g e
of the productive resources students alrehdgt The current study makecontribution to personal

epistemology literature by exploringfe€tiveness othis type ofepistemological instruction for high

school students.

In particular in Turkey, t hi s study is the first research in
epistemologies were explicitly considered in the instruction and in whiglY[E learning cycle was
integrated with metacognitive instruction

In conclusion, this studgontributego science educatidoy providing evidences fahe effectiveness

of the 7E learning cycle combined with metacognitive and epistemological actiwitiesespect to
high school studentsd6 achievement and epistemol of¢
a sample of instructional activitieglied on the 7E learning cycle, metacognitipandthe personal
epistemologyall together foteaches, researchers, curriculum develapand textbook writers.

The new Turkish high school physics curriculum recommends teachers use more-ctutkned
instruction. Teaches can apply theinstructional material®f this study, entirely or partly in thei
instruction for this purpose. They can also design their own instructional materials similar to those of
this study for other topics or other subject domaurriculum developers can benefit from results
and instructional materialsf this studyto revise or develop their curriculuno tintegrate scientific
inquiry with metacognition and the personal epistemology. Likewthe textbook writers can gda

the instructional materialgf this studyinto their textbook and writethe teacher guide books ugin

the teacher guides developed in this study.






CHAPTER 2

LITERATURE REVIEW OF RELATED STUDIES

This chapter is comprised of the review of the related literature for thig. stuthe first section, the
discussion orthe conceptualization of scientific inquiry is presented to show how the present study
approaches to scientific inquiry. The rest of this chapter is divided to three parts corresponding to the
reviews of studiesadtusingon the learning cyclewhich is an inquirybased teaching strategye
personal epistemology, and metacognition. The structures of these parts are similar. In each part, first,
the respective theoretical studies are summarized; then, the retptyihental research studies are
reviewed. The experimental studies investigating the effect of the learning cycle and metacognition
are tabulated and disssed in terms of sample sizthe length of the studies, grade levels of
participants, outcomes ofuglies, and effect siseof studies. Some of these studies which are more
similar to the present study are discussed in detail and compared to the current study. In the last
section of this chapter, the summary of the literature review is presented.

2.1. Scientific Inquiry

The term of inquiry has an important position in most of recent educational reform documents, such
asNational Science Education Standard8AS Benchmarks for Science Literacy and Turkish high
school physics curriculunOn the other had, there is lack of agreement on what inquiry means for
science educators and researchers. Terms associated with scientific inquiry in dahehreselies

have wide spectrunfbd-El-Khalick, et al (2004, p. 411-412) provided a list for terms and phrases
used to characterize the role of inquiry in science education in their study emerged from an
international symposium about scientific inquiry. €Tlist contains scientific processes, scientific
method, experimental approach, problem solviognceiving poblems, formulating hypotheses,
designing experiments, gathering and analyziata, and drawing conclusiorggriving concetual
understandingsexamining the limitabns of scientific explanations, methodological strategies,
knowl edge as €0, tpmctigabwoekfindingtanduexgdioring questions, independent
thinking, creative inventing abilitiegnd hand®n activities.

Grandy and Duschl (2007) suggested a general summary of the consensus on inquiry that obtained
through the papers, commeraad discussions at another conference related to scientific inquiry.
Based on this conference, they suggested the practices of scientific inquiry including conceptual,
epistemic and social dimensions. They provided a current list of aspects of scieqtifiy to clarify

what inquiry includes. These involve posing questions, refining questions, evaluating questions,
designing experiments, refining experiments, interpreting experiments, making observations,
collecting data, representing data, analyzingadatlating data to hypotheses/models/theories,
formulating hypotheses, learning theories, learning models, refining theories, refining models,
comparing alternative theories/models with daf@oviding explanations, giving arguments
for/against models antheories, comparing alternative models, making predictions, recording data,
organizing data, discussing data, discussing theories/models, explaining theories/models writing about
data, writing about theories/models, reading about data, and readingtedmyigd/models.

Hammer , Russ, Mi keska, and Sherr (2005) agreed
scientific inquiry involves some form of dialogue among evidence, theory, and models. They provide
a working definition of inquiry built on somexample of scientific inquiry performed by students.

The examples Hammer et al (20051p) suggested were;

arguing from a sense of mechanism to explain a prediction,
arguing from a sense of mechanism to explain a result,
drawing connections to o¢h observations,

asking for precision ahclarity in their explanations,



e valuing replicationjn emphasizing repeated results,
e drawing distinctions between two similar ideas
e checking for consistency among lines of reasoning

Based on these exampldke y  d e fnquinyeirdsciénce is the pursuit of coherent, mechanistic

accounts of nat. 43). Méchapidicc somd mad f(gpd as studentsd sen:
effects emerged from their experiences or inferences. Coherent is described adyirgensétent

and stable. In other words, different parts of the accaretonsistent each other, and the account is

consistent over time. In the present study, the definition of scientific inquiry provided by Hammer et

al (2005) was takemto account ® design the inquiry activitiesn the he next sectiornthe learning

cycle in which inquiry is embodied is explained.

2.2. The Learning Cycle

The learning cycle is one of inquibased teaching methodgies used in science education
(Abraham, 2003;Marek & Cavallo, 1997).Learning cycle is useful model for instruction and
curriculum development (Cavallo & Laubach, 2001; Lawson, Abraham, & Renner, 1989; Musheno &
Lawson, 1999). It is a teaching approach in which the teacher can employ to diagnesa st
conception about scientific principles (Lawson et al., 1989). In addition, students experience a part of
science in the learning cycle (Colburn & Clough, 1997).

Lawson et al. (1989) proposed objectives for educational system; namely, to obtdimeanmgful

and useful concepts and conceptual systéorecquire skils in using the thinking patterns necessary

for independent creative and critical thought @adyain confidence in their ability to apply their
knowledge to learn, to solve problenad make carefully reasoned decisions. To succeed these
objectives, students should reveal their prior conceptions and test them in a learning environment
where ideas are openly created, discussed and tested. The learning cycle lets this to happbn. Similar
Odom and Kelly (2001) claimed that main idea underlying the learning cycle is that it provides
opportunities for students to explore their belief systems which might reswdtrgumentation,
prediction,hypothesis testingelfregulation and knowledg construction.

To the best of the r esear chaaydisstudymrothelleardiggeycle t her e i s
to date. This metanalysis was conducted by Guzzetti, Snyder, Glass, and Gamas (1993) to show
effectiveness of the 3E learning cydte eliminating misconceptiong hey indicated thatvhen the

lecture, teacheled discussion, nerefutational text, and audiovisuals were incorporated in the
learning cycle, the average effect size resulted in about 1/4 standard deviatidBuaaittti etal.

(1993) also concluded thtte inclusion of additional strategies produced larger effects. The inclusion

of a traditional laboratory into the learning cycle led to larger effects compared to the approach
without a laboratory. For instance, the difiatial effect become about 1.5 standard deviations when
the addition of instructional modeling, peer discussion -neditational text, Socratic teaching, the
laboratory into the learning cycle and this was contrasted to a learning cycle that contained peer
discussion, nomefutational text, and no laboratory. However, when the same comparison was
conducted without the laboratory component, the effect was only about 1/3 standard deviation.
Moreover, they concluded that a laboratory combined with other fofntiaditional instructional

such as, lecture, demonstration, and-refatational text was much less effective compared to the
learning cycle combined with the traditional instructidss Guzzetti et al. pointed in this meta
analysis study, the effect dlfie learning cycle was evaluated by conjunction with other included
strategies. Therefore, based on these comparisons, it is hard to argue that the dliféersedes
between groups arkecauseof the learning cycle or the integrated strategies sucteachetled
discussion, nomefutational text, and audiovisuals.

In the next sectiorthe evolution of the learning cycle is shortly explainEden, the research studies
on the learning cycle are discussed.

2.2.1The History of the Learning Cycle

The learning cycle was firgtevelopeddy Karplus and Thier (1967). This learning cycle consisted of
Exploration, Invention and Discovery phases. Later, the phases were referred to as Exploration, Term
introduction and Concept Application by Lawson (1988itesd in Lawson et al., 198%ccording to

Lawson et al. (1989)he exploration phase guides students to explore new materials and/or ideas,



which helps students to discover patterns of regularity and raise questions that students then attempt
to answerln the erm introduction phasehe teacher introduces terms to label the patterns and to
explain the newly invented concepthe mncept applicatioprompts students to search the patterns
elsewhere and to apply the new concepts to additional exaripleshreephase learning cycle was
originated f r ommental fangtiering The exmodagoh phasé of the learning cycle
leads learners tassimilatethe science concepts. That is, to develop concept understanding, students
gather the relatedadla via direct experiences and do so until they meet disequilibrium. The concept
introduction phase guides students in the interpretation of their data and experiences which results in
re-equilibrium and theccommodationf the scienceancept. The conceppplication phase supplies
opportunities for learners to relate the newly developed science concept to everyday examples and to
other concepts via a cognitive process catleghnizationMarek, Laubach& Pedersen, 2003).

The 5E learning cycle develeg from the thre@hase learning cycle demands instruction to contain
five discrete elementshe engage, explore, explain, elaboraaad evaluate Bybee 1997). Finally,

the proposed 7Hearning cycleexpands theengageelement into two componentthe €licits and
engage Similarly, it expands the two stagestbé elaborateandevaluateinto three componentshe
elaborate, evaluatandextend. According td&isenkraft (2003)these changes do not imply adding
complexity, but rather to ensure instructarst to omit crucial elements for learning from their
lessons while under the incorrect assumption they are meeting the requirements of the learning cycle.

According to Settlage (2000), every learning cycle has the same inductive instructional sequence
irrespective of the different number of phases at the center. The learning cycle starts to engage
students in investigating the selected natural phenomena. When the students explore, the teacher
facilitate, guide them but not direct them as they work. Afterexploration phase, the teacher directs

a discussion period in which students share their observations with their classmates. Through the
classroom discussion the teacher links student experiences to the target science concepts. After the
concept hasédenidentified students participata additional activities to apply their recently formed
conceptions to new situations.

The 7E learning cycldas seven phases which are called as the elicit, engage, explore, explain,
elaborate, evaluation and exterisenkraft (2003) describes these phases as follows;

The elicit phase involves takingtoaccount students6é prior knowledge
phasd ncl udes triggering studentsod6 attenti ong, get ti
guestions i n s éexplaepmseoftthe tearmng sycle efdages students in observing,
recording data, isolating variables, designing and planning experiments, creating graphs, interpreting
results, developing hypotheses, and organizimajy tfindings. In this phase, teachers may formulate
guestions, recommend approaches, give feedback, and evaluate understandings. In the explain phase,
students are presented to models, laws, and theories. Elaberatephase of the learning cycle,

stucents apply their knowledge to new situations, which may involve raising new questions and
hypotheses to explore. The inclusion of théendphase to thelaboratephase is aimed to clearly

remind teachers the importance of practicing the transfer ofitgafar students. Students need to

apply their knowledge into a new context and is not limited to simple elaboratioev@hatephase

of the | earning cycle involves both formative an
Formative evaluabin should not be restricted to a specific phase of the learning cycle. Formative
evaluation should happen during all interactions with students.

2.22 Research Studies on the Learning Cycle

In this section, first, thegeneralsynthesis of research stadiexploring the effectiveness of the
learning cyclein scienceis conducted.Then, the studiesaddressing on the 7E learning cyelee
discussed deeply.

In the currentstudy, 96 research studies published between 1977 and 2012 in scienassasding
treatment effect of the learning cycle either betwgeyups or withirgroup were reviewedThe
selection procedure of the studies was explainesbation3.6 further. The studiearecategorizedn
Table2.1, 2.2, 2.3, and 2.ih terms ofthe subjectdoman. Table 2.1 showshe summary of studies
carried out abroad and investigating the effect of the learning cycle in physics while Table 2.2
presentshe summary of studies made inTurkdyurthermorethe studies conducted in chemistry
domain are summarizdd Table 2.3, and the studies investigating the effect®fi@hrning cycle in
biology are recapped in Table 2#he numbers of studies for each subject domain were 40 for



physics, 15 for chemistry and 41 for biologyhe abbreviations used fdne tabés are given at the

bottom of each tableThe studies in physics were divided intootgroups which were conducted

abroad and in Turkey. Separatelyable 2.5contains16 studies in which the learning cycle was

enriched with other teaching activitiegsuchas computer simulations, concept maps, metacognitive
activities,andconceptual change texfBhe tables includéhe reference of the study, the topic study

covered, which type of learning cycle was implemented in the study, the treatment the leareing cyc

comparedto, the participants, length and outcomes of the study. Moreover, the tables show effect

sizes (ES) for relative magnitude of the treatment effecelated dependent variablesdESs which

were calculated by the researcher of the presedy s8pecifically, he tables have eight columns

which are named as (1) study, (2) type of the learning cycle, (3)sample, (4)compar{&rength,

(6)outcomes, (Practicalimportance(ES),and( 8) Cal cul ated Cohends d. The stud
the rderence of the study and topic covered in the stlidye type column shows type of learning

cycle such as the 3E learning cycle and Bfielearning cyclgimplemented in the studithe sample

column indicates the number of participants and grade lewbkegbarticipants included in the study.

The compared to column demonstrates comparison treatments. The length columrs pinesent

durationsof the studiesThe outcomes column showise variables addressed in the learning cycle

studies. Thepracticalimportance indicates the values of effect sizes reported in the studies. Finally,

thecal cul ated Cohenédés d c ol unerecakdlatelsy th€ edesahdref d val ues
the current study for the studies not reporting any effect sizes or for thesstagbrting effect size

using different i ndheseeoctumnsars éxglandd fusttier aCtbetfolowidgs. d .

According toTable 2.1, 2.2, 2.3, and 2.4ver 80 studies excludintpe modifiedlearning cycle
studies, 43 studies focused the 5Elearning cycle 29 studies appliethe 3E learning cycle, five
studies employethe 7E learning cycleand three studies implementtdg 4E learning cycle It can be
seen that compared to the 3E and 5E learning cycle, the effectiverntbes/&f learning cycle was
investigated in limited number of studies.
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Table 21 Summary oftudiesconducted abroaandinvestigating the effect of the ledng cycle in physics

[%2]
e ©
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n F w0 O 4 @] (A= 0o
1.Campbel(1977) 3E 55 TL 1S Similar physics achievement & formal reasoning, NR 0.38 for achievement
& Better attitude toward science, 0.85for variable identification
Introductory UG Similar content learning related to laboratory, NED for attitude
Physicsl Higher score®n variable identification, 0.11 for seldirectedness
Less attrition rate NED for attrition
Similar selfdirectedness.
2.Zollman(1990 3E NR TI 15 We Similar attituds toward courses NR NED
Introductory & Higher score in all topics
Physics uG Higher score on conceptual explanation and calculation a
Lower score on recall
3. Gang(1995) 3E 35 NC. NR Good onceptual understanding (ISNM) NR
Archi medes?®d &
7 th
4.Baman, et al (1996) 3E 34 TI 2 We Better onceptual understanding NR 0.18
Sound &
5[h
5. Thien Huong (1997) 3E 120 W 2M Improvemenin scientific knowledg& technological NR
Electromagnetism uG applications
Positive attitude (ISNM)
6.Rutherford(1999 ) 3E 77 TI NR Similar conceptual understanding NR NED
Newtonés | aw 9" CAT
7.Parker & Gerbef2000) 3E 11 W 20H Higher achievemer& attitude towards science NR
Matter 5h &
6th
8.Billings (2001) 3E 28 W 5We Improvementin conceptual understanding, NR
States of matter g Positive attitudek interest towards treatment, (ISNM)
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Table 2.1(continued)

9.Campbel(2006 5E 22 W 4We Improvementin conceptual understanding & science NR NED
Force &motion 5t perception(ISNM)
10.Slone (2007) 3E 26 W 4We Improvementin conceptual understanding NR
Magnet& magnetic 6"
phenomena
11.Cobern et a[2010) 3E 180 TI 2 We Higher onceptual understanding d =0.12. for light
Dynamic & Light 8th d = 0.11 for dynamic
12. Soomro, @israni, 5E 40 TI NR Higherachievement NR 0.76
Rawat, & Mughal (2010) 10"
Simple machine
13.Cherry 201]) 5E 260 TI 6We Similar negativek positive attitude towards science d 2 0.%2 for recognize 0.74 for recognize
Force andnotion 5t Higher achievement on the recognize, recall ustded& d 2 0.34 for recall 1.44 for recall
apply levels of Bloom taxonomy d 2 0.26 for understand 1.19 for understand
14.Hokkanen (2011) 5E 141 TI 7M Improvement in ehievement NR NED
Genetics, ea 7w Modest i mprovement i n st u-c
& space science, atoms, expressed interest and confidence in science
force and motion Greater gains in student interest in science as a career (I¢
15. Hussain, et a(201) 3E 120 TI 3 M Higherachievament NR 5.73for achievement
NR 10" Better apptation ofthe concepts of physics to real life
situations

‘IntheCal cul at ed

calculate effect size.

Co h e n @Gswerd catcuated forrbetwe@noup eommassons but not for withgroup comparison3E: 3E learning cycle5E learning
cycle, 7E: 7E learning cycleEL: laboratory based on the teéng cycle, Tl: Traditional Instruction,TL: Traditional laboratory (Verification laboratoryNC: No
comparison,CAT, Computer assisted teachingG: UndergraduatePST: Preservice teacher, TP: traditional passage is written with a tdpwn structure, CCT:
Conceptual change textV:Within, S: SemesterM: Month, H: Hour, We: Week,NR: Not reported,ISNM: Inferential Statistis not made NED: Not enoughdata to
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Table 22 Summary of studies conducted in Turkey and investigating the effect of thanteaycle in physics

o °

B 8 _ § E*:
> a 8 = g -§ £ C_:E:S g
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1. K¢- ¢ K230@3I maz 3E 44 TI 6 We Similar conceptual understandsg NR 0.20for conceptual understanding
Sound& Light 5 Higher etention 0.59for retention
2. At260k3 ( 3E 152 TI 2.5We Higherconceptualinderstandings 0.90
Electric Circuit PST
3. ARy 3E 120 TI 2.5We Higher conceptualnderstandings NED
Electriccircuit PST
4. At ek (2R05P ol a 3E 76 TI  2,5We Higher conceptualnderstandings NR NED
Electriccircuit PST
5. G°nen, Koca7E 33 CAT 3 We Slightly less achievement knowledge&  NR -1.04 for knowledge
(2006) g comprehension levebf Bloom Taxonomy, -1.15 for compehension
Electrostatics Similar achievement on application leyel 0.31for application

Similar attitude toward physics courses -2.09 for total achiesment
0.19 for attitude
6. Nuhoj | u2086) Y 3EL 69 TL NR Similar attitude towards science NR NED
Electricity & Magnetism PST Higher achievement
7.Yeél maz & Hud4E 79 TI  NR Higher conceptual understandi&g NR 1.75 forachievement
(2006) 6th W attitude towards scien@nd technology
Electricity
8.Kanli & Yagbasan (2(8) 7EL 81 TL 8We Higher conceptual understandirggsence d 2=0.17 for conceptual 0.91for conceptal understandings
Force& motion PST process skills understandings 1.34for science process skills
q2 = 0.31 for
skills

9.Ergin et al(2008 5E 84 TI  NR Higher Achievement and attitude NR 2.17 for achievement
Inclined Projectile Motion g 0.52for attitude
10. Keskin 2008 5E 36 Tl 5We Similar achievement attitude towards NR -0.19for achievement
Simple Pendulum 1w physics 0.17 for attitude

Improvement in achievement no
improvement on attitude
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Table 2.2 (ontinued)

11. T¢r ker (5E 100 W 4 We Higher conceptual understandjng NR

Force& motion 6" Unsatisfactory meaningful learning

12. Di ki ci ,5E 100 W 4 We Improvementin conceptual understanding NR

¥zdemir (2¢ 6 Not complete meaningful learning

Force& motion

13. A- ékl| & 5EL 82 TL 7 We Higherachievement NR 2.32 for achievement

(2011 PST Slightly higher physics laboratory attitude 1.64 for process skills

Electrics Higher scientific process skills 0.89 for attitude

14. A- é k2018 ¢5E 60 TL 7 We Higher achievement NR 1.31

Force& motion PST

15. Tugut & Gurbuz 5B 37 TI 3 We Higher conceptual understandi@getention NR 1.58 forconceptual understanding

(2011) g Similar attitude towards scien&etechnology 0.07 for attitude

Heat & emperature

16. Pesmaf2012 5E 194 TI 4 We Similar quantitative achievement conceptu NR -0.10 for quantitative achievement

Impluse &momentum 11" understanding& attitude -0.18 for conceptual understandings
-0.11 for attitude

I'n the Calcul at ed Cdshveradalsulatdd far betwagmop, conparisoesrbidt sot for withigroup comparison3E: 3E learning cycle,

5E learning cycle,7E: 7E learning cycleEL: laboratory based on the teéng cycle, Tl: Traditional Instruction,TL: Traditional laboratory (Verification
laboratory),NC: No compaison, CAT, Computer assisted teachingG: Undergraduateé? ST: Preservice teacheflP: traditional passage is written with a top
down structureCCT: Conceptual change teXtV:Within, S: SemesterM: Month, H: Hour, We: Week,NR: Not reported|SNM: Inferential Statistis not

made NED: Not enougldata to calculate effect size.



Table 23 Summary of studies investigating the effect of theriza cycle in chemistry
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1. Wulfsberg(1983 3EL 40 W 1S Higher achievement NR
Inorganic Chemistry UG Satisfactory improvement
(ISNM)
2.Goh & Chia (1989) 3E 122 NC NR  Satisfactory understandifftfSNM)  NR
Periodicity g
3.Farrell et a(1999) 3E 438 w 1S Similar achievement NR NED
General Chemistry UG TI Positive attitude
(ISNM)
4.Cavallo et a{2003 3E 60 w NR  Improvement irconceptual NR
Chemical reaction g understandings
5.Akar (2005 5E 56 Tl 4W  Higherconceptual understandings NR NED
Acid-base 10" Similar attitudes toward chemistry
6.Kilavuz (2009 5E 60 Tl 4 W Higher conceptual understandings NR NED for conceptual understanding
Acid-base 10" Similar attitudes toward chemistry 0.06 for attitude
7.Ekici (2007) 5E 49 TI 6 W  Higher conceptual understandings NED
Redox reactions & 11" Similar attitudes toward chemistry
Electrochemistry
8. Pab20B8c u 5E 130 TI 7 W Higher conceptual understandings NR 1.57 forconceptual understandings
Acid-base 11" Similar attitudes toward chemistry 0.20 for attitude
9. S e (2008 - 5EL 30 TI 5W Higher conceptual understandings NR 0.91 for conceptual understanding
Organic chemistry laborator PST W science process skills 0.83 for attitude
Higher attitude toward chemistry 1.08 for science process skills
laboratory
No improvement in attitude weard
chemistry laboratory
10.Ceylan & GebanZ009 5E 119 TI 6 W Higher conceptual understandings NR NED
State ofmatter andsolubility 10"
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Table 2.3 (ontinued

11.Siribunnan& 7E 154 KWL 18 H Higher analytical thinking, science NR NED
Tayraukham (2009) 11" Tl achievemen&
Acid-base attitudes toward chemistry thame Tl

students

Higher science achievement than tt
students whdearned with KWL
learning method

12. AjJygtt én & 5E 43 Tl 4 W Higherachievement NR 1.31

Bayrak-eken | PST

Acids-bases

13. KPlauue® T¢m 40 TL 16 H Higher conceptual understandings NR 1.62 for achievement

(2010 3EL UG Similar attitudes toward science, 0.05 for attitude

General chemistry laborator chemstry and laboratory & science 0.23 for perception
perception

14 . Bd2X1Da K 5E 113 Tl 5W Higher conceptua& d 2 0.1# for conceptual 0.81 for conceptual understanding

The particulate nature of 10" epistemological understandings uncerstandings 0.59 for epistemological

matter d 2 0.08 for epistemological understandings

understandings.
15.Temel et al.2012 5E 30 w 5W Improvement in conceptual NR
Oxidation reduction PST understanding& lower and higher

orde thinking skills

*%

I n the Calcul ated Cohends d c ol tgmoupcomBaidors bub reot far withgroep cempariaoh3&: BE learnmgicycteo r
5E learning cycle/E: 7E learning cyclekL : laboratory based on the leargioycle, Tl : Traditional InstructionTL : Traditional laboratory (Verification
laboratory),NC: No comparisonCAT, Computer assisted teachingG: Undergraduate? ST: Preservice teacheii,P: traditional passage is written with a top
down structureCCT: Conceptual change text/:Within, S: Semesteny: Month,H: Hour, We: Week,NR: Not reported|SNM: Inferential Statistics not
made NED: Not enough data to calculate effect size.
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Table 24 Summary of studies investigating thiéeet of the leaning cycle inbiology
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1.Cumo(1991) 3E 153 TI NR Similar cognitive development, content  NR 0.45for cognitive development
Osmosis 7 achievementretention & attitude toward 0.30for content achievement
sdence 0.16 forretention
Higher science process skills 0.41 for attitude
0.87 forscience process skills
2.Marek et al. (1994) 3E 35 TI  NR Higher Conceptual Understanding (IBIN  NR NED
Diffusion g
3.Lord (1999) 5E 181 TI 1S Higher conceptual understandings NR 0.75for natural system
Natural system, uG More positive attitude toward approach 0.82for population
Population (ISNM) 0.86for resources
Resources NED for attitude
4.Musheno & awson (199¢3EP 123 TP NR Higherconcept comprehension for all NR 0.88 for enpiricakinductivestudents
Symbiosis, mutualism, gh reasoning leve 0.74 for transitionastudents
commensalism parasitism &dh Similar retention 0.59 for typothettatdeductivestudents
1
5.Brown, (2000 5E. PST W 1S Improvement about social implications of NR
Environment & science and attitudes to scientific inquiry
Resources No improvement irperception ohormality of
scientists,adoption of science attitudes
enjoymrrent of science lessons, leisiméerests
in science& career interest in science.
6.Ewers(2002) 3E 57 TI 16  Similar science process skills, personal  d” = 0.02for process skills,  0.29for process skills,
Science teaching method PST W  science teaching setdffficacy d? = 0.04for selfefficacy 0.42for selfefficacy
course
7.Cavallo, Miller, & 3E 45 NC 2W Satisfactory motivationa affective NR
Saunders2002 PST dispositions (ISNM)
Science teaching method
8.Ebrahim(2004) 4E 111 TI 1 M Higher achievemer& d”=0.27 for achievement  1.22for achievement

Man and plants 4t attitude toward science d %= 0.11 for attitude. 0.70for attitude
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Table 2.4 (ontinued)

9.Tweedy(2005 3EL 229 TL 4 W Similar conceptualinderstandings NR NED

Osmosisk diffusion UG

10.Balci (2005) 5E 101 CCT 4H Similar attitudes towards science NR NED

Photosynthesis & respiratio gh TI

in plants

11.Garcig 2009 BE 160 TI 4 W Similar conceptual understandings & NR 0.06 for attitude

Evolution 7 attitude toward science

12.Balci, et al.(2006 5E 101 CCT 4H Higher conceptual understandings than thc NR NED

Photosynthesis & respiratic g TI of Tl group

in plants Similar conceptual understandings with tha
of CCT groups

13.Mecit (2006) 7E 46 TI 4 W Greater critical thinking skills d?=0.46 1.84

Water cycle 5ih

14.Atilboz (2007 5E 33 TI 4 W Higher conceptual understandings NR 0.88 Pr conceptual understandings

Diffusion & osmosis PST Similar attitude towards biology & -0.11 for selfefficacy
Similar biology teaching seléfficacy 0.30 for outcome expectation.

-0.40 for attitude

15.Kaynar (2007) 5E 153 TI 3 W Better attitude toward science d?=0.12 0.74

Cell concepts 6th

16.DogruAtay & Tekkaya 5E 213 TI 16 H Higher conceptual understandings d°=0.24 1.12

(2008) 8th

Genetics

17.0ren & Tezcaj200§ 5E 56 TI 21 H Higher achievement and logical thinking d”=0 . 1.09 for achievement

Environment 7 ability d’>=0.46 1.85for logical thinking

18.Balci (2009) 5EL. 29 TL 8 W Higherachievement NR NED

Vertebrate PST W Positive attitude toward approattsNM)

19.Cakiroglu 2006 5E 67 TI 4 H Higher conceptual understandings d*=0.10 0.67

Photosynthesis & respiratio g

20.Ercan 2009 5E 50 TI 4 W Higher achievement, NR 1.11

The material cycle " w Improvement in achievement
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Table 2.4 (ontinued)

21.Kaynar et al(2009 5E 153 TI 3 W Higher conceptual understandings d? = 0.12 for conceptual 0.74for conceptual understandings
Cell concepts 6" scientific epistemological beliefs undestandings 1.47for epistemological beliefs
d? = 0.35 epistemological
beliefs

22. Liu, et al. (2009) 5E 46 W 14 W Improvement in knowledge and NR
Aquatic plants 4t understanding tests

Positive perception about learning

environmen(ISNM).
23.0ren & Tezcan009 B5E 56 Tl 21 H Higher attitude towards science d?=0.37 1.53
Environment 7"
24 .Sikes & SchwartBloom 5B 47 W  3W Improvement understandings about basic NR
(2009) 10M biology and chemistry concepts.
Disease & Medicine 12" No improvement in seléfficacy
25. Sa%0% n ( 3E 105 TI 4W Higher conceptual understandings NR NED
Nucleic Acids & Protein 11"
Synthesis
26.Sriwattanarothai et 3E 152 W 6 H. Better conceptual understandi&g NR
al.(2009 UG retention for both units,
Seaweedsd En Better perception about intervention as
Fighting Fish constructivist learning environment
27.Budprom, Suksringam, 5E 80 TI 1 M Higher achievement, sciemprocess & NR NED
Singsriwo (2010) 9th critical thinking skills
Environment
28. Sadir &pOeda 5 60 TI NR Higherachievement NR 1.87
Human Circulatory System 11"
29.Saygin et al.2006 5E 47 TI 8 W Higherachievement NR 1.21
Cell oh
30. Harurl uoj 4 38 TI 4 W Higher conceptual understding & NR 1.97 forconceptual understandings
(201) PST retention 1.45 for retention
SeedFruit-Flower
31.Keles 2011 BE 124 W NR Decrease ircological footprint NR
Ecological footprint 4. gh
32. Munmai et alZ01]) 5E 24 W  8H Improvemenin coneptual understandings NR
Color of pigments PST
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Table 2.4 (ontinued)

33.Polyiem et al(2011) 7E 33 W 18 H Improvement in achievement, science proc

Heredity gih skills & moral reasoning

34.Hagerman 2012 5E 42 W  8M Improvement in content comprehension NR
Cellular structure, genetics, 10" - (ISNM)

& evolution 12"

'n the Calcul at ed Cdsheradalsulatdd far betwagmup contharisoasbétsot for withgroup comparison3E: 3E learning cycle,
5E learning cycle,7E: 7E learning cycleEL: laboratory based on the teing cycle, Tl: Traditional Instruction,TL: Traditional laboratory (Verification
laboratory),NC: No comparisonCAT, Computer assisted teaching(: Undergraduate?ST: Preservice teachef P: traditional passage is weth with a top
down structureCCT: Conceptual change teXtV:Within, S: SemesterM: Month, H: Hour, We: Week,NR: Not reported|SNM: Inferential Statistis not

made NED: Not enoughdata to calculate effect size.

Table 25 Summaryof studies investigating the effect of the modifiedhéag cycle which was enrichegith other teaching activities
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1.Wells(1987) 3E-Modelling 72 Tl 6 Higher conceptual understanding frehose of NR. 1.38 forthe3E- TI comparison.
Mechanics HSH 3E M  both groug.
Better problem solving
2.Lavoie(1999 3E enriched prediction 250 3E 3 Higherconceptal understandirg NR 0.62for conceptual understanding
Genetics& inheritance discussion phase 10" w Higher logical thinking skills 0.48for higher logical thinking
Similar science process skills. 0.42 for science process skills
Improvement in conceptual understanding ¢
process skills
Improvemenin logical thinking skills
3.Blank (2000) MetacognitivedE 46 Nor- 3 Similar conceptual understandings 0.18 forconceptual understanding:
Ecology 7 metacogitive M Higher retention
0.62for retention

3E
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Table 2.5 ¢ontinued)

4.0dom & Kelly(2001) 3E with concept mappin 108 3E NR  Similar conceptual understandings witlose NR NED
Diffusion and osmosis 10" & in the learning cycle
& Expository Higher retention thathatgained at the
11™  instruction expository treatment
Similar retention witithose at concept map ¢
learning cycle group
5.Yildiz (2008) Metacognitive 5E 52 TI 15 H Higher conceptual understandings, knowlecNR 0.91 for conceptual understanding
Force& motion 7 w of cognition,& deep learning approaches 0.68 for knowledge of cognition
Similar regulation of cognition, 0.53 for reguldbn of cogniton
Slightly less arface learning approaches 0.65 for deep learning approache:
Improvement in conceptual understandings 0.30 for suface level approaches
metacognitior& learning approaches.
6.Appamaraka, et al., Metacognitive 5E 82 TI 18H Higher achievement, integrated science proNR NED
(2009) g & critical thinking skills
Environment
7.Sornsakda, et al. (200 Metacognitive7E 93 Tl 10H Higher achievement, integrated science proNR NED
Life & environment 11" Within and critical thinking skills
Improvement in all constructs.
8. ¢epni, kabE 48 5E 4 H Higher Conceptual Understandings and NR NED
(2010 enriched with g Retention
Floating& sinking POE, Worksheets, CCT.
Concept cartoons
Animation
9. B¢RMQ | 7E with Computer 66 TI 4 W Higher conceptual understandings, NR 1.80 for conceptual understanding
Diffusion &Osmosis animations g achievemen& 1.79 for achievement
attitude toward biology 1.57 for attitude
10.Yilmaz, Tekkaya & Prediction/ 81 Tl 10 H Improvement on posttest and delayed test NED
Sungur(2010 Discussio@Based 3E 8" CCT Greater conceptual understandiggsetention
Genetics w thanthose inTl
11. Hér - a, ¢ 5E combined with 42 TI NR  Higher conceptual understanding 1.06 for conceptualnderstandings
(2011) Computer animations, 10" Better attitude 0.96 for attitude

Work, power & energy CCT & Worksheets




Table 2.5 (ontinued)

12. ¢epni(208) 5E enriched with 48 5E 6H Higherconceptualinderstandings NR NED
Buoyancy Force POE,Worksheets, CCT, 8" & Retention
Concept cartoon&
Animation
13.Demir & Maskan, Web Supported 3E 52 TI NR Slightly higher achievement on knowledge NR 0.68 for knowledge
(201) 11t level of Bloom Taxonomy. 0.28 for understandings
The Motion on the Earth Similar achievement on understanding leve -0.62 for application
Less achieement on metacognitive and -1.11 for metacognitive
application levels
14.Demir & Maskan Web Supported 3E 52 Tl 36 No improvement in physics $etfficacy NR 0.23
(2012 11" w H beliefs
The Motion on the Earth Similar physics seléfficacy beliefs
15. kahi n, AS5E enriched with 48 5E 2 H Higherconceptualinderstandings & NR NED
¢ e p(RO12 Animations,Analogy& g Retention
Solid Pressure Worksheets
16. kahtierp,n i &5E enriched with 48 5E 80 Higherconceptual nderstandings & NR NED
(2012 POE,Worksheets, CCT, 8" H Retention
Gas Pressure Concept cartoon&
Animation

A4

“In the Calculated Cohéns d o |h edsiese calculated for betwegnoup comparisonsut not for withingroup comparison&E: 3E learning cycle,
4E:4E Learning cycl&E learning cycle/E: 7E learning cycleEL: laboratory based on the teéing cycle, Tl : Traditional InstructionTL : Traditional
laboratory (Verification laboratoryNC: No comparisonHSH: High school honordJG: Undergraduate? ST: Preservice teacheROE: PredictObserve
Explain,CCT: Conceptual change tex/: Within, S: SemestenM: Month,H: Hour, We: Week,NR: Not reported/SNM: Inferential Statistis not made,
NED: Not enougldata to calculate effect size



Sample The sample sizeof 96 studies can be categorized as in Table 2.6. The table also slgows t
percentages of studies falling to respective sample sizesange studies did not report the sample

size. Forexperimental studied-raenkel, Wallen, and Hyu (2012commended that the minimum
sample size be at | east 30 participants per gro
studies with only 15 individuals in each group can be defended if theyeary t i ghtly contr
(Fraenkel, Wallen, & Hyu, 2012p. 103. According to theTable 2.6, seven percent of studies

included less than 30 students and 38.5 of studies contained less than 60 students, although they were

not firmly controlled. This limis generalizability of the results to the population.

Table 26 Sample size ranges, the percentages of studies fallithg telatedsample size ranges.

Sample size Percentage
0-29 7,3
3059 38,5
60-89 16,7
90-120 13,5
120+ 21,9

Grade levels of participants included in 96 studies and the percentages of studies assigned to each
grade levehre presented inable2.7. One study did not mention which grade level was considered.
According to the table, the pertages of studies assigned to each grade levels are close to one
another.

Table 27 Grade levels and the percentages of studies assigned to each grade level.

Grade level Percentages
Elementary (Kindergarten Grade 8) 354
High school (Grade 912) 375
Undergraduate 26.0

Length. The lengths of the studies range from one hour to one semester. Although there is no clear
threshold for treatment time, to obsewalid change in achievement, the length of the treatment
peiiod should be at least three weeks. For affective variables, the time period should be much longer.
The testing threat might be possible if the length of time betweetegseand postess was less
thanthreeweeks. Similarly, novelty might be potentifireat for observed outcomes for shigntm

studies.

OutcomesThe outcomes of studiés which means of groups wemmparedwere evaluted using

inferential statisticresultsin Table 2.12.5. fiHighe, fles® and fisimilard words were utilizedas

indicabr for relative magnitude of the treatment. Indeed, usfigct size (ES)s more appropriate

for this typeof categorization; however, some studies did not provide enough statistics to calculate

theE S . Further mor e, S 0 me rogréssactdssrsatmansvihinggoupdihes t ude n't
outcomes of these studies eve categorized usingimprovemend word. The outcomes were
addresseth thelearning cyclestudiesaregiven as follows.

Conceptual understandings and achievement
Attitude, interestself-efficacy

Nature of science, science perception
Cognitive development

Learning style

Attrition

23



Practi@al ImportanceEffect size (ES) is a statistics used for assessing the strength of relation between

Transfer of learning
Retention of learning
Science processes skills
Problem solving
Thinking skills
Epistemological beliefs
Motivation
Metacognition

the independent vatite and dependent variabléie magnitude of proportion of the variance of the
dependent variable explained by variance of the indep#ndriable oused for assessinmgagnitude

of the treatment; the differences between standardized means of groups (Tabachnick & Fidell 2007).
Most of studies reviewed in the current study did not report ESs for dependent varrablash the

effects ofthe learning cyclevere investigaté. Therefore, the researcher calculated &6 related

dependent variables using the respective statistics, mostly group means and standard deviations on

s st udgyed tdCestimate thesstarmtlardjiz€do h e n ,
magnitude of mean differences between groiipe software developed by Wilso2012 was used

fiet a Ys q wh rpwEbrtion ©f the variance

postt e s t

SsCcCores.

I n

t hi

to calculate ESs. Some studies reported £S

in the dependent variabéxplained by variance of the independent variable. These effect size values
conver t déyusihgosoft@arehdevelopsd by DeCost2dl2) to include them in
calculationof overallaverage E$or achievementSome of studies did not report eigh statistics for
calculating ES. These studies were not included in average ES calculation for achieVamESss

of 35 studes comparing the effectiveness of the learning cyol¢he effectiveness of the traditional
instruction were used to estimagerage ESor achievementAverage ESwas calculated as 1.15
which isalarge effect size according to Cohen (1988) guidelines (small= 0.20; medium= 0.5; large
=0.80).Table2.8indicatesthe number of studies, meastandard deviation dSsand minimumand
maximum ES in chemistry, physics, and biology and in tetan the learning cycle was compared

to the traditional instructiormhe ES rangdrom -0.19 to 5.13.

wer e

Table 28 Descriptive statistics of ESs of studies compagtime learning cycle to the traditional
instruction in chemistry, physics, and biology and in total

Area N Mean SD Min Max
Chemistry 5 1.24 0.37 0.80 1.62
Biology 14 1.10 0.46 0.30 1.97
Physics 16 1.16 1.32 -0.19 5.13
Total 35 1.15 0.93 -0.19 5.13

Table 2.9 shows the mean, standard deviation and maximum and minimum values sitidi&s
comparing the learning cycle to the traditional instruction on physics achievement in Turkey and

abroadBoth average Escan be considered as large.

Table 29 Descriptive statistics of ESs of studies comparing the learning cycle to the traditional

instructionon physics achievemeint Turkey and abroad.

Country N Mean SD Min Max
Abroad 6 1.28 1.92 0.12 5.13
Turkey 10 1.08 0.91 -0.19 2.32
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2.2.2.1Research Studies on the 7E Learning cycle model.

Mecit (2006)investigatedhe effect ofthe 7E learning cycle as an inquibased learningtrategyon

the improvement ofithgr ade studentsdé criti car]familyincomkandg s ki |
prior critical thinking skills were controlledzorty sixfifth grade students from two different classes

in a private primary school in Sakaryeere involved in the studyThe intact classes were randomly

assigned into the experimahind control group. In the experimental group, the instruction relied on

the 7E learning cycle was utilized while in the control group, traditional instruction was employed.

The same science teacher taught both groups. The study was made for watenitgole took four

weeks during 20052006 spring semesteA reasoning & s t was administered to
critical thinking skills before and afteéhe treatmentAnalysis of covarianceANCOVA) was made

for the purpose of the study. Theadysis reslts indicated thathe meanof posttest scores 6

students in 7E learning cyclgroup was significantly higher than #t of students in traditional

method group on critical thinking skills test when their gender, family income aad gritical

thinking skills were controlled, (1, 41)= 35.03,p = 0 . 0 ¥=,0.464 This result indicated that the

treatment had both statistical signdnce and practical importance. This study provided evidence that

the instruction based on the 7E learning cydemore effective for improvingstudent s cr i ti ca
thinking skills. On the other hand, the study had some limitations. The first one is that sample size

was not adequate for being able to do experimental study, which was a probteEmdmlizabilityof

the resul of the studyto the populationAlthough the researcheasontrolled the effects of some

confounding variables, studentsd® prior achievemer
not controlled. Furthermore, the researcher could have investifaeeffect of 7E learning cycle on
studentsd achievement in water cycle unit.

Kanli and Yagbasan (208) conducted a study to compattee effectof a verification laboratory
approach withthe effect ofa laboratory approach based on the 7E learoiyae on improvement of

uni ver si tsgiene tprockss rekills @nd conceptuaberstandingsn the general physics
laboratorycourse The experimental group included 43 night class students while control group was

38 day class student$he study took ahost me semestern the experimental class, the general
physics laboratory course was taught based on the 7E learning cycle whereas the control class was
instructed being used the verification laboratory approActonceptuatestai mi ng pr obe st uc
understandings in force and motion and a science process skill test were administered beth as pre
tests and podests.The researchers employdte ANCOVA for testing the hypotheses of the study.

The result of the study indicated that there was a sigmifi difference between the effedf the
traditional laboratory approach and the 7E learning cycle based laboratory approach on development
of science process skills and conceptual achievement. Students in laboratory approach based on the
7E learning cyle gained more success in development of science process skills than those in
verification laboratory approach when their university entrance examination scores and prior science
processes skill scoregere controlledfF(1,77)= 34.35 p < 0.05]. The largeESwas obténed for this
comparisor( 7=0.31). In addition, students in theboratory approach based thve 7E learning cycle

had higher conceptual understandimg force and motion than those ihe verification laboratory
approach when their univetgientrance examination scores and-prenceptual understandisof

force and motion were controlled([L, 77)= 15.27Q p < 0.05]. The krge ES was found for this
compar f=s® h?). Codsidering these resgliit can be said théaboratory based othe 7E

learning cycle was more effective thtme verification laboratory with respectfor o mot i ng st ude
science process skills and conceptuatierstandingsOn the other hand, the researchers did not
provide enough informatioon who implemented th&eatment, how they trainedelmplementers

and what they did for treatment verificatidrurthermore,nstead of running two distinct ANCOVA,

they could have run the MANCOVA for control the probability of making type one error.

G° nen (2006) carhpred the déctiveness of theH learning cycle to the Computer Assisted
instruction in ter ms safdaghievemeattphysicgThe studyccenducteddé at t i t
in electrostatic topic over 3 weeks. Sample of the study incl@8etnth gradestudents ah private

high school inDi yar bakeér . Two classes were randomly ass
conditions. The experimental group was instructed ugiegomputer asisted instructionni which
electrostaticavere given employig java scripts and animations and preseémtaprogramsvhereas

the control group was instructed the 7E learning cycleThe same teacher taught both groufise
achievementestand attitude survey were applied to collect data. The achievement test scores were
divided intosub-parts correspondgnto the level of Bloom Taxonomy. Independetedt was used to

test hypotheses. The resulindicated there were significant group differences kimowledge
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(CalculatedC o h e n 61s04) dnd esomprehension levels (Calculat&d h e n 61s15) é&nd total
achievementscoresal cul at e d2.09i0 fawnrofitte cainputeassisted instruction. There

was no group differences in application ley€la |l c ul at e d 0.8l)dne attilude tadvards

physics(Calculated =0.19) Based on these results, it ca@ toncluded that the computer assisted
instruction was more effective than the 7E |l earning
However, the study had some deficiencisatthere waso information about treatment verification

for both instructionlimited results of the studyAnother limitation is that sample size was too small

for experimental study. Moreover, the researchers could haveths&IANOVA for all dependent

variables instead of using fiwdifferentindependent-tests to decrease tpeobability of making type

one error.

Siribunnam and Tayraukham (2009) compared the effectivendbe @E learning cyclethe KWL

learning methodandthet r adi t i onal instruction for skils, omoting stu
science achievement édmttitudes toward chemistry. Tiparticipantsof the study were 154 eleventh

grade students inhgiland. The study was made inigk base topic over 18 hours 2008. Three

different groups were formealing cluster random sampling technidae the purpse of the study.

In the first group,the 7E learning cycle was implemented while in the second grthgKWL

method was applied tteachthe topic. The control group was instructed using the traditional

instruction. An analytical thinking, achievemeaty attitude test were applieat the end of study as

posttests. The MANOVA was conducted to analyzéhe data. The main and pekbc analyses

indicated significant group differences among the groups. The 7E learning cycle group students

outperformed the tditional group students in terms amalytical thinking, science achievemead

attitudes toward chemistry. Furthermore #telearning cycle group students had significantly higher

achievement thathose ofthe students in KWL grouphe researchers diabt give the value of ES

and enough statistics for being able to calculdtiee study had some limitatiorss well One

l'imitation of the study is that f{rbtestscmenrealr cher di d n
instrumentswere considered.Moreover, here was no information about teacher characteristics

applied the tratmentsand about treatment verification.

Bulbul (2010) investigated the impact of the instruction based on the 7E learning cycle accompanied

with computer animations comparéa the effect of traditionally designed biology instruction on

ninth grade studentsd® understandings and achievement
their attitudes toward biology as a school subject. Sample of the study included 66 nigh gra

students from four intact classes of a biology course in a private high school in Istanbul. The study

was carried out for four weeks during spring semester of -2008 academic year. Quasi

experimental design was employed. Both the experimental gmuaigantrol group had two classes

taughtby the samebiology teacher. The classegere randomly assigned into the experiment and

control groups. In the control grouaditional biology instruction (TDBI) was utilized while in the

experimental groupthe 7E learning cycle based instruction accompanied with computer animations

(7ELCBI') was employed. A conceptual test and an achi
conceptual understandings and achievement of diffusion and osmosis concepts, edgpdctiv
science process skildl test and an attitude toward bi

processes skills and attitude toward biology, respectively. All instruments were applied as pre and

post tests before and after treatment, reppelgt The ANCOVA was made to compare two
conceptual understandings when science process skill was contffledesult of this analysis

showed students instructed with the 7ELCBI got significantly higher score than students instructed

with the TDBI on the conceptual test when their science process skills were controlled as a covariate

[(F (1, 61) = 26.086, p< 0.05)]. The secoANICOVA results indicated that the students instructed

with the 7ELCBI demonstrated significantly higher scores on tHd@emement test than those

instructedwith T DB | when studentsd sciencHl, gi)=o010.@48ps ski | | wer
<0.05)]. Moreover, Analysis of Variance (ANOVO) results indicated that studettis @xperimental

group had significantly higheittéudes toward biology as a school subject compared to thosdhaf in

control group E(1, 62) = 62.829p < 0.05). In this study, no ES was reported for treatment effect.

The researcher of the current study calculated ESs to show the relative maghihedeeatment for

al | dependent variables. The calcul ated Cohends ds we
achievement and 1.87 for attitude towards biology. All ESs were large. In brief, based on these results

the researcher claimed the THRC af fected positively studentsd <conc
achievement in biology and attitudes toward biology as a school subject. The main deficiency of this

study is the statistical analysis methods employed in the study. The study had three rdepende

variables, and the researcher run different analyses for each dependent variable. This inflates the
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probability making type one error, which is rejecting a true null hypothesis. Thus, the researcher
could have used Multivariate Analysis of CovarianceABMCOVA) or Multivariate Analysis of
Variance(MANOVA) to control increase of the probability of making type one error.

Polyiem, Nuangchalerngnd Wongchantr§011) designed the instruction basedtlo®7E learning

cycle to investigate the effectivess of the instruction for improving studeimshievement, science
process skills and moral reasoning in heredity topic. The participanisdéoc 33 ninth grade
studentsThelength of study was 18 hour&n achievementestanda moral reasoning testcience

process skills test were administered as pre andtpstst at thdeginningand end of the study. The

paired ttest was used to test the effect of the intervention. The rebalted t ha't student
achievement, science process skills and morabreéagsignificanty improved after instruction. Like
previous study, there was not any information about teacher characteristics applied the treatment, and
about treatment verification. Moreover, that there was no experimental control in the study weakened
the conclusion of the study that observed improvements duketmstruction based on the 7E
learning cycle.

2.3. Personal Epistemoloigs

Aper sonal epistemology is defined as individual
knowing and learningHofer & Pintrich, 1997; Elby, 2009). There are four different frameworks
providing differentontological explanations for the form dhe personal epistemology. These are
epistemologies as developmental stages, beliefs, theames resourcesThis sectn includes a

theoretical discussion of these frameworks.

2.3.1. Epistemologies as Developmental Stages

Devel opmental stage theorists describe the devel
a predetermined order through unidimensionakttlgymental stages (King & Kitchener, 1994), levels

(Kuhn & Weinstock, 2002) or positions (Baxter Magolda, 1992, Perry, 1970). According to these
theorists,thee pi st emol ogi cal understanding has holistic
divided into independent dimensions (Pintrich, 200Bach stage reflects qualitatively different

interrelated clusters of epistemological assumptions about knowledge and knowing (King &
Kitchener, 2004). They built their theoretical models on traditional cognitivelolegmental model

pioneered by PiageThey explain the way to mature epistemological understandings using Piagetian

terms assimilation, accommodation and (dis)equilibrium.

Although stage theorists do not explicitly describe how classroom practicesector fbstering
studentsd epistemological understandings, t hey
accepting Piagetian disequilibrium (BendixerR&le, 2004).

2.3.1.1 Perryds scheme

Perry (1970) made interviews with the students during tleir fears in a liberal art college to
determine the evolution in their interpretation of their lives. Acdoi ng t o t hi sviewsc h e me
about knowledge and values progress by proceeding nine successive positions. These nine positions
were labeled nderfour structures: dualism, multiplicity, relativisrand commitment in relativism.

This developmental scheme is summarized below.

Dualism (Position 1 and Position.R) Position 1, the student has dualistic view of the world (e. i.,
right versus wong, we versus others). That is, the student has absolutistieniighyy view of the

world. Every problem has one right answer. Multiplicity is not on the stage. Authority knows
everything. Knowledge is absolute and the quantitative collection of dist¥ete acquired by hard

work and obediencén position 2, the student recognizes multiplicity and uncertainty. However, she
considers it as the impediment to dealing with a problem and finding an answer. Since the plurality in
opinions is quite temporargnd resolvable, it is finally unreal. That is, multiplicity in this position
does not have the legitimate epistemological status. The perceiving multiplicity does not change the
authority figure in Position 1.

Multiplicity (Position 3 and Position 4)in position 3, the student has legitimate perception of
multiplicity and uncertainty but they are still temporary in areas in which the answer has not been
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known yet by authority. In Position 4, the legitimate uncertainty and diversity of opinion get the

unstructured epistemological status where the student considers that everyone has a right to his own

opinion, a status he creates against absolutistic authority view. The student starts to recognize

qualitative contextual relativistic reasoningin muitig i ty by assimilating it within
Absulute answers are known by authorities.

Relativism (Position 5 and Position.@n Position 5, all knowledge is viewed as relative and

contextual. The student considers relativism as a way of gse#fimking, valuing and knowing.

Aut horityos knowl edge is relative as well. I n posit
orienting himself in relativism via personal commitment.

Commitment irrelativism

In Position 7, the student takes arntiali responsibility within relativistic world. In position 8, the
student realized the implications of personal commitment and searches subjective and stylistic issues
of commitment. In Position 9, the affirmation of identity among multiple responsibilite
experienced and commitment is viewed as ongoing and unfolding activity.

2.3.1.2The reflective judgment model

King and Kitchener (1993) proposed another framewfuik epistemological developmenthe

reflective judgment model. They extended studsngle to include adolescent (high school students)

in addition to college students. Refl ective judgmen
progression in their epistemic cognition, assumptions about nature of knowledge and justification of

knowledgeas they respond to ifitructured problems and justify their beliefs about these problems.

They divide the devel opment period into 7 sequential
labeled he stages into three categorigsereflective thinking, gast reflective thinking and

reflective thinking to describe the reasoning of stages. Thesgociat® are explained as follows;

PreReflective thinking (Stage 1, 2, 3prereflective thinking includes the reasoning associated with

Stage 1, 2 and 3.ndlividuals having assumptions of these stages perceive knowledge certain.

Knowledge is acquired either by direct observation or from authority figures. They do not

discriminate well and ill structured problems thus they consider all problems have apsoditel

answers. Specifically, in stage 1, individuals view knowledge as absolute and concrete. Knowledge is

gained through direct observati Knowledge does not negastification. Existence of alternative

views is not perceived. In stage 2, knowledgeérceived as absolutely certain but not known by

everyone. Certainty can be found in the domain of authorities. Individuals start to perceive alternative

views in absolutistic knowledge vVview. That i s, oneobs
wr ong. Thi s view is si mi | arin stage 3Piedividual® statbd ual i st i c e
acknowledge that knowledge can be temporary uncertain in some areas. Certain knowledge can be

acquired from authorities.

Quast Reflective hinking (Stage 4and 5) King and Kitchener called the reasoning displayed by
stage 4 and 5 students as Quaeéflective Thinking. In these stages, knowledge is viewed as
uncertain. However, there is the difficulty in making justification and a reasoned conclusion in the
domain of uncertainty. Although individuals supported eviddmsed judgment, they claimed
evaluation is individualistic and idiosyncratic. In stage 4, knowledge is perceived as uncertain and
knowing is viewed as individualistic. Knowing carries ambiguigcause of situational variables in
knowledge acquisition. Knowledge claims are justified through evidence; however, the arguments and
evidence choice are idiosyncratic. In stage 5, knowledge is perceived as contextual and subjective
since knowledgeisgcui red i n the | ight of oneds perceptions anct
claims can be justified in the specific context through the rules of inquiry for that context and-context
dependent interpretation of evidence. However, individuals are nableafo compare and contrast
across context.

Reflective hinking (Stage 6 and 7Reflective thinking demonstrated in stage 6 and 7 was labeled as
reflective thinking. Individuals in these stages think knowledge is actively constructed and knowledge
clams should be evaluated considering the context, they were generated. Knowledge justification
should be based on relevant data and reevaluation of conclusions should be considered. In stage 6,
knowledge is constructed using information from different seairdkeasoned conclusions can be
generated making comparison and observing relationships across cbatecdaclusions are limited
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and situational because of inability to understand the larger system of knowing. Finally, in stage 7,
individuals view knowedge as the outcome of reasonable inquiry. Knowledge claims are evaluated as
most reasonable or probable based on the current evidence and they are always subject to reevaluation
by takinginto account the availability of new evidence, perspectives, ds.too

2.3.1.3Epistemological cevelopment adevels

Kuhn and Weinstock (2002) define epistemological development as the coordination of the objective
and subjective dimension of knowing. At the beginning (Absolutist level), the objective aspect of
knowingis completely ascendant and the subjective dimensions is excluded. In this level, knowledge
is viewed as certain and coming from external source. Then, (Multiplist level), the subjective
dimension dominates and the objective is forsaken. In this levid, radlical shift, individuals see
knowledge as uncertain and generated by human minds. Since all knowledge claims are subjective,
every person has his or her opinions and every opinion is equally right. Finally, in the evaluativist
level, the objective andubjective dimensions are coordinated with a balance without dominating
each other. In this stage, individuals see knowledge as uncertain and generated by human minds as in
the multiplist level. However, with reintegration of objectivity, two opinions loarright but one is

more right to the extent which that opinion is better backed by argument and evidence.

2.3.2Epistemologies as Beliefs

Rather than considering personal epistemiel®@s unidimensional and developing in sequential
stages, Schommergposed a different framework for personal epistemology. In this framework,
personal epistemology is defined as a belief system consisting of several more or less independent
dimensions (Schommer920; SchommetAikins, 2002).The wse of the system of befis implies that
personal epistemology consists of more than one belief (Schehikies, 2002). Shommer (1990)
hypothesized five dimensions (fivepistemological beliefs): (1)he structure of knowledge, (2)
certainty of knowledge, (3) source of knowled@® the control knowledge acquisition and (5) speed

of knowledge acquisition. Shommer (1990) developed a questionnaire including these five
dimensions based on previous research Using exploratory factor analysis, four dimensions except for
source of knovedge were acquired as resulttioé analysis.

2.3.3Epistemologies as Theories

Hof er and Pintrich (1997) proposed a di fferent
organi zation view of epistemol ogi crsibnalitynielweof st andi
epi stemol ogi cal under standing were integrated. T
epistemology consist of more than one dimension; howewather than independent positions,

according to this view, epistemological beliefee formed into personal theories as structures of
interrelated propositions which interconnected and coherent (Hofer & Pintrich, 1997, Hofer, 2001).

Their model conceptualizes personal epistemology into two dimensions of epistemological theories

which ae the nature of knowledge and knowinghe rature of knowledge is subdivided intbe

certainty of knowledge and simplicity &howledge The nature of knowing is subdivided intbe

source of knowledge and justification for knowing.

2.3.4Epistemologiesas Resources

Ha mmer and El by (2002) suggested a different f
personal epi stemol ogies across contexts. I n ter
epistemologies are epistemological resourcésms | ar t o di Sessabs (1993
primitives (pprims) in intuitive physics. The activation of the epistemological resources depends on
contexts. For instance, a child might answer di f
according tahe context the question is formed. When it is asked how the child knows what they are

going to eat in the dinner, she might answer that her mother told her. This response shows that the
child has resources for tr e adnibenpassdd framvoheepdrgortoa s a
the next. However, when it is asked how the child knows 3 x 5 = 15, she can respond that she added 5

+ 5 + 5. This answer indicates the child has resources for treating knowledge as created from other
knowl edge . abilithd giving épistenilegically different answers to the same question in

different contexts show the existence of various different epistemological resources for understanding

the source of knowledge (Hammer & Elby, 2002).

r
m
)
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The resource framework ctins four categoriefor epistemological resource$he first category
involves resources for understanding the nature and sources of knowledge, skibwdesdge as
propagated stuff, knowledge as free creatmmdknowledge as fabricated stuifthe secad category
includesresources for understanding epistemological activities, suahcasnulation, formatiorand
checking.The third categorycontainsresources for understanding epistemological forms, such as
stories, songsandlists. The last categoris made ofresources for understanding epistemological
stances such amubting, understandingndacceptancéHammer & Elby, 2002).

2.3.5. What the Epistemological Frameworks Suggest Abo&pistemological Development

In the light of above discussiorwhat do the epistemological frameworks suggdsbua the

acquisition of more sophisticated epistemological understandiAgs@iscussed before, the four

epistemological frameworks differ in hovhety define personal epistemologiddowever, three

frameworks which are epistemologies as stages, beliefs and theories all support the idea that
individual sé personal epi stemol ogies are stable cogn
does not have (Hammer & El by, @2i09@Q9nceémiil ams d odit heu i
in the literature Ln the line of this ideathey explain the mechanism of epistemological development

in similar manner. Although some of theareimplicit about how personal epistemology changes, all

seems to endorse Piagetiangnitive (dis)equilibrium, assimilation and accommodation for the
necessary condition of epistemol ogi cal devel opment .
conceptual change for misconceptions (BendixeRue, 2004, Hofer & Pintrich, 1997; Hofer, 2001,

Pintrich, 2002).

However, many research studies question the idea that
beliefs across contexts within a domain (Leatlal.,2000; Lising & Elby, 2005; Louca et a2004;

Rosenberg et al. 2006; Roth & Rédyadhury, 1994; Sandoval & Morrison, 2003; Songer & Linn,

1991). For instance, Sandoval and Morrison (2003) made interviews with eight high school students

on natural selection and evolution before and after a technslggyorted inquiry unit lasting four

weeks. They observed, even within a particular inter
guestions differed across epistemol ogical l evel s. Li
answers across two kinds of diagnostic questionsithatv e st i gat e st udentsd views at
theory on the collection and interpretation of experimental data. Responding decontextualized Likert

scale items, most students showed a different epistemological stance than when they talked about a

concrete gample of the same data being interpreted in two different ways.

Based on empirical evidences, therefore, the resources framework suggests different explanation for
the mechanism of epistemological development. According to this framework, epistermologica
development and change includes theactivation and stabilization of epistemological resources the
individual already has rather than removal of old belief (Elby & Hammer, 2010).

This study endorsethe resources framework to help students think gisyas a coherent system of

ideas and physics |l earning as a refinemendt of oneds c
the following section, the experimentd t udi es explicitly focusing on S
epistemologies are summarized. Sinces tstudy was interested in personal epistemologies, the

research studying devel opment of studentsd views ab
science, were not included into the following review.

2.3.6. Research Studies otine Personal Epistemdogy

Regardless of what theoretical framework the researchers support, in general, there is not much study
investigating the effectiveness of epistemological instruction in the literdeeause there was the
limited number of studies investigating effieness of explicit epistemological instruction, the
studies were not summarized on tables. Tdreyliscussed in detail in this section.

Brownleeet al. (2001) explored the effect dhe yeaflong teaching programme in which the pre
service teachersxplicitly reflect on their epistemogical beliefs on such belief&ifty pre-service
teachers at the Queensland University of Technology in Queensland, Australia were participated in
the study. The study took platean educationapsychologycourse. Thexperimental group students
made explicit reflections about the content concerning literature of the epistemological beliefs and
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their own epistemological beliefs wlassroom discussions aim their journals when they learnt a

long yeareducationapsydology unit. The comparisogroup didnot engage in such reflections. The
guestionnaireand interview were used asatd collection tools. Students were surveyed and
interviewedtwice at thebeginningandat the end of the study. The repeated meastNM@OVA was
applied to test the effect of the intervention. The result of analysis indicated that there was a
significant group difference on the quick learninGalculatedCohenés d = 0. 61) ar
knowledge dimensions of epistemologgafculatedC o h e n 60s12) dvhile=no significant grqu
differences were observed in innate ability and simplewkedge dimensions. The qualitative data
analysis indicated the experimental group studemzressedmore sophisticated epistemological
beliefs than the control gop students at the end of study. These results support the importance of
explicit epistemology instruction for promoting students, epistemological understandings. However,
asstatisticalresults indicated thenfervention was not so effective for promotaifjaspects of beliefs.

The ESsfor significantdifferencesvassmallfor certaintyknowledge and medium for quick learning.

This meanspractical significance of thestudy was notsatisfactorylevel as well Samplesize was

small. Thislimited thegeneraizability of the results. ..

Gill, Ashton, and Algina (2004) adopted two conceptual change medeth were aefutational text

andan augmented activation to changegrer vi ce t eachersé epistemol ogi
and learning in mathematicsThe participants included 161 pservice teachers at a child
development course. A random assignment method was employed to form the experimental and
control group. The control group used a traditional expository text while the intervention group read a

text relied ontheaugment ed activation and refutational t e
explicit epistemological beliefs in mathematics using a survey and their implicit epistemological

using the teaching scenarios. At the beginning of the studt he st udennimplick expl i c
epistemological bedifs in mathematics were probeifter that, in thefollowing week, the treatment

was conducted in 15 minutes. In the experimental greadirst, students read raaugmented
activationtextaimingo tri gger and c¢ hal licalbdies influencidgehavitisep epi st
responihg the survey itemsat the bemning of the studyThe passage focused on two survey item

and pointed common responses to these and prompted students to focus omattei@xg, which

conflicting their own beliefs, given in the following refutational text. Thém students read the

refutational text including a rationale for scientifically accepted epistenssagd teaching methods

and directios for questioningther napve beliefs. Ho weabegef wordi n t he
scramble related to the traditional passage was used. The purpose of this \sesvitt to activate
studentsd own beliefs rat her than to wodheupy st

augmented activation message. After this, students read a traditional expository passage including

only a rationale for scientifically accepted epistemology and teaching methods. After students read

the texts, the podests were applied to assess #ifectiveness of the treatment. Gmay ANOVA

was employed to check the effectiveness of the experimmataibulation According to the analysis,

there vere significant differences between the experimental and control group in terms of rating the

textae more challengi ng t=00.84)hraingrthe text las reakisy a (cl€aceh e n 6 s
di stinction between constr uct i=v0i4s)tHovweved thegerwas e d ur a |
no significant difference in their perceptions of theefunse s of mat hemati cs (Cal cu
=0.16).The researchers wutilized path analysis to t
implicit epistemological beliefs in mathematics. With resgecthe implicit epistemological belief

change assesseding the constructivist and procedural scenarios, the treatment had significant direct

ef fects ( Cofbrahe gonstruttivist 8cendrtbs and 0.27 for procedural scehawith

respect to explicit epistemological belief change, the significaettdeffect of the treatmentas
observed (Cohenobs d = 0. 31) . sslTdfdhe epistersobogichalt s sup
instruction explicittyemphasizinppn st udent s & e p althdughrefiect siges oerd bel i
small.However, the study hadme limitations. One of them, as resdweers reported, the reliabilities

of the instruments were very low. The second one, in the experimental group two survey items were
addressed n t he augmented activation passagoetheseThi s m
items in the postest. The researchers did not provide any information about this threat. The other
limitation is thatthe duration of the intervention was very short and therefore the time between post

test and prdéest was not enough. Wsennot assure these results were because of the novetheof

treatment and whether thigsultwould long-lasting or not.

Kienhues, Brommeand Stahl (2008) investigated the effect of the refutational epistemological

instruction on studeniepistemologal beliefs in a shotterm intervention. The participanof the
studywere58 university students at a German university. They were from various subjecsizcka
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as psychology and education. The treatment was conducted in genetic topic related to DNA

fingerprinting. The participants were randomly assignedht® experimental andontrol groups

according totheir pre-epistemological beliefs so that both groups could be comparable in terms of

naive and sophisticated epistemological staritike experimeral group was instructed based an

refutational text whereas control group viasghtbeingused atraditional textwhich was in narrative

form like textbook passage. This text did not imply any controversy. However, refutational text

attackedon the beliéthatknowledgewas stable and certain. This text included information about the

uncertainties and difficulties in DNA fingerprinting taddressthis epistemological view. The

treatment was made dime. The MANOVA for repeated measures was employdgth the mode of

instructionandthe prior epistemological beliefas independent variables and stabilitpypdicity and

certainty, éxtureand variability dimension of egtiemological beliefas dependent variable¥he

significant main effect for prior episinological beliefs was observel(§,49) = 32.91p < 0.01, eta

squared = 0.80while significant main effect was not observed ttee mode of instruction. Similarly,

the interaction effect between two independent variables did not reach statisticataigniflo test

change pre and post instructional beliefs, pairéebts were carried out for each group d formed
according to studentsd prior e pophidticaerefidagidna a | beliefs
group,sophisticated informational grgynaive refutational group, and naive informational group. In

terms of stability, simplicity and certainty dimsons, the researchers found similar differences

between pre and post epistemological understaadi@mly naive refutational group did not

significantly change their beliefs. However, other groupschahgh e i r bel i efs to more napyv
ter ms of texture aspect and wvariability of knowl ed
significantly changed to more sophisticated view while thEhisticated refutational group and naive

informational group did not change their beliefs, and the sophisticated informational groupdchange

their bel i ef\dew. tAccordn® 1o é¢hese eesulisiee researchers concluded that the

refutationaltexi nstructi on had positive effect for changing s
more sophisticated view for naive group$owever, for the sophisticated group, the refutational

instruction had negative effedtlowever, considering all dimensionseth was no clear picture of

epistemological developmenthe main limitation of this study was sample size. The researchers

made a factorial design with 58 students. This number was not enouglthéofactorial design.

Another limitation was that the intention period was too short to make valid interpretation about

epistemological development.

Brownlee et al(2011) made studysimilar to thestudy of Broviee et al. 2001 to explore tlmmpact
of an integrated teaching program on-pegviceteaches 6 per s on al . Teepartcipagtmo | ogi e s
of the students were 73 pservie teachers at early childhood educatidhe integrated teaching

program included explicit weekly reflections on st ud:¢
authentic mdeling of personal epistemology with collaborative reflection across four related unit.
The study was completed in one semester. The student

beginning and end of the study using quantitative and qualitativeunesafkepeated measurdsdts

were used to analyze the quantitative data. The researchers observed significant improvements in the
structure and integration of knowledg€ ¢ h e n=5 &53)dspeed of knowledge acquisition, and
knowledge as the construatiof personal meaning while no significant improversevéreobserved

on the certainty and attainability of truth. The qualitative data also showed that studentstanaved

more sophisticated epistemological stance. Tan limitation of the study $ thatthereis no
experimental controlwhich limited cause and effect relationship between teaching intervention and
change in studentsd6 epistemol ogical beliefs.

Muis and Duffy (2012) investigated how the instruction relied on constructivist approach and
emd oyi ng epi stemol ogi c adomapm spedifi@pgiseemialfelfefs overdideinst udent s 6
a social sciences statistics course. Platicipants of the study wef8 graduate universitgtudents

(46 female, 17 maldyom two classesThe length of tb study was one semester. The corgrolup

was instructedwith traditional statistic instruction while the constructivistented instructiorwas
employed in the experimental group. The first author instructed the experimental groups while the
comparisorgroup wagaughtby a different professoBoth professa@ got similar student evaluation

for their course and had three years teaching experience. The same content, assignments, lectures,
laboratories, midterm and final exams weeeployed inthe groups.The differences were
epistemological promptused for promoting change in fodimensionsof epistemological beliefs;
namelythe certainty and simplicity of knowledge, attainability of truth, source, and justification of
knowledge. The researchers applizad surveyst o p r o b e episttmictadiaist lsatning
strategies, and level of motivation. The surveys were applied in the 2nd, 4th, 8th, 12tbfuleek

32



interventionand 3weeks after the interventiohe epeated measures ANOVAawcarried out to

test researchypothess. In terms of justification of knowledge dimension, the analysis indicated that

there was no main effect for time while significant main effect for treatment was obse(te61)=

4.97,p < 0.01, etasquared = 0.06]. The groupfi@ired significantly only in Week 12 and 15, p <

0.01.Muis and Duffy (2012) did not report effect sizes fbe comparisonsThe researcher of this

study calculatedCohends ds wusing groupsd® mea@o haenndd ss tdasn dvae
estimatedas0.68 for Week 12nd0.76 for Week 15For attainability oftruth, there was significant

differences between groups in Week 8, 12 andCl6.h e n @ese calcslatedas0.61 for Week 8,

0.90 for Week 12, and.01 for Week 15. For source of knowledge, thpezimental and control

groups were not significantly different from each other. In terms of certainty and simplicity, the
significant main effect for treatment was seen in the analybis.groups differed in Week 8, 1&nd

15. Tre effect sizes were estated as 1.43 for Week 8 and 0.77 for week 12 6@ for Week 15.

With respect to withigr oup di fferences, the experimental gr
changed midway through the semester; howe ver, t
beliefs stayed constant across the semeS$tes. other findings related to this study were ttiet
epistemologyoriented constructivist approach was more effective for promoting udent s 6
performance, critical thinking and elaboration strategies;efitfacy for learning statisticsThe

effect size for achievementas calculated as 1.09 considered large effect siltethese results
support t he effectiveness of usi ng explicit ep
epistemological understamdjs One limitation of this study is thabne of the researchers
implemented the treatment. This might lead a problem to internal validity of the study with respect to
researcher bias.

Elby (20Ql) developed instructional practices and curricular mdteridose purpose is explicitly to
foster students6é epistemological devel opment . He
high school students. The first group consisted of 27 physics students (43% were female.) who were

12th, 11th, and 10th gders from a small, comprehensive high school in the San Francisco, USA. The
studywasapplied to this sample in the 1998 academic year by the researcher. The second group
contained 55 gifted and talented students (50 percent of students were fearal@) large magnet

high school in Virginia. The curriculum was implemented for these students during the92998

academic year by the researcher. He used two epistemological surveys, The Maryland Physics
Expectations Swey (MPEX) developed by Redish et §1.998) and the Epistemological Beliefs
Assessment for Physical Science (EBAPS), developed by White, Elby, Frederiksen, and Schwarz
(1999) to probe studentsdé epistemol ogical under s
the second sample took boglurveys. The surveys were given as homework assignment in the
beginning and at the end of the treatment. The result of study indicated that both sample demonstrated
significant gains in epistemological understandings about structure of physics knowdetgeefit

versus pieces), the content of physics knowledge and ways of physics learning after they were
exposed to epistemological curricula. Hence, the result proved the importance t@irgéting
epistemologyin the instructionf o r i mpr ovi istgmolegical dnelerstasdings énpphysics.

On the other handhé study had some shortcomings. The first one is the researcher emmheyed

group experimental desigihis weakened thstudy claimingt hat t he observed chan;i
epistemological undstandings due to the treatment rather thapthing elseThe second onwas

thatthe researcher implemented the treatnvelmch might be a problerfor the internal validity of

the studywith regard to researcher bias.

Redish and Hammer (2009) desigreed introductory algebrbhased physics course using resources
framework to activate studentsd productive conce
explicitly studentso6 epi s tsetotoriblo @and tlotatoriesn ther st and i
lecture part of the course, explicit epistemological discussions, epistemologically modified Peer
Instruction materials anthteractive Lecture Demonstrations were employadhe tutorial part of

the study, students were encouraged to think learnimgigs is the reconciliation of everyday,

intuitive thinking and experience with formal scientific thinking and engaged in explicit
epistemological discussions about the learning process. The reformed labs aimed to help students
understand the constructioof knowledge through measurement and analysis. Students were
responsible for designing their own experiments to answer empirically the given aemtence
research questions. To evaluate studentsd concej|
(FCI) and the Force Motion Conceptual Evaluation (FMCE) were applied as pre and post tests.
MPEX was applied as a pre and post test to probe epistemological understandings. The result of the
study indicated that students demonstrated significaimsgan boh the conceptual tesind the
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epistemological survey. Therefore, the researchers concluded that epistemologically improved physic
instruction was usefubr both conceptual and epistemological understanddmgthe other handike

EIl by 64 stgdg, &l study had a lack of experimental control although researcher made
comparison previous classesdé6 performance on FCI

In sum, the studies reviewed above in general showeeéxpdititly focusing personal epistemologies

in the instruction enhanced studersepistemological understandingShe studies conducted in

phyisics supported this argumeag well Redish et al. (1998) appligtle original MPEX survey to

1500 students in introductory calculbased physics courses at six universities and colleges to
investigate the effect of the physics instruction on
these institutions employed interactive engagement methods which were proved to be more effective

for improvingstudat s & c onc e pt u@inpredrodraditienal pahysics insgustion (Hake,

1998. The MPEX was administered at the beginning and end of the first term of the course. The pre

and post survey results showed that after one semest

deteriora e d . I n ot her words, t he instruction had negat.
Following studies proving the effectiveness of resedated reformed curricula for promoting
student so conceptual understandingts om 9Ppthydemrtss 6ob s

epistemological understanding as result of the instructions based on these curricula (Finkelstein &

Pollock, 2005; McKagan, Perkins, & Wieman, 2006; McKagan, et al., 2007, Moll & McKagan,2009).

For example, Finkelstein and Pollock (2005ttesd t he ef fecti veness of ATut or i
Physicso developed by University of Washington Physi
conceptual and epistemological understandings in physics. The ressattdenved gains on force

and motonconceptual tests. However, t hey observed no
epistemological understandings as measured on the Colorado Learning Atttmigs Science

Survey. In briefthe results of these studies ingul that even researgitovedteachng methodologies

which significantly promoted studentsé <conceptual u i
i mprove student séb epi stemol ogi cal understandings i n
epistemological understandings, the physics insbmchould explicitly target their epistemologies.

2.4. Metacognition

The term of metacognition was firmtroduced by John Flavell a couple @écades ago. After his

contribution, metacogntion became the subject of the study in a wide resemgrah area such as

reading, writing, mathematics. Likde personal epistemology, different theorists provide different

definitions of metacognitionThis sectionsummarizes o me o f |l eading theorists6é con
of metacognition.

241.Flavelbs Conceptualization of Metacognition
According to Flavell (1981), metacognition is fiprobat
knowl edge or cognition that takes as its .objects or

37). Flavell (1987 p.21) ar gued that although metacognition gener
cognition about cognitive object, that is, about anyt
include anything psychological such as emotionmotives. Similay, any kind d monitoring could

be also regarded as a metacognitive activity.

Flavell (1979 1981 1985, & 1987) conceptualized metacognition into two components,
metacognitive knowledgand metacognitive experiencédetacognitive knowledge includesn@ 6 s
stored knowledge or beliefs about what factors or variables operate and interact and how, to influence
the process and outcome of cognitive or psyatichl eneavor (Flavell, 19791987).1t is divided

into three categories: knowledge about persask,tand strategyhe person category refers to any
knowledge that one mighacquire about the nature of oneself and other people as cognitive
(psychological such as affective, motivational) processors (Flavell, 1979, 1987). This category is
subdivided ito cognitive differences within individuals (intraindividual differences), cognitive
differences between individuals (interindividual) and cognitive similarities (universal) among all
individuals (Flavell, 1979, 1985For example, someone believes tha learrs something better by

taking notes than by listening ene believes thatdr physics teacher is more capable in electricity
than in mechanics or people might feel sad in one day but they can feel happy in oth€helaask
category includes tweubcategories. One subcategory is related to the nature of the information that
an individual meets and copes with in any cognitive enterprise. The learner knows that the nature of
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this information affects how the learner approaches to the task. Forciestae individual might get
experience thatinfamiliar information is difficult and tim&onsuming for bBr to understand. The

second subcategory is related to the nature of task demands. For example, the learners know that
some tasks are more difficulbéithey demand more time and attentions (Flavell, 1985). The strategy
category refers to knowing that what strategies are useful for certain goals-goadsi(Flavell,

1979).

Met acogni ti ve experiences wer e descoriaficetile by

experiences that accompany and pertained to any

can happen before, during and after cognitive enterprise. Metacognitive experiences have important
influence on goals or tasks, metacognitivmwledge and cognition. For example, you feel that you

do not understand adequately the text after you read first time (metacognitive experience). Then, you
decide to read once more to understand deeply (cognitive strategy). Finally, you wonder
(metacogrtive experience) whether you understand the textlgefew this purpose, you asfourself

certain questions about the text (metacognitive strategy). Flavell (1979) distinguish metacognitive
strategies from cognitive strategies. According to him, cogniiivategies are employed for making
cognitive process; however, metacognitive strategies are used for monitoring that process.

FIl

2.4.2. Brownds Conceptualization of Metacogniti or

After Flavelb s ¢ o n t Browi, Brarisford, Ferraragnd Campoine (1983and Brown (1987)
defined metacognitignsimilarly. Accordng to them metacognition isknowledge and control of

oneds own cognition. Brown (1987) subcategori zed
and regulation of cognition. Knowledge about dogni on i nvol ves the infor mat
own cognitive processes while regulation of cogn

own learning (Brown, 1987 Regulation of cognition includes planning before learning, monitoring
activitiesduring learning and evaluation activities.

243K | u we@odacgptualization of Metacognition

Another conceptualization of metacognition was introduced by Kluwe (1982). According to Kluwe,

metacognition is a process; it cognitive activity directed athe individ ual 6 s own cogni
enterprise. Put it differently, mt acogni ti on i s an individual ds sto

cognitive activity directed at acquisition of
regul at i on infofmationnpeodessingoiwtarms tiie perceived demands. Metacognition

includes two components: cognitive knowledge and executive control. Cognitive knowledge is
individual s6 stored knowledge about thintki ng.

FIl avel |l 6s metacognitive experience and Brownoés

aspect of metacogntion. Kluwe divided this component into executive monitoring process and
executive regulation process. Executive monitoring is executtndtaairected at the acquisition of

information about the personds thinking process

at the regulation of oneés own thinking.
2.4.4. Jacobs and Parisés Conceptualization of

Jacobs amh Paris (1987) defirkmetacognition as any shared knowledge about cognitive states or
processes. They classified metacognition into two classes of metacogniticpelisal of
cognition and selfnanagement of thinking. Selappraisal involves the ¢tai ¢ eval uati on
knowledge about a particular task. It includes three subcategories. Declarative knowledge refers to
knowing that related to any cognitive activity. For instance, a learner might know that solving
complex problems is difficult. Proderal knowledje includes knowing how to déor examplea

learner mightknow how to use problem solving strategies to solve an unfamiliar problem. And
finally, conditional knowledge refers to knowing of the conditions affecting learning. For instance,
knowing why and when a specific cognitive strategy should be used for a particular task. Self
management of thinking includes executive decisions about cognitive processes. It is subdivided into
three categories: planning, evaluation and regulation. Plangiars to the selection and arrangement

of specific cognitive means for particular tasks and goals. Evaluation refers to an ongoing process of
the assessment o f oneds own understanding in
plans and stratpes considering how well they work.
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In conclusion, considering above discussion about metacognition, it seems they all agreed on some
aspects of metacognition. Briefly, metacognition can be defisdchowledge andwarenese f o ne d s
own cogrition ard monitoring,regulating,andevaluatingof o n e é scogaitwm The metacognitive
prompts used in the present study were developed to engage students in these aspects of
metacognition during the course of the instruction.

2.4.6 The research studies on @tacognition in Science Education

In this section, firstthe generalreview of 36 experimental studies investigating the effectiveness of
incorporating metacognitive activities in science and published between 1984 anid gtdsented
Then, the studie exploring the effectiveness of metacognitive ingbiaged teaching strategiase
discussd in detail.

The reviewed metacognitive studies conducted in science are presented in TablbiftegFation

of metacognitive activities into instruction flifs among 36 studies. Some of studies used
metacognition in the traditional instructionde Alemdar, 2009Georghiades, 20043pme integrated

it with inquiry (e.g., Blank, 2000; White & Frederikser998 or with other s$udentcentered
instructiors. The studies also differ in the length of time allocated for metacognition or the number of
different metacognitive activities employed in the instruction. Some of the studies used only one type
of the metacognitive strategy while some applied diffetgres of metacognitive activities together.

Table 2.10summarizes these studies in terms of the type of metacognitive instruction, sample size,

gradelevels of the participants, comparison instrucspmand practical importanc&.he tble also
includesthe @lculated ES for the studies not rejpogithe ES, relative magnitude of treatment effect.
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Table 210 Summary of the metacognitive studies conducted in science
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1.Baird&White 64 MI w 6 M Improvement in NR NED
(1984) 9th studentdé control on & he
Science and Biology & Attitude towards learning
11" (ISNM)
2.Adey& Shayer 173 Cognitiveconflict, TI 2Y Similar science achievement NR NED
(1993) 6" Bridging set together Higher cognitive development
Science & with META Similar durability in cognitive development
7 Higher retention in science achievement
3.Neto &Valente, NR META- Problem T- Problem 5 M Better problem solving skills NR NED
(1997 10" solving approach solving
Physics approach
4.Beeth(1998 12 MI w 9M Improvement in conceptual understandings NR NED
Physics 5 Metacognitive skills
Change in students from
passively receiving information to actly
examining their own conceptions(ISNM)
5.Tien(1999 77 ML TL 1S Better attitudes towards chemis&inquiry  NR for attitude NED
Chemistry Lab UG skills, beliefs about science Bature of 0.53 for achievement
research
Higher achievement
6.White & 120 META-Inquiry Inquiry 10.5 We Higher understandings of physi&sinquiry ~ Understandings of
Frederiksen (1998) 7th to without for overall group and lovachievingstudents physics
Physics 9th META Similar for high achievingtudents -0.13for high
achieving

0.59for high achieving
Understandings of
inquiry

0.1for high achieving
0.37for low achieving
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Table 210 (ontinued)

7.Hennessey (1999) 170 Mi w 3Y Improvement in metacognitive sophisticatic NR NED
Physics 1 ) & conceptual understandjs(ISNM)

to 6
8.Lin & Lehman, 45 CS with META CS without 7 Similar inquiry skills in near transfer NR 0.59 fornear transfer
(1999 UG META We Higher inquiry skills in far transfer 1.41 for far transfer
Biology
9.Blank (2000) 46 META-4E 3E without 3 M Similar conceptual understandings 0.18 forconceptual
Biology 7 META Higher retention understandings,

0.62for retention
10.Koch @007 64 META- Reading Reading 3 M Higher readingcomprehension abiijt NR 0.91
Physics UG technique technique
without META

11.Mittlefehldt & 182 META-inquiry w NR Improvement in achievement in density NR
Grotzer(2003 g Improvement in understandings of causality
Physics Improvement in transfer of causal models
12.Georghiades 60 MI TI 8 H Similar conceptual understandings on NR 0.19 forimmediate test
(2004) 5th immediate and delayed test applied 2 mont 0.28 for first delayed tes
Science Current later 0.53 for the second
electricity Higher retention observed after 8 months delayed test
13.Georghiades 60 MI TI 8 H Similar contextual use of science conceptic NR 0.44 forimmediate test
(2009 5th on the immediate test 0.44for first delayed test
ScienceCurrent Higher contextual use of science conceptio 0.45for the second
electricity (far transfer) on both delayed test delayed test
14.Larkin Q006 2 META- group work W 1Y Improvemeninst udent sé metNR

5 year (ISNM)

old
15. Sbhatu (2006) 696 Mi TI 14  Higher application and transfer NR NED
Science 5 W We

& &  Improvemenin corceptual understanding of

519 16 science topics and active student participat

6" We




6€

Table 2.10 ¢ontinued)

16.StueverZ006 66
Density g

TI 2 H Similar science achievement and letegm  NR
retention.
Higher class participation

NED

17.Bianchi 2007 126 Non-reflective 3 We Higher achievement and retention d?=0.088 0.63 for achievement
Biology g 0.31 retention

18. Yildiz (2008) 52 7" Tl 15 H Higher conceptual understandings, knowle NR 0.91 for conceptual
Physics w of cognition, and deep learning approaches understandings

Similar regulation of cognition,

Similar surface learning approashe
Improvement in conceptual understandings
metacognition and learning approaches.

0.68 for knowledge of
cognition

0.53 for re
cogniteéeon
0.65 for deep appach
0.30 for surfacepproach

19.AbdEIKhalick & 49 PST NOS instruction with

Akerson 2009
Elementary science
methods course

NOS instructio 4 M Better conceptions on all aspect of NOS NR
without META except forCreative aspect (similar)
Higher metacognitive awareness (knowled:
about cognition andegulation of cognition)

NED for metacognition
0.67 for empirical aspec
0.83 fortentative aspect
0.80 fortheorydriven
0.66 forinferential apect
0.32 forcreative aspect

20.Alemdar 2009 68
ScienceMatter 7

Tl 4 M Higher achievemer& concetual NR
understandings, metacognitive awareness,
Better transfer and retention

1.49 for achievement
1.14 for conceptual test
1.00 for metacognitve
awareness

1.07 transfer

1.67 for retention
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21.Appamaraka et a 82 META-5E TI 18 H Higher achievement, integrated science NR NED
(2009) g process and critical thinking skills
Envirormental
Education
22.Kaberman & Dori 931 META- inquiry Inquiry 3Y Higher question posing skills NR 0.56 for low academic
(2009 12" w Improvement in quaion posing skills and  For within comparisor level comparison
Chemistry complexity level of the questions net gain score dfst  0.62 for high
and 2nd stagesf the  academic level
studywere 0.7 & comparisn
that of the 3rd stage
was 0.6.
23. Michalsky et al. 108 META-Reading T-Reading 4 M Higher science achievement NR NED
(2009 4 Scientific Literacyand metacognitive
Biology awareness
24.SaribasZ009 54 PST ML TL 1S Similar procedura& declarative knowledge d = 0.17 for conceptui 0.55 for science process
Chemistry w Improvement in procedural and declarative understandings skills
knowledge achievement d=0.10 process skills 0.63 for conceptual
Higher conceptual understandings understandings
Higher science process skjlls -0.07 procedural and
Similar attitude declarativeknowledge
Similar motivational beliefs and cognitige -0.32 for attitude
metacognitive strategies 0.45 for mo
25.Sornsakda et al., 93 META-7E Tl 10 H Higher achievement, integrated science  NR NED
(2009 11" w processk critical thinking skills

Life and environmen

Improvement in all constructs.




(A%

Table 2.10 ¢ontinued)

26.Yuruk, et al. 45 Mi TI 13 H Higher conceptual understandings d*=:0.22 1.06 forconceptual
(2009) 11" Retention d?=0.22 understandings
Physics 12h 1.06 for retention.
27 . AR0O19 | 105 CCT with META ET 1H Higher conceptual understandings NR 1.77 for conceptual
Physics PST RTs retention than the gained in both groups understanding for
Higher attitude than that of ET group, comparison with ET
Similar attitude with RT group 1.02 for conceptual
understanding for
comparison with RT
0.92 for retention for
comparison with RT
1.17 for retention for
comparison with ET
0.65 for attitude for
comparison with ET
0.49 for attitude for
comparison with RT
28. Hoffmann(2010 162 Graphic Organizer + Graphic 6 We Higher comprehension scores than NR NED
Science 5ih M-monitoring Organizer &M comparisos with Tl and Gaphic organizer
Monitoring & Similar with metacognitive monitoring
TI Similar metacognitive awareness
29. Peters &itsanta: 83 M-NOS Implicit NOS. NR  Higher content knowledge NR NED
(2010 g w Better nature of science views
Physics Similar metacognitio selfefficacy
Improvement in content, nature of science
and metacognition
30. Pola(2010 50 Mi TI 28H Higher achievement NR 1.05
ScienceMatter 5ih
31.Viko (2010 192 Mi TI 8 We Higher achievemer& NR 5.82 for achievement
Chemistry 12 Chemistry seHefficacy 3.02 for seHefficacy




Table 2.10 (ontinued)

32.Cakir @011 28 ML w 1S Improvement in awareness, cognitive o = 0.17 for
Science PST strategy& planning aspects of awareness.
metacognition d? = 0.16 for cognitive

No improvement in seithecking aspect strategy.
d? = 0.14 for planning
d® = 0.06 selfchecking

ey

33.Collins Q01]) 61 META-i nquér yTI 1Y Similar chemistry and inquiry sefffficacy NR NED
Chemistry 9" or Similar inquiry skills
11"
34.Dejonckheere et ¢ 45 META- support how tc¢ Controlled NR Similar experimentation skills for nine ye NR NED for nine year old
(2011 4 design experiment.  comparison old students students
Science & strategy withot Higherexperimental skills compared to b 1.62 for comparison witt
45 META group. controlled comparison
5 Uninstructed strategy
group about 0.72 for comparison witt
how to design Uninstructed group
experiment
35. SandiUrena, 537 ML TL 1.42 H Higher problem solving ability & d=0.1for
Cooper, Stevens & w Metacognitive awareness metacognitive
(2011 464 Decrease in metacognitive awareness in awareness
Chemistry UG treatment group. d = 0.2 for problem
Higher problem solving rate solving ability
36.Butterfield(2012 9 Mi W 5We Improvement in metacognition (ISNM) NR NED
Science 9th

I'n the Calcul at ed Cdswerencalaulated foc ietwegnoup, comparispesrbd sot for withgroup comparisonsVETA : Metacognition
or MetacognitiveMI: Metacognitive instructin, ML : Metacognitive laboratoryCS: Computerbased simulation3E: 3E learning cycle4E:4E Learning cycle
5E learning cycle,7E: 7E learning cycle,TI: Traditional Instruction,TL: Traditional laboratory (Verification laboratoryNC: No comparisonUG:
Undergraduate? ST: Preservice teacher,CCT: Conceptual change teXET: Expository textsRT: Refutational texts W: Within, S: Semestenv: Month, H:
Hour, We: Week,NR: Not reported)SNM: Inferential Statistis not madeNES: Not enougldata to elculate effect size.



Sample.Of 36 studies conducted in science, only six studies, whose participants incluesavice
teachers or elementary studentgreumade in TurkeyGrade leved of studentparticipatingin the
metacognitive studies ande percentagesf the studies categorized into the grade leasd
demonstrated in Tab.11 As seen fronthetable, most researelwere carried out for elementary
students while only 21.6 % of studies addressed on high school students.

Table 211 Grade levels of participants included in the metacognitive studies and the percentages of
the studies categorized into the grade level

Grade level Percentages
Elementary (Kindergarten grade 8) 51.4
High school (grade 912) 216
Undergraduate 24.3

Table 2.12 indicates sample sizitervals and thepercentagesf the studies assignetd these
intervals Like the sample sizes of the studies investigating the impact of the learning cycle,

approximately 3@ercentof the studie 6

sampl e

Si z es experimentalrstady.

adequat e

Table 212 Sample size intervals and the percentages of the studies falling into these intervals.

Sample size Percentage
0-29 111
30-59 194
60-89 27.8
90-120 139
120+ 25.0

Length The length of treatment time rartyrom one hour to 3 years. As explained before, for
achievement, the time period less than 3 weeks was not enough for obselihghangein
achievement.

OutcomesThe studies aimeatgetimprovemenin variousdependent variabless a result of adding
metacognitve activitiesinto science instruction. The outcom#sstudies aras follows;

Conceptual understandings and achievement

Retention of learning

Transferof learning

Metacoqitive awareness and skills
Nature of science, scientific literacy
Problem solving

Question asking skills

Inquiry skills

Attitude

Self-efficacy

Cognitive development

Learning approaches

Reading comprehension

Thinking skills

Class participation
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Practi@al ImportanceMost studies did not report the valuetb& ES for difference of group means.
The researcher of the present studyculated ES for studies who repcetl adequate statistics for
estimating the ES of the studyor achievemenpnly 13 studes had enough statistics foalculation
of the ES.

Mean, standard deviation of E®§ 13 studiesand minimum and maximum E&bserved in the
studiesare given in Table2.13 The average ES was obtained as 1.14; however, as seen from the
table, one studyad a very large ES. Since the number of E8as small this outlier drastically
affected the value of the mean. Therefore, this study was excludedafrerage ES computation
After this exclusion, the mean of E®&as found as 0.75 which is medisee Thle 2.14)

Table 213 Descriptive statistics of ESs of 13 research studies investigating influence of

metaogni ti ve instruction on students6 achievement.
N Mean SD Min Max
13 1.14 1.47 0.18 5.82

Table 214 Descriptive statistics of ESs of 12 research studies excldéwaytlier study.

N Mean SD Min Max
12 0.75 0.43 0.18 1.40

It should be noted that the averag& was acquired by considering all studies having ES for
achievement regdless of type of the instruction in which metacognitive activities were added or the
type of comparison instruction. Thukisaverage ES should be interpreteith caution

2.4.6.1Research on Metacognitive InquiryBased Instructions

White and Frederien (1998) developed a metacognitive curriculum in which students participated in

scaffolding scientific inquiry using prompts. They engaged in reflective assessment in which they
monitored and reflected on t hei oduds\tme limitatdnsefac h ot her 6 s
what they have learned). To investigate the effect of reflective assessment, White and Frederiksen

included a controlled comparison classes in which reflective assessment was not employed. The study

was implemented in sprinbkP95in force and motion unit, andas completed in 10.5 weehy a 45

minute class in each day. Two teachers, who had edosiith researchers for 1 month in developing

the materials and who had piloted the developed materials in their classes and recommended

necessary revisions and one teacher who only implemented the curriculum, applied the curriculum

into 12 urban classes (grades 7 to 9) in two schools. The size of classes averaged about 30 students.

The chsses were randomly assignetbiexperimental and ont r o | groups. Studentsd av
on Comprehensive test of Basics Skills (CTBS) indicating achievement did not differ significantly for

the classes (grade 7 to 9). There was no significant difference between famthle smmal e st udent s
CTBS scoresSudent s i nquiry skills and physics knowl edge
were assessed by pre and pos st s . The quality of studentsdé research
during the course of the curriculum implementation was evaluated asTiwelANOVA with four

between subject factors which were (1) treatment (reflective assessment and control), (2) gender

(mal e and female), (3) CTBS achievement | evel (low [
and 8/9) was ruffor analyzing studenis under st andi ng .dOheitailedgesiwasy and physi
used to test the hypothesis that metacognitive instruction would fig¢ especially for low achieving

students. The result of analysis indiaphysesd t hat expert
and inquiry were significantly higher thahose ofcomparison group student$he results also

showed the interaction between treatment and achievement level of studeluiding reflective

assessment into scientific inquiry was especiadlgful low achieving students. Their successes on

their inquiry tests and research projects were significantly closer to those of high achieving students

than the case in the control groups. The researchers concluded that metetpgmhanced inquiry

44



based curricula can help low achieving students reduce their educational disadvantages and also be
useful for highachieving students.

Tien (1998) explored the effect of metacognitive inquiry laboratory course called MORE (Model
ObserveReflect Explain)o n s t attitedesttasvérds chemistry and inquiry skills, beliefs about
science and nature of research, and achievement. The participants were 77 college students at
university of California, Berkeley. The study was completed in one semester in Gliernistse.

The students were randomly assigned into the experimental and control groups. The experimental
group was participated in the MORE project while the traditional laboratory was applied in the
control group. On the reflect part of MORE cycle, stutdewere stimulated to monitor and evaluate

what they did in the experiment, to think and make sense the data they collected by using written
prompts in their lab manual as well as the prompts provided by the instructor. Students also reflected
on their larning in the lab in their written reports and oral presentations. Two experimental classes
were instructed by the researcher while two control classes were instructed by different instructors.
Both qualitative and quantitative data were collected. Thaltred the study indicated that the
experimental group students got significantly higher scores in terms of achievement (reported
Cohends d = 0.53), attitudes towards chemistry a
research. Qualitativeadla analysis also indicated that students in the experimental group improve their
inquiry skills and attitude towards chemistijhese results supported the effectiveness of the inquiry
instruction in which metacognitive prompts were employed in termsmgfraving students,
achievement although the ES was medidihe main limitation of thestudy that the control and
experimental groups were instructed by different teachers and the researcher implemented the
treat ment . That di f fstos endesearchembiag neghtdd threats fo olisdneaed act e |
differences on the dependent variables.

Mittlefehldt and Grotzer(2003) investigated the effect of metacognitive instruction on transfer of

causal models used inaming of density and pressummits. The participants were 182 eight grade

students from six eighth grade science classes in the Boston. Two teachers applied the intervention,
which was inquirybased instruction eiched with metacognitive movesvietacognitive moves

included using questh prompts whestudentsonstructed the causal modédshelpthembe aware

of their own and friendsconceptions and thinking processasd to helghink about applicabily of

their and tbotheesituhtods. Thedneetsognitive strategissduby the students were

evaluated employing class discussions, ssmictured interviews, samples of student wriinghe

effect of met acognition use on studentsd transfe

pressure anan learningin overa | | was assessed by comparandig st ud:¢
student so6 understandi ngs i n both uni t s. The re
significantly student so understandi ngs i n dens
significantly predicted the poste s t scor e. Studentsd performance

improved in density unit. In terms of transfer of causal models, the analysis showed that
metacognitive statements were significant prediatétsansfer scores ipressure unit. In conclusion,

these results provide@vidence that engaging in metacognitive activities impew student sbd
understandings of causality and transfer of causal models as well as achievement. This study was a
good example ofheintegration netacognitive prompts into most parts of thetructionrather than

using metacognitive activities in a specific part of it&ruction The researchers employed question

prompts both in written anderbally in the instruction. Students also evaluated tharningin their

homework However, lack of experimental control in this study produced a tHogatlaiming

observed change on the dependent variables because of treatment rather than anything else.

Saribag(2009) investigated the impact of metacogni ve chemi stry | aboratory
and declarative knowledge, conceptual understandings, science process skills, attitude, motivational
beliefs and cognitive and metacognitive strategies. Fifty fousereice science teachers participated

in the study conducted in general chemistry laboratory. The study was conductet: feemester
overten experimentsStudents were randomly assigned to the control and experimental group. The
experimental group made experiments designed to promotenguahketacognition and motivation

while the control group conducted traditional verification experiments. In the experimental group,
students mainly engaged in metacognitive activity asasséssment at the end of experimentation
processes. The researchestructed both group. The researcher collected both qualitative and
guantitative dataAll instruments were @plied as pst and prdests. Independertt tests were
employed to test the effedf the ntervention on the related variables. The resultshefanalysis
indicated that there was no significant group differences for procedural and declarative knowledge
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(Cal cul at e d0.Qo7h)e,n 6fsord=at t i t u d-8.32) GatiViatonal baliefeahd Cohends d

cognitive and metacognitive strategies (Call at ed Cohendés d = 0.45) . However
differences were observed in favor of the experimental group for conceptual understandings
(Cal cul at ed Canti sciendesprocessskillS(Cx<51) at ed CpTheBSS®r d = 0. 63

conceptualinderstandings and science process skills were mediliihough researcher of this study
was designed the instruction based onssdlilated learning in which metacognition only one aspect
of selfregulated learning, the explicit metacognitive activitiegolved small part of instruction.
Furthermore,hie researcher used severtdgs instead of the MANOVA. fiis inflates the probability

of making type one error. Sampdeze of the studywas smalffor experimental studyThe researcher
implemented theréatment, which might be a threat with respechtoresearcher biaBinally, there
was no informatiorfor treatment verification.

A few studies investigating the effect of the instruction based on the learning cycle in which
metacognitve activities wee incorporated Appamaraka et al2009; Blank,2000; Sornsakdat al,
2009;Yildiz, 2008).These studiearediscussed as follows.

Blank (2000) compared the effect of the Science Curriculum Improvement Study (SCIS) learning

cycle to the effectof metaogni ti ve | earning cycle on studentsd achi
of study included 44 seventh grade students in a junior high school in a suburban school district of a

large, midwestern metropolitan area. Students were randomly assigned toohanhtexperimental

class. The control class consisted of 22 (10 males and 12 females) students whereas the experimental

class included 24 (12 male and 12 female) studd@int® experimental design was used in this study.

The study was conducted in ar®rth ecology unit. The same teacher taught both treatment groups.

The control class was taughith SCIS 3E learning cycle while experimental class was instructed

metacognitive learning cycle in which students were urged to reveal their science ideakeandrref

the status of their conceptions throughout the instruction. Blank integrated He@ndd€93)

approach requiring students to engage in the status check of their conceptions by reflecting on the

intelligibility, plausibility, and fruitfulness oftei r concepti ons i namngBar mandés fo
cycle (1997 as cited iBlank, 2000). Except for exploration phase, in other three phases of the

learning cycle, students explicitly discussed the status of their science ideas using intelligibility,

plawsibility, and fruitfulness terms used in classical conceptual change approach. Specifically,

students used intelligibility term to evaluate whether they could explain the conception or they can

provide examples for it. When reflecting on whether their eptions were plausible or not, they

checked the consistency between their conceptions and the other experiences. Using fruitfulness term,

students decided on whether their conceptions accounted for other experiences or events and

facilitated solving of prdolems. Each student had a concept journal including her conceptions and

reflections on the status of their conceptiohsh e assessment i nstrument used to
understanding of the ecology concepts was administered to all students ated ptehe beginning

of the study and as a post test at the end of study. The same instrument was also applied one and 6

months later the treatment. TRNOVA was employed to compare the means of scores on the

ecology test. In this study, the researcher did observed a statistically significant difference

between either the pre or posttest mean scores across the two treatment groupsHpréi&&tp

=0.07; posttest- = 0.348; p = 0.56). However, the experimental class significantly outperformed on

both of delayed tests (for the first delayed tést; 3.9, p = 0.05; for te second delayed te$t,=

4.42,p = 0.09. The researcher did not provide €£8r the comparisons. In the immediate test

comparisonthe ES was calculated as 0.18 which is constlase small and for retention, ES was

obtained as 0.62 which was medium. That means the study dithwetapractical importance on

i mproving studentsd conceptual upmodhetingsdurabititggdf ng i n bi ol c
st udent s 6 nderstandirg.pAtthowgh Blank randomly assigned students to experimental and

control conditions, the researcher did not assesedba/alence of the groups on other confounding

variables which might explaithe outcomes of the study. The sample size wss tlean 60 This

limited the generalizability of the results tbe population In addition, Blank employed similar

metacognitive proipts throughout the phases of the learning cyEhés might prevent studentsofn

engaging in different types of metacaiye thinking processes.

Bl ankds st udoysciénse educagon sifica ihwas the first study integrated the learning
cycle with explicit metacognitive promptSollowing Blank (2000) study, Yildiz (2008\ppamaraka

et al. (2009) and Sornsakdat al. (2009) designed similar instructions based on the metacognitive
learning cycle.
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Yildiz (2008) investigated the impact tife 5E learning cycle, which was based on conceptual change

model andin which metacognitive prompts we incorporated into eh stage on student s
conceptual understandia@f force and motion concepttgarning approachesnetacognition and

perceptions aboumetacognitive orientation of classroom learning environments. Sample of study

were 52 seventh grade students in elenmgrgahool in Izmir. Two classes were randomly assigned

into experimental and control conditions. There were 25 students (15 female, 10 male) in the
experimental class and 27 students (11 female, 15 male) in the control class. The study included both
qualitative and quantitative parts. A quasi experimental design withegtepostiest control group

was usedIn the expemental group, students reflected on their conceptions ubmmtelligibility

and plausibility terms like Blarik study. In addition, teidents produced journals and posters as
metacognitiveactivity. In the control grougraditional instruction was applied’he researcher taught

both groupsThe independent test andhe MANOVA was conduct to analyze the treatment effect.

The ndependsttt e st was employed to compare groupso pre
result of analysis indicated there was no mean differences between two droups6g p = 0.51).

Independent test also was used for post force and motion conteept The result revealed that
experimental group students significantly got lower score on the concept es3.29, p = 0.002)

The lower scores on the concept t@ddicaied havingless misconception. This result showed that

5E learning cycle grmpt ed by metacognition was effective
understanding in force and motion. The researcher compared pre metacognition inventory scores
(knowledge of cognition and regulation of cognition) of students in experimental and arotipl

usingthe MANOVA. There was no significant differences between experimental and control group
student so scores on both parts of met acogni ti v
significant difference between two groups on post scoresnowl&dge of cognitiont(= 2.5, p =

0.01) in favor of experimental group. Moreover, usthg independent-test, the researcher found

that there was no significant di fference between
Scale and Surface Leangy Approach Scale while experimental group students got higher score on

post Deep Learning Approach ScaleX 2.38,p = 0.02 and got less score on Surface Learning

Approach although the difference was not significant. Finally, the researcher obsemiéidasig

differences between groups on all parts of Metacognitive Orientation of Learning Environment Scale
Science except Shared Control parts in favor of experimental group. This resudteidditat the
student s6 experi ment arhinggnvioonnpent more metacognitive ghanstoseo m | e
in control group students. The analyses of qualitative data also pointed out the positive effect of
treat ment on st udent ssbof foroen and priotiom land unatacegnitsré a nd i n
development, and leaing approacheslhe researcher did not report anysE¥he calculated effect

sizes were as 0.91, lar@es for conceptual understandings, as 0.68, medium ES, for knowledge of
cognition 0.53, medium ES, for regulation of cognition, 0.65, medium effectfeizdeep learning

approach 0.30, small ES, for surface level approaches. According to these ES values, it can be said

that the study had practical significance as weii.the other hand, the stud y had some deficiencies,

as well. The first one is thatdhresearcher implemented the treatment which might be a threat for

internal validity of the study. The sample size was too small for experimental Stuelyesearcher

made individual statistical analysis for each dependent vayiatieh increased the pbability of

making type one error.

Appamaraka et alf 2 00 9) explored the effect of t he met acc
achievement, integrated science process and critical thinking skills. The participants were 82 ninth

grade student#én Thailand. The length of the study was 18 hours. The experimental and control

groups were formed using cluster random sampling. The metacognitive learning cycle was applied in

the experimental group while the traditional instruction was implemented in theolcgnoup.

Metacognitive 5E learning cycle involved the integration of metaciwgniiechniqgue namelyhe

intelligibility, plausibility and wide appl i cabi | i ty, stady. nThd achievement, Bl an k
integrated science process and critical thinkindgisskésts were applied gge and post tes@t the

outset of the studgnd end of study, respectivelfhe MANCOVA was used to analyze the data.
Results indicated that the experimental group st
science process scoresvere greater than those of the control group students. There was no
information aboutvho implemented the tréaents.The researchers did not provide enough statistics

for being able to calculathe ES.

Sornsakda et a{2009) investigatd the impact othemet acogni ti ve 7E | earning

achievement, integrated science process and critical thinking skills. The sample of the study included
93 eleventh grade students in Thailand. The students were assigned to experimentaitrand
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conditions bycluster random sampling method. This metacognitive learning eyasedeveloped in
similar manner to the study @&ppamaraka et al2009).The ntelligibility, plausibility and wide
applicability metacognitive moves were integratesh the 7E learning cycle. The control group was
instructedwith the traditional instruction. The study was completed in 10 hours. The researcher
implemented the treatmerfthree tests which were athievement, integrated science processaand
critical thinking skills test were applied gse and posttest3.he paired t test anché¢ MANCOVA

were used for analysis of the data. The significant group differences were observed for all constructs.
Paired t test also indicated significant improvement in achiem, integrated science process and
critical thinking skills.There were not adequate statistics to calclE&ge The main limitation of the
study was thathe researcher taught the expeental group, which might cause problem with
respect toesearchr bias.

2.5. Summary of theliterature Review
e The learning cycle ian useful model for instruction and curriculum development (Cavallo

& Laubach, 2001; Lawson, Abraham, & Renner, 1989; Musheno & Lawson, 1999).
e The studies comparing the effectivenessthe learning cycle with that of the traditional

instruction gave evidences in favor of the | ear
achievement and conceptual understandings in phyysits é Klué g &t , 201,1; A-eéexle e
2011; At exkbbh 2A06&Kk & R®IOat , 2005; Bar man et al ., 1

et al., 2010; Hjin et al., 2008;Hussainet al, 2011; Kanli & Yagbasan2008; Nuhojlu &

Yal ,2®06; Turgut & Gurbuz, 2 020086;;ZolnYaq,199@),2n & Huyug¢ ze
chemi stirWal(-Ajng¢& Bayr ak-, ekRr0,5; 2 Bek;t alka 2011 ; Cave
2003; Ceylan &Ge b an, 20009; Ekici, 2007; K2010a v u z , 2005;
Pabu-cu, 2008; Sevin-, 2008; Siributbozam & Tayr aul
2007; Balci, 2009Balci et al., 2006; Budprom et a010; Cakiroglu, 2006DogruAtay &

Tekkaya, 2008; Ebrahim, 2004; Ercan, 2009y Har | uoj Il u & Kaya, 2011; Kayr
2009; Marek et al.1994, Lord, 1999; Musheno & Lawson, 1999; Oren & Tezcan, 2008;

Sadi &luwaRrR0DA6] Saygen,208009; Saygin et al

e The average (Cohendés d) ang the lbaeningecBcte tootie 35 st udi e
traditional instruction for pr ashaSwhichgsa st udentsé a
large ES according to the thredth proposed by Cohen (1988). The average ESs of the
learning cycle studies conducted in physics was 1.16 which isidsge ES.

e The |l earning cycle studies were also effective fo
2011; yK{ mak , a&@nar@haieta. i wW009; Turgut & Gurbuz, 2011
attitudes in physics, durgatm20F1t Balgi, 2800; Billings, ol ogy ( A- €
2001; Brown, 2000; Ebrahim, 2004; Ergihal., 2008; Farrell et al1999; Hokkanen2011;

Kaynar, 2007 Lord, 1999; Oren & Tezcan, 2009; Parker & Gerber, 2000; Siribunnam &
Tayraukham, 2009; Thien Huong, 1 908 stiepnceY €l maz & Hu
process s kTulglt,s201(; Budprerdt al.,2@.0; Campbell, 1977; Cumo, 1B9

Kanli & Yagbasan, 20@; Polyiemetal.,2 0 1 1 ; S e v forrhinking gkillsO(Buiiprom

et al.,2010; Mecit, 2006; Oren & Tezcan, 2008; Siribunnam & Tayraukham, 2009; Btmel

al., 2012),for science percgpi ons ( Campbel &, T2 02019;,Liud&a@lseo] | u

2009; Sriwattanarothagt al.,2009), andor epistemological understandings (Bektas, 2011,

Kaynaret al, 2009).

e According to the metanalysis conducted by Guzzedt al. (1993), the inclusion of a
laboratory in the learning cycle resulted in larger eéffeghen compared to the approach
without a laboratory.

e Extension fromthe 5E learning cycleto 7E learning cycleensuresthat eliciting prior
understandings and opportunities for transfer of learning are not neglected (Eisenkratft,

2003).

e Compared to theumber of studies investigating the effectiveness of the 3E and 5E learning
cycle, the limited number of study investigated the effectiveness of the riihtpaycle.

e Al most half of the |l earning cycle stuldiesd sampl e
studies.

e The instruction based othe 7E learning cyclencreasedst udent s6 achi evement
conceptual understandings (Bulbul, 201GnK & Yagbasan, 2008; Polyiem et,a2011;

Siribunnam & Tayraukham, 2009), their attitudes (Bulbul, 2010; Siribunn&m
Tayraukham, 2009), their science process skillan|K& Yagbasan, 2008; Polyiem et ,al.
2011) and their thinking skills (Mecit, 2006; Siribunnam & Tayraukham, 2009).
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Student s epi stemol ogi cal under standsngs aff
approaches to learning (Hammém94; Hogan, 1999; Rosenberg et 2D06; Sandoval,

2005; Tsai, 1998) in science and mathematics.

Several research studiespported the idea hat st udentsé personal ep
dependent rather than coheremtntextindependent stable beliefs (Leasthal, 2000; Lising

& Elby, 2005; Louca et al.2004; Rosenberg et al. 2006; Roth & Roychoudhury, 1994;

Sandoval & Morrison, 2003; Songer & Linn, 199Put it differently the results of these

studies supported he resources frameworkds claim that
fine grained context depemderesources. Therefore, epistemological development and

change include the eactivation and stabilization of epistemological resources the individual

already has rather than removal of old belief (Elby & Hammer, 2010).

The implicit instruction focusing on student
epistemological understandings would improve in the same way are not so effective
compared to the imuction focusing explicitly on their epistemological development (Elby,

2001; Redish & Hammer, 2009; Sandoval & Morrison, 2003) in terms of promoting their
epistemological understandings.

There were few studies exploring the effectiveness of the expdipistemological

instruction. Most of them endorsed beligigerspectiveand applied strategies used in

traditional conceptual changgpproaches o0 change students6 napve &
sophisticated beliefs. Only two studies developed their episbginal instructions based on

the resources framework (Elby, 200Redish & Hammer, 2009). Moreover, all studies

except for the study of Elby (2@Pwere conducted with university students. Furthermore,

except for Elby (200), and Redish and Hammer (2009hey made studies in their
educational psychol ogy or rel ated cour ses
epistemological development rather than other educational variables.

Furthermore, to the best knowledge of the researcher of the present studywdkene

research studying the effectiveness of the epistemological instruction explicitly emphasizing
studentsdé personal epi stemol ogies in Turkey t
Compared to reading and mathematics, there was not much research addressing
metacognition in scie®c Thus, the number of studies evaluating the effectiveness of the
metacognitive inquiry was less in science although it has been pointed the importance of
metacognition for scientific inquiry skills (Baker, 1991; Blank, 2000; Schetval, 2006;

White &Fr ederi ksen, 2000) . Met acognition is al sc
personal episteaiogies. (Bendixen & Rule, 200Bendixen & Feucht, 2010; Elby &

Hammer, 2010; Rule & Bendixen, 2010).

Few studies integrated the learning cycle with metaitivg activities. However, they made
similar integration by using Henneseyb6s (1993
Most of metacognitive studies in science were conducted for the elementary students.

Almost 30 percent of research probing the effectiveness etauognitive instruction in

science had too small sample sizedoexperimental study.

A great deal of research demonstrated metacognitive science instingiimveds t udent s 6
conceptual understandings and achchg 2087me nt ( Al
Hoffmam, 2010; Koch, 2001Michalsky et al. 2009; Mittlefehldt & Grotzer, 2003; Peters

& Kitsantas, 2010; Polat, 2010; Saribas, 2009; Sbhatu, 2006; Tien, 1998; Viko, 2010; Yildiz,

2008; Wtite & Frederiksen, 1998; Yuruk et aR009), the reteion of learning (Adey &
Shayer; 1993; Akgel , 2010; A | 2600;dGeorghiadds) 0 9 ; Bi
2004; Yuruk et a].2009), the transfer of learning (Alemdar, 2009; Georghiades, 2006; Lin &

Lehman, 1999; Mittlefehldt & Grotzer, 2003; SbhatuQ&)) metacognition (AhdElKhalick

& Akerson, 2009;Baird & White, 1984; Butterfield, 2012; Cakir, 2011; Hennessey, 1999;

Larkin, 2006; Michalskyet al., 2009; Yildiz,2008) attitudes towards sciencedaearning

(Akgel, 280Vhile, 1988;ariem, ©98) and scientific ingiry skills (Dejonckheere

et al.,2011; Lin & Lehman, 1999; Saribas, 2009; Tien, 1,988ite & Frederiksen, 1998).

The averageof ESs of 12 research studies investigating the influence of metacognitive

i nstructi on omentsntsciedce was esimated (h7b whickerisedium ES.

Specifically, the result of metacognitive inquiry studies showed this type of instruction
improved std ent s achi eve me n2009;Gakipap, 2a00% Boankakda ettal.,, a |

2009; Yildiz, 2008; Tien, 1998) science process skills (Appanaka et al.2009; Saribas,

2009; Sornsakdat al, 2009; Tien, 1998; White & Frederiksen, 1998hd their critical

thinking skills (Appamarakat al., 2009; Sornsakda et &009).
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In conclusion, acaaling to the literature review conducted in this study, the learning cyda is
effective teaching strategy for i mproving studentsbéd
However, there is little known about the effectiveness of the 7E learningaymigared to the other

types of the learning cycle. Similarly, the limited number of studies investigated the explicit
epistemological instruction and most of them accepted the beliefs framework although many research
studies gave supporting evidence fasaerces framework. There has been a great deal of research in
reading and mathematics proving the effectiveness of metacognitive instruction while this number is
limited for science. Both scientific inquiry and personal epistemology researchers ptfiated
importance of metacognitiorhowever, few studies explored the integration of metacognition to
inquiry-based or epistemological instruction. There is no study probing the effectiveness of the
instruction based on the 7E learning cycle integrated with angtation and personal instruction.
Thus, the present study was conducted to fis#uympsin the literature
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CHAPTER 3

METHOD

Population and sample of the study are described in the first sectiois ohapterThe variables and
instruments used in this study are introduced in the following sections. In the fourth section, the
instructional materials developed and employed in the study are discussed. The treatments given in
the experimental and ctol groups are explained in the fifth section. Finally, the analysis of the data,
power and unit analysis, and assumptions and limitations of the study are presented in the following
sections

3.1 Population and Sample

The target population of thigugly is all tenth grade students at Anatolian teacher training high
schools ATTHS) in the Central Anatolia &jion of Turkey. On the other hand, because too much
time and effort are needed to deal with the target population, the researcher narrowedilttepop

to the accessible population. The accessible population is the population to whom the researcher is
entitled to generaliz8-raenkel & Wallen, 2000). The accessible population iteathgrade students

at ATTHSs in Ankara. The developed treatmenih this study involved using microomputer
laboratory tools. When the treatment was made, only the ATTHSs had thesentdoikara Thus,

the ATTHSs were selected as study schools for the present $tushgwerenine ATTHSs in 2009

2010 academic yean Ankara.The number of all tenth grade students in accessible population was
approximately 750 and theveereabout 17 tenth grade science classes &mphysics teacher©nly

four schools had more than otenthgrade science class. Two of sieenineschools were selected
conveniently by considering the numbersofenceclasses in theenthgradeand their distances to the
center of AnkaraOne of theséwo schools had two science cdas taught by the same teacher. These

two classes were selected fitve current study. fle other school had three classes. In this second
school, two classes instructég the same teacher were selected for the present studym, faur

classes from two schaoparticipated in the studyhe studentincludingin this qudy had achieved

the high school entrance examinatiorbe able to enroll at th@TTHSs thus, it can be said that the
sample ofthe study included high achievingtudents. Thentact classes in each school were
randomly assigned into the experimentad aontrol groupsThe experimental classes were instructed
using the epistemologically and metacognitivelynulated7E learning cycle (EMVELC) while the
comparison classes were taught based on the traditional instruction. The numbers of students in
expaimental and control groups according to schools, classes and gender are given in Table 3.1.Two
physics teachers, one is male, and the other is female, participated in the current study. The same
teachers had taught both the experimental and control gragch school.

Table3.1 Sample of the studiyn terms of the school, group and gender

Schools Experimental Group Control Group Total

School 1 28 (12 Female, 16 Male) 29 (12 Female, 17 Male) 57 (24 Female, 33 Male)
School 2 24 (12 Female, 12 Male) 26 (13 Female, 13 Male) 50 (25 Female, 25 Male)
Total 52 (24 Female, 28 Male) 55 (25 Female, 30 Male) 107 (49 Female, 58 Male’

The total number of the studertsthe selected sample was 107, which was approximately 14 percent

of the accessible populatiofthis sample size was aldarger than the value of 59 obtained using
Cohends tables for power.Themanber sficlasseé iGatuthed abou&23Co h e n
percent of tenth grade science classes in the accessible opulat
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3.2 Variables

There are three dependent variables (DV) and five independent variables (IV) in this study. The
dependent var i abiTessScaes en tidtanylahe Rhysicé® Exprotaidrsurvey

(POMPEX), and students' Pebest Scores offorce and Motion Achievement Te$t(POFMAT-I)

and students' Po3test Scores on Force and Motion Achievement-TIePOFMAT-II) in this study.

The independent variables are divided in two groups as covariates and group membership variables.

Covariatev ar i abl es RregTest Skdras drethet MPEKX PRE MP E X)) sftesident s6 Pr e
Scores on Force and Motion Achievement Tle¢PREFMAT-I), and teachemade physics

achievement test (TMT) scores acquired before treatmenstadeénts' gender. Group memdl@p

variable isInstructional Method(IM) which has two levels: the EMELC andthe traditional

instruction(T1). Table 3.2 indicatethe name, type, nature and scale of thaalales inthis study.

Table3.2 The name, type, natuesnd scale of the variables in this study.

Name Type Nature Scale
POMPEX DV Continuous Interval
POFMAT-I DV Continuous Interval
POFMAT-II DV Continuous Interval
PREMPEX v Continuous Interval
PREFMAT-I v Continuous Interval
TMT v Continuous Interval
Gender v Categorical Nominal
IM [\ Categorical Nominal

3.3 Instruments

Fourinstruments: Forcand Motion Achievement Test 1l and the Mayland Physics Expectatiofb
survey, andClassroom Observation Checklisere employed in this study. the next sectios) these
instruments are explained further.

3.3.1 The Maryland Physics Expectations Survell

The Maryland Physics Expectations Surtey(MPEX-II) was developed byElby, McCaskey,
Lippmann, and Redish (2001) o i nvest i g stereologikdl staneenih physicse phey
generated the survey from the Epistemological Beliefs Assessment for Physical Sdidimges &I,
1999)and the original Maryland Physics Expectation$®@X) survey (Redish et all998).

The intended populationfahe MPEXII is high school and university students who take physics
coursesltis a multitdi mensi onal S ur v e y1994) epistemaogical diméhsiomsne r 6 s
pieces versus coherence, formulas versus concepts, and authority versus independethee. For
MPEX-1I, these dimensions were called as Coherence, Concepts, and Indepeiimtisk. and

Hammer (2009) desitre these dimensions as follows;

CoherenceThe degree to which the student considers physics knowledge as coherent and sensible
rather tharas a bunch of disconnected pieces.

ConceptsThe extent to which the student considers concepts as the substance of physics rather than
as considering them as mere cues for which formulas to employ. That is, it is associated with the
st udent & s ng wpodtethescordent dof physics knowledge as formulas or as concepts
underlying the formulas.

IndependenceT he extent to which the student considers learning physics as a matter of constructing
her own understanding as opposed to absorbing knowledygeafithority.

There are two groups of items tine MPEX-Il. The first group includes 25 Liketype of items,the

score of which ranges from 1 point (strongly disagree) to 5 patrtsngly agree)The second group
includes multiplechoice items (282), whosescoreranges from 1 point (a) to 5 points)(ltems 1
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and 26 were not categorized into any dimension, although researchers might decide taheskide

items forc ol |l ecting further i nformation abouts studen

understandings about group workinthe dimensions, suiimensions of the MPEX, the items
assigned into sullimensionsand favorable responses in parenthesis are presented in Table 3.3.

Table3.3 Items falling into each dimeion and sugimension of MPEXI

Dimensions Items (Favorable Responses)

Coherence 3(D)", 4(A), 6(D), 8(D), 10(D), 13(D), 15(D), 19(D), 21(D), 23(C
27(A,B), 28(A,C)

Concepts 5(D), 9(D), 16(D), 18(D), 19(D), 23(D), 24(D), 28(A,C) 30(D,E)

Independace 2(D), 7(A), 11(D), 12(D), 14(D), 17(A), 20(D), 22(D), 25(D

29(D,E), 31(D,E), 32(A,B)

Note: Abbreviations: A: Agree for 25 items, D: Disagree for-25 items. For 282 items, A, B, C,
D, and E indicate item alternative choices. This table is tdkam YerdelerRDamar, Elby,&
Eryilmaz (2012).

In this study, the Turkish version tie MPEX-II validated by YerdeleiDamar, Elby, and Eryilmaz

(2012) was used. The MPEIXwas adapted into Turkish, in four steps. First, it was translated into
Turkish by the first author. Then, an instructor from the Basic English Department at Middle East
Technical University reviewed the translated MREX , and according to the
the necessary revisions were made. Third, three instructorsti@faculty of Education who know

the English version ahe MPEX-1l examined the corrected translatiofihey evaluated the translated
survey whether the items were translated coyextt theranslated itemsaried the same meanisg

as the Englislitems dd. The first instructorsuggested correctisron 15 items, the second instructor
recommended editing 18 items and the third instructor proposed suggestions on 29 \telvs.

items were common itentn which all instructors asked corrections. Theesgsher synthesizeall
common recommendations and the survey wad i t e d further consgli der i
suggestions. Finally, a teacher teaching Turkish in a high school reviewed the Turkish version to
correct grammatical errors and check whetherstatements would be clear to high school students.

The Turkish version othe MPEX-1l was administered to 505 (270 female, 235 male) tenth grade
studentsat four public high schools in Etimesgut, a district of Ankara. This sample included 270
females and 235 males whose ages ranged from 15 t®Her survey was further revised in terms of
structure and grammatical erroascording to responses of students in the pilot stodynprove
clarity of theitems The final version of the Turkish MPEKX was given in Appendix AYerdelen
Damar et al. (20123pplied the resoursend belie$ frameworls to the psychometric analyses of the

ng

r

Turkish MPEXI | to describe how researcher so under st

epi stemol ogi es a fdécisions abouh @evelopenent and cefinemegatdof surveys.
Current psychometric analyses based on the idea that the good item should be well correlated with the
other items hypothesized to be assessing the same construct. In other words, it endorsessthe belief

frameworkds idea that the studentsd epistemol ogi «

domain.Therefore, lowcorrelated &ms should be excluded from the survey. However, if the results

of psychometric analyses are interpreted in theuress framework, items weakly correlated to other
items might be used as indicators that different contextual cues embedded into different items might
trigger different nets of epistemological resourddse psychometric analyses of the Turkish MPEX

Il indicated that some items were poorly correlated with the other items in the same construct. These
wereltens 10, 19, 23, 27and28, which arghe coherence itemstdm 28, which isalsothe concepts

item, andlitem 32, which igheindependence iteni\ccordng to YerdelerDamar et al. (2012), if the
resources framework is taken very seriously, carrying out the psychometric analyses for instruments
is not necessarysince the present study endorses the ressfr@amework, instead of excluding the
uncorrelatd items from the survey, these items were kept in the suH@yever, the researcher of
present study provided Cronbachédés alphas for
possible. In other words, the researcher tried to make the results pfeent study acceptable to
other researchers who do not advocate the resources fram@vdykiterms 1, 26 and 32 were not

used in this study to short survey for saving completion time. In addition, for three multiple choice
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items, 2728, and 31, studéens wer e asked to explain their choices. S
to test whether studentsdé reasons for selecting a pa
study, it was observed that all explanations sujggiditeir respective choés. The possible maximum

score which students can obtain was 145 while they can get 29 as the possible minimum score on the

short form of the MPEX-Il used in this study. The higher scores imply more sophisticated

epistemological stance in physics. Cronllach al phas were estimated as O0.64 f
0.72 for the POMPEX.

3.3.2 Force and Motion Achievement Test

The Force and Motion achievement FTe4FMAT-I) and Force and Motion achievement Fhst
(FMAT-I1) were developed using the existing meawutools in the literature. First, the objective list

in Turkish high school physic curriculum (THSPC) was revised considering Bloom taxonomy,
limitations and explanations suggested by the THSPC commissiorirdtheersionof objective list

for theFMAT-I and Il are givenin AppendixB1. Second, the existing conceptuagasuringools are

the Force Concept Inventory, FCHdstenesWells, & Swackhamer, 1992the Force and Motion
Conceptual EvaluatiorMCE, (Thornton & Sokoloff, 1998)the Test of Undrstanding Graphs
Kinematics, TUGK (Beichner, 1994) anthe Mechanics Baseline Test, MBHdstenes & Wells,
1992).These tools were examined and soméhefjuestions were selected according to the objective

list. The researcher searched the Turkish wersif these conceptual measuring tools. The Turkish

FCI adapted by Temizkan (2003), the Turkish TKlGdapted byDelialioglu (2003) were used. The
questions from the FMCE were translated into Turkish by the researcher of this study. Third, physics
educatm r esearch groupsd® web pages were searched to rea
research studies. Finally, the researcher wrote questions for the rest of objectives. In the developed
test, different types of questions including multipteice,true false, matchingand operended type

of questions were used to improve the reliability and validity of test results.

Since the force and motion unit is quite long, the test was divided into two comparablasplaets
FMAT-I and Il according tothe number of objectivesThe first versiors of the FMAT-I and Il are
given in Appendix B2 and B3, respectiveljo check the content and face validity, two tests were
examined by three Ph.D students and one instructor in physics education at the MiddkcEaisal
University by using the tables tdstspecification (see Appendix4Band B5) and evaluation criteria
developed by the researcher. The evaluation criteria are presented in AppéndikeRvaluators
were asked to respond to four questions tosasedether the questions were properly matched with
objectives; the levels of objectisevere correct in terms of the Bloom taxonomy, and the levels of
questiors were appropriate fotenthgrade students. Moreover, the last question of the criteria asked
whether the researchers wanted to add additional information related to the tests and objective list
The suggestions of the evaluattwsthe FMAT-1 are summarized as follows;

e Questionobjective matching No evaluators mentionea@ problem in the matchion of
guestions tdhe objectives.

e Levels of objectives The evaluators suggested changes on the leves®rak objectives
(Objectives 1.3, 2.2 and2.3) with respect tahe Bloom taxonomyThe researcher examined
these objectives again and editéem consdering suggestednodifications The €cond
version of objective listor the FMAT-1 is given in AppendixC1.

o Difficulty level of thequestions According to all evaluators, the difficulty level of the
questions is appropriate for thrgrade students.

e Other suggestionsThe evaluators made suggestions for the directions ofs=ation of the
test,punctuationsand grammatical errors. They also made recommendatdmprovethe
clarity of the questions (Questis®-12, 22 23, 27, 28, 31land 32). All suggestions were
applied to the test. The second version of the FMASIgivenin Appendix Q.

At the following recommendations were madethg evaluators for the FMAT;

e Questionobjective matchingQuestions 12, 13, 14, 1%nd 16 had been mateld with
Objective 1.1. However, one evaluator suggested they should have matched to Objective 1.3.
Moreover,Questiors 9 and10 had been matched with Objective 2.4 but they were suggested
being matchedvith Objective 2.1. The researcher made suggestedgelainthe table of
test specificatior{see AppendixC3 for the second version dffie table of test specification
for the FMAT-1I).
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e Levels of djectives Takingintoaccount eval uat or s énodifielthar k s,
levels (bjectives 1.10 and 3.3. fie second version of the objective list for the FMiAWas
presented in Appendi4.

o Difficulty level of questions All evaluatorsclaimed that tenth grade students were able to
answer the questions.

e Other suggestion§ome punctuation and grammaticaloesrwere noticed by the evaluators.
They made suggestions about the directions of each section in the -RMPJ promote
clearness of the questions, one evaluator suggesteiifications on Questianl2-21, and
31. All suggestions of the researchers wevaluated and necessary changes were carried out
thequestionsThe second version of the FMAT s given in AppendixC5.

3.3.2.1Pilot Study

The both achievement testsd not beempiloted to tenth grade students sindbe treatmenwas
conduced theforce and motion unit which neWHSPCincluded Put it differently, this new univas

taught at the firstime when the treatment of the stuagsimplemented. Thysthere was naenth

grade students whoad beertaught all concepts covered in the new faaoel motion unit. Therefore,

12" grade students who had been instructed all concepts when the pilot study was conducted were
selected for the pilot study. As mentioned before, the present study was corattat@AT THSsIn

Ankara. These schooksccept he students who succeedvery competitive high school entrance
exam. That means the FMATand Il were supposed to badministered in the main study to the
successful student$he students in the pilot studye expected to beomparable to the studerits

the main study in terms of success. Hence, two Anatolian high schools whose esigeessimilar

to success of the main study schools were chosen, conveniently. The-FMasTpiloted to 84 (36
Female, 48 Male) 2grade students from one Anatoliaigth school at Diskapi, a district of Ankara

while the FMAT-Il was piloted into 8312gr ade students from an Anatol
a district of AnkaraThe followings explainvhat the researchearried outto get more reliable and

valid tess.

e The FMAT-lI and Il were administered to students by the researcher. The researcher
determined the questions not understandable to students and checked whether students could
complete the test in orfwur class time (45 minutes). It was observed thatesquestions
were not clear for the students and the time was not enough for both tests. The researcher
edited these questions in terms of format and grammar considering the reactions of the
students.

e Overall descriptive statistics for trdalse questiongn both testsndicated these questions
were answered by most of students. Therefore, the researcher ctfamfmunat ofsome of
these questionisito multiple- choice

e The researcher ran the ITEMAN ssdical data analysis prografor multiple-choiceand
matching typeof questions in both testthe ITEMAN resultsaregiven in Appendix D. The
guestions were evaluated in terms of item difficulty index (p), the proportion of examinees
who answered item correctly and discrimination index (Point bisedaklation index)
indicating how effectively the item discriminates between examinees that are relatively high
on the criterion of interest and those who are relatively low (Crocker & Algina, 1986)

e Using the ITEMAN results for multiptehoice and matchintype of questions and overall
answering rate fortruefalse and opeended type questions, the researcher edited or
removed some questions from both tests.

Results ofthe ITEMAN for the FMAT-l. The FMAT-I applied in the pilot study included the
questiongQuestiosl, 34, and 36) related to Athe vector
however, according tthe ITEMAN, the difficulty index and the pointbiserial index ofQuestion1

were not in the acceptable range. Most of students corretdlyesied this question, which means this
guestion was not good for discriminating stude@sestion 34 and 36 were truéalse typeof
guestions and these questions were answered correctly most of students as well. After discussing
these questions to a higschool physics teacher, the teacher claimed that this result was reasonable
since the vector questions are generally solved by most of students. Since the 45iméatseo was

not enough for the FMA, the researcher decided not to include the veoijgic in the scope of the
present study. The main study was conducted after the teachers taught the vector topic.
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After excluding Question lthe ITEMAN results for the FMATI indicated thatthe item difficulty

and discrimination indices were in the aptable level. All alternativesarked well except for those

of Question 11. In this question, one distracter was selected similar rate as the correct alternative was.
The distracter was examined again and it was observed that it did not contain anwtinfortimat

might lead students to select the distracterQaestion 11. Therefore, it was decided to keep this
distracter among the alternatives@iestion 11. Table 8.indicatesthe number of students taking the
FMAT-I in the pilot studythe number ofmultiple-choice and matching typd questions entering the
ITEMAN, the values oftem difficulty, discrimination indicesandalpha and descriptive statistics of

test scores.

Table3.4 Summary statistics related to the ITEMAN faultiple-choice and matching type
guestions ofhe FMAT-I in the pilotstudy

N of Items 18

N of Examinees 84

Mean 6.440
Std. Dev. 3.472
Skewness 0.879
Kurtosis 0.490
Alpha 0.765
SEM 1.683
Mean P 0.358
Mean Biserial 0.632

Results ofthe ITEMAN for the FMAT-II. The difficulty and discrimination indices we the
acceptable level for the questions in the FMi&ccording to the item analysi®nly in Question 19,

one distracter had a high rate selection. However, since any problem was not observed in the
distracter, it was kept iQuestion 19The number of students taking the FMATIn the pilot study,

the number of multiplehoice and matdhg type of questions entering the ITEMAN, the values of

item difficulty, discrimination indicesandalpha and descriptive statistics of test scamespresented

in Table 3.5

Table3.5 Summary statistics related to the ITEMAN foultiple-choice and matching typd
questions othe FMAT-II in the pilot study.

N of Items 21

N of Examinees 84
Mean 13.476
Std. Dev. 4.148
Skewness -1.397
Kurtosis 1.653
Alpha 0.824
SEM 1.741
Mean P 0.642
Mean Biserial 0.688

Cronbachdéds al phas wer etype questiond ia thee EMATFaod FMATHIe obj ect i ve
Cronbachds al pha was e sltand82 ferdhe BMATIOAS Bafid afoeery t he FMAT
because of time limitation, some questions were excluded from both tests considering balance of the

number of question for each objectiysee Appendix E1 for the final version of the objective list and

Appendix E2 and E3 for final versi of the tables of test specification for FMATBNd FMAT-II,

respectively).Finally, the FMAT-I includes 27 questions which are 3 multigleoice, 13 matching,
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and 11 opeiended type questions while the FMAITis comprised of31 questions which are 10
multiple choice, 10 matching and 11 opemded typeof questionsThe finalversion ofFMAT-I and
Il aregiven in Appendix B and B5, respectively.

Table 3.6 indicates the source of the question of the FVAJed in the main study. As mentioned
before, sme questions were taken from the studies conducted by the physics @uueatarch
groups (PERG). Qestiors 17-20 were adapted from th&utorials in Introductory Physics
(McDermott, Shaffer& the Physics Education Group, 2002) aRdestiors 21 and 24 wre taken

from the OpenSource Tutorials (OST), developed by University of Maryland Physics Education
Research Grougsimilarly, Questiors 22 and 23 were adapted from the achievement tests developed
by the Coloradd’hysics Education Research Group.

Table3.6 The source of the questions in the FMAT

Source Questions
FCI 1,3

MBL 2

FCME 4-16
PERGDeveloped 17-24
Bowden, D aMartin(1®92b a, & 25,26
Researchebeveloped 27

The sources of the questmim the FMAT-Il are presented in Table 3.Question® and 1628 were
adapted from the studies conducted by the physics education research groups (PHEHESEDRNR
was adapted from the Peer instruction book (Mazur, 199Qdgstions 160 were adapted from
Teaching Phyiss with the Physics Suite (Redish, 200Questions 2426 wereadapted from the
achievement tests developed by the Coloratgsics Education Research GroQuestiors 27 and
28 were taken from th@ST.

Table3.7 The sources of thguestions in the FMATI

Source Questions

FCI 6,8

TUG-K 1,3,4,5
FCME 11-15
PERGDeveloped 2,1628

OSS Exam 7
Researchebeveloped 30, 9,10,29,31

3.3.2.2. Main Study

The ITEMAN results forthe POFEMAT-I and Il. The ITEMAN analysis was arried out for the

objective typeof questions inthe PG-MAT-I and POFMAT-Il as well. The resultgre given in

Appendix F.The number of students taking tkests, the number obbjective type of questions

entering the ITEMAN, the values of item difficyjtdiscrimination indicesandalphg and descriptive

statistics of test scorexf the POFMAT-I and POFMAT-I are given in Table 3.8 and Table 3.9,
respectively. All difficulty and discrimination indices wea¢ acceptable levels and all alternatives
workedwe | | . Cronbachds al plhkhwise geestibns mahe EMATdnd the mul t i p
FMAT- I were 0.77 and 0.87, respectively. Cronbach
FMAT- | and Il as well. The alphas are 0.90 for the FMIAand 0.88or the FMAT-II.
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Table3.8 Summary Statistics related to the ITEMAN farjective typeof questions othe FMAT-I
in the main study

N of Items 16

N of Examinees 105
Mean 4.810
Std. Dev. 3.269
Skewness 0.662
Kurtosis -0.478
Alpha 0.772
Mean P 0.301
Mean Biserial 0.673

Table3.9 Summary Statistics related to the ITEMAN fusjective typeof questions ofthe FMAT-II
in the main study

N of Iltems 20

N of Examinees 107
Mean 12.318
Std. Dev. 4.854
Skewness -0.448
Kurtosis -0.606
Alpha 0.866
Mean P 0.616
Mean Biserial 0.701

The keysfor objective typeof questionsaaregiven in Appendix G. The correct choices were coded as
one and the distracters were scoasdero on these types of questions in the analyses of the study.

The operended questions in the FMATand Il were graded bwpplying analytic and holistic

scoring rubrics. The analytic scoring is AfAthe assig
performance or producto while the holistic scoring
impression of a performance o pr oduct rather than consideration of
& Waugh, 2009, p. 227). In this study, most of oenled questions congst of two parts. The first

partinvolved providing a short answer to the question while the second part esjgéstients to

explain their reasoning for the short answer. Considering these parts, the general analytic scoring
framework was generated (see Appendix H1). This framework included the categories and sub

categories formed employing different combinatidrsloort answers and explanations. For example,

theds udent sé r es pacogeetshot answiernagd ab expldnation were assigned to the

first category (Code A) while the responses having both a short answer and an explanation but both or

one of hem were not completely correct were assigned to the second category (Code B). Moreover,

the specific analytic scoring rubrics were created for each question relied on this framework.

Questions 22, 23 and 24 in the FMAT]nd Questions 24, 29%nd 30 in tre FMAT-Il were graded

using holistic scoring rubrics because the answer patterns of these questions were differth@ from

other questions scored withe general analytic scoring framework. Both analytic and holistic scoring

rubrics were revised afteraxmi ni ng al | st u deadedgsestiorrsmsheyBREEMAT o o pen

I, POFMAT-1 and POFMATII so that all possible responses could be takémaccount before the

guestions were graded. The scoring rubrics for all open ended questions in thel VAT are

given in Appendix H2 and H3espectively On the rubrics, the possible maximum score was three

and the possible minimum score was zero for the categories. Each rubric consisted of the categories

and subcategories, the scores of thecatbgories. Sudent sd answers exemplifying
the scoring rubrics are given in Appendi x HA4. The
responses which were assigned to each subcataegepresented for the experimental and control

groups in Appendi H5 for the PREFMAT, in Appendix H6 for POFMAT and in Appendix H7

for POFMAT-II.

58

_ N -

—+



3.3.3 Classroom Observation Checklist

The researcher developed classroom observation checklist relied on the accepted theories of
metacognition, epistemology atike learning cycle to control whether the ERELC was properly
implemented in the experimental classes and'theas applied in the control classes. In other words,
the classroom observation checklist was used for treatment verificABoseen in Appen |, the
observation checklist was developed considering the whole parts of the instruction based on the EM
7ELC. Since all parts of the EIVELC cannot be completed in ookasshour, for being able to fill a
checklist as a whole, the observer shouldigigdte in allclassesn which a particular activity based

on the EM7ELC is completed.

The classroom observation checklist, presentedppendix | includes 23 itemsThe researcher

benefited from the study of Keser (2003) when wrote Item 12 and 22offiler items were developed

by the researchem her e are three answering options as fye:
Some of items are intended for both instructions while some are developed for only the experimental

or comparison instructiantem 13 andlL4 can be observed iboth experimetal and control group.

Moreover, tems 7 and23 are designed only for the comparison instruction while test of other

items are aimed for only the treatment instruction.

Several lessons in both expeental and control groups were observed by using this checiate

of observations were conducted by two observers (one is the researcher and the other is a Ph.D
student in the department of Secondary Science and Mathematics Education at METU) ttecalcula

the interrater reliability coefficient which was used as an indicator for whether researcher alone can

make the reliable classroom observations. The correlation coefficients between the observation
checklist data of two observers were calculated (80d¥ the control group and r=0.82 fahe
experimental group). Because correlations betwee]
researcher conducted other observatiardividually.

During treatment, force and motion unit was completed®a classhours in the experimental and
control groups. Since there were four classes, two experimental classes and two control classes, the
total instruction time of four classes wad4lclass hours. In the experimental classes, seven
observation checldts were completed in 30 hours and control classes were observed using five
observation checklists in 21 houf3onsidering these time perigdspproximately, 3percent of 44
classhours were observed by the researcher.

To support treatment verificatip the researcher explored how the teachers and the students
differentiated the instruction based the EM 7ELC from the Tl Specifically, the researcher asked

both teachers artthe studentgo answer the question @flow does the learning method useddrce

and motion unit differ from the methods used in the previous 2niEBirthermore, e researcher

askedthe teachergWhat main difficulties they met in the implementation of the-ENEL C? 0. Thes e
two questions were agdted from the studwf Serin (D09). Thirty six studentsn the experimental
groupreported their perceptions about the EMLC, in written. The perceptions of two teachers who
implemented the EMFELC were taken with interview. The researcher interviewed the teachers at the

end of thereatment for 1020 minutes in their schools.

3.4 Instructional Materials

Instructional materials including, activity sheets, teacher guidesiework shestand the concept
mapdrawing guideare discussedhithis section.

3.41 Activity sheets

The researcher developed activity sheets for the implementation of theEE®I (see Appendix,

for the activity sheets)The ativity sheets were the main instructional materials on which students
worked as a group ofour or five in whole class time. Téy consisted ofsevenmain parts
corresponding to seven phasegh#f 7E learning cycleEach part was integrated with metacognitive
and epistemological components.
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For epistemological activities, th®penSource Tutorials (OST), developed by Universitf
Maryland Physics Education Research Grougxe mainly utilized. The OSlwere incorporated into

the treatment in different ways. One way is to use tutorial sheets with minor changes (e.g., changing
their order, excluding some parts, or rewordingems of a particular topic). Another use is to
develop epistemological activities similar to the activities used in the OST. The strategies used in this
study and their short descriptions are as follows;

Mistake catchindessonsThis strategy helps studés realize the importance of thinking their own
mistakes. It is a metacognitive tool because students explicitly think their own thinking processes. In
this study, students employed this strategy when their predictions about a physical phenomenon did
not match their observations. Student used this strategy to reconcile their intuitive knowledge to their
observations. Specifically, using this strategy, students who made a mistake in their predictions wrote
what they were thinking before experiment and hbeytcould modify their thinking to avoid the
mistake in the future.

Checking for onsistency.Checking for onsistency is used to lead students to realize that physics
knowledge as a coherent system of ideas rather than unrelated bits of facts. Usistyathgy
students used the idea which she knows it is correct to check the other knowledge which she is not
sure (Hammer &Elby, 2003; Redish 8Hammer, 2009). For example, the student is sure that her
velocity versus time graph is correct but she issuse about her position versus time graph. When

she is aware of physics knowledge is consistétit one anothershe might use velocity versus time
graph to check the correctness of the position graph.

The implication gameln the implication game, fonstance, we have the idea that we are not sure it
is true or not. Then, we consider its implications. If its implication lead us to something conflicting
with other physics knowledgee cannot accept it. If its implication leads us to something compatible
with other physics knowledgeve can accept it (Redish & Hammer, 2009).

Refinement lessonAnot her strategy used i n .TUhisissategytisudy i s fARef
developed by Elby (2001) to guide students to understand that learning physicsnvoive f i ni ng oneds
intuitive ideas in order to reconcile them with the physics rather than putting them aside. In this

strategy, students arequided two groups of questionb the first group of questions t udent s 6

intuitions lead them wrong answer while the second group of questionise same intuitions lead

them to correct answer. Then, students are guided by using refinement diagrams to discuss what

makes these situations different to come up with the idea that the reason of their wrong angwer is no

because of incorrect raw intuition; instead, it is because of incorrect refinement of a useful raw
intuition. For exampl e, in the Newtonés3dlh)second | aw
indicates an example of these refinement diagrams used toridlsl in Physics Senddaking

developed the University of Maryland Physics Education Research Group.

T Sy s A forceis needed for
motion

Anetforceisneeded to A net force is needed to
Refined muitions maintain an object’s motion initiate or change an object’s
(velocity) motion (velocity)

1. Which of those two refinements were you using (perhaps unconsciously!) in part B 7

2. Which of those two refinements agrees with Newton's second law?

3. Which of those two refinements were you using (perhaps unconsciously) back in part IBand IC ?

Figure 31 A refinement diagram is used in Tutorials in Physics Stfesleing
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Epistemolodcally prompted small and wha group discussiondn these discussions, students

prompted to discuss explicitly epistemological issues related to physics knowledge and learning. For
example, inth presens t udy, after students got A F= mad the
secad law by making an experimetiey discussed the following question;

(Work individually Which of the following best expresses your view about the relationship
between physics formulas and common sense? (You can choose more than one.)
e Many physiconcets make a lot of sense and connect to everyday experience; but
formulasare more of a problersolving tool than a sengaaking tool.
o |t really depends on the formul a. S o me
expect them to make sense as a general rule.
¢ In general, physics formulas express some kind of conrsrogse ideas.
Compare your answers with the rest of your group. If there was disagreement, have a
debatd not to convince each other, but to unders
a good pait that disagrees with what you initially thought, summarize that point here.

Metacognitive strategies are the strategies which direct or stimulate students to engage in
metacognitive thinking processedMetacogitive strategies employed in ghpresent sidy are
summarized as follows

Metacogniive prompts They are usedo encourage students to engage in metacognitive processes

such as planning, reflection, monitoring, evaluation of their own learning, or providing self
explanation. Prompts can be emmog as scaffold to directOnstudent ¢
advantage of prompts is that they can stimulate students make their own thinking explicit, which can

lead students to evaluate and revise their own thought processes, further (Lin & Lehrar5d189

monitoring and reflection prompts might provide conceptual guidance, help students to produce self
explanation, and enhance reflection that students usually disregard &Hsmown, 2000).

Researchers have usewmpts in different formats. Theyan be in questions or question stems and

starters (King, 1989, 1990,992, 1994), and sentence starters (Conner & Gunstone, 2004; Davis,

2003, Scardamalia, Bereiter,&t ei nbac h, 1984). An example of the
do | know about thisatpi ¢ ? 0 . An example of sentence starter
areéd Students can be eir pritendnddiffaremt periods afpebasby ver b al |
teachers or their friends. In the present studhg ¢uestion and sentence stanpgompts were

employed. Students were prompted verbally or in written.

Concept mpping Graphic organizer is a visual representations used in instructional materials to
communicate logical structure of the instructional material (Jonessen, Beissi¥agck 1993 as

cited in Trowbridge & Wandersee, 1998). Some examples of graphic organizers are fishbone
diagram, concept map, flow chart and Vee diagram (Trowbridge &Wandersee, 1998). Concept map is
the most used ¢ rakpowledye repsegtation tapleshowinglcanceptsandiexplicit
prepositions forming a hierarchical structr@ovak, 2002, p552). Trowbridge and Wandersee
(1998) defined concept map as a metacognitive tool to help learners restructure their cognitive
frameworks into morepowerful integrated patterns. Many researchers indicated effectiveness of
concept mappinge(g. Chang, Sung, & Chen, 2002; Guastello, Beasley, & Sinatra, 20008ept
mappingwas used only in Activity 1 although Kad been plannedto be used in more thn one
activity sheetHowever, it was observed that constructing concept map with group discussion took
more time than planned. Therefore, the researabed small group discussions in which question
prompts were utilized instead obncept mapplications.

Some experiments in activity sheets were adapted from the experiments in the book, RealTime
Physics Active Learning Laboratories Module 1: Mechanics (Sokoloff, Thor&tobaws, 2004).

The others were obtained from previous research on force andnmBut before and after these
experiments some metacognitive and epistemological activities were added considering the
commitment to the accepted theoretical frameworks.

The researchesf the present studyostly benefied from weltknown curricular douments in physic
education such as the University of Washaorngton t
the conceptual questionshich are used in the activitgheets and homewarkn addition, the

researcher made internet search on physicatbn research group websites to find out whether they

provide any conceptual questions developed and used in their research studies. In that time, only two
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research groups provided access to their materials: University of Maryland Physics Education
Resarch group and The Physics Education Research Group at Colorado. All conceptual questions
were modified considering resousfeamework.

The format of sheets was created to guide students what they were expected to do individtually or
small or whole goup without so much intervention of a teacher. The siveets organized isucha
mannetthat students could take notes and solve questions on them.

3.42 TeacherGuides

Two types of the teacher guide were developed for this study. The first ongyentral guide which
contains general information about the EELC and how the teacher implemenhis learning
strategy. The general teacher guide is given in AppeKdiln this guide, first, how metacognitive

and epistemological activities are integohtsith the 7E learning cycle stages is summarized in a
table. Seconahe 7E learning cycle model and the expected activities in seven phases are explained.
Then, metacognition, the characteristics of metacognitive students and the metacognitive activities
used in the current study are summarized. Finally, epistemology in physics and what epistemological
activities would be employed in this study are summarized.

To train teachers how to implement the treatment, the researcher met each teacher indiwidually
weeks before the treatment. The general guide was sent to the teachenaibgree week before the
meeting so that they could study on the guide for discussion. In the meeting, the researcher and the
teacher discussed about implementation for abtwatu®s using general teacher guide.

The second typef teacher guides were developed for each activity sheet to help teacher implement
the activitysheet as intended. The teacher activity guides are given in Appenthey include the
objectives covemron each activity sheet and the important points for each section of the sheet. The
researcher sent each guide and the related activity sheet to the teacheraibgrne week before the
application of the activity sheet. Before each lecture in the erpetal group, the researcher and
teachers met and discussed related activities carried out in that I8¢tase meetings were held in
thephysics laboratory and they took approxima@30 minutes.

3.43 Homework Sheets

Each activity sheet llbhomework including two sections. The first section included conceptual
guestions having three parts, the aim of which
direct students to reconcile their everyday intuitive knowledge to formal pHysiededge. The idea

behind this section of homework comes from David Hammer who used this type of strategy in his
epistemologically oriented course (Hammer & Elby, 2003). The second section included some
metacognitive prompts to guide students to thinkirthown conceptual and epistemological
understandingglomework sheets are givenAppendixM.

3.44 Concept Map Drawing Guide

The present study required students to drawcept maps as a metacognitive tgolActivity 1.
Specifically, they drew amept map at the beginning and at the end of the activity. However, the
students in this studpad not knownso much how to draw the concept map. Thus, before the
treatment started, the students in the experimental groups were trained about the comaeghgna

the concept maprawing guide for one class hour. This traininggas conducted i n
counseling course. The purpose of this training was to teach students how ta cvaeept map
beforethe treatment so that the problems related to conoegt drawing coulde decreaseih the
implementation of the EMELC. This guide includes the information about what the concept map
and its elements are, how it is drawn, and the importance of concept mapping (see Alpendix

3.5 Research Design
As it is not possible to randomly assign subjectshimexperimental and control groups, a quasi
experimental design (neequivalent control group design) was used in this study. The intact classes

were randomly assigned into the experimental and control grdups.groups were statistically
matched on some related variables usihg covariance analysis. Therefore, the matckanty
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pretestposttest control group design was employed (Fraenkel & Wallen, 2000). Table 3.10 indicates
theresearchdesign of the studyAccording to this design, first, the FMATand MPEX were applied

into the experimental and control groups astpstsone weekbeforethe treatmentat the first week

of November Then, the experimental group was instrudigdhe EM-7ELC while the conbl group

was taughby the Tluntil the last week of January. In the same wéakFMAT -1 was administered

into both groups as a posttelst.this treatment period, or ce concept, the Newt on:
laws, relative motion topics were coveréd.the beginning of the second semestiee treatment of

the studystarted again and it continued until the last weekMafch Finally, the FMATII and

MPEX were applied as pettsts mmediately after the treatment in the same wééle topics
coveredmthes econd treatment period included motion 1in
law and inertia.

Table3.10 Research design of the study

Group Pretes Matching Treatment Posttest  Treatment Posttest

EM-7ELC Group FMAT Statistical Instruction based or FMAT-I Instruction basec FMAT-II
MPEX matching the EM7ELC on the EM7ELC MPEX

ControlGroup FMAT Statistical TI FMAT-I TI. FMAT-II
MPEX matching MPEX

3.6 Procedure

First of all, the research problem of the studysveletermined. A detailed review of the literature was
conducted using the key words given in Appendix O and diffezentbination of these keywords.

After the keywords were determined, Educational Resources Information Center (ERIC), ProQuest
Dissertationsaand Theses, the METU Library Theses and Dissertations Ardiiz&Unique search,

Google Scholar which are general resources, were searched systematically. MS and PhD thesis made
in Turkey were also searched using Turkish Council of Higher Education dhatiDmesis
Center/Database. The related studies were read and summé&zdderature review for research
studies investigating the effectiveness of the learning cycle, metacognitive or epistemological
instruction, the only experimental studies and thugliss providing fulitext access were takénto

account in the present study.

The population and sample tife study were determined in terms of having micamputer based
laboratory tools. Since all schools do not have this opportunity, the scleoighthese materials
were searched. It was found that tN€THSs had these laboratory tools. Then, population of the
study was decided to lenthgrade students at tHT THSs in Ankara. According tdhe population

of the study, the necessary permissidrem the Ethics Committee in Middle East Technical
University and Ankardirectorate of National Education were taken for theAdITHSs in Ankara
Two schools were selected outrofie ATTHSs in Ankaran terms of having twacience tenth grade
classes

To probe studentsd epistemol ogical under standi n
searched. The MPEN was decided by considering the accepted theoretical framework of
epistemology for this study and the grade level of sample of the study.

After force and motion unit was decided, the researcher revised the objective list for this unit, then,
the FMAT-1 and Il were developed. The both tests were piloted and revised before the main study.

The activity sheets, homework for each activity shée¢ general teacher guide, and the teacher
guides for each activity sheet, the concept map drawing guide were developed.

Since micrecomputer based laboratory materials are used in this study, the researcher spent almost
two weeks to learn these tooisdividually. After learning how to use these materials, the researcher
took part in two workshops to train teachers from Anatolian teacher training high schools how to use
these tools. One of the teachers in the present study had participated in oaseofvtitkshops;
therefore, the researcher did not train this teacher again how to use the materials. However, the other
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teacherhad not taken part in the workshops, hence, the researcher trained this teacher how to use
computer based laboratory tools befthie treatment. Both teaclsawvere trained how to implement

the treatment as well. Furthermoreechuse students of the study hast usel computer based
laboratory tools, they werasogiven information about how to use these tools two weeks before the
treatment.

The treatment of the study was conducted in 2ZBOB0 academic year at twdT THSs. First, the
FMAT-l and MPEX were administered as fiests by the researcher one wbekorethe treatment at

the beginning of NovembeiThen, the treatment wamplemented until the end of the first semester
of the academic yeailhe FMAT-lI was employed as a posttest at the end of the semester. The
implementation of the treatmewias resumedh the beginning of the second semester and eatled
the last week of Mah. After the treatment ended, in the same week, the FMAhd MPEX were
administered as poststs. The study took about four months excluding the pre and-tpest
administrations.

The analytic and holistic scoring rubrics were formed to assessp#reended questions in the
FMAT-I and Il. The data obtained by administration of the all instruments were entered into the Excel
office program, then, they were analyzed using Statistical Package for Social Studies (SPSS) data
analysis program. The resutté the study were interprete@he writing of the thesis was completed

at the end ofanuary

3.7 The Implementation of the Treatment

First, the treatment implemented in the experimental classes is summarized; then the treatment in the
control classess explained in this section.

3.7.1Treatment in the Experimental Group

As mentioned beforejn the present studyepistemological and metacogime activities were
incorporated in the seven phases of the learning cyckintdégrationof these activiesis presented

in Table 3.11. Tis table also demonstrates the phases of the 7E learning cycle, the other activities
employed in each phased theoverall purpose®f each phasef the EM7ELC. It should be noted

that the aimgpresented in the table i@te collective purposes of the activities usedesch phase
rather thanndicatingthe purpose of a specific activity each phase

Table3.11 The plases of the 7E learning cyckpistemological and metacotjme andother
acivities used in the each phaaed the aims of each phase of the-ZELC.

Phases Metacognitive, Epistemological and Aim
Other Activities

Elicit Concept Mapping To help students be awargtbeir and their
Group Discussion led by metacognitive f ri endsdé intuitive Kk
and epistemological prompts topic.

To have students support their reasoning.

Engage Watching an animation To attract studentsad
Discussing on an cartoon To have students make predictions.
Reading a scientific story To have students support their reasoning.

Group Discussion led by metacognitive
and epistemological pmpts

Explore Experiments were done with To have students testetin ideas
microcmputerbased laboratory tools
and were directed by prompts

Explain Group Discussion led by metacognitive To have students discuss their findings and
and epistemological prompts reach a conclusion.
Classroom Discussion led by To have tudents compare their findings with
metacognitive and epistemological predictions and in case of differences to hav
prompts them provide an explanation why they are
Mistakecatching strategy wrong in their predictions.

To have students support their reasoning.
To help students refine their own
understanding.
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Table 311(continued)

Phases Metacognitive, Epistemological and Aim
Other Activities
Elaborate Group Discussion led by metacognitive To have students apply their knowledge
and epistemological prompts obtained previous stages.
To have students support their r@aisg.
Extend Group Discussion led by metacognitive To help students refine their intuitive physic
and epistemological prompts knowledge for reconciliation.
Mistakecatching strategy To have students support their reasoning.

Refinement diagrams
Checking for Consistency
Implication Game

Evaluate Concept Mapping To help students to evaluate theivn
Group Discussion led by metacognitive learning.
and epistemological prompts To help students to reconcile their prior and
Mistakecatching strategy current understanding.

Homework including metacognitive and
epistemological prompts.

Some st ude ndres demopstrated incApgendix P. They exempBfyme of activities
explained above, such #sr homework, concept maps, mistagatching stratgy applicationsand
refinement diagrams.

Table3.12shows metacognitive and epistemological activities employed in the present stutig and
activity sheets in which they were includektcording to the tablethe promptedsmall andwhole
group discugsns were the most frequent activities whereas the concept mapping and implication
game were the least frequent activities.

Table3.12 Metacognitive and epistemological activities and their occurrence in the activity sheets

— N MO < IO ©O© N~
Metacognitive and Epistemological Activities *E‘ %’ %’ *E‘ *E‘ ? *E‘ ?
C C < C < <<
Group Discussion led by metacognitive and epistemologc X X X X X X X X
prompts
Concept Mapping X
Classroom Discugsn led by metacognitive and epistemologic X X X X X X X X
prompts
Mistakecatching strategy X X X X X X X
Refinement Diagrams X X X
Checking for Consistency X X X X X X
Implication Game X
Homework including metacognitive and epistdogical prompts. X X X X X X

At the outset of the treatment, the researcher and teachers constructed five heterogeneous groups of
six or five students according to their previous physics achievement. The students were informed
about whom they workeith the group at the first class of the treatment.

In both experimental and control classes, the medium of the instruction was TEikighescribing
how the EM7ELC to beimplemened in the experimental classéise application oActivity 2 in one
of the expe@mental classes are explainedthis sectionActivity 2 is given in AppendixJ and an
example 6 Activity 2 sheet of a studens presented in Appendix. FFigure 3.2 shows the seating

65



arrangement of this class when they started Activity 2. ddei vi ty i
topic lasted foud5-minute lessons.

¢)

Teacher's t2blz

satelvatendttonar el

Figure 32 The seating arrangement of one of the experimental classes when they started Activity 2.

In the beginning ofActivity 2, the studenteneredto the physicdaboratory and sat down around

their group tables. The teacher distributed activity sheets to the stu@ibatactivity sheet included
mainly seven parts corresponding to seven stages of the 7E learningioycfast part nameéd L et 6 s

k n o w o-partsspwork individeatly amd fwork tegethes tindowork
individually sub part, the teacher asketie students to explain their reasoning on two questidhs.

first question was a conceptual questighich is i @n the velocity of a moving object be zero
relative to another object? so, give everyday examples angpkin your reasoniny . he $econd
guestion was an epistemological question aiming to help students think about the importance of

show what

thinking about teir errors in learning processésh i s

errors

t hei

frienxdpblsanati on

r

we

Expl ain

reason

guest i otanttavthirk abdut sur i mp o

yAtieu the stadergswesponded two questions, individually, the teacher
requestedhe studentsto performsmall group discussionis work togeéher subpart The teacher

urgad themto discuss their answers to previous questions as a groepgudents were prompted to
explain why they think such a way and support their answers. In other wbedstudents were
encouraged to explain their thougho provide causal explanations about the phenomenon. The
teacher walked among five groups to guide all students to participate in discussion and to explain

i ng usi

ng

metacognitive
ma khe teaslemats@arnédahe gtodands not to change their

prompt s

previousanswers they wrote in the work individually pakfter they discussed the questions, some
students wanted to learn answers of the questions. Tonespem the teacher saithey would
return these questions at the end of the activity and would discuss these questiorEhagaiacher
alsoaddedthatthe important thing here was supportthgir thoughts and sharinteirideas.

The teacher asketthe students if they finished thegroup discussion, they could started #geond

part

call ed

iLet 6s

compar e

t he

the $tunlentstd works

of

individually andto make prediction about the detected motiba car (CarA) relative to another car

(Car B).l n

this

part,

t he

teacher

asked

t he

student s

In first situation, Car A moves and Car B is at rest. In the second situation, Car A moves toward Car
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B and Car B moves towai@ar A. The last situation, Car B moves toward Car A and Car A moves

away from Car B. Every time, you give Car A the same brief push and Car B has constant velocity.

Can you compare the velocity of Car Ameassgd he moti on detectSeme i n thr
students wanted the teacher to explain three situations further. The teacher clarified what the
guestions asked and how motion deteetorked. Thenthe teacher again requestibe studentsto

comparethe observed motion of Car A in the three diffeteccasionsand explain their reasoning

After students made prrthe dekt essonwemdl testd lhe pradhetri cms d
thefirst lessonfor Activity 2 ended

The second lesson d&ctivity 2 conducted two days lategince set p of microcomputebased

laboratory tools takes timbeforethelesson, related tools were putthes t udent sdé theabl es.
studmt s arrived at t hei rin the peegias lessanwe made eredicterss.c her s
Let 6s t est s.c&aup the expatimestbyifoloming the seup instruction in the activity

sheet to tesyour prediction® The teacher helped them follow the instruction for the experiment.

Some students had difficulty in getting cleatocity versus time graphs bagse ofinappropriate use

of the motion detectorThe teacher helped these studdmisy to get clear data by using motion
detector.The dudents mde the experiment to find out the measured velocities of Car A in three
occasios. Using Car B with motion dettor, they got velocity versus time graph for motion of Car A

in each situationThe tfudents used three different velocity versus time graphs to calculate average
velocities of Car A and compared these velocifig®e teacher checked whether all groupsipleted

all parts of the experimenfter this, the second class was completed.

In the beginning of the third clasthe teacher requested groups to report their findings t he fALet 06 :
shar e our .tOnestudpttof each gnpugshared their eperiment results with classroom.

The teacher directethe classroom discussioAfter this discussion, the teacher explained relative

motion usingthest udent s® expr ess i o nte.teachar inforrhe¢che studests o f t hi
about ametacognitive tsategy, mistake catching strategyhe studentsapplied this strategynder

subt i tl e fAiLetds Understand Our Mistakeso, .to comp
And in case of differencesome studentprovided an explanation why theyere wrong in their

predictions Then,thest udent s started the fdALetbds el aborate
relative motion concepts. They worked twio questionsin group. Similar to the other partthe

teacher guidethe studentdo explain and sygort their reasoning in this process as wekle teacher

walked around all groups and checked their answers. The teacher wamestudentsvho did not

participate in group discussions as well. After this pie, teacher said they would apply relative

motioninto two-dimension. Thenthe students startadh e fiLet 6 s ext end what we
in which theyworked on conceptual questions which requitied students to work on situations

different from t he situati onetdsi neltahbeo rfialteet dwsh aet x pweo rheadv
The dudents first workedn groupon conceptual questions which asked to apply the relative motion

concept into the motion with twdimension.The teacher directethe students in group works and

ensured alproups solved the questions. Finally, teacher asked whether all students finished solving
guestions. This was the end of third lesson of Activity 2.

Two days laterthe students went orhe second supartsofi Let 6 s el abor ate. what we
This partaddressed explicitthes t udent s6 epi stemol ogi cal under st an
strategy was employed. In this stratetle students were provided two groups of questions. In the

first group of questi ons, imddsgohefastersidd moshdf themttda on t h
wrong answers while in the second group of stie®s, the same intuitiolead them to correct
answers.More specifically, irst, the teacher explainethe students what intuitively answering

guestions meant. The téae r said Awhen you intuitively answe]
physics knowledge you learn in the schodbu use your intuibtht o answer guestions
students saithey could solve the questidny using relative motion formula but teactsaidfor the

first question (see Activity 2 in Appendi}, they wererequestedo answer, intuitivelyThe dudents

responded the other related questions using formal physics knowledge. In thedstion they

found out themotion of Car A to Car Busing réative motion formula, anthey were asked whether

their response found in this question was compatible with the response they found intuitively. After

all students individually answered all of three questions, the ctasstiscussion was carried for the

first group of questionsThe teacher askeithe students to share theiesponses to three questions.

Almost all students amgered the first question wron@hey claimed that intuitively, Car A went to

the east relative to Car B since Car A was ahead. Menve¢hey provided correct answer that the

velocity of Car A was zero relative to Car B. In other wordsstihof students had contradiction
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between the intuitive response and the response reached using the relative motion Adtenulas,
the studentswere requested to discuss what they do with the contradiction between common sense
andscientific knowledgeThe sudents wee asked to explain their respoases well.

Then,i n At he r efi ne men tsubpdr the studantstworkee on kisecovdIgreup g e 0
of questionsin the classroom discussion, it was seen that most of students did not have contsadiction
betweencommon sense and scientific knowledge the second groupf questions. After students
shared their answers, they were askedhtok abouttwo different results of use of their intuition
(being ahead implies gone faster) in two different situations. Students were urged to discuss in group
andin whole-classwhether their intuition was correct, wrong or something él$er the chssroom
discussion, the teacher asked students to compare the displacement of Car A in two situations and to
relate these displaoeents to the velocity of Car A. Students worked on this question in group.
Finally, in the classroom discussigrthe teacher smmarized what students did and discussed
everythingfrom the beginning of the fourth lesson and to that time. Then, by using the refinement
diagram (see Figure 3, the teacheguidedstudentgo discuss what made these situations different

to come up wh the idea that the reason of their wrong answer is not because of incorrect raw
intuition (being ahead implies gone faster); instead, it is because of incorrect refinement of a useful
raw intuition.

Raw intuition The object ahead moves faster

As long as the okt ahead has a The object ahead alwayj
greater displacement than the moves faster

following object for the same time
interval, it moves faster.

Refined intuition

Figure33The refinement diagram for Athe object ahead move

Finally, in the fALets evaluat eletisursshedw ewhatp awed , k rt chveo

part were followed by the studentsut, in addition, they applied the stake catching strategy after

small group discussion.hat i s, the students worked on the same
what we k Afernapplyipgatiietmistake catching strategy, the teacher gave a homework

which includel two parts (see ppendix Nfor homework shee)sThis is the time for the end of the

relative motion topic. In the first part of the homework, students responded to a problem, then, they

were asked how other people who donét hktheyw physics
might respond like that. Finally, they answered whether there was a way to reconcile the eommon

sense idea underlying othersd reasoning with their
students were prompted to think about their own legrduring relative motion unit. For example,

they were requested to compare what they had known with what they knew in relative motion after

Activity 2. In Appendix Pt wo st udent s GfohActivitty 2 are giverstd examiplify the

st ud e n éersidtheshomework.

In general, in this activity, the students learned to interpret the motion of an object relative to another
object and solved questions related to relative motion. Furthermore, students learned the application
of the mistake catchg strategy. They carried out discussions regarding thinking about their own
errors, the cases in which their common senses (intuitive knowledge) contradict with formal physics
knowledge, how incorrect refinements of raw intuitions lead students to metkorg.
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3.7.2 Treatment in the Control Group

Control group was taught by the traditional physics instruction in which the teacher was firstly
explained the topic by lecture and then, teacher solved some example questions and asked the
additional questios to students. Students were mostly in listener role, took note what the teacher said
and writings in the blackboard. At the end of lessons, the teacher gave homework to students.

Since this study did not investigate the effect of the microcomputeralmioyp tools(MBL), to control

the effect of use of these tools, the students in the control groups were made experiments for some
topics using these tools as wdik the beginning of the study, the researcher requested the teachers to
conduct at least @nexperiment for eadopic using the MBL tools. Moreover, the teachdiscussed

how they would use experiments in the control groups. However, the researcher did not give any
written documents to the teachers related to these experimentation procedkes activities carried

out in the TI. By takingnto accountther e s e a r ¢ h e thebtsachers lptheestudlents in the

control groups make experiments afterhey explained the topicThe studentsdid not make any
predictions and the application tfe mistake catching strategy. For example, for relative motion
topic, the same experiment discussed above was conducted in the control groups after the teacher
explained the relative motion and solved some examples. The teacher helped the studetttgiset up
experiments. After they finished the experiment, the teacher asked students their resaltgraad

report explaining what they did and found in the experiment. The students did not participate in
prompted group and classroom discussions whietegeen in the experimental groups.

3.8 Analyses of Data

First, the data gathered by the applicas of the FMATI, FMAT-Il and the MPEX as pre and post

tess were entered tthe Microsoft Excel file. The rawalaare presented in Appendi®. Then, he

data were transferred to SPSS. Finally, the related variables were formed and analyses of the data
were conducted.

3.8.1 Missing Data Analysis

According to George and Mallery (2003), if a particular subject or a certain variable has more than 15
% missing data, it is recommended dropping that subject or variable from the anahtsigly. If
missing data proportion is less than 5 % of the whole data,ctegasily replaced with the mean
scores of the entire subjects for respective variables. Theemages for missing values were
determined before starting analyses.

The statistical analyses were done by uSiRES. The data weemalyzed in two partdescriptive
statisticavere employed in the first part whileferential statistics ereemployedin the second part

3.8.2 Descriptive Statistics

Descriptive statistics @re utilized to summarize the data and to check the assumptions of the
inferential statistics. The mean, standard deviation, skewness and kurtosis values for each variable
which ae the POMPEX, POFMAT, POFMAT-Il, PREMPEX, PREFMATI, and TMT were

created for all groups. Skewness and kurtosis values for each variable were employed to test
normality assumptions of the inferential statistics. The mean and standard deviation wdagedalcu

to summarize the data and obtain overall information about the data.

3.8.3 Inferential Statistics

Inferential statistics ere employed to generalize results from the sample to the population. Since
intact classes participated in the stutfyltivariate Analysis of CovariancdMANCOVA) would

have usal statistically to equate groups on covariates (gender, the PREMPEX, PREFN#T

TMT). However, the homogeneity of regression assumption was not met for the achievement
variable. Therefore, the multpllinear regression analysis was used to examine the influence of the
instructional methodiM)on st udentsé achievement in case of
and the IM. In other words, aptitude treatment interaction (ATI) analysis was cotdociget
understanding about the nature of the interaction effect. ANCOMA nwn to investigate the
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effectiveness of the I M on getder®REFVAS-§ TMIOaMPP EX scor e w
PREMPEX scorewere controlled.

3.8.4 Power Analysis

Power analgis was made at the beginning of the study to determine the required sample size to reach
the desired power. To find out the needed sample size, the procedures suggested by Cohen and Cohen

(1983, p.155) wereutilized. First, they suggest settingthe lesel si gni fi cance (U) ; the pr
making a Type | error, that is, the probability of re
to 0.05. Power , Aithe probability of rejecting the nul
Jurs, 1998, p 120.) was set to 0.8@\fter that, kg, the number of IVs in set B, group membership

variables, was determinedl10Thge bhhebaumbér | ¥6 [evelgs a

membership variables. In this study, group membership vaiimtie IM having two levels. Thusgk

was equal to one. Then the value of L was found as 7.85 Usind 0. 0 5) andndgower (0.80)
(1.00). Finally the preset f, index of effect size, was set to 0.15, medium effect size (Cohen &

Cohen, 1983, pl61) based on literature review.

Cohen and Cohen (1983,155) provided the following formula for deteiming sample size (n) ;
n=( L/f%) +ka +kg +1, ks the number of variables in set A, e.i., the number of covariates.

In this study, the number of covariates was four. Using this formula, the required sample size for the
desired power was equal to 59. @ other hand, the sample size used in the analysis of the study
was 103. When this sample size was assigned to above formula, L was found as 14.55. According to
L tables (Cohen &ohen, p527), the calculated power was between 0.95 and 0.99 and @lo$bt

3.8.5 Unit of Analysis

In this study, the unit of analysis was each student while experimental unit was each class in the
study. For independence of observation, these two units shautbeenthe same (Peckham, Galss,

& Hopkins, 1969). Thefore, independence of observation was not met completely. On the other
hand, independence of observation for data collection was triswéd by not allowing students to
interact with each other when they were tested. The researcher applied all in&rumoegroups in

each school at successive class hours.

3.9 Assumptions and Limitations
The assumptioof this studyis:
e All instruments of the study were serioustponsciously and truthfully completed by the

students.

The limitations of this studyre:
e The results of the study are limitedtemthgrade students &TTHSs.
e The results of the study ateethgtademi ted to Aforce an
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CHAPTER 4

RESULTS

This chapter is made of five sections related to the redulhe study. In the first sectiothe data

cleaning andmissng data analysis of the study asammarized. The second section includes the
discussion on the descriptive statistics of the scores on the variables in this study. Then, the results of
the irferential statistics are presented in the third section. In the fourth section, the result of the
observation checklish nd t he t thescthuedresndt sabn dper c e pt ireliadon about
the EM-7ELC arediscussed. Finalljthe summary of resiglis given in the last section.

4.1 Data Cleaningand Missing Data Analysis

Before forming variables of the present study, the frequency tables were prddueagh question
or itemin the instruments of the study to check whetidédata were withirthe rangeof minimum
and maximum scoseExamining of the tables indicated that there was no value outside of the ranges
being considered in the studihe scoreof questions irthe FMAT-I and FMAT-1I changes between
zero and three. Thecore of the itemi the MPEX rangesfrom oneto five. All frequency tables are
presented ippendix R.After the data cleaning, the variables of the studhmely, the PREFMAT
I, POFMAT-I, POFMAT-1Il, PREMPEX, and POMPEXvere computedMoreover, nissing data
analysiswas conductedon thevariablesof the present studyit is suggested drging subjects or
variables having missing data from the analyesigirelyif missing data are aihe dependent variable
Therefore, the subjects who took all petss were included irthe analyses of the studyable 4.1
indicatesthevariables of the study and their missing values.

Table4.1 Variables in thestudy,the values of missing in these variables and percentage of missing
values

Variables Present(N Missing Missing %
POMPEX 106 1 0.93
POFMAT-I 105 2 1.87
POFMAT-II 105 2 1.87
PREMPEX 102 5 4.67
PREFMAT-I 101 6 5.60
T™MT 107 0 0
Gender 107 0 0

As seen from the table, all post tests have missing subjects. These absent students were camoved fr
other tests as well. Table2dpresents the missing values of the variables after excluding the students
who did not have test scores on all the gests.

Table4.2 Variables in thestudy,the values of missing in these vatiedand percentage of missing
values after excluding missing subjects in the pests

Variables Present(N) Missing Missing %
POMPEX 103 0 0
POFMAT-I 103 0 0
POFMAT-II 103 0 0
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Table 4.2 (continued)

Variables Present(N) Missing Missing %
PREMMEX 100 3 2.91
PREFMAT-I 99 4 3.88
T™MT 103 0 0
Gender 103 0 0

Tabachnick and Fidell (2007) claimed thdtenthe percentage of missing values was 5% ot &8s
missing data handling method prodssémilar results. Since the percentages for misselges for

the PREMPEX and PREFMATwere less than 5 %, missing values in those variables were replaced
with mean othe corresponding variables.

4.2 Descriptive Statistics

Males includd 45.6 % of the sample while femalebd 54.4 % after missing da analysis.
Descriptive statistics of the continuouariables of the study are presented in Table 4.Be possible
maximum score students can acquire is 47 whereas the possible minimum score is zero on the FMAT
. In this studythe maximum score was Z® and the minimum score was three onRREFMAT-.

The EM7ELC and control group students obtained similar mean scohesminimum scorewas

2.75 while the maximum score was 43 on the POFMATThe mean score dhe EM7ELC was

higher than that of theontrol group on the POFMAT.

On the FMATII, the possiblemaximumscore students can get is 57 while the minimum possible
score is zeroln this study, the minimum score was 5.75 whereas the maximum score was 53 on the
POFMAT-II. Similarly, the EM7ELC groupgot ahigher mean score than the control graligh on

the POFMATII. On the MPEX, students can get 145 as the maximum possdades whilethey can

obtain 29 as the minimum possible score. The maximum score was 121tkéhininimum was 55

on the PEMPEX. The EM-7ELC grouphadslightly higher mean score than the control grbap

On the other hand, the maximum score on the POMPEX was 128 and the minimum score was 54. The
mean scores of the groups differed from each other. The&ZEMC group hach higher mearscore

than the control groupad Finally, on the TMT, the possible maximum score is 100 and the possible
minimum score is zero. The maximum score in this study was 100 while the minimum score was 42
on the TMT. The control groupada higher mearscore tharthe EM-7ELC grouphadon the TMT.

The skewness and kurtesvalues of the variablesere within the range of2 and 2 except for the
PREFMAT-I.

The valueof kurtosisof the PREFMATI scores incontrol group was 3.17 which is not drastically
bigger than 2. Moreovegs explainedn later sections, the PREFMAITwould have been used for a
covariate; however, it was not significantly correlated with the-postevement variable. Therefore,

it was not used in the analyses of this studyusl itcan be said that the scores on the all variables
used in the studwere normally distributed.

Table4.3 Descriptive statistics for the continuous variables of the study

N Mean SD Skewness Kurtosis Min Max
PREFMAT -I
Contol 51 10.04 4.68 1.61 3.17 3.00 26.50
EM-7ELC 52 9.57 3.60 0.71 0.67 4 21
Total 103 9.81 4.15 1.38 2.87 3 26.50
PREMPEX
Control 51 83.45 14.45 0.32 0.32 55 121
EM-7ELC 52 85.90 9.80 0.18 0.30 60 110
Total 103 84.69 12.33 0.18 0.60 55 121

72



Table 4.3 (continued)

N Mean SD Skewness Kurtosis Min Max
TMT
Control 51 81.67 12.35 -0.88 0.75 45 100
EM-7ELC 52 75.77 12.92 -0.04 0.38 42 100
Total 103 78.69 12.92 -0.42 -0.07 42 100
POFMAT -I
Control 51 12.25 5.55 0.63 0.24 2.75 27.5
EM-7ELC 52 29.48 7.93 -0.48 -0.47 10 43
Total 103 20.95 10.02 0.25 -1.18 2.75 43
POFMAT -II
Control 51 18.83 6.81 0.45 -0.09 5.75 35.75
EM-7ELC 52 33.45 9.30 0.02 -0.06 10.75 53
Total 103 26.21 10.95 0.39 0.48 5.75 53
POMPEX
Control 51 87.23 13.14 0.18 0.15 54 119
EM-7ELC 52 99.91 14.70 -0.41 0.12 61 128
Total 103 93.63 15.27 -0.01 -0.38 54 128

C o h e nvéhieh igbne of effect size (ES) indicesascalculatedfor posttest scoresn the FMAT
I, FMAT-Il and MPEX (see Table 4.4Qll ESsare large according to the thresheklluesproposed
by Cohen (198). The biggest ES was obtained on the POFMAT€ores.

Table4.4 TheESs calculatedn thePOFMAT -1, POFMAT-II, andPOMPEX

Test Ef fect Size (Coh
POFMAT-I 251
POFMAT-II 1.79
POMPEX 0.90

Correlations among all variables in the study were calculated (see Table 4.5). It was observed that the
POFMAT-I scores were highly correlated with POFMAT scores. Therefore, the researcher
combined these ariables under the total achievement variable, labeled as POTFMAT to increase
power of the study. On the calculated POTFMAT, the possible maximum score is 100 while the
possible minimum score is zero. The descriptive statistics for the POTFMAT are givablén4.6.

Table4.5 Correlations among the variables in the study

Variables POFMAT -I POFMAT- POMPEX PREFMAT-I PREMPEX TMT
Il

POFMAT-II 0.80*

POMPEX  0.51* 0.47*

PREFMAT-I 0.23* 0.11 0.11

PREMPEX 0.19 0.19 0.30* 0.05

T™MT -0.07 0.03 0.13 0.04 0.10

GENDER  0.01 -0.05 -0.17 0.27* -0.20* -0.13

" Correlation significant at the 0.05 level
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Table 46 Descriptive statistics for the POTFMAT

Groups N Mean SD Skewness  Kurtosis Min Max

Control 51 3108 10.40 0.35 -0.38 11.75 57.50
EM-7ELC 52 62.93 15.89 -0.36 -0.32 20.75 92.50
Total 103 47.16 20.86 0.32 -0.99 11.75 92.50

4.3 Inferential Statistics

Multivariate Analysis of CovariancdANCOVA) wasusedto analyze the data of the study since
there were covariates andnore thanone dependent variabla this study The assumption®f the
MANCOVA weretestedbefore startingheanalysis

4.3.1Selecting Covariates

Tabachnick and Fidell (2007) argue that selecting a set of covariates relies eoriditions.The

first one is a theory explaining the relation of the covariate to the dependent variable. The theory can
be obtained from literature regarding the variables in the particular study. The second condition is
statistically determining thees of covariates. That is, selecting IVs low correlated witk arother
andhigh correlated wth dependent variables. In this study, gentlerstudentéprior understandings

about force and motion unit (PREFMATand TMT) andthe stud e n pri@réepisterlogical
understanding in physics (PREMPEX)were considered as the covariatessed orthe literature.
Correlations among variables includititge POTFMAT and excluding the FMAT-I and Il were
estimated again. Table 7.shows the correlations aman variabes including thePOTFMAT.
However,according to Table4.7, only the PREMPEX variable was significantly correlated witte
dependent variables. Therefore, PREMX was identified a the covariate of this study, and the
PREFMAT-I, TMT and gender were exclad from the covariates.

Table4.7 The correlationemong the variables¢ludingthe POTFMAT and excludinghe
POFMAT-I and POFMATII

Variables POTFMAT POMPEX PREFMAT-l PREMPEX TMT

POMPEX 0.52

PREFMAT-I 0.18 0.11

PREMPEX 0.20 0.30* 0.05

T™T -0.02 0.13 0.04 0.10

GENDER -0.02 -0.17 0.27* -0.20* -0.13

" Correlationsignificantat the 0.05 level

4.3.2Homogeneity of Regression Asumption

After deciding the covariate, whether the required assumptionthdéd?lAN COVA would be met

was checkedHomogeneity of regression assumption is th@ regression slope between the
dependentariableand the covariates in each group are equal to each other. If this assumption is not
met, there is an interaction between indejgsm variables and covariates. In other words, the relation

of covariates to the dependent variable is not same at different levels of the indepaniddies
(Tabachnick& Fidell, 2007) In this study,the independent variable wate IM carrying group
membership and had two levels.

To test this assumptiofor the POTFMAT, the hierarchicalmultiple regression was employéalr
each dependent variabl&irst, the categorical treatment variable (IM) was transformed to a
dichotomous variable using dummwding. In this variable, the value of one represene EM
7ELC group while the value of zero redd@p the control group. Therhe variable used to test the
interaction effect was gerated by multiplying the covariate (PREMPEX) with the dichotomous IM.
This variable wasabeledas the PREMPEX*IM. After preparation of the variablé® hierarchical
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multiple regression was run. First all, the PREMPEXwas entered into the model as SetThen,
the IM was includedn the model as Set.B-inally, the PREIPEX*IM was entered into the model as
Set C The result of thignultiple regression correlatiofMRC) analysisis presented imable 48.
According to this result, the inclis of the interaction variablsignificantly changed the explained
variance ofthe POTFMAT scores. That is, there wasstatistically significaninteraction between the
covariate and treatment variable. Put it differently, the differencd®iROTFMAT scores between
the EM7ELC and the control group were not same throughweirang of the PREMPEX scores
Therefore, it can be ghithat the homogeneity of regression assumption was violébedthe
POTFMAT dependentariable.

Table4. 8 The result of the MRC for theOTFMAT

Model R R? Adjusted Change Statstics
R? R? F dfl df2 Sig. F
Change Change Change
Set A 0.20 0.04 0.030 0.04 4.17 1 101 0.04
Set B 0.78 0.60 0.60 0.56 142.02 1 100 0.00
SetC 0.81 0.65 0.64 0.05 12.80 1 99 0.00

Similar procedures were carried out for the POMPEX for checkindghdineogeneity of regression.
Set A, B, and C variables were same as the variables used in the previous anahesisnly
difference was the dependent variatthee POMPEX The resulbf the hierarchicalMRC is given in
Table 49. The adiition of the PREMPEXM did not significarily change the explained variance in
the POMPEX scores. Thereforéhe homogeneity of regression assumption waet for the
POMPEX

Table4.9 The result of the MRC for the POMPEX

Model R R’ Adjusted ChangeStatistics
R? R? F dfl df2 Sig. F
Change Change Change
Set A 0.30 0.09 0.08 0.09 10.19 1 101 0.00
Set B 0.49 0.24 0.23 0.15 19.97 1 100 0.00
SetC 0.50 0.25 0.23 0.01 0.79 1 99 0.38

In sum, since the homogeneity of regression assumption wasdsetved fothe POTFMAT, the

MANCOVA was not suitable for the analysis of the data in this study. Cohen and Cohen (1983)
claimed that in case of interaction, #Ait would b
uninterpretable. Quite theoecnt r ar y! o ( p . 328) . They argued the N
information which helps researchersd understandi
MRC can be used safely to analyze data indicating the interaction effect.if s, curret study,

the MRC was performed to investigate the effect of the IMtloes t udent sé physics ac
whenthes t ud e nt s 6 scéta’ iterRcEeX with the INDn the other hand, as the homogeneity

of regression assumption was justified for the POMPEXtesevhen the PREMPEX was taken as the

covariate, the impact of the IM ahe s t u d @@MPEX score was explored runnioge way

Analysis of Covariance (ANCOVA).

4.3.3Multiple Regression Correlation (MRC) Analysis

The hierarchical MRC was used toamnpret the nature of interaction between BFREMPEX which
was the covariatandthe IM which was thgroup membership variablghen the POTFMAT was the
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dependent variable. Before performing the MRC, the researcher checked required assumjptiens for
MRC. These assumptiorssediscussed in the following sections.

4.3.3.1Assumptions ofthe MRC

There are differenthe rule of thumb criteriéor sample size needed fre MRC in the literature. For
example according toTabachnick and Fidell (2007, p23), sample size should be equal to or larger
than 50 + 8m (wheren is the number of IVs). For this study, there were three IVs; hence the
minimum samplesize should be 74. Howeve3tevens Z00Q p. 88) claimed thafi f social science
researchabout15 swbjectsper predictorare needed for a reliable equatirFor the present study,
minimum sanple size required fothe MRC shoutl be 45.As the sample size of the study was 103,
the required sample size assumption was met considering two criteria given abov

Outliers, normality, linearity and lemoscedasticitassumptions can be checked usingdtaterplot
of the standardizedesiduals and th@ormal probability ot (P-P) of theregressionstandardized
residual produced in the analygRallant, 2011, p158).For thenormality assumptiorthe data points
in the normal RP Plot should yield roughlg straight diagonal line from bottom left to top right
Figure 4.lindicates théNormal RP Plot which suggesthatthe dataarenormally distributed

Normal P-P Plot of Regression Standardized Residual
Dependent Variable: POTFMAT
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Figure 41 Normal RP plot ofregressin standardized residual for tROTFMAT

Normality, linearity, and homoscedasticity assumptions can be inspedigdinterpreting the
scatteplot. Pallant 2011, p 158) recommended than ithe scatter plotthe residuals should be
roughly rectangularly distributed and most of the sceheaild be concentrated in tbener alongthe
zero point for these assumptionbigure 4.2 shows the scatterplot ofthe standardizedresiduals
produced inthis study. When it is examined, it can be stidt the linearity and homoscedasticity
assumptions were met in the present study.
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Scatterplot
Dependent Variable: POTFMAT
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Figure 42 Scatterplot of standardized residual for @I FMAT

Ouitliers in the data &e evaluated usingtandardizedesidual values iResiduals Statistics tab{see
Table 410). Tabachnick and Fidell (2007, £28) argued thahe cases whossgandardizedesidual
values are bigger than 3.30 or less thar80 can be considered outlieréccording to Residuals
statistics tablethe standardizetesidual values ranged between 3.68 and 2.12. To determine qutliers
the Casewise Diagnostics table was used. This table indicated that one case hlas St&8qardized
residual value. Howevethis value does not differ drastically from 8.3To inspect whether this
outliers led a problem, thmaximumvalue of Cook's Distance wased. According td abachnick

and Fidell (2007, p75), the valuethatis bigger than 1.00 indicaehe problem ofoutliers. In this
study, the maximum value @fook's Dstancewvasless than 1.0Ghus, theoutlier was not influential

Tabled.10. Descriptive statistics of residualMahalanobis Distance, Cook's Distance and Centered
Leverage \alue for POTFMAT

Minimum Maximum Mean SD N
Residual -46.22 26.56 0.00 12.37 103
Std. Residual -3.68 212 0.00 0.99 103
Mabhal. Distance 0.97 14.95 2.97 2.93 103
Cook's Distance 0.00 0.09 0.01 0.01 103
Centered Leverage Value 0.01 0.15 0.03 0.03 103

Multicollinearity and singularity should not exist for performitige MRC. Multicollinearity refers to

high correlation (r=.9 and above) among the independent variables and singularity existmwhen a
independentvariable is combinatiorof other indepeneht variables (Pallant, 2011Fince this
assumption was related to the variance explamelihear combination ofndependents variable

related to model evaluation. In this study, the researcher did ntheis&RC for thispurposethus,

this assumtion was not needed for this study.

Since all related assumptions were justified, the MRC could be conducted for the POTFMAT as the

dependent variable and for the IM, PREMPEX, IM*PREMPEX theindependent variables. The
resultsof the MRC are presentea the next section
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4.3.32 Results ofthe MRC

The MRC waautilized tofigure out the nature of the interactibetween the mode of interaction and
thes t u d presirtstsuétional epistemological understandinghat kind of interaction effeé$ called
aptitudetreatment interaction (ATI) in thétérature. Put it differentlythe ATI is tested statistically
using the MRCThe ATl means that individual differencebange treatment effects (Cronbach, 1975

as cited in Koran & Koran, 1984n case othe AT, regression lines of the aptitude on achievement
are nonparallel for different instructional treatments. This implies that a particular instructional type is
significantly more influential for one type of student whereas another type of instraictieatment

is significantly more influential for a different type of student (Cronbach & Snow, 1977 as cited in
Koran & Koran, 1984) In this study,the ATl was seen as an mraction between covariate
(PREMPEX scoreskand group membership variabléM{l. This interactionis represented by Figure

4.3 This figure is the scatterplot indicating the relationship between the POTFMAT and the
PREMPEX scores for each group. The observed maximum and minimum scores on the PREMPEX
are presented on the regressiomes. According tothe interaction types explained bgoran and

Koran (1984, this interaction can be considered asordinal interactionln the ordinal interaction,

the regression slopediffer significantly from eachother, one slope isuperiorto the other within
aptitude range which is takémo accountAs seerfrom Table 4.1 and Figure 4.3, the minimum and
maximum observed scores on the PREMPEX were 55 and 121, respedtbiyn this range of
scores, the experimental group was superior to theaagroup.
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Figure 43 The regression lines of the PREMPEXQ the POTFMAT for the control and the EM
7ELC group

After justifying the interaction effect statisticallthe JohnsoiNeyman technique (Johnson &
Neyman,1936as cited inFraas & Newman, 199#vas employed to find out the range of scores on
the PREMPEX in which the Tl and ENVELC group students did not dff significantly on the
POTFMAT scores. In other words, sing this technique, Johnsdteyman confidence Ioal
(nonsignificanceregion), which includes the intersection point and the upper and Idiwés, was
calculated Within this band the regression lines are not significantly different from each offer
calculate the related pointthe regression equians for the EM7ELC and the control groupere
written usingtheregression coefficients given in Tallel 1.
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Table 411 Coefficients of independent variables included in the regression model when the
POTFMAT is dependent variéh

Model Unstandardized Coefficients (B)
(Constant) 34.36

PREMPEX -0.04

IM -34.90
PREMPEX*IM 0.78

Y genera= ~34.90Xyw + (-0.04)X prempex+ 0.78Xprempexm + 34.36

In the regressin equationX;y, was substituted to the value of zero for tmmtrol group whileXy
was substituted to the value of one for the-EELC group.

YcontroI: ('004))( PREMPEXT 34.36
Y em-7ec= 0.74X prempex-0.54
The point of intersection =(B ) /B prempex+m = - 34.90/0.78= 44.74

The bwer and upper lints of nonsignificame region were calculatedas 33.11 and 54.26,
respectively.Considering ltese valuesFigure 4.3was extended tdigure 4.4.As seen from the
figure, the norsignificant region is out of the range thie PREMPEX scora observedn the pesent
study. Koran and Koran (1984) claimed thtite ordinal interaction might suggest the disordinal
interaction,in whichthe regression lines am@nparallel and they intersect throughout different ranges
of scores on the aptitude variabla other wods, the ordinal interaction may predict the disordinal
interaction for different range of aptitudeores.
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Figure 44 The regression lines of the PREMPEX on theTPMAT for the control and the EM
7ELC group wherdohnsorNeyman confidence band was included.

According to the Figure 4.4, the experimental and control group students would not significantly
differ in POTFMAT scores when their PREMPEX scores were between 33.11 and 54.26. The control
group students would havegsificantly higher total achievement scores wheREMPEX sores

were less than 33.11 while the experimental group students would have significantly higher
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POTFMAT scores when PREMPEX scores were larger than 54.26. Put it differently, in terms of
improving physics achievement, the instruction based on the7EMC was significantly better for

the students whose PREMPEXoses were larger than 54.26 while the traditional instruction was
significantly better for the students whose PREMPEX&s were less thaé88.11

4.3.40ne Way Analysis of Covariance (ANCOVA)

As mentioned beforethe MANCOVA would have been more appropriatdo analyze thedata;
however,sinceone of the assumptions ftie MANCOVA, the homogeneity of regression, was not

met for thePOTFMAT, the MANCOVA was not employed in this stud@n the other handhe

homogeneity of regression assumption was metdfe POMPEX when the PREMPEsS¢oreswere

used as a covariat&€herefore the ANCOVA was performed to explore the impact of the IMtha

stuent s POMPEX scores when their PREMPEX scores
summarize the assumptionstbé ANCOVA, then, the result of ANCOVAs presented.

4.3.4.1Assumptions ofANCOVA

Normality assumptiorwas checked usingkewness andurtosis values forthe POMPEX scores.
These values are betweeh and +2; that isthey arein the acceptableange(George & Mallery,
2001).Thereforeit can be said thahe POMPEXscores weraormallydistributed.

Homogeneity of arianceassumptionrequie s si mi | ar variance scores for
for equality of variance is used for this assumptBallant, 2011). In this stud{, e v e n eréssilt t e st

was insignificant (see Table4.12). In other words, the variability of scoresagvsimilar in the

experimental and control groups.

Table4.12 Levene's Test of Equality of Error Variances

F dfl df2 Sig.

0.673 1 101 0.414

There should ba linear relation between the dependent and covariates to use ANGRalant,
201). To testthis assumption, the scatterplogtween the POMPEX and PREMPEX scowess
drawn for the control and expmental groups, separately. Figure4 &hows that the linearity
assumption was met for each group.
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Figure 4.5The scatterplot betweehe POMPEX and PREMPEX scores &ach group
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The homogeneity of regression assumption implies that the covariate demonstrates the same
relationship with the dependent variable in the each g{®agdant, 2011).This assumption was
checked fothe POMPEX m Section4.3.2 As mentioned earlier, no significagtoup membership
covariates interaction was observed accordirGgtole 4.9.

4.3.4.2Result of ANCOVA

The ANCOVA was performed after checking the assumptions. In this analysis, the independent
variabke was the IM showing mode of instruction, the dependent variabledatwtlthe POMPEX
scoresand thecovariateincludedthe PREMPEX scores The results of the analysis indicated that
there wasa significant difference between two groupsthe POMPEX scoresvhenthe PREMPEX
scores were controlle@able4.13indicatesthe result othe ANCOVA.

Table4.13 The results of ANCOVAor the POMPEX scores

Partial Eta Observed

Source Df F Sig. Squared Power
Intercept 1.00 50.55 0.00 0.34 1.00
PREMPEX 1.00 9.08 0.00 0.08 0.85
IM 1.00 19.97 0.00 0.17 0.99

According to this tablethe instruction based on the ENELC was more effective than the traditional

instruction for improvinghest udent s 6 epi st e miophysicsFc(B1U00)=ulB.97er st and |
p = 0.00, eta squared= 0.1Fartial eta squared valurdicating effect sizaes large according tthe

guidelines proposed by Cohen (1988) (small01, medium =0.06=, large =0.14). Observed power

was larger thathe range othe prespecified powewhich is considered between 0.95 and 0.99, and

close to 0.95The adjusted mean on the POMPEX was 87.64 for the TI group while it was 99.52 for

the EM7ELC group. Table 4.13 also sheuhat ttere was a statistically significant relationship
betweenthest udent sé6 PREMPEX .amedaluP 6f ddatialeta squaved avas 0.08

which was medium effect size.

4.4The Observation Checklist Results

As explainedin Section 3.3.3, each experimental and control classge mstructed for 36class

hours during the implementation of this study. The total instruction time spent in all classes was 144
class hours. The experimental classes were observed using seven observation checklists for 30 hours
while the control classes were observed forh@iirs using five observation checklists. That is, the
researcher observed 35 % of 144 hours during the treatment processes.

To evaluate whether the treatment was implemented as intended, the observation checklists were
scored. In the checklist,tiey es 0 al t ernati ves scored asin206, fApar
Anodo was s c o rdelddemmosstratethé mearTaadstardard deviation of the items in the
checklist utilized to observe the instruction based on the7EMC and the TIL.As explained in
Section3.3.3, there were 23 items in the checklist. kefrand23 wereexpected to be observed more
frequently in the TI, and the occurrence frequesiof Items 14 and 13n the EM7ELC and Tlwere
supposed to be clos€he rest of otheitems in the checklist were expectedotxurin the EM7ELC

more frequently.The observation results supported these expectatims. means ofthe items
supposed to be seen more frequently in the 8UC were higher for #hn EM-7ELC whilethe meas

of Items 7 and23 carrying characteristics of the Tl were greadeitfie TI. The means ofdms 13 and

14 in the EM7ELC and the TI wer@pproximately equal. For example, Item 7 asked whether the
teacher explained the topic before the experimémézmn of thisitem was two for the TI while it was

zero for the EM7ELC. On the other hand, according to the observation checklist results, some items
were also observed in the Tl although their means were small. The most striking ones were Items 1, 3
and 5. Mean of #ém 1, which explored whether the teacher used metacognitive prompts to make
students to be aware of their prior knowledge about the topic, was 0.8. Indeed, this result was not
surprising since teachers, especially expert teachers, sometimes employ sacogmnitdte strategies
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to activate studentsdé prior understandings without b
the Tl and EM7ELC was that in the EMELC, the teachers were urged and assured to use

metacognitive prompts, explicitly during thastruction. Similarly, it was reasonable somehow to

observe Item 3, which inspected whether the teacher
Iltem 5, which checked whether the teacher had students make predictions about a physical

phenomenon oritsiation, in the TI.

Table4.14 The mean and standard deviation of the items in the checklist for each group.

Item Number The EM-7ELC The TI

Mean SD Mean SD
1 2 0 0.8 0.45
2 1.86 0.38 0.2 0.45
3 1.71 0.49 0.6 0.55
4 1.71 0.49 0 0
5 2 0 0.8 0.45
6 2 0 0 0
7 0 0 2 0
8 2 0 0.4 0.89
9 2 0 0 0
10 1.86 0.38 0 0
11 1.71 0.49 0 0
12 1.86 0.38 0 0
13 1.71 0.49 2 0
14 1.86 0.38 1.2 1.09
15 1.71 0.49 0.4 0.55
16 1.57 0.79 0 0
17 1.57 0.79 0 0
18 2 0 0 0
19 1.57 0.79 0 0
20 1.71 0.75 0 0
21 2 0 0 0
22 1.71 0.49 0.4 0.55
23 0.29 0.49 1.6 0.55

To test difference between the experimental group and theotamntup on the related itemdyet
MannWhitney U Test was employedbtatistically significant differences eten two groups were
observed on all items except fiem 13 and 14 which were expected to be obseegegllyin the
experimental and the control groups. These resnttated thatin the experimentatlasss, the
teachers properly implementéide EM-7ELC as intended while in the controlassesthey applied
the traditional instruction without using activitideveloped for the ENFELC instruction. In other
words,the treatment verification of the study was supported with the class observations.

As explained in Section 3.3.3, wllect more information regarding the treatment verificatite,

researcher asked both the students in the experimental group and the teachers implementing the EM

7ELC to compare the instructions based on the MC to the instructions employed in previous

unitsThe students gave their answers in written while t
the interviews.The analysis ot he t e acshteurdsebntasm®d responses to fAHow doe
method used in forcand motion unit differ from the methodsed in the previous unitsd s ep por t

the results of class observatiofi$iree themes emerged from studémesporsesto this question.

Theyaresummarizeds follows:

Understandings versus Memorizingifty three percent (19of 36 studentsof the students in the
experimental group claimed that with new method, they learned the topic bygsakise instead of
memorizing. Some of them argued that in the previous teaching mettiey had memorizel
formulas withoutunderstandings whiléhey tried to learn the logic behind the formulas in the new
method.
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For example one student reported that;
Before | had to use memorized formulas. The important thing was to apply formulas to questions.
But now | understand formuldsy learning where the formulas come from. Without memorjzing
| can easily apply the formulas to questions.

Concepts versus Formula3wenty five percent said that new method mostly focusedthen
refinement of intuitive knowledge used in their everydifsy Twenty eight percent ahe students

claimed that before the new method, they had learned so many formulas or solved quantitative
guestions requiring formula applicat®r-or exampleone student expressed tiiat n t hteod,o| d me
mostly wehadsolved quartitative problems. Irthe new method, we solve quesis for refining our
intutive knowl ed gameéd that théyefigured odutl thee fartnidas wesing previous
learnings. For exampl@ne student reported thdt . . . Wehow ferraulas & dreated. Before,

formulas had been given directly Thank to this, | can produce formulas by myself instead of
memorizing 0

Expository versus inguiryThe common difference reported tiye students (22 %) was making
experimentsFor instance, one studesaid thatfiTeacher did not explain the topic. We learrmsd

doing observations and experiments. Before, we had solved questions, individually. In the new
met hod, we solved questions in group. o0

Some ofthe studentargued that they learned topiwith small and whole group discussions rather

than | istening teacher .Nobodyrexplaned theptdbpe. We nrelerstobda i me d
topic byourselves with asked questions. We tried to prove our ideassoyssingin group. After

that, we discussedith thec | a/ fewdstudents also reported that they focused on their erroes. On
studentr e p o r t Wel didtnmora expefiments. We refine our intutive knowledge. We learned our
errors and f.ocused on them. o

Twenty eightpercent othe studentssiewed he new method more studesgntered than the previous

ones. According to them, in this type of teaching, the teacher did not explain the topics rather than she
was in guide role. The students learned topic by doing experiment, discussing with othes student
thinking individually. For example, one student wrote that

Before, our teachers had us write definitions, formuteesn they solved problems. Ngwve

are getting definitions from everyday life. We are finding out formulasuigelves using

our logc. In this process, our teacher guides us. She is not teaching knowledge rather she
teaches us the way to reach knowledge.

The researcher asked the same queshionv(does the learning method used in force and motion unit
differ from the methods used the previous unijgo two teachers implementing the treatméanthe

interview. The teachersdé r espon atehe folowimpypabegories émesgédu dent s
from the interviews with the teachers.

e The instruction applied in the experimenggbups was morequiry-oriented than
that in the TI.

The teacher was a guide rather than knowledge transmitter.

Students constructed their own understandings.

Students were more active rather than passive listener.

Lessons were more attractive todstats.

Studentdearned in group.

Students were aware of their own knowledge and errors.

The questioaused in the instruction and homework were more conceptual

Moreover, in the interviewshe researcher asked the teachers what main difficulties thiein riee
implementation of the ENFELC. Two teachers pointed similar difficulties. These are;
e It took more timgo prepare the classes.
e Working with MBL tools required extensive preparation before each class.
e At the beginning, since the students wereusal to this type of teaching, thénad
difficulties in classroom management.
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e It was difficult to have students who wantedcntinue to be passive listener or
who wanted to solve lots of quantitative questipasicipate in teaching processes.

4.6 Summary of Results

e The mean of the POFMATI, POFMAT-Il and POMPEXscores of the ENFELC group
students wregreater than thosaf the control group students.

e The ESs calculated on pdstst scores of the POFMAIT POFMAT-II and POMPEX were
large.

e The efect of the EM7ELC onthe POTFMAT scores was dependent on
epistemological understandings demonstrated on the PREMPEX. is, a statistically
significantinteraction between the treatment variafild) and the covariate (PREMPEX
was obsered.

e The nature of interaction effect was examined using\the

e The results othe ATI analysis indicated that there was an ordinal interaction between the
IM and the PREMPEXcross the range of the observed PREMPEX scores.

e Neyman Johnson technique wased to analyze the disordinal interaction to whibh
ordinal interaction imply. The results of this technique showed ttfetexperimental and
control group students would not significantly differtire POTFMAT scores when their
PREMPEX scores were beden 33.11 and 54.26.

e Moreover, the control group students would have significantly hightat sxhievement
scores when the PREMPEXores were less than 33.11 while the experimental group
students would have significantly hightwe POTFMAT scores wherthe PREMPEX sores
were larger than 54.26.

e Since thehomogeneity of regssion assumption was met fdretPOMPEX scoreshe
ANCOVA was carried out to investigatbe effect of the IMon t he studentsé POMPE
scoreswhenthe s t u d REMBEX sores were comblled. The result of this analysis
showed thathere was a significant difference between two groupthe?OMPEX scores
in favor of the EM7ELC groupwhenthe PREMPEX scores were controlled.

e The effect size indicating practical importance was largelifferencebetweerthe adjusted
mears on the POMPEX fothe EM-7ELC group and the control group.

e The MannWhitney U Testanalysisindicated that there was a statistically significant
difference between the EIVELC group and the control group on ttedatad items which
supportedthe treatmenverification that the teachers administered timended EM7ELC
instruction in the experimentalassesvhereas they did not employ any activity developed
for the EM7ELC in control classeand they used the Tl fooatrol classes.

e The teachersé and st ud@HCalsb sypponed thepdbsewatiocn about t he
checklist results that the instruction applied in the experimental group demonstrated
characteristics of the EMELC.

e Based on class observationsh e t eacher s b, a ntitk EGFTEUCIledtheé s 6 percept i
students to be cognitively, metacognitively and epistemologically active learners.

e According tothes t u d e nrepords, tre énktifuction based on the ZMLC helpedthe
students learn for werstanding rather than memorizing. They also claimed that instead of
using plugand chug formula approach, they leadto refine everyday intuitive knowledge.

e On the other hand, the main difficulties the teacher met in the implementation of the EM
7ELC were time and classroom management, and preparation the MBL tools before each
class.
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CHAPTER 5

DISCUSSION, CONCLUSION AND IMPLICATIONS

In this chapter, first, the overall summary of the current stsigyven. Then, the results of tistudy
arediscussed and compared to the results of similar studies. Internal and external validity of the study
are discussed at the following sections. Finally, the conclusions, implications of the atudy
recommendations for future reseaerk preseted in this chapter.

5.1Summary of the Study

This study investigated the effectofthe EMEL C on tent h grade students?®d
epistemological understandings in physics. The accessible population inclugeshajfade students

at ATTHSs in Ankara. Two schools were selected conveniently out ohithe ATTHSs in Ankara.

Two intact classes in each school and 107 tenth grade students participated in the study. The quasi
experimental design in which students were statistically metaftd each other was erfgyed. The

study was conducteth 20092010 academic year. The experimental group was taught by the
instruction based on the ENVELC whereas the control group was instructed by the TI. The treatment

of the study took approximatefgur months. Before the treatment, the FMA&nd the MPEX were

applied as pretests. At the middle of the treatment, the FM®&as administered as a posttest.

Finally, at the end of the treatment, the FMATBNd the MPEX were applied as posttests.

Sincethe correlation between the POFMA®Nd |l scores was high, the scores of these tests were
totaled under th&OTFMAT. The MRC was employed to investigate the effect of the IMtloa

st udPArEMAD scores, andhe ANCOVA was used to analyze the impadtthe IM onthe
studentsé6 POMPEX scores.

5.2 Discussion of the Results

Before starting the discussion of resuitsshould be noted that there is no research, at leakitép

investigating the combined effect of the 7E learning cycle, metadegnind epistemological
activities on student so achi evement and epi st el
comparison of the findings of this study to other studies coultepbssible.

In this study, within the range of observed scarethe PREMPEX, the achievement diie students

in the EM7ELC was significantly higher than that tfie students in theTl. In terms of the
effectiveness of the learning cygthis result was compatibleith the other studies investigating the
impactoftheleani ng cycl e on sntphysios(nA -sédK Laecghéi te,v eZabalinlt; A- €K
2011; At €200,5b2 0 0A5tae kK & P o ktalt 19962Chérry, ;201 ¥ abernea al,

2010; Egin et al, 2008;Hussainet al, 2011 Kanli & Yagbasan2008; Nu hoj | u ,&006& al - én
Turgut & Gurbuz, 2011Y él maz & Huy e @®bel Zo6hwmax, 19960) , in c
Yal -én & Bayr akr-280k5e;n , B e2kOt laeyjan &Zk6aan]. 2009Ekici, 2007,

Kilavuz, 2005;K° sjée a & T201®wn b u - c uS e v2 OnO- HiribinGath & ;Tayraukham,

2009), and in biology (Atilboz, 200'Balci, 2009;Balci et al, 2006 Budprom et al.2010;Cakiroglu,

2006 Dogru-Atay & Tekkaya, 2008;Ebrahim, 2004 Er c an, 2009; Har,url uojl
Kaynaret al, 2009 Marek et al, 1994 Lord, 1999;Musheno & Lawson, 199%0ren & Tezcan,

2008; Sadi & Sakg & mShyghé al.2006)1 O ;

The value of effect siz€ES) obtained in the current study for achievement was. Zl8i& valuewas
greater thanl.15 whch was average of the ESof 35 studiescomparing the effectiveness of the
learning cycle to that of the Th scienceMoreover, specifically for physics achievemehg ES of

the current study wasrger than average ESs of studies conducted in T &8y1.08 and abroad
(ES: 1.28). Considering these comparisons, it can be impliednéattegraton of epistemological
and metacognitive activitiggromotes the effectiveness of the instruction based on the learning cycle.
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With respect to the 7E leany cycle,the result of the current stud/in agreement wittheresults of

other 7E learning cyclstudiesin physics(Kanli & Yagbasan, 2) in chemistry Siribunnam &
Tayraukham, 2009in biology (Polyiem, et al, 201]). For exampleKanli and Yagbasan (2008)
indicated that the laboratory approach based on the 7E learning cycle was more effective than the
verification approach with respect to promoting conceptual understandirigs foéshmen in force

and motion.The current study was different frothis study in several aspects. The first one is the
grade level The second one is Kanli aithgbasan made this study in laboratory course, that is, the
students had relatedntroductory physicgourse as well. There was no information aholiat was

going on n this course However, thepresentstudytook account of the physics course all together
thetreatmentwasapplied in theentire ofphysics courseThe finaland the most important difference

is thatKanli and Yagbasan did not usgetacognitive ad epistemological activitiesn this study, the

effect size for achievement was 0.91 which is large. The ES of the current study was larger than this
effect size. Thereforen spite ofdifferencesin grade level and type of course, it can be said tet t
EM-7ELC was more effective than the 7E learning cy@eibunnam and Tayraukham (2009) and
Polyiem et al.(2011) also found significant differences compared to the traditional instruction but
they did not provide ES values and enough statistics foigkeghle to calculate them. Therefore, the
researcher of the current study could not make compatissitiese studiesith regard taheES.

In terms of the metacogriti, the current studguppors the findings of studies investigating the
influence of netacognitive instructiomn s t u d achi¢venéenin science(Ak g ¢ | , Alen@at, O ;
2009; Bianchi, 2007; Hoffman, 2010; Koch, 2001Michalsky et al, 2009; Mittlefehldt & Grotzer,

2003; Peters &itsantas 2010; Polat, 2010; Saribas, 200hhatu, 2006Tien, 1998; Viko, 2010;

Yildiz, 2008; Whte & Frederiksen, 1998; Yuruk et a2009). The averagéeSo f 13 EStwasli es 6
0.75 and averagef the ES of threestudiescomparingeffectiveness of the metacognitive inquioy

the Tlwas 066. Both ES were kss than the ES of the current study.

A few studesfocusedon the metamgnitive learning cycle in which the metacdtiye prompts were

integrated into the phasestb learning cycle (Blank, 200@&ppamaraka et al., 2009; Sornsakda et

al., 2009; Yildiz, 2008). As explained before, all studies employed similar metacognitive prompts

based on Henneseyb6s (1993) status check approaches. 1T
in several ways. The first one is that they employed the same set abgrtave prompts throughout

the phases of learning cycle. This might lead students to engage in similar kinds of metacognitive

thinking in all stages of the instruction. However, in the current study, students were directed to

engage in different kind afnetacognitive thinking processes using various types of metacognitive

prompts throughout the instruction. Another difference is that all metacognitive leaymiegtudies

did not aim to i mprove studentsd edpsuggeseamewl ogi c al und ¢
metacognitive learning cycle theliterature.

The results othe ANCOVA indicated that the instruction based on the-EELC was more effective

than the TI for promotinghe st udent s6 epi st e nsorl mhgsicscwhen theinder st andi n
PREMPEX scores were controlled. Thissult was compatible with theesult of otherstudies

(Brownlee et al.2001 Brownlee et al.2011;Elby, 2001 Gill et al, 2004;Kienhueset al.,2008;

Muis & Duffy, 2012; Redish & Hammer, 2009 All studies provigd evidence that explicit

epistemological instruction promats t udent sd epi st e mdhexwrentgudyisinder st andi
mostly similar toElby (20Ql) andRedish and Hamm&R009). The other studies were different from

the current study. For examplall accepted beliefs perspective and tried to change stédergs

beliefs using conceptual change strategies such as refutational text. Another difference imtus all

studies with undergraduate or graduate studerfibe other differences thatthey applied their

instructions in educational psychology or related courses and focagea n | y student so
epistemological understandings. However, the current study like Elbyl)20&d Hammer and

Redish (2009) endorsed resource view and aitm@domote not aly epistemological understandings

but also their conceptual understandinigswever, the current studglsodiffers fromthem by using

the learning cycle and explicit metacognitive instruction in addition to epistemological activities.

The results othe ATI analysis indicated that there was an ordinal interaction between the treatment
variable and the st udentPOIFMAP Rv&MdkéhXas thec deperdent when t he
variable. ThelohnsoANeyman confidence band was calculated to find out the rangeoodés on the

PREMPEX in which the EMVELC and the control group would significantly differ and not differ

from each other on thBOTFMAT. According to the calculated band, the traditional instruction is
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significantly more effective than the ENELC for the students indicating very low pre
epistemological understandings (33.11 out of @44heMPEX) f or i mprovi ng student
in force and motion unit. However, the ERELC was significantly effective than the TI for the

students whose PREMPEX scerarger than 54.26. In this study, the lowaad upper limit of the

band were not whin observed scores dhe PREMPEX;thus, this study imjps this type of the

interaction out of the range tiie MPEX scores being seen in this study. As mentionedréetoe

sample of this studincluded high achievingstudents and based on the literature, it can be said that
there i s a l'inear relationship bet ween student
Therefore, the lower prepistemological stancesrcde observed at other pdptions which have

low achievingstudents Studying with this type of students can provide a chance to experimentally

test this interaction. Windschitl anshdre (1998) observed a similar interaction effédiey found

that studeits demonstrating more sophisticated epistemological beliefs learned better in a
constructivist treatment while students indicating less sophisticated epistemological beliefs learned

better in an objectivist treatment in biologyew studies indicated imtea ct i on bet ween st
epistemological understandings and thetinemt (Bendixen & Hartley, 2003¥indschitl & Andre,

1998). Therefore, the current study makes another contribution to literature as well in terms of
indicatingan epistemological undesstdingtreatment interaction.

As mentioned before, two ATTHSs in Ankara participated in this study. These schools were similar
to each other on the variables of the study according related statistical analyses. The results of the
independent-ttests indtated that there were no differences on the covariatdsh were the TMT,
PRE-MAT -l and PREMPEX between two schools. The MRC analysis showed that three was no
significant difference between the schools on the POTFMAT sc8ieslarly. the schools did ot
significantly differ on the POMPEX scores according to the ANCOVA. Therefore, the data obtained
from each school were combined and the analyses were conducted for whole data rather than for
individual school data.

This study did not aim to investigatiee effect of microcomputer based laboratory tools (MBL). To
control the effect of the MBL tools, the researcher had teachedsthesge tools in control group as
well. This might provide more and less control on use of MBL tools. However, all experimengs
notdonein the control groups. This difference might be considered a limitation of the current study.

5.3Internal Validity of the Study

According to Fraenkel and Wallen (2000, p. 188) ,
on the depeadent variable are directly related to thdependent variable, and not due to some other

uni nt e nd e draenkelrandaVidallea ¢2000) claimed thhe matchingpnly pretesiposttest

control group desigrprovides someavhat control on subject charactstics, mortality, instrument

decay, testing, history, maturation, and regression threats. However, this design has a weak control on
location, data collector characteristics, data collector bias, attitudimhimplementation threats. The

researcher genaly took more caution against these threats.

Since in this study, the intact groups were randomly assigned to the treatment conditions, some
subject characteristics mi gHtandBOFMATdltscores Baded nt s6 P
on the literaturer e vi e w, student so6 -IPRHMPEIX and §eRderF WwereT
considered as primary potential confounding variables. These variables were taken as covariates to
control their effects i n tPREMPEXsstoned ynet stétistivae v e r
requirementdor being a covariatewhich wasexplained inSection 4.3.1The researcher statistically

controlled the effect ahe PREMPEX scores by using it as the covariate of the study.

The mortality breat was controlled by selectitgst administition datesogethemwith theteachers of

classes to findut appropriate times when all students could take the.t€sstdateswereannounced

a few times befor¢he administration ofthe tests. Nevertheless, a few students were absent at some
test admiistrations. In these situations, the researcher had some of these students take the tests later
in appropriate time. In spite of all the researcher effdetw students could not take some gest
However,sincethese missing subjects includliess than %46 of thesample size, missing subjects did

not leadto any mortalitythreat

Location may be a threat to internal validity if the classroom conditions of control and experiment
groups are significantly different from each other. In this study, locatight be a threat because the
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EM-7ELC group took their lessons in their physics laboratory while the control group was instructed
in their usual classroasn However, this threat was tried to control by having the control group
students make at leasthe eperiment for each topic in the laboratory.

The daracteristics such as, age, gender, ethnioitythe data collector and collector bias, which
means that data collector may unconsciously distort the data in a such a way to make certain outcome
may affectthe results (Fraenkel & Wallen, 2000). The researcher collected data herself from all
groups to control the first threat. The second threat was controlled by standardizing all procedures of
data collection for groups. Moreover, the researcher wrote icis@uctionsat the beginning of each

testfor the students.

I nstrument decay might be possible Aif the nature of
changed in some way or anothero (Fraenkdhis & Wall en,
threat by preparing scoring rubrics for each epaded question by taking opinions of the supervisor

of the presentstudy. In addition, the opeended questionwere scored question by question to fix

scoring manner.

One or more anticipated, andplanned events ight occur during the course of the study that can
affect the responses of subjects. This is cabethistory threat (Fraenkel &allen, 2000). The
researcher controlled the threat by alerting to any such influences that may occur dudogrtie of

the study. The researcher visited the schools at least twice a week. In addition, the researcher
requested detailed information from teachers about unvisited days. Extraordinary any event was not
observed during the treatmeMoreover, the tes wereadministered to all groups at the same days to
control this threat.

Attitudes of subjects might be a threat to the study. One threat related to the attitude of students
towards to a treatment might happen when experimental group students receiged! attention

and recognition because of taking part in the study. This thereatledHawthorne effectKraenkel,

Wallen, & Hyu, 2012, p181). Other related thresaight be experimental groups may perform better
because of the novelty of the thent rather than because of specific nature of the treatment or
control group students might become resentful and hence perform more poorly than the treatment
group (Fraenkel &Vallen, 2000, p197). To control this threat, the control group student nsadee
experiments in the physics laboratory as well. In addition, the students were warned that the
instruction in the experimental group was a usual part of teaching.

An implementation threat can happen when different individuals are assigned to impiiffieesmt

methods, and these individuals differ ways related to the outcomBréenkel &Wallen, 2000).
Implementation threat was controlled by assigritigsame teacher to all groups in each school. The
teachers were trained about the implementatfohe instruction based on the ERELC before the
treatment. Moreover, the researcher met the teachers before each class during the treatment. The
researcher was present at all classes of the experimental group to see that the treatment was
administered asntended. Some classes of both groups were observed by theirabservation
checklist whichwas prepared for treatment verification. The results of the checklist administration
were discussed iBection 4.4.

Before the treatment conducted, the researcibtained all permissions from Middle East Technical
University Ethic Committee and AnkarRirectorate of National Educatioto implement the
treatment. The permission damentis given in AppendixS. All students in the experimeal group
wereinformedaboutthe aimof the study and they were ensured that tveye not exposed to any
physical and psychological harm during the treatment. This study actually did not have any
procedures or requirements whiclgiit cause significant physical harms to studeMinor injuries

may happen in the explorer phase of the learning cycle which contains some experiments. These
physical harms wre prevented by preparing set.uphe possible physiological harms might be that
students may be forced to take test and thay be threatened that the scores of test would be used in
their grade or other reasons. These harms were prevented by informing students that their data would
be usedor only research purpose and their names would natskd elsewherd=or confidentialiy

threat, all data obtained from participants were accessible tdrenhgsearcher
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5.4.External Validity of the Study

The external validity means fAthe extent to which
& Wallen, 2000 p. 119). Tre accessible population of the study was all tenth grade studemi= at

ATTHSs in Ankara. This study was made at tA@THSs out ofnine ATTHSs. The sample of the

study exceeded ten percent of the accessible population; thus, the results of the sulidye coul
generalized to the population. Since the studatitse ATTHSsin Ankara are mostly high achieg

students, the results might be also generalized to other schools consisting of high@gshieents.

The class size of thATTHSs is generally 30students or less. In addition, these schools have very
modern physics laboraties compared to other public scheoThey haveMBL tools. Therefore, the
results might be generalized to the schools having similar environmental settings.

5.5.Conclusion ofthe Study

It should be pointé that random sampling could not beemployed in this study This limits the
generalizability of the conclusion. In addition, the conclusions of study presented in this section can
be generalized to only similar settingsadissed above. The conclussoof this study are given as
follows.

e The results of the study suggestan interaction effect between the treatment and the
st ud e n teg@stemoppgical understandimgn physics in terms of promoting physics
achievementJomson Neyman techniqugvas usedo find out the range of the PREMPEX
score at which postaichievenent score of the groups wouiffer significantly. The result of
this technique showed that the ENELC group students significantly outperformed THe
growp students within observed score the PREMPEX. However, this techniqualso
showed a disordinal interaction on unobserved scothePREMPEX. According to this
interaction the T1 is better at improving achievemeott students in force and motion ufutr
the students demonstrating very low epistemological understanding stance in physics.
However, the EM7ELC is better for the other types of students including students indicating
low, average and high epistemological stance in physics.

e The effect sizgC 0 h e n forsach@éeyement was calculated 2.37, which is considered
large effect size according thethreshold suggested by Cohen (1838

e On the other hand, with respect to epistemological understandihgre was no an
interaction between the treat n t and the studentsd psine epi st
physics

e The EM7ELC was more effective than théll wi t h respect to promot
epistemological understandings in physics. This res@inba only statistical (p< 0.05put
alsopractial significance( & 0.17 d= 0.90; largeES).

e There were no significant mean differences in achievement and epistemological
understandingbetween female and male students after the treatment.

e According tothe observation checklist resultthe teache®and students per cthgpt i on s
students in the EMELC group were physically, cognitively, metacogiiely, and
epistemologically more active than the studenthiénTl.

e Students in the experimental group argued that they learned for understandings rather than
memoizing in the instruction relied on the ENELC.

e It should be noted that there are some shariogs of the EM7ELC. The firstjt takes more
time than theTl does The secondsince the EMVELC has three different constructs,
training teachers about howitoplement it takes more time as well.

e On the other hand, according to the research
preparing weldesigned activity sheets, which are clear and organized step by step so that
t he st ud e ntheteadled® rindttuctiam ¢oestdrt a particular task, saves instruction
time. Similarly, preparing teachguides for each activity and meeting with teachers before
each lecture make easy the implementation processes for teachers.
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5.6.Implications

The inplications based on the findings of the study teachers, other researchers, curriculum
developers, and textbook writeage given as follows.

Teachers

e Should usethe traditional instruction to enhance physics achievement of students
demonstrating ery low epistemological stance (corresponding to the scores less than 23
percent of the possible maximum score on the MPEX) in phy@cshey should use the
EM-7ELC to help this type of students promote their epistemological understandings so that
laterthey can get improvement on conceptual development as well.

e Should employthe EM7ELC to improve physics achievement of students demonstrating
epistemological stanceoresponding to the scores rangifigm 23 to 37 percent of the
possible maximum score dhe MPEX. The both treatment produce the same impact on
physics achievement within this rangeowever, since the EM7ELC also improves
student sé6 epi st e mmbre mimpaveboth physies ashiegaemerdna g s
epistemological understandingtthis type of studentshe EM-7ELC should be used.

e Should applyhe EM7ELC to facilitate physics achievement of the other types of students
indicating low, average and high epistemological stance corresponding to the scores greater
than 37 percent dhe possible maximum score on the MPEX.

e Should utilize the EM/ELC © pr omot e epistamoldgeal turslérstandings in
physics.

e Should use the EMELC © help student®e physically, cognitively, metacognitively and
epstemologically active learner.

e Should employ he EM7ELC to improve both femaled and mal esd® achievement
epistemological understandisim physics.

Researchers
e Should prepare wellesigned activity sheetahich require little teacher interventiom start
a particular activityto save instruction time needéat activities used in the EMELC.
e Should develop teacher guides and meet with teachers before each lecture to métke easy
implementation of the EMFELC for teachers

Curriculum Developets
e Should give more priority to metagnition and the personal epistemology in addition to
inquiry.
e Should write specific instructional objectives to have teachers explicitly use metacognitive
and epistemological activities theirinquiry-basednstructionsor otherinstructions.

TextbookWriters;
e Should produce passagewhich address personal epistemologies of students by using
metacognitive prompts.
¢ Should suggest activities engagingdents in metacognitive inquiry
e Should write teacher guidebooks to help teachers implement metaeelyniand
epistemologically propted activities.

Teacher education programs

e Should train preservice teachers how to implement expljcitepistemological and
metacognitive instructions.

e Should provide concrete exampldemonstratincghow metacognitive anépistemological
instructiors are integrated into other teaching strategies.

e Should engage preervice teachers in discussion of different personal epistemological
frameworls so that they can question instructional examples related to personal
epistemologis.

e Should provide irservice teacher education progmato train inservice teachers how to
apply the epistemologically and metacognitively improved the 7E learning cycle to their
instructions.

90



5.7.Recommendation for Further Research

The researchef the current studyproposed the following suggestions for other researchers, teachers,
curriculum developers, and textbook writers.

e This study suggested a disordinal interaction between s t u d eepistesndlogical
understandingand themode of instructiorifthe EM-7ELC versus the TI)This resultcan be
used to design Alfresearch studs in which this interaction would be experimentally tested
using factorial design€?ut it differently, the students grouped as very low, low, average,
high and very high aording to their prénstructional epistemological stance atigese
studentscan beassigned tahe EM7ELC and TI groupsThen whether the effects of
teaching methods are chadgecross these groups can be tested.

e In the present study, three construatemely, the learning cycle, epistemologgnd
metacogition were integrated. Since the sample of this study was ,smakffectiveness of
this integration was evaluated only by comparing to the TI. In the future studies, using larger
samples, the EMELC can becompared tothe TI, the 7E learning cycleghe TI with
epistemological activitiesthe Tl with metacognitive activitiesthe metacognitive 7E
learning cycleandthe epistemological 7E learning cycle to determine which integrason
more effectiveahan others.

e This study did not evaluate the durability e
and epistemological undgandings. Future studies caclude retention tests to investigate
this issue.
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APPENDIX A

THE TURKISH MPEX -II

FKZKK BEKLENTKLERK ANKETK
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bel ¢mden ol ukmaktader. Her bDb°l skdedeliveribesiifa
Kekilde yazeéel mékteér. Bunun ilazaman harcdnadbe, llke r i|n anl
anladéejenez kekilde cevap veriniz. Dbpyaldean |[anket
Yantéwxap yoktur. Cevaplarénéz gizli tutul ajcak v
Kat kel aréenéz dolayé tekekk¢gr ederi z.
I.B° 1 ¢m
Bu be°l ¢m 25 ifadeden ol uk maikkKieasd éitlait €H en® gama d the ni r
AKesi Khit kel éwporkwadar bek s.eBeenierkti Vvemi liniiakdteilrer e
kat él madeée] éniélzgéi |sia(jKttaureaaf ytaslikiniz. y a z ar aHk
| QO L0)] > >
e S n ()] [[¢)]
Q| — = - L —
No Maddeler Xxo o | oo | 2o
£+~ - = | E -
ol | ®@| ©|Pw
¥XY ¥ | ¥ | ¥ |¥X
1 |Fizik °fJrenmek, g¢nl ¢k yakal
eder.
2 Fizik dersindeki t emel fikio
yapmamogedeen; sadece derslere g
-al ékmak, ders kitabéenée okur
dinlemektir.
3 Bir forme¢gl¢gn nerden gel di i
formegl ¢n ge-er | i ol dujunu V¢
°frenmektir.
4 [(Yeni bir fizik konusunu ©°7Jr ¢
da fikirlerim hakkéenda d¢«Ky¢goH
fizik konusuyla ilikkilendinH
5 Fizi k dersinde, form¢gl Il erion
probl eml eri ni et ki | bir «kek
Keydir.
6 Fizik bilgisi, her biri t e me
sayéda birbirinden bajémséz
7 |Sénavda bir probl eminr}t P zRhimng
hatérl ayamazsam, yeterl i s¢i
b¢yéek olasél ékla bir yol bul
8 |Fizik ger-ek d¢gnya ile bajl g
dekegnmeksizin fizifJi anl ayal
9 |Fizik dersinde @pdabl emobd 21
veya form¢gllerl e exklexktirmel
sayé el de etmek demektir
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10| Fi zi k dersinde, form¢gll eri g
bekl emi yorum, onlar veril di]

11 |Bir sémawliéektérma -°zerken
problem i-in buldujum iki f g
durumunda, kaygél anmazdeém. [
sadece, yanléekx cevabeé veren
-al éxkéer déem.

12 |Fizi k dersindeki notum, t emg
bajl eder. Notum, anl ama ya (

13|¢oju zaman, bir fizik prensi
gel meyebilir Byl e duruml aft
etmekz or undas én, -é¢nke fizikte
gerekmez.

14| Ej er sénavdaki bir probl em ¢
benzemezse, onu -°zebil mek i
déeKeéenmegyor um.,

15| Bet ¢ 1 fizik kitiabe ntdar kK ed g«
okudu. Fakat, Bet ¢l , fiziiji
deneyi mlerini de¢kenmeyi p Kif

16 |Bir fizik probl emini - %zmed ¢
dojru form¢gl ¢ bul makt ér

17 | Birfizik s énavémén nasél ge-ti]i
°jrencilerle sénav hakkénda
Kekilde anlayabilirim.

18 |Fi zi j i bizim tam anl améeyl a §
derste, kavramlar a,nawéinile | f
problemin -°z¢:;m¢ne -ok fazl g
bir-ok problemin nasé@l -0z

19| Fi zi k dersinde, bil mem ger el
zorunda ol masé °nemli bir s

20 |Ej er fetzmekn lI°drri ge¢nl ¢k yakanm
ve °rnek problemlerle ger-el
iy °fJrencilerin bir-oju dert
harcamadan derste verilenl ef]

21| Fi zi k kanunkawve, | bbprmtdear st
benzer bel i bakl & basit duri
ger-ek d¢gnyadaki deneyi ml er i

22| Fi zi k dersindeki grup - al exi
iczerinde tartékt éerklarmrléea kéojnéeu y
s¢rece yararl éder

23 | i Temel fi-kui-dluers®@,y ud-agk i -in
normal fizik problemler.i -
probl eml er. -%zerken, en °ng
y°nteml eri bil mektir.

24 |Fi zi ] i anl amak i-in formgl | ¢
bilgiler -ojunlukla hangi dJ
kull anacajéna karar ver mede

25| Ej er bir °devde hangi sorul g
-al eéknoarkl air-édm -°z¢ml er i ben
veril memesi °nemli dejildir|
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Il . Bl ¢m

Bu b°l ¢m 7 -oktan se-mel i sorudan ol ukmaktadeéer .
uygun se-enej.i i karetleyiniz.

26. Kki fjakéendienegnéef er i hakkénda konukuyorl ar.
Sevgi : Bizim grubun ger-ekten iyi ol duj unu ¢
Kekilde -o0ok zaman harcéyoruz ve bazen, b
gel ir. Ama hepi miz biemi vemibai nkekdd drec ebl

bul maya -al ékér éz.

Zeynep: Bizim grupta, her zaman dojru cevabeé
b¢yek ©°1-¢de onu takip ederi z. Bu hari ka
ve bazen erken bitiririz.

(@) Nerdeysetamaenn Sevgi 6 ye kat

(b) Sevgi 6ye daha fazla ka

-ekiyor .
(c) Sevgi ve Zeynepbe exkit ol
(d Zeynepd e daha fazla kate
-ekiyor
() Nerdeys

él ey
tél mama raj] men, benc

ak kateéel éyorum (
mama r ajahen, ber

e tamamen Zeynepde kateéel eyor um.

27. Akaj éedaki soruda, baze konul ar da anl akamayan
okuyacaksénez.

kul eKyi bir fizik ders kitabeéeneéen, bir b°l ¢ md

nasa&jll eéont é1 @€ ol dujunu g°ster mesi gerekir.

ol arak el e al mamal

Fatma: Fakat -oju zaman h

her zaman binmntbélrd e

birbirlerinden ayr

n
eder ; -¢nke¢g onl ar ger -e
er bir bel ¢m farkl & bi
deéjyil ledibraj | Ber s ki tabé
e tutmal éder .

Kiminle ayné fikirdesiniz? Bir tanesini se-meden

(@ Neredeyse tamamen kuled ye katél éyor um.

() kul ebye daha fazl a kat @alamagma ér djyme m,0 ki el ae ¢

(c) kul e ve Fatmadbya exkit ol arak katél éyorum (y

(d Fat maéya daha fazla katél mama r aj men, ben

-ekiyor.

(e)Nerdeyse tamamen Fatmad ya kat el eyor um.
28.Bir °J rencki ni ni - akesgsetl & bir Zamana sahip ol «
se-eneklerden birini se-mesi gerektijini d¢kenel
ve Sénav sg¢gresinin bir problem oluktur madéj éne
gerekir?

(@ Sadece birka- temel form¢gl¢ °Jrenmek ama o

(b) KI gi I bel ¢mlerdeki beten formeglleri °jJren

(cc(a) ve (b)) se-enejinin her ikisini de dojr

d (a) ve (nbi)n shee-reniekjiisi ni de dojru bul mak f ak

e)(a) ve (b) se-eneklerinin her i kisini de ¢

bulmak.
29. Bazé insanlar g°rsel bell eje sahiptiined er , y a
sahiptirler. Fizik °fJrendijiniz zaman g°rsel bell

(@ Ol abil ecek en yararl é& key ol urdu.

(b) ¢ok yararl & ol urdu.

(c) Yeterince yararl é olurdu

(d¢tok az yararl é& olurdu.

() Neredeyse hi- yarareé ol mazde
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30Akaj éda popictl ®hémdanfalzékak bir soru verilmicktir.

ABir at a, bir yere yolcu g°t¢grmek i -in bir arabayé
yaramayacajéné ©°ne s¢rerek, sahi bine &ében arabayeée -
Newt ondun 3. Kanwwreunerg®ria bbui ke exit ve zéet yenl ¢d
birbirini yok edecejinden, ben arabayé nasél hareket

verirdin?o

Akaj édakil erden hangi si bir sénavaaphb&mergnk&kmrkad gi
tutumunuzu en ivyi Kekilde tanémlar?
@ Bu t¢r sorulara -alékmak yararl é defjildir; - ¢
(b) Bu t ¢r sorulara -alékmak biraz vyararl éedér ; f
form¢gller gibi dijarakéegel degi tdi ékmak kadar vy
(¢ Bu t¢r sorulara -alékmak yeterince yararl édeér,
(dBu t¢gr sorulara -alékmak ol duk-a yararl édér, z
(&) Bu t¢r sorulara -alékmak son derece yararl edeér
3L Al i ve Mur at bir problem ¢zerinde -aleéexkéeyorl ar.
Al i AKitabeéen, bir -ember etrafénda d°ne
dedijini hatérl é&yorum. 0
Mur at : ifAma ejer par-acéjén hézée sabitse, nas:s
Al'i: Tam bufiraya bak, AD¢zge¢en Dairesel Har eket
forme¢gflg @dvarak veril mik Bu, probl emi -0z
Key. O
Mur at : AAma i vmenin olmasé i-in hézda bir dej
Hé z é nd enfaiskétli Ji ni anl améyor um. Bu for mgl b a
Ejer onlardan yalnéez biri ile -alékabilseydiniz, Ki mi
(@ Al'i daha -ok yararl e olurdu
(b) Al i birazcek daha yararl & ol urdu
(c) Kkisi de exit derecede yararl e olurdu
(d Murat birazcék daha yararl é olurdu.
() Mur at daha -ok yararlé ol urdu
32Birka- °jJrenci grup -alexkmasé hakkénda konukuyorl ar
Ar z u: ABir Keyi, grubumdaki bakkal aréna anl atm
yvardém ettijini dé¢keéegneégyorum. O
Penar : i Bakkd laanraémean senin daha ivyi anlamana yard
Sadece, bir «keyi bakka birisine anlatabildijin za
Ki me kateéeléyorsunuz? Bir se-enefji se-meden °nce bg¢tén
(@ Nerdeyse t aymarkeart éAréezywd um.
(b) Arzubya daha fazla kateéel mama rajmen, bence Pénar da
(c) Arzu ve Pénarda exit olarak katél éyorum (ya da kat e
(d Penardéa daha fazla kateél mama r aj men, bence Arzu da

(e) Nerdy se tamamen Pénarb6a kateéel éyorum.
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APPENDIX B1

THE FIRST VERSION OF THE OBJECTIVE LIST

Objectives for the FMAT-I

1. Hareketin nedeni ile ilgili °Jrenciler;
1.1.Cisim ¢zerine etki eden kuvvetl eri a-ékl ar
1. 2. Ci s i thederzkewatlari etiketlendirir. (Comprehension)

1.3.Serbest cisim diyagramé -izer. (Analysis)
1.4. Kuvvetin vekt©°rel ol maséndan kaynakl anan son
1.5.Bir cisme etki eden kuvvetlerin bilekkesini
1. Netkuww et in séfér ol duju durumda cismin hareketiy]
2.1. Net kuvvet ile héez deji Ki mi araséndaki i likKk
2.2.Limit heza etki eden faktorl eri ayéert eder
2.3.Kki cismin har ekeonprelensioin)r bi ri ne g°re yoruml a
2.4. Hareketli bir ortamdaki cisimlerin hareket!|
problemler -°zer. (Application)

3. Net bir kuvvetin etkisindeki cismin hareketiy
3.1. Net kuvvet ile cismin ivmesi ve¢kt | e s i araseéendaki bajéntéeyé ku
(Application)

3.2. Net kuvvet ve ivme araséndaki ili kKkivyi i rdel
3. 3. Cismin hareketdi il e i vmesi araseéendaki il i KKk
3.4.Cismin hareketi ile cisme etki eden kuvvet aré n d a k i ili kkiyi irdeler. (1
Objectives for the FMAT-II

1. Net bir kuvvetin etkisindeki cismin hareketiy
1.1.Verilen kinematik grafijinin metinsel a-éekl a
1.2. Verilen kitniermadli ka -g& lalfa mda mémé meapar (Synt he.
1.3.Verilen hareket durumunun metinsel a-éekl amas
1.4.Bir hareket durum i-in verilen bir ki nemat.
(Synthesis)

1.5.Konumzamangr af i jinden yararl anarak heéezé hesaplar.
1. 6-ztkéfmzan grafijinden yararl anarak toplam yer dej
1. 7-ztkéman grafijinden yararl anarak ivmeyi hesapl ¢
18.At ek hareketl eri nhar adk«te yidlee syadtiayda medbit hezl
ol dujunu ifade eder. (Knowledge)

1. 9. Kki boyutl u hareketl er-da&mg razanady dcaivenezamax ey boy
grafi kl erini -izer. (Analysis)

1.10. Aték hareketfflieryiolyapan eai. Kino wil ZIdegdi)

1.11. KKki boyuta sabit i vmel.i hareketler ile ilgi
2. Her etkinin bir tepki dojurmaséyla il gildi ol a
2.1 Et ki tepki kuvvet -iftlerini g¢nl ¢k yakamda
2. 2. Et ki tepki kuvvet -iftlerini kull anarak ci
karar verir.(Evaluation)

23Et ki tepki kuvvet -iftlerinin farkleée cisimler ¢
2.4.Birden fazl a emwasistemindecisimlerin ivmmesim hesaplar.(Applichtion)

2.5 Sistem i - kuvvetl eri hesaplar. (Application
3.Cismin eylemsizlif7Ji ile 11 gildi olarak °jJrencil
3.1. Eylemsizlifji ci smin durgun, sabit hdezl & ve

eder. (Knowledge)
3.2.Cismin eylemsizl:i
[

| nin k¢
3.3. Kuvvet ve eyl emsi i f

sinin bi
ijin | & I du

@D O

S
m

@D O

] tl e r
z | ar k ju ayr
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APPENDIX B2

THE FIRST VERSION OF THE FMAT -I

KUVVET VE HAREKET BAKARI TESTK

AdénEaoyadénéz:
Senéf énéz:

Cinsiyetiniz: TKeée zT Erkek

Sevgili ©°Jrenciler,

36 sorudan olukan bu test, °jJrencilerin kuvvet ve hai
hazérl anmékt eér . Bu test 4 b°da mderni lod nu kanaé&k laadmal. a rHée rd
okuduktan sonra sorularé <cevaplayéneéez. Cevapl arénéz

kull anél acakter .
Kat kél arenéz dolayé tekekk¢r ederi z.
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| . B°Il ¢m

B u bl ¢m 5-10ktsaonr udea-nmeol ukmakt adeéer . Her oru i -
Yanl éxl ar dojru cevaplaré g°t¢rmeyecektir.| L¢etfoer
1.

i D R i i e H |

1 1 1 1 1 1
—— et m e — - — k- —d

i R et il I I L |
1 1 1 1 1 1 1 1
RN U U U U U I I |

M ci smi ne Kgk, R Fgkevietleri gthintektediF
M cismine etki eareqi by dredk&kei rkavvet h
A) Fry°ne¢égnde BIF,by°n¢gnde CORy°n¢nde
DDFRy°négnde E) Kesi kIl okl a belirtilen y°nde

2.Bir kad
szer i ndyd

b¢yeéek bir kutuya sabit yatay bir kuv\
lta WWareket edivyor.

(Dlm|ml
3FQ
Q.@,
»

Kadear af n uygulanan sabit yatay kuvvet,
A) kutunun ajérlejé ile ayné be¢gyekl ¢ktedir.
B) kutunun ajérl éjéndan b¢gyekter.
C) kutunun hareketini engell emeye -al ékan toplanm
D) kutunun hareketini engell emeye -alékan toplam
E) kut unun hareketini engel |l emeye -al exkan topl a
b¢yekter.
3.Suya g°re héze 2v olan bir u-ak gemisi il e bir
eden bir motosi kletli yunusu duruyor gi bi geréyor
Yunusunsuyag®re hézé v ol dujuna g°r e, mot osi kl etin ge
A) Gemiyle ayné y°nde v
B) Gemi yle ayné y°nde 2v
C) Gemi yle ayné y°nde 3v
D) Gemi yle zét y°nde v
E) Gemiyle zét y°nde 2v
4. Bir araba maksimum 3 nf/l$ i k bi r i vmeye sahiptigt!| 8ai mg adah ik
i Kinci bir arabayeée -ektiiji Zaman, maksi mum i vmesi
A) 2,5 m/¢ B) 2,0 m/$ C) 1,5 m/$ D) 1,0 m/8 E) 0,5 m/$
5Bir -ocuk -elik bir topu tam yukareéya dojru dil
d¢kene llaamdahrare ket i ni di kkate alén ve hava tar a:
edilebilir oldujunu d¢kKeéeneén.

Bu kartlarda topa etkiyen kuvvet (ler),

A) s¢rekli azalan yukaré y°nde bir kuvvetle birl

B) -ocujun-ékietdtéean sonra en yiksek noktaya ul
y°nde bir kuvvet; akajeéeya inerken ise, cisim
bir yer-eki mi kuvvetidir.

C)top en y¢ksek noktaya ul akana unettkairliktey uk ar é
neredeyse sabit akajé y°nde bir yer-eki mi k u
y°nde bir yer-ekimi kuvvetidir.

D) sadece, neredeyse sabit akajé y°nde bir yer-e

E) yukaréeédakilerden hi-birdoj dlopani digmiyaol,adej i n|j
d¢ker

109



1. Bl ¢m

Bu b°l ¢m, 13 adet ekl ektirme sorusundan o]l ukmaktader
t¢m sorularé cevaplayéneéez.

AkAJlI DAKK kKEKKL VE125O0RUKARINMIEVAPLARKEN KULLANINIZ.

Brkézak, 6dexb2pgedakadar ol an sorularda tanémlanan bi -
ediyorS¢rt ¢nme kuvvBuWwi 4 dhemailndcadailmaymayan bir ayakkabeée gi

kuvvet uygulayabiliyor ve kézajé buz ¢zerinde itebild
Kezre6pd 420 ye kadar ol an h e harekeiini devaro ettiredek bir tkievvete ml a n a n
(Abdan Gbéye) se-iniz ve se-tijiniz harfi sorunun yane
Bir se-eneji birden fazla kullanabi lk ri -yian dsaa dheic-e k ul
bir cevap se-iniz. Ej er se-eneklerden hi-birinin do
sorunun yanéndaki bokluja yazénéz.

A. Saja dojru ve K

bir kuvvet

Kuvvetin Yonii B. Saja dojru ve abit
bir kuvvet

ﬁ" C. Saja dojru ve Ki

bir kuvvet
\‘..___ //

/ D. Kuvvet uygulamaya gerek yoktur.
.
E. Sola dojru ve Ki
o bir kuvvet
Kuvvetin Yont F. Sola dojru ve K

"'h bir kuvvet
g G. Sol a
// bir kuvvet
-

dojru ve K

6.Hangi kuvvet kéezajén saja dojru vedewmmbit oranda
ettirir?

7Kézak saja dojru hareket ediyor. Hangi kuvvet ki
devam ettirir ?

8. Kézak saja dojru hareket ediyor . Hangi kuvvet
yavackl atér?

9. Hangi kuvvet kézajén sola dojru vedewmbit oranda
ettirir?

10. Keézak durgun had dewmj rbua kd alyiatr alki veh&aszandg ul akeénce:
Hangi

kuvvet kézaj én bdevamethit hézl & hareketini

11 Kézak sabit oranla (sabit ivme il e) yavaxkl éyo
kuvvet bu harekete neden olur?

12.Kézak swl aardeokjert ediyor . Hangi kuvvet kezajé s

yavakl at ér?
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Ak AJIlI DAKK A¢ | KIb.SORUYARINLGEVAPLARKEN KULLANINIZ.

1315.sorul ar yukaré dojru havaya férlatélan met al
dojru hareket edivyor, en y¢ksek nolRiSapautl akéndan
tanémlanan hareketinin her Dbir basamajéndaki iV me
Goéye) birini kull anénéez.ofj Eberol madéhéhkhEerddar,nhieo
yanéndaki bokl|l uj aHalv as edierneerjdinni ny aeztékniészi.n i i hmal
akajé y°n¢ negatif alénéz.
A. Kvme negatif y°nde ve sabittir.
B. Kvme negatif y°nde ve arteéeyor
C. Kv me ne/@ata|zfaly'e‘y
D. Kvme seéfeéerder
E. Kv me p02|t|f y°nde ve sabittir.
F. Kvme pozitif y°nde ve artéyor
G. Kvme pozitif y°nde ve azal éyor
13 Met al para feéerl atéeldéeéktan sonra yukareée y©°nc¢
14. Met al para en y¢ksek noktada i ken.
15. Met al para akajé y°nde hareket ediyor iken

AKkAJ|I DAKK kEKKL VE-12ASORKLARIN SFVAPLARKEN KULLANINIZ.

1618.sor ul ar , anl &k bir itme uygulanarak bir ejik ¢
ilgilidir.

Araba anlekfeéerimatél déktan sonra ejJik d¢zleme tér
geriye SIfrntgégymome kuvveti i hmal edil ebilecek kadar

\\

AKka]Jl®sil8s or ul arénda tanéemlanan her vbviert idubreul mdrat nmerka

akajedaki se-enekl erden (Addan Goye) birini k ul

ol madéejénée d¢e¢kéengyorsanéez J se-enefjini sorunun yze

A. Rampadan akajé dojru sabit net kuvvet

B. Rampadan amkehKueetdoj ru art

C. Rampadan akajé dojru azalan net Kkuvvet

D. Net kuvvet seéfer

E. Rampadan yukaré dojru sabit net Kkuvvet

F. Rampadan yukaré dojru artan net Kkuvvet

G. Rampadan yukaré dojru azalan net kuvvet
16, Ar aba feérl atéldeksanasdojaurbmpahéen gdkgoe i
177Ar aba en y¢ksek noktada i ken.

18 Araba rampanén akajéséna dojru hareket edi )
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B°l ¢m

Bu
te m

bel ¢m 15
sorul ar é

a-ék u-lu sorudan
cevaplayénéz.

ol

uUuKkmaktadeéer |

AKkAJI DAKK A¢I KL AMAR2SORULARIN CRVARLARKEN KULLANINIZ.

boyunca
Zzawarnnadrakdéemudlalkarcgna @ygtéd maktledi r .

A ve B arabalaré d¢z bir yol
arabal arén exit
Bat Dogu
 — _
A arabast gy 1 = 2 = 3 =
E arabas: @ 0D 2 & 3 ®ED

A arabasénda

bul unan

g°zI| emci

B

sabit

arabaséneén

Her

bi

soru

heéezl

konumunu

Akaj éda verilen anlarda, A arabaséndaki g°zl emci B ar
19.t:(bir tanesini yulbvatréwk | aideld eutyg b& chigayr derk, e t ediyor, d
ol arak g°o°r¢r. Cevabénézeée a-éklayéneéez
200t (bir tanesini yulvatrédw&k harneletal €diewqr , dojuya hare
ol arak g°rg¢r. Cevabénézeée a-éklayénez
2.tz (bir tanesini yvivaréwk haiealketal €cieygor |, dojuya hare
ol arak g°r¢r. Cevabénéze a-éklayéneéez
22 Yanda verilen vekalPra sseg ! 2am i | ngisi A
g°zlemciye g°re B arabasén|? — ! — anl aréndaki s
g°stYeukar.édaki sorh&aavekldal” +— ’ i
4 —— 1] -—
d) — — —
n — — —
q -— - -
Fl - -
i - - -
AKkAJ|I DAKK A¢| K5 SORVMRINIZEVAPLARKEN KULLANINIZ.
K¢-¢k bir -ocuk olan Ahmet bir kuyunun yanénda oynar
-ékarmak i -in kurtarma ekipl er isalatakva Anmetduigii r maki ney
beline bajlar. Ahmetdéin ajéerl éejeée 250 N dur.
23.Ahmet yukaréya dojru sabit bir e&zyleak -nmeski lki¢gr-koekn mei p
, Yoksa e kuiytg ud iarr ?k uCveweatb emmié zé a-ékl ayénez.
24, Ahmet &in ainl d&snice ojull aréna kavukmak istediklerin
hézl andér mal aréné isterler Maki ne, Ahmet 6in heéezeée gi
durumda i p, yukarkywskdome u RS5O KN nidea mi yygularg a eKit b i
Cevabénézée a-éklayéneéz
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25, Ah met Kuyunun bakéna y a
yavakl|l ateéel ér . Bu zaman arabég
kuvwetmuy gul ar ? kel vaaybéénnéézz.é a - é

aktéeje Zaman, Ah me
ghdansi p kyuk&r énga 9¢o

> X

Ak AJlI DAKK A¢I| KL AMAS8SORULARENM CRVARLARKEN KULLANINIZ.

Bir blok ve bir A k¢ - F oot e bir ipl
s¢rtegnmesioz bir ma K Kiitlesiz ve siirtiinmesiz <
kekilde birbirine ba Blek /maka:a bl oju
kaymamasé i-in tutuya [
Kpineleg@z lve esnemedi _L /
BIoI.< |.I”e masa araseée s Strtinmeli %
Hava direncini ihmal ediniz. Masa z

7

-~

7

7

7

-~

7
Bl ok serbest beérakel d 7

7
26 Bl ok ¢zerine etki Yer aréne
yazeéep, keésaca tanémlayeénéez. (¥rnejin yer-ekimi
kuvvetiariafieghrydhan bl ofja uygul anan kuvveto kKeklinde
27. Bl ok ¢zerine etki eden kuvvetl eri
a) kuvvetin te¢greg (°rnejin yer-eki mi kuvveti, sg¢rt
b) Kuvvetin uygulandéjé cisim,
¢) Kuvveti uygulayan cismi,
dikkate alarak eliet | endi rin (semboll erl e g°sterin).
¥rnejin, yer-eki mi kuvvet i pgfkdesknlyianndéen ebtl koijlae nudyigruille
28Eti ketl endirdijiniz kuvvetleri serbest cisim di
(Serbest cisim diyagraemenbitgmcksasivmetzteni megétskeri

BLOK
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Ak AJlI DAKK A¢I| KL AMMB0SORULAREN CRVARLARKEN KULLANINIZ.

Bir -ocuk i-i dolu ol an( JA kutul aréné
Kekildeki gibi itiyor.
A B
29.B kutusuna etki eden kuvvetleri e
a)kuwvetint ¢r ¢ (°rnejin yer-eki mi kuvveti, s¢grtenme kuvvet

b) Kuvvetin uygulandéjé cisim,
¢) Kuvveti uygulayan cismi,

di kkate alarak etiketlendirin(sembollerle g°sterin).
30,Eti ketl endirdijJiniz kuvvetrihizri serbest cisim diyagr
B kutusu

3. Suyasalirte birollm@azaigahmopt or A noktaséndan nehrin Kk
gitmek i-in kekilde gibi bir yolu izl i ysabit. Mot orun B
birvzhezeyl a6 aldar ketBvathsag, rgelrer i ni karkél akt ér éen.

bv.

&

Ay
32 Kkinci bir motor «kekigadbei tg°bribdrettet §diyerzdtdrlina A nokt as ér
karké kéyaya var ma,sbthie\dh & znéeyhli a,0 adldia ighkuenBwetmpa t g°r e t
s¢ralekarkeéel akt éeréen.

v
AR,
v
33. Bir -ocuk bir topu trenin zemininden trenin harekef!
ilerlerken top 3s de 2m yol aleéyor. 3s zaman aral éjeén
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V. B°l ¢m

Bu b°l sdhoBradeanl ék sorudan olukmaktadér. |[Dojru ¢
(D), yanl ék ol dujunu d¢kegndeg] éenegz i fadenin sonune
34.Bazé durumlarda, bilekke kuvvetin kendini ol ukt
ol maskagyamaakl anmaktadér. (......)

35. Ayné b¢yekl ¢kte parakegtlerle ayné yeéegksekli kte
erken ulakér. (éé)

36.Bi r cisim ¢zerine birden fazla kuvvet et ki ett
kuvvetlei n her birinin b¢gyekl ¢kl erinin bilinmesi yet e
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APPENDIX B3

THE FIRST VERSION OF THE FMAT -l

KUVVET VE HAREKET BAKARI TESTK

AdénSeozy adénéz:
Séneféenéz:

Cinsiyetiniz: TKeée zT Erkek

Sevgili ©°Jrenciler,

37 sorudan olukan bu test, °jJrencilerin kuvvet ve hal
hazérlanméktér Bu test 4 b°l ¢:imden ol ukmaktadeér . Her
okudukt an oma pal asycermwelzar éCecveapl arenez gi zl i tutul acak
kullanelacaktér.

Kat kél arenéz dolayé tekekk¢r ederi z.

116



| . B°Il ¢m

B u bel ¢m 11 -oktan se-mel. sorudan oktleinmakt adér
Yanl éxl ar dojru cevaplaré g°t¢rmeyecektir.| L¢etfoer
1.Aka] éda bi-zamanr ngrnafhiéjzi ver i | mi kdgatifivmeedlapygé k z a man
dejerdedir?
. 2 R 5 T U v WX Y Z
AIRT aral é] énda N oo
B)TVY aral éj énda =
C)V anénda
D)X anénda
E)X-Z ar al éj énda 7
aman
2.Bir cisim durgun halden harekete baxklar ve on
eder . Daha sonra sabit Ataijré dhagkzil ag rhaafriekkleetridnein shsart
konum-zaman grafi i ol abilir?
NI B D), o, E)
: : : : :
2 3 ¥ ¥ 4
Zaman (s) Zaman (s) Zaman (s) Zaman (s) Zaman (s)
3Par al el yol l arda i |kenunh-eamangr Af v i Byandhasenéhmick
akajéedakil erden hangi si ot
g
. tszamanénda i ki arabé i ptir
. Her i ki araba da heée
Il. A vV e B agf adbmd mé red ¢
herhary i bir anda ayneé r
\VA Grafijin bel | i bir i ki
arabanén i vmesi bir
_ g Zaman
A) Yal nezB)l Yal n&yl, Il |
i D), I, IV E) LI, NI IV
4.A K a ] b disminkonum -zamang r af i | i ver i |l midetkiir .h éQiés rhian 2n/ ss &
A) 0,4 mis 15
B) 2,0m/s ﬁm
C) 2,5m/s = P
D) 5,0m/s g 5
=]
E) 10,0 m/s v "
0
0 1 2 3 4 g
Zaman (s)
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5. Bir cisim akajédaki grafije g°re hareket et mektedi

L T

b2 W

Hiz (m's)

ZLaman (5)
Buna g°re, t=4 s il e t=8yer zdaHaink tairrailréj énda ci sim ne
A) 0,75mB)3,0m C)40m D)8,0m E)12,0m
6.,Akaj éda beézmmaagrsanfiinf i @iesmilmitkt i® .ve t =6 s araséndaki
yakl akek olarak ne kadardeér?
5
I | I I ! [
Q il Bl e i Al e Bl o
g ool T T T R B B B
= R
I N R FR D B
S N S U I [ -
| | I | [
0
5 10
Zaman (s)
A) 3,0m/8 B) 1,5 m/8 C) 0,83 m/8 D) 0,67
m/s
E) Soruyu cevaplamak i-in yeterl:| bil gi veril memikt
7.Ak aj edaki Kekilde g°sterildifiji g5 byio | Iba rré ntdeapne nhi ann gkiesn
mer minin/g¢llenin i zleyece]ji en yakén yoldur?

E.l

A1 B2 C3 D4 E)5
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-

— & & —
ik f e
VOY ,," ‘ GRS =
y ~
< .h‘nax o
'

Yatay dizlem

Yer-ekimi ivmesinin (g) okda$endam egeirkleat &le&mn | i
K noktaséna d¢kKeéyor .
Yalnéz (g) ve (t) bilinenleriyle;

. hnxy ¢ ksekl i]
. Voybi Il exenin be¢gyekl ¢ ¢
M. PK uzakl ej e
Niceliklerinden hangileri hesaplanabilir?
A) Yal mgz h B)Vyve PK C) hpave PK D) hpaxVve Vg
E) hnax,Voy Ve PK

9 kekil deki gi bi, b¢yek bir kamyon vyol dHhé zbeanzéul ur
arttérarak, istenen yol hézéna ulakéncaya kadar ¢

=Gy ©

A) otomobilin kamyona uygul adéj éyonunt otoenobile uv vet il
uygul adéjé geri itme kuvvetinin be¢gyekl ¢ éne e
B) ot omobil in kamyona uygul adéj é it me kuvveti
uygul adéjé geri itme kuvvetinin be¢gyekl ¢] énden
C) otomobilin kamyona uygul adéjaiyonunt aot@nmobilkt uv vet i |
uygul adej e geri itme kuvvetinin be¢gyekl ¢] ¢nden
D) ot omobi |l in mot or u -al exmakt a ol duj u i -in k
-alekmadéjeée i-in arabayeée geri itememektedir.
otomobilinyol ¢ zeri ndedi r .
E) kamyon da otomobil de birbirlerine kuvvet wuy
itilecektir, -¢nk¢g otomobilin yolu ¢zerindedi
10.Yandaki Kekilde A °jrencisi 7.5 kg ve B °jJrenc
ke¢etlelidir Birbirlieininndaynkar eki skasae y e
oturmaktaderl|l ar . A °Jrencisi, Il deki i bi, ay i
di zl erine koymuktur. Sonra A cCi si {rden a
dojru iterek, her i ki sandal yein h et et me
Kt me sé&r as énldaar é& eB 6Andinré nd iazyiarke ktayken
A) °jJrenciler birbirlerine hi uygul a
B) A °Jrencisi B °Jrencisi ¢z uvvet U
B Adya bir kuvvet wuygul amamakd g .
C) her i ki °Jrenci de brrbfakaeti Bediebavbtyyglkghbl
D) her iki ©°Jrenci de birbirlerine kuvvet uygul
E) her iki ©°Jrenci de birbirler:i szerine exit b
11.Akaj édaki ciismimheridamghlaemgi sin eyl emsizIlijinden
I Duran bir arabanén
1 Sabit hézla ilerleyen bir arabanén
[ I I Sabit bir ivme ile hézlanan bir arabanén
A) Yal nB)z Yal n&ylvdlll D) Il ve 1l E) I, I, velll
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1. Bl ¢m

Bu b°l ¢myr meO sokluswtnidan ol ukmaktadeéer . Her |soru i-in &
sorul aré cevaplayéneéez.

AKkAJI DAKK kEKKL VE-1& SORKILARIMIACEVYAPUARKEN KULLANINIZ.

Oyuncak bir araba yatay dojru boyyhAoassppadogyadsol a

-

0 +
f

Akaj] éda arabanén ar k1l é hareket | 16 s dramléarl &dmdne@ kKt ér .
tanémlanan heivme-tamangdaf umaniai bel irtmek i -in akajeédaki
Goye) birini kull arn@aré a. kBild asaebehefi ybhi daenrmi - kul I |
se-eneklerden hi-birinin dojru ol madéjéné d¢kegnégyors
vazéenez.
@

gu Zaman o_

2 E., Zaman
ik

gu Zamzm(DmJr

- g o Zaman
© ] :

g Zaman @

= EU Zaman
@

v ________——\ & -...

E Zaman @ Bu grafiklerden higbiri dogru degildir

12Araba saja dojru (orijinden uzaklakarak) sabit o
13 Araba saja dojru sabit oranda yavakl ayarak har e

14 Ar aba sola dojru (orijine dojru) sabit hezla har
15 Ar aba sola dojru sabit oranda hézl anarak hareket
16, Ar aba saja dojruys.abit hézla hareket e
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Ak AJI DAKK A¢I| KL AMA1LSORULARENM CRVARLARKEN KULLANINIZ

Pl astik top férlatan bir sil ah Kekil deEavag®r ¢ 1 d¢
s¢rtenmesini i hmal ediniz.

Topun hareketi filklarl gveriilamiag teidrg¥y gA@dan Koé vye
kadar ol an grafiklerin yatay eksepi zamaneé g°%ste
belirtil memi«ktir.

Mer mi ni n hH®+Ilskoertuil air-éinda veril PLer birxnicelijc
grafiji belirtmek i-in akafmd i se-enekl erden
kull anéneéez. Ej er se-enekl erden hi-birinin dofjr
bokluja J se-enejini yazéneéez.

(A) L// ®) 4 ' (©)

| ! ; |

@) {I}T {HT
t ‘\\__/ > ‘ t

© M 4
—

L J

¥

L2

17.D¢key eksendeki konum
18Hézéen yatay bil ekeni
19. Net kuvvet

20. Hezén d¢key bil ekeni

21. Yatay eksendeki konum
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11 Bl ¢m
Bu b°l ¢m 13 a-éeék u-lu sorudan olukmaktader. Her soru
t¢em sorularé cevaplayénez.
Ak AJI1I DAKK A¢I| KL AMAR4SORULAREN CRVARLARKEN KULLANINIZ
Bir bl ok veaelkil dAkk¢goedi bir i pl e
s¢rtenmesi oz bir ma k Blok Kiitleziz ve siirfiitimesiz
kekilde birbirine ba“_j /”-"“ﬂ*ara l o] u
kaymamasé i-in tutuyc : ;
Kpin ajérl éekséz ve es—F= 7 .
Blok ile masa araseé s Sitinmeli /]
Hava direncini ihmal ediniz. Masa ; Akiiresi B kiires:

4 :

“

A

p

y

7

“

7

Yer

Blokser best béerakél déjé anda A kg¢resi il e °zdek
olan B k¢resi de serbest bérakeéel éyor.
22. B ke¢resi A° nkccer emii hdennra méyewoksar gymeE agdaalmen
a-éklayeneéez.
23.Bl ok serbest bérakeéel madandwrn.c eBl dkptseekrib egsetr i d entea kkéulvdve

ipteki gerilme kuvvetil O

Cevabeéeneéezeée

24. ki md i
k¢r es% made nmi
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N6 dan be¢egyek meder 10 No6édam k¢-¢ek medyg
a-éklayénez.
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AKkAJI DAKK A¢I KL AMAR7 SORULARIN CRVARLBRKEN KULLANINIZ.

A, B, C bloklare s¢rteéenmesi b—iijasa boyunca s
sabit bir kuvvetle itil y o r . A bloju 2M, bl o] Y3 M-, ve C
bloju M k¢tlesine sahiptir. | a B C !

PRI FFTIFFTTS /////////

. . i iz M . o
25, Akajéda verilen ©°]| eklléalsanzfm'haesar bit bl oja e
rol °r | r

I
r

kuvveti g°steren vekt?© er i -iziniz. Vekt eri,
eden net kuvvetlerin birbirkkatgéder bky<sktighil eri:r
A B C
*
26 ve 27. sorul aré cevaplarken B blojunun kg¢tl e
k¢gtlelerinin dejiktirilmedijini vV e el in bakl an
cevaplayéne

26. A blojununnummkgit | Bsibliokiu kattarmn m&kaaraldekt a

ayn&kam@ev;izabénézée a-éklayéneéez

27.A bl ojuna et ki eden net kuvvet B ddtodmnunmaea, kaz &l

mé, Vvok&kala&yré Cnkal aly@mezée a- é

AKkAJ|I DAKK A¢ | K30 SORNMRINIZ&EVAPLARKEN KULLANINIZ.

Fatma mutfak yerl erini sildi kten sonra buzdol abeéi
i ki durum i -1in Fat madneéen uygul adejya kwwgwltd dhe]k®
kuvvettenb ¢y ¢ Kk m¢dg¢gr k¢-¢k Crydadhré nfexles a - €Kil ta ymindizr. ?

288Fat ma buzdol abéné itiyor, fakat buzdol abé keémeél
29. Fatma b¢ten geceyle i ttikten sonra buzdol abeé
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L

a

C

Fat man6nar kadaké Hatice bir tabure ¢(zerinde oturarak
Fat madya:
Canlé varl éklarén aksine canséz varleéeklar dokundukl a
l'zerinde oturdujum t abur eyén sénirtaberdyle telitersera,kabueel e al al é m.
sana kuvvet uygul ar. Fakat ben taburenin ¢zerinde ot
Tabure sadece yer giber. benim d¢g¢kmememi sajlar
30. Haticebnin d¢k¢gncelerine kateéeleéeyor musunuz? A-ékl
31.Me hme t evlierinin yalkaéuong gatnankgir ad k jili a axafl gdlad&n gi bi
hareket yapéyor . Bu grafi kt eheéezmnmanrweivine gzaanana k Me hmet 6
grafiklerini -iziniz.

4 4 m‘

= :

Zaman

>

Zaman Zaman

AKkAJI DAKK A¢I| KL AMMA3SORUIARENK CEXYAPRARKEN KULLANINIZ.

Hareket | i

32Araba t anéenda y?°
33. Héz Zzaman gr af
hareketinin konum
Konum 7

Z

btamamadprafin] he—~""

I A~ ~ N

Hiz T
n dej ik
S 1 “Zaman
iJinden -
Zzaman (¢
aman
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34. Ali, kesti]i k¢t el ¢ i ple -ekerek yola -ékarérken
ol up ol madéj] émNewtdgrdgonpr 3. AVasasé@na g°re ben k¢t g
k¢t ekte beni o kadar kuvvetlrebgebiriemkegok wevdezef
hareket et memesi gerekir K¢t ¢k hareket ettifjine
diye d¢kenegr .

Ali énin d¢ke¢egncelerine katéel éyor musunuz? A-ékl ayé

V. B°l ¢m

Bu b°l ¢m 3 doj r umaykamldéekr .s oDroljdraun odlduw unu digkK¢endye¢]
yanl ék ol dujunu d¢kegndegj ée¢negz i fadenin sonuna i se
35. EylemsizIlik bir kuvvettir. (éé¢)

36.Bir cismin eylemsizIlifj]i k¢t esi ile dojru orant
37.At ek harekethéerl éeyhbangkat babdgkeyde sabit i vmel
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THE FIRST VERSION OF TABLE OF TEST SPECIFICATION FOR THE FMAT

APPENDIX B4

c
K=l
2
5 2 S 2 |5
9 © = 0 7] ¥=
Q = < 7] O ©
2 3 £ > S |2 |3
g 5 g z S |5 |3
< O < < 0 m [
1.Hareketin 1.4 1.1(26), 1.5(1) 1.3(28,30) 4(8)
nedeni (34,36) | 1.2(27,29),
2.Net 2.3(19,20,21,22) | 2.4 2.1(2,7,10,23,24,25), 4(15)
kuvvet=0 (3,31,32,33)| 2.2(35),
3.Net kuvvet 3.1(4) 3.26,8,9,11,12), 4(13)
io 3.3(13, 14, 15)3.4(5,
16,17,18),
Total 1(2) 3(7) 3(6) 6(21) 13(37)

Objectives are bold. Questions are in parenthesis
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APPENDIX B5

THE FIRST VERSION OF TABLE OF TEST SPECIFICATION FOR THE FMAT -lI

5
o g | c
g |5 | 2 2
2 = 8 o ) IS
= S | 2 > £ = =
g s |2 g £ g S
X @) < < 0 i =
3.Netkuwet | 1.8(37), 1.54)1.65), |1.1(3,12 13, 1.232), 11(22)
io 1.1Q77), 1.7(1,6), 14,15,16) 1.431,33)
1.11(8) 1.32),1.9
(17, 18,
19,20,21)
4.Etki-Tepki 2.1(28,29), 2.2(30)2.3(34) | 5(12)
2.4(9, 10, 22,
24,26),2.5(23,
25,27),
5.Eylemsitik 3.1(11), 3(3)
3.2(36),
3.3(35)
Total 5(5) 7(15) 3(12) 2(3) 2(2) 1937)

Objectives are bold. Questions are in parenthesis
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APPENDIX B6

EVALUATION CRITERIA

Sayén °Jretim g°revlisi,

Gor ¢kl eriniizii malzmatke sitst ekduvvet ve hareket konusunda
amacéyla hazérl anméktéeéer. Test vV e kazanéml ar hakkeénd
kalarak ve il gili kazanémén ve sorunluay édutmak alslenre vy a:
ederim.

1. Kazaném ile soru uyumlu mu?

2. Kazanémén Bloom Taksonomi sindeki yer i dojru veriln
3. Soru 10. sénéf ©°jJrencilerinin seviyesine uygun mu?
4Farkl é& ol arak ekl emek istedijiniz d¢kegnceleriniz;
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APPENDIX C1

THE SECOND VERSION OF THE OBJECTIVE LIST FOR THE FMAT -l

Kazanéeml ar

1. Hareketin nedeni ile ilgili °Jrenciler;
1.1.Cisim ¢zerine etki eden kuvvetl eri a-ékl ar .
1.2.Cisim ¢zerine etki eden kuvvetl eri eti ket e
1.3. Serbest cisim diyagramée -izer. (Kavr ama)
1. 4. Kuvvetin vekt©°r ol ma °zellijini kaynakl anan
1.5.Bir cisme etki eden kuvvetlerin bilekkesini
2. Net kuvvetin sefeér olduju Gaurkmd@d reincmilmerhare
2.1. Net kuvvet ile héez deji Ki mi araséndaki il K
2.2.Cismin |imit héez ile k¢tle arasénda ilikki
2. 3. Kki cismin hareketini birbirine g°re yoruml
2.4.Hareketli bir ortamdaki cisimlerin hareké e r i ni farkle g°zlem -er-ev
problemler -°zer. (Uygul ama)

3. Net bir kuvvetin etkisindeki cismin hareket:i
3. 1. Net kuvvet il e cismin i vmesi ve k¢t esi 4
(Uygulama)

3.2. Net kuvvet ve ivme araseéndaki il i kKkivyi ird
3. 3. Cismin hareketdi il e i vmesi araséendaki il
3.4. Cismin hareket:i ile cisme etki eden kuvvet
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APPENDIX C2

THE SECOND VERSION OF THE FMAT -1 USED IN THE PILOT STUDY

KUVVET VE HAREKET BAKARI TESTK

AdénSeozy adénéz:
Senéf énéz: 5 5
Cinsiyetiniz: I Ké zIl Erkek

Sevgili ©°fr

e il r,
36 sorudan o
t

c e
ukan bu t estnul®jrréeedrdaikli e rbiark ak 1BM vaaté nvee °H a1
hazér |l anmeécx r Bu test 4 b°l ¢:imden ol ukmaktadeér . Her
okuduktan sonra sorularé <cevaplayéneéez. Cevapl arénéz
kull anél acakter .

Kat kél arenéz dolayé tekekk¢r ederi z.

n
I

é
n
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| . B°Il ¢m

Bu b°l ¢m 5 adet -oktan se-meli sorudan ollukmakt a
Yanl ekl ar dojru cevaplaré g°t yéeméygyecektir. Letfoer
1.

b B e i e i e B |

-TTrTTSaTTYTTrOTaT :FI
T R SO TN TR T
M ci smi ne Kgk, R Fgkevietleri gthintektediF
M cismine etKki eden Dbilekke kuvvet hangi y°ndedirr
A) Frby°n¢nde B)Fy°n¢nde CORy°n¢nde
D)FRsy°n¢gnde E) Kesikli okla belirtilen y°nde
2.Bir kadén b¢gpik kyiat afutbuyaksavet uyguluyor . Sot

czerdabit§ynézeyl a hareket ediyor.
Kaden taraféndan uygul anan sabit yatay kuvvet,

A) kutunun ajérléejé ile ayné b¢gyekl ¢gktedir.,

B) kutunun ajérl é&fjéndan b¢gyeéektgr.

C) kutunun hareketini engellemee - al ékan toplam kuvvetle ayné b
D) kutunun hareketini engell emeye -al ékan toplam

E) kutunun hareketini engel |l emeye -al ékan topl
beyeéekteor.
3.Suya g°re hezé 2v oh&nyBindeggmidiiyloe . biGemyuwmmnuwms pa
motosikletli yunuswduruyor gibi g ° r ¢y or .

Yunusun suya g°re héezé v oldujuna g°r e, mot osi kI e
A) Gemi yl e ayné y°nde v
B) Gemi yl e ayné y°nde 2v
C) Gemiyle ayné y°nde 3v
D) Gemi yl e zét y°nde v
E) Gemi yle zét y°nde 2v
4. Bir araba maksimum 3 nfi$ i k bir ivmeye sahiptir. Bu araba k
i kinci bir arabayé -ektiji zaman, maksi mum i vmesi
A) 2,5 m/$ B) 2,0 m/8 C) 1,5 m/$ D) 1,0 m/$ E) 0,5 m/8
5.Bir- ocuk -elik bir topu tam yukaréya dojru dik o
d¢kene kadar ol an hareketini di kkate al éen ve h g

edilebilir oldujunu d¢gkegneén.

Bu kartlarda topakeaejt&kdylkinl &krudbevrethdregi)siadi r ?

A) S¢r ekl i azalan yukareée y°nde bir kuvvetle birl

B) ¢tocujun elinden -éktéktan sonra en y¢ksek nc
y°nde bir kuvvet; aka] gpll aneekea sgeekli sam
bir yer-eki mi kuvvetidir.

C) Top en y¢ksek noktaya wulakana kadar yukare
neredeyse sabit akajé y°nde bir yer-eki mi k u
y°nde -teikri mierkuvvetidir.

D) Sadece, neredeyse sabit akajé y°nde bir yer-e

E) Yukar édakilerden hi-biri. Topun d¢gnya ¢zerini
de¢ker
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|1 Bel ¢m
Bu b°l ¢m, 13 adet ekl exktir me sroreuksluenkdtainr nmoe| uykanpaéknt &azd.é rl
t¢m sorularé cevaplayéneéez.
Ak AJlI DAKK kEKKL VE12S0RUKARIWNMIEYAPLARKEN KULLANINIZ.
Akajédaki Kekiller buz ¢zerinde kagyadaay achojbriu lawvaketa b é
uvgul,dmadér dkwlvavredesaosyéa dojJ r u kudwweutmluayr@u liamans ése- enek
sunmaktadeér (Abdan GOyebddnd2bge) . kadamenoalut anda baeé
durumlaré verilmicktir. K ltaekefiné devarh ettirecek hirrkuvwetor uda t an é ml
(Abdan Gbye) se-iniz ve se-tijiniz harfi sorunun yaneé
Bir se-eneT| birden fazla kullanabilir ya da hi - k ul
bir s e- e nkjkery aszeé-neerze k|l erden hi -birsanaz déojse-ehepidel
sorunun yaneéndaSkir thionkmeu Jkau vyvaezté nnéiz .i h ma l ediniz
A. Saja dojru ve K
bir kuvvet
Ervvetin Yonii B. Saja dojru ve K
bir kuvvet
ﬁ" C. Saja dojru ve lan
bir kuvvet
M ,/
j/ D. Kuvvet uygulamaya gerek yoktur.
.
E. Sola dojru ve ki
e bir kuvvet
Kuvvetin Yont F. Sola dojru ve K
___ bir kuvvet
g G. Sola dojru ve K
ir kuvv
N // bir kuvvet
6.Hangi kuvvet kezajén saja dojru vaevam¢izgeéen hézl a
ettirir?
7Kézak saja dojru hareket ediyor. Hangi kuvvet ki
devamettirir ?
8Kézak saja dojru haraekdt,zgginydrs.abiHangivmeuvvet) gm
9. Hangi kuvvet kézajén sola dojru vdevad¢zgeéen héezl a
ettirir?
10. Kezak durgun halden baklayarak ve saja dojru
Hangi kuvvet kétahen!l bdemametirik?et i ni
11 Kézak d¢zgen (sabit ivme il e) yavakl éyor ve keé
bu harekete neden olur?
12Kezak sola dojru hareket ediyor. Hangi kuvvet KkE€
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Ak AJ1I DAKK A¢ | KIE.SORUYARINLGEVAPLARKEN KULLANINIZ.
1315.sorul ar yukareé dojru havaya férlatélan met al

dojru hareket ediyor, en y¢ksek nolRisapaut akéndan
tanémlanan hareketinin her Dbir basamajéndaki iV me
Gébye) Dbirini se-iniz ve Bior usaei-neryajnié nldiarkd e b ofkd a1lj a
hi - kull anmayabi bioks$iuki 4;-i halsatd e bEejrelrb rsres e-neerkd le r
hi-birinin dojru ol madéjéeneée d¢kéenegyor s¥mwmé&arsgor un
y°ng¢ pozitif axkafaédr ayn®em¢ snge d atninfe &Kluévrnwéez i ni i hmal
A. Kvme°ndgawvief sabittir.
B. Kvme negatif y°nde ve arteéyor
C. Kvme negatif y°nde ve azal éyor
D. Kvme seéfeéerder
E. Kvme pozitif y°nde ve sabittir.
F. Kvme pozitif y°nde ve artéyor.
G. Kvme pozitif y°nde ve azal éyor .

13 Met al para f érylCandéd dheskrteakne ts oendriay oyru kiakreén .

14, Met al para en y¢ksek noktada i ken.

15. Met al para akajé y°nde hareket ediyor iken.

AkAjI DAKK kEKKL VE-1ASORHIARMNMEEVIAPLARKEN KULLANINIZ.
1618.sor ul ar, anl ék bir imdne wylgadandojaku bti &r r@md n &n

ilgilidir.
Araba anlék itme ile férlatéeldéktan sonra efjik d
geriye SIfrntgegymome kuvvetini i hmal edini z.

\\

Akajlsi8s or ul bae@hlaanan her bir durumda arabaya et

akajedaki se-eneklerden (Abdbdan Gbéye) biBiri ni se-
se-enefji birden fazla kullanabilir vyiasadkebihi - kul
se-enek Ey@zénstez-.enekl erden hi-birinin dojru ol m;
sorunun yanéndaki bokluja yazéneéz
A. Rampadan akajé dojru sabit net kuvvet
B. Rampadan akajé dojru artan net Kkuvvet
C. Rampadan akakusvetdoj ru azal an n
D. Net kuvvet seéefer
E. Rampadan yukaré dojru sabit net Kkuvvet
F. Rampadan yukaré dojru artan net Kkuvvet
G. Rampadan yukaré dojru azalan net kuvvet
16,Ar aba férl atéeldektan sonra rampanén yukareése
17.Araba en y¢ksek noktada i ken.

18 Araba rampanén akajéséna dojru hareket edi )
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11 . B°l ¢m

Bu b°l¢m 15 adet a-eék u-lu sorudan olukmaktadeéer. He
L¢etfen tegm sorularé cevaplayéneéez.

Ak AJ | DAKIKKL AMA VE -22 EGRUKARINICEVAPLARKEN KULLANINIZ.

A ve B arabal ar ésakbkizt bhar e¢loé &z Ibaodyiuynacral ar . Ak alj
arabalarén exit za#an!| arladhrdkkigd €dkt@makt et meé kK

Ban Dogu
PE— —_—
A arabas: s 1 =g 2 = 3 e 4

E arabas: @ D 2 @D - D

M
o
QD

vV el

19Aarabaséndaki glahémdth é Ba amablhseealéet ediyor, dojuya

yoksaduruyoro | ar ak mée g°r ¢r ?. Cevabénéze a-éklayéneéez

20A arabaséndaki Gdnématwéy 8B ma atbbarsE&ln&t edi yor, dojuya

yoksaduruyorol ar ak mé g°r¢r ?. Cevabénézé a-éklayéeneéez

21A ar abaséendaki Gnrné¢maneey B mé& albbarcréE€élne&t edi yor, dojuya

yoksaduruyorol ar ak mé g°r¢r ?. Cevabénézé a-éeéklayéeneéez

22, Yanda veril emhangis RabBbr a sée . —
g°zlemciye g°re B arabas|lam 2 ant 3 am 3 anlaréndal
hezené (Hexzt evreikrt® rl eri ni n |a) —= 0 —|e di kkat
al enez. b) -— 0 -
) J— 0 - —
Yukarédaki soruya verdiJinifgT—C — — .|l ayéneéz
g) —= — —
ff —= — —
gZ) -— - -
h) -—ro - -
i) - - -
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Ak AJl DAKK A¢| KB SORNMRINIZEVAPLARKEN KULLANINIZ.

Ké¢-¢k bir -ocuk ol an Ahmet bir kuyunun yanénda o
-ékarmak i-in kurtarma ekipleri bir makineye bafj
bajl ar. Ahmetdéin ajérl éjé 250 N dur.

23.Ahmety ukar éya dojru sabit bir hezlba y-¢ekkimygi,r kke,n,¢ Ki
., Yoksa e kuiytg ub iarr ?k uCveweatb etmié zé a-ékl ayéenez.

24, Ah met

o} ail esi bir an °nce ojullaréna kavukm
héezl ander

i

z

i n
mal ar éneé i sterl er. Maki ne, Ahmet 6i n h é z
i p, vukarBywskbiome u RS5O, KN ndéa,n uygulard a eKi
é

a-éklayénez.

dur umda
Cevabeéen

(o]}

25, Ah met Kuyunun marwénaAhymakbarnt éhjaér ekat i ni dur c
yavakl atel ér . Bu zaman arabégjyékdasi pkyuk&r enya do
kuvwetmuygul ar? Cevabénéezé a-éklayeneéez.

AKAJI DAKK A¢| KL AM/AR8SORULARIN CRVARLBRKEN KULLANINIZ.

Bir blok ve bir ¥/
bir i ple S¢rten Eiitlesiz ve stirtiinmesiz
czerinde kayacak Bk /makara
bajl anéyor ve bir i
i-in tutuyor.
Kpin aj érl ekséz ’
varsayéenéz. Siirtiinmeli
Blok ile masa ara Masa 2| A diresi
Havamsgnmt ¢ nme Kuv 2y
ediniz. ?
-
El bl oju serbest 2
sonra §
26 Blok ¢zerine e Yer
adl aréené yazéep, késaca tanémlayéneéez.
¥rnejin yer-eki mi kuvvet.i fid¢nya taraféndan bl of e
27. Blzek ipe et ki eden t¢m kuvvetl eri
a) kuvvetnejtaryef-eki mi kuvvet),, s¢rtenme kuvyvet
b) Kuvvetin uygulandéjé cisim v

¢) Kuvveti uygulayan cismi,

di kkate alarak etiketlendirin (harflerle g°sterirt
¥rnejin, B ciesmiygiun adAggegkhundet efFi ketl endiril ebi
yer - eki mi kuvveti yani d¢nyapgptkaerkd fi evrdcearet b lkejtd ewnyde
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286Eti ketl endirdijiniz

BLOK

kuvvetl eri akajéda bl o

Ak AJI DAKK A¢1 KL A M0 SORULARIN CRVARLARKEN KULLANINIZ.

Bir -ocuk i-i dolu olan A _ve B kutular éne
Kekildeki gibi itiyor.
29B kutusuna et ki eden A B i
a) kuvvettirmeflti¢m ¢ yer -

I ; ; (VARVAN-Y |
kuvveti, s¢rteéenme s e -
kuvve},

b) Kuvvetin uygulandéjé cisi
¢) Kuvveti uygulayan cismi,

di kkate alarak etiketl endi

ri

k ¢zerind

n (harflerle g°steriniz).
¥rnejin, B ci sminin Agkce ksliniinndee ueytgiukl eatdl &€ néd ikruivlveebti IFH r .

30,Et i ketl endirdiJiniz¢¢kevvetdleemgicsawrajidda.B k

31. Suyas alfirte

B kutusu

gitmek i-in kKekilde gibi

birvzhezeylmt,d adar ke Brathsas, rgelreer itn i karkél akt ér éen.

.

"B
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32 Kkinci bir motor «kekigdadbei tg°bribdrettet §diyerziytglina A no k-
karké kéyaya var ma,sbtbie\dh é nékgrkear 16 ddr gunBwepa t g°r e
s¢releriniCewarheamléeaziet ar-@&rk.l ayéneéez.

Iv.

v

33. Bir -ocuk bir topu trenin zemininden trenin ha
ilerlerken top 3s de 2m yoylerael égyorre. y3esr dzeg maknt iarrnael

V. B°l ¢m

Bu b°l ¢m 3 adet dojru yanl ék sorudan ol ukmaktadé,
(D), yanl ék oldujunu d¢kegnde] é¢negz i fadenin sonune
34Bazé duruml ar d&,e nfdiilne k lod ulkka wry @atni rkuvvetl erden Kk
ol maséndan kaynak|l anmaktadeér . (. .....)

35. Ayné b¢yeéekl ¢kte parakegtlerl e ayne ye¢kseklikte
erken ulakér. (éé)

36.Bi r cisim ¢zekuwmweetbietdlkein dtatziljai nde ci smin hare
kuvvetlerin her birinin b¢gyeéegkleegklerinin bilinmesi
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APPENDI

XC3

THE SECOND VERSION OF TABLE OF TEST SPECIFICATION FOR THE FMAT -II

c
s}
2
S 2 & ) &
° © = 0 n g=]
Q = < 0 Q [
= =3 2 > £ = =
S § |2 g < g g
X @) < < %) m IS
1.Net kuvvet 1.8(37) 1.1Q7) | 1.54), 1.1(3) 1.2(32), 11(22)
io 1.6(5), 1.3(2,12, 13, | 1.4(31,33) 57.89(59.46)
1.7(1,6), 14,15,16),
1.11(8) 1.917, 18,
19,20,21)
2 Etki-Tepki 2.1(9, 10, 2.2(30), 5(12)
28,29),2.4 2.3(34) 26.31(32.43)
(22, 24,26),
2.5(23,
25,27),
3.Eylemsizlik | 3.1(11), | 3.335) 3(3)
3.2(36), 15.79(8.11)
Total 3(3) 2(2) 7(15) 3(12) 23) 2(2) 19(37)
% 15.79(8.1 | 10.53 | 36.84(40.54)| 15.79(32.43)| 10.53(8.11)| 10.53(5.41)| 100(100)
1) (5.41)

Objectives are bold. Questions are in parenthesis
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APPENDIX C4

THE SECOND VERSION OF THE OBJECTIVE LIST FOR THE FMAT -II

Kazanéeml ar

1. Net bir kuvvetin etkisindeki cismin hareket:i
1.1.Verilen kinematik grafijinin metinsel a- ékl
1.2. Verilen kinemati k grafijinin metinsel a-&|
1.3.Verilen hareketldlr u munun meti nsel a-éklamasénén ki nema
1. 4. Bir hareket durum i-in verilen bir ki nemat
(Sentez)

15Konumz aman grafijinden yararlanarak hézé hesapl
1. 6-z6kazn gr afi Jjinden yararl anarak toplam yer de

1. 7-zkéman grafijinden yararl anarak ivmeyi hesap
18.At ek hareketlerinin d¢keyde sabit i vmel i hat
birl exki miadeseted(®@ilgiunu i f

1. 9. Kki boyutlu hareket!l er dzea maantzangm ez émed ¢ Key b
zaman grafiklerini -izer. (Anali z)

1.10. Atéek hareketl eri yapan cismin izledifji y O |
1.11. KKki boyutta sabriabliemedrn -hCzerketWUyguli dma) l
2 Her etkinin bir tepki dojurmaséyla ilgili ol
2.1 Et ki tepki kuvvet -iftlerini géenl ¢k yakamd
2.2 Et ki tepki kuvvet -iftleriniektukramak&knd
karar verir. (Dejerlendirme)

23Et ki tepki kuvvet -iftlerinin farkIl & cisimler
2.4.Birden fazl a Cci s i nstermin  ve | aisiméenn iveesisit e ml e r (
hesaplar.(Uygulama)

2.5, 9 kusvetlernesaplar.(Uygulama)

3.Cismin eylemsizlIlif]Ji ile i1 gildi ol arak ©°jJrenc]
3.1. EylemsizlijJi cismin durgun, sabit heéezleé ve
eder. (Bilgi)

3.2.Cismin eylemsizli]infadeederg(Bilglesi nin bir ©°1-¢.
3.3. Kuvvet ve eylemsizlijin farkleée olduju ayr é
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APPENDIX C5

THE SECOND VERSION OF THE FMAT -1l USED IN THE PILOT STUDY

KUVVET VE HAREKET BAKARI TESTK

AdénSeozy adénéz:
Séneféenéz:

Cinsiyetiniz: TKeée zT Erkek

Sevgili ©°Jrenciler,

37 sorudan olukan bu test, °jJrencilerin kuvvet ve hal
hazérl anméxkt eér Bu test 4 b°l ¢:imden ol ukmaktadeér . Her
okuduk an sonra sorularé <cevaplayéneéez. Cevaplarénéez gi :

kull anél acakter .
Kat kél arenéz dolayé tekekk¢r ederi z.
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| . B°Il ¢m

Bu b°l ¢m 11 adet -oktan se-mein gsatwméacaopukmxlek
Yanl éxl ar dojru cevaplaré g°t¢rmeyecektir.| L¢etfoer
1.Aka] éda bi-zamanr ngrnafhiéjzi ver i | mi kdgatifivmeedlapygé k z a man
dejerdedir?

QR S T UV WX Y £

AIRT aral é] énda
B)T-Var al €] énda
C)V anénda
D) X anénda
E)X-Z ar al éj énda 7
aman
2Bir cisim durgun halden harekete baxklar ve 10
eder . Daha sonr a sabitA}baIrédhaékzilagrhaafriekkleetridnein shear
konumzamangrafui ol abi ir?
4 Dy, E)
E E
% : ; ; :
Y/ v/ b M b
o ] ] o o —
o 5 10 15 o 5 1 13 o 5 10 15 0 5 10 15 0 5 1 15
Zaman (s) Zaman (s) Zaman (s) Zaman (s) Zaman (s)
3Par al el yoll arda il erleven A ve B arabaseéneén
konum- zaman gr af i j i yand B
Buna g°re akajédakil §
=) A
=]
.t zamanénda i ki a ™
sahiptir.
I'l. Her 1iki araba
. AveBama balgam@amanénd
her hangi bir anda
I V. Grafijin belldi i
arabanén i vmesi bi
5 Zaman
A Yal n@)z Yal n&ylujml D)L, I, IV E) I, 1L, 111, IV
4. Ak a ] h@rciamin konum -zamang r a f 15
veril mi ktir. Chaman e
i ? B0
6dir g —
A) 0,4 m/s g 9
) S —
B) 2,0m/s 0
C) 2,5m/s
’ 0 1 2 3 4 5
D) 50m/s 7 ©
E) 10,0 m/s aman is
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5. Bir cisim akajédaki grafije g°re hareket et mektedi
4

w3

E) s )

3
.1 /
N4

1T 2 3 4 5 &6 7 8 9 10

Zaman (s)
Buna g°re, t=4 s il e t=8yer zdaafaink tairrailréej énda ci sim ne
A 0,75mB)3,0m C)4,0m D) 8,0 m E) 12,0 m
6.,Akaj eda beézmmacgrsanfiinfj i @iegmilmitk i0® .ve t =6 s araséndaki
ya‘kIaKék ol arak ne kadardér ?

Zaman (s)

A) 3,0m/éB)1,5m/3 C) 0,83 m/8 D) 0,67 m/$
E) Soruyu ceveplamédkl|ligii meyéel memi ktir.

7.Akaj edaki Kek
I e

Il de g°sterildiji lépyb
mer mi ni n/ gg¢l i n ak

fhapbangi ker
izl eyece]ji en vy u

it
rohi,

Al B)2 C)3 D)4 E)5
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yatay diziem
Yer - eki mi i lvdnejsu nbinr (ywer e, Kekil deki gi bi P noki
K noktaséna d¢kKeéyor .
Yalnéz (g) ve (t) bilinenleriyle;
hmaxy ¢ K s €k i Ji
Voybil ekenin beyekl 7 ¢

PK uzakl éej é
Niceliklerinden hangileri hesaplanabilir?
A) Yal mgz h B)VyvePK C)hpve PK D) hpaxve Vg E) hnax,Voy ve PK

9.kekil deki gi bi, b¢e¢yek bir kamyon yol dhé zleamzZul ur
artteéerarak, istenen yol hézéna ul akéncaya kadar ¢

;: A, ‘ ©

A) ot omob

I in kamyoinameuylguvadtinin beyekl ¢ ¢,

|
n beyekl ¢Jéene e

i
uygul adéjé geri i tme kuvvetini
B) ot omobilin kamyona uygul adéj é i t me kuvvetil
uygul adéjé geri itme kuvvetinin be¢gyekl ¢] énden
C) otomobilin kamyona uygulad] é i t me kuvvetinin beyekl ¢ ¢,
uygul adej e geri itme kuvvetinin be¢gyekl ¢] ¢nden
D) ot omobi |l in motoru -al exmakt a ol duj u i -in k
-alekmadéjeée i-in arabayeée geri tteemembkktedi F ¢
otomobilin yolu ¢zerindedir.
E) kamyon da otomobil de birbirlerine kuvvet wuy
itilecektir, -¢nk¢g otomobilin yolu ¢zerindedi

kilde A °fJrencisi®?75 kg ve pB

gaandal yel

10.Yandaki K

e °Jrenci s
ketheli dBirbi

i nde kar

i
rinin ayne ofis
°17

[ :
oturmaktadeéer!l ar . A renci sAi% keki |l deglki gi bi,
°Jrencisinin di zl erine koy A °Jren
ayakl aréyla dékaréya dojru ki sandal
etmesine neden wil.
Kt me sérasénda vV e Adneén ayalaré i n di zine
dokunmaktayken, S,
A) °jJrenciler birbirlerine hi-bir kuvvet uygul a
B) A °Jrencisi B °jJrencisi édzerine bir kuvve
uygul amamaktadeéer .
C) her i&ibPibiemicéridne kuvvet wuygul amaktadér, f
D) her i ki ©°jrenci de birbirlerine kuvvet uygul
E) her i ki °jJrenci de birbirler:i czerine exit b
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11.Akaj édaki

cisimlerdewgl bap g dbéhsepliemit?ehangi | eri nin

I Duran bir arabanén
I'l. Sabit hézla ilerleyen bir arabanén
I 1 Sabit bir ivme ile hézlanan bir arabanén
A) Yal nB)z Yal n&ylvdlll D) Il ve 1l E) I, I, ve lll
1 Bl ¢m
Bu b°l ¢m, 10 adet ekl ektirme sorusundan o]l ukmaktader
t¢m sorularé cevaplayéneéez.
AKAJI DAKK KkEKKL VE-1& SORKILARIMIACEVAPUIARKEN KULLANINIZ.
Oyuncak bir arabasayat avye yhojsrold alPdairtekéde ty enedbaj a yodbo] r uc
[ L)

0 +
Akaj éda arabanén f ar kdamangréfillegsid ddancépek €P-168i kt i n. i vme
sorul arenda i se arabanéen farkl é har eikmezamdnur uml ar e vel
grafijini Ae&@danmntk@émeai -oilmmn se-eneklerden birini se-ir
bokl ujaBiymzépréernel]. birden fazla kullanabilir ya da
bokluk i-in sad&fterbsesklerdap hhzBneéznin dojru ol madéj
sorunun yanéndaki bokluja J se-enejini yazénéz.

®

+

. @ .

Eo Zaman W
. g o Zaman

+

_I.

go Zaman@w
= g o Zaman

_|.

) 5

g o Zaman W
= g o Zaman

B
E o_\\\ Zaman @ Bu grafiklerden hicbiri dogru degildir.
12Ar aba saja dojru d¢zgegn hézlanarak hareket ediyo
13 Araba saja dojru d¢gzgen yavaklayarak hareket ec
14 Araba sacladbidojheal a hareket edivyor.
15 Araba sola dojru d¢gzgeéen héezlanarak hareket ediyo
16, Araba saja dojru sabit hézla hareket ediyor.
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AKkAJI DAKK A¢l KLAMA -2V BORWLERINI K 17
CEVAPLARKEN KULLANINIZ

Plastik top feéeelagfPangl 8ifF¢sgihh REekitdi bir a-¢&
altéenda Haeahéemi ygr tigmalredinizkuvveti ni

&

Topun hareketi ile i1 gild.i akaj&dia grafikler veri
kadar ol an grafiklerin ydatkee kiseni zamané g°st
eksenler belirtil memicktir.
Mer mi ni n hl¥-Rlsloetuil air€inmda verilen her bir nicelife
se-eneklerden (Addan Kbéye) birini se-iniBr ve se-
se-enefj.i birden fazl|l analwalblidnatsiilniiz;yd adkathiher kil
cevap yEjzeernésze-enekl erden hi-birinin dojru ol mad
bokluja J se-enejini yazéneéez.
) ®) 4 ' (©)

1 =t t
(D)

L

17.D¢kKey eksendeki konum
18Hézén yatay bil ekeni
19. Net kuvvet

20Hezén d¢gkey bil ekeni

21. Yatay eksendeki konum
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L1 Bo | ¢m

Bu b°l im 13
Letfen tem

a-ék u-lu sorudan ol
cevaplayénéz.

adet
sorul

Ak AJlI DAKK A¢I| KL AMAR4SORULURENKCEYAPRARKEN KULLANINIZ

Bir bl ok vVve Eiitlesiz ve siirtiinmesiz
bir iple ; /makara
szerinde kay
bajl anéyor
i -in tutuyo o
. L “

Kpin aj ér | #
varsayenez. Masa 2| |Akiiresi B iitresi
Bl ok il e magsmamal ia jﬁ
Havaneén S¢érténme ﬁ
ediniz. ;”

“

7
El bl of u serbest Yer
k¢eresi il e °zdeck , o o
serbest bérakél éyor

ukmaktadeér .

Her

22. B ke¢resi A° nkccer emii ndepnnra méyeweoksarayme agfgdaalm&n
a-éklayénez.

23.Bl ok serbest bérakeéel madan ©°nce, ipteki geril me kuvyv
ipteki gerilme kuvvetil 0 N6 dan b¢egyek meder 10 Nbédam? ke¢-¢6k medyg

Cevabénezée a-éklayénez.

24.ki mdi demtegizimesa, zerinde tekrarl adé
k¢r eslimade nmi , sonra meer ¢ o-karap ary

>
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Ak AJI DAKK A¢I| KL AMAR7 SORULAREN CRVARLBRKEN KULLANINIZ.

A B, Chbloklae s¢rtée¢nmesioz bir masa begyunca sola dojru
sabit bir kuvvetleitil|yomﬁﬁ bju 2 M, B bl ojt
bl oju M k¢tlesine sahiptir M P
A B C !
////////////J ////////’f
/ Su.ttu.-mnesu"dasa fj R
25 Akajéeda verilen °I - eret al ana her biT bl oja et
kuvwwetig® st eren-iveikniczl evektorl eri, bloklara etki
edennetkuvvetleribi r bi rine g°re b¢ydklkklhlter iamiaradk y9zli e iz
A B C
] .
26 ve 27. sorul arée cevaplarken B blojunun kg¢tl e
k¢tl el erinin dejiktiril medi]ierii we/ glelladmé] Bawl ad
cevaplayénez
26. A blojunun ivmesi B blojunuartkern lm&,i axal &kratn

ayn&amh@ev’abénezée a-éeklayéenez

27.A bl ojuna et ki eden net kuvJdaté kB admd tsdonnnmmad, kaz &k

mé, vok«ala&ymwé Ce&abéenezé a-éklayénez

Ak AJI DAKK A¢ | K30 SORNMRINIZEVAPLARKEN KULLANINIZ.

Fatma mutfak yerlerini sildi kten sonra buzdol abeért
28. Fat ma uzgobkabéfnaék attibuzdol abeé kémél daméyor .
bc,yC,kIc,J“g, buzdol abénén Fodtmaé& wmadygywgukadekeé mkdy
midr’Cevabénézée a-éklayénéz.

29. Fatma b¢ten geceyle ittiktertmegperabbutktdgbabe

uygul adejeée kuvvetin b¢gyekl ¢] ¢ bubgaolo&bargar rF atkma
m¢de¢r yoks@eeabénamzdi a?ékl ayénez

30. Fat madénén arkadaké Hatice bir terlebseyreeiyog zer i nd
ve Fatmaobya:

Canl e varléeklarén aksine canséz varl éeklar dokunc
l'zerinde oturdujum tabureyi °rnek olarak ele al a
sana kuvvet uygular. Fakatime t abur enin ¢zerinde oturdujum zaman
Tabure sadece yer giber. benim d¢kmememi sajlar

Haticebnin d¢ke¢gncelerine katél éyor musunuz? A-ékl
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3. Yukar éya doj r u koaum€ taman gbaf i Jtiakaraj & daikten gibidir.

yarar |l anar ak Meh édamardveivme-tzanmaregk eatfii rkilrer i ni - i zi ni z.
EJ\ ry d)‘l
b

Zaman
Zaman Zaman

Ak AJI DAKK A¢I1 KL AMA3SORULARIN CRVABLARKEN KULLANINIZ.

Hareketl bizamarnabama&mi g4
gibidir.
32.Arabatag@nda y°n dejiktirr \/ ez

t Zaman
33. He z Zzaman grafijinde danén
hareketinin konum zaman yiart it 1 1t -1 21 101 ¢«
EKonum 7

“Zaman

34.A1 i kesti]i k¢te]je i ple -ekerek yola -ékareéerken, )
ol up oldnade&en £mle wAloin 6,unfi 3. Yasaséna g°re ben k¢t eg]é o n
k¢t ¢kte beni o kadar kuvvetle geri -ekecek ve zét yorn
hareket et memesi gerekir. K¢t el haraldat gettirjlineaeddd
diye de¢kenegr .
Al i énin d¢ke¢egncelerine kateéel éyor musunuz? A-éklayeénez.

Bu b°l ¢m 3 adet dojru yanl ék sorudan olukmaktadér. D c
(D), yanlék ol dujunu d¢ke)ndyggzan&z i fadenin sonuna i se
35. EylemsizIlik bir kuvvettir. (éé¢)

36.Bir cismin eylemsizliji k¢tlesi ile dojru o ntéeled
37.At ek hareketleri yatayda sabit héezlé hareketle d¢ke
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Seq.

APPENDIX D

ITEMAN RESULTS FO R THE FMAT -1 AND FMAT -Il IN THE PILOT

Iltem Statistics

Point
- ltem Correct Biser. Biser.

Scale Prop.
Lt o
1 -2 0.405
1 -3 0.690
1 -4 0476
1 -5 0.250
1 -6 0.512

0.217

0.575

0.530

0.330

0.526

0.645

0.454

0.404

0.263

0.386

0.515

Alternative Statistics

Prop.

Point

Alt. Endorsing Biser. Biser. Key

A 0.036

A 0.167

A 0.000

A 0.036

A 0429

mooOw

Other

IOTMMOO®

Other

149

0.929
0.012
0.036
0.012
0.012

0.012
0.405
0.333
0.202
0.012

0.012
0.048
0.690
0.036
0.048

0.000
0.464
0.476
0.000
0.060

0.310
0.345
0.250
0.048
0.012

0.512
0.012
0.012
0.000
0.024
0.000
0.000
0.012

0.217

0.062

0.575

0.530

0.330

0.052

0.526
0.077

0.645

1.000

-9.000
0.115 *
-0.270
-0.145
0.018
-0.380

-0.014
-0.601
0.454 *
-0.192
-0.432
-0.380

-0.524
-0.380
-0.234
0.404 *
-0.189
-0.061

- 9.000
- 9.000
-0.347
0.263 *
-9.000
0.026

-0.276
- 0.286
-0.137
0.386 *
0.036
- 0.049

- 0.636
0.515 *
- 0.380
0.302
- 9.000
-0.298
- 9.000
- 9.000
- 0.380

-9.000

-0.077
-0.061

-0.109

- 0.006
-0.172

-0.148
-0.303
-0.10 9

-0.351
-0.109
-0.109

-0.080
-0.028

-9. 000
- 9.000
-0.276

-9.000
-0.117
-0.218
-0.107
-0.014
- 0.505
- 0.109
-9.000
-0.110
-9.000

- 9.000
- 0.109



Item Statistics Alternative St

Seq. Scale Prop. Point Prop. Point
No. - Item Correct Biser. Biser. Alt. Endorsing Biser. Biser.

7 1 -7 0.452 0.418 0.332 A 0.048

0.298
0.048
0.452
0.036
0.060
0.000
0.000
Other 0.060

IOTMOO®

8 1 -8 0.452 0.513 0.408 A 0.000

0.012
0.262
0.024
0.071
0.452
0.179
0.000
Other 0.000

IOGTMMOO®

9 1 -9 0.333 0732 0565 A 0.012

0.036
0.036
0.083
0.012
0.333
0.452
0.000
Other 0.036

IOGTMOO®

10 1 -10 0.417 0.690 0.547 A 0.048

0.250
0.060
0.417
0.060
0.095
0.012
0.000
Other 0.060

IOTMMOO®

11 1 -11 0.119 0.424 0.260 A 0.024

B 0.119
CHECK THE KEY C 0.250

B was specified, F works better D 0.071
0.167
0.179
0.095
0.000
Other 0.095

IO mTm

12 1 -12 0.298 0.782 0592 A 0.214

0.298
0.107
0.024
0.214
0.048
0.036
0.000
Other 0.060

IOTMTMOO®

150

0.00
0.418

0.052

0.342

0.513

0.030

0.244

0.7

0.117

0.062

0.399

0.782

atistics
-0.268 -0.125
- 0.495 -0.375
8 0.004
0.332 *
-0.189 -0.080
0.026
-9.000 -9.000
-9.000 -9.000
0.171
-9.0 00 -9.000
-0.380 -0.109
-0.281 -0.208
-0.359 -0.132
-0.268 -0.142
0.408 *
-0.166 -0.113
-9.0 00 -9.000
-9.000 -9.000
-0.380 -0.109
0.013
-0.494 -0.209
0.135
-0.270 -0.077
32 0565 *
-0.647 -0.515
-9.000 -9.000
0.049
-0.268 -0.125
-0.380 -0.279
-0.180 -0.090
690 0.547 *
-0.440 -0.220
-0.254 -0.146
0.018
-9.000 -9.000
-0.064 -0.032
-0.054 -0.020
424 0.260 *
-0.100 -0.073
-0.368 -0.195
-0.030 -0.020
0.272 ?
-0.213 -0.123
-9.000 -9.000
-0.355 -0.205
-0.234 -0.167
0.592 *
-0.092 -0.055
-0.298 -0.110
-0.387 -0.275
-0.165 -0.077
-0.189 -0.080
-9.000 -9.000
-0.209 -0.104



Iltem Statistics Alternative Statistics

Seq. Scale Prop. Point Prop. Point
No. - Item Correct Biser. Biser. Alt. Endorsing Biser. Biser. Key
13 1 -13 0.345 0495 0.384 A 0.345 0.495 0.384 *
B 0.083 -0.449
C 0.143 -0.156
D 0.012 0.172 0.049
E 0.036 0.073 0.031
F 0.024 -0.421
G 0.357 -0.177
H 0.000 -9.000
Other 0.000 -9.000
14 1 -14 0.131 0.906 0571 A 0.131 0.906 0.571 *
B 0.000 -9.000
C 0.000 - 9.000
D 0.845 -0.839
E 0.012 -0.159
F 0.000 - 9.000
G 0.000 - 9.000
H 0.000 - 9.000
Other 0.012 0.393 0.113
15 1 -15 0.214 0918 0.652 A 0.214 0.918 0.652 *
B 0.345 -0.482
C 0.036 -0.276
D 0.000 - 9.000
E 0.202 - 0.006
F 0.202 -0.237
G 0.000 - 9.000
H 0.000 - 9.000
Other 0.000 - 9.000
16 1 -16 0.119 0.958 0.589 A 0.119 0.958 0.589 *
B 0.048 -0.545
C 0.048 -0.199
D 0.012 0.172 0.
E 0.071 - 0.066
F 0.024 0.007 0.003
G 0.655 - 0.300
H 0.000 - 9.000
Other 0.024 -0.054
17 1 -17 0.107 1.000 0.610 A 0.107 1.000 0.610 *
B 0.000 - 9.000
C 0.000 - 9.000
D 0.869 -0.938
E 0.000 - 9.000
F 0.000 - 9.000
G 0.012 0.504 0.144
H 0.000 -9.000
Other 0.012 -0.159
18 1 -18 0.190 0.718 0.497 A 0.190 0.718 0.497 *
B 0.655 -0.411
C 0.024 -0.421
D 0.024 0.191 0.070
E 0.024 0.496 0.183
F 0.036 -0.407
G 0.024 -0.421
H 0.000 -9.000
Other 0.024 -0.054

151

-0.249
-0.101

-0.155
-0.137
-9.000
-9.000

-9.000
-9.000
-0.552
-0.046
- 9.000
-9.000
- 9.000

-0.373
-0.117
- 9.000
-0.004
-0.1 66
-9.000
- 9.000
-9.000

-0.254

-0.093
049

-0.035

-0.232
-9.000
-0.020

-9.000
- 9.000
-0.591
- 9.000
-9.000

-9.000
-0. 046

-0.319
-0.155

-0.172
-0.155
-9.000
-0.020



ITEMAN Results for the FMAT -l

Seq.
No.

1

8 1

Scale Prop.

Item Statistics

Point

Alternative Statistics

Point

- Item Correct Biser. Biser. Alt. Endorsing Biser. Biser. Key

1 -1 0.833
1 -2 0464
1 -3 04064
1 -4 0.929
1 -5 0.952
1 -6 0452
1 -7 0.798

0.651

0.516

0.4

0.458

0.365

0.986

0.522

1.000

0.646

0.420

0.334

0.805 0.565

-8 0.762 0.654 0.475

0.436 A 0.000

A 0.060

B 0.060
C 0.036
D 0.012
E 0.833
Other 0.060
11 A 0.071
B 0.083
C 0.024
D 0.321
E 0.464
Other 0.036
0.202 0.294 0.207
B 0.464
C 0.024
D 0.131
E 0.024
Other 0.155
0.000
B 0.012
C 0.929
D 0.024
E 0.000
Other 0.036
0.000
B 0.000
C 0.012
D 0.012
E 0.952
Other 0.024
0.000
B 0.095
C 0.202
D 0.452
E 0.060
Other 0.190
0.024
B 0.798
CcC 0.107
D 0.024
E 0.000
Other 0.048
B 0.000
C 0.036
D 0.762
E 0.107
Other 0.036

152

-9.000
-0.712
0.024
-0.784
0.436
-0.494

0.057

0.651

-0.334
-0.119
0.020
-0.127
0.411
-1.000

0.054

0.516

0.458 0.365
-0.612
-0.449
0.02

-0.581

0.054

-9.000
-1.000
0.522
-0.305
-9.000
-1.000

0.986

- 9.000
- 9.000
-1.000
-0.877
0.646
-1.000

1.000

- 9.000
-0.048
0.114
0.334
-0.494
-0.535

0.162
0.420

- 0.253
0.805

- 0.549

-0.612

- 9.000

-0.779

-0.082
- 9.000
-0.344

0.654 0.475
-0.393
-1.000

*

*

*

-9.000
- 0.356

-0.224

-0.247

-0.177
- 0.066

- 0.097

-0.533

-0.225

-0.283
0

-0.382

-9.000
-0.304

-0.112
-9.000
-0.4 55

- 9.000
- 9.000
- 0.304
-0.251

- 0.507

-9.000
- 0.027

-0.247
-0.370

- 0.093

0.565
-0.327
-0.225
- 9.000
-0.363

-0.041
- 9.000
-0.146

-0.235
-0.502



Seq. Scale Prop.

No.

91

10

11

12

13

14

15

Item Statistics

Point

Alternative Statistics

- Item Correct Biser. Biser. Alt. Endorsing Biser.

-9

0.202 0.325 0.228

-10 0.440 0.279 0.222

-11 0595 0.431 0.340 A 0.012

-12 0.881 1.000 0.707

-13 0.702 0.720 0.546

-14 0.857 1.000 0.678

-15 0.679 0.872 0.669

153

Prop. Point
Biser. Key
A 0202 0.325 0.228 *
B 0.036 0.204 0.086
C 0.619 0.235 0.185
D 0.036 -0.600 -0.254
E 0.036 -0.637 -0.270
Other 0.071 -0.734 -0.388
A 0.000 -9.000 -9.000
B 0.012 -0.137 -0.039
C 0.024 -0.612 -0.225
D 0.500 0.014 0.011
E 0.440 0.279 0.222 *
Other 0.024 -1.000 -0.507
-0.414 -0.118
B 0.012 -1.000 -0.304
C 0.286 -0.021 -0.015
D 0.048 -0.316  -0.147
E 0595 0431 0.340 *
Other 0.048 -0.836 -0.390
A 0.881 1.000 0.707 *
B 0.012 -0.692 -0.198
C 0.012 -1.000 -0.304
D 0.000 -9.000 -9.000
E 0.071 -0.713  -0.377
F 0.000 -9.000 -9.000
G 0.000 -9.000 -9.000
H 0.000 -9.000 -9.000
Other 0.024 -1.000 -0.507
A 0.024 -0.612 -0.225
B 0.702 0.720 0.546 *
C 0.000 -9.000 -9.000
D 0.071 -0.334 -0.177
E 0.000 -9.000 -9.000
F 0.024 -0.714 -0.263
G 0.060 -0.179  -0.090
H 0.000 -9.000 -9.000
Other 0.119 -0.545 -0.335
A 0.012 -1.000 -0.304
B 0.060 -0.494 -0.247
C 0.857 1.000 0.678 *
D 0.000 -9.000 -9.000
E 0.000 -9.000 -9.000
F 0.000 -9.000 -9.000
G 0.024 -0.560 -0.206
H 0.000 -9.000 -9.000
Other 0.048 -1.000 -0.538
A 0.071 -0.018 -0.010
B 0.679 0.872 0.669 *
C 0.000 -9.000 -9.000
D 0.012 -1.000 -0.304
E 0.000 -9.000 -9.000
F 0.107 -0.658 -0.392
G 0.000 -9.000 -9.000
H 0.000 -9.000 -9.000
Other 0.131 -0.732 -0.461



Item Statistics Alternat ive Statistics

Seq. Scale Prop. Point Prop. Point
No. - Item Correct Biser. Biser. Alt. Endorsing Biser. Biser. Key
16 1 -16 0.893 1.000 0.624 A 0.060 -0.518 -0.259
B 0.000 -9.000 -9.000
C 0.893 1.000 0.624 *
D 0.000 -9.000 -9.000
E 0.012 -1.000 -0.304
F 0.000 -9.000 -9.000
G 0.000 -9.000 -9.000
H 0.000 -9.000 -9.000
Other 0.036 -1.000 -0.533
17 1 -17 0.488 0.687 0.548 A 0.083 -0.474 -0.263
B 0.012 -0.414 -0.118
C 0.000 -9.000 -9.000
D 0.298 0.042 0.032
E 0.012 -0.877 -0.251
F 0.000 -9.000 -9.000
G 0.012 -0.784 -0.224
H 0.488 0.687 0.548 *
I 0.000 -9.000 -9.000
Other 0.095 -0.895 -0.516
18 1 -18 0.750 1.000 0.736 A 0.024 -0.560 -0.206
B 0.024 -0.970 -0.357
C 0.000 -9.000 -9.000
D 0.048 -0.287 -0.134
E 0.000 -9.000 -9.000
F 0.024 -0.407 -0.150
G 0.000 -9.000 -9.000
H 0.024 -0.458 -0.169
I 0750 1.000 0.736 *
Other 0.107 -0.845 -0.504
19 1 -19 0.095 0.224 0.129 A 0.000 -9.000 -9.000
B 0.095 0.224 0.129 *
CHECK THE KEY C 0.107 0.089 0.053
B was specified, | works better D 0.024 -0.253  -0.093
E 0.143 0.258 0.166
F 0.155 -0.026 -0.017
G 0.012 -0.044 -0.013
H 0.071 -0.229 -0.121
I 0.155 0.384 0.252 ?
Other 0.238 -0.487 -0.354
20 1 -20 0.500 0.597 0476 A 0.036 -0.198 -0.084
B 0.012 -0.877 -0.251
C 0.500 0.597 0.476 *
D 0.119 -0.213 -0.131
E 0.107 0.151 0.090
F 0.000 -9.000 -9.000
G 0.012 -0.692 -0.198
H 0.095 -0.065 -0.037
I 0.024 -0.253  -0.093
Other 0.095 -0.793 -0.458
21 1 -21 0.738 0.833 0.617 A 0.738 0.833 0.617 *
B 0.000 -9.000 -9.000
C 0.024 -0.202 -0.074
D 0.024 -0.356 -0.131
E 0.024 -0.663 -0.244
F 0.024 0.054 0.020
G 0.012 -0.414 -0.118
H 0.060 -0.397 -0.199
I 0.000 -9.000 -9.000
Other 0.095 -0.861 -0.497
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APPENDIX E1

THE FINAL VERSION OF OBJECTIVE LIST FOR THE MAIN STUDY

Obijectives for the FMAT-I Used in The Main Study

1. Hareketin nedeni ile ilgili °Jrenciler;
1.1.Cisim ¢zerine etki eden kuvvetl eri a-ékl ar.
1.2.Cisim ¢zerine etki eden kuvvetl eri eti ket e
1.3. Serbest cisim diyagramée -izer. (Kavr ama)
2. Net kuvvetin séfér ol diujlue diulrguinidia ocliasrnmakn °hjarreel
2.1. Net kuvvet ile héez deji Ki mi araséndaki il K
2.2.Cismin | imit hez ile k¢tle arasénda ilikki
2. 3. KKki cismin hareketini birbirine g°re yor uml
2.4 Hareketli bir ortamdaki disml er i n hareketl erini farkl e g°zl e
problemler -°zer. (Uygul ama)
3. Net bir kuvvetin etkisindeki cismin hareket:i
3. 1. Net kuvvet ile cismin ivmesi Merk stllzegi. |
(Uygulama)
3.2. Net kuvvet ve ivme araséndaki ili kKkivyi ird
3. 3. Cismin hareketdi il e i vmesi araséendaki il
3.4. Cismin hareket:i ile cisme etki eden kuvvet
Objectives for the FMAT -1l Used in The Main Study
1. Net bir kuvvetin etkisindeki cismin hareket:i
1.1.Verilen kinematik grafijinin metinsel a- ekl
1.2.Verilen hareket durumununi metanpneet adékl &M
1.3.Bir hareket durum i-in verilen bir ki nemat

(Sentez)

1.4Konumz aman grafijinden yararl anarak hézé hesapl
1. 5-zHeénzan gr af i nden vy arneeyiheaaplar(Uydulantap pl am yer d
. 6:zHeéman gr af inden yararlanarak ivmeyi hesap
7. Kk boyutl u hareket!l er dzea maatzamngn & é/med ¢ kK ey b

i ]
1 i ]
1
Z a
1
1

man grafiklerini -izer. (Anali z)

. 8. Aték hareketlyoliuyapaear c(lkkawmama) edi J i

. 9. Kki boyutta sabit ivmeli hareketler ile il
2. Her etkinin bir tepki dojurmaséyla il gildi ol
2. 1. Et ki tepki kuvvet -iftlerini géenl ¢k yakamd
2.2Etkitefk i kuvvet -iftlerinin farkIl e cisimler ¢zer

2.3.Birden fazl a cisistemndecsimlerinivireaim si st eml er de
hesaplar.(Uygulama)

2.4. Sistem i-i kuvvetl eri hesaplar. (Uygul ama)
3.Cismin éeyleemdigalliijiol arak °jJrenciler;

3.1. EylemsizIlijJi cismin durgun, sabit heéezlé ve
eder. (Bilgi)

3.2.Cismin eylemsizlijinin k¢tlesinin bir ©°I -4
3.3. Kuvvet ve edujeumsaygyd e hemé fywakadr. ©Kavr ama)
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THE FINAL VERSION OF TABLE OF TEST SPECIFICATION FOR THE FMAT

APPENDIX E2

c
RS
2
Q c
g5 S 0 2 §
Q2 = 5 ® 4] ©
= | £ L2 > < 3| =
e |5 g g £ g |3
¥ | O < < » o | X
1.Hareketin 1.1(22), 3(3)
nedeni 1.2, 1.3(23,24) 30(11)
2.Net 2.227) 2.4(25,36) | 2.1(1,5,8,21) 2.3(17,18,19,20) 4(11)
kuvvet=0 40(41)
3.Net kuwvet 3.1(2) 3.2(4,6,7,9,10), 3(13)
i o 3.3(11, 12, 13), 30(48)
3.4(3,14,15,16)
Total 4(4) 2(3) 3(16) 1(4) 10(27)
% 40(15) 20(11) 30(59) 10(15) 100(100)

Objectives are bold. Questions are in parenthesis
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APPENDIX E3

THE FINAL VERSION OF TABLE OF TEST SPECIFICATION FOR THE FMAT -l

S
o | Z .
g |G 2 o S
Q = < 7] Q ©
= 2 £ > < S —
e |5 3 g S g |8
2 o < < %) w =S
1.Net kuvvet 1.8(6) 1.43), 1.1(2) 1.3(29,30) 10(19)
i o 1.5(4), 1.2(1,11, 12, 63(61)
1.6(5), 13,14,15),
1.97) 1.7(16, 17,
18,19,20)
2.Etki-Tepki 2.1(8, 2.2(31) | 4(10)
27,28), 25(32)
2.3(21,
23,25),
2.4(22,
24,26),
3.Eylemsizlik | 3.1(9), | 3.310) 2(2)
3.2 12(7)
(10),
Total 2(2) 2(1) 7(13) 3(12) 1(2) 1(1) 16(31)
% 12.56) | 12.53) 44(42) 19(39) 6(7) 6(3) 10Q(100)

Objectives are bold. Questions are in parenthesi®Question 10 was counted for Objective 3.1,
thus it was not counted here.
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APPENDIX E4

THE FINAL VERSION OF THE FMAT -1 USED IN THE MAIN STUDY

KUWETVEHAREKET BAKARI TESTK |

AdénSeozy adénéz:
Séneféenéz:

Sevgili ©°Jrenciler,

27 sorudan olukan bu test, °jJrencilerin kuvvet ve hai
hazérl anmékt eér . Bu test 3 b°l ¢ rmdeen aolélkd markatl aad ér .d i Hkekra
okuduktan sonra sorularé <cevaplayéneéez. Cevapl arénéz
kull anél acakteéer.

Kat kél arenéz dolayé tekekk¢r ederi z.
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| . B°Il ¢m

Bu b°l ¢im 3 adet s-oorkutdaann soel-umkema kt adeéer . Her |soru i
Yanl éxl ar dojru cevaplaré g°t¢rmeyecektir.| L¢etfoer
1.Bir kadén b¢gyeéegk bir kutuya sabit yataysabii r kuvy
VohZéyl a hareket ediyor.

Kadén taraféndan uygulanan sabit yatay kuvvet,

A kutunun ajérl éeje ile ayné b¢gyekl ¢ktedir.

B) kutunun ajérl é&jéndan b¢gyeéekt er.

C) kutunun hareketini engell emeye -al é&kan toplanm

D) kutunun hareketimniopémagekluemeyeé enabegwahkt ¢r .

E) kutunun hareketini engel |l emeye -al ékan topl
be¢yeéekt gr.

2. Bir araba maksimum 3 nfil$ i k bir i vmeye sahiptir. Bu araba k

i Kinci bir ar absmua ivmesikng aluf?i Zaman, ma k
A) 2,5 m/ B) 2,0 m/$ C) 1,5 m/$ D) 1,0 m/8 E) 0,5 m/$

3.Bir -ocuk -elik bir topu tam yukareéya dojru dil

d¢kene kadar ol an hareketini ydulakak &uvvetleria ihmal ve he

edilebilir oldujunu d¢kKeéengégn.

Bu kartlarda topa etkiyen kuvvet (l er) akajéedakil e
A S¢rekl i azal an yukareé y°nde bir kuvvetle birl
B) ¢tocujun elinden - é&kntoé&kktaayma sud narkea nean kwndlas e ks ¢ r «

y°nde bir kuvvet; akajéya inerken ise, cisim
bir yer-eki mi kuvvetidir.

C) Top en y¢ksek noktaya ul akana kadar yukare
neredeg e sabit akajé y°nde bir vyer-eki mi kuvvet
y°nde bir yer-ekimi kuvvetidir.

D) Sadece, neredeyse sabit akajé y°nde bir yer-e

E) Yukar édakilerden hi-Dbiri. Topun diptogyyere¢ zer i nc

d¢eker .
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1. Bl ¢m

Bu b°l ¢m, 13 adet ekl exktirme bsior uswinapéin éorhas Kbryatkft eard € r
t¢em sorularé cevaplayéneéez.

Ak AJlI DAKK kKEKKL VEI0OSORUKARIWNMIEVAPLARKEN KULLANINIZ.

Akafdaki Kekiller buz ¢zerinde kaynmaajaan dadlrr ua ykakwkvaebté ¢
uvgul,fammadér kuvvevesalbgubaiamageé&wweutmlayr@uliamans ése- enek
sunmaktadeéer (A6dan Gobéyeddnalddara)kar Hememul at d@ndazé sdart
durumlaré verilmicktir. K lBamelkefinedevarh ettirecek birrkuvweto r uda t an é ml
(Abdan Gbéye) se-iniz ve se-tijiniz harfi sorunun yane
Bir se-enefi birden f azayaabkiulilrasnianbiizl;i rf aykaatd ah ehri -bikrulb
bir s e- e nkjkery aszeé-neerzee k|l erden hi -birinin dojru ol madeéej
sorunun yaneéndaSkiir thionkmeu Jkau vyvaezté nnéiz .i h ma l ediniz

A. Saja doj(rbug yviek | K,

bir kuvvet

Kuvvetin Yonii B. Saja dojru ve K
bir kuvvet

ﬁ" C. Saja dojru ve Ki

bir kuvvet
\‘..___ //

_/ D. Kuvvet uygulamaya gerek yoktur.
o
E. Sola dojru ve ani
T, bir kuvvet
Euvvetin Yonii = Sol a doj ru Ve .

_ bir kuvvet
g G. Sola dojJjru ve K
bir kuvvet
A //

4. Hangi kuvvet kezajén saja dojru vdevam¢ zge¢en héezl a
ettirir?

5Kézak saja dojruHaAaagek&uvediy&@ezajén saja dojru
devamettirir ?

6Kézak saja dojru hareket ediyor. Hangi kuvvet on
7.Hangi kuvvet kezajén sola dojru vdevad¢zge¢n heézl a
ettirir?

8. Kéeézak durgun halden baklayarak ve saja dojru
Hangi kuvvet k éarekétigdevah ettirirabi t hézl é

9. Kézak d¢zgen (sabit ivme ile) yavakl éyor ve keé@
bu harekte neden olur?
10.LKeézak sola dojru hareket ediyor. Hangi kuvvet KkE€
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Ak AJI DAKK A¢ | KIB.SORUYARINLOEVAPLARKEN KULLANINIZ.
11113.sorul aré yukareé dojru havd®wa af grélrdtagléd d éke taal

dojru hareket ediyor, en y¢ksek nolki3apaut akénda
tanémlanan hareketinin her Dbir basamajéndaki iV me
Gébye) Dbirismir usrei-ni ryiam éwneal aBkiir bsoek-leunjea] iy abziérndéezn. f az | a
hi - kull anmayabilirsiniz; fakat hEejre rb isre - beonkelku ke r i
hi-birinin dojru ol madéjéeneée d¢keredyomris ym&EzEmEar. un
y°ng¢ pozitif axkafaédr ayn®em¢ snge d atninfe &Kluévrnwéez i ni i hmal
A. Kvme negatif y°nde ve sabittir.
B. Kvme negatif y°nde ve artéyor.
C. Kvme negatif y°nde ve azal éyor
D. Kvme seéfeéerder
E. Kvme pozitrif y°nde ve sabitt
F. Kvme pozitif y°nde ve artéyor.
G. Kvme pozitif y°nde ve azaléyor.
11 Met al para feéerlateldéektan sonra yukare y©°nc¢
12 Met al para en y¢ksek noktada i ken.
13 Met al para akajé y°nde hareket ediyor iken

AKADAKK KEKKL VE A6 SORVBUARINI CEVARBLARKEN KULLANINIZ.

14-16.sor ul ar , anl &k bir itme uygulanarak bir ejik ¢
ilgilidir.

Araba anl ék itme ile férlatéldéknakhtaparaclkai &k df
geri ye SLrntegymome kuvvetini i hmal edini z.

AKkajldiés or ul arénda tanéemlanan her bir durumda ar a
akajedaki se-eneklerden (AdbdawyalGéngeakibibBrowli ujse -
se-enefji birden fazla kullanabilir ya da hi- kul
se-enek Eyazéenseez-.enekl erden hi-birinin dojru ol m:
sorunun yangndaekezbokl uj a

A. Rampadan akajé dojru sabit net Kkuvvet
B. Rampadan akajé dojru artan net kuvvet
C. Rampadan akajé dojru azalan net Kkuvvet
D. Net kuvvet seéefer

E. Rampadan yukareé dojru sabit net Kkuvvet
F. Rampadan yukaré dojru artan net Kkuvvet
G. Ra mp a ddaon] ryw kaazreel an net Kkuvvet

14.Ar aba f | at é eéktan sonra rampanén yukar ésé
15,Ar aba e yé ks noktada i ken.
16 Araba rampanén akaj éséna dojru hareket edi )

er
n
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l11. B°l ¢m

Bu b°l ¢m 111 vadsedr uadaénk oul-uk makt adéer . Her spru i-in ce
L¢etfen tegm sorularé cevaplayéneéez.

Ak AJlI DAKK A¢I1 KL AMAR0SORULARENM CRVARLARKEN KULLANINIZ.

A ve B arabal ar @ odg adaoqlsriaub i ¥ o harcketeffi®oart @ar . Akaj éda veril
di yagr amexri a bazlaaa@gh| arledhaind aaicmalakmpad séeé mektedir.

Bati Dogu

- —_—

A arabast g 1 s 2 = 3 o= 4

B arabas: @ oD 2 & s oD

17A arabaséndaki Gdnémawéy 8B ma atbbarsEln&t edi yor, dojuya
yoksaduruyorol ar ak @évgbéepé2e a-éklayénéez

18A arabaséndaki Gdnémalwéy 8B ma atbbarsE&ln&t edi yor, dojuya

yoksaduruyorol ar ak mé g°r¢r?. Cevabénézé a-éklayéeneéez

199A arabaséndaki Gdnémaméy B mdEFiathaarsElndéd] eya mé hareket
yoksaduruyoro | ar ak mée g°r ¢r ?. Cevabénéze a-éklayéneéz

20. Yanda ver.i

en vekht@&abaserH~kindan bh~na~ig A
[o]
r

I

gzl emciye g e B arabadiam 2 am 3 am anl aréndaki

Ee(;(;ke| " ¢r§¢baéee)l G SOARA N P ) m—
b) = 0 -
o) J—— 0 -—
d}—h— — —
e}+ - ——
I:}—l- — —
gl - - -—
h) =-— - -—
i"} - - -
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21.K¢- ¢k bir -ocuk ol an Ahmet bir Kuyunun yanénd

kuyudan -ékarmak i-in kurtarma ekipleri bir i pi
Ahmet 6i nc5@iNRrdef.é Beém serteéenmel eri i hmal edini z.
Ahmet yukasragbyiat dbogfkriuhiézk @n, ip yubayélwa Keoejek 2%

ekit bimnyluvaet? @evabénézée a-éklayéneéez.

AkAJI DAKK A¢lI KLAMA VE KEKLK 22 ve KUBLAMNORUL ARI NI ¢

Bir Iblok ve bir A Kiitlesiz ve siirtinmesiz
bir iple s¢rteéenmes gk makara
kayacak «kxekilde b /
bir el bloju kaym:
Kpin ajérl|l ékseéz
varsayéenéz. 7
Blok ile masa ar at Masa - o
Hav an én Sértéenme - 7| |Adberesi
ediniz 7
<
<
<
<
<
El bl o u serbest ?
sonra Var
22, Blok ¢zerine etki eden kuvvetlerin adlaréné yze
¥rnejin yer-ekimi kuvveti #fAbloja d¢nya tarafeéndar
23. Bl ok ¢zerine etki eden t¢m kuvvetl eri
a) kuvvethajtaryeft-eki mi kuvveti)
b) Kuvvetin uygulandéjé cisim ve
¢) Kuvveti uygulayan cismi,
di kkate alarak etiketlendiriniz (harflerl e g°st
éczerinde g°steriniz.
¥rnejin, B ci sminin Agkce kslininndee ueytgiukl eatdl &€ néd ikruivlveebti |F

BLOK
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24Bir -ocuk i-i dolu olan A ve B kutularéné «kekil deki

B kutusuna et ki eden t¢m kuvvetl eri

a) Kuvvetirmmejtiger- eki mi

kuvvet),

b) Kuvvetin uygul andeéj =

c¢) Kuvveti uygulayan cismi, A B

dikkate alarak etiketlendiriniz (harflerle

gesteriniz) Ve Ll e L %

kuvvetleri akajéda B kutusu ¢zerinde g°steriniz.

¥rnejin, B ci smini mvetMgkce kslminndee ueytgiukl eatdlégfnéd ikrui | ebi | i r .
B kutusu

25 Suya g°re sabit bir heza sahip olan bir motor A T
gitmekerdienduran bikrekdd zdlee mgd iby e bd B _en @ k waanmaZ Iniay or . Mot
s ¢ 9, eehir durgunken tnehir sabit bir y\(h @€z éy | a,0aldamrkerMMott orun suya g°re h
durumdadayoaEBduj unetgldrel érini karkeél akt éréneéez. Cevabénez

Iv.

5]
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26. Bir motor kKekildedahr nlechg]i gs adbiébtié HE marekdd ti hkés 2 é y |
ediyor. Motorun kar kKké Kké&yaehasabithitrymézéeyt affakne kien ¢
Mot orun suya g°re haéyzmeé dhugru njakeitge dree tendanidak ar kK
Cevabénezée a-éklayénez.

Iv.

v

27. Ayné b¢yekl ¢kte parake¢gtlerle ayné ye¢igkseklikte
ol an par acklgitmigtydeahhégzlareer k e n daha ged ayek3aCavakeén
a-éklayenez.
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APPENDIX E5

THE FINAL VERSION OF THE FMAT -1l USED IN THE MAIN STUDY

KUVVET VE HAREKET BAKARI TESTK 1|1

AdénSeozy adénéz:

Senéf énéz:

Sevgili °fJrenciler,

31 sorudan olukan bu test, °J]raewmaridlear én & u%lv-eme kv ea rhaaa
hazérl anmékt ér . Bu test 3 b°l ¢mden olukmaktadér. Her
okuduktan sonra sorularé <cevaplayéneéez. Cevapl arénéz
kull anél acakter .

Kat k&l addrodmé é tekekke¢r ederi z.
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| . B°Il ¢m

Bu b°l ¢m 10 adet -oktan se-mel i sorudan o] ukmakt
Yanl ékl ar dojru cevaplaré g°t¢rmeyecektir.] Legtfoer
1.Bir cisim durgun halden harekete baklar ve 10
eder . Daha sonra sabit Ataijré dhagkzil ag rhaafriekkleetridnein shsart
konum-z a ma n graf|]i ol abilir?
+ + g
E g E
=} 2 g
2 5 @ 2 2
1] i} 1]
051015 0 5 10 15 0 5 10 15 o 5 10 15 EI.51I315
Zaman (5) Zaman (s) Zaman (5) Zaman (s) Zaman (s)
2. Paralel yollarda ilerleyen A e B a rkarura-gd@marégnr af i | i yanda veril mik
akajédakil erden har B
. tszamanénda i ki S A
heza sahiptir. 2
Il. Her i ki araba d
1. A ve B agrzabmalna
°nce herhangi k
sahip olurar
V. Grafijin belli
i ki arabanén i\
olur.
5 Zaman
A) Yal nézB)l Yal n&yllvelll D) I, 1l ve IV E) I, lllve IV
3.AK ajb& dsminkonum-zamangr af i Jji veril mi kthiegke&-Cimé i 9d2r ?s a
A) 0,4m/s 16
B) 2,0m/s —
C) 2,5mis B 10
D) 5,0m/s g |
E) 10,0 m/s g 5
o
¥ —
0
0 1 2 3 4 5
Zaman (s)
4. Bir cisim akajédaki grafije g°re hareket et mek
4
et
5 3 P —
= 5 yd
:‘5:! y
v
N4
12 3 4 5 6 7 8 9 10
Zaman (s)
Buna g°re, t=4 s il e t=8yesr zdeafaink tairrailré] énda ci si I
A) 0,75mB)3,0m C)4,0m D)8,0m E)12,0m
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a bézmmacgrsanfiinf i @iegmilmitkt i0 .ve t=6 s araseéndaki
€k ol arak ne kadarder?

(.
- - T
— - —l— L
| | I
10
Zaman (s)
A) 3,0m/$ B) 1,5 m/8 C) 0,83 m/8 D) 0,67 m/8
E) Soruyu cevaplamak i-in yeterl:i bilgi veril memi«kt

6,Akaj édaki «Keki |l depegisnt ekreinladriéjnid aghiy bbli |Jra bt Borpd tagt ehkd requii sri.
mer minin/g¢é¢gllenin i zleyeceji en yakén yoldur?

A1 B) 2 C)3 D) 4 E)5

Yer - eki mi
K noktasén
Yalnéz (g) ve (t
hhaxy ¢ kK s ekl i Ji
Voy(de¢ekey) bilekenin be¢gyekl ¢ ¢
PK wuzakl ej é

Niceliklerinden hangileri hesaplanabilir?

(g) olduju bir yerde, Kekil deki

ilinenleriyle;

A) Yal ni&z h B)VgvePK C)hyve PK D) hpaxve Vg E) hmax,Voy ve PK
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8. Yand& i Kekilde A °Jrencisi 75 kg ve B °Jrencisi
kg ketlelidir. Birbirinin alyne ofi s spndal yel e
kar Kéya oturmaktadéerl ar °7 [ [y Kekil del
ayakl aréne B ©°jJrencisinin muktur .
°frenci si birdendogyalkliatretryd

sandalyenin de hareket etmesine neden olur.

Kt me sérasénda ve Adneén a di zine
dokunmaktayken,

A) °Trenciler birbirlerimne kuvvet
uygul amamaktadérl ar . _'.-_’t'"*‘-

B) A °Jrenci si B °frenci si" iczeri bir kKuv
uygulamaktaf akat B Adya ir kuvvet uygul amamaktader.

erine kuvvet wuygul
erine kuvvet uygul
eKit b¢e¢yekl ¢kte ku

b
C) her i ki °Jrenci de birbirl
D) her iki ©°jJrenci de birbirl

E) her i&ibi°fbiemicéerid ¢zerine
9.Akaj édaki <cisimlerdewgwl kas g baheediemittehangi | eri nin

.LDuran bir arabanén
ILSabit hézla ilerleyen bir arabanén
N.Sabit bir ivme ile héezlanan bir arabaneén
A) Yal nBYalnéez 1 11C)lvell D) Il ve I E) LI, velll
100 Akajéda eylemsizlik ile ilgili verilen yargeél

I.Eylemsizlik bir kuvvettir.

3

C

ILBir cismin eylemsizliji k¢tlesi ile dojru ora
N.Eyl emsi zli k cismin .hareket durumuna bajl éder
A ) Yal nB)z Yalnéez C)lvell D) I ve lll E) I, Il ve NI
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1. Bl ¢m

Bu b°l ¢m, 10 adet ekl ektirme sorusundan o
t¢em sorularé cevaplayéneéez.

AKkAJI DAKKVE EK&LKL AMB 8ORULARINI CEVAPLARKEN KULLANINIZ.

uUukmakt adér

Oyuncak bir araba yatay dojru Povumnéd géadhasa¢gpadddl ac

Lt L
0 +
Akaj éda arabanén f ar k2amangréfillgid6tiancépkelt-18i kt i n. i v me
sorul aréenda i se arabanéen farkl é har eikmezamdur uml ar é& vel
grafijini Aéd an tk@édiwe i -oilmn se-eneklerden birini se-ir
bOKIuIaBivlazéaéBneTi biirrdeyna fdaa |l i -k uk Wlalnammdyabil irsi:
bokluk i-in sad&ferbise-eeedpeyderané@z-birinin dojru ol
sorunun yanéndaki bokluja J se-enejini yazénéz.
+

@, @ .

go Zaman @

= Eo Zaman

i
o Zaman@ i

Ivine

Zaman

fvme
[=]

Zaman

Ivme
[=]

Zaman

fvme
o

_|.
O T (3D  Bu grafiklerden hicbiri dogru degildir.

Zaman

fvme
[=]

11.Araba saja dojru d¢gwag.en hézlanarak hareket
hareket ec

r.

12 Araba saja dojru d¢gzgen yavakl ayar ak

13.Araba sola dojru sabit hézla hareket
14 Araba sola dojru d¢gzgen hezl anarak har ek
15 Ar aba saja dojru sabit heéezla hareket
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AkAl DAKK A¢l KLAMA -20.BBORUEARINK 1 &
CEVAPLARKEN KULLANINIZ
Pl astik top férlatan bir s

°or ¢l deg ¢

a- é alténdbdaware&nd ensi ybghmahe ¥

ediniz

Topun hareketi il e il gidldiani er veri.l
y e kadar ol an grafiklerin zamaneé
d¢key eksenler belirtil memi 0.0 o

Mer mi ni n hdeXdlseotriul arémda r
nicelije ait grafiiji belirtmek i-in akdgjiéadaki S €
har fi sorunun yanéBdakisebernkllja byadeneézf.azl a Kt
Kull anmayabilirsinicz:; fakat her Bji er bo&ad ekekil-ern
hi-birinin dojru ol madéjéné jdag K}k ngeg-oersajniérzi syaaan

(4) ®) 4 ' (©)
t _ " i

L

16.D¢key eksendeki konum
17Hézén yatay bil ekeni
18. Net kuvvet

19. Héezéen d¢key bil ekeni

20. Yatay eksendeki konum
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11 . B°l ¢m

Bu b°l ¢m 11 adet a-eék wu-1u sorardéameé zoel ukkénsagkctaa da&-r é k | Heew
L¢etfen tegm sorularé cevaplayéneéez.

Ak AJl DAKK A¢I| KL AMA3 SERUKARIKILCEVAPIIARKEN KULLANINIZ

!3||’ bl ok ve bi r_ A Eiitlesiz ve siirtiinmesiz
i pl e sé¢rtéenmesioz makara
kayacak «kekil de bii. /
el bloju kaymamaseé
Kpin ajéerléekséez ve
Bl ok il e masa ar as: ?
Havanén s¢rteéenme ki ﬁ )
,:/{ A lhiresi B kiiresi
A
7 &
El bloju serbest b 7
ile °zdek olan B 7
berakel éyor . 7
)
21.B k¢r esi AR nlkcer amdi Yer
me , yoksa ay@eg€e anamap amer
Cevabénezée a-éklayénez.
22.Bl ok serbest béerakél madan °nce, i pteki geril me kuvyv

ipteki gerilme kuvvetil 0 NO&6 dan b :;N&d&kammeldei-re k 1mMedear, Y¥oksa 10 N©6
Cevabénéze a-éklayénez.

23. ki mdi demteynmegizzarmadae tekrarl adé]J énézeée de¢Keneégngz.
k¢r eslimade nmi sonra meer g o-kasrap aryh é @evdabaneezé a-éekl ay
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AkAJI DAKK A¢I| KL AMAR6. SERUKARIKILCEVAPIARKEN KULLANINIZ.

A, B, C bloklarée s¢rtenmesioz bi-r—ﬂﬁ;i—a—';a boyunca sol
bir kuvvetle itiliyor. A b|£}{.. 2 M, Ii{bloju 3M ve
k¢tl esine sahiptir A B

24, Akajedd -ekihbeadhina blmef a| et ki edeh
kuvvetig® st eren -vektn?el eviekt® ?’é‘f’(””’b’f‘d’k’f’é"f’ﬁ et ki
eden net kuvvetlerinbi r bi rine g°re %y SunpmmegizMasg | @

yenl di kkiate alarak -iziniz.

A B C

. | ®
25 ve 26. sorul aré cevaplaékan -Bkéalejdajuané,stdie
k¢tl elerinion dejiktirilmedijini vV e el in bakl an
cevaplayénéz
25. A blojunun ivmesi B blojunuartkgrnt |lmasi axal &ratn

ayn&kam@ev;izabénézée a-éklayéneéez

26,A bl ojuna et ki eden net kuvvet B ®dldtodmunmaéa, kaz &k

mé, vok«ala@&ymwé Ce& abénezé a-éklayénez

AkAjIDAKK Ac¢cl KLAMAYI 27 ve 28. SORULZARI NI CEVAPL/
Fatma mutfak yerlerini sildikten sonra buzdol abeér

27. Fat ma buzdol ab

beyekl ¢
midr?Cev ab

éneé itiyor, fakat buzdol abé k &
¢ buzdol abénén Foattmaéa wmadygygudkiags @ ke unigtd ¢
énéezé a-éklayénéez.

28. Fatma b¢ten geéeceyle i1ittikten sonra buzdol abé
uygul adéjé kuvvetin b¢gyekl ¢jé¢ budbdgylo&kbarydr rF atkma
m¢der yok®€&€eeabénemzdi a-éekl ayéeneéez.
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29. Yukar éeya doj ru koaum€ taman gbafi jtiakarnaj édaki gibidir.
yarar | anar ak httzmmanveivineazarman@t a mii kl er i ni -iziniz.

EIL 5 w
E i g
[#] i
%
Zar;an Zaman Zaman
v v v
30.Hareketl i b-izamarag abiajhnien v dlbizl delki
gi bidir. Bu grafikten vya 1 hareket
konum-zamangr af i jini =-iziniz? Hiz?

EKonum 7 \/
t “Zaman
“Zaman

3L.AI i, kestiiji k¢te]l ¢ iple -ekerek yola -ékarérken, )
ol up ol madé] éenNewt grbapas8scmMdigreda ben k¢tejeée ne kadar
k¢t ekte beni o kadar kuvvetle geri -ekecek ve zeéet ybor
hareket et memesi gerekir. K¢t ¢k hareket ettijine geor
dye d¢kenegr .

Al i 6nin d¢gkegncesindeki yanl €k ne olabilir? A-ékl ayeéneé
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APPENDIX F

ITEMAN RESULTS FOR THE FMAT -1 AND FMAT -Il IN THE MAIN STUDY

Iteman Results For The FMAT-I

Item Statistics Alternative Sta tistics
Seq. Scale Prop. Prop. Point
No. - Item Correct Biser. Biser. Alt. Endorsing Biser. Biser. Key
11 -1 0581 0377 0299 A 0.095 0.446 0.257
B 0.029 -0.510 -0.200
C 0581 0.377 0.299
D 0.162 -0.437 -0.291
E 0.133 -0.383 -0.243
Other 0.000 -9.000 -9.000
21 -2 0505 O 125 0.100 A 0.010 -0.435 -0.114
B 0.010 -0549 -0.144
C 0438 0.020 0.016
D 0.505 0.12 5 0.100 *
E 0.029 -0.376 -0.147
Other 0.010 -0.320 -0.084
3 1 -3 0.333 0887 0.684 A 0.048 -0.295 -0.137
B 0.324 -0.547 -0.420
C 0.248 -0.268 -0.196
D 0.333 0.887 0.684 *
E 0.029 -0.019 -0.007
Other 0.019 -0.227 -0.077
4 1 -4 0419 0.890 0.705 A 0.495 -0.811 -0.647
B 0419 0.890 0.705 *
C 0.010 -0.206 -0.054
D 0.038 0.168 0.072
E 0.000 -9.000 -9.000
F 0.000 -9.000 -9.000
G 0.019 -0.290 -0.098
H 0.000 -9.000 -9.000
Other 0.019 -0.415 -0.141
51 -5 0467 0.823 0.656 A 0.000 -9.000 -9.000
B 0.400 -0.754 -0.595
C 0.000 -9.000 -9.000
D 0467 O .823 0.656 *
E 0.010 -0.320 -0.084
F 0.067 0.188 0.097
G 0.000 -9.000 -9.000
H 0.000 -9.000 -9.000
Other 0.057 -0.454 -0.224
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Seq. Scale Prop.

Item Statistics

Point

Alternative Statistics

Point

No. - Item Correct Biser. Biser. Alt. Endorsing Biser. Biser. Key

61 -6
71 -7
81 -8
91 -9
10 1 -10

11 1

0.324 0.896 0.688 A 0.010 O.

0.390 0.469 0369 A 0.057 O.

-11 0.171 0.509 0.343

43 0.831 0.644 A 0.000

0.000
0.352
0.000
0.057
0.343
0.200
0.000
Other 0.048

IOTMOO®

8 0.126
0.000
0.019
0.048
0.029
0.324
0.524
0.000

Other 0.048

IoTMmMooOmy

4 0.002
0.390
0.019
0.390
0.000
0.067
0.000
0.000

Other 0.076

IoTmmMmoowms

0.057 0.613 0.303 A 0.010

0.057
0.390
0.019
0.12

0.190
0.133
0.000
Other 0.076

IOTMMOO®

0.267 0.801 0.595 A 0.286

0.267
0.05

0.000
0.267
0.038
0.029
0.000
Other 0.057

IOTMMOO®

A 0.17

0.029
0.105
0.000
0.390
0.038
0.257
0.00

Other 0.010

IOTMTMOO®
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-9.000 -9.000
-9.000 -9.000
-0.604 -0.469
-9.000 -9.000
-0.276 -0.136
0.831 0.644 *
-0.021 -0.015
-9.000 -9.000
-0.442 -0.206
-9.000 -9.000
-0.352 -0.120
-0.119 -0.055
-0.197  -0.077
0.896 0.688 *
-0.648 -0.516
-9.000 -9.000
-0.354 -0.165
-0.426 -0.336
-0.039 -0.013
0.469 0.369 *
-9.000 -9.000
-0.128 -0.066
-9.000 -9.000
-9.000 -9.000

0.011 0.006
-0.206 -0.054

0.613 0.303 *

-0.168 -0.133

0.463 0.157

4 -0.278 -0.173

0.202 0.140

0.117 0.074
-9.000 -9.000
-0.315 -0.170

-0.122  -0.092

0.801 0.595 *

7 -0.073 -0.036
-9.000 -9.000
-0.529 -0.393

0.203 0.088
-0.287 -0.112
-9.000 -9.000
-0.327 -0.161

1 0.509 0.343 *
-0.153 -0.060
-0.368 -0.218
-9.000 -9.000

0.401 0.315
-0.430 -0.186
-0.505 -0.372

0 -9.000 -9.000
-0.320 -0.084



Seq. Scale P rop.

No.

12 1

13

14

15

16

Iltem Statistics Alternative Statistics

Point Prop. Point

- Item Correct Biser. Biser. Alt. Endorsing Biser. Biser. Key

-12 0.067 0.751 0.389 A 0.0 67 0.751 0.389 *
B 0.010 -0.320 -0.084
C 0.010 -0.092 -0.024
D 0.705 -0.539 -0.408
E 0.133 0.523 0.331
F 0.000 -9.000 -9.000
G 0.010 -0435 -0.114
H 0.0 00 -9.000 -9.000
Other 0.067 -0.015 -0.008
-13 0.448 0.574 0457 A 0.448 0574 0457 *
B 0.267 -0.600 -0.446
C 0.000 -9.000 -9.000
D 0.010 -0.320 -0.084
E 0.067 0.481 0.249
F 0. 181 -0.237 -0.162
G 0.019 -0.290 -0.098
H 0.000 -9.000 -9.000
Other 0.010 -0.320 -0.084
-14 0.114 0.728 0.442 A 0.114 0.728 0.442 *
B 0.038 0.168 0.072
C 0.019 -0.227  -0.077
D 0 .048 0.527 0.246
E 0.143 0.398 0.257
F 0.048 -0.383 -0.178
G 0571 -0.598 -0474
H 0.000 -9.000 -9.000
Other 0.019 -0.290 -0.098
-15 0.095 0.859 0.495 A 0.095 0.859 0.495 *
B 0.010 -0435 -0.114
C 0.010 -0.320 -0.084
D 0.800 -0.364 -0.255
E 0.010 0.592 0.156
F 0.010 -0.320 -0.084
G 0.010 -0435 -0.114
H 0.000 -9.000 -9.000
Other 0 .057 -0.174 -0.086
-16 0.229 0.641 0462 A 0.229 0.641 0.462 *
B 0.571 -0.553 -0.439
C 0.038 0.097 0.042
D 0.076 0.214 0.116
E 0.029 0.070 0.027
F 0.029 -0.108 -0.042
G 0 .019 -0.102 -0.035
H 0.000 -9.000 -9.000
Other 0.010 -0.320 -0.084
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ITEMAN for The FMAT -

Seq.

No.

Iltem Statistics

Point

Scale Prop.
- Item Correct Biser. Biser. Alt. Endorsing Biser. Biser. Key

1 -1
1 -2
1 -3
1 -4
1 -5
1 -6
1 -7
1 -8

Al

Prop.

0.477 0.574 0.458 A 0.047

0.579 0.696 0.551

0.832

0.916

0.411

0.654

0.477

0.738

0.557

0.634

0.614

0.552

0.685

0.555

0.374

0.353

0.485

0.428

0.547

0.411

ternative Statistics

Point

mooO®

Other

A 0.159

0.000

0.009

0.084

0.196

0.000

mooOw

Other

mooOw

Other

mooOw

Other

mooOw

Other

mooOw

Other

mooOw

Other

moOw

Other

178

0.093
0.

0.290
0.477
0.019

0.579
0.037

075

0.574

0.696

0.093

0.103
0.028

0.009
0.832
0.103

0.129
0.557

0.037

0.019

0.028
0.000
0.019
0.916

0.634

0.028

0.168
0.121
0.411
0.131
0.084

0.295
0.614

0.196

0.654
0.121
0.009
0.000
0.019

0.552

0.047

0.047
0.477
0.215
0.019

0.037
0.028
0.178
0.738
0.019

0.685

0.091

0.555

- 0.347
-0.463
-0.253
- 0.100
0.458
-1.000

*

-0.114
0.551 *
- 0.526
-0.348
-0.435
-1.000

-9.000
0.034

0.374 *

-0.403
-0.290
-1.000

-0.331
-0.687
- 9.000
-0.111
0.353 *
-0.627

-0.422
- 0.266
0.182

0.485 *

-0.330
-0.622

- 0.346
0.428
-0.297
-0.024
- 9.000
-1.000

*

-0.352
-0.110
-0.425
0.547 *
-0.259
-1.000

- 9.000
-0.054
0.036
-0.518
0.411 *
-1.000

-0.160
- 0.266
-0.136
-0.076

- 0.350

-0.076

-0.226
-0.200
-0.257
-0.396

-9.000

-0.238
-0.125
-0.350

- 0.086
-0.268
- 9.000
-0.037

-0.244
-0.235
-0.179
-0.208
- 0.346
-0.241
-0.183
- 0.006
- 9.000
-0.350
-0.246
-0.051
-0.197

-0.184
- 0.350

- 9.000
-0.023

-0.353

- 0.350



Seq.

10

11

12

13

14

15

Iltem Statistics Alternative Statistics

179

*

*

- 0.206
-0.124
-0.391
-0.212

-0.291

-0.137

-0.284
-0.273
-0.342

-0.091
- 9.000
-0.186
-0.448
-9.000
- 9.000
-9.000
-0.384
-0.048

-0.208
- 9.000
-9.000
-0.114
-0.534
-9.000
-0.334

-0.106
- 0.426

-9.000
-0.146
-9.000
-0.166
-9.000
-0.291

-0.129

- 9.000
-9.000
-0.196
-0.359

-9.000
-0.200

-0.407
-9.000

-9.000
-0.023
-0.186
-9.000
- 9.000
-0.282

Scale Prop. Point Prop. Point
- Item Correct Biser. Biser. Alt . Endorsing Biser. Biser. Key
1 -9 0636 0822 0642 A 0.037 -0.479
B 0.103 -0.210
C 0.131 - 0.620
D 0.065 -0.411
E 0.636 0.822 0.642
Other 0.028 -0.747
1 -10 0533 0.745 0594 A 0.019 - 0.406
B 0.533 0.745 0.594
C 0.084 0.002 0.001
D 0.121 - 0.459
E 0.187 -0.397
Other 0.056 -0.697
1 -11 0.776 0.846 0.60 8 A 0776 0.846 0.608 *
B 0.056 -0.186
C 0.000 - 9.000
D 0.009 -0.714
E 0131 -0.711
F 0.000 - 9.000
G 0.000 - 9.000
H 0.000 - 9.000
Other 0.028 - 0.986
1 -12 0.607 0.863 0.680 A 0.131 -0.077
B 0.607 0.863 0.680
C 0.019 -0.616
D 0.000 -9.000
E 0.000 - 9.000
F 0.037 - 0.266
G 0.159 - 0.806
H 0.000 - 9.000
Other 0.047 -0.721
1 -13 0.804 0.853 0595 A 0.009 -0.408
B 0.140 -0.663
C 0.804 0.853 0.595
D 0.000 - 9.000
E 0.009 -0.561
F 0.000 - 9.000
G 0.009 -0.637
H 0.000 - 9.000
Other 0.028 -0.747
1 -14 0570 0.665 0.527 A 0.159 -0.194
B 0570 0.665 0.527
C 0.000 - 9.000
D 0.000 - 9.000
E 0.037 -0.455
F 0.168 -0.534
G 0.009 0.129 0.034
H 0.000 - 9.000
Other 0.056 -0.407
1 -15 0.785 0.766 0545 A 0.121 - 0.660
B 0.000 - 9.000
C 0.785 0.766 0.545
D 0.000 - 9.000
E 0.019 - 0.069
F 0.009 -0.714
G 0.000 - 9.000
H 0.000 - 9.000
Other 0.065 -0.547



Seq. Scale Prop.

No.

16

17

18

19

20

Item Statistics Alte

rnative Statistics

Point Prop. Point

- Item Correct Biser. Biser. Alt. Endorsing Biser. Biser. Key

-16 0.570 0.753 0597 A 0.121 -0.631 -0.390
B 0.000 -9.000 -9.000
C 0.02 8 -0.328 -0.128
D 0.178 -0.089 -0.061
E 0.028 0.001 0.001
F 0.000 -9.000 -9.000
G 0.028 -0.567 -0.221
H 0570 0.753 0.597 *
I 0.009 -0.484 -0.126
Other 0.03 7 -0.927 -0.399
-17 0.682 0.771 0591 A 0.037 -0.431 -0.185
B 0.019 -0.364 -0.123
C 0.037 -0.195 -0.084
D 0.047 -0.406 -0.188
E 0.019 -0.616 -0.208
F 0.093 -0.233 -0.133
G 0.00 9 -0.714 -0.186
H 0.009 -0.331 -0.086
I 0682 0.771 0591 *
Other 0.047 -0.760 -0.352
-18 0.206 0.528 0.372 A 0.037 -0.384 -0.165
B 0.206 0.528 0.372 *
C 0.075 -0.021 -0.011
D o 065 -0.109 -0.056
E 0.047 -0.012 -0.005
F 0.290 0.001 0.001
G 0.009 0.359 0.094
H 0.093 -0.302 -0.173
I 0.112 -0.008 -0.005
Other 0.065 -0.457 -0.235
-19 0421 0.713 0564 A 0. 047 -0.130 -0.060
B 0.037 -0.313 -0.135
C 0421 0.713 0.564 *
D 0.159 -0.162 -0.107
E 0.084 -0.260 -0.145
F 0.037 0.017 0.007
G 0.037 -0.195 -0.084
H 0. 103 -0.253 -0.149
I 0.037 -0.313 -0.135
Other 0.037 -0.927 -0.399
-20 0.645 0.828 0.644 A 0.645 0.828 0.644 *
B 0.000 -9.000 -9.000
C 0.000 -9.000 -9.000
D 0.028 -0.418 -0.163
E 0 .019 -0.574 -0.194
F 0.084 -0.360 -0.200
G 0.028 -0.537 -0.209
H 0.103 -0.274 -0.162
I 0.056 -0.356 -0.175
Other 0.037 -0.927  -0.399
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APPENDIX G

KEYS FOR THE OBJECTIVE TYPE QUESTION IN THE FMAT -1 AND Il

The FMAT-I

CoNoOA~WNE

O>>>>P>P>OWOWOTTOWTTO

he FMAT-II

©CoNoOOA~AWNREIA

=
=
>OT-XIOWOT>OMMOTOMO WM
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APPENDIX H1

THE GENERAL ANALYTIC SCORING FRAMEWORK

Coding Category Sub-Category Sub_ Score
Coding
Sorunun (Soumyu dojru olarak ya
o ) , Al 3
dojru ol {(formgl kull anarak yajy
A ve a-€ekl {Soruyu dojru olarak Yy
eksiksiz olarak form¢gl kull anmadan ydA2 3
yapar.
Cevabéyyanmp ékojru a- ¢ Bl 2
Cevabé dojru ol arak \y
yapar yani a-ékl amasé
B2 2
Hem cevalkavram ve kavramlar {
hem de a{késména yer verir.
B yapar, ama her Cevabé dojru ol arak Yy
ikisinde ya da yaparam@a - é k| amasénda so|B3 1.25
ikisinden birinde |[bi | gi i fadel erine r as
hata yapar. Cevabé dojru ol arak Y B4 1
kavramlaré kull anar al
Cevabé yanl ek yazar 4pg 0.25
il gili dojru bilagi if
A-ékl amayé eksi ksiz ¢C1 2
A-ékl amayé eksi k yapid
cevabi olukturan t¢mj|C2 1
Cevap ve araséndaki ilikkileri
a-ékl ama(A-ékl ameygapan!| ama a -
c herhangibirini  |i | e i1 gili dojru bildCs 0.25
yapar. A-ékl amayé il gisiz sz4 0
yapar
Dojru cevap verir. C5 1
Yanl ek cevap verir C6 0
Cevap ve Cevabeé yanl ek yapar
~ _ D1 0
a-ékl amajtkavramlareée kull anar
D ikisini de tamamenf Sor uyu yanétséz beéra
y a n lapakveyy D2 0

soruyu yi

berakeéer.
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APPENDIX H2

SCORING RUBRICS FOR THE OPEN-ENDED QUESTION IN THE FMAT -l

Question 17
Coding | Category Sub-Category Sub- Score
Coding
Sorunun Baté cevabéné yazar v
cevabénégidiyormUK gi bi g°r(,nAl 3
olarak yazar ve form¢gl ¢neg kull anar ak
A ~
a- ekl ame — ———
eksiksiz olarak B_atc_eewabene yazar Ove.E
apar gidi yormuk gi bi gor ¢nl A2 3
y ' form¢gl ¢neg kull anmadan
Bate cevabéndan f awokl
~ Bl 2
a-é&klama yapar.
He m ceV'Baté cevabénée yazar a
5z 8 h:yani a-éklamasénda celg, 5
Zl éklpam've kavramlar arasénda
) 9 verir.
B i):(?spiirdean;adr;er Bate cevabéené yazar a
ikisinder? ama a- édkd asmarseéni |l e il |B3 1.25
birinde hata i fadel erine rastl anér
Baté cevabénée yazar a
yapar. kavraml ar é kullanarakB4 !
Kar kél akt ér may e yanléBS 0.5
soru ile ilgili dojru '
A-ékl amayé eksi ksiz ofCl 2
A-ékl amayé eksi k yapa
cevabé olukturan t¢gm |C2 1
Cevap ve araséndaki ilikkileri
a-ékl amgA-ékl amay é vyaamal éak- eykal p
¢ herhangi birini |i | e il gili dojru bilg 025
yapar A-ékl amayeée il gisiz kac4 0
yapar
Bateée cevabéné verir. C5 1
Yanl &k cevap verir C6 0
Cevap ve Cevabé yanl éxk yapar vV b1 0
a-ékl amgkavramlaré kull anar ak
ikisini de Soruyu yanétséz beérak
D t amamen
yaparveya D2 0
soruyu \y
béraker .

183




Question 18

Coding | Category Sub-Category Sub- Score
Coding
Sorunun Baté cevabéné yazar v
doiru ol gidiyormuk gi bi go°r¢én Al 3
J kull anarak a-ékl ar.

A yazar \e
a- ekl amarg e vabene azar
eksiksiz olarak R, ne .y _
apar gidiyor muk gi bi go°r (A2 3
yapar. kull anmadan a-¢ékl ar

Batée cevabéndan farkl
- B1 2
a-é&klama yapar.
Batée cevabéené yazar a
Hem cevalyani amaé&hda cevabeée o
~ _ B2 2
yazép heve kavramlar arasénda
a- ékIl amal verir.

B ama herikisinde | Bat € cevabénée yazar a
yadaikisinden |ama a- ékl amasénda sor |B3 1.25
birinde hata i fadel erine rastl anér
yapar. Baté cevabéneklyamayeéeai

_ B4 1
kavramlaré kull anar ak
KarKe!athrmfay_e yaple B5 0.95
soru ile ilgild@i dojru
A-ékl amayé eksi ksiz o|Cl 2
A-ékl amayé eksi k yapa
olukturan t¢gm kavram Cc2 1

Cevap ve ilikkilerin bir késmeé
a- ékl amalA-ékl amayé yanl éxkx yap
c herhangibirini |i | e il gili dojru bilgl® 025
yapar A- érkdywé il gisiz kavranC4 0
yapar
Bate cevabéné verir. C5 1
Yanl &k cevap verir C6 0
Cevap ve Cevabé yanléexk yapar v
~ _ _ D1 0
a- ékl amalkavr amlammaé akulylanl ék vy
ikisini de Soruyu yanétséz beérak

D t amamen
yapar veya D2 0
soruyu y
berakér.
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Question 19

béerakeér.

Coding | Category Sub-Category Sub- Score
Coding
Sorunun Baté cevabéné yazdarf rwe
doiru ol gidiyormuk gi bi g"rg,n(Al 3
J kull anarak a-éklar.
A yazar ve
a- ekl amag e vabene azar
eksiksiz olarak R . y o . .
apar gidiyormuk gi bi gor ¢ngqA2 3
y ' kull anmadan a-é&kl ar .
Bate cevabéndan far kI ¢
_ Bl 2
a- ékl ama yapar.
Batée cevabéné yazar a
Hem cevalyani a-eéklamasénda ce
DA B2 2
hem de ve kavramlar ar asemdédmé
a- &kl amaj verir.
B ama ler ikisinde |Bat e cevabéné yazar a
ya da ikisinden ama a-éklamasénda sor (B3 1.25
birinde hata i fadel erine rastl aneér |
yapar. Baté cevabéné yazar a
- B4 1
kavramlaré kull anar ak
KarKe!aKygnlmc_aly_yap?r 4 B5 0.95
soru ile ilgil:i dojru
A-ékl amayé eksi ksiz olCl 2
A-ékl amayé eksi k yapat
olukturanve¢; hmakaamamr | C2 1
Cevap ve i likkilerin bir késmeér
a-ékl amalA-ékl amayé yanl ék yapi{
c herhangibirini |i 1 e il gili dojru bilgiS 025
yapar A-éklamayé ilgisiz ka ca 0
yapar
Bate cevabéné verir C5 1
Yanl &k cevap verir C6 0
Cevap ve Cevabé yanl ék yapar V¢
~ ~ D1 0
a-éeékl amalkavramlarée kull anar ak
ikisini de Soruyu yanétséz beéer ak:¢
D t amamen
yapar veya D2 0
soruyu y
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Question 21

Coding | Category Sub-Category Sub- Score
Coding
Sorunun Kuvvetlerin ekit ol duf
dojru ol|ldejikimi(ivme) ve net [Al 3
A yazar ve formegl Kkull anarak a-ék
a-ékl amalKuvvetlerin exit ol du]j
eksiksizolarak |dej i ki mi (i vme) ve net |A2 3
yapatr. for mgl kull anmadan a- §
Ekit cevabéendan farkl ¢
_ B1 2
a kl@&ma yapar
Kuvvetlerin exit ol duj
Hem cevaldejikimi(ivme) ve net |B2 2
yazép heltam ol arak a-éklamaz.
B a-ékl amalKuvvetlerin exit ol duj
ama ikisinden yanl ék yapar ama a- &kl B3 1.25
birin de hata bilgi ifadelern e r ast | anér .
yapatr. Kuvvetlerin exit ol duj
X CoT N B4 1
il gisiz kavramlarée kul
KarKe!athrmfay_e yaplelaB5 0.95
soru ile il gild@ dojru
Soruya cevap ol acak he
_ R e ! 2
kuvvet araseéndaki il i x
Soruya cevap ol acak he‘C2 1
Cevap ve kuvvet araseéndaki il iH
a-ékl amalA-ékl amayée yaaklamygapad
¢ herhangibirini |i | e i1 gili dojru bilgi® 0.25
yapar A-ékl amayeée il gisiz ka\C4 0
yapar
Kuvvetlerin ekit ol duij C5 1
Yanl &k cevap verir C6 0
Cevap ve Cevabé yanl ek yapar V& 0
a-eékl amalkavramlaré kull anar ak
ikisini de Soruyu yanétséz beéer aké
D t amamen
yapar veya D2 0

soruyu vy
béeraker.
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Question 22

Score Coding | Category
1+2=3 Bl ok ¢zerine etkieredenkdivikev Vv et
A uygul ayan ci s mi belirterek veysdg
1+1.5=2.5 B 4 kuvvetin ismini yazar, 3 kuvy
kitahbi beti ml emesi ni vererek t g
0.75+1.5=2.25 3kuweth i smi ni yazar, 3 kuvvet.i b
C . . . . .
kitahbi beti ml emesi ni vererek t g
1+1=2 D 4 kuvvetin ismini yazar, 2 Kkuvy
kitahbi beti ml emesini vererek t g
0.75+1=1.75 3 kuvvetinisminy azar, 2 kuvvet.i bl o] a
E . . . . .
kitahbi beti ml emesi ni vererek t g
1+0.5=1.5 = 4 kuvvetin ismini yazar, 1 kuvy
kitahbi beti ml emesi ni vererek t g
0.5+1=1.5 G 2 kuvvetinisminiyazar 2 kuvvet.i bl oja uygu
kitahbi beti ml emesi ni vererek t g
O.75+0.5:1.25H 3 kuvvetin ismini yazar, 1 kuvy
kitahbi beti ml emesi ni vererek t g
1 I 4 kuvvetin ismini yazar
0.5+0.5=1 3 2 kuvvetin ismini yazar, 1 kuvy
kitahbi beti ml emesi ni vererek t g
0.75 K 3 kuvvetin ismini yazar
0.25+0.5=0.75 1 kuvvetin ismini yazar, 1 kuvy
L L . .. ~
kitabi betimlemesin ver er ek tanéml ar
0.5 M 2 kuvvetin ismini yazar
0.25 N 1 kuvvetin ismini yazar
0 O Soruya verilen yanl ék yaneétl ar
0 Q Sorunun cevabéyla ilgili ol maya
0 R Yanéet séz.
Question 23
Score Coding | Category
3 Bl ok ¢ zer idkwvetktukviveddelin t ¢r ¢, k u
cisim ve kuvveti uygulayan cismi dikkate alarak etiketlerkuvvetleri
A bl ok ¢zerinde -izer. [ Burada sg
harfl erini kull anma) g°sterr ece K
kabul edilir.]
1+1.5=2.5 B 4 kuvvet. eti ketlendirir, 3 ng¢
0.75+1.5= 3 kuvvet.i etiketlendirir, 3 ng¢
C
2.25
0.5+1=1.5 D 2 kuvvet.i eti ketlendirir, 2 ni
0.5+0.5=1 E 2 kuvvd i eti ketlendirirl ni ci sim
0.25+0.5=0.75 F 1 kuvveti etiketlendirirl ni ci
1 G 4 kuvveti etiketlendirir
0.75 H 3 kuvveti etiketlendirir
0.5 | 2 kuvveti etiketlendirir.
0.25 J 1 kuvveti etiketlendirir.
0 K Sorwave i | en yanl @&k yanétl ar
0 L Sorunun cevabéyla ilgili ol maya3a
0.75+1=1.75 | M 3 kuvvet.i eti ketlendirir, 2 ni
0 N Yanéet séz.
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Question 24

Score Coding | Category
3 Bl ok ¢zerine ekuvvetdieunv vikstrkamv wieytgiu |
A kuvveti uygulayan cismi dikkate alarak etikettee kuvvet !l er i
[ Burada sadece kuvvet teréeneg (yan
g°sterecek kekilde yapélan etiket]|
1+1.5=2.5 B 4 Kkuvvet.i eti ketl endirir, 3 n¢g cCci s
0.75+1.5=2.25| C 3 kuvvet.i eti ketlendirir, 3 n¢ ci s
0.5+1=15 D 2 kuvveti etiketlendirir, 2 ni cis
0.5+0.5=1 E 2 kuvveti etiketlendirirlnicdi m ¢zerinde g°sterir.
0.25+0.5=0.75 | F 1 kuvveti eti ketlendirirl ni ci si m
1 G 4 kuvveti etiketlendirir.
0.75 H 3 kuvveti etiketlendirir.
0.5 | 2 kuvveti etiketlendirir.
0.25 J 1 kuvveti etiketlendirir.
0 K Soruya verilen yanl ék yaneéetl ar
0 L Sorunun cevabéyla ilgili ol mayan y
0.75+1=1.75 M 3 kuvveti etiketlendirir, 2 ni cis
0 N Yanétséz.
Question 25
Coding | Category Sub-Category Sub- Score
Coding
Nehir durgunken karkeéya
akarken karkéya ge- me $ A1 3
- o _
Sorunun CeoIdu1unu s°yler ve a-él}
- durumdaki nehre g°re hig
A dorglolarakyazarveNehir durgunken karkéya
3léraikalama5éakarken I?arKéya ge-mg g
yapar. ol dujunu s°yler ve a-ée&lkA2 3
durumdaki nehre g°re al
yapar.
Karkél aktérmayé yanl éx B1 5
yapar
Karkél aktérmayé dojru \y
yapar yani a-éklamaséncBZ >
He m cevabék"flvr?m Ve kavra_mlar ar é
lkésména yer verir
hem de a- = - - =
B yapar, ama ikisinden Kark é | aK_t er maye dojru ya
birindehata ama a-éklamasénda soru|B3 1.25
yapar. | . . -
i fadel erine rastlaneéer
Karkél akt é@&rmayé dojru Y Ba 1
kavramlaré kull anarak Y
_Kar K_eIa_thr mae}/ea-yeak_wllaemaBS 0.25
ile ilgili dojru bilgi
A-ékl amayé eksiksiz ol gcl 2
A-ékl amayée eksi k yapar
olukturan t¢;m kawvé&rmdna ki C2 1
ilikkilerin bir késméngia
Cevap ve A-ekl amayé yanl_eK_yaparcs 0.25
. ilgili dojru bilgi ifagd
= a-eklamada = maye iT1gisiz kav
birini yapar y 9 C4 0
yapar
Nehir durgunken kaehk évy g
akarken karkéya ge-me ¢C5 1
ol dujunu s°yler.
Yanl ék cevap verir C6 0
D Cevap ve gCevabeée yanl éxk yapar ve |D1 0
her ikisini de kullanaraky anl ék yapar
tamamen yaSoruyu yanétséz beéerakeéenD2 0
veya SoOr uy
béerakér.
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Question 26

Coding | Category Sub-Category Sub- Score
Coding
A Sorunun Nehir durgunken kar k|Al 3
dojru ol gakar ken ek amrek ésyécar eg i n 6
vV e a-ékls°yler vV e a-ékl amas
eksiksiz olarakk dur umdak i nehre ger
yapar. yapar.
Nehir durgunken kar k|A2 3
akarken karkéya ge-nm
syl er vV e a-éekl amasg
durumdaki nehre g°re
yapar.
B Hem <cevalKarkél akt ér mayé yanl| Bl 2
hem de aja-éklama yapar
yapar, amg Kar Kkél akt ér may é doj r| B2 2
ikisinden birin de| eksikyp ar yani a- ékl ama
hata yapar. t¢e¢m kavram ve kavr am
bir késména yer ver.
Kar kél akt @érmayé dojr|B3 1.25
yapar ama a-ékl amase
bil gi i fadelerine ra
Kald m&t ér may é dojru B4 1
il gisiz kavramlareée Kk
Karkél aktérmayé yanl |B5 0.25
soru ile ilgili dojr
C Cevap ve|lA- ekl asmalk€i kol arak (C1 2
a-ékl amadA-ékl amayeé eksik ya|C2 1
herhangi birinf cevabé ol uktur an t ¢
yapar araséndaki ilikkiler
A-ékl amayé yanl éx y { C3 0.25
soru ile ilgiliadobla
A-ékl amayé ilgisiz k|C4 0
yapar.
Nehir durgunken kar k|C5 1
akarken karkéeya ge-m
s°yl er.
Yanl ek cevap verir. C6 0
D Cevap vefCevabe yanl é«xk yapar|D1 0
a-ékl amankavramlaré kull anar a
ikisini de amamen Sor uyu yanétséz béral|D2 0

yanl éx y
soruyu
berakeér
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Question 27

Coding | Category Sub-Category Sub- Score
Coding

A Sorununces b énAj ér ol an parakg¢gt - ¢n|lAl 3
dojru ol qul aktéjéné s°yler a-
ve a- ekl gyapar
eksiksiz olarak Aj ér ol an parackg¢t - ¢n|A2 3
yapar. ul aktéjéené s°yler a-

kullanmadhn yapar.

B Hem cevahCevabé yanl ék yazép |Bl 2
hem de a-{Ajér ol an parakg¢t - ¢n|B2 2
yapar, ama ul aktéjenée s°yler am
ikisinden birinde |yani a-ékl @mad axdara
hata yapar. kavram ve kavraml ar

késména yer verir

Aj ér ol an parack¢t - ¢ n|B3 1.25
ul akt éjéné s°yler, a

a-ékl amasénda soru i

i fadel erine rastl aneé

Aj ér ol an paraxkg¢t-¢nlB4 1
ul akt éf éné s°yler a-

kull anarak yanl ék ya

Karkél aktérmayeée yanl|B5 0.25
a-éklamasénda soru i

i fadel erine rastlané

C Cevap ve A-ékl amayé eksiksiz |C1 2
a-éklamagA-éekl amayeée eksi k yap|C2 1
herhangi birini cevabeé olukturan t ¢mn
yapar araséndaki ili kkiler

A-ékl amayé yanl ék vya|C3 0.25
soruie il gili dojru bil

A-ékl amayé ilgisiz kjlC4 0
yapar.

Ajér ol an parakg¢t - ¢nlCh 1
ul aktéejéne s°yler

Yanl ek cevap verir C6 0

D Cevap ve Cevabé yanl éxk yapar D1 0
a-ékl amankavramlaré kull anar a
ikisinidetamaren | Sor uyu yanétséz beér a D2 0
yanl ék vy¢g
SOruyu yég

berakeéer.
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SCORING RUBRICS FOR THE OPEN-ENDED QUESTION IN THE FMAT -II

APPENDIX H3

beraker.

Question 21
Coding | Category Sub-Category Sub- Score
Coding
B k¢resinin daha ©°nc
Sorunun cq§B k¢relerinin i vmel elAl 3
A doj ru ol ai etkieden net kuvvetlekullanarak hesaplar.
a-éklamasdgB k¢resinin daha °nc
olarak yapar. Sistemin ivmesinden A2 3
ivmesine ul akér .
Karkél aktérmayeée yanl
_ Bl 2
a- éklama yapar.
B k¢resinin daha ©°nc
_ _ . B2 2
a- ékl amaséné eksik vy
Hem cevabdqdB k¢resi daha °nce d
B hem de a-4A-ékl amayé yanl ék ya|B3 1.25
yapar, ama ikisindenfsor u il e il gi |l dojr
birinde hatayapar. | B k ¢ r eashian i°mcde d ¢kt ¢
a-éklamayeée il gisiz k|B4 1
yapar
KarKe!athrm_ay_e yapl B5 0.95
soru ile ilgil:i dojr
A-ékl akmayksi z ol ar ak|Cl 2
A-ékl amayé eksi k yap
cevabé olukturan t¢mC2 1
Cevap ve arséndaki il i kkileri
2 |A-ékl amayé yanl ék ya
c a-e&klamadaqg o 71 g | giliralsotjlrg °° 025
herhangi birini yapar — — - -
A-éklamayée ilgisiz Kk
C4 0
yapar
B k¢resi daha °nce d|C5 1
Yanl ék cevap verir. C6 0
Cevap ve Cevab& yaphe ve a-éek
~ b D1 0
a-ékl amandgkavramlaré kull anar a
D ikisinide tamamen |Soruyu yanétséz beéra
yanl ék yay D2 0
Soruyu yarft
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Question 22

beraker.

Coding | Category Sub-Category Sub- Score
Coding
Sistem hareketliyken T gerilmesinin daha
k¢-¢6k ol dujunu s°y|eAl 3
Sor unun c| hareketliyken T gerilme kuvvetlerinin
dojru ol albgye¢kl ¢kl erini for mg
A ve a- ekl a| Sistem hareketliyken T gerilmesinin daha
eksiksiz olarak k¢-¢k ol dujunu s°yl e
yapar. hareketliyken T gerilme kuvvetlerinin A2 3
be¢yekl ¢kl erini for mg
karkeéel akteéereéer .
Karkél akt @érmayé yanl
~ B1 2
a-ékl ama yapar
Béer akeél de &mindbinivne gahip a
ol dujunu ve ivme art
azalttéjéné s°yler a
- _ B2 2
ol dujunu a-éeékl amaz.
He m Cevabivm_esinfjfa_n gtkil_endi
hem de a- etkilediJini a- ekl am
Sistem hareketliyken T gerilmamin daha
B yapar, ama k¢-¢k ol dujunu s°yl e
ikisinden birin de ¢- < pur Y % B3 1.25
hata yapar. yapar ama a-éklamassé
bil gi i fadel erine ra
Sistem hareketliyken T gerilmesinin daha
k¢-¢k ol dujunu s°yl e B4 1
kavramlarée kull anar a
Karkél akt érmayeée yanl
a-é&kl amasénda soru i|B5 0.25
ifadel erine rastl aneé
A-ékl amayé eksi ksiz |C1 2
A-ékl amayé eksi k yap
ccvabé olukturan t¢m|C2 1
Cevap ve araseéendaki il ikkiler
a-épklamadA_éklfamayf_a y_an!éK yaC3 0.25
C soru ile ilgili dojr
herhangi birini A-ékl amayée ilgisiz Kk
yapar. - C4 0
yanl ék yapar.
Sistem hareketliyken T gerilmesinin daha
) N C5 1
k¢-¢k ol dujunu syl e
Yanl ek cevap verir C6
Cevap ve Cevabé yanl ék yapar D1
a-eékl amanlkavr aml ar éa rklud K aynaap aa
D ikisinide tamamen | Sor uyu yanétséz beéra
yanl ék ya D2 0
Ssoruyu ya
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Question 23

beraker.

Coding | Category Sub-Category Sub- Score
Coding
B k¢resinin i vmesi d
daha eekehidigks®oyl er
igf?ﬂuglgkérelerinin i vmel er i Al 3
J _ eden net kuvvetleri kullanarak hesaplar.
A ve a- ekl ag e sinin ivmesi d
eksiksiz olarak ¢res _ €s
daha erken d¢kecejin
yapar. ) ) A2 3
ivmesinden yola -éka
hesaplar.
Karkél akt érmayé yanl
- Bl 2
a-é&klama yapar.
B k¢resinin daha erk
k¢resinin daha sonra
. . oA . ~ . .| B2 2
i pin varid éjmaadibmi mia
Hem c e v ab|kullanmaz.
hem de a-|B k¢resinin daha erk
B yapar, ama a-éklamayeée yanl ek vya|lB3 1.25
ikisinden birin de soru ile il gild@i dojr
hata yapar. B k¢resinin daha erk
a-ékl amawe aiml qir €i & ulk| B4 1
yapar.
Karkél akt érmayé yanl
a-eéklamaséenda cevabe|B5 0.25
verir.
A-ékl amayé eksi ksiz |C1 2
A- ekl amayé aemk siak ékd
cevabi ol ukturan t¢mcC2 1
Cevap ve araséndaki ilikkiler
a- ékl amad/A-ékl amayé yanl éxk ya
c herhangi birini soru ile ilgili dojr|®® 025
yapar A-ékl amayé |Ig|skzy31C4 0
yapar
B k¢resinin daha er k|C5 1
Yanl ek cevap verir. C6 0
Cevap ve Cevabeé yanl ek yapar
~ - D1 0
a-ékl amanfkavraml ar é IkUKIIyaanpaarra
D ikisinide tamamen | Sor uyu yanétséz beéra
yanl ék ya
soruyu ya D2 0
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Question 24

Score Coding Category
3 A Bl okl ara etki eden 3 net kuvveti,
alarak -izer.
2.5 B Bl okl ara et ki eden 3rnpemakbwvatbgy
-izer.
25 c Bl okl ara et ki eden 3 net Kkuvvetin
yanl ék -izer.
2 D Bl okl ara etki eden 3 net kuvvetin
yanl éxk -izer.
15 Bloklaraetk eden 3 net kuvvetin b¢gyekl ¢
E -izer.
2 Bl okl ara et ki eden 2 net kuvvetin
F .
-izer.
15 G Bl okl ara etki eden 2 net kuvvetin
-irze
15 Bl okl ara etki eden 3 net Kkuvvetin
H .
-izer.
1 | Bl okl ara etki eden 2 net kuvvetin
-izer
1 3 Bl okl ara et ki eden 2 net kruvwPern g mg
-izer .
0.5 K Bl okl ara etki eden 1 net kuvvetin
0 L Soruya verilen yanl ék yaneéetl ar
0 M Sorunun cevabéyla ilgili ol mayan y
0 N Yanétséz
Question 25
Coding | Category Sub-Category Sub- Score
Coding
Sorunun ce A blojunun ivmesinin a
N ) - Al 3
A dojru ol ar[for mgl kull anarak a- @&k
a-éklamasé A blofJunun ivmesinin al po 3
olarak yapar. for mgl kull anmadan a-¢@&
Cevabé yanl é&k yazép do|Bl 2
Sistemin toplam k¢tl e
azaltacajéné dojru tah
kuvvet ve aikiméd |drk&d &n d| B2 2
H b.form(',lden ol dujunu bel
em cevablla. ekl amaz.
hem de a-é& = -
B A blojunun ivmesinin a
yapar, ama ikisinden N _ i
g a-éklamayé yanl ék yapal|B3 1.25
birin de hata yapar. | . S N . 0
ilgili dojru bilgi ifa
A bl oJ unun liavcrae]sé nnéi ns °a
. oo _ B4 1
il gisiz kavramlare kul
Ceyabe _yan!e!< yazar amg; 0.25
dojru bilggi i fadel erin
A-ékl amayeé eksiapasi z ol|C1 2
A-ékl amayée eksi k yapar
olukturan t¢gm kavram v|C2 1
Cevap ve ilikkilerin bir késmén
c a-6kl amada A; €kl amaye yanl ek yapa ., 0.25
i lgili dojru bilgi i fa
birini yapar A-ékl amayeée il i siz kav
y 9 c4 0
yapar
A blojunun ivmesinin alCh5 1
Yanl ék cevap verir. C6 0
Cevap ve aCevabé yanl émawyé@pialrgive
_ D1 0
her ikisini de kull anarak yanl &k yapa
D tamamen ya Soruyu yanétséz bérake
veya Ssoruy D2 0
berakéer.
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Question 26

berakeéer.

Coding | Category Sub-Category Sub- Score
Coding
Sorunun c/Sitemin k¢t lae sAi bdrot] @ Al 3
dojru ol ajeden net kuvvetin az
ve a-¢€éklatahmin eder a-eéekl ama
A eksiksiz olarak yapatr.
yapar. Sitemin k¢gtl esi art e A2 3
eden net kuvvetin az
tahmin eder a-ékl ama
yapar.
Hem cevab/Cevabé yanl ék yazép |Bl 2
hem de a-|A blojuna etki eden |B2 2
yapar, ama s°yler ama a-é&kl amay
ikisinden birinde |a- ékl amasénda cev adbei
hata yapar. kavramlar arséndaki
verir.
A blojuna etki eden |B3 1.25
B s°yler, a-ékl amayeée vy
a-ékl amasénda soru i
i fadel erine rastl aneé
A bl ojuna et kiazealleanc | B4 1
s°yler ilgisiz kavra
yapar
Cevabé yanl ék yazar B5 0.25
il gili dojru bilgi i
Cevap ve A-ékl amayé eksi ksiz |C1 2
a-ékl amad A-ékl amayé eksi k yaplC2 1
herhangi birini cevabi olukturan t¢n
yapar arséndaki il i kkileri
A-ékl amayé yanl ék yacC3 0.25
C soru ile ilgili dojr
A- ékléamdygi si z kavrarncC4 0
yanl ék yapar
A blojuna et Kki eden |C5 1
syl er.
Yanl ek cevap verir C6 0
Cevap ve Cevabé yanl @akmaweapadrl (D1 0
a-ékl amankavramlaré kull anar a
D ikisinidetamamen| Sor uyu yanétséz beér aD2 0
yanl ék ya
soruyu ya
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Question 27

Coding | Category Sub-Category Sub- Score
Coding
A Sorunun c/Buzdol abhenméryaFexkit K
dojru ol auygul ayacajéné s°yl e
ve a-¢€ekl a Al 3
eksiksiz olarak
yapar.
B Ekit déekéenda farklI e
~ Bl 2
a- ékl ama yapar
Buzdol abéenén Fatma vy
uyguayacajéné s°°yler ¢
yapar yani a-eékl amas|B2 2
kavram ve kavraml ar
Hem cevab késména yer verir
hem de a-|Buzdol abénén Fatma vy
yapar, ama uygul ayacaj éneé s"yleB3 125
ikisindenbirinde |ama a-ékstamasiéhdail g '
hata yapar. i fadelerine rastl ané
Buzdol abenén Fatma vy
uygul ayacajéné s°yl e B4 1
kavramlarée kull anar a
Ekit déekenda farklI e
a- ékl amasénda bilgiru i|B5 0.25
i fadel erine rastl ane
C A-ékl amayé eksiksiz |C1 2
A-ékl amayé eksi k yap
cevabi olukturan t ¢nmcC2 1
Cevap ve arséndaki il i kkitfkerdi
a-épklamadA'éklf"‘may.é yanl ek ya 4 0.25
soru ile ilgili dojr
herhangi birini A-ékl amayé ilgisiz k
yapar - C4 0
yanl ék yapar
Buzdol abenén Fatma vy
P C5 1
uygul ayacajéné s°yl e
Yanl|l ekercevap Vv C6 0
D Cevap ve Cevabé yanl ék yapar
_ - D1 0
a-ékl amankavramlaré kull anar a
ikisinidetamamen| Sor uyu yanétséz beér a
yanl éKk ya
soruyu ya D2 0
berakér .
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Question 28

Coding | Category Sub-Category Sub- Score
Coding
Sorunun c/Buzdol abénén Fat ma vy
dojru ol ajuygul ayacajéné s°yl e
A ve a-¢€ekl a Al 3
eksiksiz olarak
yapar.
Ekit déekéenda farklIl e
~ Bl 2
a- ékl ama yapar.
Buzdol abenén Fat ma vy
uygul ayacajéené s°yl e
yapar yani a-eékl amas|B2 2
kavram ve kavr aml &ir
Hem cevablkésména yer verir.
hem de a-|Buzdol abénén Fat ma vy
B yapar, ama uygul ayacajéné s°yl e
i 4 N B3 1.25
ikisindenbirin de ama a-éklamasénda so
hata yapar. i fadelerine rastl ané
Buzdol abenén Fatma vy
uygul ayacaj] émég és 9 ylIgel B4 1
kavramlarée kull anar a
Ekit déekenda farklI e
a-eékl amasénda soru i|B5 0.25
i fadel erine rastl ane
A-ékl amayé eksi ksiz |C1 2
A-ékl amayé eksi k yap
cevabée olukturan t¢ncC2 1
Cevap ve araséendaki il ikkiler
a—épklamadA'éklf"‘maye yanl ek ya 4 0.25
C soru ile ilgili dojr
herhangi birini A- émdywée il gisiz kavr
yapar - C4 0
yanl ék yapar
Buzdol abéenén Fatma vy
N~ C5 1
uygul ayacajéné s°yl e
Yanl ek cevap verir. C6 0
Cevap ve Cevabée yarl ak ékd mana y
~ - D1 0
a-ékl amankavramlaré kull anar a
D ikisinidetamamen| Sor uyu yanétséz beér a
yanl ék ya
soruyu ya D2 0
berakéer .
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Question 29

Score | Coding | Category
3 A Konumz aman gr afi | i ndzamman yeaivmaanam grafidekinin
i kisini de edojru olarak -iz
2 B Hez grafijini dojru -izer, i vme gr
C Kvme grafijini dojru -izer, heéz gr
15 D Hez grafijini dojru -izer, i vme gr
E Kvme grafijini dogjamu éxi zérzerhéz gr
1 F Héz ve ivme grafiklerinin bir késm
0.5 G Héez grafijini bir késméné dofjru -i
0.5 H Kvme grafijini bir késméné dojru -
0 J Soruya verilen yanl ék yanétl ar
0 K Sorunun cevabéyla il gild:@ ol mayan vy
0 L Yanét séz .
Question 30
Score Coding Category
3 Héza man grafijini-zakman agaatik] ik
A -izer.
15 B Konumz aman grafijinin Ato anénda
birini dojru -izer.
0 C Soruya verithren yanl ék yaneé
0 D Sorunun cevabéyla il gild@i ol may g
0 E Yanét séez.
Question 31
Score Coding Category
3 A Al i 6 nin d¢kegncesindeki yanl é
-iftlerinin farkleée cisimler ¢z
2 B Ali nin d¢ekegncesindeki yanl éké
0.25 c A-ékl amaséné yanl ék yapar ama
i fadel erine rastl aneér .
0 D Soruya verilen yanl ék yaneéetl ar
0 E Sorunun cevabéyla ilgili ol may
0 F Yanétseéz
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APPENDIX H4

STUDENTS6 ANSWERS EXEMPLI FYICNTEG@RBESERVED SUB

FMAT -|
Question 17
Sub- Examples
Coding '
@ak‘\:};,\ l bve Wit \a 3.&»301\ 6“94 Conlid \Jﬁ 2Sbe
Al ‘ « D 2 ‘jl(s:;\,\\,r
"\JBGC—\J&” \Jp\%(»\‘ T 1&3( —S\gmg a&'\a«i 3.\'(\,330( g(-)&(:k
A2 A arabasénén hézé B arabaséndan fazl a
B1 A ar arbahsézné B arabaséndan fazla ol duju
B2 Batéya hareket godjzWouzi d@diarak g°re¢r. V
B3 Batiya hareket ediyor olarak gorur. ¢
B4 Batéya hareket ediyom lgénmygmu A ;arkgb &8s §
C5 Bat é
C6 Doj u
D1 Dojuya dojru hareket ediyor. ¢¢enke B
D2 -
Question 18
Sub- Examples
Coding
(| 2 3\ e
A " : ‘,’,L C’?bf)_‘,‘f":f Ls'f» AWV e ala o1l
4 ’ \
\ VV', ‘JF' ; R | kici  20nvarbli uerclepist
& > Difian VL 5 orQlgosif bt 20 ¢ 7
M 4-3 , e Ly bimimdic Bung o a~C B orobosint A ¢ lemeis
’ (o N : ~/ : ¢
—'@-’) o Yol \n?’?(zd' 'n-f_{'j)’ i';y"'r
L% e s : ; -4 -
Batée olarak g°re¢negr -¢nkeg A ar dbasée A
A2 - N
daha heéezl éedeéer .
B1 A arabaséndaki g°zlemci B yi dojuya gi
B2 Batéya dojru gidiyormuk gi bi gor¢éngr
B3 Batéya dojru A yé dur WAydranf araktl akleyB
B4 Batéya hareket ettifjini d¢kegnebilir -
C5 Bat é
C6 Duruyor
Duruyormuk gi bi gor ¢ér. te¢nkeg ayné y°
D1 S )
duruyor gi bi ger¢rloer .
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Question 19

Sub- Examples
Coding
y/
\/t>,\ll‘31 _\/@\'W l;)aA\}Q C!Q—S,J l"o/(le’* C’,—L;pl 7)

Al S
V54u,§

£D

A2 Bat @éya hareket ediyor olarak g°rg¢r. B
A arabaséndaki g°zl emci B arabaséné b

B2 arabasénén yerdejiktirmebhs @8néar ajpbastea
k(',-(,kt(,r.

B3 Batéeya gidiyormuk gi bi geor¢ér. ¢t¢enke a

B4 Batéeya gidiyor olarak g°r¢r -¢nk¢g B d

C5 Bat é

C6 Dojuya

D1 Duruyor olarak g°r¢r. Wei-<eirikeonued Br sy

D2 -

Question 21

Sub- Examples

Coding x ;

~ = = . JuvR Jaan lal
%\—-a”‘@g kj \)x >sabt Pl by Lovet  yyqyla
S y N sablee e b (
Al o EA 0 i T des Bl qu,
& il e ed
& M\\ n
af yn \ $o st U.)‘

A2 Exkit kuvvet uygul ar . ¢¢nkyg¢ sablt héezl
06 deéer . O zaman bu kuvvetlerin exkit ol
¥rnek cevapl:

EKi, sabit hézle hareket ettijinden.

B2 ¥rnek cevap?2:

Ekit kuvvet wuygular F=ma dan.

B3 Exkit bir kuvvet uygular -¢nke¢ i p herh
-ocuk 250 N sa onu -ekmek ii-in de o k

B4 EkKit biygWkluawrviet¢ gunk¢ yukar éya dojru - €

C5 Ekit

C6 B¢y ék

D1 250 den b¢yéik ol masé gerekir. Ké- ¢k o

D2 -
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Question 22
Coding | Examples
Bl ok ¢zerine etki edvevne t4 ek iy v &ktuivvieel
belirterek tanémlar.
Yer - eki mi BUwyeatid¢gnya taraféndan uygu
2)NormalKuwet Bl oj a y¢zey taraféndan uygul
S¢rt¢e¢nme Bloyatiyegzey taraféndan uygu
4)Gerilme Kuvwveti Bl oja i p taraféndan uygul ana
veya
A s%zl ¢k (fiziksel) betimlemesini verer
Yer - eki mi Kuvveti d¢nyanén cisimlerin
yer - eki mi denir
Nor mal Kuvvet Bir ci smevvetgdemry t ar af én
S¢rtéenme Kuvvet i Temas halinde ol an i
koyan kuvvettir
Geril me Kuvveti Bir cisim iple -ekildqda
denir.
The other coding examples invloves one arenmssings in the parts of example giver
the coding A
Question 23
Coding | Examples
1)Yer - eki mGgp Kuvvet.i
2) Normal Kuvvet: iy
3) S¢rteéengme kuvveti: f
4) Gerilme Kuvveti: T
a
NBY
A
for o Tex >
< i | >
Gsp
v
B The other coding examples invlovese or more mssings in the parts of example give
the coding A
Question 24
Coding | Examples
1) Yer-eki mGgp Kuvveti
2) Normal Kuvvet: iy
3) S¢rteéenge kuvvetio: f
4) Fga
A NBV
fBY r'IFBA
Wap
B The other coding examples invloves onermre mssings in the parts of example giver
the coding A
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Question 25

Sub- Examples
Coding
Karkéya ge-me s¢resi kayé] én ne hWMaor B
noktaséna nehe\kyhmakeéyl-a nakarken dojrul tu
Al S ) -
her i ki durumda da ayné ol dujunu g°ni
azaltacajéndan karké kéeyapyadudge-eme s,
Mot orun motorun nehre g°re aldéejé yol
AD heze her i ki durumda ayni ol dujuna g°
a k. éanit <t dir
B2 tb,s¢resirésinden uzundur . ¢cenkeg nehir
-ékan sonu- nehir akarken al é&nan y ol
B3 th<t, ¢¢nkgnénda aként ér ehné-z ényag kklaarmaés éb i g e
dej i Kir.
thh<t, ¢¢inkyg, nehrin uyguladéejé kuvvet n
B4 zorl aker . Aracén hezeée sabit kal acaj én
artar.
t; =t Nehi n akéntél e ol masé kar kK é keyeéeya
B5 noktadan -ékar ama daha uzun s¢rede d
Her i1 ki durumda da bu dejikmedijinden
C5 t1 <t
C6 L=t
D1 Mot orun suya g°re h®Egaiaynaydlkguijyumay
Mesafe di klektik-e uzakl|l ék azal acakt e
D2
Question 26
Sub- Examples
Coding
Al =t di r . tada¢s,mbuorun yatay bil ekeni h
bu kuvvette bir dejikme ol maz ancak k
Mot orun nehre g°re aldejée yol nehir d
g°re heizedtirermdiak ayni ol dujuna g°re,
A2 ; _
durgunken ve akarken ayni oly=t,
B2 th=tdi r . ¢¢enke her ki harekette de al e
B3 ti=tdi r . ¢t¢enkeg akéente et ki et mez.
B4 th=tdi r . ¢¢snke¢ takkiélnit éo | hnéuzkét udra. e
C5 t1:t2
C6 t; <t
D1 t<t,¢onke akénté hézé moturun hézéné ya
D2
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Question 27

Sub- Examples
Coding ‘ L
5., | Llho cec hie, Jost
f e i | o lorpe Jendpinde
nEo o hofif. alow ho a _ :
; w le e
| R R
A2 Yo Cism  cfp dogrs wecken Tim ortarstie®
( Vb ALY liro e | r.Bu yice
(% e ) s \ ( ) 3 \
favet e C R ORI J¢ =l
2 l
B2 Daha ge- wul akér. ¢¢enke hafif ol anéen |
hezl éde@kat m b¢gy¢degk-e | imit héza ul aj
B3 Daha ge- ul aker . . Haf i f ol an parackgt
ul akmasé ge-i kir.
B5 Daha erken ulakeér -¢nk¢ ona uygul anan
C5 Daha ge- ul akér.
C6 Dahaeren ul akeéer
D1 Ayné anda wul akeér -¢nk¢ i kisine de uyg
D2
THE FMAT Il
Question 21
Sub- Examples
Coding
A k¢resine et ki eden kuvvetler; T ger
A ¢zerine etki eden net kuvvet;
Fa= T-mg=-m*an
an=g-T/m.
Al B ¢zerine etki eden kuvvet sadece d¢gn
Fge=mg=ma
% =d
ap<ayani B k¢gresinin i vmesi daha fazl ad
A nip l,iu,, 617:( 1y L bos
A2 Jdg 2 MY -k s Mo Y o hs oni € warpas v
Mgl 4 TT—
B k¢resi daha °nce yere -ywemaeki nti¢gnk
B2 . . : . : .
k¢resine yer-ekimine ters y°nde ipin
B k¢resi daha °nce d¢ker . ¢tenke bl
B3 . . . ] . .
s¢rtéenme kuvvet A k¢gresinin yere dg¢k
B4 B ke¢resi Sarscae sd, gk em.meM i ol masaydé ayn
B5 Sonra -arpar. Masa s¢rtenmeli ol duj u i
C5 B k¢resi daha °nce yere -arpar.
C6 Sonra
D1 26 side ayné anda d¢ker . tenke °nmel i
D2
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Question 22

Sub- Examples
Coding
Bérakéldéktan ©°nce
T.=mg=G=10
Al Bérakél déktan sonr a
T~ G-ma
T<G
10 N dan kg¢-¢k ol ur .
A2 ¥nce, T = 10 Sonra akajeéya dojru heézl
B2 Azal ér Bl oju tutarkenTuwtemayeeki ménake
s¢rtéenme et ki edecek. Bundan dol ayé a
B3 Ke¢- ¢kt egr, -¢é¢nke¢e sistem serbest kal ér .
Ke¢- ¢kt egr. ¥ncede n el il e blok sabit]l
B4 - . .
d¢ker gerilme kuvveti
B5 10 n a¢:eki,t sierbeét béerakéel madan ©°nce
C5 10 N k¢-¢kteor .
C6 10 na exkittir
D1 Ekittir gerile kuvvetinin form¢gl ¢ hep
D2
Question 23
Sub- Examples
Coding
A k¢gresine et ki edertkuviether:ekKimer
A ¢zerine et ki eden net kuvvet ;
Fa= T-mg =-m*a,
an=g-T/m.
Al B ¢zerine etki eden kuvvet sadece d¢gn
Fg = mg=ma
&=d
ap<agyani B k¢resinin i vmesi ddigakhea .f azl ad
Alara mes ! LR ) | AN 11,z '
L n!t./{ / " Taha buyot dup= 1
A2 Odt—ﬁ‘i 5] my | ’ g )
Myl tma M
B2 Yine °nce -arpar -¢ndedbl bjohpukeoklbebe
B3 B ke¢resi °nce de¢gker -¢nke¢g -ektiJi bir
B5 Ayné anda -arpar -¢nhke¢e A k¢egresine ve
etmez.
C5 B k¢resi daha °nce yere -arpar.
C6 Ayné anda
D1 Ayné anda yere -arparlar -¢nk¢g seégrteén
D2
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Question 24
Sub- Examples
Coding
SEEEEERENS \ ) B
O T
P L P fad b | g | C
‘-‘ l.(-x—"* 1 o1 L
A - k 9
MM EREEEEEEEEEEEE NN EEEE
Foeb A Yn. T Frebne Im. > FrnetC= o A
Em bw biy
2 L
The other coding examples invloves one or more mssings in the parts of example ¢
the coding A
Question 25
Sub- Examples
Coding
A Dletones tvmerd (olor Junbe, Torhd Y n ) Eierm
:/Mg_s“;x.‘f
Al )
" ance g - M Soncy ag - [j'\'/l = A L)cg\ﬂ‘vv\ sres]
(3"“\ C)M 7'r
B blo]unun i vme s i 2 katéna -ékarsa si
A2 bl ojunun ivmesi sistemin ivmesi il e a
B2 Azal ér -¢nk¢ganvmeéedEBe. kegtl e or
B3 Azal ér -¢nk¢g uygulanan kuvvet dej i K mi
B4 Azal ér -¢nkg¢ el ayné kuvvet. uygul yor
C5 Azal ér
C6 Ayné kal ér .
D1 Dejikmez -¢nk¢ oranlar aynée kal ér .
D2
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Question 26

Sub- Examples
Coding
Faet = ™M@ Frag = g
Al 2 X o
B b - JM F :'_‘{__ SdinundsA
T ={ e '“; ‘ S g 3
( > / < sral 7
oo acn\d A slq O‘.,D\\qu S rek , ude ‘(\/\,_.uf,(; ::”’Lt
A2 A o\ 1ol y & N 'cToZﬂw.oa et | eden wed bauvue 4
BURANY)
B2 Kvme azl déjéndan etki de azal méktér.
B3 Azal ér ¢c¢enke kutle artarsa et ki eder
azal er .
B4 Azal ér. Kuvvet arténca ivme azal ér. Kv
C5 Azal ér .
C6 Ayneé kal éer .
D1 fp - 200 . 3
__9 e ~ -} e <
D2
Question 27
Sub- Examples
Coding
Al Exkittir. Fat madénén buz dol abéna wuygul
kuvvet etkit e p K i i ftleri ol duju i-in exittdi
Exkittir. ¢é¢nke Fatma buzdol abédgea dané
B2
kadar kuvvet uygular.
B3 Ekittir. Yerinden k=é&meepkilawwadid] € i -i n el
B4 Buzdol abénén Fatmadya uygul adéejé kuvy
C5 Eki ttir.
C6 Beyeéekt gr .
D1 Buz dol abéhanbgytkesi ddpundan buzdol a
uygular.
Question 28
Sub- Examples
Coding
Al Ekitt-itepkEtkiftleri her durumda exkitti
B2 Ekittir Her ne kadar sabit hezl é
buzdodlaibreenéexki ttir.
B3 EkKittir Buzdol abénén s¢rteéenme kuvvet
B4 Buzdol abénén Fatmadya uygul adéjé kuvyv
C5 Exkittir.
C6 Ke¢- ¢kt er
D1 Ke¢- ¢kt gr ¢ ¢anskagy dké¢ -beukz doollmab & hareket e
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Question 29

Sub-
Coding

Examples

_emim gl V)

7/ N\ S |
F 4 ——— G | |
|
| | IS
v Y M
N "
2 )

—

—
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Question 30
Sub- Examples
Coding
Konum
A
{ "Zaman
Konum
B
Zaman
Konum
C
\?, "Zaman
Question 31
Sub- Examples
Coding
Newt ondun 3. Yasas é&ntdeap kd i skiunvlveertiin 2u yfg
A ol duju i-in birbirlerini g°t¢rmeyecek
yanl ékén sebebi tepki kuvvetlerinin a
B ¢cenke et ki tepki farkl e cisimler ¢zer
c Aici sme s¢rtéegnme kuvvetinin et ki et til]
kuwwetkden b¢yeé¢k ol duju i -in cisim harek
D Al i k¢t el ¢ i tmiyor ki, -ekiyor. Bu vyg¢
yalnézca. O da azdeéer.
E Hi- bir fikrim yok
F
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APPENDIX H5

THE FREQUENCIES AND THE PERCENTAGES OF SUBCATEGORIES FOR THE
GROUPSFOR THE PREFMAT -|

THE PREFMAT -I

Question 17

Group Sub-Category Frequency Percentage

Control Group 3 5.9
A2 7 13.7
B3 2 3.9
B4 2 3.9
C5 2 3.9
C6 12 23.5
D1 22 43.1
D2 1 2.0
Total 51 100.0

EM-7ELC 1 1.9
A2 8 15.4
B4 3 5.8
C5 2 3.8
C6 14 26.9
D1 24 46.2
Total 52 100.0

Question 18

Group Sub-Category Frequency Percentage

Control Group 3 5.9
A2 4 7.8
C5 2 3.9
C6 12 23.5
D1 29 56.9
D2 1 2.0
Total 51 100.0

EM-7ELC 1 1.9
A2 4 7.7
B3 1 1.9
B4 1 1.9
C5 2 3.8
C6 13 25.0
D1 30 57.7
Total 52 100.0
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Question 19

Group Sub-Category Frequency Percentage
Control Group 3 5.9
Al 1 2.0
A2 12 235
B3 13 255
B4 5 9.8
C5 14 27.5
C6 1 2.0
D1 1 2.0
D2 1 2.0
Total 51 100.0
EM-7ELC 1 1.9
A2 9 17.3
B2 2 3.8
B3 8 15.4
B4 12 23.1
C5 16 30.8
C6 2 3.8
D1 2 3.8
Total 52 100.0
Question 21
Group Categories Frequengy Percent
Control Group 3 5.9
A2 2 3.9
B2 4 7.8
B3 3 5.9
C5 1 2.0
C6 7 13.7
D1 30 58.8
D2 1 2.0
Total 51 100.0
EM-7ELC 1 1.9
A2 1 1.9
B2 3 5.8
B3 3 5.8
B4 2 3.8
C5 4 7.7
C6 10 19.2
D1 28 53.8
Total 52 100.0
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Question 22

Group Sub-Category Frequency Percentage
Control Group 3 5.9

E 2 3.9

G 7 13.7

H 4 7.8

J 8 15.7

L 15 29.4

M 3 5.9

N 7 13.7

O 2 3.9

Total 51 100.0
EM-7ELC 1 1.9

E 1 1.9

G 5 9.6

H 2 3.8

J 6 115

K 1 1.9

L 17 32.7

M 5 9.6

N 13 25.0

o] 1 1.9

Total 52 100.0
Question 23
Group Sub-Category Frequency Percentage
Control Group 3 5.9

C 2 3.9

D 23 45.1

E 3 5.9

F 10 19.6

J 1 2.0

K 4 7.8

N 5 9.8

Total 51 100.0
EM-7ELC 1 1.9

D 23 44.2

E 1 1.9

F 11 21.2

I 1 1.9

J 5 9.6

K 4 7.7

N 6 11.5

Total 52 100.0
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Question 24

Group Sub-Category Frequency Percentage
Control Group 3 5.9
A 1 2.0
C 9 17.6
D 18 35.3
E 1 2.0
F 8 15.7
I 1 2.0
J 2 3.9
K 2 3.9
N 6 11.8
Total 51 100.0
EM-7ELC 1 1.9
C 13 25.0
D 15 28.8
E 1 1.9
F 7 13.5
H 1 1.9
I 1 1.9
J 1 1.9
K 5 9.6
N 7 13.5
Total 52 100.0
Question 25
Group Sub-Category Frequency Percentage
Control Group 3 5.9
B3 6 11.8
B4 26 51.0
C5 5 9.8
C6 3 5.9
D1 7 13.7
D2 1 2.0
Total 51 100.0
EM-7ELC 1 1.9
B2 1 1.9
B3 8 15.4
B4 25 48.1
C5 4 7.7
C6 3 5.8
D1 8 15.4
D2 2 3.8
Total 52 100.0
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Question 26

Group Sub-Category Frequency Percentage
Control Group 3 5.9
Al 1 2.0
B2 2 3.9
C5 1 2.0
C6 5 9.8
D1 37 72.5
D2 2 3.9
Total 51 100.0
EM-7ELC 1 1.9
Al 5 9.6
B2 5 9.6
C5 4 7.7
C6 6 11.5
D1 25 48.1
D2 6 11.5
Total 52 100.0
Question 27
Group Sub-Category Frequency Percentage
Control Group 3 5.9
A2 3 5.9
B2 6 11.8
B3 1 2.0
C6 5 9.8
D1 28 54.9
D2 5 9.8
Total 51 100.0
EM-7ELC 1 1.9
B2 2 3.8
C5 1 1.9
C6 8 15.4
D1 35 67.3
D2 5 9.6
Total 52 100.0
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APPENDIX H6

THE FREQUENCIES AND THE PERCENTAGES OF SUBCATEGORIES FOR THE
GROUPSFOR THE POFMAT -I

THE POFMAT -I

Question 17

Group Sub-Category Frequency Percentage

Control Group Al 1 2.0
A2 13 25.5
B2 2 3.9
B4 1 2.0
C5 6 11.8
C6 12 23.5
D1 16 31.4
Total 51 100.0

EM-7ELC Al 15 28.8
A2 23 44.2
Bl 2 3.8
B3 1 1.9
B4 1 1.9
C5 2 3.8
C6 2 3.8
D1 6 115
Total 52 100.0

Question 18

Group Sub-Category Frequency Percentage

Control Group A2 8 15.7
B2 1 2.0
B3 1 2.0
C5 4 7.8
C6 14 27.5
D1 23 45.1
Total 51 100.0

EM-7ELC Al 11 21.2
A2 26 50.0
Bl 1 1.9
B2 3 5.8
B3 1 1.9
C5 2 3.8
C6 2 3.8
D1 6 11.5
Total 52 100.0
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Question 19

Group Sub-Category Frequency Percentage
Control Group Al 4 7.8
A2 18 35.3
B2 4 7.8
B4 5 9.8
C5 16 31.4
C6 2 3.9
D1 2 3.9
Total 51 100.0
EM-7ELC Al 11 21.2
A2 27 51.9
B2 4 7.7
B3 2 3.8
B4 1 1.9
C5 6 11.5
D1 1 1.9
Total 52 100.0
Question 21
Group Sub-Category Frequency Percentage
Control Group Al 1 2.0
A2 1 2.0
B2 9 17.6
B3 1 2.0
C5 8 15.7
C6 5 9.8
D1 25 49.0
D2 1 2.0
Total 51 100.0
EM-7ELC Al 19 36.5
A2 11 21.2
B2 14 26.9
B4 1 1.9
C5 5 9.6
D1 2 3.8
Total 52 100.0
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Question 22

Group

Category

Frequency

Percentage

Control Group

2.0

15.7

2.0

13.7

5.9

19.6

13.7

17.6

3.9

5.9

tal

o

100.0

EM-7ELC

W

25.0

5.8

N

23.1

1.9

15.4

1.9

7.7

3.8

5.8

1.9

3.8

1.9

D|Z|r|Re|T|O|MMO|O|@| > d|Do|ZZr X <lT|Io|m

1.9

—

otal

QR INPFPWINIARFRPOOIRP R WEROWINONRPRIWINF(O|-

100.0

Question 23

Group

Category

Frequency

Percentage

Control Group

5.9

45.1

5.9

11.8

2.0

2.0

5.9

7.8

2.0

z|z|x|w|—|z|mmlolo

11.8

Total

100.0

EM-7ELC

42.3

44.2

5.8

5.8

1.9

100.0
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Question 24

Group Sub-Category Frequency Percentage
Control Group A 2 3.9
C 18 35.3
D 12 23.5
F 5 9.8
H 1 2.0
I 1 2.0
J 1 2.0
K 5 9.8
M 4 7.8
N 2 3.9
Total 51 100.0
EM-7ELC A 35 67.3
B 1 1.9
C 10 19.2
D 4 7.7
F 1 1.9
N 1 1.9
Total 52 100.0
Question 25
Group Sub-Category Frequency Percentage
Control Group A2 1 2.0
B2 2 3.9
B3 1 2.0
B4 16 31.4
B5 6 11.8
C5 8 15.7
C6 2 3.9
D1 14 27.5
D2 1 2.0
Total 51 100.0
EM-7ELC Al 10 19.2
B2 9 17.3
B3 3 5.8
B4 6 11.5
B5 18 34.6
D1 6 11.5
Total 52 100.0
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Question 26

Group Sub-Category Frequency Percentage
Control Group Al 5 9.8
B2 4 7.8
B3 5 9.8
B4 1 2.0
C5 6 11.8
C6 8 15.7
D1 21 41.2
D2 1 2.0
Total 51 100.0
EM-7ELC Al 34 65.4
A2 1 1.9
B2 7 13.5
B3 1 1.9
C6 2 3.8
D1 7 13.5
Total 52 100.0
Question 27
Group Sub-Category Frequency Percentage
Control Group B2 3 5.9
B3 4 7.8
C5 1 2.0
C6 13 255
D1 29 56.9
D2 1 2.0
Total 51 100.0
EM-7ELC A2 20 38.5
B2 14 26.9
B3 3 5.8
B5 6 11.5
D1 9 17.3
Total 52 100.0
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APPENDIX H7

THE FREQUENCIES AND THE PERCENTAGES OF SUBCATEGORIES FOR THE

GROUPSFOR THE POFMAT -lI

POFMAT -II

Question21

Group Sub-Category Frequency Percentage

Control Group Al 2 3.9
A2 1 2.0
B2 12 23.5
B3 28 54.9
B4 2 3.9
B5 1 2.0
C5 1 2.0
C6 3 5.9
D1 1 2.0
Total 51 100.0

EM-7ELC Al 6 115
A2 5 9.6
B2 16 30.8
B3 19 6.5
D1 5 9.6
D2 1 1.9
Total 52 100.0

Question 22

Group Sub-Category Frequency Percentage

Control Group B3 3 5.9
B4 17 33.3
C5 7 13.7
C6 4 7.8
D1 18 35.3
D2 2 3.9
Total 51 100.0

EM-7ELC Al 5 9.6
A2 1 1.9
B2 5 9.6
B3 5 9.6
B4 6 11.5
B5 1 1.9
C6 5 9.6
D1 23 44.2
D2 1 1.9
Total 52 100.0
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Question 23

Group Sub-Category Frequency Percentage
Control Group B2 3 5.9
B3 10 19.6
B5 1 2.0
C5 5 9.8
C6 11 21.6
D1 20 39.2
D2 1 2.0
Total 51 100.0
EM-7ELC Al 1 1.9
A2 3 5.8
B2 4 7.7
B3 3 5.8
B5 5 9.6
C6 1 1.9
D1 33 63.5
D2 2 3.8
Total 52 100.0
Question 24
Group Category Frequency Percentage
Control Group A 1 2.0
D 1 2.0
G 1 2.0
H 15 29.4
I 1 2.0
K 10 19.6
L 16 31.4
N 6 11.8
Total 51 100.0
EM-7ELC A 20 38.5
B 1 1.9
E 1 1.9
F 2 3.8
H 19 36.5
I 2 3.8
K 4 7.7
L 3 5.8
Total 52 100.0
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Question 25

Group Sub-Category Frequency Percentage
Control Group Al 1 2.0
B2 20 39.2
B3 5 9.8
B4 9 17.6
C5 1 2.0
C6 4 7.8
D1 8 15.7
D2 3 5.9
Total 51 100.0
EM-7ELC Al 15 28.8
A2 11 21.2
B2 13 25.0
B4 1 1.9
C5 1 1.9
D1 10 19.2
D2 1 1.9
Total 52 100.0
Question 26
Group Sub-Category Frequency Percentage
Control Group A2 2 3.9
B2 3 5.9
B3 4 7.8
B4 5 9.8
C5 5 9.8
C6 10 19.6
D1 20 39.2
D2 2 3.9
Total 51 100.0
EM-7ELC Al 4 7.7
A2 9 17.3
B2 2 3.8
B3 2 3.8
B4 3 5.8
C6 2 3.8
D1 30 57.7
Total 52 100.0
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Question 27

Group Sub-Category Frequency Percentage
Control Group Al 16 31.4
B2 4 7.8
B3 1 2.0
B4 13 25.5
C5 2 3.9
C6 4 7.8
D1 11 21.6
Total 51 100.0
EM-7ELC Al 33 63.5
B2 4 7.7
B4 4 7.7
C5 3 5.8
D1 8 15.4
Total 52 100.0
Question 28
Group Sub-Category Frequency Percentage
Control Group Al 7 13.7
B4 3 5.9
C5 3 5.9
C6 8 15.7
D1 30 58.8
Total 51 100.0
EM-7ELC Al 29 55.8
B2 1 1.9
B3 1 1.9
B4 13 25.0
C5 4 7.7
D1 4 7.7
Total 52 100.0
Question 29
Group Category Frequency Percentage
Control Group A 2 3.9
B 6 11.8
D 1 2.0
E 1 2.0
F 4 7.8
G 9 17.6
H 12 23.5
J 16 31.4
Total 51 100.0
EM-7ELC A 29 55.8
B 6 11.5
C 4 7.7
D 2 3.8
E 1 1.9
F 1 1.9
H 5 9.6
J 3 5.8
L 1 1.9
Total 52 100.0
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Question 30

Group Category Frequency Percentage
Control Gioup A 23 45.1
B 6 11.8
C 21 41.2
E 1 2.0
Total 51 100.0
EM-7ELC A 37 71.2
B 6 115
C 8 15.4
E 1 1.9
Total 52 100.0
Question 31
Group Category Frequency Percentage
Control Group B 1 2.0
C 2 3.9
D 35 68.6
E 5 9.8
F 8 15.7
Total 51 100.0
EM-7ELC A 15 28.8
B 10 19.2
C 12 23.1
D 13 25.0
F 2 3.8
Total 52 100.0
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APPENDIX |

CLASSROOM OBSERVATION CHECKLIST

No | Maddeler

[}
= Q
§lola
T g T
1 |¥Jrencilerin konu hakkéndaki -Binl if
y°nlendirmeler yapél éyor mu?
2 |¥Jrencilerin konu hakkeéndaki géng
bilgilerinin fatbkénascsedr nahibbhee e
3 |¥Jrencilerin konuya il gi duymal ar
4 |¥jrenciler grup ar kadakl!l ar ébyillai kg
ve/ veya epistemolojik y°nlendir meg
5 [¥Jrencilerin wriumoHakk&aredaa tbd hr midn
mu?
¥ renciler tahminlerini test edec
¥ retmen deneylerden °nce konuyu
¥jrenciler g°zlemlerini ve deney
me ?
9 |¥Jrenciler elde ettikleri sonu-1 ¢
10 |¥Jrenciler tahminleri il e deney s
nedeni ni bul maya -al ékéyorl ar meé7
11 | ¥Jrencilerin kekif badama] e@ndarel
tartéekmasé ¢st biliksel vel veya ¢
12 | ¥Jretmen °Jrencilerin g°zlem ve g
hakkénda bilgi veriyor mu?
13| ¥Jrencilerin konuwuih adkekn&reda doujrruem ¢
sajl anéyor mu?
14 |¥Jrenciler konu hakkéenda probl eml
I5|¥jJrencilerin konu hakkénda °jrenc
sajlanéyor mu?
16 |[¥Jrencilerin sezgieseél ibiel giyluent iun i
aktiviteler yapéléyor mu?
17 |¥Jrencil erin hatalaréné analiz et
18 | ¥Jrencilerin °jJrendikbielriimmseldey el
epistemol oji k #YyokremdPr mel er yapé€
19 |¥Jrencilerin sezgisel bilgilerini
°devlier veriliyor mu?
20 |¥Jrencilerin kendi °jJrenmel eri ¢ 2
mu?
22 |¥J retmen -oJunluklary°nlendirici
23 [ ¥Jretmen -oJjunlukla bilgi aktar ar
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APPENDIX J

ACTIVITY SHEETS

n >
o
=0T

ve Soyadeé:
f.

ETKKNLKK 1

. Nel eri Biliyoruz G°sterelim

A. Bireyse)Akajeaca&hiézsorul aré grup ol akesink tart é
fikirlerini belirtmesini bekliyoruz. D¢Keén
de¢kende] ¢negze belirtiniz.

1. Kuwvvet nedir?

2. Hangi cisimler kuvvet uygulayabilir?

3. Kuvvet te¢erleri nel erdir?

4, Kuvvetin cisimleri czerinde etkileri nel erdir

5. Kuvvetimmi®°zneellleirkdliee ? (vekt©°orel mi yoksa skal et

6. Bil exke kuvvet naseél bulunur ?

B. (Grup ol ar)aBku -sealré&udémréz verdijiniz ya nétlara v e
dijer bilgilere dayanar ak KUVVET Kaveaknk é n d a I
haritalarénézé sizp verilen bok ©j éda -izini

II. Newt on Gi bi D¢kenelim
inl ¢ teabk- Newtondun el ma hi kO©yesini bil meyen

iBir ge¢n | saac el ma ajacénén alténda kitap okt

¢oju insan bi-ig°sémamdabugol ay Newton i-in hi
El manén d¢kmesine neden olan etken acaba gezegenl
y°r¢ngelerinde tutan etkenl e ay 1i 2 Bu
d°neminde b¢yéek ¢ne kavarkdan Na) er i ns
°nemli °czel lijJi g° z | e mlnpedérlefini ol ayl ¢
sorgul amadededre el ma d¢kegyor ? Ge ayda n
edebiliyorlar?

Newton gi bi -evremizde g°rd rtek b
fiziksel ol ay | asréédn nneeyddeannlae rg enli d rgul am
fiziiji daha ivyi anl amaméza ve ° yardéem

Bugg¢n yapt éj emez aktivitel ml edi J i
nedenl erini sorgulamaya bir back caj éez.

11 . Araktéral ém
Gerekli Malzemeler:
e Pinpon Topu
e K¢sk Araba
Akajéda A ve B késémlarénda sizden istenenler
tartékarak yanétl ayénéz.
A. Pinpon topunu bel i bir ye¢kseklikten serbest b

1.Pinpon topunun yyeapet &j¢ék ¢hnacreeykee tkia dtaaan éml ay éné z.
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2. Pinpon topunun bu hareketine neden olan etken ne olabilir?

B. Arabaya masa ¢zerinde anl ék bir itme uygulayén ve
1. Araba nasél bir hareket yaptée tanémlayénéz
2. Bu harekete neden olan etkasolabilir?
IV.D¢kegnecel eri miozi Payl akal ém
e Sénéf Tartékmaseé
A. (Grup ol ar)akBi-ladiéjkiémiézz kuvvet t¢rl eri nel erdir? B
genel de hangi harflerle g°steririz?
V¥jrendi kl erimizi Pekiktirelim

A. kekil deki gi buir amasha r¢ ZKertiarbcke dd kkat e al arak akaj éd
B.

Fizi k K|t

1. Bireysel ol arak masa ¢zerinde duran kitaba et ki e
(Kpucu: D¢ken pinpon topuna etki eden )yer-ekimi Kkuvve:
2. Grupolarak art ekt éktan sonra kitaba etki eden kuvvetl e

e Sénéef tartékmaseée

3. Grup olarak belirledijiniz bu kuvvetl eri akaj eda

e Sénéef tartékmaseée

Biraz ©°nce tahtaya -izdijimiz diiyyaagorsagam® k uv v et di
ilgilenilen cisim ¢sgzerine etKki eden kuvvetl eri gester

¢oju kez kuvvetlerin (1) hangi t ¢er ol duj u, (2) k u
uygul ayan ci s netkilendidgmesiy ame k kuvivatl erin ulumbif | erl e g°ste
kuvvet diyagramé -izmek i-in olduk-a yararl éder
¥rnejin D¢nyanén kGprbhl updal adeket kemdetilir

e Siz de bireysel ol ariak dijJer kuvveti etiketlendir

e Grup ol arak tartékteéekiz.an sonra kuvvet. eti ketl end

e Sénédédkmasg é
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e Sénéf tartékmaséndan sonra etiketlendirdijiniz

Fizik K|t

VI . ¥jJrendiklerimizi Geni kl etelim (Esn
Bir °nceki derste masa ¢(zerinde duran bir K i
glsterdik.
A NKM
I: KD
Ama masanén kitaba kuvvet uygulamasé, -o0oju °jJre

e Sénef Tart ékmase

Akaj éda i ki ©°Jrencinin masanén kuvvet wuygul amas

Sevgi:Bi z kuvvet. bir ci smigwlbmakl & hbitrmec ivseiym ¢ z
tanémladeéek. Ama masa benim kitabe itmem g
kuvvet uygul amasé bana mantékl é& gel miyor.
engelliyor.

Ufuk: Sana kateéel éyor um. bgneagaerfaje &da&l omskiin i
kuvvet 5 N oluyor. Ej er kitabén ajeéerl éeje
nor mal kuvvet kitaben ajérlejéna g°re kend
kuvvet uygul amasé ¢ emcerkasa bl kadar zeknadamaze n bi | iy

A.

Sevgi ve Ufukodéun ©°ne s¢rde]eé deéekegncel eri di k

masanén Kkuvvet uygul ayabil ecej]i fikrinin sez:

araxkteéeral eém.

1. (Grup ol ar)aXat-aayl éxiérn ézemi n ¢zerinde sékéxkteér
koyup, yayé serbest beér akt é Isazgisel olaraynaryaed nbl o] u
bl oj u ittiJini, yani bl o] a bir kuvvet uy
dé¢kegncel erni noi zkie kviel dneeddeg, Kk ¢ nd ¢ é¢n¢gzeé¢ a-éekl aye

2. (Grup ol ar ak Bal e k°éenncéezk i etkinlikteki gi bi
sékekteéeréel mek bir vyvayén °n¢gne bl oju koyun
°n¢gnde bl o] u dBezdiselromiakage n- abll éokjéun .i t t i ] i ni y a
kuvvet uygul adéjéenée s°yleyebilir miyi z? Ke
déekende] ¢negze a-éklayéneéez.

3. (Grup olarpk Yayexkémneéz zemin ¢(zerinde d¢key
i oju

izerine bl o] ua kyaya k s a n Beegieeh olarakyraaykéénn . b | o]
yukaréeyattdiyjammi bl oja bir kuvvet wuygul adéfj ér
dé¢kegncelerinizi ve neden o kekilde degkegnde]

4. (Grup ol ar)a.k Biarl é°%necneekzy ag & kbnt i kemkn gekériind
tutun ama Ki mdi yayeé s ékSergiset olaralydhg/ré n¢, d roij nue
yukaréyatdojruoi, yani bl oja bir kuvvet uygl

celerinizi ve ned-eak loBxakkik? 2 Btkindke Kk ¢ nd ¢ ]
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énda benzeanlliakmakmérznéa kk od laayfEdalkit relr ialctaek t yay én e
haline d°nmesini engelleyen bizim elimizken, bu
[

enge eyen blojun ajérl éejéedeér

5 (Grup ol arak. -&aiamdengay ¢(zerine daha ajér bir bl
gzl emleyelim. Ajér blok yay ¢zeridahdeyken, vyay
b¢yykkareya dojru bir kuvvet uygul ayacajéné nas
nedm o kKekilde d¢kegndegj ée¢negzeg a-éklayéneéez.

.Dokuzuncu sénéfta b¢ten katélarén azda ol sa esne
yay gi bi esneyebildijine g°re, masanén Kkitabe it
getirebilir nmijsiikniez ?d eBaskikna bbaikré ndda Sevgi énin °ne
uygul amasénén mant R&itbd é&olamadkd jagma glarpiakgrnd r mi si ni

.Daha ajér bir kitabé masanén ¢zerine koydujumuzdeze
uygul ayacaj emBakkar chanmr Wdieljiirkd e Ufuk dbédun d¢gkegncesi
a-éklama nasél getirebilirsiniz?

.Bug¢nkeg dersimizin ana fi kri sizce nedir?

Senéf Tartékmasé
VIL¥] rendi kl erimi zi Dejerlendirelim

ki mdi dersin bakéErdal dulupnuw &é&za geriveiteeechnar i t al ar
Kavram haritasé -izerken tartéktéjénéz sorul are
sonunda sorulara wverdijiniz yanétlara ve kuvvet
dayanarak kavram har it akietelaiaizegdemrenklilkalemide J i ki k1 i kI e
vyapéneéez.

Yaptéjéenéz deji

Ki klikleril/leklemeler.i vV e ni -in bu
kavram haritaseéneén

arkaséna yazeéneéez.
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A
S

[N
S5 M

ve Soyadeée:
ef:
ETKKNLKK 2

Bu etkieml baj&iz#ezée °jJrenmeni
°nl e

yanénda hatalar
hat al aré yapmayé I i

n
meye yardémcé bir metot ©°7Jre
. Nel eri Biliyoruz G°sterelim

A. Bireyse). -Akeakeaa@ki sorul arnédkk éndiae diclkgencel e
déekéehdnyazénéz.

1. Hareket |l bir cismin héeézé bakka bir cisme g°r
vererek a-éklayénéz?
2. Hat alareméz hakkénda d¢keéenmek °nemlii mi dir? C

B. (Grup ol ar)ak ¥ uwK @rk@&daaktecadEamr wliar é&s otr u hakkéendaki
birbirinize belirtirken n e d e n odxeknddgijegnegze gruptaki ar kada
GRUPLA TARTI kTl KTAN SONRA BKREYSEL OLARAK
DEJKKTKRMEYKNKZ.

. Arabal arén ¥I| - ¢kléelna kHéézrlaadrééemm é Kar

A.Bireysel Akajled&khiezy- durumdaay e ab apalkleig kthe r a rdie
ver
o -

erilerek harekete ge-iriliyor. Buna g°re her du
I il en hezl aréeneamxtbgepkleékINerdienni ok ak &«leil | de kar
Hareket detekto°orl ¢ B arabaseée 11 Jve 111 duruml ar é

I A arabasé duran hareket detektorl ¢ B arabaséna
_

1

. A ve B ar abekdtadiyotkkenz €t y°nde ha

M. A ve B arabalaré ayné y°nde hareket ediyorken

4—
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M. Arakt éral ém
A. kimdi yukar édaki ¢ - dur, tahminlerthiecitegt gdie.! yol |l a i ncel ey
Malzemeler:
e Bilgisayar
Har eket Detektor ¢
Arabirim
Logger Pro progr ame
Araba (2 adet)
Ray
I . Dur um: Hareket Detekt®°rl ¢ Araba Hareketsizken
V Hareket detekt°r ¢nyg bir araba iszerine kay ma
durumdaki d¢gzeneji Kurunuz.
V Arabiri mi bilgisayara vV e hareket detekt®or ¢n,
KANALI NAy draj | a

V iToptaeuna bastéktan sonra hareket detektorl
hareket detekt°rl ¢ arabaya dojru itiniz.
D¢zgen bir grafik olukuncaya kadar s¢reci tekrar
detektor¢negn ©°ng¢gncdced meid-i JKinmseeaniemi ma rod kuentu z

1. A arabasénén ort-abama héaéngiodewangahaz!| anarak bu

Vor =
1. Durum: Arabalar Zét Y°nde Hareket Ediyorken
AV durumda verilen deney d¢gzenejini kurunuz.
V ATopill at ukuna bastéktiamnmceamndraa buhaypwy@anhar abkl ar é
dojru itini.z.duA uanrdaltkas éhreézal yakén bir héz vere
gesteriniz

1. A arabasénén ortalama hézéné grafikten bulunuz.
Vor =

I'1'l1. Arabalar Ayné Y°nde Hareket Ediyorken
V Hareket debabhy®rgpazyéa ortaséna hareket det ek

bakéna yerlexktirerek 1 11. durumdaki deney d¢ze
V AToptavwuna bastéktan sonra arabalaré ayné y°n
durumdaki hezl aréna yeaeké&n °lziern gz tweariend ek «keki
1. A arabasénén ortalama hézéné grafikten bulunuz.
Vor =
IV.D¢kencecel erimi zi Payl akal ém
e Sénéf Tartékmasé
Hat al aréeméezé Anlayal ém
Buge¢n bu derste i Hata Yakal amaodo stratejisi ade
stratej vy i hat alarémézeé belirlemek ve onlaré gelecekte te
Hata yakal ama stratej ihsaitnadyeé tneiky ey aypanpatnés zé ngerée kaennl,a ma
hatayeé tekrar vyapmamak i-in si zicehatnaiyzai gd°¢tkeéérnemme kdtéiKreé. n
ki mdi AfHata Yakalamaod stratejisini deney yapar al
karkél aktérdéjénéez soruya uygulayal ém.
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1. Efer A arabasénén hézlaréné denéek ®sbavakamén
hat a yaptwed éné&az nci ol ar ak da si zi hataya
deji ktiyezehéni zi

B soru i-in °rnek cevap akaj] édaki Kekil de ol abil

A arabasénén hézénén g°zlendili referans sitemin

é - duraamha@azIldaréen exki't ol acajéeneée d¢gkegndgm. Ama ar

bajl & ol dujundan her ¢- durum i-in bulunan heéz de
V. ¥frendi kl erimizi Pekiktirelim

Grup ol arak akajédaki sorularé cevaplayénéz

1. Biryo | czerinde A arabasé 10 m/s héezla dojuya
ise 20 m/s hézla batéya gitmektedir.

S e S _
C:Bj é\

a) A arabasénén hézé B arabaséna g°re nedi

r ?

A arabaséna g°re nedir?

(0]
>
(¢
=
>0
(0]
N
(¢

b) B ar abaseé

ennéd ger 8 headbahadier ?

)
>
D

c) C arabase

d Arabalar birbirini ge-tikten sonra A arabasén

2. Suya g°re héezée 2v olan bir gemi ile bir yunu

eden bir motosikletli yunusduruyor gibi g © r ¢ yuausun suyag® r e hézée v ol du
g°re, motosikletin gemiye g°re hézé nedir?
VI. ¥ rendi kl eri mi zi Geni kl etelim

A. ki mdiye kadar hep aynée dojrul tudaki hareket|I ¢
eden cisimlerin birbirlerdaiduh&lzé mr @&né nasél
1. Grup ol ar)ak kealielkeenég®r ¢l de] ¢ gi bi A arabase
ederken B arabasé kuzey y°n¢gnde 40 m/ s il erl

€ B arabaséna g°re nedir?

(o]}
N

a) A arabasénén h

nghéerénAdar&baseéna

(¢}
=
M

b) B arabasé
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2. (Grup ol ar)a.k Nelhréex éqm®%rze 4 m/ s sabit hézé olan bir
m/s sabit hézlé bir nehrin akék y°n¢gne di k ol acak

8

Vav=3

!
00
" VKN:4

A

a) Kayéjén yere g°re hézé ne kadardér?

b) Kaykk&kr ké kéyéya ne kadar s¢rede -ékar?

c) Kayék B noktaséndan ne kadar wuzaja s¢reklenir?

d Kayék A noktaséndan B noktaséna gitmek i-in «kek:
bu yolu izleyebil mesi i-in y°n¢gnde dejikikIlik vy
karkée kéyaya ge-me s¢resi dejikir mi? A-éeklayeéen

B. Sezgi sel Bilgiler ve Bajél Héz
1. (Bireysgl -Aalveek@&8néz abal arénén 1 saniye zaman ar al
numar al anmék kar el erdlog ugo®jsrtue rhialredifteetti re.t nmerkatb al ar

A ) 3 - 9 8
m m
]

!

T
|
7 8

a) Sezgisel olaraBanénda B ar abdaogéuyAa anea bhaasrérkee t ediyor, |
hareket ediyor yoksa duruyorl ar ak mé g°r ¢r ? Cevabénézé a-éklay

b) Konum ekseninde her k¢-¢k aralek 5 m ise A ve B

c) Buldih unuz dejerl esghes @8plaanyeénndéazk.i Bwul dujunuz sonu-
cevabénézla tutarl é& mé?»
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ile Fizik Tutarséz Oldujunda Ne

C. Sezgilerimiz
¢oju °Pnédeciol an dah@i shénzel esl@&hmi gestgisel olaraBi r a z 0
i Jimiz yanét eéen baj el héz forme¢gl ¢neg kull anar ¢
KKi czerinde biraz d¢gkenel i m.

1. Bireyse). -Akékedakilerden hangi si bu tutarséz
Keki laeieBigPdeén fazla se-enek se-ebilirsiniz

a) Bu gi bi tutarsézl ékl ar czerinde d¢gkegnmek ger
°J‘renmek yeterlidir.

b) Nasél apélacajéné bilmiyorum ama bafjél hez f
muhtemdeen bir yolu varder.

c) Fizik ile sezgilerimiz -ojunlukla birbirler:i
sezgilerimiz araséendaki uyumsuzluk -ok belir

devam et mek

zorundayéz.

Cevabénéezé a-éklayéneéez.

2. Ceapl arénézé gruptaki arkadakl arénéezla tarteéecx
i -inde farklé d¢keéegnenler var meée?
D. Sezgi sel Bilgilerimizin Arétél masé
Baj el héez °mhamnanl ¢d ailaestdi@gli énd &r ar asénda uzl akt
oduj unu kabul et znheadket né r°nac eSS & zag fiefj & rsii ra d&r &ted ldmg 3 and
bir stratejiyi uygul ayal &m.
1. A ve B arabalarénén 1 saniye zaman aral ekl e
karelerle g°steridojirku ihrar eAkreatb ael tame kdtod duiyral er .
—
A 2 3 4 5 b
u [ [ [ H |
|IIII|IIII|IIII|IIII|I|II|IIII|
|IIII|IIII|IIII|IIII|IIII|IIII|
| | | | | |
B 1 2 3 4 5 B

a) Sezgisel olaralBanénda B ar ahldoogéuyA anéa bhaasrérkéet edi vy
hareket ediyor yoksa duruyorl ar ak mé g°r

or? Cevabénezée a-

b) Konum ekseninde her k¢-¢k arail?ek 5 m i se A

c) Bul dujunuz
daha heéezl

e

dejepgheshpl 8yamendaBRul ujunuz so

e Sénef Tart ékmase

2. (Grup ol arJakndal ekanéa ahaz dhiezdled@irl gi si ni k u

-°%zdklkk. soruda bu sezgimiz bizi yanl €k sonuc:
glete¢erdeg .°n@ehallder sabhgi h&€lzl Bidlegi si hakkénda n
mé, dojru mu, yoksa bakka bir kxey midir. A- &

e Sénef Tart @ékmaseé
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3. (Grupola ak -pnp¥edaéneékan dsaehzagilséed| ebdiélrgi si fizik dersi
olukan ham bir sezgi midir? Yoksa fizik dersi al
mi dir? Ejer ham ise onu nerden °jrendiniz?

4. Hangi durumda A arBabamsé&ma nkaldaanéyedrachej i Kt i r mesi

yerdejiktirmesinden b¢gy¢gktegr? Bunu A arabasénén h

e Séneéef Tart ékmase

Ar ét ma Diyagr ameé

¥nde ol an sahagi iezil eakaj édaki gibi iki kekilde arétab
Ham Sezgisel Bilgi ¥ndé am daha hi
Ay nE zamada®ardel ¥nde ol an he
Ar Et E] mEJf se [|0andahafazla daha hEz| EdE

verdeki detyiapme& |
dahah Ez | EdET .

5. (Grup ol ar)a.k ¥ uwK a@&rkeehakzi areteéel méek sezgilerden hang
i -erisindedir?

6. Bug¢nky¢ dersin ana fi kri nedir?

e Sénef Tart @ékmaseé

VII. Kendi mi zi Dejerlendirelim
1. (Grup ol ar pk Baj ek é meéz konusuBial i byaokluazr k@ns tfeNeell a1
kesménda tartéktejeéenéez sor Hear ébitre ksraarru kheankdki € nadrac
de¢kegncelerini zi bheteni nd zegexlpielddd ¢t hgken grupt aki
arkadaxkl|l arénérzap aele&kil alyéhambi & k tsoktuani -3 oinrgar utheurn o
d¢kegncelerini yazéneéez.

2. Bireysel).h. NehkbekemBdd i yokasgmée®odsat ebbel smrul ara bireys
verdijiniz yanétlarla ki mdi grup olarak tarteéekték
mé ? Vafrasrak Ib&uj én ne Kenidmait ab &laikratd iamiaz Bt).r@t ej i si ni U
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Adé ve Soyadeée:
Séeneéef:
ETKKNLKK 3
. Nel eri Biliyoruz G°sterelim
A. Bireysel). - aAlkeag éndéaz i sorul ar makled@&ndoa kdekkiglno

d¢ Keénd ey a,zné eéiz .

1. Birkut u, bir y¢zey ¢zerinde bir i p yardéméyl a
durumdai pin kutuya uygul(&fejy&zegi inl rkat kyav aityig
kutunun hareketine z@theiyarkt qpreme, rk ukv,e téikn degn
e kmidir?

2. Ayné kutu s¢rtenmesi oz yégzey ¢zerinde sabit
a) Kutunun ivmesi artar mé, azal é&r mé, yoksa
b Hezé artar mé, azaleér mé yoksa sabit mi d

3.Ayné kutu i Kki kat kbvdeilereir@kilirse ivmesi

B. (Grup ol ar gk Yalkak @adaxKi Hemrul b é $ ar u é kheankékz

d¢kencelerini zi bhebenind zewaxlhiaeldied ¢t ngken gr u

arkadaxkl|l aréneéeza a-éklayénez. GRUPLA TARTI KT

VERDKKEK CEVAPLARI DEJKKTKRMEYKNKZ.
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1. Siz Nedenini Biliyor musunuz?

Fizik bunun

cevabEnE
Bu etkinlikte bu
cevaba

Bu taleE
zor hareket

ettiriyorum.
Neden?

Bu taleE
kolay hareket

ul al acakeE

ettiriyorum.
Neden?

Gerekli Malzemeler:

Bilgisayar

Arabirim

Har eket Detekt?Oor ¢
Kuvvet Sens?®r ¢

Har eket progr ameé
Hareketli araba

Rampa

Makara

K¢t egl,erlO(@s 50gr, ¢€)

A.Grup ol ar)ak I-alBXlepmde ki 2. soruya yaptéjénéez tah

d¢zeneiji kurunuz.
td
({j/////m' /////Q;; g 77,
Dikkat!!!

e Kuvvet sens®r¢n¢gn araba ¢zerinden kaymamasé i -in
bajl adejéenézdan emin olunuz.

e Kuvvet sens®°r¢ elektronik sinyallerde meydana gel
bilgisayarén kuvvet sens®°r¢ne kuvvet wulygul anmade]j
deneye baklamadan °nce °nemlidirr¢Bul gklPémg miseéefé
yapmadan ©°nce fiséférlao butonu se-ilergk séfeérlam

e Hareket detekt®r¢negn begten hareket boyunca arabay

V LO03A2-2 (Speeding Up Again) deney dosyaséné a-éneéez.

V Makaraya bajl é k¢t elketi netatriarbmaeymde s-i o kg elr@xli & . h dry
mi ktaréné bul mak i -in, ke¢etl el er ser b-2st béerakéel d
saniyelik hareketini g°zlemleyerek bulunuz.

V Makaraya bajladéjénéez ke¢tl eyl kayet ediniz:
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V Hareket detekt%mg we&fleuvtvwegtengZzZnsor

V Hareket detekt®°r¢nden téek sesi duyduktan son

Ky i bir grafik elde edinceye kadar denemel eri

1. Kv ma@man ve kuvwet aman gr afi kl erinin i I gijlundyaeril er i
ez

ﬁistat,wat)ikIueKrudnu(tékIayarak ortalama kuvvet v

For =

Aot =
2. Kuvvet sens®r¢gnegn °I1 -t¢ej ¢ kuvvet ne tarafeéenda
3. Arabanén ivmesi nasél dejickti?
4., Arabanén hézé nasél dejikti?

e SéEnéédk Mas &

Hat al arémézé Anl ayaleéem
1. (BireyselEj-earl élk.é nE°zl)¢, mde 2a daki sabit bir k u

e
nasél ol ur sorusuna verdijiniz cevapla deney
kull anar ak bu f dmalyal é-]a#laé areeykazina In@ mabustr at e
uygul andéjéne 2. )Etkinlikten hateéerl ayénez

2. Bireysel Benmikekédnaz hata yakalama stratejisi.a
et kisindeki kutunun hézé nagy@lul degjéiniizrr sor usu
B. I . B°l ¢mde 3 soruya verdijiniz cevabé deneysel

V LO3A2-2 (Speeding Up Again) deney dosyaséné tekr
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<< <

Arabaya daha °©°nceki kuvvetten daha be¢yeék kuvvet
)

makaraya baj lyaakdja&kneéz ol catrlaeky ii ki katéna -ékareéneéez.

Makaraya bajlé k¢gtl e:

Kuvvet sens®r¢n¢ séférlayénez.

Kv maman ve kuwet aman grafi klerinden il gildi yerl eri se
ez

ﬁistat,mjt)ikltejmdun(u téklayarak ortalama kuvvet ve i
For =

Qort
Daha °nceki b°l ¢mde Ve Ki mdi bul dujunuz dej er |l
doldurunuz.

Ortalama Kuvvet Ortal ama Kvme
Dejerleri bilgisayara girerek kuvvetin ivmeye baj
Grafijin ejmmi neyi veriyo
Arabanén i vmesi il e arabaya etkiyen kuvvet ar asé
ilikkiyi g°steren form¢glg¢ yazénéz ve a-éeéklayéeneéez.

Yukareda yazdeée] énez f omatgnatikdelibiz ifadesiderXk i hangi kanunu

D!

e Sénéef tartékmaseée

(Bireys e | -Jal éXxXekh@&rzéda ul aktéejéenéz for mgl dojrudan s
bel |l akamal ardan sonra ul akteéneéz Form¢gl e wul ake
olabilir?

.(BireyselAkagledm&mnézry den hangiisi g%i ghlkeriomimzgil | em i i

kKekil de Bifimdeneflazl a(se-enek se-ebilirsiniz.)

a) Bir-ok fizik kavr ame (kuvvet, héz, eneriji, Y
tecr¢belerimiozl e il i kkilidir; a ma fizik
anl amlandér mpaktbhdre nz i-yYyadse,k i -in kullanélan ar a

b) Asl énda form¢l ¢ne g°re defji«kir; bazée formglle
ol maséné bekl emiyor um.

c) Genel de fizik formgll eri anl amléedeér ve g¢é¢nlog
tecr ¢bel er i fadezederlds.i r bakeéma i

Cevabénéezé a
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9. (Grup ol ar 3k 7al éx & n ész. sorul ar a verdijJiniz

arkadakl|l arénézén cevaplareé ile karkél akt ér énc
et mek yerine birribiir iannlza nma yda¢ K-¢anlcéex éen é z . Si zi |
ol an ama iyi noktal ara i karet eden arkadaxl ar

e Sénéf tarteékmaseé
V.¥T rendi kl eri mi zi Pekiktirelim
Grup ol arak akaj] édaki sorul aré cevaplayéneéez.

1. S¢rt ¢nmesi zerindésrajyae zéeoy]Nrgdzuk sabit bir kuvvet

oyuncak bir arabanén ivmesi nedir?
2. Buarabaya 1 kg |l ek ikinci bir oyuncak araba bz
3.1 kg | @k bakka shdlra @dyudlikdinikne derhardkeerdéerb i | me s | i
hangi y°nde ne kadar b¢gyéekl ¢kte bir kuvvet uy
4. 1 kg |l &) arzhidfarkuvvetl e s¢grtegnmeldi yézey ¢zer
bir s¢rtéegnme kuvveti etki ediyor. rmedifia g°re a
5. Park halindeki bir arabayeé d¢kéenegngez. Ar abaye
yer - eki mi kuvvetinin arabaya y¢zey tarafeéndan
ol masénén nedeni akBijredlerk i fl aszeldaerbsi-daarrgailnii i r ?  (
A. Bu kuvvetler etki tepki -iftleri oldujundan
B. Arabaya etki eden net kuvvet séfeér oldujund
C. Yukarédakil erden hi-biri. Ekittir, - nkg¢

e Sénef Tart @ékmasé

239



VIL¥] rendi kl erimizi Genikletelim

ezgilerimiz ve Newtondbun 2. Yasaseé
Bireyse). -Bi ekxdangeé yolculuju sérasénda bekIl enmeq
ve dajda mahsur kal ér. Dajcéyé kurtarmak i-in bi
genderilir. Hel i kopter daj céeyéy aul mikrt ef p zaimbar lka
Dajcé bu ipi beline bajlar DaIcenén ajerleje (d
kuvveti) 650 N dur Kp dajcéeyée yukareéya dojru s:;
uyguladéjseaglsdadula/raJrGéOtNdanb(,v(Lk-(,kk yoks@eveaelkdnéezme di r .
a-ékl ayéenez.

(Grup aryak kiamhdékepwpakar édaki soruya Newtonbun 2.

ol
uygul adéjé kulvyyedkhn 650, KN dwmks a ekit mi ol dujun

Sénef Tart @ékmaseé

3. Grup olark&EkezajluyYkaréyca dojru bir hareketin yul
kuvvet. gseerzegqtsnrrdejsah|pt|r. ¥rnejin yukar édaki
edebil mesi i -in i pin ygul adeéej e kuvvetin daj c¢
dé¢kegnmektedsetegiyi BINewtbcunOun 2 Yasasénée kull anal
(yukareya dojru kuvvetin akajéya dojru kuvvete ecxk
Yoksa bu uyumsuzl uju kabul m¢ etmeliyiz?

B.Sezgil erimizi NewtondbuGeRirmakaseéeinl Ar8yamem Hal e

Daha ©°nce sezgil ertinmd earod taenl mlaasheni shierzd réeedj@iy giuth iay ar a k

z ile uyumlu hale getirmixtik. ki mdi sezgilerin ar

kal ém.

1. Grup ol &ama&k Kmilrekdajcéeyé yukarikgndaddadjcreménekmeye
durgun ol dujunu de¢Keéenegngz. Hareketin bu bakl ang
uygul adeéej e kuvvet 650 bANykdajkégngk ajyorklsa] énédan}
Cevabénézze a-éklayeéenéeé

2. (Grup ol ar)a.k Newtéomenwerz 2. Yasaséné bu soruya uygul
edersini zRaj&pubarekete bakl adéj é& and)a hézlanéyor
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3. (Grup

uyum i -erisinde mi?

4-9 . sorul arénda
yukaréeya dojru

daj cénén
hareketl i

4. Sezgisel olaraki pi n uygul adéj e

ol ar)a.k Neaewtécxrhwer 2.

ol duj unu

Vdepeeoeg kabVhpnaeali

harekete bakl adej é& a

deKéenegnez.

yukar éyéan ddamj rbug yki kv voel tu

(dajcénén harekete bakladéjé andaki gibi) da
hezla mé y¢kselir. Késaca a-éklayéneéez.
5. Newt onédun 2. Yasaséné bu soruya uyguladejéneéz
6. Newt onéuné2kulvhamnaeéak bul dujunuz cevap sezgil
7. Sezgisel olaraki pi n uygul adéjé& yukaréeya dojru kuvvet
-ocuk hezlanarak mé, yavaklayarak mé yoksa sa
8 Newt ondun 2. Yasaséné bu soruya uygul adéjéneéezd
9. Newtonbun 2. Yasaséné kullanarak buldujunuz ¢
10.k i md i yaptéklarémezeée birbirleriyle idni kkil en
daha b¢yskrdimdgappodeén heéezlanmaya devam et m
kuvvetin yer-ekiminden daha k¢-¢k ol maya back
sezgisel olarak anlamleée gel mektediraj céh¥mé dy¢
ajéerlexjoamdasj u zaman (ipin uyguladeéejée Kkuvvet
ol maseé il e daha k¢- ¢k ol masénén ortasénda o
s°yl enebilir?
11.Cevabénéz Newtondun 2. Yasasé ile uyum i-eris
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122Amj édaki ar ét magrdpiokwrakg e b m&@eépeeri nde

. Hareket i-1in
Ham sezgi o
gereklidir .
2
_L . Net bir kuvvet bir
Ar Et EIl mE/ Net bir kuvvet bir cismin | S el
Sezgiler har eket i ndevarg h H (hEgfal | at mal
ettrmek i - i n ger e dekiitirmek
gereklidir.
a) Yukar édakiét &lkmé K s elzagn giedi nbi | (gh dlekni farkeé
ol madan) sayfa 8 deki 4. soruyu cevaplarken kull a
b) Yukaredaki arétéel méek séngi Lel Ymislagiéd ein eh aunygu
i -erisinde dir?
c) Yukar édaki i ki arétéel mék sezgisel bil gi den
sayfa 7 deki 1. soruyu cevaplarken kullandeéen
13.(Gr up ol ar ak EakerRENEEN 7. sayfaséndaki 2. SOr ul
kul anarak sabit héezl é harekete ipin uyguladeéjeée ket
gerdg¢k. O soruda hatéde Qevasbeubdahdspumwmaki yapt el
ne olabilir?
VIL ¥ rendi kl eri mi zi Dejerlendirelim

1. (Grup ol aernpekz EakERI i k 3 bakl ar ken ANel er i Bil iy
tarteéekteéejénez sorul aréeHerkbar kendi hakdpaddai t dg K¢
birbirinize belirtirkenn e d e N od ¢kkecknidl¢djeg n¢ z¢ gruptakiGragpr kadak!l ar én

ol arak tartéktéektan sonra her bir soru i-in grubun
2. Bireysell). NebdkeékéenBezli yokagmé@dsat ebel smr ul ara bireys
verdijiniz yanétlarla ki mdi gplupr cdmras&ndart @axkk ékan
Varsa bu farkleéej &puidadaniYakabamar St)nat@j i 6i ni Uygul
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ETKKNLKK 4

. Nel eri Biliyoruz G°sterelim
A. Bireysel). - aAlkeag éndéaz i sorul ar mexida k €on d B e kdi ¢l kd¢en
d¢ Keénd ey a,zné eéiz .
1. Havada d¢kme hareketi yapan bir topa etki ede
bajl éedeéer ?

2. Bir parake¢gt-¢ bir u-aktan atladéektan sonra ha

mé, yoksa sabit midir?
3. Bir parakg¢t-¢ havada | i mit hezla (sabit hezl e
et ki eden havanén diren- Kkuvvetinden bg¢yeéek mg

4., B¢eyeéek bir binanén tepesinden ayneéensngpmr ser be
aynée anda yere -arpar. Ejer bu toplardan biri
daha -abuk yere d¢ker? Neden? Toplardan hang
kal er ?

5. Ayné besveéekl oskte parakgetikierp &r awante- yg&rs elkil i ik t e
ajerder . Parake¢t-¢lerin i mit hezl aréenéen bg¢yeé

B. (Grup ol ar gk Yalkak @adaxKi Hemrul b é $ ar v é kheankékz
de¢kegncelerini zi bhetdenind zekexlieldgd ¢ i rgrempt aki
arkadakl aréeneéeza a-éklayeéenez. GRUPLA TARTI kKT
VERDKJKNKZ CEVAPLARI DEJKKTKRMEYKNKZ.

1. kakkén Kutup Ayésé
ki mdi bir kutup ayéséneéen u-aktan atl adeéekt a
|l eyecekskwmtiep &Kygdxadrkém naseél bir hareket yapte]
. Arakt éeral ém

A . B°l ¢mde 2. soruya verdijiniz cevabé deneys

Gerekli Malzemeler:

e Bilgisayar

e Arabirim

e Hareket Det ekt °r ¢

e Hareket progr amé

e Pasta Kalébé (6 adet)

V LO6Al-1(Faling Ball) deney dosyaséné a-énéz.

V Bir pasta kal é&béné akajeéedaki Kekilde g°r ¢l dy

berakéenez.
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a. Pasta kalébénén ivmesi nasél dejikiyor. Bu t ahm

farkl el ején nedeni nedir ?

Pash kal ébénén hézénén sabit olduju yerde i vmesi n

Newtonbdun 2. Yasaséné pasta kal ébénéen | imit hézl

et ki eden kuvvetlerin (aka] éyaaméadojdriu eaf é rkluev éetnl)

be¢yekl ¢kl eri hakkéenda ne s°ylenebilir?

dYukaréeda verdijiniz cevap |. Bl ¢mdeki 3. SOoruya

Sénéf Tartékmaseé

B. ki mdi . Bl ¢mdeki 5. soruya verdinmeikniiz-icnevabeée t

ayné b¢yeéikl ¢kteki biri dijJjerinden daha ajér ol an i

V Pasta kal éeplarénén sayésénée artérarak ke¢gtl eyl a

V LO06A1-1 (Falling Ball) deney dosyaséné a-énez.

V Daha ©°nceki et kinlikteki g b k e(nRFezs.ft iaf kmd £th@ n kB a |l ¢
berakérken, kal ébén hareket detekt®rg¢ne uzakléjl
pasta kalébeé i-inde kullanacakséneéez.)

\% OIUKanzalrrvanme -xa@marezgrafi kl erini arka plana at mal
alténdaki |l Aennaygosaluyygo se-enejini se-iniz

V Benzer kKekilde ajér olan pasta kal ébéenée beéerakén

Ol u kK a+4zamah éve ivma a ma n grafiklerini ar ka pl ana atte]

karkél aktéeréneéz. Hangi pasta kalebée daha b¢gyek 1

Sénéf tartékmaseé

VI. Kendi mi zi Dejerlendirelim

(Grup olarpk EBkEérBEnkz 4 baxklarken ANel er i Bilivyec

tartéktéejénéz sorul aré&@etrebiar shendihakkaméaadka gkt

birbirinize belirtirkenn e d e n od ¢kke¢knidl ¢dje¢g n ¢z ¢ grupt aki arkadacxkl ar

Grup ol arak tartéktéektan sonra her bir soru i-1in

Bireysel o) &Nrdlr - aBédk é ydragzmée®@odsat ebrwel s mr ul ara bi

ol arak verdikjiimdiiz gyameétollarrlak tartéektéktan sonra

fark wvar mé? Varsa bu K uklate YakatamanStrategismi n i belirti

Uygulayén
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A. Bireyse)
1. Amaj édaki

ve Soyadeée:
f:

I. Nel er i
-al ekénez
tabl oda

ilgili yerleri doldurunuz.

ETKKNLKK 5

birinci

Biliyoruz G°ster

satéerda

el i

ver.i

Hareketin T

Konum-zaman
Grafifji

Hé-za man

Gr

Kv nrzea ma n

G

Araba orijinden sabit
héezla uzakl

Araba oriji
yavakl|l ayar g
uzakl akeéeyor
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Ar aba °nce

d¢zgen y a
uzakl akéeyor
bir anl ék
orijine do
hezl anar ak
2. Akajeda yolda y¢reéeyen bir adamén konum zaman gr
aralejeéenda daharRedNeden@r ¢m
Konum
T II III Zaman
3. Hé&zaman grafijini kull anarak ivmeyi naseéeél bul ur
B. (Grup ol ar)ak Y wKa&rk&dhaki Heor bliar & otr air théakkékrneénzd.a k i d¢ K¢

birbirinize belirtirkenn e d e n od xwekndgieenegze gruptkalkay éamreleadacxk! ar
GRUPLA TARTI kTl KTAN SONRA BKREYSEL OLARAK VERDI
DEJKKTKRMEYKNKZ.
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M. Arakt éral ém

Bu bel ¢mde d¢z bir rampa iczerinde hareket €

konumz a ma nzamam eeivme a man gr af i k| earkisénzZer.i nde - al ékac
Malzemeler:

A.

2.

Bilgisayar
Har eket Detektor ¢
Arabirim

Hareket progr ameé
Hareketli araba
Rampa
Makara

K¢t el

e é)
Araba h

k

I

r!
ksa sabit hezla me iler
V Har e °r ¢, ar aba, rampa,kerkalk alrea v

go°r ¢

PN 7,

1.

.

Bireysel . - Arédabmag&En hal den ssearrbreas t a rbaebraankétne k y
hareketin konurz a ma n-zamam &ezivmeg aman gr afi kl erinin nasél
eksenlerk e si ki Il e-t+zgini z.

Konum
Ivme

Hiz

Laman Laman Faman

(Grup ol arak Gralpér&mézar.kadakl|l aréenézl a yukared
grubun or keki keivlaeb éyhugkgair edaki eksenlere -izini

Tahminlerinizi Test Ediniz

Kanum

V LO2A1-1 ( Speeding Up) deney dosyaséné a-€éneéez.

3. Hareket det eeksti® r¢gnydcewnk ttaénk ssonr a arabayé dur g
(El'ini zin hareket detekt®°r¢ ile araba araseéndo
elde edinceye kadar denemelerinize devam ediniz.)

4. Ol uktur duj-mama nzaman gmivmeaman grii k|l er i ni akaj edaki
-iziniz.

T &
Zaman Zaman Zaman
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5. Konumz aman grafijinin birka- noktasénén ejimini bt

neye kar &gl ank gaerlai-r?u(b@)uc‘)nmaokmutﬁuTneu] ektyl(l anarak bu

6. Hézaman grafijJjimlmanaht dedapkalbaneéez. Bul dujunuz d

gelir? Al ané ar a- —ubLJ)rbdddoimuﬁh(Jmtueg(rudll anarak bul un
7. Hézaman grafijinin hangi ©°zelliji arabanén heézl an
8. Hézaman grafijinin eji mi neyi verir?

9. Arabanén hézlandéjé s¢re boyunca ivme pozitif mi !
ile arabanén hézéndaki dejikiklik arasénda bir il

10. Arabanén hézendaki artek sabit midir yoksa bakka

11. Araba hézl andeéejdejziakmarn? iBvanaechanai sgéilmf hgznden - ékard

deji kimle uyukuyor mu?

12.Kvmeman grafijinin alténda kalan alané hesapl ay:é
gelir?

e Sénef Tart @ékmaseé

talaréemézé Anl ayal ém

3. (BireyselEj-eal ébkdérrregyzs)e.l yapt éj énéez tahminle deney sc
yakal ama stratejisini kul |l anar aHKatabyakalaimar k|1 €1 €7 én 1
stratejisinin naseél uygul andéjénée °nceki etkinlik

248



B. Arabanén har ekeetz &dtojbriurl tkuswuvet uygul anérsa ne

V Hareket detekt©oryg, makar a, rampa ve k¢t el
..... ot e Ffii
Hareket

Detekt?Oor ¢

1. Bireysel . - Alratb@anéhzar ek et det ek an? birgkuwetlen uzakl
itildikten sontrlaelmark agarytae dtajhh &r klgél ér sa ar ab
mi yoksa séfér mé olur? Neden?

2. Bireysel. - AFrabameéen -zénam eekient 2aman mgrafiklezid tahmin
ederek akajéda veri kesi kél@akviezigivime. eksenl erin
[¢}]
N S
Ll >
I N
Zaman Zaman

3. (Grup ol ar&kupbhbkkéenmekpdakl aréenéezla tarteéekte
kesi ksiz -1izgi ile yukaredaki eksenlere -izin

Tahminlerinizi Test Ediniz
V LO4A1-1 ( S| owi ng Down Again) deney dosyaséné a-
V Hareke detekt®°r¢gnegn y°negngeg ters -eviriniz.
V Arabayé hareket det ekt ©°rElnienidzoijnr uh aarneik elti rd ei
araba araseéenda kal mamaseéna di kkat edini z,
rampaneén sonuna gel meden a@uénouaywauxaddr z g,

tekrarl ayénez.
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4. Ol u kK azamaheeivmag aman grafi klerini -1izi
()]
N €
Ll >
T N4
Zaman
5. (Grup ol ar@rkaf-iak léexréineizd .¢zeri nde
a) Arabayé elinizin itmeye baxkl adeée]j
b) Elinizin itmeyilebéraktéjén nokta
¢c) Makaraya bajlé k¢tlerden kaynakl
d Arabanén hareketinin sona erdif ji
i karetleyiniz.
6. (Grup ol ar atkkézama ek &gmréad)i.jini kull
s°yleyebilirsiniz?
7. (Grup olarbikmerallrEKbuez}(arette ol
vardeéer ?
. Sénéf Tartékmaseé

Hat al ar émézé

Anl ayal em

maséneéen

ni z.

Zaman

énéz noktaye A

ye B i

anan kuvvetin al
noktayé D ile

keaadak nevmenin

arabanén

1.(BireyselEj-earl élxiérneyzs) e | olarak yapaejénén)tdemienyl e
sonu-|lardan farkl éysa hata yakal ama stratejisini
-al ékdata. ydkal ama stratejisinin naseéeél uygul an
hat ér.) ayénéz
V. ¥jJrendiklerimizi Pekiktirelim
. Hiz
Grupolaraka aj] édaki sort
cevapl ayénez. Am
Ali o nin teneff¢s 2w e
hareketinh ézza ma n graafdiaj iver i
grafifji kull a-basakuhba ——— Zaman
veriniz.Saj y°n¢ pozitif aI 4 3
-2m/s 4+
1. t=1s de Al i 6nin Kkondiemu harkkiésnid as aylag reedbaikli il re?
A) Konum kesinlikle pozitiftir. B) Konum kesinlikle negatiftir. C) Konum
kesinlikle séférdér.
D)Verilen bilgiden konumun pozitif, negatif ya da

Cevabénezeée

a-éklayénez.
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Al i 0 nsdekiitmes nedir?
A) 0 m/g

B) +4 m/$

C)-4 m/g

D) +6 m/$

E) -6 m/$

Al i
A)Ye
B)4m
C)é6m
D)8m
E)10 m

ve t
rmeyi

S Z a

6nin t=0 =3
rdeji kti hesapl

Ali 6Bimet E=3, 5
A) +3 m/s

B) -6 m/s

C)-4m/s

D) +1.33 m/s

E) +1 m/s

S Zaman

t=2,5 s
A)Sabi t
B)Azal an
C)Sabit
D)Azal an
E)Yukar ed

Cevabéneéeze

A ve B hareketlileri birbirlerine paralel yollarda
hareket etmektedir. Hareketiilei n y aptlBR M
hareketinh ézza ma n  gyraanfdiaj iver i | mi
Akaj] édaki 6 . ve 7. sor ul al
grafiji kull anéeneéez.

ma n
amak

aralejénd
i -in yet

aral ejendaki

Aépl arken

6. t=10 s de A hareketlisinin ivmesi nedir?
A) 2 m/g B) 0 m/<

C) 0,5 m/$ D) 0,1 m/é
E)lYukar édakil erin

Aka] édaldiel erden hangi si

A) A ve B hareketlileri
konumda olurlar).

B) Kki hareketl

C) Kki hareket |

D) Bu soruyu

Cevabéeneéezé a-éekl
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Bir hareketlinin konurrz a ma n grafifi
gi bidir. Hangi Zzaman
héezé azal maktadeéer?

kekil dekig= 9im/skolanhb& hagekeiinin

a

konum,_

ivme-z a ma n  warilaniik it ji ir . Bu h

4 s sonraki heze ka- m

10.Bir ci si m, t= 0 anénda

grafiji akajédakil erde
A)

Hiz Hiz

i

=

2
Aivme (m/s )

o} ERRCEETLRRREES :
2 .

) o
T

] R e zaman (s)
i, )| BRSO “aie

bulunduju
n hangi si
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11.

Kvmeaman grafifji Kekiml deki ai bi ol an bir ci s
i -in akajéedakilerden hiyme Ir?

A) Ci smin () aral ején ji ki mi, (|
aralejéndakinin iKki k a >

B) Ci smin (1) aral é] én lE“ " Ki mi, (G
araléjéendakinin iki ka : > Zamai

C)Cisim (111) araleejeéenco t 2t 3t lr.

D) Ci smin haérzaél é1 € h Y a Ge¢gzye Ul a1 aKk

azal mékteéer.
E)YCi sim (1) araléjénda dejikmeyen hézla hareke

Hiz
Wy
12.Bir cigmmanh@gezafiiji Keki 1ir . Bur ad :
Vo, V ve t bilinenleriyle
gX, cismin konum deji ki mi Wp======- '
a, cismin ivmesi :
F, cisme etki eden kuvveniceliklerinden hangileri 0 t Zaman
bulunabilir? ama
13. D¢z bir yol daab v tgidéhdie e
cisim, «kekildeki K nok %0 ”-F?IL”*E anda,
gerisinde duran bakka r‘ - -:Lt i vmey
y°nde har ekkkie diasxrhiéry,o 5+1r:|c|mr-5vﬂ——2t}ﬂm———*';
ayné wardabil mesi i -in, ' ' me s i
ka- 2ol mal eédér ?
VL¥Jrendi kl eri mi zi Geni kl etelim
A. Tutarl é& Olup Ol madéejéne Kontrol Et mek
Bu b°l ¢mde yeni bir hata ©°nleme stratejisi 0
dej il di j er abr¢etnéén °fjirzeinkmekko niu-li n kul I anabilirsiniz
Bir °fTrenci den bir-zamami gr afairjeikreit i ni B mehstiz i
akajedaki grafik 1 -1iziyoezamabm hgar asfoinjriania y-niéz ihyaore.k
GRAFKK 1 GRAFKK 2
HE z Konum
Zaman
Zaman
1. (Bireys¢ - a) & k 8n Eoaum-zamangnr af i J i ni mi -izme&z daha Kk
zamangr af i Jini mi ? Cevabénézé grCeptadbkein &ri k«a dyeek |
ol dujunu unut mayeéneéez.
2. Grup ol arak Yakha&xedna&ki ranci ganel kldratkonum-zamanen ° ]
grafiklerinde iyl ol dujunu ve % 99 oranénda
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Buna g°r e, konfnj-zarmang i afi in] i nihémmdngaadr akndeki hat asén

kontrol etmesinin bir iR Eocelaar i mé Epruzau ejkdray e a é g

Konumz aman grafijinin hagngi ©°zellifji hezée g°sterir?

3. Grup olarak Bial eaxknéyi fizi khe&zZAmaregnrcaifsiij imnl ar dan

-izmel eri i Rohuwenreamaf g r ahfa | d en,i de Ftkkdrid@lerimBizseyl

neden iki grafiji de -izme gereji duymuk olabilir

e Sénéf tarteékmaseé

B. Ej i k |xerinde Elareket

Har eket detekt©or g, ar aba Ve raydan ol ukan
kKekildeki sitemi dé¢keénegn Aratbayr~ -~-*n alt keésmeéer
ani bir itme kuvveti verilerek ywar éya dofj et det e Rt

et mesi sajl anéyor. Ar aba y¢éksek noktaseéna
-ékéyor ve tekrar akajeéey ket ediyor. Ak aj
sorul ar ar ab annb¥ itmewaailgiktep goaraki harekele ilgilidir.
I.HeZ|Ie|Ig|I|TahHEz
1. (Bireysel- al @8k énRrzabanén |yapteée] e

hareketinh éza ma n g rkesiklii J i nfi

-izgilerl(Kpuduw:i niAz.apanén

hareketini i ki k @€s é&mda d(,Kcnan

arabanén yukareéya dgjru hareketlam@rb

arabanén akajéya dojfru hareketi .)

U - Nokt ¢

2. (Grup ol arjak Grmupglk@eneamt @kgékbakesksiz i algi ceVvabéneé
-iziniz.

. Kvme il e ilgili Tahminler

1. (Grup ol ar)a.k -Arl &kae newekar é ya dojru hareket ettik-e

yoksa séefér medér? Cevabenezé a-éeklayéenez.

2. (Grup ol ar)akrabal eag@®@zu- noktaséna ul aktéjé anda i

yoksa séfér médér? Cevabénézé a-éklayénez.

3. (Grup ol ar aAwr a-baalnéeknéonké& za)y.a ul akt éktan sonraki akajeé
dé¢Kéenegnygz. Kyi bir f i z i ikin i¢njegine pozitif soil daf albanén bu
d¢kegnmektedir . ¥Jrencinin bu kKekilde d¢gkégnmesinin
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4, (Grup ol ar akki mdail étkeekuwéar)n.cak tasdbyaan éul akt éktan sonr
hareketinid ¢ K ¢ N ¢ N ¢ zZ . Bakhaibir arpwpbahiéeni bnefafifae ek et i
ol dujunu d¢kéegnmektedir. ¥Jrencinin bu kekild
a-éklayenez

5. (Grup ol ar akk ajad ddxkéinégnafi kl erin birine araba
ivme pozitifdiyen °jrencinin yaptéjée tahmini, dijerinte
-izmeye -al ékénéz.

Pozitif Kvme Negati f Kvme

K\/h(é K v mA\

Zaman Zaman
U- Nok U- Nok

IIl. Tahminlerinizi Test Ediniz.

V Akajédaki deney d¢zenejini kurunuz.
Det ekt
Y

V Inclined Ramp (LO6A15) deneydosymé né .BF @gEam bu deneyde harek

dojru hareketi pozitif olarak aldéjéndan yuka
V Hareket detekt©°r¢nden t ek sesi duydukt an S0

arabanén yukaréeywandojsaj |l hygealkket et me
1. Ol u k @zmmanveivme-zamangr af i kKl er i ni akajedaki eksenl el
HE v oo

Zaman Zaman
U- Nokt e U- Nok
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Akajéda bir sonraki adém i-in anlakamayan iki °jJrenci

Tujba Arték arabanén axmijre pojirtui fh amiekmree g amtdief i mim ol d

G¢ |

Fizik deneye dayanan bir bilimdir. Dojru cevabeé b
Fakat biz ayréca ivmenin negatif dejil de poziti
kar kel acket éikv meByein daha iy anl amak i -in bu dé¢Keéne

zorundayéz.

Bireyse). -daegiéen€®gzrenciye daha -ok katél éyorsun.

(Grup ol ar 3k Yukad ré&kdankéiz soruya cevabéneéeze grupt al
tartékéeneéez. Sizin d¢ée¢keéegncelerinizden farkl é degkeéne
(Grup ol arak Bialdkkenhérzi yl e -eliken iKki d¢kKenceyi
dojru hareketinde ivme (1) negxagtnicfedmin yhwakhgas({B)n
dojru oldujunu deney yapmadan karar ver mek m¢mkyg
-%z¢m deney mi yapmaktéer? Cevabénéezeée a-€eél ayénez.

(Grup ol ar@kahaal°éenkceen étjurtearrdié] iamliwep ol madéj] éné kon
stratejisinin karav er mede bi ze yardéemcé olup ol mayacaje
t

de t ahmin-zeatntain] igwiazf iH@zne bakzZaman Jgradafmiini eitl
zaman grafiklerinin (sayfa 1306 teki) tf tutarl é o
mi negati f mi ol dujuna karar verebilir misiniz?
(Grup ol arpBiradt&wvaelzé ol up ol mastaejisiin kontrol
birbirleriyle -el i ken d¢kegncel er araseénda karar
metodu kull ananak defden ¢gawi{e& ol -damgnweu bul abil i
i vme zaman grafikleri araseéendaki ili kki yi kull an
hezl andéjé halde ivmenin nede(nKpnuecguat iafr aobladnué nu nhuée za

artéyor mu?) azal éyor
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(Grup

neden
her bir sor

ol ar)alk
sorul arée tekrar

VIL¥T rendi kl eri mi zi
Etak iexléinke z 5

od ¢kkeeknid ¢die¢ n ¢ z ¢

u i -1in

grubun

bakl ar
Kendbiarapnéemnda
gruptaki G
ortak

De
ken
akaé
au i
d¢

I

(SN @ N e P
S oo
O3B o —
m*g—m
T T oS
o x @
-~ ol
_.38

e
a
K

- o

-

Hareketin 1

Konum-zaman
Grafilfji

Hé-za man

Gr

Kv nrzea ma n

G

Araba orijinden sabit
hézla uzakl

Araba oriji
yavakl ayar g
uzakl akeéeyor
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d¢zgeén y a
uzakl akéyor
bir anl ék
orijine do
yakl akéyor
5. Bireysel o) dNredlrir- aBédk é¢ ydrazmé®odsat erwelebomr ul ar a
ol arak verdijiniz yanétlarla ki mdi grup
fark wvar mé? Varsa bu Kawuklate® YakatamanStratefismi n i bel

Uygulayénez
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Adé ve Soyadé
Seneéf
ETKKNLKK 6
. Nel eri Biliyoruz G°sterelim
A. Bireyse) -alékénéz
1. Yat ay eji k aték hareketlerinde yatay ve

2. Sabit bir héezla doju y°n¢gnde harekegadkeden ©bi
olarak atar.
a) Topun yolcu taraféendan g°r¢len y°ré¢gngesin

b) Topun trenin dékénda duran bir g°zl emci t
3. Yat ayl a bel I bir B il de
haval anan topun i da
veril miktir.
a) ABve C noktal arénda neéng
okl arla g°steriniz.
b) A, B ve C noktalar A i nin
y°ne¢egne¢g okl arl a gost s
K
B. (Grup ol ar ak Yakarédacki Her ulbdrmé stoarut ék&hkle
d¢e¢kegncelerini zi bnedrebni r b nikzgek g hdBj ghigezkengr u
arkadakl aréenéeza a-éklayeénez GRUPLA TARTI k-
VERDKJKNKZ CEVAPLARI DEJKKTKRMEYKNKZ.
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A. Yuvarlanan Top

Arakt éral eém

1. Bireyse). Biat ém@a@&z¢zer i ntdoep uynu vnaarsl aannéann k-eenlairké nbai rg e

sonra naseél bir

y ol izl eyecejini tahmin

—

edi

ni z. C

2. Bireyse). Biat expoéki sorudaki top daha heéezlé yuvar
Cevabénéezée a-éklayéneéez
—>
3. (Grupd arak ).alukaceedaki i ki soruyu grup olarak ta
cevabénée kesikli -izgilerle -iziniz.
Tahminlerinizi Test Etme Zamaneéeé
Eji k ve yatay atek hareketl eri tek boyaman,u hareket | e
h ézza ma n vV e i vme Zaman grafi kl erini hareket det ekt?©
ol amamaktader . Bu hareketl eri incelemenin bir yolu |
kull anmakteéer .
Aka] édaki soropwlarakr af 2eEenede ¢
1. Birinci soruya verdijiniz yanéteée test et mek i -in a- me
AYuvarl anan Topld videosunu a-éneéez.
V Video analiz se-enejini kull anarak topun d¢kt gkte
V Videoyu vyavakl ateél mécx ol ar ak anamk wpgun mbelliz . i Ad poi
aral ekl ardaki konumlaréné video ¢zerinde belirley
2. Top nasel bir y°r¢nge izledi? Akajéya -iziniz.
3. Ar a- -ubqur{:)kd FSieK-necred jei n(i kull anarak topun yat a
Zzaman grafiiji czerindeénrée |l bel inrolkeyail mirzé.n Tkoopnwml X
yerdej]Jiktirmesi nasél deji kmektedir?
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4. Yerdeji ktirmedeki deji kim yatay eksendeki h e :
héez artéeyor mu azal @éyor mu yoksa sabit mi?

5. Ar a- —ubujur,ﬁ,,)kd sieK-neched jeinir ak t opun d¢gkKey har
Zzaman grafiiji szerinde bel li noktal ar én kon
yerdejiktirmesi naseéeél deji kmektedir?

6. YerdeJiktirmedeki dejJi kim d¢g¢key eksendeki heéez
hez artéyor mu azal éyor mu yoksa sabit mi?

7. Kkinci soruya verdijiniz yanéteée test et mek i
videol ardan AYuvarl anan Top20 videosunu a-éne
V Video analiz se-enejini kull anayiniek topun dg
V Videoyu vyavakl atélméek olarak izleyiniz. A A

aral ekl ardaki konumlaréné video ¢zerinde be

8 Top naseél bir y°r¢nge izledi. Akajéya -iziniz

9. Topun yavak yuvarlanérkewpohe keéerzkel guivarémaz.
fark nedir?

Hat al aréeémézé Anl ayalém

(BireyselTa-hamiénkl éenréizn)i.z | e Kimdi ki cevapl arénéz b i
stratejisini kull anar ak bakl angé-takicegtp K gnmcser i z
dejiktirdiJiniuzi yazénez.

1. Tahmin

2. Tahmin

e Sénef Tart @ékmasé

Kabul etme ve Anlama

1. Neden yatay aték hareketlerinde cisimler para
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6.
a)
c)
e)

V. ¥Jrendi klerimizi Pekiktirelim
Grup ol arak akaj édiaekzi. sorul aré cevaplay
Bir cisim yYWhareyhadoijkuol ar ak gatl &lug¢ wora. gfere- ekir
cismin maksimum y¢kseklije -é&kmasé i-in gerekli s
Bir cisim yatayla be/jHeazédilra aatée kyl aepnal ggaokr . K eYkeirl-deek i
ol dujuna g°re merminin yere d¢kme s¢gresini hesapl
Bir savak gemisi ayné anda ve ayné hézla iKki b o mk
dijJerini de wuzaktaki B d¢kman gemisine dojru at et
a-élarecyaorzi)arrelve akajedaki Kekil deki gi bi parabol i
hangi d¢kman gemi si °nce vurulur?

b, bt

a) A b) B c) Kki si de aynée anda vurul ur.
Fizik probl emlerini (°rnejin kuvvet vV e hareket

problemlerdera y € r a n

°ozel

i kl er i

nel erdir?

Fizik problemlerini (°rnejin kuvvet ve hareket ¢n
Senéf Tartékmasé
U-urumun kenarénda duran bir ki ki i ki toptan bir
férl at éyeorrc.i nHaviahndailr eder sek, hangi top yere daha
a Yukaréya atélan top
b) Akajéya atélan top
c) Her i ki si de ayné hézla yere -arpar.
Bir top yukaréyhéedeyta ditlkkbearsghbryV Hava direncin
il k hézé rn&liekad étn@apu® kmaksi mum y¢skseklije -é&kma
a) i ki kat énab)- éxarrt, katéna -ékar

c) yareéya ined), Yukarédakilerden hi-Dbiri,

e) Bu soruya cevap vermek i-in yeterl:i bilgi ve
Topun il k hezé i ki kana&krsd muark yreéklséerkd d kt,opun - ékac
i ki kat é@énab)- éxtarrt, kat éna - ékar

yaréya ined), Yukaréedakil erden hi-biri,

Bu soruya cevap vermek i-in yeterl:i bilgi verilm
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Akaj édaki sorul ar bir u-urumun kenar énda
yataylad a - § a@ac ak giklelkk i h@=zé

yukar éya dojru féerl at

il gilidir. Havanén di

ediniz.

A Topun férlatél déktan

konumu

B Topun -ékabilecefji

yéksekl i kt eki konumu

Ctopun yer e -arpmadan h'e—re T T R

konumunu g°stermektedir.

7. Hangi nokta da topun ivmesi maksimumdur?
a) A
b) B
c) C
d Kvme her yerde aynédeéer
Neden?
.Topun B noktaséndaki hezé akajédakilerden hangi si
a) V,
b) Vv,cos
c) V,singd
d) v tand

9. Teni s t

opunun bakl angeée-taki hezeéenén yat ay bil

deji kmeyecek «kekilde dejiktirildijini dé¢Keéenegnegz.
hakkénda ne s°ylenebilir?

a) Zaman yareéya iner

b) Zaman azal ér ,ahnmaz yaz&lséern.dan d

¢c) Ayné zamanda yere -arpar.

d Kki kate s¢rede yere -arpar

€e) Zaman artar ama i ki katé s¢reden daha az arta
Neden?
10. t = 0 da bir u-urumun kenaréndan yatay ol ar ak
beyekl 6] ¢né v «kiterelen handisalidMea vaaknaginé ddai r en- kuvvetini i h

a)V, +gt )V t+1gt ) Vi+ gt

d)v,—gt e) Hi-biri
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SONRAKK KKK SORUYU CEVAPLARKEN ANEJIREKKK A¢I KLAM
KULLANINIZ .

Bir futbolcu bir topa kKekilde go°r¢l déejme gi bi vuruyor

Hava taraféndan topa uygulanan kuvvedl in i hmal edil

11.Akajéedakil erden hangi si t opum haseketi k t -ékép yere d

boyunca topa etki eden kuvvet/ kuvvetl erN g°steren ser
a) b) C) d) e)

% AN . L

12. Futbolcu topa yatayla 80 i k a- & ve ylaOp am/ask kleikk | i@z vuruyor . Buna
maksi mum y¢kseklije -ékmaseé i%Sin30=0/5e&€osB08.868)r s¢re ger ekl

A)0,5s B) 0,87 s C)1ls D)1,2s E)2s

13DojJ rusal ve yat ay eyenhir argbadan pataye h'.'?ivﬁ"'ﬁ il erl
d a-ésé yapacak dophe@zéwlda att L i Ve
arabanén i-ine, ateéeldéjé nokt a’ _ﬁ/_’ et ne g°re arabe
Vohézée arasénda nasél bir ilikk e w= (S¢grtenmeyi
V= ~

a) V, )

b) v,cosd

c) V,Sind

d) 2v,

e) 2v,cosy
14 keki |l deki P noktasénde- -c ~t st S =yl atél oan b i
ci si m, yer¢ngesi szerind ____g__h_ & K noktasén:
s¢rede gel mi ktir. LT : B, 4T
MK uzaktl éz@amameée verildi]j R : MoK L, K
nokt al anéWdvakvk hé&z| ar énda
bulunabilir?

a Yal ng¢z V
b) Yal nez V
c) Yal gz V
d) Vive Vg

e) Vn, Vive Vg

I5Kuvvetli esen r¢zg®©ra raj men, bir tenis oyuncusu r
czed nden ge-erek rakibin sahaséna d¢kegyor. Akajéedaki
1. Akajé dojru yer -eki mi kuvvet.i

2. "Vurmayla" olukan kuvvet.

3. Hava taraféndan uygul anan kuvvet.

Yukar edaki kuvvetl erden hangi si ( ha rbgtiktenesonra) tenis top
ve yere dejmeden °nce tenis topu ¢zerine etki et mekt e
a) VYal néyzlvd?2 c)lve3 d)2ve3 e)1,2ve3
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VI. ¥Jrendiklerimizi Geni kl etelim

1) Bireysel. -&ll éwmén@dz tenis topu ilekokyhuyun. ko
Yerde ilerde duran bir hedefe topu isabet et
-arpmasé i-in topu hedeften °nce mi, sonra mé
Neden?Di kkat : topu férlatméeyorsunuz, dé¢Keréegyor si

2) (Grupohr ak -aléexkénéz). Grup olarak yukareéedaki S
ile birlikte yazéneéez.

Tahminlerinizi TestEt me Za man é

Koridora ge-erek tahminlerinizi test edeni z. K1 k
daha soinkia kofjpeml aré deneyini z.
3) Her ¢(- durum i -inde topun d¢kte¢g]j ¢ konumu gzl

Hat al arémézeée Anl ayal ém

4) (BireyselDe-neelyé kséonnéuz-)l.ar & tahminlerinizle uyuxkr
kull anar ak bui nfiara-lé&HKIéqg yeén énze.d eYha ni bakl ange-t
ol dujunu ve bu d¢keégnceyi nasél dejiktirdiJini

eézén dojru olduju duruml ar C
dujachmdotemlard HdeJiruol eofini z.
yararl anéneéez.)

5 Peki, yanl
arkadaxkl!l ar
deneyi mleri

@D

VL¥Jrendi kl eri mi zi Dejerl endirelim

6. (Grup ol ar pk EakErRENnkz 6 bakl ar ken ANel er i B i
tartéktéejénéz sor uléxreéerzebi ar slbbendihakkamé&ada
birbirinize belirtirkenn e d e n od ¢kke¢knidli ¢dje¢g n ¢z ¢ grupt aki arkada
Grup ol arak tartéktéektan sonra her bir soru i

7. Bireysel o). dNredlr i aBék é ydokrauzmé@®dsat elreel s or ul ar @
ol arak verdijiniz yaneétlarla ki mdi grup ol ar @
fark wvar mé? Varsa bu Kguklate YakatamanStratefismi n i bel

Uygul aryéneéez
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. Nel eri Biliyoruz G°sterelim
Akajédaki sorularé bireysel olarak cevaplayénéz.
Bireysedl. -Biexdnéardo oyununda oyuncu bilardo me
kendi topuylav ur uyor . ¢tarpékma anénda olukan Kkuvvetler

kuvvetlerin b¢gyéickCekbhbéenazrékarekl axéréenéez.

Bireysel). - &lké kK émiélzar do oyuncusu bilardo masaséneé
topl ar @éna vawrnwey okrulvavre.t ITeopl ar masanén ortasénda - a
olukan kuvvetl er hakkénda ne s°ylenebilir? Bu ku

Cevabénézée a-éklayéneéz.

Bireyse). -Bl Ekéneri si nek ottoobyeos ¢dna °-no kc ahngézn a& -gai rdpeér
tarpékma anénda sinejin uyguladeéejée kuvvet ot obyg¢s
yoksa eKiewvamiéedniez® a-éklayéneéz

(Bi r ey s e). Murah bagramétatilende memleketine giderken yolda otomobili bozulur.

Hement ami r ci si ni arar ve tamirci gelinceye kadar ar
K i arabaseée k¢-¢k bir araba ol dujundan tek bakeéna
a Mur at il k denemesinde arabayé hareket ettiremi.

kuvve t arabaneén Mur at 6a ¢wylgul akdoéejeehmidiluovkvseat t ek t

Cevabénézée a-éklayéneéz.

b) Mur at uygul adefj kuvvet.i biraz
bakl eéyor . Bu dur umda Mur at 6én
a_

e daha artérdéktan
u o= A
kuvvettenb ¢ y ¢ k , k ¢ - naidir? Greovkasbaé neékzi ét

uygadapgej e kuvyv
ayénez

c) Mur at arkadan bir arabanén geldijini g°r¢énce
hezl anarak hareket etmeye bakl éyor. Bu dur umda
Mur at 6 a éu ykguuwllvaedt&ijle,n Kk ¢ - mgidir? Geovkasbaé neékziet a- ékl ayénéz.

C. (Grup ol ar ak Yakarédacki Her ulbdamé stoarut ék&kle&nda
d¢kenceleriniozi bnierdbeinr i nidzeer kbR egnhigzkengrupt aki
arkadakl|l arénéz&RUPEA]I aARTEKTI KTAN SONRA BKREYSI
VERDKJKNKZ CEVAPLARI DEJKKTKRMEYKNKZ.
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M. Arakt éral ém

Gerekli Malzemeler:

Bilgisayar

Arabirim

Har eket Detektor ¢
Kuvvet Sens®°rg¢ (2 adet)
Hareket progr ameé

30cmip

A. Tahmin Yapma Zamanéeé

Hal at ¢ekme Oyunu

1. (Grupol ar ak )- alHekvm®Emézhemen ayné kilo ve boyda o
oyunu oynadéjeéene d¢i¢khaotaonrnzdodeadddelee i-kiki ypor cu He
herhangi bir y°ne hareket et miyor yani har
ver i | mi ktir.

A B
Buna g°re akajédakilerden hangisi dojrudur. Nederl
a) A sporcusu B sporcusundan daha fazla kuvvet uygular.
b) Her i ki sporcu birbirlerine ayné kuvvet:i uy
¢) A sporcusu B sporcusundan daha az kuvvet uygular.

2. Grup ol ar)ak mdal @dia@nézdijerinden daha zayéf o]
oyunu oynadéjéene d¢kbptpazogad kgée i-keik i ymar ¢ Hel
her hangi bir y°ne har ekAdporcasu Bispomusundam dieha h ar e k
ajerdéeBumra ag%@] édakil erden hangisi dojrudur. N
a) A sporcusu B sporcusundan daha fazla kuvvet uygular.

b) Her i ki sporcu birbirlerine ayné kuvvet:i uy
¢) A sporcusu B sporcusundan daha az kuvvet uygular.

3. Grup ol ar)ak kiarh®ikébhiéri é&dfi jelramdiekhi dapar zwnyun

oyunu oynadeéejénée ve hafif olan sporcunun (B
dé¢Kéenegnygz. Ajér olan sporcunun (A sporcusu) |
edecek kadar kuvvetlen-bathgjshedgPredaka] BEddék
a) A sporcusu B sporcusundan daha fazla kuvvet uygular.
b) Her i ki sporcu birbirlerine ayné kuvvet:i uy
¢) A sporcusu B sporcusundan daha az kuvvet uygular.
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B. Tahminleri Test Etme Zamané
1. (Grup ol ar)aBincisarlydvkeéndd g i ni z cevabeée test ediniz.
¥neml.
Deneye baklamadan °nce kuvvet s°ns®rl eyfi kalibre
Kalibre etmek i-in DENEY meng¢se¢ alteéendaki Aikal i
Force 6u se-in. AKali bre etd tukuna teéeklayéneéz.
KIl'k sens®°r trterindaeakidéekewvee kancasé adkajé gel ece
1 alanéna fA00 (séfér girin ve Dejer 1 i-in g°r¢i
tekl ayéeneéez.
Sens®°re 1 kg k¢tle aséneéz Bu 9,8 NR9b|8putunda bi
girin ve Dejer 2 i-in g°r¢nen yazé sabjt hale gel
Kl k kuvvet sens®°r¢gnegn kalibresini tamaml amak i -1in
2. Kkinci sens®°r¢de benzer «kekilde kal bre ediniz
V Tugof-War (LO7TA21) deneya-d®rsgaséné
V Hal at -ekme oyununda kuvvetlerin y°nleri ters
birinin y°n¢gng¢g ters -eviriniz.
V Kuvvet sens®rlerini seferl ayénez.
V Kple -evresi 30 cm olan ©bir hal ka yapeéen. Kuvve
ge-iriniz.
V  Bir kuvve t sens®°r¢neg bir Ki Ki tutarkeBuikdi J eri ni gr L
ki kinin yané kiloda ve b¢yekl ¢kte kikiler ol mas:
V Toplat ukuna bastéktan sonra kuvvet s°ns°relerini
dojru -eksin
1. Ol wkkavvetz a ma n grafiklerini yoruml ayar ak Kuvvet 1 ve
karkél akt érénez.
Hat al aréeémézé Anl ayal ém
(Bireysel TabmerEséizhizl e «kKimdiKki cevapl arénéz birbi
stratejisini -ktudkiandg mkncbearkilzainngéneden yanl éxk ol dujur
dejiktirdijinizi yazéneéez.
2. ki mdi 2. Soru i-in yaptejéenéz tahmini test ediniz
V  Tugof-War (LO7TA21) deney dosyaséné a-éneéez.
V Hal at - ek me oyununda kuvvetl eri neringghnl er i ters
birinin y°n¢gn¢g ters -eviriniz
V Kuvvet sens®°rlerini seferl ayénez.
V Kple -evresi 30 cm olan bir halka yapénéz. Kuwv\
ge-iriniz.
V Bir kuvvet sens®°r¢neg bir ki ki t utBaikik en di jeri n|
kikinin farkIl & iki kiloda vg b¢yekl ¢kte kikiler
V Toplatukuna bastéktan sonra kuvvet s°ns°relerini
dojru -eksin.
3. Olukan-zlkmawetgr afi kl eri ni yoruml ayagqglalke rKiunviv e t 1 v

karkél akt éréneéez.
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Hat al arémézé Anl ayal ém

(Bireysel Tahantiénl éenréizn)i.z | e Ki mdi ki cevaplarénéz b i
stratejisini kull anarak baklangé-taki dé¢kKeéenceni oz
dejdkfinizi yazéneéez.

4. ki mdi 3. Soruya yaptéjénéz tahmini test edini
V Tugof-War (LO7TA21) deney dosyaséné a-énéz
V Hal at -ekme oyununda kuvvetlerin y°nleri

birinin y°n¢gng ters -eviriniz.
V Kuvvet senseénéerini seéefeéerlay
V Bu deneyde bir kiki tekerlikli sandalye otu
V Toplat ukuna bastéktan sonra ayakta duran ki ki
dojru hareket edecek kKekilde -eksin.

5. Ol u kK a n -zamarvgvaékterini yorumlayarak Kuvve 1 ve Kuvvet 2 nin b
karkél akt éréenez.

Hat al arémézé Anl ayal eéem

(BireyselTa-hamiénkl éenréizn)i.z | e Kimdi ki cevapl arénéz b i
stratejisini kull anar ak bakl angé-takinaoaeyKi¢gnnaasaél
dejiktirdijinizi yazénéz.

e Sénéf Tartéekmaseée

V.¥Jrendi kl eri mi zi Geni kletelim
A B¢gyKk - ¢k yoksa EkKit mi ?

1. Bireysel . - 8l¢gr&n élzi r otobg¢s, par k hal i ndek
ot omobi | e Sezgiaal plarakatamobilin ot o b ¢ s e uygul adeéej e Kuvyv
otomobile uyguladéejé kuvveCéteabbpygez&, akeklay g

Bir-ok °jJrenci yukarédaki soruya akajeédaki Keki

Sezgi sel olarak -arpékma ranéBdaurmtiomobilardhaadal
hi sseder yani otob¢s daha f ahza fai fk ucvivseitmlueyrg ud aahra

sezgisini °ne s¢rmegklerdir.

2. (Grup ol ar)ak -la.l éxocérneyza verdijiniz ydmatklyukar
mé, a-éklayeéneéez.

3. (Grup ol ar)a.k kiarhdeik éh.ezSoruya ver
d¢zene] i nAir akbuarluanrudza.n bi rini daha aj ér yapm
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(((

(Grup ol ar)ak Araabexktéanré&znupgubadéekl aré kuvvetl eri k a
(Grup ol ar)ak -Sdzéiélneérzi mi zl e fizik -eliktiji zaman
Sezgisel bilgilerimiz ve Newtondbun 3. Yasaseé

(Grup ol arj)ak ¢algp&karzotomobil ven. otOd mdhsg sgor usuna
2000 kg otomobilin 1000 kg oldujunu d¢gkegnegngz. O

azal déjéna g°re sezgisel ol ar ak - ®Otomobikk ma anénda ¢
-arpéekma aneéenda sedgsél dilgisinobdu sceuyakuydulany iar - al

€ K éné vV e
otob¢s¢gn 2 kat daha ajér ol dujunu unutmayénéz.)
(Grup ol arak ¢alg&kem&zanénda otomobille otobcson
halinde kal dékl aréneée d¢gkKeéenegngz. Buna g°°r e,

a) Otob¢gséen -arpeéekma anéndaki i vme s ne Kka d rdéer ?

b) Otomobili- ar pékma anéndakil.i vSwersuid an eb ukl addug rudnéurz? h(é z
kull anénéz

Newt ondun i kinci yasaséné kull anar ak;
a) Otob¢sen -arpékma anénda hissettiii kuvvet.i bul
b) Otomobilin -arpékma anénda hissettili]i kuvveti b

(Grup odlagy&in@mobi | d a hsazgisebbigisiai kukaindrad atomobilin

ne kadar héz kazandéjénée tahmin ettikten sonr a
-arpekma anéndaki i vmesi ni ve hissettii]i kuvvet.i
uyum i -erisinde midir? Uyum i -erisinde olup ol ma

(Grup ol ar)Dk omalbé k é nl @ hsazgisebbigisiein dtomdbidimdaha fazla
héz dejikimine (yani daha fazla ivmMHerikkazandé] é)
ara- da ayné kuvveti hissettiklerine rajmen neden
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6. Akajédaki arétma diyagramé ¢zerinde grup ol ar
Ham sezgi Hafif cisimler daha
-ok etkil eni
o . Hafif <ci si okl ¢ Hafif cisimler
Ar Et EIl mE] kuvvet hisseder. ivme kazanEr (
7. Bireyse). -aagkeanka deki birinci soruym cevap
hangi si ni kull andénez?
6. Bireyseld). -sShgrkand®d daki 1. soruya cevap ver
hangi sini kull andéenez?
C. K-erde veya Dékaréda ol mak ¢ok key Dejiktirir

1(Grup ol arjak Yajlmkrein@zbi rk¢gs¢h dei tatriabwenéa €ab an
tekrar bakl at mak i -in arabaye hareket etti
i-indeyken arabanéen °n caméné b¢teéen geéceéngz
ettiremiyorsunuz? A-éklayéneéez

AKkAJI DAKK kEKKAMAWE-1A¢BORULARI

K¢KN KULLANI NI Z.

Bir -ocuk io- i dol e B

kutularéné, Kkutul ar araseéendaki

Ss¢erteéenmeni ong kutu A ndaki

silindirler yar déme ' I bir

zemin ¢zerinde kKeki 75 kg £ or A

kutusu 75 kg iken B kutusu 26g dér .

tocuk A kutusuna 20 25Kg ) i

kuvvet uyguluyor. i i

2(Grup ol ar)a.k kwlleem éyn@&@pmadan sezgi sel ol arak A
be¢yeék, k¢-¢k yoksa exkit mi dir . Cevabénézeée a

3(Grup ol ar ak k & md k éinéezr meatnggd u bk ul | anar ak bl ol

hesapl ayénéz.
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4(Grup ol arpmrk Biatéeenéazla cisimden olukan sistem
yakl akél éer (1) Cisimleri tek bir cisim olarak e

Yukar édaikv meyir uldwl ur ken hangi yaklakémé kull andée
5(Grup ol ar)a.k Siadtexkm n€ar ul arénda si st emi ol ukturan
kuvvet diyagramé -izmenin yararé olur mu? A- ekl

6(Grup ol ar)a.k B aK wetkuesnuenzd a i-ko kc any it apbaakkelta re nvireernd é r B
uygulanan kuvvet 200 N a yaklaktéejée zaman keéereéel
kuvvetle ittijini hatérl ayénéz. Bu kuvvet B kut
caml ar KkHeerséalpéry anpénfay én&jzén e‘szaejelcmllrmamarak sezgile
veriniz. Cevabénézé a-éklayénéez.

7ki mdi hesap yapmadan sezgi sel ol arak B kutusunun
bul abil eceji miz bir y ol czerinde dural ém. KIl k
diyagramlaé - i zi ni z.

A kutusuna etki eden kuvvetler B kutusuna etki eden kuvvetler

8k i mdi yukareda -1 zdi j,snoinzu- d iayoaygorgaymal naérzé. kSuol nl ua-nl aarra
oyunu dojrulujundan emi n ol unmayan bir d¢e¢Keéencel
kull anél an Berilsdmadekigdiceni n ddojdroj ubobhmap € dur
sonu-lara odakl anéréz. X dojru ise, Y nin ol masEé
-elikir bu durumda X den vazge-eri z, Bazée dur uml
i-erisinde olur ve X in dojrulujundan daha -ok e
kind i ge-ici olarak A kutusuna uygulanan 200 N 1l uk
kabul ediniz. Bu kabullenikin dojuracajé sonu-1Iar
a) Ej ega( B0 ye A taraféndan uygul anagh(AkaBvvet) =200

tar af é&n dan kuvety=g?u | a

b) Ej esa=F00 N ol duju dojru ise, A kutusuna &etKki ede

c) Kabull eni ki n do
-ocujun wuygul ad
edersiniz?

ur agafZ200soNuodddjayayamak ,A FKut L
jeé kuvvetin B kutusmina aktareld

D —»

9.(Gr u
k u
gO

p olar)k Bwawal eeénda kuvvet di yagramé -izmek i k
vvet di yagr amé -i zmek sadece sizin hangi kuv
stermenin bir yolumu dur?

10. (Gr up ol ar)aAkkutusanlr®@ klewmttzs unapgsbugua.l adéej é F
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A

12.

13.

14.

Kaj e
1. M
k

Y
Yuk
2. A

c

Birden fazla cisimden ol uka

bir cisim olarak d¢gkegnmek; (1) Ci si
bulurken hangi yakl akémé kull andénéz?
Ej er portakal & bir s‘;*“"‘ Al ar bl labul

el manén portakal a uy t bir

kuvvet yoksa d &Sk, r tke

kuvvetini ihmal edinigBu kuvvetin sitemin

i vmel enmesi iczerinde

Ej er portakal ilerake froggd ~~ "~~~ °-°°° Sem ol a

d¢kenegrsek el manén po! jdéj e kuvy

bir i - kuvvet yoksz| I midir?

?268¢ert ¢nme  kuvv @Buikuwvetini :

sitemin i vmel enmesi el i nedir?
_____________ )

(Grup olayakkirmtiekeagta 8 dezki 1. soruyu te

¥Trendi klerimiazi Pekiktirelim

daki sorularé grup olarak tarteékénez.

asa ¢zerinde duran bir kitaba et ki eden kuvy

uvvettir. Bu kuvvetl er -tNeepwktio n-6iufnt E3e. i nYdai seaksveen a

e zét yonl ¢der .

arédaki i fadeye kateéel éyor musunuz? Cevabénez

arabaseé serbest béerakeéel dektan son
i sminin ajér|Tegnm nse rktag rkned laekrtiée riehnngazl.

ma |
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3. Mive Mbk¢gtl el i i ki bl ok bir i p yar d;ggemémgl a birbirle

Kkuvveti il e sajajs,>dMjorluduj ekial igyorrel arepTh eM de ol ukan
geri |l mel er i nli¢g nk asrekr & léanknted reérn & zh.ma | ediniz.
T T
M, 2 M, |t
4. Bir ipin ucuna bajlé bir -elik top sabit bir heéz
gerilme ile topun ajérl éjénélakanegnal dktenen&nvvecCeE
ihmal ediniz.
{FoAl |

5. Ayné top akajéya dojru d¢zen yavaklayarak indiril
karkél akt er éneé z .HaGeavnaebné ndéi zrée na-- ékkul vavyeétniénzi. i h mal edi
6. Ayné top akajéya doJjru d¢gzen demgdentopméz| anar ak i
ajéerl éjene Haeamawmé&halti ee@anékxuvvetini i hmal edini z.
7. Bir ip yardéeméeyla birbirine bajlanan A ve B bl ok
kuvvetl e - e kd me ikt e diBrl.oklmar a et ki rinde e n kuvvet]l e
gesteril miktir. Akaj édaki i fadel erden hangi si New
bir ifadedir.
MR TN
Fra = <—
<—— [ 28 Ega m >
|mAi B Fext
Mag Meg
a)Newt ondun 3. Yasaséna g°re her bir blok i-in Norm
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b)Newt onbu®@na. g¥dEga §
c)Newt ondun 3. g ¥pstaeséonakgp’nr egelF i | me kuvvetine etk
dYukarédakil erin hepsi
8 M ve m k¢t el i ki bl ok s¢rtéenmesioz
bir yézey boyuncaF yat bir F
kuvveti ile itilmektedir. — > M
m
a) K¢ - ¢k bl oj una bg¢y
uygul adéj é kuvvet F, M ve m
cinsinden neye exittir.
b) B¢yék bl ok ¢ netkuivete, eMkve emmemi nsi nden neye exi
c) K¢- ¢k Dbl ok ¢ netkuvvetle, eMkve emeai nsinden neye exi
9. S¢rte¢e¢nmesi oz yat ddgkigbi r d¢zl emde, Keki
birbirine dokunacak 4 kg S5kg kg
k¢etleli X kegpe 11 e b . 18 N |
yatay kuvvetle itild@ et ki e
net kuvvet:i hesapl ayé¢
VI.L¥] rendi kl eri mi zi Dejerl endirelim
8. (Grup olarpk Ewvakéerkiebmz ANbdlaadiar Biliyoruz G° st
tartéekteéejénez sorul ar@&erebiar shendihakkamelada
birbirinize belirtirkenn e d e n od ¢kkecknidli¢djee n ¢z ¢ grupt aki arkada
Grup ol ar askonraa thert élkitransoru i -in grubun orta
9. Bireysel

ol arak verdijJiniz

fark var me? Varsa
Uygul ahyéneéez

b u

275

yaneétl arl a
f ar k IK@judiata Yakathmen Stratéjisinb e | i r t i

Ki mdi

o) dNredlri- aBédh éydkaszmed@odsat erel s r ul ar @
grup ol ar @

r



Adé ve Soyadeée:
Séeneéef:
ETKKNLKK 8
. Nel eri Biliyoruz G°sterelim

A.Bireyse). -Akakedaki sorularé bireysledmay@arak ceva

unut mayénez.

1. Akaj édaki duruml ar én hangi sinde bir ot ob¢seén i
bahsedilebilir? Cevabénézé a-éklayéneéez.

a) Duran bir otob¢gsén i -inde bulunan yolcul arén

Neden?

by Sabit hézla ilerleyen baréntob¢gsegn i-inde bulunan

Neden?

¢c) Kvmeli hareket yapan (hézénda dejikmelerin olduju

Neden?

2. Ot oby¢ s, kamyon gi bi motor |l u ara-1|ar én eyl emsi z| i
a-éklayénez.

3. Ayné k¢t el i ki htteptaarmgidiiryior1 0 m/i§ esabi2t0 m/ s s a
toplarén eylemsizIliklerinden bahsedilebilir mi? B
karkél akt éréenez.

4. Ayné ke¢tleli i KRivmeyplteangibdiryowleylengidyorjBar i 8 m/ s
toplaréen eylemsizliklerinden bahsedilebilir mi? B
karkél akt érénez

B. (Grup ol ar gk Yalkak @adaxki Hemrul b é s$ar o é kheankékzé nd a
d¢kencelerini zi bhebenind zawkmrbdelljdentéizreck emgr upt aki
arkadakl aréeneéza a-éklayeénez. GRUPLA TARTI KTI KTAI
VERDKJKNKZ CEVAPLARI DEJKKTKRMEYKNKZ.

1. Araxtéraleéem

1. (Grup ol ar)ak PiakKn@ikke nvéez pi Kmemi K i ki yumurtayé birhb

2. (Grupolar&k - a)®kE@éverilen yumurtalaré ayreé ayreé masa
d°nen yumurtal ar a hafif-e késa s¢reli dokunup
sajlayénéz. G°zlemlerinizi kaydedini z?
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3. (Grup Iar)a(k°z—|aelnél;<eérniénzk z®i dag amamngi yumurta pi
Neden bir yumurta d°nmezk&kpud*umerit ad@neameyegamd
farkl el ekl arnéna dikkat edini z

4. (Grup ol ar)ak Yuanhuerktéanléazr d°ner ken i vmelimi yoks

e SéfnéTart ékmaseé

IV. ¥Jrendi klerimizi Pekiktirelim
Akaj] édaki durumlaré grup ol arak tartékéneéez.

1. EIl'in uyguladéjé kuvvet bardaj - i ndeki k-
neden para bardajén i-ine d¢k @ 3

2. ¢ekicin akaj e dojru hareketekl i p ani den
sékékmaséné sajlar?

V¥ rendi kl erimizi Genikl (3 im

1. (Grup ol ar)ak Avyané kbeinyegzk!l ¢kte i ki tane kutu bir
kutul ardan biri kum ile doldurulurken dijer
kal dér mpidainndeanpamuk hangi sinde kum ol dujunu

2. (Grup ol ar)ak Biarl elkéihedi ye otob¢s¢ kérmézeée exke
frene baséyor. Otob¢seéen 1 -inde ayaktaladuran K
°ne dojru hareket eder neden?

3. (Grup ol ar)a.k Biarl éxréekneedzak énéz eyl emsi zI|l i ] fici s
-al ékan kuvvete karké g°sterilen ve C|smin \Y
ol arak tanéml éyor musuAuk®&daAkehkéagékha&zéel éyor

4, (Grup ol ar)a.k Enaniéykeetn ékze mer i ni takmak neden ©°ne

5. (Grup ol ar)ak Viarl &8jké nde°znen bir arabanén i-inde
d°nerken neden virajén dékéna dojru savrulurs

VI.L ¥J rendixil eDejméar |l endirel im
1(Grup ol ar)ak EtakKiérkleinkez8 bakl arken f#ANel eri Biliyo
sorul arée tekrar Kendbiaranémdhakdaendmré&nédeskencel e
neden od¢kkeknididfe,nptzak i ar kadakarairpé noél zaar a&k- étkalratyeéeknt &
her bir soru i-in grubun ortak d¢gkegncelerini yazdé
2Bireysel o)dNedhler - aBékéyokéauszmé®@odsat eruel sonr ul ara b
verdijiniz yamnétalraarkl at akritnédkit ékrntwam sonra verdijini
Varsa bu farkl éj pudadanivakabamar St har@j i 6i i y

277



APPENDIX K

THE GENERAL TEACHER GUIDE

' STBKLKKSEL VE EPKSTEMOLOJKK OL ARKAK EZ¥NGENMEK TKRKL M
D¥NG! S! MODELK UYGULAMA REHBERK

Bu - al ékmankinl iaknseeclé viestepi stemol oji k olarak zenginle
model i ne dayal é geliktirilen °Jraeteéekméen JOIi t essénnédfe k¢
bakar éepigen@al wjei k gel i kmel erine etkisini araxkteéermaktéer.
i sbhiliksel ve epistemolojik olarak zenginlextiril mikck
7TE °jJrenme d°ng¢s é¢migni s eébla svaemaé ginat gmdl oj i k aktivitel
ol ukmaktAxdhgredaki tabloda bu birlekim °zetlenmicktir.

7E ¥Jrenme ¢ev|; sBil i ksel Akt|Epistemolojik Aktiviteler

¥nbilgileri or|{Grup TartekmagGe¢nl ¢k Yazémeée

Kavram Harit as
G¢nl ¢k Yaz é mé

Girme

Kekf et me pshili ksel y°n

A- ékl ama P ski i ksel y°n
Tart @&kmasé

Derinl ektir me P shili ksel y © n| Epistemolojik Stratejiler
Sénef TartekmgSéenéf Tart ékmg

Uzatma P shi i ksel y © n| Epistemolojik Stratejiler
Sénef TartekmgSéenéf Tart ékmg

Dejerl endir me Kavram HaritagGe¢nl ¢k Yazeémé
i shiliksel yo°n

7E ¥JRENME D¥NG!S! MODELK

Bu °jJretim metodu 7 basamaktan olukmaktader
¥nbilgilerin obdsagmal-éénkdaar é9 maeseci | erin konu hakkeénde
tead ¢bel eri -ekKi tli y°ntemler kullanélarak ortaya -eékar
Girmebasamaj énda °Jrencilerin konuya karké merak duymeé
sorul ar olukturmayé sajlayacak aktivitelere yer veril
¥J7 r enme dkgkfsebtrarpea maj € r € | rgered ielnd e me k , bilgileri k @
deji kkenl eri belirl emek, deneyl eri pl anl amak, grafi
gel i ktirmek ve sonu-Ilaréné d¢zenlemek i-in férsat saj
A- éklbaansaamaj €énda i se °Jrencil erdéekiar @ noktyl aras,ama@h:
a-ékl amal ar getirirler.

Derinl eaktaimmé&nda °jrenciler °frenmi k ol duju bilgilel
akamada ©°Jrenciler b e n z e benzes deneylerayapabilirke®¥ Thri epromee z | er i roe
do°ng¢senmegemimdeevwjrencilere -°zebilecekl erii sayésal p
Yaymabasamaj énda ise °jJrencilerin °JrendikIl eri bil gil
beklenir

Dejerl ebhbdsamaj é hem s¢re- hem de srén dejerlendir
dejerlendirme i-in °jrencilerden yaptéklaré deneyl er
uygul anabilir. S¢re- dejerlendirme °Jrenme d°nge¢seéngl
¥Jrenme d°ng¢s¢ sadece Hilrery%nleg kall mad é&ji éxn cod rd,u j ] rt em
s¢re- dejerlendirilebilir
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du

bi

i STBKLKK

en okuma °devini di kkatlice okuy
nezée kontrol eden sorul ar sorun.
Bu sorulardan birka-éné yazeéneéz.
2. Ejer keoddwj aeruzs soruyu cevaplayaméyorsanéz
ilgili yerleri tekrar okuyunuz
3. Okudukl arénézla g¢nl ¢k yakaménézda kull and
bilgilerle oldu mu? ¥rnek veriniz?
e G¢nl ¢k: Yazéme
¥7rencilerderl kreindve?®©

Bil ik basi't anl amda d¢é¢Keénme hakkénda d¢é¢Keénme
renmesi ni il gilendiren her tg¢r | ¢bir kontiolesahim f ar k é
masé ol arak da tanémlanabilir.

1 shili ksel ol arak ivyi bir durumda ol an bir °7j
e ¥Jrenen olarak kendisini iyi tanéyan, analiz
e ¥Jrenilecek aktivitenin (yeni °jrenil ecek ko

stratej | erin konu i-in uygun ol duj u, konun zor mi
e Aktiviteye baklamadan °nce plan yapan, ama-1a
e ¥Jrenme s¢recinde °Jrenip °Jrenmedi]ini kontr
e ¥Jrenme sonrasénda kendini deferémaadkorthr ol a

karkélakteéjé zorluklarén, yaptéjé hatal areéen f

Bu -al ékmada, bPUHmm&hlmhama&baanSeblmamaeadl
'l anarak bu becerllerl altadlean]l ék haline getir:i

Kull anélan BellksBaklA&ktj vti tel er

e 1 sBiliksel Okuma ¥devl eri

Bu aktivitede ©°jrencilere okuma ©°devleri ver
| amadékl aréné kontrol etmelerine vénéngakideéimi
ecebki l¢isktsel yo°nlendirmelerle yapmal aré istenece

¥rnejin,

1. Size veril

anl amadeéej e

F g nmi konu hakkeéendaki

)
,Keéenmel er i i -in géenl ¢kl er yazmal aré -bistiewselkt

nlendirmeler °Jrencilere konuya baklamadan ve |
nuya lakl°ama&d veril eceki: bakl éca y°nlendirmeler
Konu hakkénda nel i iliyorum?
Konu hakkénda nel renmek istiyorum?
Konuya -al ékmadan °nce plan yaptéem mé?
Konuya nasél -alexkxacaj em?
nuya bitiminde verilecek bakl é&ca y°nlendirmeler
Konu hakkéndian? nel er i °Jre
Ama-|l aréma ul aktém me?
Konunun hangi kesimlerinde zorl andém, neden?
talékma y°ntemim etkili oldu mu?
e Sénéf ve Grup Tartékmal ar é
Konu hakkeéndaii |tixsteéd k m&@8Indrengstr mel er kull aneéel
Kull anél albiaki baerfaeleg 5nl endi
Bu aktivitede (soru, durum é) naseé
Burada bunumu s°ylemek istiyorsun?
Ar kadaxkl|l arénla ayné fikirde misin?
Bu soruya baxkka biri nasél cevap verebilirdi,
Boyl e d¢ekeo@merndeg K gaal neden ol acak °rnek du

| de¢kende] ¢

rumlarla inceledijJimiz bu durumlar araséndaki f
e Kavram Haritalaré
¥Trenme d°nge¢senegn bilgileri ortaya -ékar ma
I di kl erininmdaekleaakuvlaramaélaacalat ér
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EPKSTEMOL OJ K

Bil gi kuramé olarak da adlandérélan epistemol ojii
inanéxkl ar ol ar ak tanémlaneér . Bu -al ékmada °jTrencil
gel i ktirilmoelsaj iik iank teipviistteel er uygul anacaktér .

Fizik hakkéndaki epistemol oji c-e ayrel éer.

e Fizik bilgisinin yapésé hakkeéndaki inanékl ar:
bil gi par-alaré toplulujumu yoksa tutarl e tek

e FizijJin i aeriinfainékdkkéndizi k form¢gll erden mi [
temel olukturan kavramlardan mé ol ukur.

e Fizik °Jrenme hakkeéndaki i nanéxkl ar : Fizik °7r
al mak méedeér yoksa g¢ndel i k yakualnidaan éfl iamni ks el
sezgi sel bilgilerin ve deneyimlerin iklenerek

Kull anél acak Belli Bakl & Epistemolojik Stratejile

e Hatal arée Yakal amak
Hat al arénén ve neden hata yaptéjéenen farkénda ol maseé
e Tutar | ékolBtmek n Kontr

Cevaplaréyla sahip olduju dijer fizik bilgileri araseé@
e Sezgisel Bilgilerin Aréeteéel mase

Bu strateji °Jrencilere fizik °Jrenmenin g¢nl ¢k yakal

gelii lkme g i ol duju d¢gkegncesini gel i kKtirmeyi ama-1| amakt a
e KoPprg¢ Degkegncel eri Se- mek

Bu strateji ile °Jrencilere bazé durumlarda bir ol ay

dojru kabul edip devam edecekl erieel &kyelmirl meer mieKit re

d¢ke¢egncelerden birini dojru kabul edip, en azéndan bel
e Sonu-lar Oyunu Oynamak

Bu stratejide °Jrenciler se-tikleri d¢kegncenin dojru

¥rnejin dekxthkegn sonra onun dojuracajé sonu-1aré dg¢

ol masé gerekir. Bazen Y dijer fizik bilgileriyle -eli

ise Y dijer fizik bilgileriyl edauhyau m oik- eermisni nodeuroulzur v
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APPENDIX L

THE TEACHER GUIDES FOR ACTIVITY SHEETS

ETKKNLKK 1 UYGULAMA REHBERK

Bu etkinlikten sonra °jrencilerin

1. Cisim ¢zerine etki eden kuvvetl eri tanémlam
2. Cisim ¢zeri ne etikdtlendirmesimm kuvvetl eri

3. Kuvvet diyagramé -izmesi

beklenmektedir.

Genel ol arak bu akti ¢i mcier bireyselgdri jprt aarki é wvihet d ev

tartékmasé séraséneée takip edekeenkdi-sail nedkeysela?dn caerkdié rhb
grup -al éeéxkmal aréendaki durumlar séneéef-a tartéekel ar

l.

Bu be°jJ%jmdencil erin verilen sorulara dayanar ak |
sérasénda gruplar arasénda dol askiérlea rsaokn rlajsréenndcai |5
°jrencilerin kavram haritalaréné -izmel er]i saj |l i
kavram haritasénén naséel -izileceji hakkéenda yar

1.

Bu késém °Jrencilerin deémietiltgi Hiéerzil éec @ krnm&klu ma
-evremizde g°rd¢j e¢megmsbdbirgukambdnehayYyheménenedegu )

Il

Bu késeéemda °jrencilerin yaptéklareé k¢-¢k deney
beklenir.

V.

iSonu-awnlr &k apl é s kresfméndat ékmasé vy,abpiérlkéar-. gHeurpt @i
verilerini sénéfla paylakmalaré istenir.
¥Jrencilerin -biulitkagdléekmlaagdmaalk sakthiifl i ebmal yrPra |l enidn
yapél mal eéder :
¥rnejin;

e Buakti t ede naseél dekendeg] ¢neg bizimle payl ak

e Burada bunu mu s°ylemek istiyorsun? (¥]re
ifade edilir)

e Arkadakl arénla ayné fikirde misin, farkIl e

e Tarteéekt éj é&nsézgisekotmnakidlaa mlidzogfyrau dgge | meyen d¢ K¢
ya da durumlar oldu mu?

Sezgi sel bil gi: Ki kinin bir olayén nasél ol ac
olarak tanéemlanabilir. ¥rnejin, ajér cisimlerin
bilgidir.

e Bu soruya bakka biri nasél cevap verebili:

e Byl e dé¢K¢éenmene (yanl éxk d¢kénce) neden
yakamdan) verebilir misin? O durumlarla i
nedir?

¥ncekioriuki®°jrencilerin hatalarénén farkéna var
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Séneéf tartékmaseénén ar démaranz kmarrv eit kit amiésniniam é et k ik
sonucu oOoluktuJu bunun ikuwethuyagllg akuweetkutvvaré mina rnuérgkud ma n

cismhnmutl aka belirtil mesi gerektiji vurgusu yapeéeleéer.
A.¥jrencilerin g¢ndeli k yaxkamémézda sékl ékla kark
kuvvetl eri hat érl amal aré sajlaneér.
Belirlenen kuvvetler i-in hangi harflerin kull ané
V.
Bu késémda se-ilen °rnek dijer araxktérmacélar tat

Bu °rnekte séklékla yapélan hata masanén kitaba kuvy
ol mayan hatalardan birisidiukareé¢enyka;, dojrreun chiilrerk usvoweutlia
zorl anmazlar, ama o kuvvetin hangi <cisim taraféndan

Sénéf t aartdE&mthasre nkkint aba uygul anan kuvvetl er:

Yer -ekimi Kuwvakaid¢ignya taraféndan uygulanan kuvvet ve
Normal K uvvet: Kitaba masa taraféndan uygul anan kuvvet ol ar
n

Bu séneéf tarteéedhmdasa&nsecd Jga&nvendi bméli easkeé O] aenda&i |
aktif ol malaré sajlanér.

\YJ

Sénéef tartékmaseée ile kitap ¢zerine etki eden kuvyv

Burada kuvvet di yagraménén °nemine vurgu yapeéeler.
ol acaj

hareket problemlerinin -iziminde -0k yararl e aj é

Kuvvetler eti ketlendirilirken ilk olarak kuvvet:i
sonraaltind sl er yazél é&rken ise ilk olarak kuvvetin uygul at
uygulayanén bak harfi yazél masénén daha anl akeéeleéer et]i

Kitaba d¢nya tarafegnwdan uygul anan kuvvet: G
Normal KuvwwetKi t aba masa tar af égukark!| uygel e&narkekdvwwnat i

ETKKNLKK 1(Devam) UYGULAMA REHBERK

Pasi f kuvvetler sadece aktif kuvvetl er uygul andeé]

gel en kuvvetlerdir. N o r ma lilmekkuvveti aricak aksfoir kugvetme kuvvet.
uygul andéejénda tepki olarak ortaya -ékarlar ve uygul g

¢oju °Jrenci pasif kuvvetlerin (nor mal kuvvet, S
kuvvetl erden (ibtimesiins ayern- ekkiitmibékuvveti) farkl & ol du
b¢ten kuvvetlerin ortak ©°©zelliklere sahip olduju ger -
kuvvetlerin bir y°n¢ ve «kiddet]i var deéa) Pasie hepsi har
kuvvetlerin dijer kuvvetlerden ayrée yere konul mase f
°Jrenciler kuvvet diyagramé -izerken ve sorularé -°z
kull anmakta zorl anmazhar malAmiku\wwetéi n° joiesnmiin eaj arl ej é
duruml ar da da eKit ol ar ak al masé, nor mal kuvvetir
anl amamal ar éndan kaynakl anmaktader. Bu etkinlikte
uygul amasénén sez@iokbujohavakpdai fankambetl erin dijer
°zelliklere sahip olduju ger-ejinin farkeéna var mal ar €
.

¥jrencilerle sezgisel bilgilerin ne olduju ve ©
g¢enl ¢k hayattanebtirka-Sé@zagiekelvebiill gicl er ki kinin bir ¢
ol masé gerektijine dair bekl enti si ol arak tanéemlanat
ol acajéneén bekl enti si bir sezgi sel bel gnadcitrek| ] renc

gelmemektedir.
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. Ar akt éral eém

¥Trenciler genel de esnek cisimlerin sékékt él
uygul ayacaj e fikrini mant ékl é bul maktadeéerl ar . Y
°Jrencil erin nbiu asketzigfi seederbeikl giesimasa il e yay ar a
kitaba kuvvet uygul ayabil dif7ji fikrinin °jJrencile
aktiviteler sonucunda °jJrencilerin nor falhhukuvve:
anl amal aré bekl enmektedir.
Her aktiviteden ©°nce °jrencilere aktivitede ne
1. Yatay ol arak sékéktérél mék yayén bloju itmes]
gzl enecektir.
2. Bu aktiviteden °hjarreerkeeit!| eert melsajni n karké bir it
yayén hala bloja kuvvet uygul adéjénée g°zleyec
3. ¥Jrenciler d¢Key konumda sékéktérél méex y a\y
gzl eyeceklerdir.
4, Bu aktivitede bl ok, .ya¥Enenszielreirnidne bdue ndeden
sékéktéjénéen ve yayén ¢zerinde ajeéerl ek ol madEé
ol dujunun farkéna varmalaré gerekir. Bundan
durumdayken yine blafdémtedgceaeji glmmeimakt adey
yayeéen bl ofa@neifttt §1i neé k ma s,ebudaktivitdnia 12i aktivitegez | er s e
benzedijini, her i ki durumda da yayén sékeéext
ittiJini ama eleéetminagsinnibl ®fj genl lhead iefjkiet benzer K
bloju ittijini ama blojun ajérl éjénén bl ofjun
5. Burada daha afjér bfakl kodekdygepghaddhaa f a:
uygulayacajenén°faeké&na varmasé beklenmektedi
B¢t éen késémlar sénéef-a tartékéldektan sonra ack
yapéIaBbuiIgig,rn. dier se gel meden ©°nce masanén kitaba k
hal de bugnéendebnu nylagprtée k, bugeé¢nkeg dersin ana fikri n
Senéef tartékmasénéen ardéendan ©°jrencilerin masa
fi krinin mantékIl & bul masé ve pasif kuvvetlerin (
ger -ektfe odamadeéekl ar e, dijer kuvvetlerin sahip ol

beklenmektedir.

¥Jrendi kl erimizi Dejerl endirelim

Bu kesménda °jJrencilerin bir °nceki -izdi kl er
kal ar ak dejviewtai rerkd leamreil ewvel/yapmal aré bekl enmekt edi
a-éklamal arée ¢stbiliksel olarak ©°jJrencilerin akt:

ETKKNLKK 2 UYGULAMA REHBERK

Bu etkinlikten sonra °jrencilerin,
1. Kki cismin hamreketoiriuiml @mimalh iar ién e eg®
2. Hareket |l bir ortamdaki cisimlerin harek:e
yorumlayép problemler -°zmesi beklenmekt e
Bu etkinlikte bajeél héz konusunun yanénda ©°jr
kull anacaklhar ak@aHamao vV e iSezgilerin Aréetéel m
ama-|l anmaktadér .
. Nel eri Biliyoruz GPsterelim

Bu b°l ¢mde °Jrencitbarlign lkonwni halké&srdagi Sel bil gi
sorul ar verilmiktimrmak ¥fuesoruueéar @i ceyael adélat an
sorul arée tarteékacakI|l arder.

. Arabal arén ¥I|-¢len Hézlaréné Karkélaktéraleéem
¥ renciler verilen her ¢- durum i-in A arabasé
edeceklerdir. i|lBuekese&ymdpd ar¥jémemc doj rul uju hakkeén
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. Ar akt éral &ém

Bu b°l ¢imde ©°jJrenciler bir °nceki akamada yaptékl ar €
denemel erinde d¢gzgen grafikler el dekadamegeghiclkirl er .
tekrarlamalaré ve her ¢- durumda da A arabaséna ayneé

¥Trencil ere ezladneanetgiriakfliekrlierh @z n ilgi i yerl erini
i statistikleroi se-e&r dleshApdrnatad agream ogratradléeaama dh é z&re |

IV.Degkeéencel erimizi Payl akal ém

B u bel ¢mde °Jrencilerin Araktéral ém bel ¢m¢gndeki
payl akmal ar é sajlanacak vV e °Jrencilerin sonu- vV e (
verilecektir.

Hat al arémézé Anl ayal ém

Bu alt bakléekta °jJrencilere fiHat a Yakal amao strat:
stratejinin etkild@ kull anél masénén hatalaré tespit et
belirtil er etkej i®yir e°njcrid eme ysd rvme uygul amaya tekvik edil

¥Trenciler bu stratejiyi AArabal arén ¥I-¢1len Hézl e
tahmin ve deney sonu-I|larénén farklé& -é&kmasé durumun
a-éklanar&kk | Wenkemdk hatalaréné belirlemeleri istenec

vhaﬁll = vgﬁzlenen - vgf:l'zlem:i

form¢gl ¢ngegn samecakin hezl ar é ortak bir referans siste
durumlarda kullanabildifi, hezlar faikitéendeféenades si s
bu for mgl n kar ékékl éja yol a-abileceji s°ylenir.

Baj el hez bulunurken heézlarén alt indislerle belirtil
Héez vektorel bir b¢yeéekl ¢k ol dujundan, yApgEdHdéhe@z bul u

s°yl enir.

A nén yer ey g%rud umaz& eV kul | anél an indislerln sér a
saj taraféndaki i -teki indislerin ayné harf (birinci
dektakilerinide ((bA)rivrecii ktienrciimitner i mi n i ki nci i dISi
E’Kit_’|ljin di jer tarafeéndaki hézén indislerini (AB) V €
Vay = Vag + Vey

Hezl arén alt indislerle belirtilip yukarédaki gi b
hezéekhosdgu ol duju durumlarda bajél h 8oylenirhat a yapmadan

V. ¥]rend|klerimizi Pekiktirelim
Bu b°jJ°jmdeenci |l erin °JrendikIlerini benzer durumlara 1
¥Jrencilerin baj &ly ¢ckkézé&n oVvVekif Ur elbulbbium b - i n hem bg¢y
y°n¢gnegn belirtil mesi gerektijinin farkéna varmal ar é s
VI. ¥T rendi kl erimizi Genikletelim
A. Far k1l e dojrultul arda hareket eden cisimlerin bi
bulunacajé gzerinde durul u
1. Hezén vekt°r ol duju bunun i-in bajeél hézéen vekt©or
2. Bu soruda karkéya ge-me sg¢resini kayéején akenteéeya
yolun ise kayéjeén yere (¢g°r eg°hréez ehneézné nyéant ayya thaiyl ebkieln
ile akénté hézénén vekt°rel toplamé) belirledijin

d késménda, kayején A dan BO6 ye verilen yolu taki

Ve bu y°n dej i Ktidgneey nibml dwseni lnaya&j &lnmaséna neoc

d¢kegnmeleri °jJrencilerin bu soruyu dojru olarak -

B.¥frenciler, hez ile ilgildi -ocuklukl aréndan beri
sonucu elde ettikleri sezgisel bilgilee s ahi ptir?ede ®&lua b °stzgipedbddgsic z| éder
czerinde durul acakter
a késménda °jJrencilerin bu sezgisel bilgiye sahip ol U
b vV e c késéemlarénda °jJrencilerin bay&damad ar & | e se:
beklenmektedir.

Sénéf tasoeumabszsen@mél arak -atékma durumuna vurgu Yya
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C. Bu soruda ©°jrencilerin uyumsuzl uk dur uml @
araktéréel maktadeéer
D Sezgi sel Bilgilerimizin Arétél masé

1. ¥Jrenciler bu soruda sezgisel ol arak wverdi]
gzl emleyecekl erdir.

Sénef tarferemaséredan soru hakkéndaki d¢Keénce
sajlanacaktér.

Senéf t aklk soeuganverieeaedp!| ar tart ékeél acakter. ¥ ren
bilgilerin ne dojru ne de yanleék ol duju, dur uma
durumlarda yanl &k ol dujunu s°yl emel eri bekl enmekt

2soru késaca tartéxéefidekgianelsomirlagi®lj@reinmii 4 lea
benzerlik kurmak istersek naseél bir benzerli k ku
benzerli k akajédaki gibi a-éklanabilir;

i Nas el ham maddel er i ar ét azr,a ks emgli asred kbu Il lga n aebriiln
onlaré fizik bilgiler:i ile uyumlu hale getiririz
késémlaré bir kenara ayérép onlaré saflakteéereéep |
bilgilerimi z i de aréteéerken onl ar én -al exkteje dur uml a
d¢zenl emel er yaparak fizik bilgilerdi ile tutarl é

Sénéf taBtéwmadéndaorul ar°nédetekahadahkha®heéehél
bilgisini 4 . soruya verdiklIl eri cevaba dayanarak yani y
sorul ur . ¥Trencilere arétma diyagramlaré sunul ¢
yapeéel ér Ham sezgi daha gedej uebel areit Bi mék sezgi

6.soruda °jrencilerin sezgisel bilgilerle fizi
bilginin yanlékx ol maséndan defj il yanl ék ol arak a
aréetmaye yaptéjémezan yhpmheanpda Bhmamede hbat ze y
syl emel er i bekl enmektedir.

VII. Kendi mi zi Dejerlendirelim
1. Baj él hez konusuna baklarken sorulan sorul ar
istenir.
2. ¥Jrencilerin bireysel olyarpalkek hata kakal ama
istenir.
ETKKNLKK 3 UYGULAMA REHBERK

Bu etkinlikten sonr a °jrencilerin akajedaki
¥Jrenciler,

1. Net kuvvet ile heéez deji ki mi araséendaki i i kKki
2. Net kuvvetile cisminivra s i ve k¢t esi araseéndaki bajéent éeye
3. Net kuvvet ve ivme araséndaki il kKkiyi irdel e

I.Neleri Biliyoruz

Bu késémda °jrencilerin uygulanan kuvvet il e
°n/ sezgisebrthayagi Féekanéhmasé ama-|lanmaktader. ¥
neden o kKekilde cevapladéekl aréné yazmalaré ve bel
birlikte cevaplaréné s°yl emel eri konusunda wuyar el

Il. Siz Nedenini Biliyor musunuz?
Bu b°l ¢m °fJrencilerin derse ilgilerini -ekmek

[ O Ar akt éral ém

¥Jrenciler araxkteéralem késménda | . Bl ¢mdeki
edeceklerdir.
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Akésménda °Jrencileindabitabalbarkarnwyvietema keenkhezen

inceleyeceklerdirBu b ° |%jmdeenci | ere d¢zgen grafik elde edinceye
etmeleri s°ylenir.
2soruda °jrenciler, genel de arabaya wuygulanan ku
ardéekdatem i pin ucuna bajlé k¢gtlelerin kuvvet uygul adeé]
Sénéf Tar%jéerkenaciélnarai n deney sonu-1lar éné Ve SOr |
birbirleriyle paylakmal aré sajl aneér. Sacterint  bir kuvvet

g°r mesi sajl aneéer.

Hat al ar éméz Anl ayal ém
o -
J

é
Bu t¢r sorul ar e renciler genel de gereken ©°nemi
°jrencilerin bu sorularé cevaplamal aré sajlanmal é& ger
Bkésménda fimehakmalané bekl enmektedir.
Seneéf taPfeemaséredan deney sonu-laréné ve sorul s
arkadaklaré ile tartéxkmal aré sajlaneér
7. vV e 8. sorul ar ile ©°Jrencil

erin fizik formegl |
¥ rencilerin bu sorularé bireysel cevapladéktan sonr a

Senef t arotjérkemackigloedraiyna f or m¢gl ¢ ezberl emek yerine
ol ukturan kavraml ar e vV e b u kavr almlralre rda malseé nfdarkmy¢ |i¢gl i

anl aml andér mal arée i-in yaptéklaréne ifade et mel eri b e

8. soruda jrencilerin form¢gllerin de dijer fizik
anl aml &, mant ekl e ol dujunu vV e firzaiske nida ki a mllairkékni €l ne r ¥
mat emati ksel bir ifadesinin oldujunu belirtmeleri bek

¥Trencki 2zirlet e her Key anl amlée ve birbirleriyle
formegl |l er, teoriler, kavramlaré mutPhkaenflienkéekibir
form¢gl l erinin anl amseéez mat emati ksel i fadel er ol ar al
ilikkilendirerek onl ar é oamwluamlué uh aylag éd entail réedréek °J r e nn
V¥]Jrendi kl eri mi zi Pekiktirelim

Bu bel ¢imdde @i ul afe&mca, | er net kuvvetl e i vme ar a
irdel eyecekl erdir. B u bs¢oyreukl | aghj deaneyPhpnesdihet étrheteni i n i vmeni n
sajl anmal éder .
VI . ¥Jrendiklerimizi Geni kl etelim

Bu késémda °jJrenciler sezgsaeéndikgilanar dHd eulNem
cevapl ar én birbirleriyle tutarl é ol madéjéné g°zl eml
getirmek i-in arétacakl ardér.
VIL¥] rendi kl eri mi zi Dejerlendirelim

Bu be°]J]%jndeenci | er Et kinli EoBulbarkd atr klemart ak e @eit € gt e
tartéektéktan sonra bireysel ol arak hata yakal ama stra

ETKKNLKK 4 UYGULAMA REHBERK

Bu etkinlikten sonra °jJjrencilerin akajeédaki kazan

1. Cismin hareketi ile ivme i araseéndaki il i kKkivyi irdel er.

2 Cismin hareketi ile cisme etki eden kuvvet aras

3. Cismin |Iimit hez ile k¢tle arasénda ilikki kur a
I. Neleri Biliyoruz

Bu b°l ¢mde °jJrenciler verilen soradrumprolaraki I k ol ar ak

tarteKacakIarder. B¢t ¢en °Jrencilerin grup tart é&kmal
d¢kegncelerini nedenl eriyle birlikte a-ékl amal édeér . y

286



da bil gi ver i |l meyeacetkdritrékt ékfaencciolnerae,i |
irmemel eri s°ylenir.
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11 . Arakteéeral ém

Bu b°l ¢mde °jJrenciler pasta kal é&bénén ivmesini
test edeceklerdir.

l.soruda ©°Jr encmad esrtirnatheajtias iymik adyagul amal ar é& safjl

Sénef tartff@wemas dreda n g°zl emel erini Ve sorul ar
sajlanarak | imit hez kavramé verilir ve | imit he
sonucunavarmalr € sajl anér .

Bkésménda °jrenciler pasta kal ébénén k¢tlesini
s¢resini nasél etkiledifJini test edecekleridir.

Séneéf tartffewemas éd reda n g%zl emelerini vV e sorul ar
sdjaneéer . Tartékma sonunda °Jrencilerin k¢tle arté
s¢resinin arttéjé sonucuna varmalarée bekl enmekt ec

I'V. ¥jJrendiklerimizi Dejerl endirelim
Bu b°l ¢gmde °Jrenciler Etkinkekkad beamdiar genpt
tartektéktan sonra bireysel ol arak hata yakal ama

ETKKNLKK 5 UYGULAMA REHBERK

Bu etkinlikten sonr a °jrencilerin akajedaki
¥Jrenciler,
1. Verilenkinematkg af i i nin metinsel a-é&kl amaséné ayeé
2 Verilen kinematik grafijinin metinsel a-é&kl
3. Verilen hareket durumunun metinsel a-é&kIl ama
4. Bir hareket durum i -in wveril en rhfikleriniki nemat
-izer. .
5. Konumzaman grafijinden yararl anarak heéezeée hes:
6. Hezaman grafijinden yararl anarak toplam yer
7. H&zaman grafijinden yararlanarak i vmeyi hes
I . Neleri Biliyoruz G°sterelim
Bu b°JAs;nkdees ménadat abbkoill e -2amanzamamezi n kon
ivme-zaman grafiklerinin birini kullanarakl i 7 er gr af i kIl er i dojru ol ar
kinemati k grafijinin betimsel a-éklamaséné ya

2. soruda®jrenchadazen nbg¢ kankrdzajmameg grafijinin e
rl edi jbi¢gyvweklic§egmgman grafijinin ejiminin
sahip olup ol madékl aré arakteéreél maktadeéer.
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I I Arakt éral em

A.Araba hézlanéyor mu yr®ksa sabit héezla mé ilerliyo

Bu kéeLdmearcil er sabit bir kuvvettin etkisinde hez
olarak hareketin konurm a ma nzamam @ezvme a man gr afi kl erinin asél ol acaj
tahmin edip, daha scscmargrupgrodrarcalkartalhmtlalﬂteeKtnék arz mel et
Tahminlerinizi Test Ediniz

Bu késggmdeaciler yaptéklarée tahminl eri deneysel )
cevapvep,gr af i kl eri yorumlayacak!| ardér .
Sénéf tatteemaskEadisnonneul-dearedt tviek Iseorriul ara leerdi kl er i c
tartékmal ar éEBus atjalratnéakcnaak t sonunda °Jrencilerin grafi ki
kinemati k denklemlerine ulakmal aré bekl enmektedir.
Hat al aréeémézé Anl ayal ém

¥renciler e¢médyni sbruil até&né& karkél akt érarak, hat al
hataya g°t¢ren dée¢kégnce Kekillerini nasél deji kKtirecek

B. Ar aba hareket dojrultusuna zeéet ir kuvvet wuygu

a nen b
Bu k é,s"gmdceapsab lt erbi r kuvvetin etkisinde d¢gzgen yava
hareketin grafikIler:i czerinde -al ékacakl arder.

Bu kédabmda °nceki késéemda tii zIYamen iy &kl otl-akiak ddirlek@e
zaman ve ivmg aman gr af i k1l er iirayseholamlatahinin edip] daltaaspnéangéup b
ol arak tartéektektan sonra grup olarak tahminlerini -
edip veril en sorul ar e cevapl ayép, séneéf tart ékmas
uygul ayacakl ardeér .

Tahminlerinizi Test Ediniz
Bu késéeémda °jJrenciler yaptéklaré tahminleri deney
vererek grafikleri yorumlayacakl!| ardér .

Sénéef tatteemaskaedian el de etti kl eri agkrauw-alkdragd évea | or L
tartékmal ar é sajl anacakter. Bu tartekma sonunda °]
kinemati k denkl emlerine ulakmalaré beklenmektedir.

Hat al arémézé Anl ayaleéem

¥Jrenciler tahminleri i | e deénneyn esdoennul -elrairné n éb ukl anmaxl éal r
hataya g°t¢ren degkegnce Kekillerini nasél deji ktirecek
V.¥T rendi kl erimizi Pekiktirelim

Bu b°l ¢mde ©°jJrenciler bir ©°nceki bel ¢mlerde °jren
i -in °rokekémrep ¢zerinde -aléekacakl ardeéer
VI . ¥Jrendiklerimizi Geni kl etelim
Bu bel ¢mde °fJrencilerin AiTut ar |l é ol up ol amadéej éene

uygul amal ar yapmal aré sajlanacaktér.

VIL¥J rendi kl eri mi zi Dejerlendirelim
Bu b°l ;emder EtRinik® dakl ar ken tartéexktéeklaré sorul areée t
tartéktéektan sonra bireysel olarak hata yakal ama stra
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ETKKNLKK 6 UYGULAMA REHBERK

Bu etkinlikten sonra °jJrenpiloégdmiahnan&@ajbedaleinr
¥Trenciler,
1. Kki boyutl u hareket!l er dez aynaat n@gamamweeavniezamany boy ut
grafiklerini -izer. .
2. Aték hareketleri yapan cismin izlediji yolu s
3. Kki boyutta sabit ivmeli-°lkereketl er ile ilgil
I . Nel er i Biliyoruz G°sterelim
Bu késémda °jJrenci-bielr ginl &roinrui nh atkkrélnar@gar °wvnar mal
¥Trenciler domelysred wowdwamlkadéktan sonra grup ol ar
I'l. Araktéral ém
A. Yuvarlanan Top
Bu kesémda °jrenciler yatay ateéek yapan bir ¢
harekatlerinde °jJrenciler -ojunlukla hezlé atél a
al acajéene d ¢ Mg rmeaneett e dliernt lekkt © b g y ustaldue c d o jtreu s al har
kull anél déj éndan i ki boyutlu hareketl er i -in I
kull anél acakteéer . Bireysel ve grup tahminlerinden
sorulara verdikleri cevaplarn € t est edecek ve il gili sorularla i
ve ivmelerinin nasél dejiktifini bul acakl ardeéer .
Hat al aremézé Anl ayal ém
¥Trenciler tahminler.i il e deney sonu-1aréne
vV e hat ayan gddgkeénce Kekillerini nasél dej i kKtirec
yakal ama strateji si uygul andektan sonra séneéef ta
incelenmesinden elde etti kIl elrainébri.l gil er i birbirl e
Kabul etme ve Anlama
B u b°ol ¢mde sorul an soru il e fizikte bilgile
°Trenil difji hakkénda t ar tcélkaryah ayaemd learria ka r afmazyiak d
sonucuna °jJjrencilerin varmasé sajlaneéer.
V. T¥endi kl eri mi zi Pekiktirelim
Bu b°l ¢mde ©°jrenciler bir ©°nceki bel ¢mlerde ©°
i -in kavramsal sorul ar ¢zerinde grup ol arak - al étk
VI. ¥Jrendi kl eri mizi Geni kl etelim
Bu kéesémda °jrencaillegrenbélilri hlknirrekleézli @aenl @¢ ke
inceleyecekl erdir. ¥Jrenciler bireysel ve grup o
edip hata yakalama stratejisini uygul ayacakl ar dé
dojru olabildif7i durumlarén olup ol mayacajé soru
tamamen yanl éxk bilgiler ol madeje ve bazée dur uml
farkéna varmalaré ama-|lanmpakachéa. KFi zakde&]] &mézne
bilgilerin iklenmesine dayandéjé sonucuna var mal e
VII. ¥ ] kl erimizi Dejerlendirelim

S o
5

di
bel ¢mde ©°7] rée nyakllearr kketnk itnalritke k&6 ékl ar & sor ul .
tarteéekt érkeayanelsomlrar @i hata yakal ama stratejisini

Mo =

ETKKNLKK 7 UYGULAMA REHBERK

Bu etkinlikten sonr a °jrencilerin akaj edaki
¥Jrenciler,

1. Etki tepki kuvvet -iftlerini g¢nl ¢k yakamdaki

2. Etki tepki kuvvet -iftlerinin farkIl & cisimler

3. Birden fazl a ci si gisttmimve oidimlekiraivmesiihssaptam!| er d e

4. Sistem i - kuvvetl eri hesapl ar.
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I . Nel er i Biliyoruz G°sterelim

Bu b°l ¢imde ©°Jrtencti émeli nolRar &Sken€ffrendi kIl er i Newt ond
yakamdaki ol aylara uygulayép uygulayamadeék| aré ar akt €
sezgisel bilgileri ile yaklakmakta ve epmstemol ojik
baze duruml ar da ge-er | ol madéj éne dekenmektedirl oer
°jrenciler, sorul ara cevap verirken neden o «kKkekilde
arkadakl aréyla tarteéekeéer kernyldcanerd eed d n lkerniuysluen dai rulyiak téed nc
[ Arakteéeral ém
Hal at ¢ekme Oyunu
¥Jrencilerin bu t¢gr sorulara yaklakémé genellikle Ne\
déekegnce s¢gre-lerini etkileyen ikigtPaleendii Yaebt kkl ewrir
bakl atanén hareket dur umu. Bu késémda °jrenciler, ayr
k¢tl ede 0k ki kiden birinin hareketl:i ol duju etkil ek
daha sonra deneysel olatakminlerini test edeceklerdir.
Deneye bakl amadan °nce kuvvet sens®rlerinin kali bre
a-éséndan olduk-a °nemlidir.
Hat al aréeémézé Anl ayalém
¥Trenciler bu késéemlarda onl ar é hatmayar g@°ti¢gnaen d ¢ K
venlendirilmelidir
Sénéf Tartékmasénda °jJrencilerin deney sonu-I|laréné seé
birbirine uyguladéeklaré kuvvetlerin birbirine exkit V¢
°jJrencirllane |l leat é
V.¥Jrendi klerimizi Genikletelim

Bu késémda -ajrpéemwaiall aridm haf i f sexgieh bilgiledii ha - ok etk
fizikle uyumlu hale getirmek i-in nasél areétacakl|l ar é
bilgiyi kuvwet a - € s éndan i Kl eyip hafif cisimler daha -ok etk
otob¢se¢gn daha fazla kuvvet uygul adéjaad peacmad amal avar er
hafif olan daha -ok etkilenir scamgiiskl erhell griisninn fhiéz
uyumlu sonu-1lar verecejini kavramal arée sajlaneér.
C.K-erde veya Déxkaréda ol mak ¢ok key Dejiktirir mi?
Bu k é,s°éfmdeanci | er i n sistem, sistemin i vme si vV e siten
-al ékmal ar é& s ajill @ama cgaeknteélrd.e ¥sjirsetne mi olukturan <ci si ml
sisteme dékar édan et ki eden kuvvetin b¢gten cisimlere
ivme dejerl eri hesapl amaktadérl ar . B uninksisteam® mda °jrenc]
sorul arénée -°zmede onlara yardémcé oldujunu g°rg¢rler.
Bu b°l ¢gmde °jJrenciler yeni bir stratejiyi (sonu-1a
fizijin nasel ilerl edifji konusunda kendi aralaréenda t
VIL¥] rendi kI e tirelimi zi Peki k

Bu b°l ¢mde ©°jJrenciler bir ©°nceki bel ¢mlerde °jren
i-in °rnekler problemler ¢(zerinde -alékacakl ardeéer.
VIL¥] rendi kl eri mi zi Dejerlendirelim

Bu b°l ¢mde ©°7J réeyeaikll ar KENhkK it mer itteexk rékrl ak €n sioraqrd wapl ar
tartéktéektan sonra bireysel olarak hata yakal ama stra
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ETKKNLKK 8 UYGULAMA REHBERK

Bu etkinlikten sonr a °Jrencilerin akaj éedaki
¥Trenciler,

1. Eyl em<ii slmijni durgun, sabit hézlé& ve sabit i vme

eder.

2. Cismin eylemsizlijinin k¢tlesinin bir °1-¢sy¢

3. Kuvvet ve eylemsizIlijin farkIl & olduju ayr émeén
I . Nel er i Biliyoruz G°sterelim
Bu b°l ¢nudiel erfirneneyl emsi zIl ijinin cisimlerin hareke
araktérélacakter

. Arakteéral ém
Bu bo°J°jmdeeni cil erin pikmik ve pikmemik yumurtayl a
farkl él @& éna diikkat asmcden @mknaed wiréemsiajll anacakteéer.

Senéf tartékmasénda °jJrencilerin g°zlemlerini ve
V. ¥jJrendi klerimizi Pekiktirelim

Bu b°l ¢mde °jJrenciler bir ©°nceki bel ¢ml erde ©°
i -in °rnek ki durum ¢zerinde tartékmalaré safjl ar
VIL¥] rendi kl eri mi zi Geni kletelim

Bu b°l ¢mde °Jrencilerin eylemsizlikle k¢gtle a
VIL¥] rendi kl eri mi zi Dejerlendirelim

Bu b°l ¢mde °jJredbdilrkrenEttlkirnléeikk e&l aré sorul ar
tartéktéktan sonra bireysel olarak hata yakal ama
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APPENDIX M

HOMEWORK SHEETS

¥DEV |
1. Akaj édaki Kekilde g°ltehtd¢i¢sigidbi bMetdmbeEabe@eoBan aj
hareket et tir mey e hareketl @miyaryMehmbetaelyle kutoyu itdckert u

B¢l ent kutuya bajlé ipi -ekiyor.
R
M ' Q
ehmet p s :%77
[ ' / Biilent
]
2. Kutuya et ki eden kuvvetlerin adlaréné yazarak tan
3. Bu kuvvetleri eiketlendiriniz.
4. Eti ketlendirdijiniz kuvvetleri akajéda kutu ¢zer.i
5. Akajéeda i ki arkadakén kuvvet diyagramé hakkeéndaki
¥ rencKuvlviet di yagraménda ip taraféndan, Me h me t t
uygul anan kuvvetlerin olmasé gerektijini dg¢kg
¥ renciKuv:et di yagraménda B¢l ent 6in uygul adej e }
dée¢kKeéenmegyor um, ¢¢nkeg insanlar dokunmadéekl| arée ci

Yukarédaki ©°Jrenci buerNedem? hangi si ne kateél éeyor
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Akajédaki a-éklama ve kKekil sonraki 4 soru il

/

o)

5. Araba anlék itme ilebdeedatghdakt snprseonmasiyz
czerinde «kekil deki gi bi hareket edi year . Ak aj
kuvvetl eri g°steren kuvvet diyagramédeér.

A) B)%' C)*? D)’%

6. Yukaréeéda verdijiniz cevabén nedenini a-é&l ayéneé

7. Si zden farklé d¢k¢egnen bakka bir arkadakénézén
kKekil de cevap vermik olabilir?

8. Atkandakénezée bu cevaba g°t¢recek degkegnce keklin
Yukar édaki 3 soru (6,7 ve 8) size aleéexageldijimi
i stenen soruya verdijiniz c¢evabén birimie Huesoruyai a- ek
verebilece]i olasé bir cevabé ve bu cevabée neden
y°n¢nde bir a-éeéklama yapmanéz bekl enmektedir. Bu
cevabénén nedenlywanmalkétwnolzou] ks éand&k . Kar ké d¢Kyé¢
a-ékl amaneén g¢zel bir yol u bu dé¢kKeéencecenion dojru
tanémlanan durumdan farkleé& ol dujunu a-ékl amaktéer.
Yani K°yl e denilebilir: )Bulodgwe¢ncleur(dwyanlegkerol an
durum ¢é

9. Fizik °Jrenmendeki amacén nedir?
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mizle kimdiKki Bilgilerimizi Kar K él ack
é kavraml ar ve duruml ar hakkénda ders
él akt

°Jre&hdrinizi kar K érBoapenatabazegesdrjlarzveevhml
da yanl ék ol arak dejerlendiril meyecek sadece sorul ar
i -ten ol dujunuz ¥dejeeril emidlindeii Kdelededkjridirru. n hat ér | amak i -
yapélan etkinliklerdeki sorulara verdijiniz cevaplareé
la= Kuvveti dersten °nce nasél tanémleéyordun?

1b. Kuvvet. Ki mdi nasél tanémléyorsun?

lc Daha °ne&«lsii kt ant@amd&ésém var méydé? Var ise belirti
2. Dersten °nce masa ¢zerinde duran bir kitaba et ki e
3.Dersten sonra masa ¢zerinde duran bir kitaba etki e o

4. Dersten ©°nce masanén kitabar &dkhvael amygulgamayer senng
masanén kitaba kuvvet uygul ayacajeée fikri size mant ékl

5ki mdi masanén Kkitaba kuvvet uygul amasé sezgisel ol a
belirtiniz.
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¥DEX
Akaj] éda®i swekilliare i-in kullanénez.

? ?‘E’

Q=i

1. Yukar édaki Kekil de batbhdegketgeberkepahuanhkhbs
doj wWyd ru har¥ketéeedhgopée. her i ki ar.ab@naknt @ e z ¢
bulunan bir ghagl eydanijer air @b ali yro& g°r ¢r? Neden?

2. Fizi k dersi al mamék bakka bir arkadakénéez yul
kKekilde cevap vermik olabilir?

3. Arkadakénézén bu cevaba g°t¢recek dgkgmeze ek
d¢kence keklini fizikle uyumlu hale getirmek
(Not: ¥dev 1 de bu tg¢gr sorularé nasél cevapl ay:
de 10. sayfadaki 7. soruyu nasredt |-a’nmeadhéjzéameyza,r

edecektir. )
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¥nceki Bildiklerimizle kimdiki Bilgilerimizi
Akajéda bazée kavramlar ve duruml ar hakkénda ders
°Jrendi kl erinizi karkélkaBuésacajlanaz vieazdé] saral aevael
da yanl ék ol ar ak dejerlendiril meyecek sadece soru
dej er | end¥inrcielkeic ebkitlidri.kl erinizin ne oldujunu hateérl ama
sorul ara ecewdpjianmnié, grup ve sénéef tartéexkmalaréené dgKk;y
1.Baj él héz konusunda ©°nceden nel eri biliyordum?
2.Baj él héz konusunda ki mdi nel eri biliyorum?
B3Etkinlik 2 de °jJrenmekte zorlandéjém késémlar?

4Karkélaktéjémezebl Uktam2 nasél

5Etkinlik 2 boyunca °jJrendijim en °nemli Key nedi

6.Baj el hez ya da genel ol arak heéez hakkénda g¢nd
sezgisel bil gi ve tecr¢belerim nelerdir?
7. Etkinlik 2 boyunca fizik bilgileri ile uyumluh a | e getirmek i-in aréttej

bilgilerim nelerdir?

¥DEX
1. El inizl e yatay bir kuvvet uygul ayarak bir fizik
ittijJinizi déeKenegngz. Kitaba masa taraféndan uygu
zeyt° ndedi r Buna g°re elinizin uyguladéjeée itme K
me¢deér, k¢-¢k megdegr, yoksa exkit midir? Neden?
2. Fizi k dersi al mamék bakka bir arkadakénéz yukar éc
kKekilde cevap vermik olabilir?
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3. Atkndakénézén sezgi sel bilgilerini kull anar ak
uzl akt @&r manén bir yolu wvar médér? Yoksa arka
destekl edijinden sizin cevalkKgneuée KadkgddaeEmeqgi
bilgilerini sizin cevabénézla uyumlu yapabil me
4. Ni -in Hatalara Odakl anéréz?

Hemen hemen b¢tegn etkinliklerde ve °devlierde h
dé¢Kénmeye vurgu yapéyor uazr. -Hoakt alar magnzéezréinnd ay n
tekrarl amamézén °n¢gne ge- menBwn sy@amié nid-ai m atkkla e
ol madéjéné unutmayén. Sadece ne d¢gKegnegyorsaneéz

¥nceki Bildiklerimizle kimdiki Bilgilerin

1L.LEtkinlik 306 ten °nce cisim ¢zerine uygul anan
tanéml éyordun? (Yani Bir cisim ¢zerine net bir
azal acajéné mé, yoksa sabit mi kal aca]J éné d¢gKeéng)
2Ekinlik 36 ten sonra bir cisim ¢zerine net bit
azal acajéné mé, yoksa sabit mi kal acajJ éneé d¢Keéng)
3. Kuvvet ile cismin hareket:i (heze) arasendaki i
ettijJim sezgisel bilgilerim nelerdir?

4. Etkinlik 3 boyunca fizik bilgileri il e uyumlu
nelerdir?

5Bu °devdeki performanséné nasél dejerlendirirsirt
aKet ¢ b)Orta Ky i
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¥DEY

AKMI|I DAKK A¢lI KBEABORULARI K¢KN KULLANI NI Z.

Bir araba durgun halden t= 2 s kadar- d¢zgen h
ilerlerken, aniden °n¢ne -ékan yayaya -ar pmama
sonra duruyar

ézI|l ana
k i -1ir

1. KI k ol araknakipgamangezvme a man gr afi k|l er i ni birbirinden
ayré ayreé -iziniz.
Konum
IvmeT HrzT
Faman Zaman
Zaman
2. ki mdi yukaréda -i-zaamanoil de] b @amarzik smeezamare h é z
grafiklerinin birbiriyleedubarz!| éTotap!| ®dlléemadeéf éné
stratejisini uygul adéktan sonr a grafi kl erde bir
grafiklerinizBi rtiemkriars o-riuzyianivze?r d(i jiniz cevabéneézeée
°nemli dej il i kirmdiuj] gmaf iglPlrer imatzi al adoogkséneéez.
grafiklerinizi dejiktirmeyiniz.)
Konum Hiz ,‘\ IvmeT
Zaman ‘ Zaman
Zaman

3. Ejer grafiklerinizde herhangi bir d¢zeltme yapteéey

4, Tutarl & olup ol madéejéené kontr olnéetémeb edtirrd teanjeidsei |
si ze yar démcée ol du mu ? Yoksa siz grafiklerin b

d¢kenmeden de il k grafik -izimlerinizde dojru cev
5. Bir °fIsemweii-in akajédaki grafikleri ~-iziyor:
Konunr HE

—

Zaman

Zaman
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6. Tutar |l élo@akroal-i et rke stratejisinin bu °Jrenci
d¢zeltmede nasél yardémcé ol acajéné a-ékl ayén
7. ¥Jrenci yapt éj é hat aye neden yapmeécxk ol abi li
yapmamaseé i -in Hanea sreen &irdeirzierintiny®s zs oyl er si ni z

¥nceki Bildiklerimizle kimdiki Bilgilerin

1LEtkinlik 5 dan sonra neleri ©°Jrendiniz.

2. Etkinlk 5boyunca ©°jJrenmekte zorluk yakadéj] éneéez kés
neéz

u
yakadeéenez?

3Halaanl amakta zorl andéjéenez késémlar kaldée mé?2

4.Tutarl e olup ol madéjénée kontrol etme stratejisi:
d¢kéenegyor musunuz? Neden?

5Fizi k problemlerini (°rnejin Kuvivkelte mses | h grreokbd te |
ayéran °zellikleri nelerdir?
6. Fizik problemlerini (°rnejin kuvvet ve hareket
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¥DEY

—>
1. Yukar éedaki Kekilde g°r ¢l degj ¢ lrikivwet vanerela ¢ zeri nde
hareket etmesi sajlanéyor. Top kazanmék ol duju he
d¢kegyor. Topun yer e dyatayeksesindekvmezathany konumh ar ek et i ni n
z a ma nzaman,&wver a man gr afi klimzri ni ayré ayré -iz
Qs X Vx
1(s) (s)

1(s)

Fx

2. Daha sonr a dojrulujuna en - ok emin ol dujunuz gl
dojrulujunu, Atutarl é ol up ol madéj éne test et me
dej i ki kIl ik yaptékl Kpa@néazé takaf Egaoltmpi noilzmadg€] é
stratejisini -k ambhané&rrkagn,j i konwmemami gr h&i Jhiérziem ,
ejimiyle ivmenin, kuvvet il e i vmeamanr aséndaki i
grafijinin dojrulujunu test edebilirsiniz
ax X Vi

(s) (s)

1(s)

Fux
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3. Benzer Kekil dd¢ mas aaywweareiyn geek sne-zamangd é&doum
z a ma nzamam,&amvez a man grafi klerini tutarlé olup ol
kull anarak -iziniz.

ay Y Vy

(s) 1(s) (s)

Fy

1(s)

4. Fi zi k dersinde size mant ékséz, anl aneséz gel
yaramadé] éneée d¢kegndejéenegz bilgiler var médeéer -
nedenl er i ile birlikte a-éeéklayéenez

5. Fizik °Jrenirken ezberl emek (anl amadan z
bilgiler oluyor mu? (a)Oluyors&h unl ar °czellikle nelerdir?
temel nedenleri ne olabilir?

i hne
(b)

¥nceki Bildiklerimizle kimdiki Bilgilerin

1LEtkinlik 6 den sonra nel eri °frendini z.

22 Etkinlik 6 boyunca ©°jJr eénmieakrt enezloerrl ukl dyua?k aN&q € m
yakadénez?

3Hal a anl amakta zorl andéejénéz késéemlar kal dé me?

¥DEW

1. Bir futbol ma- énda Al il e Ahmet kalecinin
kokmaya bakl éyorl ar . Sporcwml|l ararpiexi@iyolrémirni ¢t
Al i Ahmet 6t en i ki kat daha heéezlé& oldujuna g°
ne s°ylenebilir? Kuvvetlerin b¢gyeéekl eklerini k

2. ki mdi ise Ali topa vurmak i-il@dydahaAhmee VvVee
sonra, fakat hézéené artérarak kokmaya bakl éyo
ol dujuna g°re -arpékma anénda olukan kuvvet/
beyekl ¢kl erini karkeéel akt érénéz.
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3. kimdi Al i d diarhaAhafeetrotodmduj unu d¢é¢Keéeneégngz. ¢tar pékma
ayné hézda oldujuna g°re -arpékma anénda ol ukan

Kuvvetlerin b¢gyeéekl ¢kl erini karkél akt érénéz.

4. Fizi k bil meyen bir ar kackep\enmrd?Neden?k ar édaki 3 soruy

1. soru
2.soru
3. soru
5. Fi zi k probl emlerini (°rnejin kuvvet Ve hareket
problemlerden ayéran °zellikleri nel erdir?
6. Fizi k problemlerini (°rnejinekiuvyveas&le hazekeitnign
¥nceki Bildiklerimizle Kkimdiki Bilgilerimizi
1LEtkinlik 7 den sonra °jJrendijiniz en °nemli:. Key nedi
2Etkinlik 7 boyunca °jrenmekte zorluk yakadéjéeneéez Kk

yakadénez?

3Etkinlik 7 de °jrendijiniz ama size hala manteékséz
nelerdir?
4Etkilik 7 boyunca aréttéjénéz sezgisel bilgileriniz

302



APPENDIX N

CONCEPT MAP DRAWING GUIDE

Kavram hari tiars @kdmw amdlak@&mda sahip ol duju kavr aml ¢
nasél ilikkilendirdiklerini g°stermek amaceéeyla -izile
bilgilerin eski bilgilerle biadkiktbirlidgimeesrninmWedet kehid
birbirleriyle ilikkilendirilmesinde etkili olan bir ©°7

Kavram haritalaré olukturulurken akajéda belirtilen
1. Konuyla ilgili t¢m kavirlaindkairl, i ytag m ak avverra mleanr khaeviriarn
2 Kavramlar yakénl ek derecesine g°re yerlextirildir.
3. Kl gili kavramlar birbirleriyle oklarla bajlaneér.
4. Okl aréen ¢stegne 0 ki kavram araséndaki il kkiyi g°ster
Akajéda -ekirdakiaabsenvaer kbmrami h.
tCekirdek
Syesi ) T iyesi
/ e s
Anne —_ ¢y \|:Baba
d —
X ¢snhyaya ——
d¢nyaya ¢ocu‘
°rnek °rnek
// k d
Kez” [&—Kar o€ —p priek

tekirdek aile ile anne araséndaki i i kKki fanne - e
okunabilir. Ya da -ocuk il e erkek kavr okahabiiré ar aséndak
Fizikten bir °rnek verirsek bir ci smin ivmesinin ne
gesterilebilir

,Kvme:
r ran- _ =
ters ora orantél ed
x
Ketle \EKuwet
Kvme ile k¢gtle araséndaki ilikki kavram haritaséndan
Yukaréda verilen ©°rnekl erde 3dé& ngMitvia rddiges i gB ubnkliakrae vk uatmu c
al e fkkewmamlar, oklar v e okl areéen czerine yazél an, bayidamlt &r al
kelimeleridir . Kavram haritas&l ad@her kanr akwdan bbakl|l amér sonr
sonunda da bajlanté kelimeler:i syl enir. Bwtmekn i - i n k
kavram haritasénén herkes taraféndan ayné «kekil de anl a
KavramHar i t asé@ Hazérl arken Dikkat Edil mesi Gereken Husus
1. Birbirleriyle i kki L kavraml ar okl arla birlexkt.]
kelimeleri veya ekleri yazeéel maleéedeér.
2. Kl gili b¢ten kavraml ar lendirilimelidirl eri yl e okl ar yar démé
3. Okl ar -izilirken ilikkinin y°n¢ne dikkat edil mel i d
4. Her kavram harita -izilirken sadece bir defa kull a
5. Bir konu i-in standart bir kavram haritasé yoktur
hakkéendacibnirn °Jirzadij i kavram haritasé dijer °Jren
olabilir.
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APPENDIX O

KEY WORDS

Scientific inquiry

Inquiry-based teaching
Inquiry-based learning
Learning cycle

7E learning cycle
Metacognition

Metacognitive instructin
Metacognitive training
Metacognitive strategy instruction
Metacognitive strategy training
Metacognitive prompts
Concept Map (Mapping)
Epistemology

Epistemological beliefs
Epistemic Beliefs
Epistemological activities
Epistemological instruction
Epistemobgical curriculum
Epistemological training
Science

Physics

Force and Motion

Different combination of the words given above
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APPENDIX P

STUDENTS®6 PRODUCTS

The example of Activity 2

ETKINLIK 2
Bu etlonbgimizde bajil hizs ofrenmervn yaninde hatalonimezi tespit etmeye ve gelecekte aym
hatalsn yopmayr tnlemeye yordime bir metot &grenecediz.
I. Neleri Biliyoruz Gasterelim

A. (Bireysel gakgmiz), Asadpdalo saruler haklonda disuncelervzi ve neden o gekilde diigunduguniizy

yazniz.
Hareketh b cismin iz bogka bir cisme gére sifir olabile mi? Nosi 2 Glniik hayatten Srnek
vererek agikdayniz?

Okn\"'b('AJ“' :’b“&" gideslarian < ey \‘ﬁc.—mh-\ fazlauben  duruyor

35"1\‘\3"- Mesela, bir shomebil :,o.mmhn esen dier WNU&:'“;,E&P

Hatalaremz hakkinda diginmek snemli midir? Cevebinize agikoywz,

Sk Bnamdic Cons,; degolan; ganislor sroehigigle bk 8z harta
Woemas ddstnerel ontars A=allip Jojege ulosobiUriz,

B, (Grup olarok galewia). Yukaridaki sorulary tarhiginiz. Mer bir sory hakkindaki diginceleronzd
birbirinize belirtirken neden o sekilde dipndinizy gruptoki arkadagioryvza agikiayimz
GRUPLA TARTISTIKTAN SONRA BIREYSEL OLARAX VERDIEINIZ CEVAPLART
DESIS TIRMEYINIZ
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I Arabolorn Olgilen Hizlarim Earglagtiralim
A [ Biraysel caliionz)! Agafidaki g durumda, A eraban, her defasinda gy buapacalite o b dfme
serilerek horekete gegirilivor. Buna gére her durum igin A anabasimin hareket detelctorii aracbdnyla
slgiilen huzlarmin bifyiikliklerirs korglaghicinz. BMeden o gekilde kargilagtindidinin aqikloyniz. {Horeket
detektarll 8 arabas: IT ve TIT dorvmiarmda gy bl hareke! edivor)

[ 4 arabasi duran hareket detektsarld B arcbasing dodru hareket ediyvorken,

=

.i._u-q‘!

% varelodsie Adupndary sadece  Alvan g, \
""I-q =4
II A we B arobalar 21t yonde hareket edivorken,
E—

1=a+h

y Ave B aroglbrnn e Mddnde de b vards

III. A v B orebalar: aym yinde harehket ediyorken,
.‘—

pu—_

“‘-.I'E}:.Dl is da aug jiﬁh q:..l_.,j,.ﬁp eim Afeun
L S ID ul‘u-nh JE'_,-L-I‘_
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III. Aragtirchm
A Simdi yukandaks ug durumu deneysel yolk inceleyenek tahminlermizi test edi
Malzemeler:
Bilgisayor
Haoreket Detektord
Arabirim
Logger Pro program:
Araba (2 adet)
Ray
I Durum: Hareket DetektdrlG Aroba Horeketsizken
¥ Horeket detektorinii bir aroba dzerine kaymayacak sekilde baflayinz ve I. duramdaki
duzenedi kurunuz.
¥ Arabirims bilgisayarc ve harelet detektonim de arobirimin DIG/SONIC 1 KANALINA
badierym.
« “Topla" tuguna bastiktan sonra horeket detektorki arabanm kargindaks archay) harexe?
detektorlu arabayo dedru timez,
Duzgiin bir grafik oluguncaya Kadow sivect tekrar edinz. Arabo hareke? ediyarken horeket
detektarunan dnlnde hig kimsern hareket etmediginden emin olunuz.

1. A arcbasiin ortcloma hazini olugen hiz-zamen grefidinden yarcrionarak buluruz.
Ver = =04

II. Durum: Arabalor Zit Yande Horeket Ediyorken
¥ II duramde venlen deney duzenedini lrunuz.
¥ “Tepla * tuguna bastikicn sorva rayin her iki ucunda buluncn arcbalar birbirine dodru
iiniz. A arabasen I curwmdadr Aczg yokan bir bz verecek selolde itmeye dzen
gasteriniz,

1. A grabasinin ertaloma hizire grafikten bubsuz.
Ve =g 01 20

III Arcbolar Ayn Yénde Hareket Ediyorken
v Hareket detektorsiiz arcbaoy! rayin ortasine hareket detektoriu erabays ise rayin bagna
yerlegtirerek I1I durumdolo deney dizenegine kurunuz,
v “Tepla” tusuna bastiktan sonve crabalan ayri yonde itimz, A ve B arabasw IT.
durumdaks iurlarna yakin b Az verecek sekilde itmeye cren gosteriniz.

1. A arcbasinin ortalama hizew grafikten bulunuz,
V,. s =~ Q0004123 0% s Yo degar >0

V. Ogrerdiklerimizi Pekigtirelim
&Grup alorak asagidaky sorwlary cevaplayinz
1. Bir yol uzerinde A arabas: 10 m/s hizla doduya dodru giderken 8 arobasi 15 m/s. € arabas: ise
20 m/s hizls batiya gitmektedie.

—‘9 —
Mt c;‘-:l <:a_'1 Vey
a) A arobesin iz B arabasima gire nedir?
I-% VN
VAB‘ A- 6 n°= 10--(."‘”)‘ 15 n)/b —Qbos“ J&q:,qk

b) 8 arabasinin hizi A arcbesing gore nedir?
] ——y
Vea = \7: -Va Noa =49-10= -25 /s 28akn yintinda

c) C mabmm Ave B arabalarina gére hizs nedir?

3@.-—\/ V‘.-ao 10=-30 m/s .,6.6‘_,&&

d) Am%du- bu'bmm ge;t-;l':lt(e)n m A.;'Zb::f{a i be bgma gire nedir?

V = NG~ U = 10-(~15) <25 /s - Dagu yanande
*ka\)ow oiciran, _".‘.(..\(ﬂ. Jur\\l.r- .M."ﬂ’vc
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2. Suya giee hizi 2v olan bir gemw ile bir yunus ayni yonde gidryor. Geminm pistinde hareket eden
bir motaskletli yurssu duruyer gibi g¥ruyer. Yunusun suyu glre hiz: v ougw gére,

c:’miidct- gemiye gore heni md:? E"’ VH& VM‘I +VY5
Vl'.‘ = 2\[ "c =Y - o v
-a
7‘15 v Ve = "1 *\/ Vrs =V ?&3&
=0 VL. OgrendiNlerimizi Ganigletelim

A $lmdlyt kadar hep oy dodrultudeki horeketleri nceledik. Simdd farkl dogrultuda hareket eden
cisimlers birbirlerinin hizkers nasil algiladiklar) uzennde duralim.

1. (Srup oharok calgimz). Sekilde goruldudu gits A arabasi 30 m/s ile dedu yoninde hereket
ederien B arabas) kuzey yorinde derliyor. Buro gére

a) A arabosinin iz B arebasing gore redir?

v/ - a
5o /s [C hea [_‘.__.i_',.)\| ‘as‘ ?‘.(0"\ _,D.l-‘nvs..
P ok

b) B arabasinn i A arabasing gore redir? Bulom/s

l-g:’
+ 7 £ ".\-J-Lca ‘:»'-'l‘\‘\

ATV
(o A
2. (Grup olarak galigonZ). Nehre gore 4 m/s sobit huzr olan bir kayik sekilde gevuldugu gibi 3 m/s
sabit hezh bir nehnn akig yorune dik olacak gekilde A rokrasindan harekete baglyor
¥im

T - | ’,"f‘;,ﬂ‘ ‘XK%QS.A Lk t!‘-km‘.‘

100 Vm -3 L vy shreys belirlars
1 ¥ E ‘5{1«))

a) Kepdin yere gire hezi ne :cdnrd-ﬂ

b) Koyk karg kiywa ne kodor siirede ¢ar?

¢} Kapk B noktasindon ne kadar uzoga suriklenir?

d) Keypk A noktasmden B noktasing gitmek igin sekildeki gibi duz ber yolu izliyor. Keyigin bu

o yoluizleyebilmesi ign yoninde dedigiklik yapmasina gerek vor medir? Bu durumda korg:
-f -3 luycyo gegme siiresi dedigir mi? Aikloyiniz.

y \/XV :wa\/“’y 'tE:‘B"-‘ﬁ;ﬁfm/s
N L) @0/in2s s AL
<)

d) Vard s A_y\- Wy Lyl ende  Vacked

-

hveliiit 3Nte. ks
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B. Sexgisel Bilgiler ve Bagil Hiz
1. (Bireysel galiswnz). A ve B arabalorinin 1 saniye zaman oralikh kenumior), agodideki gekilde
numaralonmig karelerle glisterilmigtir, Arcbalar deduye dodru hareket etmektedivler

1) Sexgvsel elarak 3 oninda B orabasi A arobasie doguyo mv fareket ediyor, batye mv hareket
ediyor yoksa duruyor olarak mi gorur? Cevabizi ageklayiniz

boj\aag Joéfu harekel  ediye” larak gove Clas B8 Jur..\..’
A Nala lorket Wolindedi

3) Konum ckserende her kigik cralik & m ise A ve 8 arabalarsun hizi nedir?
Y= Vo4
204 V220 mfs
Ve 200 m/4

¢) Buldugunuz dederlerle 3 erndalo Vg hesaplayinz, Buldodunuz sonug a) kismindaki

cevabimzia tutarl me?
_,

—-’
V; “Va-Vp = 20-20-0

L Sivf Tartsmas
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€. Sezgilermmiz e Fizk Tutersiz Oldudunda Ne Yopmaliyiz
Codu dgrenci ande ok daha hvzbicle sezgisine schiptir, Biraz ence sezgusel clarak verdigimiz

yanite bagel hez formiikiinii kullanarak verdigimiz yomitha celigtigin gordule Simeh ba gelighi drermde
biraz duginelim.

1. (Bireysel galgnz). Asadpdalo lerden hangisi bu tutersizhk durumwuna karg tutumunuzu en ip
sekilde qosterir? Sirden fazla segenek segebilirainz.

a) Bu gibl tutersizhklar Uzerinde diginmek gercksizdir, Sogil hizim ne oldugunu tam clarak
~— ogrermek yeterlidic,
/ b)/Nasil yopelocagm bilmiyorum ama bodel hiz formiki ile sexgilesimizi tutark hale getirmenin
mentemelen bir yols vardir,
¢) Fizik ile sezailerimiz godunlubla birbwrleriyle tutarhidr. Ama yukaridoki sorudae fizik de
sexgilerimiz arasindaki wyumsuzuk gok belirgin oldudundan bu tutarsnzhfi kabut edip devam
etmek torundayrz.

Cevabire 7 agildayenz,
Arasindo muklla Wir Mukor ULk "\“‘q““ &‘.‘-v:d\bnrum.

2. Cevaplorinize gruptoki arkadeglarinizla tartgirez, Ararvzde bir enlagmays vardimz mi, grup iginde
farkd dugunenier ver mi?

D. Sezgisel 8dgllerimizin Arrtdmas:
Bogil bz formilu ile " dndle okw doha Avzhalv® sezgimiz aresinda uzlagtirilamaz ber gatigma
oldugunu kabul etmeden once bir “Uslagtirma Stratejis’ olon " Sexgilerin Arvtimass“adk verdifimiz bir
stratejiyl uyguloyahm,

1. A ve B orabalorinn 1 sarwye zoman arolikh konumlor, esodedale sekilde numarclanmg kerelerle
gsterilmigtir. Arabalor deduya dodru hareket etmekiedeler.

e

Al S 3 4 g h
- n o =) " al
- a - 15 “
B 1 2 R . S o

a) Sexgesel alarok 3 arvnda B arcbas: A arcbasini doguye mu haveke! ediyor, bafiya mi haveker?
edyar yoksa duruyor olarak mi gorlr? Cevebinizs agiklayimz,

hab . > aJ '
WP doBry harclel o elarak 9o Lok A B 'den
M. '.W.;k u‘ ] “’o‘_

b) Kenum ekseninde her kuguk archk 5 m ise A ve B arabalerinn ezt nedir?

K= Va =30 m/s ek =
30evd / dod R s

¢) Buidujunuz dederlerle 3 amindaki Vi hesaplayiniz. Buldugunuz sonug dnde olan araba daha
hizhdir sezgest lle uyum iginde medir? \J As = Vp=Vp = 30 -2.0={0 mfy 4.95.5 a
U‘,-um cindedin,
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o Sevf Tartgmas

2. (&rup olarok galisowz), " Ondle olan dake hezlidie” sezgisel bilgisinl laallandigimiz iki soru cozdii.
1k soruda bu sezgimiz bizi yanhs sonuca gstiinisken ilnci soruda dodru cevaba gatirdis O
halde dnde alan cdaha Al sezgisel bilgisi hakkanda ne oylenebilir? Yanhy mi, dodru mu, yokse
bagka bir gey midir. Acikioymz,

Bou durudands dogre/bem dwwetanda  yasushic

o Sovf Tortigmos:

3. (Grap olarak golgumZ) Onde olon doho hirfdir sezgisel bilgis fink dersi olmaden tnce olugan
hom b sezg) midir? Yoksa fizik ders aldikten scara sekillenen armilmig bir sezge midie? Eger
hom ise cnu nerden 84rendniz?

Ham bir  wegidicDicloarek Accrlivdesrn Jooucs SHmnlim,

4, Hangi durumda A arabasinm 1 anindon 3 arena kader yerdediztirmesi 8 arabasinin

yerdedigtrmesinden buyuiktur? Bunu A crabesinm hizs ile ilighlendirebile miyiz?

L. durunda dava \’wﬁ(,"vn\.:, Vaz\ory p-rk\. oUuawi&-n arada

L‘.( Pdk o\u'm A_’ ‘O -
o Souf Tartismas Bauwo M 7720 m
Aritma Diyogromi

Ondde ofin daha bvzhoir sezgisini ogogidaki gibi iki gekilde antabiliriz,

Ham Sexgisel By Onde olon dsha hihdir
=
Ay zaman eraliindo Sede nde clan her zemen
Sezgisel olon dahe fazla ha hzhdir,
Anniny o rerdedngtirme de yopmiges '
fiahs kezlidir

5, (& olarak caligonz), Yukeridaki eritimig sezglerden hangisi bafil hez formulu ile uyum
wersindedir?
Agns zaren ar\geds snde dan dete Forla yedegishiime de

Jopmiesa deba zlidern
6, Buglinku dersin ana fikri nedir?

Sttt,?W'-m‘;l ve ﬂ&r.;'l Rb‘vl\\'m;ﬂ ~.:7.vv\v BHa 3.3“, SO0 "\Of&lr-
VIT. Kendimizi Degerlendirelim

1L (&rup olorak galgmz) Bogil iz konusuna baglarken “Neler: Biliyoruz Gésterelim” kisfnda
tartigtimz sorulort tekror kendi aranizda tartiginz. Her bir soru hakkindaki dlisuncelenniz
birbirize belirtirken neden ¢ sekide cUsendigiinuzy gruptaki ankadagiarinza ogikaywme. Grop
olarak tarnigtiktan sonra her bir goru 1gin grubun ortek diigincelesin yazimz,
> n:)“' J-'\h .}hﬂan ve Yalos  erdlen &3'3.(\-\'. Au/-(_’or o\ocal

_9& e lin
2, (Bireysel calpniz) Neleri Biliyoruz Gésterelim losminda bu sorulora bireysel olarak verddiniz

yorutlarla simdi grup olarck tartigtikton sorro verddiniz cevaplar anasinda fark vor mi? Vorss
bu forkhgn nedenind belirtiniz? (Jpucw: Hota Yakokime Stretejisw Uyguiayn),
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The exanple of Activity 3
Adi ve Soyadi:

Sinif:
ETKINLIK 3
I. Neleri Biliyoruz Gosterelim
A. (Bireysel ¢alisiniz). Asagidaki sorular hakkinda diisiincelerinizi ve neden o sekilde diistindiigiintizii
yaziniz.

1. Bir kutu, bir yiizey iizerinde bir ip yardimiyla cekilerek sabit hizla hareket ettiriliyor. Bu
durumda ipin kutuya uyquladigi gerilme kuvveti (Tyi) yiizeyin kutuya uyguladigi ve kutunun
hareketine zit siirtiinme kuvvetinden (fyy) bdyiik miidiir, kiicik mudiir, yoksa esit midir?

- '
in toroFade Q\J)Qu\mm \‘ja.lma Luvee ¥ siknme  ‘uwelne e

Byydleti. g
:j° Jdo &Ur Hve uvvetnden ieule Q\:@d& Edto Bl  EdmE

2. Ayni kutu siirtiinmesiz yiizey iizerinde sabit bir kuvvetle gekiliyor. Bu durumda
a) Kutunun ivmesi artar mi, azalir mi, yoksa sabit midir?

¥ vhonun i Aba ent oo Ok, Wmest de Loune b&\c}\‘ ole-o'e.

artor.

b) Hizi artar mi, azalir mi yoksa sabit mi dir?

Ny \unwe alma A\’%‘ ren \ML ‘er

3. Ayni kutu iki kat kuvvetle gekilirse ivmesi nasil degisir?

favewt 2 Vot orlor

B. (6rup olarak ¢alisiniz). Yukaridaki sorulari tartisiniz. Her bir soru hakkindaki discncelerinizi
birbirinize belirtirken neden o sekilde disindigiinizi gruptaki arkadaslariniza agiklayiniz.
GRUPLA TARTISTIKTAN SONRA BIREYSEL OLARAK VERDIGINIZ CEVAPLART
DEGISTIRMEYINIZ.
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II. Siz Nedenini Biliyor musunuz?

Fizik bunun
cevabini biliyor.
Bu etkinlikte bu
cevaba ulagacagiz.

Bu tagi daha
zor hareket

ettiriyorum.
Neden?

Bu tasi daha
kolay hareket
ettiriyorum.

Neden?

III. Arastiralim

Gerekli Malzemeler:

e Bilgisayar

e Arabirim

¢ Hareket Detektori

e Kuvvet Sensori

¢ Hareket programi

e Hareketli araba

¢ Rampa

e Makara

o Kiitleler (5g, 10g, 50gr, ...)

A. (Grup olarak ¢alisiniz). I. Bolimdeki 2. soruya yaptiginiz tahmini test etmek igin asagidaki
diizenegi kurunuz.

Dikkat!ll

e Kuvvet sensoriiniin araba lizerinden kaymamasi igin miimkiin oldugunca siki bir sekilde
bagladiginizdan emin olunuz.

e Kuvvet sensarii elektronik sinyallerde meydana gelen degisiklere gore kuvveti slctiigiinden,
bilgisayarin kuvvet sensoriine kuvvet uygulanmadigi durumdaki sinyali sifir olarak okumasi
deneye baslamadan dnce onemlidir. Bu isleme "sifirlama” denir. Kuvvet sensorii ile olgiim
yapmadan ance “sifirla” butonu segilerek sifirlama yapilmalidir.

¢ Hareket detektoriiniin biitin hareket boyunca arabayi gordiigiinden emin olunuz.
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v LO3A2-2 (Speeding Up Again) deney dosyasini aginiz.

v Makaraya bagl kiitlelerin arabayi gok hizli hareket ettirmemesi gerekir. Uygun kiitle miktarini
bulmak igin, kiitleler serbest birakildiktan sonra, arabanin ray iizerindeki 2-3 saniyelik
hareketini gozlemleyerek bulunuz.

V" Makaraya bagladiginiz kiitleyi kayit ediniz: __

v Hareket detektorii ve kuvvet sonsorinii sifirlayiniz.

v Hareket detektoriinden tik sesi duyduktan sonra makaraya bagl kiitleleri serbest birakiniz. Iyi
bir grafik elde edinceye kadar denemelerinizi tekrarlayiniz.

1. Ivme-zaman ve kuvvet-zaman grafiklerinin ilgili yerlerini segerek ve arac cubugundaki

w2
“istatistikler" (H ) tusunu tiklayarak ortalama kuvvet ve ivmeyi bulunuz.

Fss= O 20 Y g

@iiis QiROLL

\

s
3. Arabanin ivmesi nasil degisti?

=olLh b

4. Arabanin hizi nasil degisti?

™O203n haakon-

N

o Siif Tartismasi
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Hatalarimizi Anlayalim
1. (Bireysel calisiniz). Eger I. Bolimde 2a daki sabit bir kuvvetin etkisindeki kutunun ivmesi nasil
olur sorusuna verdiginiz cevapla deney sonuglar farkliysa hata yakalama stratejisini kullanarak
bu farkliligin nedenini bulmaya calisiniz. (Hata yakalama stratejisinin nasil uygulandigini 2.
Etkinlikten hatirlayiniz.)
el Vg Luvvedle C,e\f.\\dfal lan Vvme  solei b cunky  Cremia

Lot
stinmeli  Olagydh  vey

W oo sclitdr. Eger (go2ey

QeU\sedéJ fvme o boleilim \ledo

Clsimm  =olot il

0 nololsili- A

2. (Bireysel calisiniz). Benzer sekilde hata yakalama stratejisini 2b deki sabit bir kuvvetin
etkisindeki kutunun hizi nasil degisir sorusuna verdiginiz cevaba uygulayiniz.

B. I.Bolimde 3 soruya verdiginiz cevabi deneysel yolla test ediniz.

v LO3A2-2 (Speeding Up Again) deney dosyasini tekrar aginiz.

v Arabaya daha dnceki kuvvetten daha biiyiik kuvvet uygulayiniz. Bunu yapmak igin makaraya
bagladiginiz kiitleyi yaklasik olarak iki katina gikariniz.

V" Makaraya bagh kiitle:

v Kuvvet sensoriini sifirlayiniz.

1. Ivme-zaman ve kuvvet-zaman grafiklerinden ilgili yerleri secerek ve arag gubugundaki

B
“istatistikler” ( ) tusunu tiklayarak ortalama kuvvet ve ivmeyi bulunuz.
For? =

Qort
2. Daha onceki boliimde ve simdi buldugunuz degerleri kullanarak asagidaki tabloyu doldurunuz.

Ortalama Kuvvet Ortalama Ivme
A k= Q
B 2F 24

3. Degerleri bilgisayara girerek kuvvetin ivmeye baglh grafigini giziniz. Boo ki, Wwweh  menad

F (N) pa
A A = T—_ =M
as i g &
P
I D
v
= 'IL : g = )
“A——-‘—/-—H—}' almls?)
Q 2a ng 4
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4. Grafigin egimi neyi veriyor?

LiHe (m)

5. Arabanin ivmesi ile arabaya etkiyen kuvvet arasindaki matematiksel iliski nasildir? Bu iliskiyi
gosteren formiilii yaziniz ve agiklayiniz. bdjm:.c\ loir s\t ver,

F=m.0

6. Yukarida yazdiginiz formiil fizikteki hangi kanununun matematiksel bir ifadesidir?

" i y¥He g
B clemia liesl V2edne mo\mon tuvvete c’c&«u oronble 1 LU} e\“gt
derae O onh\de

e Sinif tartismasi

7. (Bireysel ¢alisiniz). Yukarida ulastiginiz formiil dogrudan size verilebilirdi. Ama formiile belli
asamalardan sonra ulastiniz. Formiile ulagincaya kadar yapilan islemler amaci ne olabilir?

Fomulin  ohe, olmasi ; eoloer cig’&:\

8. (Bireysel ¢alisiniz). Asagidakilerden hangisi fizik formiilleri hakkindaki goriislerinizi en iyi
sekilde ifade eder. (Birden fazla secenek segebilirsiniz.)

@Birgok fizik kavrami (kuvvet, 'hlz, enerji, vb) anlamlidir ve giinliik hayattaki

tecriibelerimizle iligkilidir; ama fizik formiilleri fizigi zihnimizde anlamlandirmaktan
ziyade, problem ¢ozmek igin kullanilan araglardir.

b) Aslinda formiiliine gore degisir; bazi formiiller anlamlidir, fakat hepsinin anlamli olmasini
beklemiyorum.

) Genelde fizik formiilleri anlamlidir ve giinlik yasamda kullandigimiz sezgi ve

tecribelerimizi bir bakima ifade ederler.
Cevabinizi agiklayiniz.

9. (6rup olarak ¢alisiniz). 7. ve 8. sorulara verdiginiz cevaplarinizi grubunuzdaki arkadaslarinizin
cevaplari ile karsilastiriniz. Grupta farkl diisiinceler varsa, birbirinizi ikna etmek yerine

birbirinizin disiincelerini anlamaya ¢alisiniz. Sizin disiincelerinizden farkli olan ama iyi
noktalara isaret eden arkadaglarinizin goriislerini 6zetleyiniz.

o Sif tartismasi
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IV. Ogrendiklerimizi Pekistirelim
Grup olarak asagidaki sorular: cevaplayiniz.

1. Siirtiinmesiz bir yiizey iizerinde saga dogru 2 N luk sabit bir kuvvetle gekilen 1 kg lik oyuncak
bir arabanin ivmesi nedir?

F= o, a

2=10 a7
0= 2 N

2. Bu arabaya 1 kg lik ikinci bir oyuncak araba baglanirsa ivmesi ne olur?

M.a

M A
n

)
o=1
3. 1kg lik baska bir oyuncak arabanin sola dogru 2 m/s’ lik bir ivme ile hareket edebilmesi igin
hangi yénde ne kadar biyiikliikte bir kuvvet uygulanmasi gerekir?

D N s = ;ﬂ 2 anla

4. 1kg hk araba saga dogru 2 N kuvvetle siirtiinmeli yiizey iizerinde cekiliyor, arabaya 1 N luk bir
stirtiinme kuvveti etki ediyor. Buna gére arabanin ivmesinin yonii ve biyiklugi nedir?

=1 -
=mM.0
N [ |— 2™
=40
Tl— 1N =5net ol mle® ‘5»55

. Park halindeki bir arabay diigiiniiniiz. Arabaya diinya tarafindan uygulanan asagiya dogru
yergekimi kuvvetinin arabaya yiizey tarafindan uygulanan yukariya dogru normal kuvvete esit
olmasinin nedeni agagidakilerden hangisidir? (Birden fazla secenek segebilirsiniz.)

A. Bu kuvvetler etki tepki giftleri oldugundan; Fory1,  cisimler olmoe 6“ ey
~B. " Arabaya etki eden net kuvvet sifir oldugundan;
C. Yukaridakilerden higbiri. Esittir, ¢linki

o Siuf Tartismass
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V. Ogrendiklerimizi Genisletelim
A. Sezgilerimiz ve Newton'un 2. Yasasi

1. (Bireysel calisiniz). Bir dagci yolculugu sirasinda beklenmedik bir kar firtinasi ile karsilasir ve
dagda mahsur kalir. Dagciyr kurtarmak igin bir kurtarma ekibi bolgeye bir helikopterle
gonderilir. Helikopter dagciya ulastigi zaman kurtarma ekipleri asagiya bir ip sallarlar. Dager bu
ipi beline baglar. Dagcinin agirhigi (dageiya asagiya dogru etki eden yergekimi kuvveti) 650 N
dur. Ip dagcryr yukariya dogru_sabit bir hizla gekerken ipin yukariya dogru uyguladigi kuvvet
sezgisel olarak 650 N dan buyik, kicuk yoksa esit midir. Cevabinizi agiklayiniz.

Biybitir. Cin bl Cuweller  vlelil o do eait o\w@c!‘ eldiepy
UJ\LQ‘ : s e “‘f'-" ﬁ'e\'“ Yuvve + \j&ievl. lec iQ\n

2. (Grup olarak ¢alisiniz). Simdi yukaridaki soruya Newton'un 2. Yasasini kullanarak ipin uyguladigi
kuvvetin 650 N dan bdyik, kicuk yaksa(e;?)mi oldugunu bulunuz.

q:r\e-):O

anli b o

5
Foer=m.a — r=0

e Simuif Tartismasi

3. (Grup olarak ¢alisiniz). Gogu 6grenci yukariya dogru bir hareketin yukariya dogru bir kuvveti
gerektirdigi sezgisine sahiptir. Ornegin yukaridaki soruda dagcinin hareket edebilmesi igin ipin
uyguladigi kuvvetin dagcinin agirhigindan biiyiik oldugunu diigiinmektedirler. Biz bu sezgiyi
Newton'un 2. Yasasini kullanarak buldugumuz sonugla (yukariya dogru kuvvetin asagiya dogru
kuvvete esit oldugu) uyumlu hale getirebilir miyiz? Yoksa bu uyumsuzlugu kabul mii etmeliyiz?

B. Sezgilerimizi Newton'un 2. Yasasi ile Uyumlu Hale Getirmek icin Aritalim
Daha once sezgilerin aritilmasi stratejisini onde olan daha hizlidir sezgisinin uygulayarak bagil hiz
ile uyumlu hale getirmistik. Simdi sezgilerin aritilmasi stratejisinin burada ¢alisip ¢alismadigina bakalim.

1. (Grup olarak ¢alisiniz). Ipin dagciy yukariya dogru gekmeye basladigi itk anda dagcinin durgun
oldugunu diisiiniiniiz. Hareketin bu baslangi¢ asamasinda, yukariya dogru ipin uyguladigi kuvvet
650 N (dagcinin agirhgindan) bdyuk, kiiclik yoksa esit midir? Cevabinizi agiklayiniz.

\ \Cat o Wt
Byydlioe - Cankd L onde W2 olmedg e Qg =

Lihul b~ tuvvet ere \ur.
u\jah_ \9
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2. (Grup olarak calisiniz). Newton'un 2. Yasasini bu soruya uyguladiginizda hangi sonucu elde
edersiniz? (Ipucu: Dagcr harekete basladigi anda hizlaniyor mu, yani bir ivmesi-varynidir?)

' o@g\L\r.
Fhet=ma  Clamn hoelet elmes! rein Wzna - O3Mos

Hoa or»hafxelm wire vo . Fnet de 0O don Forbhel

3. (6rup olarak ¢alisiniz). Newton'un 2. Yasasini kullanarak Bulduéunuz cevap sezgilerinizle uyum
icerisinde mi?

U\\jum\u

4-9. sorularinda dagcimin harekete basladigi asamadan sonraki hareketi yani dagcimin yukariya
dogru hareketli oldugunu ddsiininiz.

4. Sezgisel olarak, ipin uyguladigi yukariya dogru kuvvet dagcinin agirligindan biiyiik olursa
(dagcinin harekete basladigi andaki gibi) dager hizlanarak mi, yavaslayarak mi yoksa sabit hizla
mi yiikselir. Kisaca agiklayimiz.

Hi 2 lonore \\j‘;\k_-,e \ir Cuyse b ‘oriha.n dn et Voyve + dd'ﬁcm.r\
o \na, ebugle 4 e
oa q o mu\t e

5. Newton'un 2. Yasasini bu soruya uyguladiginizda hangi sonucu elde edersiniz?

The += ma

Ne b CLuwe + 0" dmn Ford ol C\Jsmdm ‘vme  Vorde, By d:,;_ den

Cleaim w2 love,
6. Newton'un 2. Yasasini kullanarak buldugunuz cevap sezgilerinizle uyum icerisinde mi?

LU\"V\ \Crer i-adn de

7. Sezgisel olarak, ipin uyguladigi yukariya dogru kuvvet dagcinin agirligindan kiigiik olursa gocuk
hizlanarak mi, yavaslayarak mi yoksa sabit hizla mi yiikselir. Kisaca agiklayiniz.
\lr\\m.d%of'ok \‘jyl‘(.sci.'. conts Wl Wa  odomn  Lollma: e
degv\gd,, o e Lljovz).s\ﬂ dbece U‘L\‘Lsglrnc devon ede~ ool o
a2ole.
8. Newton'un 2. Yasasini bu soruya uyguladiginizda hangi sonucu elde edersiniz?
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9. Newton'un 2. Yasasini kullanarak buldugunuz cevap sezgilerinizle uyum igerisinde mi?

\_w\m 'IC‘e,r;L_'nclc

10. Simdi yaptiklarimizi birbirleriyle iliskilendirelim. Ipin uyguladigi kuvvet yergekiminden daha
biiyiik olmay: siirdiirdiigiinde dagcinin hizlanmaya devam etmesi ve ipin uyguladigi kuvvetin
yergekiminden daha kiigiik olmaya basladigi zaman dagcinin yavaslamasi artik sezgisel olarak
anlamli gelmektedir. Ayni diisiince sekliyle, ipin uyguladigi kuvvet dagcinin agirligina esit oldugu
zaman (ipin uyguladigi kuvvet dagcinin agirhigindan daha biiyiik olmas ile daha kiigiik olmasinin
ortasinda oldugu zaman) dagcinin hizi hakkinda ne soylenebilir?

) \ S,
Bo’gc\ aolot Wala Woelted eder. Fhed ve wme. nin O QW

Wi okt ol Qu‘n‘\mu @53* erv.
J
11. Cevabiniz Newton'un 2. Yasasi ile uyum igerisinde mi?

U\TN\U

Fretemo s oot Wi
12. Asagidaki aritma diyagrami lizerinde grup olarak galisiniz.

& %
o) o]
Ham sezgi Hareket igin kuvvet eolt Wa tan Foed af
gereklidir. ol
Net bir kuvvet bir cismin Net bir kuvvet bir cismin
Aritilmis Sezgiler hareketini (hizini) devam hareketini (hizini)
ettirmek igin gereklidir. bagslatmak ya da degistirmek
icin gereklidir.
Clemn =olit  \wan deumn

etHeme loin se\ll dr

a) Yukaridaki iki aritilmis sezgisel bilgiden hangisini (belki farkinda olmadan) sayfa 8
deki 4. soruyu cevaplarken kullandiniz?

2.

b) Yukaridaki aritilmis sezgisel biIgEden hangisi Newton'un 2. Yasasi ile uyum igerisinde
dir?
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¢) Yukaridaki iki aritilmis sezgisel bilgiden hangisini (belki farkinda olmadan) sayfa 7
deki 1. soruyu cevaplarken kullandiniz?

1.

13. (6rup olarak ¢alisiniz). Etkinligin 7. sayfasindaki 2. soruda Newton'un 2. Yasasini kullanarak
sabit hizli harekete ipin uyguladigi kuvvetin dagcinin agirligina esit oldugunu gordiik. O soruda
zaten cevabi buldugumuz halde 2. sorudan sonraki yaptiklarimizin amaci ne olabilir?

'Y_,mlql pelietimel Ve mon+Gm \Lovromoe v ve Formillecle

uQuNU \ale &e_-\"-rme\‘

VI. Ogrendiklerimizi Degerlendirelim
1. (Grup olarak ¢calisiniz). Etkinlik 3 baslarken "Neleri Biliyoruz Gosterelim” kisminda tartistiginiz
sorulari tekrar kendi aranizda tartisiniz. Her bir soru hakkindaki disiincelerinizi birbirinize
belirtirken neden o sekilde disindiigiiniizii gruptaki arkadaglariniza agiklayiniz. Grup olarak
tartistiktan sonra her bir soru igin grubun ortak diisiincelerini yaziniz.

hWoelele ba:.\%o)o\\me;\ fetn \cjee\d( olen  uvvel  ciaun dwm
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The examples of homework 2

ODEV-2

Asagidaki sekli 1-3 sorulars igin kullariniz.

Fanal
24 r i —
X °
—

1. Yukaridaki sekilde gorildugu gibi siyah araba batiya hareket ederken, ugak ve beyaz arcbe
doguya dogru hareket ediyor. Ugadin hizi her_ iki arabanin hizindan da biyiktir. Usakta
bulunan bir gézlemci arabalar hangi yéne dogru gidiyor gorir? Neden?
bl Eedugs b 4 Viugle) VagalmerVegalemci
2 ‘ oy LB

——

2. Fizik dersim bagka bir arkadasiniz yukaridaki soruya nasil cevap verirdi? Neden bu
sekilde cevap vermis olabilir?

d; ' r/, ez
S/jr\ OIDLMl’J’ Lat uiev «) v/u. of o gl CBX bewr cebays cnce
dusu. 0109/1) Joir shee o’qruxéor Jc\\r\_\ Sparach )oqllvn deJ Q,d £ g,
wh qr ch ol b b ﬁe‘cceﬁ'")”‘ Jy Yo Aevek di Sinmie olda ’:,
3. Arkadasinizin bu cevaba gotiirecek diisiince seklindeki ya ilir? (yani erkadasinizin
9 :
disiince seklini fizikle uyumlu hale getirmek igin artmanin bir yolu var midir2) el spms- |

(Not: Odev 1 de bu tir sorulart nasil cevaplayacaginiz hakkinda verilen agiklamayr ve Etkinlik 2 de
10. sayfadaki 7. soruyu nasil ¢szdigimiizii hatirlamanz sorular: yamitlamamza yardim edecektir. )

S cevegp dog’s.‘n O)L‘«c}u eg{' veaX we )093,1_ ordmmn halaf Ve
lc%,qns no\g\q\vn Chﬁ'ﬂ 0\5“‘:#'; O e h»r\ﬁ l’)n_)o,‘ —e h;\pmde
Celorcrs, nWalan bod)
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" Onceki Bildiklerimizle $imdiki Bilgilerimiz Korgilastrahm

Asadida bez kevromlar ve durumlar hakkinda dersten once bildiklerinizle dersten sonra
jrendiklerinizi karsilagtirecadiniz baz: sorular verilmigtie, Su sarularg verdiginz cevaplar dodry yo ca
wilg olarak degerlendirimeyecek sadece sorulart ne kadar detayl yanitiodidinuz degerlendirilecektir.
neek! bildiklerinizin ne oldugun: hatirlamek igin sinifta yopilan etkinliklerdeki sorulane verdiginiz
~aplary, grup ve sinif tartismalarin disunebilirsiniz.

1. Bagil hiz konusunda Gnceden neleri biliyordum?
Snde ot«un Aqhq h.;ln olacq A2yl J-’:s"mhy&fb"\. 0
Gsedar  yomyane oldugund bt ®iniag Hityuge  elornd [EOIL

2. Bagil hiz kenusunde gimdi neleri biliyorum? - >
bade Slan b ik oluyp f-"r"“dty"'-* ‘elean = paklasing bedeel

.Wl";z
C:Sin)bc Yy 4 ema d‘/u%‘”"Ju b"&"."‘“ §'M 'QQ‘S"‘OL’ }"7'\&9}"""‘"‘
in hae e f?tt'd\s roktes na kaderg s j"'"“‘,

3. Etkinlik 2 de éjrenmekte zorlondifim kisimlar?

Tndhsler b -
3 Snm. an/vﬂ-( ,U&t‘, vy

4. Kergilagtigem zorluklar nasi! ¢gzebilirim?

Cenw ogyerrmemime Yeaetindo sovaat GEadine

st . bisaz )’"5‘ blewz manll  bullpagal
C“Ebih.Jia-,,
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ODEV-2

Agadidaki sekii 1-3 sorulart icin kullominiz.

= —

'Lt*dl
2 ~-3-5+-8
—
C@) L-%= -1
Bavrae

1. Yukaridoki gekilde garildugi gibi siych arcba batiya hereket ederken, ugak ve beyaz araba
doguya dogru hareket ediyor. Ugadin hizi her (ki arabanin hizindan da biyiktir. Ugakta
bulunan bir gozlemci arabelars hangi yone dogru gidiyar garir? Neden?

-&da\ Os'ﬂbﬁdu ka 'r'do 7 ,

‘Qd""‘ W Lm"d“ \ gty c\wot \ré.'.'

2. Fizik dersi almamis baska bir arkadaginiz yukaerideki soruya nesil cevep verirdi? Neden bu
sekilde cevap vermig olabilir? %
Glaai erabeyi ¢ ,1_?4‘:3. da’f"»‘ 87&&: c\o'm\c-(o\’r iat é:s.: melilicdi. Clnen

Lhotla  aym  Pade et c;‘?,d, cl-f'!‘,y‘(.\ hercred ¢¢J\'fw-

3, Arkadaginizin bu cevaba gotirecek distince seklindeki yanlis ne olabilir? (yani arkadagmizin
duisiince seklini fizikle uyumlu hale getirmek igin artmanin bir yelu var midir?)

(Not: Odev 1 de bu tir soruler: nasil cevaplayacoginez hakkinda verilen agiklamayr ve Etkinlik 2 de
10 sayfadoki 7. soruyw nasil ¢ordiglmizy hatirlamonz sorular: yanitlamaeniza yardim edecektir, )
Ackadagmn -od.'r,,.‘ cevad rlcfgfv olurda cane g ak ‘w(‘j“ oraka

e~ ‘Juwa} - l;o:j‘-h R PN Thd é‘f" hin \’3?\\:,« ~ Mdlear, 4@,{\51,’\1‘&
boloaur £?e.’ u_("’f"‘ Wit g ' ‘v:,#}fé\m.ma Wy b e \gageht
-
- B -+ al i sy -~ (‘%D‘da f&'iy \Qs(;(t,k'- Amaa Sernle
ULy Aabéa (RCLIW T, .:'.ccll?’. ton u&ﬁ"‘ e ( b?m crbamt
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