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ABSTRACT

ASSESSING TENTH GRADE STUDENTS’ DIFFICULTIES ABOUT
KINEMATICS GRAPHS BY A THREE-TIER TEST

Aydin, Ozlem
M.S., Department of Secondary Science and Mathematics Education

Supervisor: Assist. Prof. Dr. Ali ERYILMAZ

December 2007, 186 pages

The main purpose of this study was to develop a three-tier test for assessing tenth-
grade students’ difficulties about kinematics graphs. In a three-tier test, first tier is
classical multiple-choice question, the second tier is also classical multiple-choice
question but presents reasons for answers given to the first tier and the third tier asks
existence of confidence about the first two tiers. To develop a three-tier test, Turkish
translation of the Test of Understanding Graphs in Kinematics (TUG-K) developed
by Beichner (1994) was used. One more essay type question of asking students’
reasons of their answers and blank alternatives to write any suggestion different from
choices were added to the each item of Turkish translation of this test translated by
Delialioglu (2003). Finally, Kinematics Graphs Test Requesting Reasoning
(KGTRR) was developed and administered to 253 students. To determine the
distracters of the second-tiers of the Kinematics Graphs Three-Tier Test (KGTTT),
answers on each item in KGTRR were categorized according to similarities in their
meanings. Considering the frequency of these categories, the KGTTT was developed
and administered to 495 students. Both quantitative and qualitative methods were
used to determine the validity of the KGTTT. A positive correlation coefficient was

calculated between student scores for the first two tiers and confidence levels for the

v



third tiers. Also, percentages of false positives and false negatives were estimated.
Cronbach alpha reliability coefficients of correct answers and difficulties of the

students for all three tiers together were calculated as 0.84 and 0.69, respectively.

Keywords: Physics education, misconceptions, kinematics graphs, diagnostic tests,

three tier test.
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ONUNCU SINIF OGRENCILERININ KINEMATIK GRAFIKLERINDEKI
ZORLUKLARINI UC BASAMAKLI BIR TEST iLE OLCME

Aydin, Ozlem
Yiiksek Lisans, Orta Ogretim Fen ve Matematik Alanlar1 Egitimi Boliimii

Tez Yoneticisi: Yrd. Dog. Dr. Ali ERYILMAZ

Aralik 2007, 186 sayfa

Bu calismanin asil amaci1 onuncu sinif 6grencilerinin kinematik grafikleri hakkindaki
zorluklarmi dlgmek igin {ic basamakli bir test gelistirmekti. Ug basamakli bir testte,
her bir maddenin birinci basamagi siradan bir ¢oktan se¢meli sorudur, ikinci
basamagi yine siradan bir ¢oktan se¢meli sorudur fakat birinci basamaga verilen
cevaplarin nedenlerini sorar ve li¢ilincli basamagi 6grencilerin ilk iki basamaga
verdikleri cevaplar i¢in emin olup olmadiklarimi sorar. Ug basamakli testi gelistirmek
icin, Beichner (1994) tarafindan gelistirilen Kinematik grafiklerini Anlama
Sinavi’nin Tiirkge ¢evirisi kullanildi. Testin Delialioglu (2003) tarafindan ¢evrilen bu
Tiirkge ¢evirisinin her bir sorusuna, 6grencilerin cevaplarinin nedenlerini soran agik
uclu bir soru daha ve seceneklerden farkli olan Onerilerini yazmalar i¢in bos siklar
eklendi. Sonunda, agiklama isteyen Kinematik Grafiklerini Anlama Sinavi1 gelistirildi
(KGAS) ve 253 dgrenciye uygulandi. U¢ basamakli Kinematik grafikleri Smavinin
(UBKGS) ikinci basamaklarinin celdiricilerini belirlemek i¢in, KGAS’daki her bir
sorunun cevaplart anlamlarindaki benzerliklere gore kategorize edildi. Bu
kategorilerin frekanslar1 gdz oniinde bulundurularak UBKGS gelistirildi ve 495
Ogrenciye uygulandi. Testin gegerligini belirlemek amaciyla nitel ve nicel yontemler

kullanild1. Ogrencilerin ilk iki basamaga verdikleri cevaplardan aldiklar1 puanlar ve
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liclincii basamakta belirtikleri 6zgiiven seviyeleri arasinda pozitif bir korelasyon
hesaplandi. Ayrica, yanlis sebepli dogrularin ve dogru sebepli yanlislarin oranlar
hesaplandi. Ogrencilerin ii¢ asamaya gore dogru cevaplar1 ve zorluklarmin Cronbach

alpha giivenirlilik katsayilar1 0.84 ve 0.69 olarak hesaplandi.

Anahtar Kelimeler: Fizik egitimi, kavram yanilgilari, kinematik grafikleri, tani

testleri, lig-basamakli test.
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CHAPTER 1

INTRODUCTION

Physics instructors realized that although they made tremendous efforts in
their physics teaching, their students’ understanding contained some gaps. Therefore,
for an effective learning in physics, many researchers have conducted many studies
for years. Most of these studies generally focused on students’ learning, conceptions,
understanding, skills, and especially on difficulties and misconceptions of physical
topics. Two of these topics related with these studies are graphs and kinematics.
McDermott and Redish (1999) stated that there were some papers relating with
identifying and analyzing students’ specific difficulties “with the kinematical
concepts and their graphical representations, and with the relationship of concepts
and graphs to the real world” (p. 4).

Graphs, graphing understanding, interpretation of graphs, and graphing skills
have been analyzed in detail by many researchers because graphs are very important
and essential tool for science learning. Scientists preferred graph as a communication
medium (Mokros & Tinker, 1987). MacDonald-Ross (1977) stated that an important
mean in communicating scientific data is graph (as cited in Brasell & Rowe, 1993).
McKenzie and Padilla (1986) defined graphs as “the heart of science and an integral
part of experimentation” so construction and interpretation of line graphs are
essential for science instruction (p. 572). Whether students’ skills on construction
and interpretation of graphs are affected by Piagetian theory is the main concern of
the study conducted by Berg and Phillips (1994). To improve students’ graphing
skills, the use of computers, calculators, Microcomputer-Based laboratories (MBLs)
or Calculator-Based laboratories (CBLs) are advocated by many researchers in this

age of technology (Ozgiin-Koca, 2001). “The lack of graphing competence may be a



severely limiting factor in the understanding of many complicated scientific
concepts” (Kim & Kim, 2005, p. 932).

Students’ conceptions and understanding of kinematical concepts which are
displacement, position, velocity and acceleration have been studied over years
(Aguirre & Erickson, 1984; Bowden, et al., 1992; Hewson, 1985; Rosenquist &.
McDermott, 1987; Trowbridge & McDermott 1980a; Trowbridge & McDermott,
1980b). Kinematics principles and methods used to improve learning of these
kinematical concepts also have been studied over years (Beichner, 1990; Leonard &
Gerace, 1996; Thornton & Sokoloff 1990). To conclude, kinematics is very
appealing and popular subject for the researchers and over years, it has been
examined within all aspects. “Although it is not clear why kinematics instruction has
received more attention than others, one might speculate that researchers have
recognized the importance of this topic as a building block upon which other
concepts are based” (Beichner, 1994, p. 750).

By analyzing the related literature review it was realized that in learning
kinematical concepts appropriately, kinematics graphs play an important role.
Besides, students’ understanding, interpretation, and skills of kinematics graphs may
be affected by real-time graphs, MBLs, interactive videodisc instruction, video
motion analysis, digital video, learning styles, and gender (Beichner, 1996; Brasell,
1987; Brungardt & Zollman, 1995; Delialioglu, 2003; Hale, 1997; Hale, 2000; Hein
& Zollman, 2000; Svec, 1995; Testa, Monroy, & Sassi, 2002). As a result, not only
for teaching but also for learning physics lessons, especially kinematics; using graph
is very important. “Teaching a traditional introductory physics course introducing
motion, which includes concepts of position, velocity and acceleration without using
graphs is not possible if one wants to explain the essence of these concepts” (Zajkov
& Jonoska, 2003, p. 1849).

Teaching mainly focuses on effective learning, so researchers have conducted
many studies and they found that some factors such as preconceptions, difficulties
and misconceptions affect students’ learning. These factors should be taken into
account for an effective learning because they are resistant to change (Hale, 2000;
McDermott, 1991). “Prior conceptions influence further learning and may be

resistant to change” (Driver, 1989, p.481).



In earlier studies, misconceptions were defined as preconceptions,
commonsense beliefs or difficulties but misconceptions differ. According to Linn
(1987), misconceptions do not emerge from students’ learning difficulties, in fact
they result from “the production of wrong interpretations based on prior knowledge”
(as cited in Al-Rubayea, 1996, p.42). Researchers emphasized that misconceptions
resist to change and to remedy them is difficult so they prevent learning and they
should be diagnosed (Meyer, Hewson, Viennot, Hasweh, Nussbaum & Novick as
cited in Al-Rubayea, 1996; Hammer, 1996; Jang, 2003).

Many researchers developed and used a variety of methods to investigate and
diagnose misconceptions like interviews, questionnaire, and multiple-choice tests
(Bernhisel, 1999; Franklin, 1992; Osborne & Gilbert, 1980; Tsai & Chou, 2002).
Interviews are preferred commonly by researchers as the most productive technique.
Because, in analyzing conceptions they have flexibility on investigation of the
reasons of students’ answers so they supply deep investigation (Beichner, 1994;
Bernhisel, 1999; Franklin, 1992; Osborne & Gilbert, 1980). However, interviews
have some disadvantages. They require both training and too much time to collect
and interpret data; and also in interviews the numbers of both analyzed
misconceptions and interviewees are limited (Bernhisel, 1999; Franklin, 1992; Tsai
& Chou, 2002). On the other hand, multiple-choice tests can be administered to a
large number of students and scoring of them is easy (Beichner, 1994; Bernhisel,
1999; Franklin, 1992). In spite of their advantages over interviews, multiple-choice
tests are inadequate for analyzing conceptions deeply and effectively (Rollnick &
Mahooana, 1999; Tamir, 1990).

In many studies, researchers used interviews and multiple-choice tests
together to minimize each method’s disadvantages (Beichner, 1994; Halloun &
Hestenes, 1985a; Hestenes, Wells, & Swackhamer, 1992; Olson, 2003). However, to
develop effective diagnostic tools justifications should be done. In other words
students’ reasons and confidence for their answers should be investigated so
multiple-choice tests should be turned into tiers forms (Staver & Gebal, Lavson,
Lavson, Adi & Karplus, Tobin, & Capie, as cited in Al- Rubayea, 1996; Cataloglu,
2002; Tamir, 1990).

To diagnose conceptions deeply, pencil and paper tests in a multiple choice

format, namely two-tier tests are developed by Treagust (1988), Peterson, Treagust
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and Gamett (1989), and Odom and Barrow (1995) (as cited in Rollnick & Mahooana,
1999, p. 161). In these tests, the first tier classical multiple choice question but the
second tier investigates the reasons of the fist tier (Tsai & Chou, 2002). Therefore,
two-tier tests diagnose misconceptions more effectively than other instruments (Tan,
Goh, Chia, & Treagust, 2002). Administrating and scoring of two-tier tests are easy
(Chen, Lin & Lin, 2002). Although there are advantages over other diagnostic
instruments, two-tier tests have disadvantages too. The most important disadvantage
of these tests is overestimating the percentage of students’ misconceptions since
these tests do not ask students’ confidence on their reasons (Eryilmaz & Siirmeli,
2002; Griffard & Wandersee, 2001; Kutluay, 2005; Pesman, 2005; Tiirker, 2005).

To overcome this problem of two-tier tests, one more tier should be added to
the tests which asks about students’ confidence on their answers so three-tier tests
should be developed to assess misconceptions more conveniently (Cataloglu, 2002;
Eryilmaz & Siirmeli, 2002; Kutluay, 2005; Pesman, 2005; Tiirker, 2005). Three-tier
tests have an advantage over the two-tier tests. They can discriminate the students’
lack of knowledge from their misconceptions by means of the third tier items which
asks confidence of students’ about their responses for the first and second tiers
(Eryilmaz & Siirmeli, 2002; Kutluay, 2005; Pesman, 2005; Tiirker, 2005). Therefore,
in assessing students’ misconceptions and qualitative understanding, three-tier tests
results are more valid and reliable than the results of one-tier tests or two-tier tests
(Cataloglu, 2002; Eryilmaz & Siirmeli, 2002; Kutluay, 2005; Pesman, 2005; Tiirker,
2005).

In the studies of kinematics graphs learning and teaching, many researchers
developed and used instruments to assess students’ difficulties. Interviews are the
most common techniques among these studies (Goldberg & Anderson, 1989;
McDermott, 1984; McDermott, 1991; Trowbridge & McDermott, 1980a; Trowbridge
& McDermott, 1980b). Questionnaires were also used (Brasell & Rowe, 1993;
Rosenquist &. McDermott, 1987; Testa, Monroy & Sassi, 2002). For a deeper
analysis, behind interviews and questionnaires, the multiple-choice tests were used
together (Beichner, 1994; Beichner, 1996; Delialioglu, 2003; Hale, 1997; Hale, 2000;
Hein & Zollman, 2000; McDermott, Rosenquist, & Van Zee, 1987: Olson, 2003). To
sum up, there are few research studies about developing three-tier tests in physics

and also there is no three-tier test assessing difficulties about kinematics graphs.
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Test of Understanding Graphs in Kinematics (TUG-K) developed by
Beichner (1994) is the most popular tool for understanding difficulties about
kinematics graphs and it has been used many times by other researchers (Beichner,
1996; Delialioglu, 2003; Hale, 1997; Hale, 2000; Hein & Zollman, 2000; Olson,
2003). It was translated into Turkish and administered to 989 tenth-grade students by
Delialioglu (2003). In this study this Turkish version of the TUG-K was used for
developing a three-tier test.

Consequently, the main purpose of this study was to develop a three-tier test
assessing difficulties about kinematics graphs. The second purpose of this study was
to diagnose the tenth grade students’ difficulties and existence of new difficulties
about kinematics graphs. Third purpose of this study was to calculate the proportions
of difficulties and difficulty levels of each item according to the first tiers of the test,

first two tiers of the test and all three tiers of the test.

1.1. Research Questions

There were several research questions investigated in this study and they can

be classified as the main problem and the sub-problems.

1.1.1 The Main Problem

The main problem of this study was to develop a valid and reliable a three tier
test for diagnosing tenth grade students’ difficulties about kinematics graphs, and
also to diagnose tenth grade students’ difficulties and existence of new difficulties

about kinematics graphs.

1.1.2 The Sub-Problems

The sub-problems of this study are as follow:
1. Is there a significant correlation between student scores for the first two tiers and
confidence levels for the third tiers.
2. Are there acceptable factors obtained from the factor analysis of the correct scores

for all three tiers in the KGTTT?



3. Are there acceptable factors obtained from the factor analysis of the difficulties for
all three tiers in the KGTTT?

4. What are the percentages of false positives and false negatives of correct scores
for the first two tiers in the KGTTT?

5. What are the Cronbach alpha reliability coefficients of correct answers and
difficulties of the students for all three tiers.

6. How do the percentages of students having a difficulty change with the number
of tiers of the KGTTT?

7. What are the percentages of lack of knowledge for each difficulty and in average?

8. How do the percentages of students giving correct answer(s) change with the
number of tiers of the KGTTT?

9. What are the percentages of lack of confidence for each item and in average?

1.2 Definitions of Important Terms

This section includes some important definitions of the terms as follow:
Concept: “an abstract or general idea inferred or derived from specific instances”
(Online Dictionary [OD], 2007). Moreover, according to Roid and Haladyna (1982),
concept is “a class of things, objects, events, ideas, or relations to each member of
which we give the same label” (as cited in Cataloglu, 2002, p. 10).

Conception: In the Online Dictionary [OD] (2007), there are some definitions and
three of them are as follow:

1. The creation of something in the mind,

2. The power or faculty of apprehending of forming an idea in the mind; the power of
recalling a past sensation or perception,

3. The formation in the mind of an image, idea, or notion, apprehension.

Misconception: In the Online Dictionary [OD] (2007), there are two definitions as

follow:
1. An incorrect conception,
2. Erroneous conception; false opinion; wrong understanding.
Besides, Mintzes (1984) defined misconception as “preconceptions, private

concepts, alternative frameworks, and naive theories” (as cited in Odom & Barrow,



1995, p. 45), Hestenes et al. (1992) defined misconception as ‘“‘commonsense
beliefs”.

According to Jang (2003), “A person understands of a concept that differs in
significant ways from the commonly accepted scientific understanding of the
concept. Alternate conception” is a kind term that means roughly the same thing.
Another possible term is “naive conception” (p. 18).

Kinematics: Beichner (1994) defined kinematics as a “the motion of objects” (p.
750).
Kinematics Graphs: Beichner (1994) stated that “kinematics graphs have position,

velocity or acceleration as the ordinate and time as the abscissa” (p. 751).

Diagnostic test: Diagnostic test items are “in a multiple- choice or short answer

format that has been designed with common misconceptions in mind” (Rollnick &
Mahooana, 1999, p. 162).

Two-tier misconception test: A two-tier test is a “two-level question presented in

multiple-choice format. The first tier assesses students’ descriptive knowledge about
the phenomenon and the second tier explores students’ reasons for their choice made
in the first tier” (Tsai & Chou, 2002, p. 158).

Three-tier misconception test: Three-tier tests are similar to the two-tier tests but the

difference is that three-tier tests have one more item that asks student’s confidence
about his/her answers of the first two tiers (Cataloglu, 2002).

False negatives: “the incorrect answers that are given by students who have the

correct, scientific conception for answering the question” (Hestenes et al., 1992).

False positives: “the correct answers that are given by students who do not have the

correct, scientific conception” (Hestenes et al., 1992).

1.3 Significance of the Study

To stress the significance of this study there are several reasons. Firstly,
physics has a fundamental and important branch: kinematics. Students’ learning and
understanding of kinematical concepts, skills of interpretation and difficulties about
kinematical concepts and their graphical representations have been investigated for
years. As in other physics topics, misconceptions about kinematics graphs have been

studied by many researchers over years since misconceptions are one of the most

7



important factors that prevent students’ learning and understanding so assessing
misconceptions is important. In this study, misconceptions about kinematics graphs
are assessed.

Secondly, there is a need for developing and using a valid and reliable
diagnostic tool in assessing misconceptions of students. In diagnosing
misconceptions, researchers developed and used many tools. For instance, they used
interviews widely, since they give the researcher the opportunity for a deep
investigation and they have flexibility on investigation of the students’ answers.
However, researchers had difficulty in administrating interviews to the large number
of students and in scoring and in analyzing them easily so they started to use
multiple-choice tests to overcome these problems. In spite of their advantages,
multiple-choice tests could not investigate misconceptions deeply and researchers
realized that to develop an effective diagnostic tool justification should be done by
students. To overcome this problem two-tier misconception tests were developed but
they were inadequate for assessing misconceptions since they could not differentiate
the lack of knowledge from misconception. At the end, three-tier misconceptions
tests were developed as a valid and reliable diagnostic tool in assessing
misconceptions. Developing and using of three-tier misconceptions test is necessary
to differentiate the lack of knowledge from misconception therefore this study makes
contribution to the literature.

Thirdly, after the detailed literature review it was found that there are very
few studies about developing three-tier tests in assessing misconceptions in physics
and there is no research about developing a three-tier test assessing misconceptions
about kinematics graphs therefore this study makes contribution to the literature.

Fourthly, in assessing difficulties about kinematics graphs and then in
preparing effective instruction to overcome these difficulties this study can make a
contribution for the improvement of physics education in Turkey.

Fifthly, with this study, developing the three-tier tests may be encouraged. In
other words, many researchers may develop three-tier tests to assess misconceptions
about other physics subjects and also in other science branches like chemistry and
biology. In this regard, this study can make a contribution to the science education, in

general.



Finally, by the results of this study difficulties about kinematics can be
identified so not only teachers but also curriculum developers and textbooks

researchers can use these results as feedbacks.



CHAPTER 2

LITERATURE REVIEW

In this chapter, literature review conducted for this study is presented in four
main sections as follows: concerns about misconceptions, methods for assessment of
misconceptions, misconceptions about kinematics graphs and the summary of the

literature review.

2.1 Concerns About Misconceptions

McDermott and Redish (1999) stated that on the learning and teaching of
physics, detailed systematic studies have been conducted by physicists for 20 years
and in these studies, frequently emphasized topics were related with factors affecting
students’ learning and understanding of physics, such as students’ preconceptions.
Preconception, or prior knowledge, attracts attention of researchers studying on
learning since it has an important role for learning (Ausubel, as cited in Al-Rubayea,
1996). Nussbaum (1979) stated that a student is not like as an empty container (as
cited in Al-Rubayea, 1996). Students come to the classes with some conceptions and
according to Strauss (1981) these conceptions are developed by children’s many
contacts with their physical and social environment before starting their formal
instruction (as cited in Aguirre & Erickson, 1984). These conceptions are referred to
preconceptions or prior knowledge and they have an influence on learning and they
are resistance to change (Driver, 1989). According to Aguirre and Rankin (1989),
half of the college students being studied in their research kept their preconceptions
about vector kinematics. “Some of preconceptions about vector kinematics are

deeply embedded in students’ minds” (Aguirre, 1988, p. 216).
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Franklin (1992) stated that, within the last 10-15 years, research studies
conducted in science learning had a new interest about conceptions of students.

According to him, this difference between earlier studies and current studies
arise from misconceptions. Misconceptions were generally called differently in the
earlier studies. For example, they were defined as preconceptions, private concepts,
alternative frameworks, and naive theories by Mintzes (1984) and they were defined
as alternate conception or naive conception by Jang (2003). Moreover,
misconceptions were referred to commonsense beliefs but in kinematics they were
defined as difficulty by Hestenes et al. (1992).

However, Klammer (1998) stated that not all preconceptions are
misconceptions (as cited in Kutluay, 2005). Conceptions “in contradiction with the
scientific view” are called as misconceptions (Al-Rubayea, 1996, p. 38). Therefore,
misconceptions are defined as conception in students’ mind that differs from the
scientific definition. Furthermore, they are not a mistake or wrong answer which
arises from the lack of knowledge (Eryilmaz & Siirmeli, 2002).

Peters (1982) stated that even honor physics students have similar or the same
misconceptions that the other physics students possess. Therefore, misconceptions
have international attention for researchers and there are quite a few research studies
for instance about the resistance of misconceptions to change. Hashweh (1986)
supported that misconceptions of students resist change (as cited in Al-Rubayea,
1996). Meyer (1987) stated that “misconceptions may stay for a long time” since
misconceptions have an ability of taking a variety of functions and also giving
explanations about problems (as cited in Al-Rubayea, 1996, p.43). According to the
Viennot (1979), they are persistent because they can explain both “students’
everyday world” and “any new situation” (as cited in Al-Rubayea, 1996, p.43).
“Once misconception is formed, it is hard to expel them” (Jang, 2003, p. 6).

Due to their resistance to change, to remedy misconceptions is difficult so
they influence the students’ learning. According to the Duit (1987), misconceptions
have an effect on students’ learning. For instance, Nussbaum and Novick (1982)
stated that learning a new concept is difficult since misconceptions can address
inaccurate interpretations for new concepts (as cited in Al-Rubayea, 1996). Moreover
to teach new concept to the students is easier than to correct their misconceptions

(Eaton, Anderson, & Smith, as cited in Al-Rubayea, 1996). According to Hewson
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(1981), changing misconception needs time and Champagne, Gunstone, and Klopfer
(1983) stated that using traditional methods to change misconceptions is not adequate
(as cited in Al-Rubayea, 1996).

Hammer (1996) stated that students come to their physics classes with
misconceptions in their mind and they form obstacles in learning. He presented the
characteristics of misconceptions as follow:

1. They are strongly held, stable cognitive structures.

2. They differ from expert conceptions.

3. They affect in a fundamental sense how students understand natural phenomena
and scientific explanations.

4. They must be overcome, avoided, or eliminated for students to achieve expert
understanding (p. 1318).

To sum up, misconceptions are very resistive to change namely to correct
them is difficult and also they are obstacle for learning so to overcome or to correct
misconceptions for enhancing the students’ understanding firstly they should be

diagnosed in other words assessing misconceptions is important for science learning.

2.2 Methods for Assessment of Misconceptions

By the detailed literature review it was realized that researchers investigated
the students’ misconceptions with systematic studies and in their studies researchers
mainly focused on developing valid and reliable diagnostic tools. In this section of
this study, the summary of these diagnostic tools are given as follow: interviews and

open-ended questionnaires, multiple-choice tests, two-tier tests and three-tier tests.

2.2.1 Interviews and Open-Ended Questionnaires

As Franklin (1992) stated, in the last ten years, one of the best approaches to
investigate students’ views and misconceptions, was interviews. “Among the
numerous instruments to probe students’ understanding interviews have frequently
been used to investigate their understanding of scientific topics™ (Cataloglu, 2002, p.

7). Consequently, researchers have been analyzing how students’ think about
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physical concepts over years and they used interviews techniques widely for their
observation.

Osborne and Gilbert (1980) used interview-about-instances technique to
provide deep investigation of the students’ conceptions about force in other words
they wanted to learn reasons of students’ behind their answers. By line drawings,
they prepared cards on which familiar situations were represented and these
situations have two types: one contains instance of the concept the other does not
contain instance of the concept. They showed these cards to the 40 children and
adults whose ages ranged from 7 to 19 and asked interviewees whether cards contain
instance of the concept. They elicited the students’ reasons. They thought that by this
method, students could ask questions before answering for clarifying ambiguities and
also this method is flexible to discuss both reasons of choices and lack of reasons.
Osborne and Gilbert (1980) used also interview-about-events technique to detect
students’ conceptions about daily experience and this technique similar with
interview-about-instances. At the end of their study, Osborne and Gilbert (1980)
presented some scopes of interview-about-instances technique as follow:

1. It is applicable over a wide age range.

2. It is enjoyable for interviewer and interviewee.

3. It has advantages over written answers in terms of flexibility and depth of the
investigation.

4. Classifying instances in more pertinent and penetrating than asking for a
definition.

5. It is concerned with the student’s view rather than merely examining if the student
has the correct scientific view (p. 378).

Another interview technique is clinical interview. According to Posner et al.
(1982), the main purpose of clinical interview is “to ascertain the nature and extend
of an individual’s knowledge about a particular domain by identifying the relevant
conceptions” (as cited in Al-Rubayea, 1996, p. 50). In this technique students are
confronted with a question, experiment or a task in other words there is a formal
setting so interaction of researchers with students is limited but according to
Ginsberg and Opper (1988), in the open version of this technique this interaction is
more free (as cited in Cataloglu, 2002). Clinical interviews used by Aguirre and

Erickson (1984) to investigate 20 tenth grade physics students’ conceptions about the
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vector characteristics of kinematical concepts: displacement, velocity and position.
They found that developed inferred rules for most kinematical concepts were used by
students.

In 1980, individual demonstration interviews used in two papers related with
understanding of kinematical concepts: velocity and acceleration (Trowbridge &
McDermott 1980a; Trowbridge & McDermott, 1980b). By over 300 interviews,
related with velocity, it was found that inability to discriminate between position and
velocity is principal conceptual difficulty; by 200 interviews, related with
acceleration, it was found that confusing the concepts of velocity and acceleration is
main difficulty.

Aguirre (1988) used individual interviews with 15- to 17-year-old grade 10
students to examine the preconceptions about vector kinematics and he found that
preconceptions of vector kinematics “deeply embedded in their mind” (p. 216).
Bowden et al. (1992) used individual interviews with 90 students to investigate their
understanding of kinematical concepts: displacement, velocity and frame of
references and they found that students have difficulty in understanding these
concepts.

By many researchers and teachers, to investigate students’ understanding of
students’ conceptions open-ended questionnaires were also used. Rosenquist and
McDermott (1987) used open-ended questionnaires to develop a conceptual approach
teaching kinematics based on their previous findings. Aguirre and Rankin (1989)
used questionnaire with 73 students to identify the students’ conceptions about vector
kinematics and they found that half of the students kept their preconceptions of
vector kinematics. Goldberg and Anderson (1989) used both interviews and open-
ended questionnaires with 36 students to analyze their difficulties with graphical
representations of negative values of velocity and they found that the negative cases
are mostly confused by students. Testa, Monroy, and Sassi (2002) applied
questionnaires to 38 students to investigate their reading difficulties of kinematics
graphs and they found some difficulties and criticized them.

In spite of being widely used as diagnostic tools due to their advantages, there
are some critics about interviews and questionnaires. At the end of their study,
Osborne and Gilbert (1980) presented also some limitations of interview-about-

instances technique as follow:
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1. There is the problem of choosing a limited but adequate set of
instances.

2. The order of instances may influence student responses.

3. Interviews, and the transcribing, and analysis of transcribes are time consuming.

4. There are difficulties associated with interviews and the analysis of the
interview data, e.g. difficult to report succinctly (p. 378).

Though, clinical interview technique supply a wide source of information
about the nature of students’ science concepts procedure is “too time consuming and
most teachers lack the experience to properly conduct and interpret” (Franklin, 1992,
p.44). Aguirre and Erickson (1984) also criticized clinical interview technique: it is a
rich source of information about students’ ideas but the number of students easily
conducts is limited. Franklin (1992) stated that “using the interview methods prior to
instruction is time consuming and using class discussion as a diagnostic tool may be
hindered by peer pressure” (p. 9). According to Tobin and Capic (1980), for the use
of classroom teachers many of these interview methods would not be practical
because as Fensham, Garrard, and West (1981) stated that many science teachers
does not have ‘“adequate training in collecting and interpreting data” (as cited in
Franklin, 1992, p. 9). Amir et al. (1987) and Treagust (1987) note that interview
methods require training for the interviewer and should be limited to a small group
(as cited in Al-Rubayea, 1996). Since interviews are found to be time-consuming so
this makes conducting interviews to large samples of subjects is difficult (Al-
Rubayea, 1996). Bernhisel (1999) stated that in diagnosing the misconceptions
interviews have been shown to be effective but they can be time consuming and
difficult to conduct large sample. Open-ended questionnaires give students “more
time to think and write about their ideas but it was found difficult to evaluate” and
also in open-ended questionnaires language of students prevents the misconception
identification and due to the freedom of students’ expression of their answers
assessment becomes more difficult (Bouvens, Sangsupata, as cited in Al-Rubayea,
1996).

To sum up, researchers preferred to use interviews and open-ended
questionnaires the most productive techniques in determining misconceptions

because they are flexible in reasons of answers, they supply the researchers with deep
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investigation of students’ ideas. On the other hand they have some disadvantages:
They require:

1. training to collect and interpret data,

2. too much time in both conducting and interpreting data,

3. limited numbers of analyzed misconceptions and interviewees.

2.2.2  Multiple-Choice Tests

Al-Rubayea (1996) stated that due to the disadvantages of other instrument
like interviews or open-ended questionnaires researchers should search other
methods. According to Treagust and Haslam (1986), “a straightforward way to
overcome these difficulties is to administer a pencil and paper multiple choice tests”
(as cited in Chen et al., 2002, p.106).

Consequently, to eliminate the disadvantages of other diagnostic tools, many
researchers have used multiple-choice tests in diagnosing misconceptions. In next
sections, advantages and disadvantages, the most popular multiple-choice test in
physics: Force Concept Inventory and the most popular multiple-choice test in

kinematics graphs: the TUG-K are given respectively.

2.2.2.1 Advantages and Disadvantages

Multiple-choice question have mainly two parts: a stem which is a “main
body of question” and “response alternatives”. These alternatives contain one correct
answer and distracters, namely wrong answers. Besides, illustrations can also be used
in the multiple-choice questions. Administering and grading of these tests are easy
and one of the major advantages of them is administrating to large numbers of
subjects. For this reason they are very attractive for classroom teachers and
researchers (Franklin, 1992).

Hedges (1966) and Wesman (1971) presented advantages of multiple-choice
tests as follow:

1. They permit coverage of a wide range of topics in a relatively short time;
2. They can be used to measure different levels of learning;

3. They are objective in terms of scoring and therefore more reliable;
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4. They are easily and quickly scored and lend themselves to machine scoring;

5. They avoid unjustified penalties to students who know their subject matter but are
poor writers;

6. They are suitable for item analysis by which various attributes can be determined
such as which items on a test were too easy, which were too hard, which were
ambiguous, etc. (as cited in Tamir, 1990, p. 563).

The multiple-choice tests could be thought as useful instruments to “evaluate
student progress‘“(Aubrecht & Aubrecht, 1983, p. 613). Bar (1987) stated that in
diagnosing the misconceptions, multiple choice tests are more effective tools than
“oral or written open-ended essays” (as cited in Al-Rubayea, 1996, p. 52). Bernhisel
(1999) emphasized that multiple-choice tests have been frequently used due to their
effectiveness in identifying misconceptions even if they can not produce large
amount of data about students’ ideas like interviews. “Although interviews allow the
researchers to probe a wide range of concepts, paper and pencil tests allow
researchers to probe the understanding of many more students at a time” (Cataloglu,
2002, p. 7). Many science researchers preferred the use multiple-choice tests to other
instruments in detecting misconceptions and according to Al-Rubayea (1996), this
popularity arise from the characteristics of them: easiness of administration and
correction, objectiveness about scoring, low guessing probability, ability to use with
large numbers of subjects and to measure different levels of learning.

In spite of their advantages, according to Stiggins (1994), multiple-choice
tests cannot assess “the kinds of complex, multifaceted problem solving skills that
are relevant to real world” (as cited in Cataloglu, 2002, p. 37). Besides this, they
could not determine reasons of students’ answers so multiple-choice tests are
inadequate for analyzing conceptions deeply and effectively (Tamir, 1990; Odom &
Barrow, 1995; Rollnick & Mahooana, 1999). To explain this lack of effectiveness,
Sandin (1985) and Bork (1994) presented some reasons as follow: items in multiple-
choice tests:

1. encourage guessing.

2. are not characteristics of the real world.

3. are not a friendly tactic for human beings.

4. have not real using.

5. are written hardly.
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6. are answered correctly by chance.
7. heavily depend on reading comprehension skills (as cited in Marx, 1988, pp. 19-
20).

Consequently, both administration and scoring of multiple-choice tests are
easy and quick so it can be administered to large numbers of students. However,
multiple-choice tests are not effective diagnostic tools to assess misconceptions
because students’ ideas, beliefs or reasons about their answers can not be detected
due to the existence of selecting correct answers by chance so overcoming this

situation sometimes they used with interviews.

2.2.2.2 The Force Concept Inventory

One of the tools developed by using both interviews and multiple choice tests
is The Force Concept Inventory (FCI) a popular diagnostic multiple-choice
instrument in physics education. It was designed to diagnose students’
misconceptions about force and motion and it has been used many years by
physicists. In this section, the FCI is analyzed in two parts as follow: development of

the FCI and concerns about the FCI.

2.2.2.2.1 Development of the FCI

The first version of the FCI is The Mechanics Diagnostic Test (MDT)
developed by Halloun and Hestenes (1985a) for assessing the basic knowledge of
students’ about mechanics. In developing MDT, they started with selection of
appropriate questions which assessed both students’ qualitative conceptions and their
results about motion and identified common misconceptions noted by previous
researchers. Various open-ended versions of the test with these questions were
administered to more than 1000 introductory physics students in college and data
collection lasted over three years. By detecting students’ answers reflected the most
common misconceptions; the authors prepared alternative answers of final version of
the MDT which was administered to nearly 1500 students. For face and content
validity of MDT, they followed four steps. First of all, the researchers gave the MDT

a number of physics professors and graduate students to examine and incorporated
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their suggestions about MDT into the final version of the MDT. Secondly,
researchers administered the test to the 11 graduate students and determined that all
these students agreed on the correct answers of the MDT. Thirdly, researchers
conducted interviews with 22 introductory physics students who had taken the test
before. Results revealed that all interviewees understood both the questions and
alternative answers. Finally, the authors selected 31 students with grade “A” in
university physics and examined answers’ of these students whether there were any
probable common misunderstanding. After careful examination, no misunderstanding
might be attributed to the formulation of students was found. The researchers
established the reliability of the MDT results in two ways: interviews and Kuder-
Richardson test. In the interviews of students who had taken the test, students
repeated their answers without exception and they were able to give their reasons for
these answers. By the interview results, it was concluded that their answers were
stable, not tentative or random. Kuder-Richardson reliability coefficients were
estimated by results of pretest and posttest of two comparable groups: 0.86 and 0.89
respectively. According to Halloun and Hestenes (1985a), these high values showed
that the MDT is valid and reliable test and at the end of their study they recommend
the use of the MDT as a diagnostic tool to identify and classify specific
misconceptions. This recommendation discussed in their following paper of Halloun
and Hestenes (1985b) by using the MDT and interviews to detect common sense
concepts of students’ about motion and they catalogued findings at the end of the
paper.

The FCI, improved version of the MDT, was developed by Hestenes et al.
(1992) to assess students’ beliefs about force. The distracters of questions in the FCI
presented misconceptions. These misconceptions and Newtonian concepts divided
into six categories and also related items were given. They administered the FCI to
more than 1500 high-school students and more than 500 university students with the
Mechanics Baseline Test (MBT) designed by Hestenes and Wells (1992). The FCI
and MBT differed from each other. Students could answer questions of the FCI
without formal training in mechanics since the FCI designed to elicit students’
preconceptions. However, students could not answer questions of the MBT without
formal training in mechanics, since the test had not distracters as misconceptions.

However, when used together, they gave complete profile of students’ understanding
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mechanics (Hestenes & Wells, 1992). After administrating the two tests, Hestenes
and Swackhamer conducted interviews with total 36 students. The validity and
reliability procedure was considerably taken and results replicated many times.
Therefore, they had confidence about the reliability and conclusions with the FCI.
Two of the most important conclusions of their result are related with thresholds
resulted from the using an FCI-posttest vs. MBT-posttest scattergrams. Hestenes and
Wells (1992) stated that 60% in the FCI was indicated as a conceptual threshold and
80% in the FCI was indicated as a mastery of basic Newtonian concepts. At the end
of their study, Hestenes et al. (1992) presented the use of the FCI as a diagnostic tool
to identify and classify specific misconceptions, very accurate and reliable instrument
for evaluating instruction and as a placement exam for colleges and universities but

in conjunction with the MBT or some other tests.

2.2.2.2.2 Concerns about the FCI

The FCI is a very popular valid and reliable diagnostic tool in physics but
some researchers used the FCI and made critics about the test. For instance Huffman
and Heller (1995) investigated the measuring of the FCI. They administered the FCI
to 145 high school students and 750 university students and by using these data they
conducted a factor analysis to determine how the items on the FCI are related. They
found by the factor analysis that there are only three significant factors but lots of
insignificant factors. The FCI developers claimed that inventory measured the six
categories of Newtonian force concepts. However, Huffman and Heller concluded
that items on the FCI do not necessarily measure these six categories of Newtonian
force concepts and are loosely related to each other in the light of factor analysis.

To respond Huffman and Heller, Hestenes and Halloun (1995) interpreted the
FCI results. They stated that for the measuring of the FCI, content validity must be
considered in other words percentages of false positives and false negatives must be
estimated. In spite of the difficulty in minimizing false positives, they succeeded that
by using both assessed each dimension of concept and appropriate distracters. The
results of factor analysis arise from the false positives and using the factor analysis
does not appropriate to analyze the measuring of the FCI. Huffman and Heller

ignored these and also they used non-Newtonian population but the FCI measure
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Newtonian concept so they did not get significant factors. To sum up, according to
Hestenes and Halloun (1995), Huffman and Heller firstly should use Newtonian
population, such as physics professors and use the students’ data between 60 and
80% scores and separately above 80% scores to get significant factors.

After Hestenes and Halloun (1995), Huffman and Heller (1995) have
continued their claims by giving examples about statistical analysis of the FCI.
However, also Hestenes and Halloun (1995) have continued their claims by giving
examples of data about the validity of the FCI.

Hestenes et al. (1992) presented the three different use of the FCI as stated
before: as a diagnostic tool, for evaluating instruction and as a placement exam.
However, Huffman and Heller (1995) had doubts about these uses of the FCI. First of
all in using as a diagnostic tool and for evaluating instruction, one should be careful
since the FCI does not measure central force concept and student’ understanding of a
concept; it actually measures small pieces of students’ knowledge and student’s
familiarity with the context. Secondly since there is an uncertainty about what the
actually measure, using it as a placement exam to make decision about individual is
an unfair and unwise.

Steinberg and Sabella (1997) analyzed the correlation between the students’
performance on the FCI test and their understanding of the subject matter. They
wrote open-ended examination problems corresponded to several items of the FCI.
At the end of the semester, in the first semester introductory calculus-based physics
classes they administered firstly the FCI and one week after they administered the
final exam contained their open-ended examination problems. They concluded that
there was a correlation between students’ performances on these two tests but for
certain students and questions, students’ performances did not correlate. Moreover,
they stated that in using the FCI for evaluating instruction, there was a danger:
students’ answers might be affected by different contexts and presentations.
According to them, these findings did not relate with only the FCI, they might be
related with students’ reasoning abilities.

Savinainen and Scot (2002) investigated the development and structure of the
FCI and they reviewed findings of its implementation. They also considered various
critiques that had been made about the FCI. At the end of their study, they concluded

that the FCI provides “a potent tool not only for improving student learning but also

21



for improving the teachers understanding and approaches to teaching in this field”
(pp- 51-52).

Rebello and Zollman (2004) investigated the effect of distracters on
student performance on the FCI. They prepared an open-ended questionnaires
contained four equivalent questions of the FCI. They administered to 25 students for
a pilot study and then administered to 238 students in an algebra-based introductory
physics course. When compared students’ responses on open- ended questions
with  multiple choice FCI questions, they found a good agreement between the
percentages of correct responses in open- ended and multiple-choice format in
other words distracters on the FCI do not adversely affect student performance as

measured by the number of correct answers.

2.2.2.3 TUG-K

The TUG-K, developed by Beichner (1994) is a popular diagnostic multiple-
choice instrument in physics education to diagnose students’ misconceptions about
kinematics graphs and it has been used many years by physicists. Beichner (1994)
stated that interview is good at depth of probing and flexibility of questioning and
multiple choice test is good at not only in objectively grading and analyzing of data
from large numbers but also in generalizing results of these large numbers so they
should be used together. In this section, development and use of the TUG-K are

given respectively.

2.2.2.3.1 Development of the TUG-K

In his study, he explained in detail the procedure for developing the TUG-K
and analyzing the results of the test. Developing procedure of the TUG-K started
with the examination of a number of commonly used test banks, introductory physics
books and informal interviews conducted with teachers. By means of these findings,
the researcher formulated eight specific objectives related with understanding of
kinematics graphs but not related to graph construction skills because the focus of the
TUG-K was on interpretation skills. He carried out a pilot study and during this

period he realized that nearly all of the students could answered the questions of
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going from a point on a graph to its coordinate pair , and vice versa. Due to the
diagnostic purpose of the test in uncovering student difficulties, he eliminated this
objective and related items from the test. After then, he examined a wide variety of
tests for analyzing what kinds of questions had been asked by others and from these
findings he adapted several of the items on the TUG-K. For each of remained seven
objectives, he wrote three items mostly by his own with a considerable attention of
ensuring that only kinematics graph interpretation skills were measured. A
considerable attention was also paid on writing items and distracters related with
previously reported students’ graphing difficulties. Moreover, an open-ended
questionnaire was conducted to 134 community college students who had been
already taught kinematics to use the most commonly appearing errors as distracters
of the multiple-choice items on the test. By findings of the questionnaire required
modifications were done by the researcher and then for the content validity the test
was given to the 15 science educators from high school, community college, and four
year college and university faculty. They completed the test, made comments on
appropriateness of the objectives, criticized the items, and matched items to
objectives and then the test was modified. 165 juniors and seniors from three high
schools and 57 four-year college physics students took first draft of the test. They
also took a modified second version of the test during four different laboratory
activities. The researcher calculated the Pearson product-moment correlation between
the pre- and post-test scores as 0.79 so two forms of the test were similar namely
parallel forms and also t-test indicated a significant increase between the pre-
and post-test scores. These statistical results showed that the test is reliable and
valid. Therefore, the final version of the test, the TUG-K with 21 questions
administered to 524 college and high school students. According to Beichner (1994),
Validity of the TUG-K was established as stated before. For the reliability he
calculated KR-20 as 0.83. For the quality of individual test question he calculated
Point-biserial coefficients and he found as in average 0.74. He also calculated item
discrimination index to determine how well a particular question differentiates
between students and he found as in average 0.36. All these statistical are acceptable
and he concluded that “the test is certainly useful for diagnostic purposes and should

be helpful as a research tool” (p.754). At the end of the study he detected six
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students’ difficulties with kinematics graphs. Beichner (1994) gave the table of
objectives of the TUG-K contained percent correct as follow (p. 752):

Table 2.1 The Objectives of the TUG-K

Given The student will Percent Correct  Questions
1. Position Time Graph Determine Velocity 51 5-13-17
2. Velocity-Time Graph Determine Acceleration 40 2-6-7
3. Velocity-Time Graph Determine Displacement 49 1-4-18-20
4. Acceleration-Time Graph Determine Change in Velocity 23 10-16
5. A Kinematics Graph Select Another Corresponding Graph 38 11-14-15
6. A Kinematics Graph Select Textual Description 39 3-8-21

7. Textual Motion )
o Select Corresponding Graph 43 9-12-19
Description

Beichner (1996) analyzed the impact of video motion analysis on kinematics
graph interpretation skills with administration the TUG-K to five different groups of
the students and he revised the first item of the TUG-K during the study. This item

corresponds to before Objective 4 but he changed this item’s objective as 3.

2.2.2.3.2 Use of the TUG-K

Hale (1997) used 14 questions of the TUG-K as pre-test and post-test with
interviews in searching for methods for building conception and repairing
misconceptions in students’ understanding of kinematics graphs of students in two
lecture sections of integral calculus during sixth week She calculated KR-20
reliability coefficient of this test is 0.74 as an acceptable value. She stated that high
scores on pre-test indicated the validity of instruments. To conclude, these

instruments are reliable and valid and also they are useful for instructors. She
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investigated students’ difficulties and misconceptions by pre-test and analyzed each
student’s incorrect responses to determine existence of particular misconception or
lack of knowledge. She found that misconceptions observed from the data were
indicated by students’ “misuse of linguistic cues and iconic translations” and
misconceptions and lack of knowledge might cause difficulties (p.44).

Hein and Zollman (2000) analyzed student ability to analyze and interpret
motion graphs following laboratory instruction using interactive digital video as well
as traditional instructional techniques. They used open-ended questionnaires and the
TUG-K to assess student understanding of motion concepts. They found a significant
difference in mean scores on the TUG-K between males and females but did not find
significant difference between instructional treatment and student ability to interpret
motion graphs as measured by the TUG-K.

Olson (2003) used the TUG-K with interviews to analyze effect of calculator
based rangers on overcoming misconceptions of graph interpretation of kinematics
motion of 261 first year high school students. He stated the list of six major
misconceptions and difficulties. He stated that the TUG-K accurately measured
students’ conceptions.

Delialioglu (2003) investigated the roles of gender and learning styles on
tenth grade students’ kinematics graphing skills by using the TUG-K with Learning
Style Inventory. She translated the TUG-K into Turkish and it was examined for
interpretation and translation errors by one subject expert and one physics teachers.
To establish content validity, the revised test given to the one instructor, three
physics teachers and one specialist for checking appropriateness of items to the
grade level, the test format and the translation format. After modification based on
these checks, the test was administered to 60 tenth grade high school students, and
Cronbach alpha coefficient was found as 0.73. The final version of the test was
administered to 989 students, and internal reliability coefficient was found as 0.85.
These results were acceptable values. Results of the kinematics graphing skills test
showed that general performances of the students were very low and many students
have difficulties in interpreting kinematics graphs generally same as previous findings

stated above.
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2.2.3 Two-Tier Tests

As it was seen, to prevent their disadvantages especially in effectiveness
generally multiple-choice tests were used together with interviews to diagnose
misconceptions. In other words, researchers have tried to find more useful and
effective ways for assessing misconceptions. For instance, multiple-choice tests
designed for diagnosing misconceptions were taken into account but researchers
wondered about using memorization by students to select correct choice (Al-
Rubayea, 1996; Chen et al., 2002; Odom & Barrow, 1995; Tamir, 1990). Moreover,
according to Griffard and Wandersee (2001), the power of effective diagnostic tools
depends on ability of investigating reasons of choices.

Therefore, justifications should be done multiple choice tests should be
extended into several tiers, two or three (Staver & Gebal; Lavson; Lavson, Adi, &
Karplus; Tobin, & Capie, as cited in Al- Rubayea, 1996; Cataloglu, 2002; Odom &
Barrow, 1995; Tamir, 1990).

Consequently, to determine reasons of students’ answers, researchers turned
multiple-choice tests into tiers forms. In this section of this study, the two-tier tests
are analyzed in two parts as follow: development of the two-tier tests and concerns

about the two-tier tests.

2.2.3.1 Development of the Two-Tier Tests

Al-Rubayea (1996) stated that science education researchers began to prefer
two-tier tests instead of simple multiple-choice tests. Pencil and paper test in a
multiple choice format in other words two-tier test is developed by Treagust in 1988.
He described the item format of the two-tier multiple choice tests as follows: the first
tier is a multiple choice content question and the second tier consists of four possible
reasons for the first part with three of them alternative reasons and one desired reason
(as cited in Odom & Barrow, 1995, p.48). Griffard and Wandersee (2001) stated that
the second tier could be either in a multiple choice format or “free response” (p.
1040).

The development of the two-tier test is presented by Treagust (1988) in three
main phases as follow (as cited in Odom & Barrow, 1995, pp. 46-47):
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Phase 1:

1. Definition of the content boundaries with a list of propositional knowledge
statements.

2. Determination of content validity of propositional knowledge statements.
Phase 2:

3. Identifying students’ misconception by interviews.

4. Construction and administration of multiple-choice questions with free response
reasons.
Phase 3:

5. Construction of final test questions based on multiple-choice questions with free
response reasons.

6. Revision of the final test questions and conducting of a pilot study.

7. Determination of the final content and face validity of each test item with the
assistance of a specification grid.

8. Administration of the final version of the test.

Rollnick and Mahooana (1999) used modified form of Treagust’s method for
their search. They extracted questions from the question bank and used these
questions as a basis to develop two-tier diagnostic questionnaire. Questionnaire
consisted of two parts: in the first part students asked to choose the correct answer to
a multiple-choice question and in the second part students asked to write reasons of
their answers. They administered this questionnaire both before and after the
instruction of relevant content area. They analyzed the quantitative data of multiple-
choice questions and qualitative data of second part of the questionnaire. To produce
the two tier questions they put both quantitative and qualitative data together.

Consequently, by the detailed literature review it was concluded that
researchers have used two-tier tests and they have collected distracters of the second
tiers with other instruments like interviews, open-ended questionnaires etc. (Franklin,
1992). Many researchers used Treagust model in their study. There are studies in
chemistry (Jang 2003; Tan et al., 2002), biology (Bernhisel, 1999; Griffard &
Wandersee, 2001: Odom & Barrow, 1995) and also physics (Al-Rubayea, 1996;
Chen et al., 2002; Franklin, 1992; Tsai & Chou, 2002).
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2.2.3.2 Concerns about the Two-Tier Tests

Jang (2003, p. 37) stated that two-tier misconceptions diagnostic tests supply
educators with economic and efficient methods since in the two-tier tests by
“successive refinements of the items” misconceptions can be diagnosed. Two-tier
tests have advantages over one-tier tests of decreasing of measurement errors and
allowing to “probe of two aspects of the same phenomenon” for instance in the first
tier probing “phenomenological domain” and in the second tier “conceptual domain”.

Therefore, in diagnosing misconceptions effectively, the two-tier tests have
advantage over other instruments (Tan et al., 2002; Tsai & Chou, 2002). Besides,
due to the having format of multiple-choice tests, administration, scoring and
interpretation of a two-tier test are easy with large numbers of subjects (Chen et al.,
2002; Tsai & Chou, 2002). Zeilik (n.d.) stated that two-tier tests can be useful in
formative and summative assessment (as cited in Kutluay, 2005).

In spite of advantages, two-tier tests have disadvantages. Griffard and
Wandersee (2001) used a two-tier test that had been developed by Haslam and
Treagust (1987) in their study and criticized it. Unnecessary words in the two-tier
tests may cause a new misconception and the two-tier tests seems to measure “test-
taking skills” rather than “extant knowledge” since regarding the second tier
distinctly cause finalization of choices with respect to the first tiers. (Griffard &
Wandersee, 2001, p. 1050). Yarroch (1991) stated that students may also rely on key
words in the two-tier tests to answer the questions and it affects validity (as cited in
Griffard & Wandersee, 2001). In the two-tier tests, students’ ideas and reasons are
not considered and also these tests can not discriminate the lack of knowledge from
misconceptions so the percentage of misconceptions overestimated by the two-tier
tests results (Eryillmaz & Siirmeli, 2002; Griffard & Wandersee, 2001; Kutluay,
2005; Pesman, 2005; Tirker, 2005).

Consequently, the two-tier tests are efficient tools in diagnosing the
misconceptions deeply and also useful tools in administrating, scoring data and
interpreting results. They have disadvantages also. Due to the format of them, they
can measure test-skills, can give clues and cause new misconceptions. Most
importantly they are inadequate in discriminating misconceptions from lack of

knowledge in other words they overestimate percentages of misconceptions.
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2.2.4 Three-Tier Tests

To overcome disadvantage of two-tier tests in overestimating the percentages
of misconceptions, one more tier should be added to the tests asked about confidence
on their answers of the first two tiers (Cataloglu, 2002; Eryilmaz & Siirmeli, 2002;
Kutluay, 2005; Pesman, 2005; Tiirker, 2005).

Eryilmaz and Siirmeli (2002) developed a three-tier test to assess the
misconceptions of the ninth grade students about heat and temperature. At the
beginning of their study, they emphasized that misconception is not a wrong answer
due to the lack of knowledge it is a scientifically different explanations of concepts in
minds; all misconceptions are errors but vice versa is not true. According to them, if
students can explain their answers with their reasons and they are confident about
these so there are misconceptions. However, in multiple-choice tests wrong answers
of students treated as misconceptions therefore to assess students’ misconceptions
they supported using of three-tier tests. In developing the test, first they searched
misconceptions about heat and temperature in the literature and also they found a
Turkish multiple-choice test with 19 items. They revised this test by writing second
and third tiers and they added to second tiers blank choices for students to write their
own reasons if there does not exist one preferable answer in other choices. They
prepared a table of misconceptions and choices indicating these misconceptions. For
content validity this table analyzed by one physics educator, two physics teacher and
four last year physics students and interviews conducted three students. By
suggestions and findings from interviews they developed the final version of the test
with 57 questions and administered to 77 ninth grade students. By data analysis, they
compared the percentages of students’ misconceptions according to only the first
tiers of items on the test, the first two tiers of items on the test and all three tiers of
items on the test. They found these percentages in average as 46%, 27% and 18%
respectively. They also found by subtracting 27 from 46 that 19% of the students
have wrong answers by mistake on the first tiers and by subtracting 18 from 27 that
9% of the students have not confidence about their answers for the first two-tiers
which are consistent with each other namely they have lack of knowledge. According

to the researchers, these results indicated that one tier and two-tier tests overestimate
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the proportions of the misconceptions and three-tier tests assess the misconceptions
of the students more validly than one-tier and two tier tests.

Pesman (2005) developed a three-tier test for assessing ninth grade students’
misconceptions concerning simple electric circuits. The researchers listed
misconceptions and conducted interviews with students to find any unknown
misconceptions by findings he developed an open-ended questionnaire. For content
validity two physics teachers and an instructor from METU examined the
questionnaire and then he administered it to 99 ninth-grade students. He categorized
students’ responses on questionnaire to determine the distracters of the items in the
Simple Electric Circuit Diagnostic Test (SECDT). Each category for an item
included either the correct conceptions or misconceptions and by selecting the most
prevalent categories he developed the test. For content validity again the instructor
from METU examined the SECDT. The researchers made some corrections and
administered the SECDT to 124 ninth-grade students. He found from data that there
was positive correlation coefficient between student scores and confidence levels
indicated that the test worked properly. By factor analysis to establish content
validity, he found three reasonable factors. To establish content validity he also
found, proportions of false positives as 17.47% and negatives as 10.82%. Cronbach
alpha reliability coefficient of student scores was 0.69, but the reliability coefficient
of student misconception scores was 0.33. Therefore the SECDT scores are valid and
reliable measure of students ‘qualitative understanding of simple electric circuits;
however, misconception scores may not be reliable. He calculated the difference
between the mean misconception proportion of the one-tier test and the proportion
of the two-tier test as 12%; the difference between the mean misconception
proportion of the two-tier test and the proportion of the three-tier test as 5%. 11%
of 12% was false positives and remaining 1% was inconsistent student answers;
5% was the mean proportion of lack of knowledge. By these results he stated
that one tier and two-tier tests overestimate the proportions of the misconceptions
and three tier tests are more valid than one-tier and two-tier tests for assessing
student misconceptions.

Kutluay (2005) developed a three-tier test for assessing 11™ grade students’
misconceptions concerning geometric optic. To develop the three-tier test he firstly

prepared an interview questionnaire with 16 questions based on the literature review
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and conducted with 15 11" grade students. Secondly, by literature review and
interview results, he developed open-ended test with 13 questions and administered
to 114 11™ grade science students. He categorized students’ responses on
questionnaire to determine the distracters of the items in the Three-tier Geometric
Optic Misconception Test (TTGOMT). Besides, some of the distracters were
extracted from the interview results and the literature review even if they had
no frequencies in open-ended test results. Thirdly he developed the TTGOMT

with 48 questions and administered to 141 11"

grade high school students. By factor
analysis to establish content validity, he found five reasonable factors. To establish
content validity he also found, proportions of false positives as 28.2% and negatives
as 3.4%. He found a correlation between the scores of the students for the first two
tiers and confidence levels for the third tier. In the TTGOMT, the
proportion of the misconceptions decreased 6% when the tier of the test changed
from one tier to two tiers and 3.4% of the 6% was calculated as the false negatives
and the remaining 2.6% is the inconsistent answers; and 3% when the tier of the test
changed from two tiers to three tiers and 3% of decreasing proportion in the
misconceptions can be attributed to the students’ lack of knowledge. Therefore, he
concluded that one tier and two-tier tests overestimate the proportions of the
misconceptions and three tier tests are more reliable than one-tier and two-tier tests
for assessing student misconceptions.

Tiirker (2005) developed a three-tier test for assessing high school students’
misconceptions concerning force and motion. To develop Force and Motion Three
Tier Test (FMTTT), she designed the Force and Motion Test Requesting Reasoning
(FMTRR) by culling 16 questions from the Turkish version of the FCI and
administered to 79 eleventh-grade students. She categorized students’ responses on
the FMTRR to determine the distracters of the items in the FMTTT and
administered this final version to 207 students, but 19 students were removed
from all analyses due to too many missing items. The percentages of false
negatives and false positives were found to be 6% and 8%, respectively. She stated
that the percentages of lack of knowledge range from 3% to 9% and the percentages
of errors range from 6% to 19%. So she concluded that one-tier tests and two-tier
tests overestimate the percentages of misconceptions. In her study, the Cronbach

reliability coefficients were 0.48 and 0.62 for correct scores and misconception
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scores. In other words, assessing misconceptions seems to be more reliable than
assessing correct scores with the FMTTT.

To sum up, three-tier tests have the advantage over the two-tier tests: ability
of discriminating the students’ lack of knowledge from their misconceptions and also
they are more valid and reliable than one-tier tests or two-tier tests in assessing
misconceptions (Eryilmaz & Siirmeli, 2002; Kutluay, 2005; Pesman, 2005; Tiirker,
2005).

Finally, in assessing misconceptions deeply three-tier tests should be used.
Moreover, from the systematic related literature review it was realized that
researchers used many diagnostic tools in physics and in kinematics graphs to detect
misconceptions: interviews, open-ended questionnaires, multiple-choice tests; they
used rarely two-tier and three-tier tests in physics but developed two-tier test and

three-tier test related with kinematics graphs have been not found.

2.3 Difficulties about Kinematics Graphs

To summarize large amounts of information, an efficient and effective tool is
graph (Brasell & Rowe, 1993). “A graph depicting a physical event allows a glimpse
of trends which can not easily be recognized in a table of the same data” (Beichner,
1994, p.750). In science learning, to construct and to interpret graph which can be
defined as “the heart of science” is very important (McKenzie & Padilla, 1986,
p-572). In other words, the concept of using graph is very crucial and essential part of
not only teaching but also learning physics lessons. It is very important for physicists,
especially in teaching kinematics: velocity, distance and acceleration of objects in
motion. These concepts versus time graphs are generally confused by students. At the
end of the study Hale (2000) emphasized that students’ difficulties about kinematics
graphs are based on misconceptions and if they not confronted with these
misconceptions they can not correct their misconceptions. Moreover, as stated
before, in earlier studies misconceptions defined as a prior conception, commonsense
conceptions and Hestenes et al. (1992) stated that in kinematics due to the fact that
speak of commonsense misconceptions was inappropriate so saying “difficulty” was
preferred commonly. Graphs in kinematics are the representation of kinematical

concepts, they are not kinematical concepts. In this study, instead of misconception,
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the term; difficulty is used by the researcher.

Researchers have studied students’ difficulties and misconceptions about
kinematics graphs. McDermott et al. (1987) investigated the students’ difficulties in
connecting graphs and physics but all of their examples used in study were from
kinematics. Their descriptive study had been extended over o period of several years
with several hundred university students. They detected and discussed specific
difficulties based on students’ performance on written problems and laboratory
experiments. They described the two main categories of student’ difficulties as
follow:

Difficulties in connecting graphs to physical concepts:

1. Discriminating between the slope and height of a graphs

2. Interpreting changes in height and changes in slope

3. Relating one type of graph to another

4. Matching narrative information with relevant features of a graph
5. Interpreting the area under a graph

Difficulties in connecting graphs to the real world:

1. Representing continuous motion by a continuous line
Separating the shape of a graph from the path of the motion
Representing a negative velocity on a v versus t graph

Representing constant acceleration on a versus t graph

AN

Distinguishing among different types of motion graphs

Goldberg and Anderson (1989) investigated students’ difficulties with
graphical representations of negative values of velocity. Their investigation had been
extended over a period of several years and included work with college students at
four institutions. They gathered information by interviewing individual students and
administering paper-and-pencil questionnaires. Each interview was consisted of a
sequence of carefully designed tasks involved the drawing and interpreting of graphs
of position, velocity and acceleration. According to the results of this study, students
exhibited a great deal of difficulty when the motion involves a reversal of direction.
They were thinking only of the graphical representation of speed, they did not seem
to pay attention to directional information.

Beichner (1994) found similar results with McDermott et al., (1986). In his

study, he developed the TUG-K by means of interviews and administered to 524
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college and high school students. From the results he presented the six students’

difficulties with kinematics graphs as follow:

1.

Graphs as Picture errors: The graph is considered to be like a photograph of

the situation. It is not seen to be an abstract mathematical representation, but
rather a concrete duplication of the motion event.

Slope/Height Confusion: Students often read values off the axes and directly

assign them to the slope

Variable Confusion: Students do not distinguish between distance, velocity,

and acceleration. They often believe that graphs of these variables should be
identical and appear to readily switch axis labels from one variable to another
without recognizing that the graphed line should also changed.

Nonorigin Slope Errors: Students successfully find the slope of lines which

pass through the origin. However they have difficulty determining the slope of
a line (or the appropriate tangent line) if it doe not go through zero.

Area Ignorance: Students do not recognize the meaning of areas under

kinematics graphs curves

Area/Slope/Height Confusion: Students often perform slope calculations in

appropriately use axis values when area calculations are required (p. 755).

Hale (1997) searched for methods for building conception and repairing

misconceptions in students’ understanding of kinematics graphs. By her detailed

search, she listed some of the common difficulties in kinematics graph

representations as follow:

1.

Discriminating between the slope and height of a graph.

2. Relating one type of a graph to another.
3.
4

Interpreting the area under a graph.
Separating the shape of a graph from the path of the motion (pp. 8-9).
Hale (1997) also by using pre-test and post-test adapted from the TUG-K and

interviews with students in two lecture sections of integral calculus, tried to answer

what misconceptions, or lack of conception are indicated by the difficulties. She

developed this instrument that “identified incorrect responses (distracters) that may

indicate a particular misconception or lack of conception if the response is part of a

pattern of responses given by the students”. She listed descriptions of the particular

misconception or lack of conception as follow:
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1. Velocity: The student choice reflects that they were unaware that the solution
was based on velocity is the slope of the position graph. A student giving two
of these responses is diagnosed with a lack of conception for velocity as the
slope of a position graph.

2. Acceleration: The student choice reflects that they were unaware that the
solution was based on acceleration is the slope of the velocity graph. Instead
of responding with the slope, the student may have responded with the height
of the graph or a constant for acceleration due to gravity. A student giving
three of these responses is diagnosed with a lack of conception for
acceleration as the slope of a velocity graph.

3. Area: The student choice reflects that they were unaware that the solution was
based on area under the curve. Instead of giving the area under the curve, the
student may have responded with the height of the graph at the point, the
slope of the graph at the point, the time divided by the height of the graph at
the point or the time multiplied by height of the graph at the point. (D=v x t)
A student giving three of these responses is diagnosed with a lack of
conception for interpreting the area under a graph.

4. Syntactic: The student choice is based on using syntactic cue. The response
is either an exact duplicate of the given graph, or has the same sign/shape as
the given graph. A student giving two of these responses is diagnosed with a
misconception based on use of syntactic cues.

5. Linguistic: The student responds to a linguistic cue such as ‘“greatest”,
“highest”, “smallest” or “constant” to respond with a graph that looks like it
is constant, has the greatest or smallest change or has the highest values. A
student giving three of these responses is diagnosed with a misconception
based on use of linguistic cues.

6. Iconic: The student choice is based on iconic translation. A student giving
two of these responses is diagnosed with a misconception based on use of
iconic translations (p. 41).

Hale (1997) stated that misconceptions were associated with use of the
syntactic cues, linguistic cues and iconic translations due to the purpose of the study,
students were less familiar with acceleration than velocity so more difficulties were

detected in interpreting the slope of a velocity graph and also difficulty with
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interpreting the area under a graph were mostly observed. The researcher did not
found any unknown misconception, lack of knowledge or difficulties different from
stated earlier in this section.

Hale (2000) stated the common problems in kinematics graphs as
discriminating between the slope and height of a graph and relating one type of a
graph to another. In this study she analyzing the nature, expressions and causes of
these two difficulties and also she gave possible remedies.

Olson (2003) conducted a study with 261 first year high school students by
using the TUG-K and interviews. He investigated overcoming misconceptions of
graph interpretation of kinematics motion by using calculator based rangers. By the
detailed literature review, he stated a synthesis of six major students’ misconceptions
and difficulties of kinematics graphs:

1. Students often have problem knowing when to look at the slope or height or
simply confusing two.

2. Students do not understand the relevance of the positive and the negative
areas of the graph.

3. Students do not how to interpret the area underneath the graphs.

4. Students often have trouble differentiating between and relating one type of
motion graph to another.

5. Students see the graph-as-a-picture where the shape resembles the physical
motion of the objects.

6. Students can not differentiate between velocity and acceleration (p. 21).

Olson (2003) found that misconceptions of interpreting the negative sections
of graphs and seeing the graph-as-a-picture were rare, confusing slope and height
was common and did not found any unknown misconception.

To conclude, as stated above researchers have analyzed students’
misconceptions or difficulties about kinematics graphs with various methods such as
interviews, open-ended questionnaires and multiple choice tests. It was realized that,
their purpose was to assess misconceptions deeply due to the characteristic of
misconceptions as an obstacle for learning and tried to find effective tools for this
aim. However, developed three-tier diagnostic instrument could not found in these

studies of kinematics graphs.
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2.4 The Summary of the Literature Review

In this study, the literature review conducted systematically in mainly three
parts: misconceptions, diagnostic tools for assessing misconceptions and
misconceptions about kinematics graphs.

Many researchers have conducted a wide variety of studies about factors
affecting the students’ learning and they have found that many of these factors
related with students’ conceptions, preconceptions, difficulties and misconceptions.
Students had some preconceptions or prior knowledge affecting their learning due to
the resistance to change before come to the class (Ausubel, Nussbaum as cited in Al-
Rubayea, 1996; Aguirre, 1988; Strauss, as cited in Aguirre & FErickson, 1984;
Aguirre & Rankin, 1989; Driver, 1989). In earlier studies generally preconceptions
have been searched but this focus have changed into misconceptions in later years
and previously they called as a preconceptions, naive conceptions, alternative
frameworks, commonsense beliefs and especially in kinematics as a difficulty
(Franklin, 1992; Hestenes et al., 1992; Jang, 2003; Mintzes as cited in Odom &
Barrow, 1995). However misconceptions differed from these concepts in that they
were a conception different from the scientific one and they were not errors (Al-
Rubayea, 1996; Eryilmaz & Siirmeli, 2002; Klammer as cited in Kutluay, 2005;).
Characteristics of misconceptions especially their resistance to change have been
searched also (Hashweh, Meyer and Viennot as cited in Al-Rubayea, 1996; Hammer,
1996; Jang, 2003; Peters, 1982). Due to these characteristics misconceptions were
obstacle for learning and to prevent this they should be addressed (Duit; Hewson;
Eaton, Anderson, & Smith, Champagne; Gunstone & Klopfer as cited in Al-Rubayea,
1996; Hammer, 1996). Consequently, detecting misconceptions have become an
important part of studies in Science learning.

By the detailed literature review it was concluded that researchers tried to
detect students’ misconceptions with systematic studies in which valid and reliable
diagnostic tools developed. Interviews have been used as a useful diagnostic tool to
monitor students widely (Cataloglu, 2002; Franklin, 1992). Researchers have used
many different interview techniques and open-ended questionnaires due to their
advantage of flexibility in reasons of answers and ability to supply the researchers

with deep investigation of students’ ideas (Ginsberg & Opper as cited in Cataloglu,
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2002; Osborne & Gilbert, 1980). However they are some disadvantages in that they
need training to collect and interpret data, too much time in both conducting and
interpreting data and limited numbers of analyzed misconceptions and interviewees
(Al-Rubayea, 1996; Aguirre and Erickson, 1984; Bernhisel, 1999; Franklin, 1992;
Osborne & Gilbert, 1980). Multiple-choice tests have advantages over interviews and
open-ended questionnaires in that they can be administered to large numbers quickly
and scored easily so their result can be generalized (Al-Rubayea, 1996; Cataloglu,
2002; Tamir, 1990). Nevertheless, they can not be effective diagnostic tools in
assessing misconceptions since they do not explore students’ reasons behind their
answers (Odom & Barrow, 1995; Rollnick & Mahooana, 1999; Tamir, 1990). Some
researchers in assessing misconceptions used multiple-choice test with interviews to
prevent disadvantages of both like in developing the MDT, FCI and TUG-K
(Beichner, 1994; Halloun & Hestenes, 1985a; Hestenes et al., 1992). Finally
researchers realized that to deep investigation of student” misconception justification
is essential in multiple-choice tests therefore they developed two-tier tests (Cataloglu,
2002; Odom & Barrow, 1995; Rollnick & Mahooana, 1999; Tamir, 1990). Since
two-tier tests are inadequate in discriminating misconceptions from lack of
knowledge in other words they overestimate percentages of misconceptions
researchers stated that one more tier of asked confidence should be added to create
valid and reliable three-tier diagnostic tools (Cataloglu, 2002; Eryilmaz & Siirmeli,
2002; Kutluay, 2005; Pesman, 2005; Tiirker, 2005). Three-tier tests in physics are
very rare and there is no one in kinematics graphs.

Misconceptions or difficulties about kinematics graphs were detected by
using interviews, questionnaires and the multiple-choice tests. As earlier researchers,
the researcher preferred use difficulties to misconceptions about kinematics graphs in
this study. The synthesized list of difficulties can be summarized as follow:

1. To see graphs as pictures: Students think graphs as pictures or photographs of

the objects in motion or situation of these objects without considering they are
as an abstract mathematical representation and they can not separate the shape
of a graph from the path of the motion (Beichner, 1994; Hale, 1997;
McDermott et al., 1987; Olson, 2003).
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To confuse slope and height in graphs: Students think slope as directly values
off the axes (Beichner, 1994; Hale, 1997; McDermott et al., 1987; Olson,
2003).

. Not to interpret area under the graphs: Students can not interpreting the
meaning of areas under kinematics graphs (Beichner, 1994; Hale, 1997;
McDermott et al., 1987; Olson, 2003).

. Not to differentiate variables: Students can not discriminate distance, velocity,

and acceleration and also their negative values (Beichner, 1994; Goldberg &
Anderson, 1989; Olson, 2003).

. Not to relate one type of motion graph to another: Students think graphs of

distance, velocity, and acceleration are identical with each other in sign or
shape namely they think syntactically (Beichner, 1994; Hale, 1997;
McDermott et al., 1987; Olson, 2003).

To confuse Area/Slope/Height: Students can not interpret changes in height

and changes in slope to calculate area or slope and also the relevance of the
positive and the negative areas of the graph (Beichner, 1994; McDermott et
al., 1987; Olson, 2003).

. Not to calculate nonorigin slope: Students can not determine the slope of a

line if it does not pass through origin (Beichner, 1994).

. Not to match information with graphs features: They think words should be

exactly represented in graphs shapes (Hale, 1997; McDermott et al., 1987).
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CHAPTER 3

METHOD

The methodology, which contains the research design, description of the
population and sample, variables of the study, description of instruments used in the
study, procedure by which the study was conducted, description of the statistical
techniques used in analyzing the results, and assumptions, is the focus of this

chapter.

3.1 Research Design

In this study, a three-tier test was developed and administered to assess tenth-
grade students’ difficulties about kinematics graphs. For this reason, the method of

this study is cross-sectional survey (Fraenkel & Wallen, 2003, p. 397).

3.2 Population and Sample

All tenth grade physics students in Turkey was the target population
of this study. However, it was not feasible to study with this target population and
also to collect data from that population. Therefore, an accessible population was
defined. All tenth grade students in the center of Denizli; a city of Turkey, were
chosen as an accessible population of this study. This study contained a developing
of a three-tier test so from this accessible population two sample groups were drawn
to administer both the Kinematics Graphs Test Requesting Reasoning (KGTRR) and
the Kinematics Graphs Three-Tier Test (KGTTT). In this section these two groups
are analyzed as follow: the KGTRR group and the KGTTT group. In these groups,

for confidentiality only genders of students were asked, names of the students and
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their schools were not required and not taken in any part of the study. Therefore, the

confidentiality was not a threat for this study.

3.2.1 The KGTRR Group

In center of Denizli, there were 4867 tenth-grade students. To administer the
KGTRR, a sample of 253 tenth-grade students, approximately 5% of the population,
was chosen by the researcher from the accessible population. Students in this group
are generally 15 or 16 years old in Turkey. By convenience sampling, five Public
High Schools, one Public Anatolian High School, one Private Anatolian High School
and one Private Science High School were selected. Again by convenience sampling,
eight classes from Public High Schools, two classes from Public Anatolian High
School, one class from Private Anatolian High School and one class from one Private
Science High School were selected.

Due to too many missing answers, three students were removed from all the
analyses after administration of the KGTRR. In Table 3.1 both genders and numbers
of the open-ended test group students according to their school type were given and

also students removed from the analyses are given in parentheses.

Table 3.1 The KGTRR Group Students of the Study

School Male Female Total
Cumhuriyet High School 25 19 44
Denizli High School 37 33 70
Durmus Ali Coban High School 11 6 17
Hasan Tekin Ada High School 12 8 20
Mehmet Akif Ersoy High School 10 15 25
Denizli Private Anatolian High School 4(2) 7 11
Mustafa Kaynak Anatolian High School 25 27 52
Denizli Private Science High School 8 6 (1) 14
TOTAL 132(2) 121(1) 253(3)
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3.2.2 The KGTTT Group

From the 4867 tenth-grade students in center of Denizli, 495 students were
chosen by the researcher to administer the KGTTT. This sample was the %10 of the
population and students in this group are generally 15 or 16 years old in Turkey. By
convenience sampling, five Public High Schools, three Public Anatolian High
Schools, one Private Anatolian High School, one Private Science High School and
one Science High School were selected.

There were no too many missing answers (half of the number of items),
therefore no students were removed from all the analyses after administration of the
KGTTT. In Table 3.2 both genders and numbers of the three-tier test group students

according to their schools type are given.

Table 3.2 The KGTTT Group Students of the Study

School Male Female Total
Cumhuriyet High School 45 35 80
Denizli High School 29 26 55
Durmus Ali Coban High School 18 12 30
Hasan Tekin Ada High School 25 25 50
Mehmet Akif Ersoy High School 10 20 30
Denizli Private Anatolian High School 4 12 16
Mustafa Kaynak Anatolian High School 37 38 75
Denizli Private Science High School 2 3 5
Erbakir Science High School 13 11 24
Ugler Anatolian High School 35 40 75
Nevzat Karaalp Anatolian High School 33 22 55
TOTAL 244 251 495

Schwab (2005) stated that according to the “rule-of-thumb there should be 5

to 10 times as many subjects as the items of the test “(as cited in Kutluay, 2005, p.
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31). The KGTTT have 42 items including only first two-tiers and this is nearly 5

times of the sample size of 495 students therefore this sample size is appropriate.

3.3 Instruments

In this study, there were two instruments. While developing the KGTTT, the
KGTRR was used. The KGTRR was same with the Turkish version of the TUG-K
translated by Delialioglu (2003) except that one more essay type question which
asked students’ reasons of their answers. This question added to the end of the each
item on the TUG-K and the KGTRR was developed. By the data collecting with the
administration of the KGTRR, the KGTTT was developed. In this section, the
development and conducting procedures of these two instruments are presented in

detailed.

3.3.1 The KGTRR

To develop the three tier test of this study, the method of Rollnick and
Mahooana (1999) was used. That method was modified form of Treagust’s method
as discussed in Chapter 2. From the detailed literature review misconceptions about
kinematics graphs were listed and the popular diagnostic tool of the TUG-K
assessing these misconceptions was investigated deeply. Moreover, textbooks and
test banks were reviewed by the researcher. The researcher decided to use the TUG-
K developed by Beichner (1994) with 21 questions and reliability coefficient of 0.83.
Misconceptions assessed by the items of this tool were determined using the list of
misconceptions prepared earlier. The TUG-K was translated into Turkish by
Delialioglu (2003) with the same questions and reliability coefficient of 0.73. To
establish content validity, this Turkish version of the reliable test was given to four
physics teachers from high schools, one instructor from the department of Secondary
Science and Mathematics Education at METU. For checking grammatical rules and
language, it was given to one high school Turkish teacher. They investigated the test
and made some suggestions to modify items on the test for better understanding. In
light of these suggestions, corrections were made on some items especially related

with their figures, graphs, and grammatical structures. Afterwards, one more essay
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type question of asking students’ reasons of their answers and a blank alternative to
write any suggestion different from choices were added to each item of the test.
Therefore, the KGTRR with 21 questions developed (see Appendix A).

The KGTRR was administered to the 253 tenth grade physics students from
different eight high schools selected by convenience sampling with the permissions
of these schools directors. Before the pilot study, students were reminded about
writing reasons for their answers. They were told that their results from KGTRR
would not affect their physics grades. The administration of the test took 40 minutes,
one lecture hour in schools which had similar conditions during two weeks.

After administration of the KGTRR, students’ responses for each item were
categorized according to similarities in their meanings and frequencies of them were
calculated. For example, on Item 1 there were 202 answers for the alternative “B”
and 166 of them had similar meaning so they formed a category. Also, there was one
answer for the alternative “E” had similar meaning with these 166 answers so it was
added to that category (see Appendix B). In this way, categories of each item were
formed carefully. These categories included either difficulties or correct conceptions
and also there were some categories which included students’ deficient or
meaningless answers. Moreover, titles of the categories were written carefully since
they were going to be used as distracters for the second tiers so they can be chosen
by students whose reasons were included in related category. These analyses lasted
three weeks to develop the three-tier test of this study and are discussed in detail in

Chapter 4.

3.3.2 The KGTTT

By analyzing the results and frequencies of these categories found from the
KGTRR data, the distracters of the second tiers of the KGTTT were determined. The
most frequent categories were chosen as distracters; and according to difficulties-
students encountered revealed from the literature some additional distracters were
written by the researcher. Then, second tier with these distracters and the third tier
which asked about confidence of students related with their answers to the first two
tiers were written by the researcher. Finally, the KGTTT was developed to assess

tenth-grade students’ difficulties about kinematics graphs (see Appendix C). First
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tiers of the test items are ordinary multiple-choice questions. Second tiers include a
set of reasons for the answers on the first tiers. Third tiers questions if examinees are
confident about their answers for the first two tiers. Moreover, blank alternatives to
write any suggestion different from choices were added at the end of both first and
second tiers of each item on the KGTTT. For the content validity, the KGTTT was
given to the two physics teacher from high schools and one instructor from the
department of Secondary Science and Mathematics Education at METU. According
to their suggestions, some corrections on distracters were made and some additional
distracters were added. For checking grammatical rules and language it was given to
one Turkish teacher from the high school and required corrections were made. At the
end, the final version of the KGTTT with 63 questions was developed. The answer
key of the KGTTT (see Appendix D) and choice selections indicating the difficulties
(see Appendix E) were also prepared.

The KGTTT was administered to the 495 tenth grade physics students from
different 11 high schools which had similar conditions selected by convenience
sampling with the permissions of these schools directors. Physics teachers of those
495 students were informed about the administration of the KGTTT very carefully
one by one. Before the administration, those physics teachers told their students that
their results would not affect their physics grades and they administered the KGTTT
very carefully. Application lasted 40 minutes, one lecture hour in schools during the
two weeks and according to the observations of those physics teachers, this given
time was enough for completing the KGTTT by students. Moreover, it was realized

that the three tier test appealed attention of both teachers and students.

3.4 Variables

Variables of this study were obtained by using answer key of the KGTTT (see
Appendix D), item choices indicating a misconception according to only the first
tiers, the first two tiers, and all three tiers (see Appendix E), and the raw data (see
Appendix F). The raw data entered by the Microsoft Excel program and changed to
(dummy-coded) nominal level. To analyze the results student answers on the raw
data were coded by logical functions (IF, AND, OR functions) of the Microsoft (MS)

Excel program, incorrect answer or non-existing misconception was coded as 0 and
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correct answer or existing misconception was coded as 1. Finally, seven variables
formed for each student. Variables and details are given as follows:

Scores-1: They were obtained by using each student’s answers for only the
first tiers of items on the KGTTT. Each student’s correct answers for the first tiers of
the each item were coded as 1; and incorrect answers for the first tiers of the each
item were coded as 0. In this coding, if a student does not give any answer for an
item, these none exist answers were coded as missing values. By coding every
student answers like that, total scores for each student and also the proportion of
correct answers for each item namely difficulty levels of each item were estimated.

Scores-2: They were obtained by using each student’s answers for the first
two tiers of items on the KGTTT. Each student’s correct answers for the first tiers
with correct reasons on the second tiers of the same item were coded as 1; otherwise
it was coded as 0. In this coding, if a student does not give any answer for an item of
either first tiers or second tiers, these none exist answers were coded as missing
values. By coding every student answers like that, total scores for each student and
also the proportion of correct answers according to the first two tiers for each item
namely difficulty levels of each item were estimated.

Scores-3: They were obtained by using each student’s answers for all three
tiers of items on the KGTTT. Each student’s correct answers for the first tiers with
correct reasons on the second tiers and then selecting “Yes, I’'m sure” of the same
item were coded as 1; otherwise it was coded as 0. In this coding, if a student does
not give any answer for an item of either first tiers or second tiers, these none exist
answers were coded as missing values. By coding every student answers like that,
total scores for each student and also the proportion of correct answers according to
all three tiers for each item namely difficulty levels of each item were estimated.

Confidence levels: They were obtained by using each student’s answers for

the third tiers of items on the KGTTT which asked confidence of students about their
answers for the first two tiers. Each student’s answers of “Yes, I’'m sure” for the third
tiers were coded as 1, and answers of “No, I’m not sure” for the third tiers were
coded as 0. In this coding, if a student does not give any answer for an item of third
tiers, these none exist answers were coded as missing values. By coding every
student answers like that, total scores for each student namely confidence level of

each student was estimated.
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Difficulties-1: They were obtained by using each student’s choice selections
indicating difficulties (see Appendix E) and student answers for only the first tiers of
items on the KGTTT. Each student’s choice selections indicating difficulties were
coded as 1 and choice selections which do not indicate difficulties were coded as 0.
In this coding, if a student does not have choice selections indicating difficulties
these none exist selections were coded as missing values. By coding every student
answers like that, the percentages of difficulties assessed by each item and also
the average of percentages of the same difficulties assessed by different items
namely the percentages of each difficulty according to only the first tiers on the
KGTTT were estimated.

Difficulties-2: They were obtained by using each student’s choice selections
indicating difficulties (see Appendix E) and student answers for the first two tiers of
items on the KGTTT. Each student’s choice selections indicating difficulties with the
related reason were coded as 1; otherwise it was coded as 0. In this coding, if a
student does not have choice selections indicating difficulties these none exist
selections were coded as missing values. By coding every student answers like that,
the percentages of difficulties assessed by each item and also the average of
percentages of the same difficulties assessed by different items namely the
percentages of each difficulty according to the first two tiers on the KGTTT were
estimated.

Difficulties-3: They obtained by using each student’s choice selections
indicating difficulties (see Appendix E) and student answers for all three tiers of
items on the KGTTT. Each student’s choice selections indicating difficulties with the
related reason and selection of “Yes, I am sure” were coded as 1; otherwise it was
coded as 0. In this coding, if a student does not have choice selections indicating
difficulties these none exist selections were coded as missing values. By coding
every student answers like that, the percentages of difficulties assessed by each
item and also the average of percentages of the same difficulties assessed by
different items namely the percentages of each difficulty according to the all three

tiers on the KGTTT were estimated.
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3.5 Procedure

In this study, to develop a three-tier test, the related literature was reviewed in
detail and the KGTRR was constructed. The KGTRR was administered to 253 the
students and its results were categorized. By this way, the distracters of the second-
tiers of the three-tier test were determined. Finally, the KGTTT was developed and
administered to the 495 students and the results were analyzed.

To start the study, the keywords were identified as physics education,
misconceptions, kinematics graphs, diagnostic tests, three-tier test and by using these
words detailed literature review was conducted. Afterwards, international and
national primary and secondary sources were searched. In detail, Educational
Resources Information Center (ERIC), International Dissertation Abstracts, Social
Science Citation Index, Science Direct, Kluwer Online Gateway, Ebscohost were
investigated, and the search engine Google was generally used so as to look into
Internet. Moreover, Turkish research studies were searched by means of METU
Library, online service of the Council of Higher Education (YOK) for thesis search
and Internet in general. Hacettepe Universitesi Egitim Fakiiltesi Dergisi, Egitim ve
Bilim, Cagdas Egitim Dergisi, Milli Egitim Dergisi, and Bogazi¢i Universitesi
Dergisi at METU Library were also reviewed.

After this detailed literature review, the researcher determined the steps of
developing the KGTTT with using the prepared misconception list. Firstly, the
Turkish version of the TUG-K was given to four physics teacher from high schools
and one instructor from the department of Secondary Science and Mathematics
Education at METU. They investigated items, choices, shapes, figures and graphs in
the TUG-K. The grammatical structure and language of the TUG-K, it was also
given to one Turkish teacher from the high school. After establishing content validity
and making correction of this test, the KGTRR developed and administered to the
253 tenth grade physics students who learned Kinematics Graphs in their schools
before the administration of the test. According to similarity in their meaning, the
answers of each item in the KGTRR were grouped. These groups formed categories
which were used to determine distracters of second-tiers on the KGTTT.
Administration and analyzing data of the KGTRR lasted five weeks. Consequently,
the KGTTT was developed and was given to two physics teacher from high schools
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and one instructor from the department of Secondary Science and Mathematics
Education at METU for content validity. Moreover, it was given to one Turkish
teacher from the high school for checking grammatical structure and language. Final
version of the KGTTT and required forms were submitted to the Middle East
Technical University of Human Researches Ethic Committee. After 2 weeks, by
taking approval of this committee the permission procedure for administration started
and it lasted one month. The Turkish Ministry of National Education gave
permission for the administration of the KGTTT (see Appendix G). Finally, the
KGTTT was administered to the 495 tenth grade physics students from eleven
different high schools determined by convenience sampling. Those students learned
Kinematics Graphs in their schools before the administration of the test. The results

of the KGTTT were analyzed during four weeks by the researcher.

3.6 Analysis of Data

In this study, data collection and analyzing procedure composed of mainly
two parts. In the first part, the data from the administration of the KGTRR were
collected and analyzed to determine the distracters for the second tiers of the
KGTTT. In the second part, following the development and administration of the
KGTTT, data were collected and analyzed. In analyzing the results of the KGTTT,
MS Excel and Statistical Package for the Social Sciences (SPSS) were used.

Firstly, the raw data were produced by means of MS Excel. In entering data,
columns represented the items and rows represented students’ answers. There were
few answers on the blank choices of second tiers and generally they had the same
meaning with one of the other choices so they coded with these ones. This raw data
changed to (dummy-coded) nominal level namely by logical functions (IF, AND, OR
functions) of the MS Excel program, the raw data were coded as “1” for correct
answer or existing difficulty and they were coded as “0” for incorrect answer or non-
existing difficulty. Therefore, variables of this study determined. For the proportions
of the correct answers and difficulties in terms of type of the test, and percentages of

false positives and false negatives again MS Excel was used.

49



Secondly, by using the SPSS program, descriptive statistics; mean, median,
mode, standard deviation, skewness, and kurtosis were conducted. Statistical

analyses were conducted also for validity, factor analysis, and reliability.

3.6.1 Validity

Fraenkel and Wallen (2003) stated that “validity refers to the appropriateness,
meaningfulness, and usefulness of the specific inferences researchers make based on
the data they collect” (p. 213). They defined three types of evidence of validity as
follow:

Content-related evidence of validity: It refers to the content and format of the

instrument. The content and format must be consistent with the definition of the
variable and the sample of subjects to be measured.

Criterion-related evidence of validity: It refers to the relationship between scores

obtained using the instrument and scores obtained using one or more other
instruments or measures.

Construct-related evidence of validity: It refers to the nature of the psychological

construct or characteristics being measured by the instrument (p.159).

According to Cataloglu (2002), there should be a positive correlation between
the student scores from both the first two tiers and student confidence levels from the
third tiers for construct validity. Therefore, to find construct-related evidence for
validity of the KGTTT, a positive correlation between the student scores from both
the first two tiers and student confidence levels from the third tiers was investigated.

According to Hestenes and Halloun (1995), percentages of false positives and
false negatives should be estimated and also they should be below %10. These values
are content-related evidence for validity. In studies of developing three tier tests
percentages of false positives and false negatives were estimated (Kutluay, 2005,
Pesman, 2005 and Tiirker, 2005). These percentages were estimated in this study

also. Afterwards, factor analyses were conducted for construct-related validity.
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3.6.2 Factor Analysis

Fraenkel and Wallen (2003) stated that factor analysis is a technique that
allows “researcher to determine if many variables can be described by a few factors,
it essentially involves a search for clusters of variables” (p. 343).

For the appropriateness of the factor analysis according to Schwab (2002),
there should be some requirements as follows:

1. The variables included must be metric level or dichotomous (dummy-coded)

nominal level.

2. The sample size must be greater than 50 (preferably 100).

3. The ratio of cases to variables must be 5 to 1 or larger.

4. The correlation matrix for the variables must contain 2 or more correlations
of 0.30 or greater.

. Variables with measures of sampling adequacy less than 0.50 must be removed.

. The overall measure of sampling adequacy must be 0.50 or higher.

. The Bartlett test of sphericity must be statistically significant.

0 9 N

. The derived components explain 50% or more of the variance in each of the
variables, i.e. communality values for each item must be greater than 0.50
9. None of the variables have loadings, or correlations, of 0.40 or higher for
more than one component.

10. None of the components has only one item in it (as cited in Kutluay, 2005, pp.
38-39).

In this study, factor analysis was conducted to analyze whether related
questions or difficulties result in some acceptable factors. This analysis based on
both scores-3 and difficulties-3 after satisfying above requirements are discussed in

detail in Chapter 4.

3.6.3 Reliability

According to Fraenkel and Wallen (2003), reliability is “the consistency of
the scores obtained” (p.163). Measure of internal consistency of a test is calculating
Coefficient alpha generally called as Kuder-Richardson reliability coefficient. To be

meaningful, a test should produce reliable results. Therefore, Cronbach alpha
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reliability coefficients should be calculated to determine reliability of the test
(Fraenkel & Wallen, 2003). The reliability of the KGTTT was estimated by means of
Cronbach’s alpha test for correct answers and difficulties of the students for all three

tiers together and are discussed in detail in Chapter 4.

3.7 Assumptions

Assumption of this study was that students who had taken both the KGTRR

and the KGTTT were sincere in administration of these tests.
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CHAPTER 4

RESULTS

The results of the study were explained in two different sections in this

chapter as follows: analysis of the KGTRR and analysis of the KGTTT.

4.1 Analysis of Kinematics Graphs Test Requesting Reasoning

The analysis of the KGTRR is presented mainly in three sections: results of
the KGTRR, categorization of responses given to the KGTRR and writing the
second-tiers of the KGTTT respectively.

4.1.1 Results of the KGTRR

The TUG-K was originally developed and administered to 524 college and
high school students in the USA by Beichner (1994). The KGTRR is the Turkish
translation of the TUG-K. Moreover, the KGTRR has same items with the TUG-K
except for Item 1 and extra blank alternative for each item. This item was the hardest
item of the TUG-K. Beichner revised the first item of the TUG-K during his study in
1996. Therefore the first items of the KGTRR and TUG-K were different from each
other.

After administration of the KGTRR with 21 questions to the 253 tenth grade
students from different eight high schools, the results of each item including blank
alternatives “F” were also determined. To compare these tests’ results of this study
and Beichner study, Table 4.1 was prepared. In Table 4.1 percentages of alternatives
on Item-1 of the TUG-K are not showed. Correct answers are showed as bold in

Table 4.1.
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Table 4.1 Comparison of Results of the Study and Beichner Study

Percentages of Alternatives

No
A B C D E
Selection

Item
N KGTRR TUG-K KGTRR TUG-K KGTRR TUG-K KGTRR TUG-K KGTRR TUG-K
o

1 6 - 81 - - - - - 7 - - -
2 - 2 3 10 5 24 1 2 72 63 5 5
3 5 8 - - 17 20 60 62 6 10 1 1
4 - 2 4 14 2 23 60 28 6 32 - -
5 1 3 - 2 62 73 12 18 6 4 - -
6 18 45 38 25 4 6 - 6 2 16 3 3
7 33 31 14 20 5 10 5 28 2 10 4 4
8 3 11 8 11 12 37 54 37 4 5 4 4
9 9 7 24 57 10 5 5 7 36 24 - -
10 52 30 4 2 22 62 4 3 - 3 - -
11 6 28 24 17 7 11 42 36 6 8 - -
12 9 14 71 67 - 8 - 2 - 9 8 8
13 6 10 6 15 21 9 44 61 5 4 - -
14 12 25 63 48 8 15 - 9 - 3 - -
15 33 29 11 24 6 13 - 8 33 26 - -
16 - 1 15 39 12 31 50 22 2 7 2 2
17 17 21 16 46 6 8 7 7 10 19 6 6
18 - 7 61 46 13 32 - 4 - 10 2 2
19 8 19 6 9 48 37 3 12 6 23 6 6
20 - 11 - 6 10 10 - 2 60 72 1 1
21 13 18 54 72 - 2 - 5 - - 3 3

By Table 4.1 very similar results of both the KGTRR and the TUG-K in
correct percentages were attracted attention. However, the easiest and the hardest
items of both these tests were different from each other except Item 21 which was
one of the hardest items in both two tests. According to Beichner (1994), the easiest
item was 5, the second easiest item was 20, the first hardest item was 1 and the
second hardest item was 21 on the TUG-K. From the results of the KGTRR it was
clear that the easiest item was 1, the second easiest item was 2, and like in the TUG-

K Item 21 was one of the hardest items.
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To determine which alternatives to keep or to remove from the KGTRR for
writing the first tiers of the KGTTT, Table 4.1 was investigated carefully. It was
realized that some alternatives were either not selected by any students or not
frequently-selected therefore some of those alternatives were not used as distracters
on the first tiers of the KGTTT. Also some alternatives both not selected and not
indicated difficulties, therefore those alternatives were not used as distracters.
Moreover, it was realized that answers on blank alternatives were generally either
due to misunderstanding of the items or due to writing the answers in their own
words. Also, reasoning of those blank alternatives mostly deficient or not meaningful
so they were not used in alternative writing. Finally, Table 4.2 shows the deleted

alternatives of the KGTRR.

Table 4.2 Deleted Alternatives of the KGTRR

Item No Deleted Alternatives on the KGTRR
1 C-D
2 A
3 B
4 A
5 B
6 D
7 -

8 -

9 -
10 E
11 }
12 C-D-E
13 -
14 E
15 D
16 A
17 D
18 D-E
19 }
20 D
21 C-D-E
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4.1.2 Categorization of Responses Given to the KGTRR

After deleting those alternatives mentioned in previous section from the
KGTRR to determine the alternatives of the first tiers of the KGTTT, student reasons
for their selection in each item of the KGTRR were categorized according to their
similarities in meaning to determine the distracters of the second tiers of the KGTTT.
Meaningfully similar responses given by each student were examined carefully by
the researcher and then those answers formed a category included either difficulties
or correct conceptions. Also, writing suitable titles for these categories taken into
consideration (see Appendix B). Students’ deficient or meaningless answers formed
also a category for each item. By analyzing the results and frequencies of these
categories found from the KGTRR data, Table 4.3 was prepared and also the correct

categories were showed as bold in the table.

Table 4.3 Categories of the Students’ Reasons for Each Item on the KGTRR

g
o | =
4
£ gﬂ Categories §
S = =
=0 o
=
1 | The velocity of the object is increasing uniformly. 10
2 | The slope at the velocity-time graph gives the distance taken. 2
1 | 3 | The area under the curve of velocity-time gives the distance taken. 167
4 | The object first gains speed and then becomes slower. 13
5 | Deficient or not meaningful. 3
1 | The object went backwards. 1
2 | The magnitude of the area under the curve of velocity-time is small. 1
3 | Here the velocity of the object is less than zero, negative and at the smallest 13
magnitude.
5 | 4 | Velocity of the object has the biggest magnitude here. 2
5 The slope at the velocity-time graph gives the acceleration and the
biggest change at velocity value in the negative direction is here. 145
6 | The velocity of the object is increasing in the negative direction. 5
7 | Deficient or not meaningful. 10
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Table 4.3 (continued)

The slope at the position-time graph gives the acceleration, the acceleration is

constant here. 6
If the position-time graph increases uniformly, velocity increases uniformly 17
too.

The slope at the position-time graph gives the velocity; if this graph is 104
increasing uniformly the velocity is constant.

If the position-time graph increases uniformly, acceleration increases 10
uniformly too.

Deficient or not meaningful. 10
The slope at the velocity-time graph gives the distance taken. 7
The distance is the magnitude which is read from the graph at the 3. second. 3
The area under the curve of velocity-time gives the distance. 119
The distance equals to the multiplication of velocity by time. In other words, 13
3m/s*4s=12m

Deficient or not meaningful. 4
The slope at the position-time graph gives the velocity 138
The area under the curve of position-time gives the velocity. 23
The velocity equals to the multiplication of position by time. In other words, 7
5m*2s =10 m/s

Deficient or not meaningful. 4
The slope at the velocity-time graph gives the acceleration. 67
The acceleration is found by using the formula of velocity / time 39
The acceleration is the magnitude which is read from the graph at the 90. 4
second.

Deficient or not meaningful. 12
The slope at the velocity-time graph gives the acceleration. 63
The acceleration is found by using the formula of velocity / time. 22
The instantaneous acceleration is found equal to the velocity by taking t=1s at 4
the formula of velocity / time.

Deficient or not meaningful. 10
Since its position does not change, the object rolls along a horizontal surface.

Since its position decreases, it rolls downwards and its velocity slows down 5
and then it stops.

Since its position does not change, the object is stationary at the beginning;

since its position decreases, it rolls downwards and when the position reaches 10
zero, it stops.

If the position of the object is constant, its velocity is constant too; when the

position decreases its velocity decreases too and when the position reaches 14

zero, its velocity is zero too.
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Table 4.3 (continued)

Since its position is constant it does not move at the beginning. Since its
position decreases uniformly in the negative direction, it moves with a

constant velocity towards backwards. At the end, since its position is 82
constant, it does not move in other words it again stops.
] At first, it moves on a horizontal surface, then as seen at the graph it rolls
5 | down a hill to the backwards and finally since its position is constant it 10
continues its motion.
6 | Atfirst, the object moves on a horizontal surface, and then while it is moving 1
towards down, it gains speed then it stops due to the friction.
7 | Deficient or not meaningful. 4
1 | At first, its motion uniformly increases, its position increases; then it moves 10
with a constant velocity, its position is constant too.
7 | For the constant acceleration, the graph increases uniformly; then it continues 27
constantly.
3 | The graph at first gains speed with acceleration; then as it is said constant 6
9 velocity its slope decreases.
4 | For the constant acceleration the position increases at first; as it is said constant 4
velocity then the position is constant.
At the constant acceleration, since the velocity increases uniformly, the
S graph of position-time increases in parabolic. Then for the constant 49
velocity the graph of position-time increases uniformly.
6 | Deficient or not meaningful. 6
1 | The area under the curve of acceleration -time gives change in velocity. 64
2 | If the object has the smallest acceleration, its velocity is the smallest too. 13
3 | The slope at the acceleration-time graph gives the velocity; velocity is 1
constant.
10 4| The slope at the acceleration-time graph gives the velocity; the slope is zero. 8
5 | If the acceleration is constant, the velocity is constant too. 23
6 | The curve shifted towards the negative side 2
7 | Deficient or not meaningful. 8
1 | The object’s graph of position -time and the graph of velocity-time are 13
identical.
2 | The slope at the position-time graph gives the velocity and at the first 2 2
seconds its position increases much more.
3 | The area under the curve of position -time gives the velocity. 6
1T | 4 | Atfirst its velocity is constant. Then its velocity decreased constantly and it ]
slows down. Finally it approaches to zero.
5 | The slope at the position-time graph gives the velocity and its velocity is 41
much more between 4 and 5 seconds.
The slope at the position-time graph gives the velocity. Between 4 and 5
6 | seconds the velocity is constant in the (+) direction because between 4 and 5 7

seconds interval the objects took distance
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Table 4.3 (continued)

7 | Deficient or not meaningful. 3
1 | All of them are increasing uniformly. 4
> | If the position -time graph is uniformly increasing, the velocity is constant; 84
anyway the graph of velocity-time is constant.
12 | 3 | Anyway the graph of velocity-time is constant and if the acceleration -time graph 7
is constant, the velocity is constant too.
4 | If the graphs of position-time and acceleration -time uniformly increase, the 4
velocity is constant; anyway the graph of velocity-time is constant.
5 | Deficient or not meaningful. 7
1 | If the position-time graph increases uniformly, the velocity is constant. 5
2 | At first the instantaneous velocity is the biggest 1
3 | For the instantaneous velocity, if the time is taken as 1 second at the formula of |
x=v/t velocity equals to the position.
3 4 | The area under the curve of position-time is the biggest. 3
5 | Its position has increased suddenly, its velocity has increased suddenly too. 23
6 | The slope at the position-time graph gives the velocity. 54
7 | The object has gained speed then has stopped suddenly and slowed down, namely 3
it has moved a long way in a short period of time.
8 | Deficient or not meaningful. 5
1 | The object’s graph of acceleration-time and the graph of velocity-time are 1
identical.
” 2 | The slope at the velocity-time graph gives the acceleration. 69
3 | The slope at the velocity-time graph gives the acceleration. At the uniformly 3
increasing and decreasing motion; the acceleration is positive and constant.
4 | Deficient or not meaningful. 7
1 | The slope at the velocity-time graph gives the acceleration. 55
2 | The object’s graph of acceleration-time and the graph of velocity-time are 7
15 identical.
3 | The velocity-time graph should be parabolic between 1-3 and 4-5 seconds )
intervals.
4 | Deficient or not meaningful. 4
1 | The slope at the acceleration-time graph gives the velocity. 5
2 | The change in velocity equals to the acceleration. 14
16 | 3 | The area under the curve of acceleration -time gives change in velocity. 79
4 | The velocity equals to the multiplication of acceleration by time. In other words, 3
3*3 =9 m/s.
5 | Deficient or not meaningful. 1
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Table 4.3 (continued)

1 | The slope at the position-time graph gives the velocity. 32
2 | The velocity is found by using the formula of position / time. In other words, 7m / 18
17 3s = approximately 2 m/s.
3 | The position is always decreasing in the negative direction so the velocity should 4
be negative and so small.
4 | Deficient or not meaningful. 13
1 | The area under the curve of velocity-time gives change in position. 7
18 | 2 | The slope at the velocity -time graph gives the position. 5
3 | Deficient or not meaningful. 9
1 | At the uniformly increasing curves the slope is constant; at the constant curves the 9
slope is zero.
If the graph of position-time graph is increasing uniformly the graph of velocity-
2 | time is constant; if the graph of velocity-time graph is constant, acceleration is 6
constant, too.
19 | 3 | If the curve of velocity-time graph is increasing uniformly, acceleration is 44
constant; anyway the graph of acceleration-time is constant.
4 | The acceleration is increasing uniformly. 2
5 | The curve of acceleration-time is constant. 7
6 | Deficient or not meaningful. 8
1 | It has changed its position for 4 meters with the constant velocity. o)
20 | 2 | The area under the curve of velocity-time gives change in position. 7
3 | Deficient or not meaningful. 3
1 | The slope at the velocity-time graph gives the acceleration. 29
21 | 2 | Since velocity decreases uniformly, acceleration decreases uniformly too. 48
3 | Deficient or not meaningful. 1

4.1.3 Writing the Second-Tiers of the KGTTT

were not selected by anyone and also they did not indicate any difficulty. For the
remaining alternatives four categories were formed and in the light of suggestions
some corrections were made related with both categories and question sentence of
the item. Finally, four categories were used as the distracters of the second tier of

Item 1.

In the first tier of Item 1, alternatives of “C” and “D” were deleted since they
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In the first tier of Item 2, alternative of “A” was deleted since it was not
selected by anyone and its percentage in the TUG-K was 2%. Also it did not indicate
any difficulty. For the remaining alternatives six categories were formed. Category 1
and 2 were not used since their frequencies were very small. Instead of these
categories, Category 6 which was formed for blank alternative “F” was used. In the
light of suggestions some corrections were made related with both categories and
question sentences of alternatives on the first tier. Finally, four categories were used
as the distracters of the second tier of Item 2.

In the first tier of Item 3, alternative of “B” was deleted since it was not
selected by anyone both in the KGTRR and TUG-K and also it did not indicate any
difficulty. For the remaining alternatives four categories were formed and in the light
of suggestions some corrections were made related with both categories and question
sentences of alternatives on the first tier. Finally, four categories were used as the
distracters of the second tier of Item 3.

In the first tier of Item 4, alternative of “A” was deleted since it was not
selected by anyone and its percentage in the TUG-K was 2%. Also it did not indicate
any difficulty. For the remaining alternatives four categories were formed and in the
light of suggestions some corrections were made related with both categories and
question sentence of the item. Finally, four categories were used as the distracters of
the second tier of Item 4.

In the first tier of Item 5, alternative of “B” was deleted since it was not
selected by anyone and its percentage in the TUG-K was 2%. Also it did not indicate
any difficulty. For the remaining alternatives three categories were formed. In the
light of suggestions one more category was written for the alternative “C”. Finally,
four categories were used as the distracters of the second tier of Item 5.

In the first tier of Item 6, alternative of “D” was deleted since it was not
selected by anyone and its percentage in the TUG-K was 6%. Also it did not indicate
any difficulty. For the remaining alternatives three categories were formed and all of
them were used as the distracters of the second tier of Item 6.

For Item 7 three categories were formed. In the light of suggestions one more
category was written for the alternative “C” and also some corrections were made
about question sentence of the item. Therefore, four categories were used as the

distracters of the second tier of Item 7.
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For Item 8 six categories were formed. In the light of suggestions some
corrections were made about question sentence of the item. Category 6 was not used
since its frequency was very small and five categories were used as the distracters of
the second tier of Item 8.

In the light of suggestions some corrections were made about question
sentence of the Item 9. For this item, five categories were formed and all of them
were used as the distracters of the second tier of Item 9.

In the light of suggestions some corrections were made about question
sentence of the Item 10. In the first tier of Item 10, alternative of “E” was deleted
since it was not selected by anyone and its percentage in the TUG-K was 3%. Also it
did not indicate any difficulty. For the remaining alternatives six categories were
formed. Category 3 was not used since its meaning was closer to Category 4 and its
frequency was very small so Category 3 and 4 were used together. Finally, five
categories were used as the distracters of the second tier of Item 10.

For Item 11 six categories were formed. Category 2, 5 and 6 were used
together since their meanings were closer to each other. Finally, four categories were
used as the distracters of the second tier of Item 11.

In the first tier of Item 12, alternatives of “C”, “D” and “E” were deleted since
they were not selected by anyone and their percentages in the TUG-K were 8%, %2
and 9% respectively. However, they indicated difficulty so instead of them new
alternatives written by the researcher by considering answers on the blank alternative
“F”. For the remaining alternatives four categories were formed and in the light of
suggestions one more category was written for the alternative “C”. Finally, five
categories were used as the distracters of the second tier of Item 12.

For Item 13 seven categories were formed. Category 2 and 3 were not used
since both they did not indicate the difficulty and their frequencies were very small.
Therefore, five categories were used as the distracters of the second tier of Item 13.

In the first tier of Item 14, alternative of “E” was deleted since it was not
selected by anyone and its percentage in the TUG-K was 3%. Also it did not indicate
any difficulty. the remaining alternatives three categories were formed. Category 2
and 3 were used together since their meanings were closer to each other. In the light

of suggestions some corrections were made related with categories and one more
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category was written for the alternative “C” by the researcher. Finally, three
categories were used as the distracters of the second tier of Item 14.

In the first tier of Item 15, alternative of “D” was deleted since it was not
selected by anyone and its percentage in the TUG-K was 8%. Also it did not indicate
any difficulty. For the remaining alternatives three categories were formed. In the
light of suggestions some corrections were made related with categories. Finally,
three categories were used as the distracters of the second tier of Item 15.

In the first tier of Item 16, alternative of “A” was deleted since it was not
selected by anyone and its percentage in the TUG-K was %]1. Also it did not indicate
any difficulty. In the light of suggestions some corrections were made related with
both categories and question sentence of the item. Moreover, alternative E changed
to grouped given answers to both “E” and the blank alternative “F”. For the
remaining alternatives four categories were formed and all of them were used as the
distracters of the second tier of Item 16

For Item 17 three categories were formed. In the light of suggestions some
corrections were made related with categories and one more category was written by
the researcher for the alternative “E”. Therefore, four categories were used as
distracters in the second tier of the second tier of Item 17.

In the first tier of Item 18, alternatives of “D” and “E” were deleted since they
were not selected by anyone and their percentages in the TUG-K were 4% and 10%
respectively. Also they did not indicate any difficulty. Alternative of “A” was
selected by anyone and percentage in the TUG-K was 7%. However, it was not
deleted since it indicated difficulty. For the remaining alternatives three categories
were formed. In the light of suggestions some corrections were made related with
both categories and question sentence of the item and also one more category was
written for the alternative “A” by the researcher. Finally, three categories were used
as the distracters of the second tier of Item 18.

For Item 19, five categories were formed. In the light of suggestions some
corrections were made related with both categories and question sentence of the item.
Finally, five categories were used as the distracters of the second tier of Item 19.

In the first tier of Item 20, alternative of “D” was deleted since it was not
selected by anyone and its percentage in the TUG-K was 2%. Also it did not indicate

any difficulty. “A” and “B” alternatives were selected by anyone and their
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percentages in the TUG-K were 11% and 6% respectively. However, they were not
deleted since it indicated difficulty. One more category was written for the alternative
“A” by the researcher. In the light of suggestions some corrections were made about
question sentence of the item and one more category was written for the alternative
“B”. Finally, four categories were used as the distracters of the second tier of Item
20.

In the first tier of Item 21, alternatives of “C”, “D” and “E” were deleted since
they were not selected by anyone and their percentages in the TUG-K were 2%, 5%
and 0% respectively. Also they did not indicate any difficulty. In the light of
suggestions some corrections were made about question sentences of alternatives on
the first tier. Finally, two categories were used as the distracters of the second tier of

Item 21.

4.2 Analysis of the Results of Kinematics Graphs Three-Tier Test

After administration of the KGTTT to 495 students, data were analyzed to
establish two important characteristics of a test: validity and reliability. In this
section, the results of analyses by quantitative and qualitative techniques presented as

validity and reliability of the KGTTT, and other test results sections.

4.2.1 Validity and Reliability of the KGTTT

According to Cataloglu (2002), to construct a new test validity and reliability
of the earlier versions of this test in the same content should be regarded as a
criterion. To develop the KGTTT, the TUG-K developed by Beichner (1994) and its
Turkish version translated by Delialioglu (2003) were used. Beichner administered
the TUG-K to 524 college and high school students and he calculated KR-20 as 0.83.
Delialioglu (2003) administered Turkish version of the TUG-K to 989 high school
students and she calculated internal reliability coefficient as 0.85. In this study
Turkish version of the TUG-K was used to develop KGTRR. Afterwards, the
KGTTT was developed according to the results of the KGTRR. Therefore, the
KGTTT can be thought to be a valid and reliable test.
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However, validity of the KGTTT was also established in three ways in this
study: investigation of the correlation between scores on the first two tiers (scores-2)
and confidence levels on the third tiers, conducting the factor analysis, and
estimating the percentages of false positives and false negatives.

To answer the first sub-problem of this study, the correlation of the scores on
the first two tiers (scores-2) and confidence levels on the third tiers was investigated
by using SPSS program. This investigation should be done since as Cataloglu (2002)
stated that in a properly working test if students have higher scores, they should say
that they are more confident about their answer because it is expected that they really
understand what they read. Table 4.4 shows the correlation between scores-2 and

confidence levels.

Table 4.4 Correlation between Scores-2 and Confidence Levels

Confidence levels
Scores-2 Pearson Correlation 405*
Sig. (2-tailed) .000
N 495
* Correlation is significant at the 0.05 level (2-tailed).

A positive and significant correlation between student scores and confidence
levels was found from SPSS results as 0.41. It may be concluded that students who
have higher scores generally have higher confidence levels. This significant
correlation coefficient is not so high. Scatter plot of scores-2 and confidence levels

are given in Figure 4.1.

Scores-2

Confidence Levels

Figure 4.1 Scatter plot of Scores-2 vs. Confidence Levels
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At the right bottom side of the scatter plot there are some students with low
scores. However those students have high confidence levels. In other words, those
students supported their confidence despite their low scores. From this investigation
it can be concluded that those students may have resistive difficulties or they may
select wrong answers by chance. If the number of students who held difficulties very
strongly were lower, the significant correlation coefficient would be higher.

To answer the second and third sub-problem of this study, two factor analyses
were conducted. Factor analysis was conducted firstly based on the correct answers
of the students on all the three tiers (scores-3). From the results of this factor
analysis, it is expected that related items would result in some acceptable factors by
means of scores-3.

To conduct factor analysis, Measures of Sampling Adequacy (MSA) values
and anti-image correlations should be greater than 0.50 and these values were
acceptable in this study. Table 4.5 shows Kaiser-Meyer-Olkin (KMO) measure of
sampling and the Bartlett’s test of sphericity for scores-3. As seen in Table 4.5, value
of KMO was found as 0.88 and p-value was found as 0.000; they are acceptable

values.

Table 4.5 SPSS Output Showing KMO and Bartlett’s test for Scores-3

Kaiser-Meyer-Olkin Measure
of Sampling Adequacy. .884
Bartlett's Test of .
Sphericity Approx. Chi-Square 2001.861
df 210
Sig. .000

Besides, to conduct factor analysis, each item’s communality value must be
equal to or above 0.50. Therefore, Items 3, 10, 12, 17, 18, 19, 21 were removed from
the analysis. And also, cumulative percent of variance accounted for was arranged as
above 50% so Items 1, 2, 4, 5 were also removed from the analysis. As a result, three
factors were obtained. Table 4.6 shows the remained items’ communality values, and

items in each factor are shown in Table 4.7
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Table 4.6 SPSS Output Showing Communalities

Initial Extraction
ITEM 6 1.000 497
ITEM 7 1.000 558
ITEM 8 1.000 458
ITEM 9 1.000 .632
ITEM 11 1.000 496
ITEM 13 1.000 .506
ITEM 14 1.000 581
ITEM 15 1.000 .588
ITEM 16 1.000 .601
ITEM 20 1.000 487

Extraction Method: Principal Component Analysis.

Table 4.7 SPSS Output Showing Rotated Component Matrix for Scores-3

Component
1 2 3
ITEM 8 759 179 -1.218E-02
ITEM 6 .632 121 225
ITEM 7 .549 161 6.116E-02
ITEM 20 531 -4.113E-02 445
ITEM 9 251 732 -.127
ITEM 13 7.170E-02 676 .260
ITEM 14 3.016E-02 .623 466
ITEM 11 426 542 9.063E-02
ITEM 16 .190 2.334E-02 767
ITEM 15 7.060E-02 298 732

Extraction Method: Principal Component Analysis.
Rotation Method: Varimax with Kaiser Normalization.
a Rotation converged in 8 iterations.

According to Table 4.7, Items 8, 6, 7 and 20; 9, 13, 14 and 11; 16 and 15
formed three factors. In other words, it can be said that items in each factor are
related according to the factor analysis. To present the interpretations of each factor

formed as a result of the factor analysis, Table 4.8 was prepared.
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Table 4.8 Interpretations of the Factors

Factors Item(s) Factor Name (Interpretation)

In Items 6, 7 and 20 students determine the value of
acceleration and position from the given velocity-time
1 8,6,7,20 graph. However, it is not reasonable that Item 8 enter this
factor. Since in Item 8, students select appropriate textual

description from the given position-time graph.

In those items students make interpretations about the
given kinematics graphs. In Items 11 and 14, students
2 9,13,14,11 select appropriate corresponding graph and in Items 9
and 13 select appropriate textual description from the

given kinematics graph.

; 6.1 In those items students make interpretations related with
, 15
the velocity from the given acceleration-time graphs.

Factor analysis was conducted secondly based on difficulties of the students
on all the three tiers (difficulties-3). From the results of this factor analysis, it is
expected that related difficulties would result in some acceptable factors by means of
difficulties-3.

To conduct factor analysis, Measures of Sampling Adequacy (MSA) values
and anti-image correlations should be greater than 0.50 and these values were
acceptable in this study. Table 4.9 shows KMO measure of sampling and the
Bartlett’s test of sphericity for difficulties-3. As seen in Table 4.9, value of KMO was

found as 0.68 and p-value was found as 0.000. They are acceptable values.

Table 4.9 SPSS Output Showing KMO and Bartlett’s test for Difficulties-3

Kaiser-Meyer-Olkin Measure
of Sampling Adequacy. .680
Bartlett's Test of .
Sphericity Approx. Chi-Square 783.642
df 28
Sig. .000
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When investigating each Difficulty’s communality value it was realized that
communalities of Difficulties 3 and 8 were below 0.50. Therefore, they were
removed from the analysis. And also, cumulative percent of variance accounted for
was arranged as above 50%. So Difficulty 1 was removed from the analysis. As a
result, two factors were obtained. Table 4.10 shows each remaining difficulty’s

communality values, and difficulties in each factor are shown in Table 4.11.

Table 4.10 SPSS Output Showing Communalities

Initial Extraction
D2 1.000 591
D4 1.000 .825
D5 1.000 813
D6 1.000 .678
D7 1.000 740

Extraction Method: Principal Component Analysis.

Table 4.11 SPSS Output Showing Rotated Component Matrix for the Difficulties-3

Component
1 2
D6 .808 156
D4 .898 5.314E-02
D5 .874 .160
D7 2.479E-02 .854
D2 .189 704

Extraction Method: Principal Component Analysis.
Rotation Method: Varimax with Kaiser Normalization.
a Rotation converged in 8 iterations.

According to Table 4.11, Difficulties 6, 4 and 5; 7 and 2 formed two factors.
In other words, it can be said that difficulties in each factor are related according to
the factor analysis. The first factor includes Difficulty 4, 5 and 6. In Difficulty 4 and
5 students can not discriminate distance, velocity, acceleration and also their graphs.
In other words both of them are related with kinematics variables confusion.
However, it is not reasonable that Difficulty 6 enter this factor. Since in Difficulty 6,
students confuse area, slope and height. The second factor includes Difficulty 2 and
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7. In the first one, students confuse slope and height in graphs; they think slope as
directly values off the axes. In the second one, students can not calculate nonorigin
slope. In other words both of them are related with slope errors.

To find an evidence for construct-related validity of the scores-3 and
difficulties-3, two factor analyses were conducted. However, some items and
difficulties were removed from the analyses to validate the assumptions of the factor
analyses. Therefore, results of the factor analyses could not be used as an evidence
for construct-related validity of the scores-3 and difficulties-3.

For answering the Sub-problem 4, the percentages of false positives and false
negatives were estimated by using MS Excel. According to Hestenes and Halloun
(1995), the percentages of false positives and negatives should be minimized for
establishing the construct validity and they used interview results. To estimate these
percentages in three-tier tests is more suitable since both data of students’ choices and
reasons of these choices are available. By using MS Excel, scores-1 and scores based
on only second tiers (reasons) were changed to dichotomous data.

In other words, if a student’s answer for a first tier is 0 (incorrect) on scores-1,
and his / her reason is 1 (correct) on scores based on only second tier, then it was
coded as 1 for indicating false negatives; otherwise it was coded as “0”. Summing up
these numbers gave the each student’s false negatives. Then, to find the total number
of false negatives, all students’ false negatives values were summed. The total number
of false negatives of 495 students was 706. After then, the total number of students’
answers was calculated by multiplication of 495 by 21 (item numbers) as 10395.
Finally, the proportion of 706 to 10395 was the percentage of false negatives.

If a student’s answer for a first tier is 1 (correct) on scores-1, and his / her
reason is 0 (incorrect) on scores based on only second tier, then it was coded as 1 for
indicating false positives; otherwise it was coded as “0”. Summing up these numbers
gave the each student’s false positives. Then, to find the total number of false
positives, all students’ false positives values were summed. The total number of false
positives of 495 students was 307. After then, the total number of students’ answers
was calculated by multiplication of 495 by 21 (item numbers) as 10395. Finally, the
proportion of 307 to 10395 was the percentage of false positives.

According to Hestenes and Halloun (1995), the percentages of false positives

and negatives should be less than 10%. In this study, the percentages of false
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negatives and false positives were found as acceptable values: 7% and 3%,
respectively.

Alpha coefficient (o) was calculated to measure the reliability of the test. For
answering the Sub-problem 5, this calculation was both based on the correct answers
and difficulties for all three tiers and they were found as 0.84 and 0.69, they were

acceptable values.

4.2.2 Results of the KGTTT

The overall descriptive statistics of scores-3 and difficulties-3 were analyzed
by SPSS program respectively. Table 4.12 shows these descriptive statistics. The
mean of the scores-3 was 9.18 and it was not so small since the maximum score could
be 21. The measure of the spread of scores-3, standard deviation is 4.88. The mean of
the difficulties-3 is 16.88 and it was not so small since the maximum score could be
48. This maximum score was sum of all maximum scores of 8 difficulties each of
which were indicated by more than one item choices. The measure of the spread of

difficulties-3, standard deviation is 9.56.

Table 4.12 Overall Descriptive Statistics

Scores-3 Difficulties-3

No of students 495 495
No of items/Difficulties 21 8
Mean 9.18 16.88
Median 9.00 16.00
Mode 7.00 13.00
Standard deviation 4.88 9.56
Skewness 34 40
Kurtosis -43 -.34
Minimum 00 00
Maximum 21.00 48.00
Variance 23.78 91.44
Std. Error of Mean 22 43
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Figure 4.2 shows histograms of scores-3 and difficulties-3. Both histograms
are similar to the normal distribution. That is, the items of the KGTTT were not so
difficult for most of the students. Moreover, the number of students who have almost

all the difficulties are few.

Scores-3 Difficulties-3

120

100 o

80 «

@
=1

S
=1

Sl Dey = 956
Mear =169
H= 425 00

%)
=1

Frequency

o

Frequency

on
a0 13,0 250 33,0 a0

00 25 S50 75 100 125 150 175 200

Figure 4.2 Histograms of Scores-3 and Difficulties-3

To answer Sub-problem 6 and 7, the percentages of the difficulties for one-
tier; two-tier and all three-tier of the KGTTT were estimated by MS Excel. Figure
4.3 and Table 4.13 show these percentages. They were 16%, 10% and 8%,
respectively. It was realized that, the percentage of each difficulties gradually
decreases from first tiers to three tiers. It was also realized that the first and first two
tiers overestimate the percentage of the difficulties but first two tiers do not
overestimate as much as first tiers. The difference between the percentages based on
the first two tiers and all three tiers gives lack of knowledge percentages for each
item on the test. While the tier was increased from one tier to two tiers 6%
percentage of the difficulties disappeared; 4% of the 6% is the percentage of false
negatives and 2% of the 6% is the result of inconsistent answers. While the tier was
increased from two tiers to three tiers, 2% percentage of the difficulties disappeared

due to the lack of knowledge. This was the average percentage of lack of knowledge.
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Figure 4.3 Percentages of the Difficulties in terms of Type of the Test

Table 4.13 Percentages of the Difficulties in terms of Type of the Test

ALL THREE FIRST TWO ONLY FIRST
TIERS TIERS TIERS

(difficulties-3) (difficulties-2) (difficulties-1)
DI 9 13 15
D2 7 10 21
D3 6 9 15
D4 8 11 18
D5 9 12 13
D6 10 12 16
D7 4 6 18
D8 7 9 13
MEAN 8 10 16
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Figure 4.4 Percentages of the Correct Answers in terms of Type of the Test

The percentages of lack of knowledge of each difficulty were examined also.
Difficulty 1, 2, 3, 4, and 5 had higher percentages of lack of knowledge than other
difficulties. As a result, they were less strongly held by the students. When
percentages of difficulties for all three tiers were examined, then it was observed that
Difficulties 1, 5, and 6 were the most common and Difficulties 2, 3, 7, and 8 were not
so common among students.

To answer Sub-problem 8 and 9, percentages of the correct answers to each
item in terms of first tiers, first two tiers and all three tiers were estimated by MS
Excel. They were investigated namely the difficulty levels were investigated by
means of Figure 4.4 and Table 4.14. Like in difficulties, the percentages of the
correct answers of the students also decreased as the tier of the test was increased.

They were 52%, 49% and 44% respectively.
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Table 4.14 Percentages of the Correct Answers in terms of Type of the Test

Item 1

Item 2
Item 3

Item 4
Item 5

Item 6
Item 7
Item 8
Item 9
Item 10
Item 11
Item 12
Item 13
Item 14
Item 15
Item 16
Item 17
Item 18
Item 19
Item 20
Item 21
MEAN

ALL THREE TIERS
(scores-3)

76
54

53
63

51
26
23
41
33
39
29
49
25
50
37
46
17
56
44
62
45
44

FIRST TWO TIERS
(scores -2)

79
59
56
67
59
31
31
45
36
42
34
53
33
60
43
51
20
62
52
64
57
49

ONLY FIRST TIERS
(scores -1)

79
66
56
67
59
41
35
45
36
56
35
53
50
60
43
51
29
62
52
64
57
52

The gab, 3%, between the average values of the first tiers and first two tiers is
due to false positives. The gab 5% between the average values of the first two tiers
and all three tiers is due to the lack of knowledge. The percentages of lack of
knowledge of each item were examined also. Items 5, 7, 11, 13, 14, 15, 18, 19 and 21

had higher percentages of lack of knowledge than other items. As a result, they were

difficult for the students.

4.3 Summary of the Results

The results of this study can be summarized as follows:
1. Percentages of alternatives on each item in the KGTRR were determined.
Also, non-selected alternatives were investigated whether they indicate

difficulty or not. Then, some alternatives were deleted.
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Student reasons for their selection in the each item of the KGTRR were
categorized according to their similarities in meaning and distracters of the
second tiers of the KGTTT were written. Finally the KGTTT was developed.
There was a significant correlation between scores-2 and confidence levels
namely students with high scores on the KGTTT were more confident.

For the scores-3 and difficulties-3, two factor analyses were conducted to find
an evidence for construct-related validity. However, an evidence for
construct-related validity could not be found since some items and difficulties
were removed from the analyses to validate the assumptions of the factor
analyses.

The percentage of the false positives was estimated 3% and the percentage of
the false negatives was estimated 7%.

The reliability of the scores-3 and difficulties-3 were estimated by using
Cronbach alpha and found 0.84 and 0.69 respectively.

The mean percentages of the difficulties for one- tier; two-tier and all three-
tier of the KGTTT were 16%, 10% and 8% respectively. The difference
between the mean difficulties percentage of the one tier test and two-tier test
was 6% and the difference between the mean difficulties percentage of the
two-tier test and three-tier test was 2%. 4% of 6% was false negatives and
remaining 2 % was inconsistent student answers. The 2% difference between
the two-tier test and three- tier test was due to lack of knowledge.

The percentages of the correct answers for one- tier; two-tier and all three-tier
of the KGTTT were 52%, 49% and 44% respectively and these percentages
decreases from first tiers to all three tiers. The difference between the mean
percentages of the correct answers to the one-tier test and two-tier test was
3% which was false positives. And, the difference between the mean
percentages of the correct answers to the first two-tier and all three-tier was

5% due to lack of knowledge.
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CHAPTER 5

CONCLUSIONS, DICUSSIONS, AND IMPLICATIONS

This chapter of the study was presents the summary of the research study,
conclusions from the study, discussion of the results, internal validity of the study,
external validity of the study, the implications of the study, and finally the

recommendations for further research studies.

5.1 Summary of the Research Study

In this study, a three-tier test was developed, and difficulties of 10th grade
students about kinematics graphs were assessed with this three-tier test. Therefore,
cross-sectional survey method is the research design of this study.

The related literature was reviewed in detail and the KGTRR was constructed.
After administrations of the KGTRR to 253 students, the results were categorized to
determine the distracters of the second-tiers of the three-tier test. Finally, the KGTTT

was developed and administered to the 495 students and the results were analyzed.

5.2 Conclusions from the Study

Validity of the KGTTT results was established in three ways Firstly, a
possible positive and significant correlation was investigated between the scores of
the students for the first two tiers (scores-3) and the confidence levels of the students
for the third tiers. It was found as 0.41 and it was significant. It indicated that
students with high scores on the KGTTT were more confident than the students with
lower scores and the number of students who had difficulties very strongly was also

low. In other words the test worked properly. Besides it can be concluded that three-
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tier tests have an advantage over the two-tier tests since students’ lack of knowledge
can be discriminated from the students’ difficulties by the help of the third tier items
that ask their confidence about their responses for the first and second tiers.

Secondly, to find an evidence for construct-related validity, factor analyses
were conducted based on the correct answers and difficulties of the students on all
the three tiers, respectively. It is expected that all items and difficulties should
formed acceptable factors. However, to validate the assumptions of the factor
analyses, some items and difficulties were removed from the analyses. Therefore, 10
of 21 items on the KGTTT formed three factors and 5 of § difficulties formed two
factors. For this reason, results of the factor analyses could not be used as an
evidence for construct-related validity of the correct answers and difficulties of the
students on all the three tiers, respectively.

Thirdly, the percentages of false negatives and false positives were found as
an acceptable value of 3% and 7% respectively. Therefore it can be concluded that
the items of KGTTT were properly understood by students in other words students
could find their reasons among the distracters of the second tiers of the KGTTT.

Reliability of the test based on the correct answers and difficulties were found
0.84 and 0.69 respectively by Cronbach alpha. It was concluded that the students
understand the kinematics graphs qualitatively, and the KGTTT assesses student
achievement more reliably than student difficulties about Kinematics Graphs.

By investigating the percentages of the difficulties for one- tier; two-tiers and
all three-tiers of the KGTTT, the percentage of each difficulty gradually decreases
from only first tiers to all three tiers. 6% of the difficulties disappeared while the tier
was increased from one tier to two tiers; 4% of the 6% was due to the percentage of
false negatives and 2% of the 6% was due to the inconsistent answers. While the tier
was increased from two tiers to all three tiers 2% of the difficulties disappeared due
to the lack of knowledge. Therefore, it was concluded that because of the powerful
distracters students might have fallen in inconsistency. 2% of the difficulties
disappeared while the tier was increased from two tiers to all three tiers and this
percentage was due to the students’ lack of knowledge. From all these results in
difficulties percentages, it was concluded that the first tiers and first two tiers
overestimate the difficulty percentage. In other words three-tier tests can eliminate

lack of knowledge so they are more valid.
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By investigating the percentages of the correct answers for one- tier; two-tiers
and all three-tiers of the KGTTT, the percentage of each correct answer gradually
decreases from only first tiers to all three tiers. 3% of the correct answers disappeared
while the tier was increased from one tier to two tiers. This percentage was due to the
false positives. In other words, one-tier tests overestimate student-scores with respect
to two-tier tests because they can not eliminate the correct answers with incorrect
reasons. 5% of the correct answers disappeared while the tier was increased from two
tiers to all three tiers and this percentage was due to the students’ lack of knowledge.
In other words, two-tier tests overestimate student scores with respect to three-tier
tests because they can not eliminate the correct answers due to the lack of
knowledge. Finally, it was concluded that three-tier tests can eliminate lack of

knowledge so they are more valid.

5.3 Discussion of the Results

In a three-tier test, first tier is classical multiple-choice question, the second
tier is also classical multiple-choice question but presents reasons of answers on the
first tier and the third tier asks about students’ confidence in themselves for the first
two tiers. If the developed three tiers test worked properly, there is a positive and
significant correlation between the students’ scores they got from the first two tiers
and their confidence they showed in third tiers. In the literature, the correlation
between confidence levels and student scores was investigated with the studies of
development a three-tier test. Cataloglu (2002) developed a three-tier test to assess
students’ understanding of core concepts of introductory quantum mechanics and he
found a significant positive correlation between confidence levels and student scores
as 0.49. Kutluay (2005) developed a three-tier test to assess 11th grade students’
misconceptions concerning geometric optic and he found a significant positive
correlation between confidence levels and student scores as 0.329. Pesman (2005)
developed a three-tier test to assess ninth grade students’ misconceptions concerning
simple electric circuits and he found a significant positive correlation between
confidence levels and student scores as 0.508. However, Tirker (2005) found
positive but not significant correlation (0.109) between confidence levels and

student scores. She developed a three-tier test to assess high school students’
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misconceptions concerning force and motion and found a positive correlation
coefficient between misconceptions-3 and the confidence levels. In this study, like in
similar research studies a significant and positive correlation between confidence
levels and student scores found (0.41).

The researchers also investigated the percentages of false positives and false
negatives for validity in the literature. Hestenes and Halloun (1995) suggested that
the percentages of false positives and false negatives should be less than 10%. The
percentages of false negatives and false positives were found an acceptable value by
Pesman (2005) as 11% and 17% and by Kutluay (2005) as 3% and 28%,
respectively. Tiirker (2005) found the percentages of false negative and false
positives as 6% and 8%, respectively. In this study, like results in similar research
studies, the percentages were found as 7% and 3% both of which were below 10%
and these percentages were content-related evidence for validity of the KGTTT.

In the literature, the researchers investigated the mean percentages of
misconceptions in terms of only for the first tiers, first two tiers, and all three tiers.
Eryilmaz and Siirmeli (2002) estimated percentages of misconceptions about heat
and temperature in terms of the first tiers, first two tiers and all three tiers. They
found the percentage of inconsistent student answers as 19% and the percentage of
lack of knowledge as 9%. Pesman (2005) found the percentage of inconsistent
student answers as 10% and the percentage of lack of knowledge as 5%. Moreover,
Kutluay (2005) found the percentage of inconsistent student answers as 6% and the
percentage of lack of knowledge as 3%. Tiirker (2005) also found similar results: the
percentage of inconsistent student answers as 14% and the percentage of lack of
knowledge as 6%. According to these results, these researchers stated that one-tier
tests and two-tier tests overestimate the proportions of misconceptions and correct
answers and three-tier tests assess misconceptions more validly than one-tier or two-
tier tests. In this study, like in similar research studies, the percentage of inconsistent
student answers was found as 3% and the percentage of lack of knowledge was found
as 5%. Finally, it can be said that three-tier tests assess misconceptions more validly
than one-tier or two-tier tests.

Kutluay (2005), Pesman (2005) and Tiirker (2005) estimated the Cronbach
alpha reliability coefficients using correct scores as 0.55, 0.69 and 0.48 respectively

and using misconception scores as 0.28, 0.33 and 0.62. Unlike Tiirker (2005), other
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researchers found higher reliability coefficients for correct scores. In this study, the
Cronbach reliability coefficient for correct scores was found as 0.84 and it was found
as 0.69 for the difficulty scores like Kutluay (2005) and Pesman (2005) found in their
studies. In other words, with the KGTTT assessing correct scores seems to be more

reliable than assessing difficulties.

5.4 Internal Validity

According to Fraenkel and Wallen (2003), internal validity is related with

causes of outcomes which arises from independent variables of the research study.
Factors threatened to internal wvalidity of this study were location and
instrumentation. Ways to minimize these threats were discussed as follows:
Location: Conditions of location in which the students were administered the
KGTRR and KGTTT may affect the students’ responses. To minimize this threat, the
instruments were administered to students in their regular classrooms and there were
no any remarkable differences between these classes as observed by the researcher.

Instrument decay: Analyzing the results of KGTRR was a long lasting stage since

there were 253 papers to evaluate. The difficulty of evaluating and scoring may cause
the scorer to feel fatigue and this may affect the results. To minimize this threat,
analysis of the students’ responses was done carefully and slowly by the researcher.
Also, forming categories of each item on the KGTRR was done in a similar
systematic way and it took three weeks.

Mortality was said to be a threat to internal validity but for longitudinal
survey studies not cross-sectional survey studies. Because, in this study, the data

collection procedures were at just one point in time which took 40 minutes.

5.5 External Validity

External validity of a study is related with about the generalizability of the
results and it can be classified as population and ecological validity. The first one is
about the generalizability of results to a population, the second one is about the
generalizability of results to other settings or conditions (Fraenkel & Wallen, 2003, p.
109).
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The sample of this study with 495 students from different 11 high schools
included more than 10% of the tenth grade students in Denizli. So, the findings of
this study gained from the sample group can be generalized to the accessible
population of this study: 4867 tenth-grade students in the center of Denizli. However,
the findings of this study related with the sample group can not be generalized to the
other settings or conditions. Since there are lots of variables determining subject
characteristics within a sample such as region, ethnicity, educational facilities,
socioeconomic status, father’s occupation, mother occupation etc. and these can
affect results of the study. These variables were not taken into account in this study.
Therefore, it is not possible to generalize the results of this study to another

population that has different characteristics.

5.6 Implications of the Study

In the light of findings from this study and the related previous studies,
several important implications for teachers and researchers can be presented as
follows:

1. The KGTTT can be used for assessing students’ difficulties about kinematics
graphs. By this way, teachers can be aware of their students’ difficulties and
help their students to understand the kinematics graphs more properly.

2. Three-tier tests seem to be more valid with respect to one-tier or two- tier
tests since they do not overestimate the correct answers of the students.
Therefore, teachers can use the KGTTT in evaluation of their students which
can give useful feedback about instruction or students’ understanding.

3. According to results of this study, it is proved that three tier tests assess
students’ conceptions or misconceptions more validly. Therefore, researchers
and test developers should prefer three-tier tests to one-tier or two-tier tests in
their studies which are also related with Understanding Kinematics Graphs.

4. Depending on the results of this study, it can be claimed that students may
have difficulties even if they had higher scores on the test. Therefore, teachers
should be carefull about evaluation of students who have higher scores on

their exams since they may also have difficulties in kinematics graphs.
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5. Textbook editors and curriculum developers should take into account of

students’ difficulties found in this study in their works.

5.7 Recommendations for Further Research Studies.

Recommendations for further research studies can be presented as follows:

1. The KGTTT was administered to 495 students in this study. It can be
administered to larger sample in future studies to extend the external validity
of the study.

2. Also, for ecological validity of the results, the KGTTT can be administered to
larger sample in future studies.

3. From the results of this study, it was realized that three tier tests assess
students’ difficulties about Kinematics graphs more validly than one tier and
two tiers tests. Other physics topics can be studied and students’
misconceptions can be investigated by a three-tier test.

4. There are few studies about development of three-tier tests, in other sciences
like chemistry, biology, or mathematics. Three tier tests are more valid than
other tests so researchers should develop three-tier tests for assessing
students’ conceptions and misconceptions in other sciences.

5. Independent variables determining subject characteristics within a sample
such as region, ethnicity, educational facilities, socioeconomic status,
father’s occupation, mother occupation etc. were not taken into account in
this study. Therefore, a study investigates the effects of these variables to the

students’ difficulties about Kinematics Graphs can be studied.
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APPENDIX A

KINEMATICS GRAPHS TEST REQUESTING REASONS

KINEMATIK GRAFIKLERINI
ANLAMA SINAVI

CINSIYETINIZ: KIZ ERKEK

Liitfen sinava baslamadan once yukaridaki yere cinsiyetinizi isaretleyiniz.

Bu sinav 21 sorudan olugmaktadir ve sizlerin Kinematik konusundaki grafikler ile
ilgili kavramsal basarilarinizi 6lgmek i¢in hazirlanmistir. Sinav sonucunuz ders

degerlendirmenizi etkilemeyecegi icin cevaplarinizin sizin  goriislerinizi

yansitmasina 6zen gosteriniz.

Sorular1 cevaplarken:

1. Her soruya cevap vermeye gayret ediniz.

2. Verilen seceneklerin sizin fikrinizi yansitmadigini diisiiniiyorsaniz litfen bos
birakilan segeneklere kendi fikrinizi yaziniz.

3. Bu sorulara verdiginiz cevaplar kadar bu cevaplar1 neden sectiginiz de bizim

icin onemlidir. Bundan dolay1 her sorunun sonundaki “cevabimin nedeni”

kismin1 doldurmay1 unutmayiniz.

TESEKKURLER
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1.

Hiz

Asagida bes cismin hiz-zaman grafikleri verilmistir. Tiim eksenler ayni dl¢iiye sahiptir. Verilen zaman
araliginda en fazla konum degistiren cisim hangisidir?

(A) (B) © (D) (E) (F)eeeeennn
N N N N
= = T jan)
TS
A A\
0 = 0 0 s
Zaman Zaman Zaman 0 Zaman 0 Zaman

Cevabimin nedeni:

2.

Asagida bir cismin hiz -zaman grafigi verilmistir. Hangi zaman araligindaki negatif ivme en  biiyiik
degerdedir?
OR ST UVWXY Z

(A) R>den T’ ye
(B) T"denV’ye
< v

(D) X

(E) X’denZ’ ye 0
F) o

Hiz

Zaman

Cevabimin nedeni:

Sag tarafta bir cismin hareketinin konum-zaman grafigi verilmistir. Asagidaki climlelerden
hangisi bu cismin hareketini en iyi agiklar?

(A) Cisim sifirdan farkl sabit bir ivmeyle hareket etmektedir
(B) Cisim hareketsizdir.

(C) Cisim diizgiin dogrusal artan bir hizla hareket etmektedir.
(D) Cisim sabit bir hizla hareket etmektedir.

(E) Cisim diizgiin dogrusal artan bir ivmeyle hareket etmektedir.
(B) o 0 Zaman

Konum

Cevabimin nedeni:

Bir binanin asansorii zemin kattan onuncu kata ¢ikmaktadir. Asansoriin kiitlesi 1000 kg’
dir ve asansor asagida verilen hiz-zaman grafigindeki gibi hareket etmektedir. Asansdr, hareketinin ilk ti¢

saniyesinde ne kadar yol almigtir?

5 \

(A) 0,75m 2

(B) 133m ?:/ 4 AN
() 4,0m 2

(D) 6,0m

(E) 12,0m 3 4

F ) /

Cevabimin nedeni:

0 1 2 3 4 5 6 7 8 9 10

Zaman (s)
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5. Asagida bir cismin konum -zaman grafigi verilmistir. Cismin 2. saniyedeki hiz1 kag m/s ‘dir?

(A) 0,4m/s
B) 2,0m/s
(©) 2,5m/s
D) 5,0m/s
(E) 10,0 m/s

®

Cevabimin nedeni:

Konum (m)

15
10

Zaman ()

6. Kiitlesi 1,5 x10° kg olan bir aracin hiz-zaman grafigi sekildeki gibidir. Cismin 90. saniyede sahip oldugu
ivmenin biiytikligl nedir?

(A) 022 m/s’
(B) 0,33 m/s’
(©) 1,0 m/s?
(D) 9,8 m/s’

(E)
(F)

Cevabimin nedeni:

20 m/s?

Hiz (m/s)

40

30

20

10

~

30

60

90

120

150 180

Zaman (s)

7. Diizgiin dogrusal hareket yapan bir cismin hiz-zaman grafigi asagida verilmistir. t=65 s *deki
anlik ivmenin biiyiikliigii asagidaki degerlerden hangisine en yakindir?

(A)
®)
©
D)
(E)
(F)

Cevabimin nedeni:

1 m/s

2 m/s’
+9.8 m/s’
+30 m/s’
+34 m/s

Hiz (m/s)

40

30

20

10

L~

20
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40

60

80 100

Zaman (s)



8. Bir cismin hareketinin grafigi asagidaki gibidir. Buna gore agagidaki agiklamalardan hangisi dogrudur?

Konum

Zaman

0
(A) Cisim diiz bir yiizey lizerinde yuvarlanir. Daha sonra bir tepeden asag1 yuvarlanir ve

sonunda durur.
(B) Cisim ilk basta hareketsizdir. Daha sonra bir tepeden asag1 yuvarlanir vesonunda durur.
(C) Cisim sabit bir hizla hareket eder. Daha sonra yavaslar ve durur.
(D) Cisimilk basta hareketsizdir. Daha sonra geriye dogru gider ve sonunda durur.
(E) Cisim diiz bir yiizeyde hareket eder, daha sonra geriye dogru bir tepeden asagi iner ve
ardindan hareketini siirdiirir.

Cevabimin nedeni:

9. Bir cisim durgun halden harekete baslar ve on saniye boyunca sabit pozitif bir ivmeyle hareket eder.
Daha sonra sabit bir hizla hareketini siirdiiriir. Asagidaki grafiklerden hangisi bu cismin hareketini dogru

bir sekilde tanimlar?

(A) (B) (©) (D) (E) (F)......
g + g + g + g + g +
M M N M N
0 0 0 0 0
0510 15 0510 15 05 10 15 05 10 15 05 10 15
Zaman (s) Zaman (s) Zaman (s) Zaman (s) Zaman (s)

Cevabimin nedeni:

10. Bes cisim asagida verilen ivme zaman grafiklerindeki gibi hareket etmektedir. Ug saniyelik
zaman araligindaki en az hiz degisimi hangisindedir?

(A) B) © (D) (E) (F)......
s R T % =
£ el El £’ g
2 : : 2 :
= 2 2 = =
0 0 oL— 0 0
3 3 3 3 3
Zaman (s) Zaman (s) Zaman (s) Zaman (s) Zaman (s)

Cevabimin nedeni:
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11. Asagida bir cismin 5 saniyelik zaman araligindaki konum-zaman grafigi verilmistir.

Konum

0 L L L L
1 2 3 4 5

Zaman (s)

Buna gore asagidaki hiz-zaman grafiklerinden hangisi cismin ayni zaman araligindaki
hareketini en iyi gosterir?

(A) B)
S N +
am as
0 L L L L Zaman (s) 0 ' ' ;
| I 2 3 4 5 . l 5| Zaman (s)
© (D)
N + Nt
T j as
0 1 1 1 1 1 0 L I L Zaman (s)
1 2 3 \a__s Zaman(s) 12 3 4| s
(E) F).......
n
N
jan)

0 L L I I Zaman (s)
5

1 2 3 4

Cevabimin nedeni:

12. Asagidaki grafikleri eksenlerdeki farkliliklar: g6zoniine alarak inceleyiniz:

@ (1I) (IID) 1v) V)
g N N 2 )
2 as m > g
1) — =z
M

o— 0
0 Zaman 0 Zaman Zaman 0 Zaman

Zaman

Bunlardan hangisi/hangileri sabit hizla hareketi gosterir?

(A) LILvelV
(B) Ivelll
(C) IlveV
(D) Yalniz IV
(E) YalmzV
&

Cevabimin nedeni
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13. Asagida bes cismin konum-zaman grafikleri verilmistir. Tiim eksenler ayni 6l¢iliye sahiptir. Verilen
zaman araligindaki en yiiksek anlik hiza sahip cisim hangisidir?

(A) (B) © (D) (E) 1
£ g £
g 5 E 5 g
8 S Q 1) 8
Y, M M Y,
0 0 0
Zaman Zaman Zaman Zaman Zaman

Cevabimin nedeni:

14. Asagida bir cismin 5 saniyelik zaman araligindaki hiz-zaman grafigi verilmistir.

+

Hiz

0 L L L

| 1\2_3/4 s Zaman (s)

Buna gore ayni zaman araligindaki asagidaki ivme-zaman grafiklerinden hangisi cismin
hareketini en iyi gosterir?

(A) (B)

fvme
Ivme

0 1 1 /_ 7z 0 | I | I
| 5 3 f S aman (s) t — Zaman (s)
| \_/ 1 o 3 4 s

© (D)
+
+
g
=z 2 | |
= 0 ! L Zaman (s)
0 4 1 Zaman (s) 1 2 3 4 5
| 1\3] 345 -
) +
g
= _
0 | 1 1 1
4 5 Zaman (s)

Cevabimin nedeni:
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15. Asagida bir cismin 5 saniyelik zaman amligindaki ivme-zaman grafigi verilmistir.

+

fvme

I

S T ]

Zaman (s)

Buna gore asagidaki hiz-zaman grafiklerinden hangisi cismin ayni zaman araligindaki

hareketini en iyi gosterir?

(A) ®)
+ +
N N
T T
0 x L L L Zaman (s) 0 t | ]
| 1 zw i 2 3] 4 s
N © X (D)
N
S = \
= 0 Zaman (s) 0 1 } l/|
o 34 5 | ! 2\|3 43
(B) ()...
i
N
jas
0 K 1 1 /I- Zaman (s)
| 1 2\3_:4/ 5
Cevabimin nedeni:
16. Bir cisim asagidaki grafige gore hareket etmektedir:
5 > ~
£
Q
5
2 5
1

0 1 2 3

4 56 7 8 9

Buna gore, hareketin ilk {i¢ saniyesi boyunca cismin hizindaki degisim ne kadardir?

(A) 0,66 m/s (B) 1,0 m/s (C) 3,0 m/s

Cevabimin nedeni:

96

(D) 4,5 m/s (E) 9,8 m/s

Zaman (s)

Zaman (s)

Zaman (s)

10
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17. Ugiincii saniyedeki hiz yaklasik olarak ne kadardir?

(A) -3,3m/s 15

(B) -2,0m/s Tl

(C) -0,67m/s P )4 \\

(D) 5,0m/s § S \\
(B) 7,0m/s v, N
F ’ 0 1 2 3 4 5

Cevabimin nedeni:

Zaman (s)

18. Eger t=0 s ile t=2 s zaman araligindaki alinan yolu bilmek isteseydiniz, asagidaki grafikte:

15
(A) Dogrudan dikey eksenden 5 degerini okurdunuz. @
(B) Dogru pargasi ve zaman ekseni arasindaki alant £ 10 /—\
(5x2)/2’den hesaplayarak bulurdunuz. %
(C) 5’1,2’ye bolerek dogru pargasinin egimini bulurdunuz. 5
(D) 15’1, 5”e bolerek dogru pargasinin egimini bulurdunuz.
.. s 0
(E) Cevaplamak i¢in yeterli bilgi yok. 0 | ) 3 4 5
(B) e
Zaman (s)
Cevabimin nedeni:
19. Asagidaki grafikleri eksenlerdeki farkliliklar1 g6z niine alarak inceleyiniz:
@ an (1) av) V)
g N N g M
2 T asi > =
1) — 2
2
0 Zaman 0 Zaman 0 Zaman Zaman
Zaman

Bunlardan hangisi/hangileri sifirdan farkli sabit ivmeli bir hareketi gosterir?

(A) LILvelV
(B) Ivelll
(C) MveV

(D) Yalmz IV
(E) YalmzV

F) o,

Cevabimin nedeni:
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20. Bir cisim asagidaki grafige gore hareket etmektedir:

—~ 4
g —~~
Ez ///
jas)
1/
1
0

Zaman (s)

Buna gore, t=4 s ile t=8 s zaman araliginda cisim ne kadar yer degistirir?

(A) 0,75 m (B)3,0m (C)4,0m (D) 8,0m

Cevabimin nedeni:

(E)120m  (F)eeeen....

21. Sag tarafta bir cismin hareketinin grafigi verilmistir. Asagidaki climlelerden hangisi bu
cismin hareketini en iyi agiklar?

(A)
(B)

©
D)
(E)
(F)

Cisim sabit bir ivmeyle hareket etmektedir.
Cisim diizgilin dogrusal azalan bir ivmeyle hareket
etmektedir.

Cisim diizgiin dogrusal artan bir hizla hareket etmektedir.

Cisim sabit bir hizla hareket etmektedir.
Cisim hareketsizdir.

Cevabimin nedeni:
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APPENDIX B

CATEGORIES OF STUDENTS’ RESPONSES IN KGTRR

Question 1:
Category 1 (Cismin hizi, diizgiin dogrusal bi¢cimde siirekli artmaktadir.):
1) Ciinkii hiz1 artmis, hiz artarken yer degistirmis.
2) Islem yaptim.
3) Cilinkii hiz siirekli artmus.
4) Cilinkii hiz sabit olarak artmis.
5) Zaman ve hiz artig1 i¢in.
6) Zamana bagli olarak hizda artmaktadir.
7) Diizgiin hizlanan hareket var ve sonsuza kadar gidebilir.
8) En fazla yol alan grafik bu.
9) Hizlanan grafiktir, hiz1 arttik¢a yolda artar.
10) Ciinkii cisim diizgiin hizlanarak ileriye dogru ilerlemistir.

Category 2 (Hiz-zaman grafiginde egim alinan yolu verir.):
1) Konumu egim belirler, egimi bilyiik olanin konumu biiyiik.
2) Ciinkii hiz-zaman grafiginin egiminden konum bulunur. Buna gére en fazla bu sikta
konum degistirir.

Category 3 (Hiz-zaman grafigi altindaki alan alinan yolu verir.):

1) Alan1 en ¢ok olan o.

2) Formiile gore dyle birde ilk hizi olarak baglay1p sabit gitmis, digerleri sifirdan
yiikselmeye ¢alisirken de yol kat edecekler.

3) Hiz-zaman grafiginin altinda kalan alan yer degistirmeyi verir.

4) Hiz-zaman grafiginin alan1 yer degistirmeyi verir.

5) Altinda kalan yer degistirmedir, en biiyiik alan bu grafikte.

6) Hiz-zaman grafiginin alan1 yer degistirmeyi verir.

7) Altta kalan alanlarina baktim.

8) Bana gore boyle.

9) Alani fazla.

10) Hiz-zaman grafiginin altinda kalan alan yer degistirmeyi verir.

11) Grafigin altinda kalan alan en fazla.

12) Hiz-zaman grafiginin altinda kalan alan yer degistirmeyi verir.

13) Hiz-zamanin altindaki alan konum zamani verir.

14) En fazla alan oldugu i¢in ¢linkii hiz-zamanin altinda kalan alan konumu verir.

15) Hiz-zaman grafiginin altinda kalan alan yer degistirmeyi verir.

16) Hiz-zaman grafiginin altinda kalan alan yer degistirmeyi verir.

17) Altindaki alan en ¢ok oldugu igin.

18) Hiz-zaman grafiginin altinda kalan alan ivmeyi verir.

19) Hiz-zaman grafiginin altinda kalan konum-zamani verir.

20) Grafigin altinda kalan alan en biiyiik.

21) Alta kalan alan cismin yaptig1 konum degisikligini verir.

22) Hiz-zaman grafiginin altinda kalan alan alinan yolu verir, en biiyiik alan bu sikta.

23) Altta kalan alan bize alinan yolu verir.

24) Hiz-zaman grafiginin alan1 yer degistirmeyi verir.

25) Hiz-zaman grafiginin altinda kalan konumu verir, en biiyiik alan bu sikta.

26) Alandan dolay1.

27) Alandan.
28) Alandan dolay1.
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29) Alandan dolay1.

30) Alani en fazla olan o.

31) En biiyiik alana sahip.

32) Hiz-zaman grafiginin alan1 alinan yolu verir, en fazla yol alan bu sik.
33) Hiz-zaman grafiginin altinda kalan alan yer degistirmeyi verir.

34) x=v.t ise hiz ve zaman ¢arpiminin en yiiksek oldugu grafiktir.

35) Belli bir hizla baglamistir.

36) En fazla alan bu segenekte.

37) Alandan dolay1.
38) Alani en biiyiik.

39) Altinda kalan alan yer degistirmeyi verir.

40) v-t grafiginin altinda kalan alan yolu verir.

41) Altinda kalan alan konum-zaman grafigini verir.

42) Grafigin altindaki alan en biiytiktiir.

43) Esit zamanda hepsinden daha hizl1.

44) Cilinkii en biiyiik alan bu sekle aittir.

45) Cilinkii siirekli en yiiksek hizda devam ediyor.

46) Burada 8 birim yer degistirmis, diger siklarda daha az yer degistirmis.

47) Grafigin altinda kalan boliim en biiytik.

48) Hiz-zaman grafigine gore en fazla olan bu.

49) Grafigin altinda kalan alan konumu verir, alani en biiyiik olanin konumu da biiyiik.
50) Hiz-zaman grafiginin alani en biiytik.

51) Alani en fazla.

52) Hiz-zaman grafiginin altindaki alan bize konumu verir, en biiyiik alan bu giktadir.
53) Alan biiyiik.

54) Alani en fazladir, konum alam verir.

55) Siirekli sabit gittiginden.

56) Sabit hizla gidiyor.
57) Ciinkii oyle diigiindim.

58) X=V.t=2v.4t=8vt.

59) Hiz sabit iken zaman arttik¢a alinan yolda artar.

60) Cilinkii zaman arttik¢a hiz sabit kalmus.

61) Grafigin altinda kalan alan.

62) Ciinkii alinan yol grafigin alantyla orantilidir.

63) Cismin belli bir hiz1 vardir ve sabit hizlidir.

64) Hiz=yol/zaman.

65) Ciinkii konumu bulmak i¢in hiz-zaman grafiginin taradig1 alana bakalir.
66) Ciinkii sabit hizla ilerliyor, digerleri yavasliyor yada hizlantyor.
67) En biiyiik alana sahip.

68) En biiyiik alan.

69) Cilinkii altta kalan alan daha fazla.

70) Ciinkii belirli bir hizla baglamis ve hizini hi¢ degistirmiyor.

71) Alanlar1 bize konumunu verir. En biiyiik alan o.

72) Ciinkii altta kalan alan daha biiytiktiir.

73) Ayni hizla gitmis ve yerini hi¢ degistirmemis.

74) Altta kalan alan.

75) Ciinkii altta kalan alan en fazla.

76) Grafigin altinda kalan kesim x’i verir. En fazla bu.

77) Ciinkd altta kalan alan en fazla bu grafiktedir.

78) Cilinkii en fazla alan bu.
79) Ciinkii vt=x.

80) Grafigin alani yolu verir en biiyiik alan bu.

81) Altinda kalan alan daha ¢ok oldugu igin.

82) Daha 6nceden kazanilmis hiz ve diger yanitlardaki hizlar sabit olmadigi i¢in.
83) Karesi fazla, siirekli sabit hizla gitmis.

84) Altta kalan alan en fazladir.

85) Hiz artarsa konum degisimi artar.

86) Hiz-zaman grafiginde alandan dolay1.

87) Hiz-zaman grafiginin altindaki alan alinan yolu verir.

88) En hizli oldugu icin daha fazla yol alir.

89) Hiz1 en fazla oldugu igin.

90) Hiz-zaman grafiginin altindaki alan alinan yolu verir.

91) Hiz-zaman grafigin altindaki alan alinan yolu verir.

92) Siireleri ayni, hiz1 degismeyip sabit oldugu igin.

93) Ciinkii hiz-zaman grafiginin altindaki alan konumu verir. En fazla konum degistiren bu.
94) Hiz-zaman grafiginin altindaki alan alinan yolu belirtir.
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95)
96)

97)

98)

99)

100)
101)
102)
103)
104)
105)
106)
107)
108)
109)

110)
111)
112)
113)
114)
115)
116)
117)
118)
119)
120)
121)
122)
123)
124)
125)
126)
127)
128)
129)
130)
131)
132)
133)
134)
135)
136)
137)
138)
139)

140)
141)
142)
143)
144)

145)
146)
147)
148)
149)
150)
151)
152)
153)
154)

155)
156)

En fazla alan.

v-t grafiginin altindaki alan yolu verir.

X=Vt.

X=Vt.

x=vt oldugundan § birim.

x=vt. En fazla alan.

Grafigin altindaki alan yolu verir.

Hiz-zaman altindaki alan alinan yolu verir. En fazla burada.

v-t altinda kalan alan fazla olmali.

Alani en bityiiktiir.

Cizginin altinda kalan alan yolu verir.

Hiz-zaman grafiginin altindaki alan alinan yolu verir.

En fazla alana sahip.

Digerlerinin hizi sifirdan baslamig bu gikkin hizi yiiksek.

Ciinkii zaman artik¢a hiz artryor. Boylelikle daha fazla yol aliniyor. Daha fazla konum
degistiriliyor.

Grafigin alti konumu verir.

Hiz-zaman grafiginin altinda kalan alan daha ¢ok konumu da fazladir.
Hiz-zaman grafiginin alanindan dolay1.

Alan biiytikligii konum degistirme.

Hareketli basliyor ve hiz kaybetmiyor.

Hiz-zaman grafiginin altindaki alan konumu verir, alan1 biiyiik olan bu.

Altinda kalan alanin biiyiik olmasi.

Hiz-zaman grafiginin altinda kalan alandan dolay1.

Hiz ve zaman ¢arpiminin en bilyiik olmasi.

En fazla yolu almustir.

x=vt. Hiz artarsa konum degisimi de artar.

Hiz ve zaman ¢arpiminin en bilyiik olmasi.

Ayni hizda daha fazla zaman taramas.

Grafikte alanin fazla olmasi.

Grafiklerde alani en fazla olan bu.

Hiz-zaman grafiginde alan yolu verir.

Hiz-zaman grafigi konumu verir. Dolayisiyla en fazla bu.

Tarali alan fazla.

Konum alandan bulundugu i¢in en fazla alan burada.

Alan1 fazla.

Hiz-zaman grafiginde alani bularak yer degistirmeyi buluruz.

Hiz-zaman grafiginde alandan.

Alandan.

Hiz-zaman grafiginde alani buluruz.

Alandan.

Hiz-zaman grafiginin alanindan en fazla.

Alandan.

Hiz-zaman grafiginde alani en biiyiik olan en fazla yer degistirmistir.

Alan daha fazla.

Hiz-zamanda alan konum degistirmeyi verdigi i¢in en ¢ok alan bu. Bu ayni zamanda daha ¢ok
zaman almigtir onun igin.

Alandandir.

Alandan bulundugu igin.

Altta kalan alan en fazla.

Ayni hizla cok zaman almustir.

Yer degistirme hiz ve zaman ile dogru orantilidir. Zamanlar hepsinde sabittir. Fakat hizi
sayisal degerinin en biiyiik oldugu segenektir.

Hiz-zaman yolu verir. Burada daha ¢ok yer kapliyor.

Hiz-zaman grafiginde alan konum degisimini verir. En fazla alana sahip olan bu.
Baktigimizda alani en fazla olan 8 birimle budur.

Konum=hiz x zaman. Yani alandan.

Hiz-zaman ¢arpimi daha fazla oldugu i¢indir o da aldig1 yolu verir.

Alan konumu vereceginden.

Hiz-zaman grafiginin altindaki alan alinan yolu belirtir.

Hiz-zaman grafiginin altindaki alan hesaplanir, buna gére konum-zaman grafigi ¢izilir.
Ciinkii araliklar esit olmasina ragmen bu grafikte daha fazla konum degistirmis.
Hiz-zaman grafiginden alan alindig1 zaman konum zaman grafigi elde edilir. Bu yilizden
en ¢ok alan en ¢ok konum degisimi budur.

Cilinkii hiz-zaman grafiginde alan konumu verecegi i¢in en fazla alan b segenegidir.
Hiz sabit yavaglama yok ve hiz sifirdan baglamiyor.
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157) En fazla konum degistiren bu.

158) Diger segeneklere gore bu en fazla konum degistiren.

159) Aldig1 yol daha fazladir bunun igin en fazla konum degistirmistir.
160) Cizginin altinda kalan alan daha fazla oldugu i¢in.

161) Cilinkii hiz-zamandaki alan konumu verir en biiyiigii bu.
162) Ciinkii hiz-zaman grafiginin altindaki alan konumu verir.
163) Hiz-zaman alan1 konumu verir.

164) Digerleri yavaslayip hizlaniyor, bu sabit hizli.

165) Aldig1 yol daha fazla goriiliiyor.

166) Hiz zamanda sabit hizli ise en fazla konum degistirir.

167) Ciinkii hiz-zaman grafigi altinda kalan alan yer degistirmeyi verir.

Category 4 (Cisim dnce hizlanip sonra yavaslamistir.):

1) Hizlanip azalma hareketleri yapmis.

2) iki defa yer degistirmis.

3) Hizlanan ve yavaglayan hareket yapiyor.
4) Hizlanan ve yavaslayan hareket yapmustir.
5) En fazla konum degistirendir.

6) En fazla konum degistirendir.

7) En fazla degisim buradadir.

8) En ¢ok yer degistirme burada.

9) Konum-zaman grafigine ¢evirdim.

10) Once hizlanip sonra yavaslamistir.

11) Grafigin yer degistirmesi burada fazla.
12) Yiikselmistir, sabittir, yavaglamigtir.

13) Degisik yonlerde hareket ettigi igin.

Category 5 (Deficient or not meaningful)

1) En uygun o.

2) Alan hiz degisimini verir.

3) Ciinkii hiz-zaman yolu verir en ¢ok bu sikta yol almus.
Category 1 (Cisim geriye gitmistir.):

1) Cisim geri hareket etmistir.

Category 2 (Hiz-zaman grafiginin altindaki alan degeri kiigtiktiir.):
1) Hiz-zaman grafiginin altinda kalan alanin degerinin kiigiik olmasi.

Category 3 (Cismin hizi burada sifirin altinda, negatif ve en kiiglik degerdedir.):

1) Hizin en az oldugu yerde negatif ivme en biiyiiktiir.
2) Egim ivmeyi verir, en kiigiik ivme burada.

3) Negatif ivme sadece burada.

4) Sifirin altinda ivme negatif ve en biiyiik olur.

5) Mantikli islem yaptim.

6) Hizin degeri sifirdan asag1 oldugu igin.

7) Sifirdan kiiciik tek deger .

8) En asagida oldugu igin.

9) Yavaslayan hareket yapan araglar ters ivmelidir.
10) Grafigin alt tarafi eksidir bu yiizden.

11) Sifirin altinda bulunan tek o vardir.

12) Cilinkii sifirin altinda bir tek v noktasidir.

13) Hiz1 en fazla burada azalmus.

Category 4 (Cismin hiz1 burada en biiyilik degerdedir.):
1) Formiilden yaptim, v= at.
2) Yon degistirmis ve hizin en fazla oldugu yer.

Category 5 (Hiz-zaman grafiginde egim ivmeyi verir ve hizda negatif yondeki en biiyiik degisim

buradadir.):
1) Formiilden, a=v/t, X’ den Z’ ye negatif yonde ilerlemis.
2) T’ den V’ ye ve X’ den Z’ ye ikisinde de negatif ivme var. Ama burada ivme daha biiyiik.
3) Hiz-zaman grafiginin egimi ivmeyi verir.
4) a= Av/t.
5) En ¢ok burada hiz azalmas.
6) X’te hiz en fazlaya ulagmis Z’de ise sifira diismiis, ivmeyle hiz dogru orantili.
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7) Bence oyle.

8) a=v/t. Kisa zamanda hizi (-) yonde diismiistiir.

9) — yonde ivmeye sahip olan T’ den V’ ye ve X’ den Z’ ye baktigimizda 2. cismin daha biiyiik
ivmesi.

10) — yone dogru yavaglama var.

11) Egimden dolay1.

12) Egimden dolay1.

13) Egimden dolay1.

14) Egimden dolay1.

15) Egimden dolay1, egimi en fazla olan o.

16) Egimden dolay1.

17) Egimden dolay1.

18) Egim en fazla ordadir.

19) a=v/t, en yiiksek ivme bu araliktadur.

20) X ile Z arasindaki egim daha fazla.

21) En biiyiik negatif ivme onun.

22) Cisim en fazla X-Z araliginda yavasliyor.

23) — yonde azalis en fazla X-Z arasindadir.

24) En fazla hiz kayb1 bu aralikta gerceklesiyor.

25) En biiyiik — yonde ivme buna aittir.

26) En biiylik hizdan sifira kadar diismis.

27) Negatif ivme — yonde sola yatiktir, X’ den Z’ ye en bilyiik degerdedir.

28) En biiyiik — yonde ivme bu aralikta.

29) En fazla degerler orda.

30) Negatif ivime grafikte asagiya dogru yonde olusur, grafikte de en fazla diisiis X’ den Z’ ye.

31) Egimi — yonde en fazla.

32) Daha biiyiik hiz kaybi var.

33) Egimi — yondedir ve en fazladir.

34) Egim daha fazla.
35) Egim daha fazladir.

36) Hiz-zaman grafiginin egimi ivmeyi verir, en biiyiik ivme bu araliktadir.
37) Ciinkii en ¢ok azalan ivme X-Z. Yani negatif degerin en biiyiik konumudur.
38) Hem egri sola yatik, hem de daha uzun.

39) Ciinkii en ¢ok bu zaman araliginda negatif yonde.
40) Negatif yone dogru bir diizene sahip oldugu igin.
41) Derste 6grendiklerimden.

42) Hizin en dik keskin sekilde azaldig1 aralik.

43) En hizli yavaslayan o.

44) En az zamanda en ¢ok hiz kaybeden araliktir.

45) 4’e 2 ilerlemistir sifira inmesine gerek yoktur.
46) Ters yonde egim daha fazla.

47) En biiyiik ters yonli ivme ondadir.

48) En ¢ok yavaslayan.

49) Clinkii hiz1 eksi.

50) Ciinkii en ¢cok yavaslayan o.

51) Ters yonde egim daha fazla.

52) Ciinkii ters yonde egim daha fazla.

53) Ters yonde egim daha fazla.

54) Ciinkii birim zamanda en fazla onun hiz1 azaliyor.
55) Grafik incelendiginde en biiyiik ivme buradadir.
56) Hiz — y6ne dogru artmustir.

57) a= vson-vilk/At.

58) Negatif yonde.

59) X-Z aras1 en hizl yavasladigi alandir.

60) Cilinkii bu arada hizdaki diisiis en fazladir.

61) X-Z aras1 cismin hizi daha fazla azalmstir.

62) X’ den Z’ ye yavaslayan hareket yapmistir. Yavaslayan harekette ivme negatiftir.
63) Hiz azalmis ivmede azalir.

64) X’ den Z’ ye en biiyiik oldugu igin.

65) En hizli yavaslayan oldugu igin.

66) Cisim X-Z arasi en ¢ok yavaglamstir.

67) En hizli X-Z araliginda yavagslar.

68) Hiz degisiminin sonsuz olmasi.

69) Hiz degisimi sonsuzdur.

70) X’ den Z’ ye en bilyiik negatif ivme.

71) X’ den Z’ ye en bilyiik negatif ivme.
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72)
73)
74)
75)
76)
77)
78)
79)
80)
81)
82)
83)
84)
85)
86)
87)
88)
89)
90)
91)
92)
93)
94)
95)
96)
97)
98)
99)
100)
101)
102)
103)
104)
105)
106)
107)
108)
109)
110)
111)
112)
113)
114)
115)
116)

117)
118)
119)

120)
121)
122)

123)
124)
125)
126)
127)

128)
129)
130)
131)
132)
133)

En hizli orda yavaslamis.

Birim zamandaki hizdaki yavaslama en fazla X-Z araligindadir.

Ciinkii en hizli nerede yavaglamistir sorusunun cevabini artyoruz.

Hiz1 birden azalmis.

Ters yonde olmall.

En hizli yavaglayan.

X-Z aras1 en hizli yavaglama olur.

Negatif yonde fark en fazladir.

Ciinkii hiz siirekli azalmas.

Yavaglayan hareket yapmus.

En iist seviyeden en alt seviyeye inmis.

Ivme azaldik¢a hizda azalacaktir. Hizin en fazla azaldig1 zaman araligidir.
Tan alfaya gore.

X’ den Z’ ye en biiyiik oldugu ig¢in.

Hizi1 en ¢ok degisenin ivmesi biiyiik.

En fazla agagiya dogru gittiginden.

Hiz-zaman grafiginin egiminden.

Birim zamanda 2 birim hiz kaybediyor.

Sekilden cikiyor.

Ters yonde gittigi igin.

Daha fazla — yonde ilerlemis.

Tanjanti en biiyiik olan a¢1 X’ten Z’ye uzanan ¢izgide.

Egimi daha fazla.

En dik ivme burada.

En diisey kisim X-Z arasindadir.

En fazla azalma var.

X’ten Z’ye daha fazla egim vardir. Egim ivmeyi verdigi igin.

Egim ivmeyi verdigi i¢in ve egim sola yatik oldugu i¢in.

Hiz-zaman grafiginde egim ivmeyi verir.

Grafikte egim ivmeyi verdigi i¢in en ¢ok egim X-Z arasindadir.

Egim ivmeyi verdigi i¢in.

Grafikte egim ivmeyi verir. Sola yatik oldugundan negatiftir.

X’ den Z’ ye egim fazla oldugu igin.

Hiz-zamanda egim en biiyiik olan negatif.

Egimi daha fazla oldugu igin.

Egim ivmeyi verir.

En dik X’ den Z’ ye ve zit.

Hiz degisimi en fazla buradadir.

Hiz-zaman grafiginde egim ivmeyi verecegi i¢in en fazla egim X’ den Z’ yedir.
Hiz-zaman grafiginde egim ivmeyi verir.

En biyiik egim.

— yonde hizlanan hareket yapmustir.

Negatif ivme olmasi igin ag1 ters yonlii olmalidir. Ve aginin biiyiik olmasi gerekir.
Hiz-zaman grafiginde egim ivmeyi verir egimim en fazla oldugu aralik bu.
v-t den egim alimir a-t. Birim zamandaki hiz degisimi ivmeyi verir. Oyleyse ters en fazla bu
araliktadir.

Cilinkii 2 sn slirede 4v diismiistiir, digerlerinden daha fazladir.

Asagiya dogru indigi igin.

Hiz-zaman grafiginde egim ivmeyi vermektedir ivmenin — olabilmesi i¢in koordinat 4. Bolgede
olmali.

Hiz-zaman grafiginin egimi alinir.

Ciinkii v-t grafiginden a-t grafigi cizersek boyle oldugunu goriiriiz.

Av/At oldugu i¢indir. En biiyiik hiza 4 kare verdim 2 kare zaman degisimi en bilylik degeri elde
ettim.

Hiz degisimi en fazla X-Z zaman araligindadir.

v-t den egimle a-t ye gegtim. En biiyiik deger X-Z arasindaki egim degeri.
X-Z arasi en biiyiik degeri.

Hiz en fazla X-Z araliginda azalmig negatif ivme de en biiyiik degerde.
Negatif ivmenin en biiyiik oldugu deger. Sifira yakin olmali ve hiz degismenin en biiyiik olmasi
gerekir.

X’ den Z’ ye direk indigi i¢in negatif ivme biiyiik degerdedir.

En fazla kare birim oldugu i¢in.

En fazla egim burada.

Yo6nii sifir yoniinde oldugu icin ve en biiyiik oldugu igin.

X’ den Z’ ye direk negatif ivme yapmis.

Hiz yavasladigi i¢in negatif ivme yapiyor.
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134) Hizi1 azaldig igin ve sifira yaklastigi igin.

135) Ciinkii negatif ivme bulunurken ters taraftaki aciya bakilir.

136) Sadece burada negatif yonde en biiyiik ivmeyle hareket etmistir.
137) X’ den Z’ ye doniiste en biiylik yolu aldigi i¢in ivmesi biiyiiktir.

138) X’ den Z’ ye hiz1 zamanla azalmis yani negatif ivmenin en biiyiik oldugu deger.

139) Ciinkii daha ¢ok hizlanmus.

140) Ciinkii cisim y eksenine dogru hizli bir bigimde inmis cismin yer degistirmesi sifir olmus.
141) 4 birimlik sifira dogru yavaslama — yonde harekettir.

142) Egim ivmeyi verir.

143) Ivme-zaman grafigini yaptigimizda bu aralarda negatif ivme kazanmustir.

144) Yavaglayan hareket yapan araglarin ivmesi ters yonliidiir.

145) Ciinkii ikisinde de ivme negatiftir.

Category 6 (Cismin hizi negatif yonde artiyor.):

1) Sifirin altindaki ivme — degerdedir. — yonde bu aralikta hizlanma var.
2) Oyle olmas1 gerekiyor.
3) Cilinkii bu aralikta hiz sifirin altindadir.
4) Sifirin altinda oldugu igin.
5) Grafik sifirmn altindadir.
Category 7 (Deficient or not meaningful):
1) fvmenin formiiliinden gikan en biiyiik eksi deger olan -1 burada.
2) En mantiklist o.
3) Oyle olacagim diisiiniiyorum.
4) a=v/t.
5) Negatif yonde o gidiyor.
6) Emin degilim ama E sikki daha yakin geliyor.
7) Alani daha fazla.
8) Ivme hatirladigim kadariyla sifir altinda negatif olurdu, en biiyiik kismu da U-V aras1.
9) Digerleri + ivme — ivmeler arasinda en uygun bu.

10) Buda olabilir.

Question 3:
Category 1 (Konum-zaman grafiginde egim ivmeyi verir; burada ivme sabittir.):
1) Tam anlamiyla grafigin yaniti.
2) Sabit bir ivmeyle beraber, aldig1 yolda sabit bir sekilde artmaktadir.
3) Konum-zaman grafiginin egimi ivmeyi verir, egim hep sabittir.
4) Konum-zaman grafiginin egimi ivmeyi verir.
5) Konum-zaman grafigi diizgiin dogrusal oldugu i¢in ivime zaman sabittir.
6) Cilinkii cismin ivmesinin sabit oldugu diizgiin hizlanmadan dolay1 belirtilmekte.

Category 2 (Konum-zaman grafigi diizgiin dogrusal artarsa, hiz da diizgiin dogrusal artar.):

1) Bu boyleydi.

2) Hiz1 diizgiin olarak artmigtir.

3) Ben 6yle buldum.

4) Konum ve zaman birlikte artig gosteriyor.

5) Alnan yol giderek artar.

6) Diizgiin dogrusal hareket yapmustir.

7) Cisim diizgiin hizlanan hareket yapmaktadir.

8) Boyle yorumladim.

9) Cismin konumu nasil diizgiin ve dogrusal bir sekilde artiyorsa hiz1 da o sekilde olmalidir.

10) Esit sekilde yol uzunlugu artiyor.

11) Konum diizgiin olarak artmigtir.

12) Diizgiin dogrusal hareket.

13) Konum diizgiin olarak artmustir.

14) Cisim sifirdan itibaren pozitif yonde ilerledigi i¢in cisim diizgiin dogrusal hizlanmaktadir.

15) v-t grafigine gecersek bu yanit dogru.

16) Konum-zaman grafiginden alan alarak hiz zaman grafigine gecilir ve cisim diizgiin dogrusal artan
bir hizla hareket eder.

17) Diizgiin dogrusal artan bir hizla gitmistir.

Category 3 (Konum-zaman grafiginde egim hiz1 verir; grafik diizglin dogrusal artiyorsa hiz sabittir.):

1) x ve t ayn1 oranda artmaktadir.

2) Konumu diizgiin bir sekilde oldugundan.

3) Konumu siirekli sabit artan bir cisim sabit hizla gider.

4) Konumu diizgiin bir sekilde arttigindan dolay: cisim sabit hizlidir.
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5)

6)

7)

8)

9)

10)
11)
12)
13)
14)
15)
16)
17)
18)
19)
20)
21)
22)
23)
24)
25)
26)
27)
28)
29)
30)
31)
32)
33)
34)
35)
36)
37)
38)
39)
40)
41)
42)
43)
44)
45)
46)
47)
48)
49)
50)
51)
52)
53)
54)
55)
56)
57)
58)
59)
60)
61)
62)
63)
64)
65)
66)
67)
68)
69)
70)

Esit zamanda esit konum.

Esit zaman araliklarinda esit yol aldiginda sabit hizli olur.

Konum diizgiin yani sabit olarak arttig1 i¢cin hiz da sabittir.
Konum-zamani ivmesi hiz-zamani verir, ivme sabit oldugu igin.
Grafige gore sabit hizlidir.

Grafigi boyle ise hiz1 sabittir.

Bir cisim sabit hizli hareket ederken konumu diizgiin olarak artar.
Konum-zaman grafiginin egimi hiz1 verir, egim sabit oldugu igin hizda sabittir.
Her zaman araliginda alinan yol esittir.

Konumla birlikte zamanda artiyor, dolayisiyla hiz degismez.

Konum sabit hizla artiyorsa hiz sabittir.

Konum sabit artiyor sabit bir hizla gider.

Konum/zaman= hiz.

Sabit gidiyor.

Grafikte dalgalanma olmadig: igin sabit hizlidir.

Konum/zaman her béliimde ayni.

Cismin konumu diizgiin bir sekilde degismis.

Konum/zaman her bélgede esit.

Fizik bilgilerim.

Konum diizgiin olarak artmistir, bu olay ancak sabit hizl1 harekette miimkiindsir.
Ciinkii baslangigtaki hiz1 neyse o hizla devam ediyor.

Ciinkii hiz sifirdan baslayip sabit bir hizla devam etmektedir.

x/t hizt verir. O da hep 1 ve sabittir.

Bu sekil konum-zaman grafiginde sabit hizla gitmeyi gosteriyor.
Konum ve zaman artryorsa cismin hizi sabittir.

Derste 6grendiklerimden.

Konum diizgiin dogrusal artan oldugu igin.

v hiz1 ile gidildiginden.

Ciinkii her zaman ilerledikge konum orantili bir sekilde artar.

Ciinkii grafik onu gosteriyor.

Grafik onu gosteriyor.

Konumu diizgiin artiyor. Siirekli esit miktar yol almis ve sabit gitmis.
Hiz-zaman grafiklerinden konum-zamana gegerken hiz sabitse grafik boyle oluyordu.
Ciinkii grafik onu gosteriyor.

Cismin hiz1 sabit oldugu i¢in sabit bir yol almustir.

Cisim sabit hizla gitmistir, konumu dogru orantil1 olarak artar.

Sabit hizla giderken konum-zaman grafigi dogru orantili olarak artar.
Esit zaman araliklarinda esit yol almis.

Konum artar dogal olarak yani.

Diizgiin dogrusal hareket yapmis.

Zamana bagli olarak alinan yolun artmasi.

Ciinkii diizglin dogrusal hareket yapmus, ivmesi sifir hizi sabit olmalidir.
Sabit hizli hareket yapmis, ivmesi sifir.

X=Vt.

Konum-zaman dogru orantili ise sabit hizl1 hareket.

Sabit hizla hareket etmesi.

Sabit hizla hareket eden bir cismin konum-zaman grafigi.

Diizgiin dogrusal olarak artig1 igin.

Dogru orantili.

Eger cisim sabit hizla gidiyorsa konum-zaman grafigi diizgiin artan grafik olur.
v=x/t oldugu i¢in tan alfa her yerde ayni.

Cisim esit zaman araliklarinda esit yollar alir.

Diizgiin hizlanan dogrusal hareket yapiyor.

X artiyor t artiyor v sabit x dogru orantili.

t artarken x’te dogru orantil1 olarak artryor.

Hiz sabit ise diizgiin yol alinir.

Konum-zaman grafiginde cisim diizgiin hareket yapar.

Ciinkii x sabit oranda artar hiz da sabittir.

Esit zamanda alinan yollar esittir.

Konum ve zaman orani diizgiin dogrusal hareket seklinde arttig1 igin hiz1 sabittir.
Cisim sabit hizla hareket ettigi i¢in ayn1 hizda ve ydriingede konum degistirir.
Ciinkii konumu diizgiin bicimde artmigtir. Hiz sabittir.

Konum sabit olarak artryor cisim sabit bir hizla gider.

Cisim esit zaman araliklarinda esit yol almistir. Sabit hizlidir.

Ayni birimlerde ayni1 zamanda hareket gézlemlendigi igin.

Konumla zaman arasinda dogru oranti oldugu igin.
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71)
72)
73)
74)
75)
76)
77)
78)
79)
80)
81)
82)
83)
84)
85)
86)

87)
88)
89)
90)
91)
92)
93)
94)

95)
96)
97)
98)
99)
100)
101)
102)
103)
104)

X/t=v.

Egrisi sabit, esit zaman araliklarinda esit yol almus.

Konum sabit artiyor.

Grafikten anlasiliyor.

Alnan yol zamanla ayn1 oranda artar.

Alinan yol zamanla ayn1 oranda artmistir.

Konum belli sabit artiyor.

Cismin hiz1 sabit hizli artiyor.

Grafikten anlasiltyor.

Konumunda bir degisiklik olmay1p ta diizgiin gittigi i¢in sabit bir hizla hareket etmektedir.
Egim sabit.

Yol artmustir. Sabit hizlidir.

Konum-zamanda bu tiir artiglar cismin sabit hizla gittigini gosterir.

Cismin hiz-zaman grafigini ¢izdigimizde boyledir.

Formiilden sabit hizl1 hareket eder. x=vt.

x-t egim v-t gectigimizde hizin sabit olarak arttigini goriiriiz buda bize yolun sabit arttigini
gosterir.

Konum-zamanda bu tiir artiglar cismin sabit hizla gittigini gosterir.

Cisim sabit hizlidir. Konum sabit bir seklide arttig1 i¢indir.

Konum-zamanda egimle hiz-zamana gelir egim sabitse sabit hizla hareket etmektedir.
Diizgiin dogrusal hareket grafigidir boyle grafiklerin hizlar1 da sabittir.

x-t den v-t ye gectim.

Konumu diizgiin olarak degisiyor.

Cisim sabit hizla hareket ediyor.

Konum-zaman grafiginde parabol olsaydi cismin hiz1 diizgiin artacakti bu grafikte cisim sabit hizli
oldugu i¢in konum-zaman da sabittir.

Ciinkii grafik x-t grafigini gostermekte ve cisim sabit bir hizla hareket etmektedir.
Konumun diizgiin olarak artmasi hizin degismeyecegini gosterir.

Konum sabit artt1g1 i¢in hizda sabittir.

Grafigi hiz zamana ¢evirdim.

Konum-zaman grafiginde egim varsa sabit gidiyor demektir.

Konum-zaman grafiginde grafik yiikseliyorsa sabit hizla hareket ediyordur.
Konum-zaman diizgiin hareket ettigi i¢in hiz-zaman grafigi sabittir.

Ciinkii konum-zaman grafigi boyle olmali.

Cisim esit zamanda artarken esit miktarda yer degistiriyor onun i¢in sabit hizla ilerler.
Ciinkii hiz-zaman grafigi sabit ¢ikmaktadir.

Category 4 (Konum-zaman grafigi diizgiin dogrusal artarsa, ivime de diizgiin dogrusal artar.):

1)
2)
3)
4
5)
6)
7)
8)
9)
10)

Diizgiin dogrusal oldugunu belirtmesi ve artan ivmeyle demesi.

Konum zamanla artiyor.

Boyle acgiklar.

Sekilde goriildiigi gibi.

Ciinkii sifirdan baglayip diizgiin pozitif bir ivmeyle hareket etmistir.

Konuyu biliyorum.

Ciinkii sifirdan baslayip diizgiin dogrusal bir hareketle devam etmistir.

En iyi bu agiklar.

Ciinkii konum-zaman grafigi boyle olanlarin ivmeleri diizglin dogrusal artandir.
Hizinin diizgiin artmas1 ivmesinin de diizgiin arttigin1 gosterir.

Category 5 (Deficient or not meaningful):

Question 4:

Ciinkii cisim hizlanma yavaslama gostermis.

Daha yakin geldi.

Konum-zaman grafiginin altinda kalan alan yer degistirmeyi verdigi igin.
Sabit konum-zaman grafigi anlasilmaktadir.

En iyi bu.

Ciinkii konum degismiyor.

Cilinkii parabol degil.

Cilinkii oyle.

Yon degistirmeden siirekli gidiyor.

Sayisal degerler yok.

Category 1 (Hiz-zaman grafiginde egim alinan yolu verir.):

1)
2)
3)

Tan alfa egimi verir.
Tan alfa egimi verir, 4/3=1,33.
Tan alfa4/3=1,33.
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4) Tan alfa4/3=1,33.

5) Tan alfa 4/3=1,33.
6) Tan alfa4/3=1,33.
7) 4/3=1,33.

Category 2 (Alman yol, 3. saniyede grafikten okunan degerdir.):
1) Cevabi bu.
2) 3’{in karsis1 4 oldugu igin.
3) 3=4.

Category 3 (Hiz-zaman grafiginin altindaki alan alinan yolu verir.):
1) Alan formiiliinden 3.4/2=6.
2) x=vt ve yaris1 oldugu i¢in.
3) v-t grafiginin altinda kalan alan x’i verir.
4) Hiz-zaman grafiginin alan1 yer degistirmeyi verir.
5) Hiz-zaman grafiginin altindaki alan yer degistirmeyi verir.
6) Hiz-zaman grafiginin alan1 yer degistirmeyi verir.
7) Hiz-zaman grafiginin altindaki alan yer degistirmeyi verir.
8) Hiz-zaman grafiginin altinda kalan alan konumu verir.
9) Hiz-zaman grafiginin altinda kalan alan alian yolu verir, 4.3/2=6.
10) 4.3/2=6.
11) 0-3 saniye arasinda hiz-zaman altinda kalan alan : 3x4/2=6.
12) Alandan.
13) x/3=4 ise x=12.
14) Cisimlerin aldig1 yol cismin kiitlesiyle alakali degildir, hiz-zaman grafiginin altinda kalan alan

cismin aldig1 yolu verir.

15) Hiz-zaman grafiginin altinda kalan alan alinan yolu verir.
16) 4.3/2=6.

17) 4.3/2=6.
18) 4.3/2=6.
19) 4.3/2=6.

20) Hiz-zaman grafiginin altinda kalan alan yolu verir, 4.3/2=6.
21) Alan hesaplamasindan dolayi, 4.3/2=6.

22) Formiil: 3.4/2=6.

23) Hiz-zaman grafiginin alant yolu verir.

24) Yol altinda kalan alandir, 4.3/2=6.

25) Altta kalan alan.

26) 4326
27)  4.3/2=6.
28) flk 3 saniyedeki alandir, 3.4/2=6.

29) Grafigin altindaki alan konumu verir, 3.4/2=6.
30) 3 saniyedeki hiz-zaman grafigi alan1 6 m.

31) Altta kalan alan 6 birimdir.

32) Alan ne kadar yol aldigim belirtir.

33) Altinda kalan alan.

34) Fizik bilgilerim, alta kalan alan.

35) Hiz-zaman grafiginin altinda kalan alan alinan yolu verir, kiitle etkisizdir.
36) Hiz-zaman grafiginin alan1 konumu verir.

37) 3.4/2=6.

38) Hiz-zaman grafiginin alan1 konumu verir.

39) 3.4/2=6.

40) Taradig1 alan1 hesapladim.

41) 4.3/2=6.

42) 4.3/2=6.

43) 4.3/2=6.
44) x=4.3/2=6.
45) 4.3/2=6.

46) x=vt.

47) Grafigin alanindan dolay.

48) v-t grafiginin altindaki alan alinan yolu verir. 4.3/2=6.
49) 4.3/2=6.

50) a=v/t=4/3 ve x=1/2at formiiliinden x=1/2.4/3.9=6.
51) 3.4/2=6.

52) Alan alian yolu verir.

53) Grafigin altindaki alan alman yolu gosterir.

54) Ax= 3.4/2=6.
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55)
56)
57)
58)
59)
60)
61)
62)
63)
64)
65)
66)
67)
68)
69)
70)
71)
72)
73)
74)
75)
76)
77)
78)
79)
80)
81)
82)
83)
84)
85)
86)
87)
88)
89)
90)
91)
92)
93)
94)
95)
96)
97)
98)
99)
100)
101)
102)
103)
104)
105)
106)
107)
108)
109)
110)
111)
112)
113)
114)
115)
116)
117)
118)
119)

Alandan.

v-t altindaki alan x.

x=v.t./2.

x=v.t./2=12/2=6.

4.3/2=6.

X=Vt.

Hiz-zaman grafiginin altindaki alan alinan yolu verir. 3.4/2=6.
x=vt oldugu i¢in altta kalan alan.

4.3/2=6.

4.3/2=6.

x=vt 4.3/2=6.

4.3/2=6.

x=vt 4.3/2=06.

4.3/2=6.

Alan alman yolu verir.

a=v/t=4/3 ve x=1/2at* formiiliinden x=1/2.4/3.9=6.
a=v/t=4/3 ve x=1/2at* formiiliinden x=1/2.4/.39=6.
x=vt 4.3/2=6.

Hiz-zaman grafiginin altindaki alan alinan yolu verir.
Grafigin altinda kalan alan alinan yolu verir, 4.3/2=6.
4.3/2=6.

Hiz-zaman grafiginin altindaki alan alinan yolu verir. 3.4/2=6.
Hiz-zaman alinan yolu verir. 4.3/2=6.

Grafikten belli.

Grafikten bu anlagiliyordu.

Hiz-zaman grafiginin altinda kalan alan yolu verir. 4.3/2=6.
Hiz-zaman grafiginin altinda kalan alan gittigi yolu verir. 4.3/2=6.
Hiz-zaman alinan yolu verir. 4.3/2=6.

Alan1 yolu verir, 4.3/2=6.

Hiz-zamanda alan yolu verir.

Grafigin altinda kalan alan alan yolu verdigi i¢in.
Hiz-zaman grafiginde alan yolu verir.

Alan.

4/2=6.

v.t./2=4.3/2=6.

Hiz-zaman grafigindeki alandan. 3.4/2=6.

Alandan ne kadar yol aldigini buluruz. 4.3/2=6.
Alandan 3.4/2=6.

Alan 3.4/2=6.

Alandan.

Alan gidilen yolu verdigi igin.

3.4/2=6.

Alan yolu verir. 3.4/2=6.

3.4/2=6.

Alandan 3.4/2=6.

Hiz-zaman grafiginin alani yolu verir.

3.4/2=6.

v=x/t formiiliinden alan yolu verir.

a=v/t=4/3 ve x=1/2at* formiiliinden x=1/2.4/3.9=6.
X=vt.

Hiz-zamanda alan yolu verir. 3.4/2=6.

v-t grafiginde alan x’i verir.

x=4.3/2=6.

[lk 3 saniyede alinan yol 3.4/2=6.

a=v/t=4/3 ve x=1/2at* formiiliinden x=1/2.4/3.9=6.
Grafigin 3 sn de aldig1 yol hiz ile zaman grafiginin alanindan bulunur.
3 sn zaman araliginda dolay.

v-t grafiginin alan1 yer degistirmeyi verir. 4.3/2=6.
3.4/2=6.

Ciinkii hiz-zaman grafigindeki alan konumu verir.
Hiz- zaman altinda kalan kisim konumdur.

Alan buluruz 3 saniyelik.

Konuyu biliyorum. 4.3/2=6.

4.3/2=6.

a=v/t=4/3 ve x=1/2at* formiiliinden x=1/2.4/3.9=6.
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Category 4 (Alman yol, hiz ve zaman ¢arpimina esittir. Yani 3m/s*4s = 12 m’dir.):

1) 4.3=12.

2) [lk 3 saniyede diizgiin hizlanan hareket yapmaktadir. yukar1 dogru. x=4.3=12.
3) Ax=vt=4.3=12.

4) Ciinkii konum=hiz.zaman

5) Hiz=yol/zaman.

6) Kiitle ile alakas1 yok formiilden yaptim x=vt.

7) t=3 saniyede hiz1 4.

8) Zaman 3. sn’ yi gosterdiginde hiz 4. 4.3=12.

9) 4.3=12.

10) Artan sabit.

11) 4.3=12. Yani alan aldim.
12) x=vt=4.3=12.
13) Formiile gore bu olmali.

Category 5 (Deficient or not meaningful):

1) Asansor 5. kata kadar hizlanip 4. kattan 8. kata kadar sabit bir hizla, ve 8. kattan 10. kata kadar
yavaslayarak hareket etmektedir.
2) x=vt f=ma 30=100a a=4/3 v=4/3.
3) En mantikl1 cevap.
4) En hizl1 0-3 sn aras1 oldugu i¢in.
Category 1 (Konum-zaman grafiginde egim, hiz1 verir.):
1) X=V.t.
2) X=V.t.
3) Formiilden.
4) Formiilden.
5) Formiilden, 5/2.
6) Konum-zaman grafiginin egimi hiz1 verir.
7) 5.2/2=5 v.2=5 ise v=2,5.
8) v=x/t=5/2=2,5.
9) v=x/t=5/2=2,5.
10) Konum-zaman grafiginin egimi cismin hizini verir.
11 v=x/t=5/2=2,5.
12) Konum-zaman grafigindeki egim hiz1 verir, 5/2=2.5.
13) v=x/t=5/2=2,5.
14) 5/2=2,5.
15) 5/2=2,5.
16) Egim= 5/2=2,5.
17) 5/2=2,5.
18) Konum-zaman grafiginin egimi hiz1 verir, 5/2=2,5.

19) Konum/zaman= hiz ise 5/2=2,5.
20) 5/2=2.5.
21) x=v.t ise 5/2=2,5.

22) Konum-zaman grafiginin egimi hiz1 verir, tan=5/2=2,5.
23) 2 saniyede 5 m alirsa saniyede 2,5 alir.

24) Konum=hiz.zaman, 5=hiz.2, hiz=2,5.

25) Konum/zaman= hiz ise 5/2=2,5.

26) v=x/t=5/2.

27) x=v.tise 5/2=2,5.

28) 2 sn’ de sabit hizla hareket ediyor. 5/2.
29) Ciinkii konum=hiz.zaman.
30) x=v.t. 5= vt 5=v2 v=2,5.
31) v=x/t=5/2.

32) Hiz=yol/zaman.

33) x=v.tise 5/2=2,5.

34) x=v.t ise 5/2=2,5.

35) 5/2=2,5.

36) x=v.tise 5/2=2,5.

37) Formiilden dolay1.

38) Formiilden.

39) v=15/2=2,5.

40) 5/2=2,5.

41) x=v.t formiiliinden.

42) v=x/t=5/2=2,5.
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43)
44)
45)
46)
47)
48)
49)
50)
51)
52)
53)
54)
55)
56)
57)
58)
59)
60)
61)
62)
63)
64)
65)
66)
67)
68)
69)
70)
71)
72)
73)
74)
75)
76)
77)
78)
79)
80)
81)
82)
83)
84)
85)
86)
87)
88)
89)
90)
91)
92)
93)
94)
95)
96)
97)
98)
99)
100)
101)
102)
103)
104)
105)
106)
107)
108)

v=x/t=5/2=2,5.

X=v.t. 5= vt 5=v2 v=2,5.

v=x/t=5/2=2,5.

x=v.t formiiliinden 5= vt 5=v2 v=2,5.

x=v.t formiiliinden 5/2=2,5.

x=v.t formiiliinden.

Tan alfa= 5/2=2,5.

Tan alfa=egim=5/2=2,5.

x=v.t. 5= vt 5=v2 v=2.5.

Cisim diizgiin dogrusal hareket yapmistir. x=v.t 5=v2 v=2.5.
x=v.t. 5= vt 5=v2 v=2,5.

x=v.t. 5= vt 5=v2 v=2,5.

x=v.t. 5= vt 5=v2 v=2,5.

x=v.t 5=v2.

X=v.t.

X=Vv.t.

x=v.t’ den hesaplanacagi igin.

x=v.t ‘den.

v=x/t=5/2=2,5.

x=v.t formiiliinden.

x=v.t 5= vt 5=v2 v=2,5.

X=v.t.

x=v.tise 5/2=2,5.

X=v.t 5= vt 5=v2 v=2,5.

x=v.tise 5/2=2,5.

v=x/t=5/2=2,5.

x=v.t 5= vt 5=v2 v=2.5.

Tan alfa= 5/2=2,5.

x=v.t ise 5/2=2.5.

x=v.t 5= vt 5=v2 v=2,5.

Tan alfa hiz verir. V=x/t=5/2=2,5.

X=v.t. 5= vt 5=v2 v=2.5.

0-2 arasi diizgilin dogrusal hareket yapmustir.
x=v.t 5= vt 5=v2 v=2,5.

Hizi bulmak i¢in egim alinir.

x=v.tise 5/2=2,5.

Konum-zaman grafiginde hizi bulmak i¢in egim alinir, tan alfadan bulunur.
Konum/zaman.

5/2=2,5.

X=V.t. 5= vt 5=v2 v=2.5.

Hiz= konum/zaman= 5/2=2.5.

x=v.t. 5= vt 5=v2 v=2,5.

x=v.t. 5= vt 5=v2 v=2.5.

Hiz= konum/zaman= 5/2=2.5.

x=v.t. 5= vt 5=v2 v=2,5.

5/2=2,5.

v=x/t=5/2=2,5.

Egim hiz1 verir.

Konum-zamanda egim hizi verir.

Egimden.

v=x/t=5/2=2,5.

X=v.t. 5= vt 5=v2 v=2.5.

Konum-zamanda egim hizi verir. 5/2=2,5.
Konum-zaman grafigi hiz1 vermektedir.
Konum-zaman grafigindeki egim hiz1 verir, 5/2=2,5.
5/2=2,5.

5/2=2,5.

AX/At=5/2=2,5.

5/2=2,5.

5/2=2,5.

Konum-zamanda egim hiz1 verdigi i¢in.
Egimden.

Konum-zamanda egim hiz1 verdigi i¢in, 5/2=2,5.
v=x/t=5/2=2,5.

Konum-zamanda egim ivmeyi verir. Ax/At’ den yapulir.
Konum-zamanda egim ivmeyi verir. AX/At=5/2=2,5.
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109) Egim hiz1 verir, 5/2=2,5.

110) 5/2=2,5.

111) v=x/t formiiliinden 5.2/2=5=x 5/2s=2,5.

112) Konum-zaman grafigindeki a¢1 hiz1 verir.

113) x=vt egim alinir.

114) Cismin konumu sabit olarak yiikseldiginden bu cisim sabit hizla hareket ediyordur.
115) v=x/t=5/2=2,5.

116) Konum-zamandan egim alarak hiz-zamana gegeriz tan alfa hiz verir. V=x/t=5/2=2,5.

117)  x=v.tise 5/2=2.5.
118)  x=v.tise 5/2=2.5.
119)  x=v.tise 5/2=2.5.

120) 2. saniyedeki cismin konumu 5 oldugu i¢in hiz1 ise 2,5 olur.
121) Konum-zaman grafiginin egimi hizdaki degismeyi verir.
122) Ciinkii konum-zaman grafigindeki egim hizi verir.

123) v=x/t bu formiilden yaptim.

124) v=x/t.

125) Konuyu biliyorum.
126) Formiile gore.
127) AX/At=5/2=2,5.

128) 5/2=2,5.
129) Egim hesaplamasindan 5/2=2.5.
130) Egim.

131) 2/5=0,4. Egim hiz1 verir.
132) Egim alinir 2/5=0,4.
133) Formiilden, v=x/t.

134) Formiilden.

135) Formiilden.

136) x-t egim v-t 5.2/2=5
137) Ciinkii yol/zaman = hiz.

138) Egim.
Category 2 (Konum-zaman grafiginin altindaki alan hiz1 verir.):
1) Alan hesaplamasi, 5.2/2=5.
2) Konum-zaman grafiginin altindaki alan hizi verir.
3) Ciinkii oyle diistindim.
4) 2.5=1010/2 =5.
5) 2.5=1010/2 =5.
6) X=Vt.
7) Grafikten anladim.
8) x=1/2at* 5=1/2 a4 5=2a a=5/2 v=at v=5/2.2=5.
9) 5.2/2=5.

10) x=1/2at> 5=1/2 a4 5=2a a=5/2 v=at v=5/2.2=5.
11) Yol/zaman = hiz. 5.2/2=5.

12) Ciinkii ¢izginin altinda kalan alan hiz1 verir.

13) Konum-zaman altinda kalan alan hiz1 verir. 5.2/2=5.

14) Alanin yaris1 5.2/2=5.

15) Ciinkii konum-zaman grafiginde alinan yol hiz1 verir.

16) Alan hiz-zaman grafigini verir ve 2 sn dedigi i¢in.

17) Konum-zaman grafiginin altindaki alan hizdaki degismeyi verir.
18) Altinda kalan alan.

19) Konum-zaman grafiginin altinda kalan alan hizi verir.

20) Once hiz-zamana geviririz. Sonra alan hesaplamasindan hizi1 buluruz.
21) Konum-zaman grafiginin altindaki alan 10 yapiyor.

22) Alan aldim 2.5=10.

23) Konum-zaman grafiginin alani bize hiz1 verir. 5.2=10

Category 3 (Hiz, konum ve zaman ¢arpimina esittir. Yani Sm*2s = 10 m/s’dir.):

1) Formiilden.

2) v=x.t=2.5=10.

3) v=x.t=2.5=10.

4) 5.2=10.

5) 5.2=10.

6) Konum-zaman grafiginden v-t’ ye gegersek bu sonucu buluruz.
7) Ciinkii diizgilin hizlanan hareket. 1 sn 5 2 sn de 10 gitmis.

Category 4 (Deficient or not meaningful):
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1) Alan=5/2.

2) Hiz artt1g1 igin.
3) Vson=Vo+at= 0+5.2/2=5.
4) v=x/t giderek artarak hizlanan bir cisim.

Question 6:

Category 1 (Hiz-zaman grafiginde egim ivmeyi verir.):
1) Egim ivmeyi verecek, 20/90.
2) Hiz-zaman grafiginin egimi ivmeye esittir.
3) Tan alfa=egim= 20/90=0,22.
4) a=Av/At=20/90=0,22.
5) a=Av/At=20/90=0,22.
6) a=Av/At=20/90=0,22.
7) ivme=Av/At=0-20/90-0=20/90=0,22. fvme birim zamandaki hiz degisimidir.
8) Ciinkii hiz-zaman grafigindeki egim ivmeyi verir.
9) Hiz-zaman altindaki egim ivmeyi verir.
10) Hiz-zaman grafiginin egimi ivmeyi verir.
11) Cismin ivmesinin kiitlesiyle ilgisi yoktur, hiz-zaman grafiginin egimi cismin ivmesini verir,

10/30=0,33.

12) Egim=10/30=0,33.
13) 10/30=0,33.
14) 10/30=0,33.
15) 10/30=0,33.
16) fvme egim oldugundan, 10/30=0,33.
17) fvme grafikten egimle bulunur, tan egimi verir. 10/30=0,33.
18) Tan alfa ivmeyi verir.

19) Tan alfa=a=10/30=0,33.

20) fvme=hiz/zaman=30-10/120-60=20/60=1/3.
21) x=v.t v=x/t=10/60/33/100.

22) a=Av/ At=20/120-60=1/3.

23) Av/ At=10/30=0,33.

24) 1/30.

25) 1/3.

26) Tan alfa=a=10/30=0,33.

27) Hiz-zaman grafiginin egimi tan alfa=10/30=1/3=0,33.
28) Tan alfa a=v/t 10/30.

29) a=Av/At=10/30=0,33.

30) Egimden.
31) a= Av/At.
32) a= Av/At.

33) Tan alfa.

34) Egime bakariz, ¢linkii ivmeyi verir. 10/30=0,33.

35) a=Av/At=20-10/30=0,33.

36) a=Av/At=20-10/30=0,33.

37) Hiz-zaman grafiginin egimi ivmeyi verir. Tan alfa=1/3.
38) a=v/t 10/30=0,33.

39) v=at=1/3.

40) a=v/t 30/90=0,33.

41) 1/3.
42) 10/30=1/3.
43) Egim ivmeyi verir.

44) a=Av/At=10/30=1/3.

45) a=Av/ At=20-10/90-60=10/30=1/3= 0,33.
46) 70-60/90-60=10/3=0,33.

47) Av/At=20-10/90-60=10/30.

48) Av/At=20-10/90-60=10/30.

49) 20-10/90-60=10/30.

50) 20-10/90-60=10/30.

51) 20-10/90-60=10/30.

52) 10/30.

53) 20-10/90-60=10/30.

54) 10/30=0,33.

55) 60 sn ile 90 sn arasindaki egime baktigimizda sonuca varabiliriz.
56) Hiz-zamandan ivimeye gegeriz. Av/ At=20-10/90-60=10/30.

57) 20-10/90-60=10/30.
58) 10/30=0,33.
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59) 10/30=0,33.

60) 35/65=0,5 yaklasik 1.

61) 35/65=0,5 yaklasik 1.

62) 10/30= 0,33

63) Arag baslangicta ivmesiz sonra artan bir ivmeyle 60-90 sn arasi sabit bir ivmeyle yola devam
etmistir. Tan alfa 10/30=0,33.

64) Konuyu biliyorum. 10/30= 0,33.

65) 10/30=0,33.

66) a=Av/At=10/30=1/3.

67) Hiz-zaman grafiginin egimi ivmeyi verir.

Category 2 (Ivme, hiz / zaman formiiliinden bulunur.):

1) Formiilden, a=v/t.

2) Formiilden, a=vi/t.

3) Formiilden.

4) Formiilden.

5) Formiilden, a=v/t, 20/90.
6) Formiilden, a=v/t, 20/90.
7) a=v/t=20/90.

8) a=v/t=20/90.

9) a=v/t, 20/90=0,22.

10) 20/90=0,22.

11) 20/90=0,22.

12) a=v/t, 20/90=0,22.
13) 20/90=0,22.

14) 20/90.

15) 22/99 yaklasik bu.
16) a=v/t, 20/90=0,22.

17) Ivme=hiz/zaman.
18)  a=v/t=20/90.

19)  20-at.

200 20/90.

21) v=at 10=a30 a=1/3.

22) a=v/t, 20/90=0,22.

23) Formiilden, a=v/t, 20/90.
24) Formiilden, a=v/t, 20/90.

25) Formiilden.
26) Formiilden dolay1.
27) 60-120 aras1 hi¢ sapmamus, formiilden, 10/30=0,33.

28) 20/60=1/3.

29) v=at a=v/t 20/60=1/3.
30) a=v/t 20/60=1/3.

31) a=v/t=30/90=1/3=0,33.
32) v=at a=v/t 20/60=1/3.
33) a=v/t, 20/90=0,22.
34) a=v/t=20/90.

35) a=vit, 20/90.

36) v=at 20/90.

37) v=at 20/90.

38) a=v/t, 20/90=0,22.
39) a=v/t, 20/90=0,22.

Category 3 (Ivme, 90. saniyede grafikten okunan degerdir.):

1) Ciinkii 0yle diigiindim.
2) 90. Saniyede geldigi hiz.
3) Grafikten anladim.
4) Grafikten belli oldugu igin.
Category 4 (Deficient or not meaningful):
1) Ciinkii sabit hizla hareket etmektedir.
2) Altinda kalan alan.
3) Ani hiz.
4) Kiitleyi saniyeye boldim.
5) 60-90 arast hiz 5 birim, diger siklardan daha biiyiik oldugundan.
6) F=ma formiiliinden ivme bulunur.
7) a= Av/t=6/90=2/30.
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8) a= Av/t=6/90=2/30.

9) 0-60 sn aras1 grafikte parabol egriler oldugu i¢in yorum yapamam.
10) Grafik yorumlanamaz.
11) Grafik hakkinda bir yorum yapamiyorum.
12) [k hiz1 verilmemis, ivmesi bulunamaz:
Question 7:
Category 1 (Hiz-zaman grafiginde egim ivmeyi verir.):
1) a=Av/t=30.10/65=20/65= 0.33 1’e yakindir.
2) a=Av/t=30.10/65=20/65= 1’e yakindr.
3) Hiz-zaman grafiginin egimi ivmeyi verir.
4) Grafigin egimi ivmeyi verir, 65 sn.deki yaklasik zaman farki 5 yaklagik hiz 5°tir. 5/5=1.
5) 5/5=1.
6) 5/5=1.
7) 5/5=1.
8) Egim, 5/5=1.
9) Hiz-zaman grafiginin egimi ivmeyi verir.
10) a=30-25/5=1. Anlik ivmede 60 ile 65 arasi vgs -v(/65-60=1.
11) Daha 6nce buna benzer ¢6zdim.
12) 10/10=1 5/5=1.
13) a=v/t, 10/10=1.
14) Anlik ivmede hiz1 10 artmis a=v/t=10/10=1.

15) a=Av/At=5/5=1.
16) Av/At=10/10=1.
17) Egimden.

18) a=Av/At.

19) a= Av/At.

20) a= Av/At tan alfa.
21) Egimden.
22) Egim=10/10=1.

23) a=Av/At=35-25/10.

24) 35-25/10.

25) a=v/t, 10/10=1.

26) 30-25/5=1.

27) Egim ivmeyi verir.

28) 30-25/65-60=5/5=1.

29) 30-25/5=1.

30) a=v/t, 30/65=0.5 yaklasik 1.
31) 5/5=1.

32) 30-25/5=1.

33) 30-25/65-60=3/3=1.

34) a=v/t, 30/65=0.5 yaklasik 1.
35) 65. sn’ deki egimden 5/5=1.
36) 60 ile 70 sn’ ler arasindaki egime baktigimizda cevabi bulabiliriz.
37) 30-25/5=1.

38) 30-25/5=1.

39) 20/65=4/13.

40) 5/5=1.
41) Tan alfa. 5/5=1.
42) Ciinkii hiz-zaman grafigindeki egim ivmeyi verir.

43) a=Av/At=5/5=1.

44) Mantikli geldi.

45) Tan alfa= 13/6.

46) 35-25/65-60=10/5=2.
47) Egimden 30-20/65-60=10/5=2.
48) 35-25/65-60=10/5=2.
49) 35-25/65-60=10/5=2.
50) 30-20/65-60=10/5=2.
51) 30-20/65-60=10/5=2.
52) 30-20/65-60=10/5=2.
53) 35-25/65-60=10/5=2.

54) Hiz-zaman ivmeyi verir. Alandan da yapilir. 35-25/65-60=10/5=2.
55) Egimden dolay1. 35-25/65-60=10/5=2.

56) Egim alinir.

57) Vson=40 Vilk=10 ve t=65 sn iglemleri yaparsak bu ¢ikar.

58) Ivme=Av/ At=30-10/65-0=20/65=0,21.
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59)
60)
61)
62)
63)

Teget bir dogru ¢izdigimizde tan alfa en yakin 2 ¢ikt1.
Av/At=40-10/100=3/10.

a=Av/At=30/65.

a=Av/At=30/65.

AV/At=30/65.

Category 2 (Ivme, hiz / zaman formiiliinden bulunur.):

1)
2)
3)

13)
14)
15)
16)
17)
18)
19)
20)
21)
22)

Formilden, a=v/t.

Formiilden, ama yakin deger 1.
Formiilden, ama yakin deger 1.
Formiilden, ama yakin deger 1, a=v/t, 30/65=0.58 yaklasik 1.
Formiilden, ama yakin deger 1, a=v/t, 30/65=0.58 yaklasik 1.
a=v/t, 30/65=0.58 yaklasik 1.
a=v/t= 5/5=1.
Ivme=hiz/zaman=30/65.

a=v/t, 30/65=0.58 yaklasik 1.
a=v/t, 35/70=1/2.

Formiilden dolay1.

x=vt + 1/2at’

Hiz/zaman=0,46 en yakin 1.
10/5=2.

a=v/t=65/35 yaklasik 2.

28/65.

35/65=7/ 13.
a=v/t=30/65=6/13.

6/13.

Oyle.

30/65.

30/65.= 6/13.

Category 3 (Anlik ivme, hiz / zaman formiiliinde t=1s alinarak hiza esit bulunur.):

1)
2)
3)
4)

a=v/t anlik oldugu i¢in t=1 ve a=30.

Hiz 65. Saniyede 30m/s. Saniyeyi 1 sn alirsak anlik i¢in, v=at 30=a.1 a= 30.
En yakin bu.

Grafikten belli oldugu igin.

Category 4 (Deficient or not meaningful):

V)
2)
3)
4
5)
6)
7)
8)

9)
10)

Question 8:

Sadece tahmin ettim, ¢iinkii 30/65 ‘in altinda olmali.

Ani hiz.

10 t siire 15 hiz yaklagik bu.

Cizgi ani bir hareketle yiikseldigi i¢in ivmesi de yiikselmis demektir.
x=at.

v=at 15=al0 a=1,5 v=at=1,5x65=31,5.

a=v/t ve a=25/60 + 25/65=41,...

Hizin1 bulup artmasi i¢in uyguladigim ivmenin ne oldugunu buldum ve hizinin arttigini bildigim
igin.

Bu soru yapilmaz, yanlis.

Grafikte parabol egriler oldugu i¢in ve 65 saniye tam olarak yeri olmadigi i¢in ¢oziilemez.

Category 1 (Konumu degismedigi igin diiz yilizeyde yuvarlanir. Konumu azaldigi i¢in asagiya

yuvarlanir ve hiz1 azalip durur.):

Sekilde goriiliiyor.

Zamanla hiz azalmis ve sonunda durmus.

Ciinkii cisim sabit olarak diiz bir yolda hizlanir daha sonra hiz1 azalmaya baslar ve sonrada durur.
Cisim diiz bir ylizeyde yuvarlandig1 i¢in konum degismez. A sikki en uygundur.

Cisim bagta yuvarlandiktan sonra asagiya yuvarlanarak durur.

Category 2 (Konumu degismedigi igin basta hareketsizdir; konumu azaldigi i¢in asagiya iner ve

V)
2)
3)

4)
5)

konum sifira indiginde durur.):

En iyi aciklayan o.

Konum-zamanda cisim bu sekildeyken duruyordur.

Konum-zaman grafiginde konum sabit ise cisim ilk basta hareketsizdir. Cisim asagiya dogru
indik¢e konumu azalir. Cisim sifira indiginde durur.

Konum hareketsiz oldugu i¢in cisim hareketsizdir.

Konum hareketsiz oldugu i¢in cisim hareketsizdir. Tepeden asag1 hizlanarak azaldigi i¢in sonunda
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6)
7)

8)
9)
10)

durur.

[k durumda hep aym sekilde gittigi icin dnce hareketsizdir sonra — yonde hizlanir sonrada durur.
Cisim konum-zaman grafiginde hareketsizdir. Daha sonra asagiya dogru hizla iner ve ivmesi
asagtya inerek sifira kadar iner.

Sekilden onu goérdiim.

Sekil icabu.

En mantiklisi.

Category 3 (Cismin konumu sabitse hizi da sabittir; konum azalinca hiz1 da azalir ve konum sifir

10)
11)
12)
13)
14)

olunca hiz1 da sifir olur.):

Sifirdan farkli hizda gitmis, sonra yavaglamig ve durmus.

Cisim Once sabit bir hizla hareket eder. Ama daha sonra cisim yavaslar ve sonunda durur.
v=o(x/t’den). Fakat sifir olmadigindan sabit bir hizla hareket eder. Daha sonra hiz negatif yonde
oldugundan yavaslayip durur.

Boyle gordiik.

Alinan yol yoksa durmustur.

Oyle oldugu igin.

Konuma bagli olarak zaman tan alfaya gére yapilir.

En mantikli g1k bu.

Konum-zamandan hiz-zaman grafigine gecligimizde cisim sabit hizla hareket eder ve yavaglamaya
baglar sonunda da durur.

Bana daha mantikl geldi.

Diiz sabit, yavaglayan, - sabit.

Cisim siirtiinmeli yiizeyde, sonra yavasliyor, duruyor.

Cisim ilk basta hareketsizdir, daha sonra hiz azalir ve durur.

Cisim ilk basta hareketsizdir. Daha sonra hizi azalir ve durur.

Category 4 (Konumu sabit oldugundan basta hareketsizdir. Konumu negatif yonde diizgiin azaldig1

1)
2)
3)
4)
5)
6)

7)
8)
9)
10)

11)
12)
13)
14)

15)
16)
17)
18)
19)

20)
21)
22)
23)
24)
25)

26)
27)
28)
29)
30)
31)

icin geriye dogru sabit hizla gider ve sonunda konumu sabit oldugu i¢in cisim
hareketsizdir yani tekrar durur.):
Grafik onu anlatiyor.
Cisim 6nce hareketsiz, sonra negatif yonde hareket etmektedir, sonra yine hareketsizdir.
Geriye dogru gittiginden durur.
Hareket ediyor, konum sabit, sonra geriye dogru gidip durmus.
Geriye dogru gittiginden dolay1 durur, grafik negatif yonde.
Grafige gore basta cisim hareketsiz, daha sonra geri gitmekte ve sonra tekrar hareketsiz
kalmaktadir.
Grafikten dnce hareketsiz, sonra geri gidiyor, yine duruyor.
Cisim dnce durgun.
Konum ilk bagta sabit hareketsizdir.
Ilk boliimde konum sabit olmasina karsin pozitif artmus, 2. Boliimde konum azalnus, daha sonrada
durmus.
Konum sabit hareketsizdir, sonra geriye dogru yavaslayarak durur.
[lk basta sabit konumda sonrada konumu kisalmus.
Cisim hareketsizdir ve konum — yonde artig gosterir.
Konum ¢izgisi sabit ise cisim hareketsizdir, ¢izginin dogrusal olarak gitmesi ve sifirda durmasi
ters yonde gidip durdugunu gosterir.
Cisim yol almadig: i¢in hareketsizdir, sonra geriye dogru yol almis ve durmus.
Konum sabitse hareketsizdir.
Konum degismedigi i¢in cisim ilk basta hareketsizdir.
[lk basta cismin aldig1 yol yok, fakat sonra belli bir yol aliyor ve duruyor.
Cismin konumu uzun bir siire degismemis, onun i¢in cisim ilk basta hareketsizdir, sonra cismin
konumu bagladig1 yere gelmis yani geri gitmis ve sonunda durmustur.
Geriye dogru gidiyor ve sifir konumuna geliyor.
Ilk basta konumu degismiyor, sonra geri gidip duruyor.
I1k basta konum sabit, sonra cisim yavasliyor.
Ik 6nce konumu degismiyor, sonra geriye gider.
Mantikli olan bu.
Cisim sabit bir hizla ilerlerken, belli bir siire sonra hizini yavagslatir, daha sonra belli bir yol kat
ettikten sonra durur.
Ciinkii boyle yorumladim.
Grafikten bunu yorumladim.
Boyle bildigim i¢in.
Daha mantikli.
Konum azaldigi igin.
Konum azaldigi i¢in geriye dogru gider.
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32)
33)
34)
35)
36)
37)
38)
39)
40)
41)
42)
43)
44)
45)

46)
47)
48)

49)
50)
51)
52)
53)
54)
55)
56)
57)
58)
59)
60)

61)
62)

63)
64)
65)
66)
67)
68)
69)

70)
71)

72)
73)
74)
75)

76)
77)
78)
79)
80)

81)
82)

Grafige gore.

Cisim ilk basta hareketsiz, sonra yavaslar ve durur.

Cisim ilk basta konumu degismemis, hareketsiz, sonra konumu azalmis geriye dogru gitmistir.
Mantikl.

Mantikli.

Konum sabit ve hiz yoktur.

Cisim ilk basta hareketsiz geri gider v azalir, sonra durur.

Konum sabit, konum azaliyor.

Konum sabitse hareketsiz.

Konum degismemistir, sonra geriye doniip hareket etmistir.

Konumun sabit durmasi lazim.

Konum sabit oldugundan duruyor daha sonra azaldigindan geri gidiyordur.

[lk basta konum sabit hareketsizdir, geriye gitmis.

Basta cisim yol almamustir. Yani hareketsizdir. Aldig1 yol azalmistir. Geriye dogru gitmistir. Sonra
tekrar durur.

[lk basta konum degismiyor ve azalmaya basliyor. En sonda konum yine sifirda sabit kaliyor.
Cisim 6nce hareketsizdir sonra geriye gider.

Ciinkii cisim ilk basta sabittir, yer degistirmemistir. Daha sonra zit yonde hareket etmistir daha
sonra durmustur.

[k 6nce konum degismiyor,hareketsiz. Sonra geriye gitmis.

[lk basta konum degismedigi i¢in hareketsizdir. Daha sonra geriye hareket eder ve durur.

Konum degismemis daha sonra sifira kadar geri gelmis ve tekrara durmustur.

Konum 6nce degismemis daha sonra geriye gelerek sonra durmustur.

Basta konum sabit, hareketsiz, sonra — yonde gider.

Grafige gore konum degismediginden ilk basta hareketsizidir.

Cisim Once hareketsizdir ¢iinkii konumu degismemistir sonrada yavaslamistir.

Grafigi yorumlayarak yaptim.

Konumu degismemis belli bir siire sonra geriye hareket etmis.

[k konum degismez duruyordur, sonra bu konumu ahr, durur.

Cisim basta hareketsiz sonra geriye dogru gidiyor.

Cismin aldig1 yol bir siire degismemis, yani araba durmus. Daha sonra konumu zamanla azalmis
yani geriye dogru hareket etmis.

[lk basta hareketsiz.

Konum-zaman grafiginde goriildiigii gibi cisim ilk basta hareketsiz sonra tepeden asagiya inip
duruyor.

Cevapta yaziyor.

Cismin konumu sabit oldugu i¢in cisim hareketsizdir ve daha sonrada durmustur.

Cisim baslangi¢ noktasina geri doner.

Baslangi¢ noktasina geri dondiigii i¢in.

Cismin konumu sabit o zaman duruyor. Sonra — yonde hizlanir

x-t grafiginde sifira yaklagsmasi cismin geriye gitmesidir.

Cisim bagata hareketsizdir sonra konumda azalma goriiliir yani geriye dogru bir hareket baslar
stfira gelip durur.

Sekilde goriildiigii gibi konum sabit oldugu i¢in cisim hareketsizdir daha sonra yavaglar ve durur.
Egim kullanarak hiz-zamana geceriz ona gore daha kolaya yolum yapariz o halde cisim
baglangicta durmus daha sonra hiz negatif olmustur o halde — yonde hareket etmis.

Ilk basta duruyor.

[lk basta hiz yok yavashyor ve en sonunda da hiz1 yok.

Ciinkii konum-zaman grafigindeki diiz ¢izgi cismin hareketsiz oldugunu gosterir.

Konum zaman ve hizi zaman grafikleri birbirinin zitti gibidir. Konum zamanda sabit ¢izgi
hareketsizligi gosterir.

En mantikli bu.

Ciinkii cisim hareketsizken geri doniiyor.

Ciinkii ilk basta sabit hizli daha sonra yavaslar ve en sonunda durur.

Once hizlanir sonra cisim geriye dogru hizlanir sonra yine hiz yok.

Basta cisim yol almamustir. Yani hareketsizdir. Aldig1 yol azalmistir. Geriye dogru gitmistir. Sonra
tekrar durur.

Grafige gore.

Konum-zaman azalan geri geldigini yoniinii gosterir.

Category 5 (Basta diiz ylizeyde hareket eder, sonra grafikten anlagildig1 gibi geriye dogru bir tepeden

V)
2)
3)
4)

asag1 iner ve sonunda konumu sabit oldugu i¢in harekete devam eder.):

Durmuyor, sabit bir sekilde devam ediyor.

En uygun bu.

Grafikten boyle bir sonug ¢ikardim.

Grafikte belirli bir diizliikten sonra ¢izgi diigmiistiir. Buda e sikki i¢in gegerlidir.
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5)
6)
7)

8)
9)

10)

Konum-zaman grafiginde goriildiigii gibi cisim 6nce diiz bir bélgede daha sonra geriye dogru ve
sonra tepeden asagi iner.

Sabit pozitif ivmeyle hareket etmesi demek hizin1 devamli arttirmasi demek. Hiz1 diizglin artan
aracin grafigi parabol seklinde olur. Sabit hizli demekte konumun diizgiin artmas1 demektir.
Konum-zaman grafiginde goriildiigii gibi cisim 6nce diiz bir bolgede daha sonra geriye dogru ve
sonra tepeden asagi iner.

Cisim hareketinin sonunda durmaz sabit hizla devam eder.

Grafigin son boliimine bakildiginda cismin yuvarlandiktan sonrada konum degistirdigi
goriilmektedir.

Diiz bir alanda giderken asagiya dogru gitmesi.

Category 6 (Cisim Once diiz yiizeyde hareket eder sonra agagi diiserken hizlanir sonra siirtinmeden

1))

dolay1 durur.):

Cisim diiz bir yiizeyde hareket eder, daha sonra asagiya diiserken hizlanir ve siirtiinmeden
dolay1 durur.

Category 7 (Deficient or not meaningful):

1))
2)
3)
4)

Question 9:

Neden yok.

Sabit hiz kelimesi d sikkinda eksik oldugu igin.

Cisim ilk basta hareketsizdir, sonra tepeye dogru ¢ikar sonra sabit hizla hareket eder.
Cisim diiz bir zeminde harekete baglar. Belli bir siire sonra tepeye ¢ikar ve durur.

Category 1 (Once diizgiin hizlanan dogrusal hareket yapar, konumu artar; sonra sabit hizla gider,

konumu da sabit olur.):

Dogru cevap.

Pozitif ivme.

+ yonde hizlanan.

+ yonde artan ivme sonrasinda sabit konum var.

flk 10 saniyede ivmeli hareket yapmus. Diizgiin hizlanan dogrusal hareket yapmus, daha sonra sabit
hizla yer degistirmemistir.

Konum-zaman grafiginde hareket bu olmali.

v-t yi ¢izeriz buna giire yorum yapinca bu.

Sabit ve pozitif ivmeyle hareket ettigi i¢in diiz bir ¢izgiyle ilerler ve sonrada hiz sabittir.

Sekilde goriildiigii gibi ilk 10 sn durgun sonra ivmesini yiikseltiyor daha sonrada sabit hizla devam
ediyor.

Soruda soyliiyor.

Category 2 (Sabit ivme i¢in grafik 6nce diizgilin dogrusal artar, sonra sabit devam eder..):

1)
2)

16)
17)
18)
19)
20)

21)
22)
23)
24)
25)
26)

Sabit dedigi i¢in konumda ve hizda sabit bir artis olur.

Once hizlanmis, sonra sabit gitmis.

Hiz sabit.

{1k 10 saniye boyunca sabit bu sikta.

On saniye hizlantyor, sonra ayn1 hizla devam ediyor.

Hiz-zaman grafigini ¢izdim oradan yaptim.

10 saniye boyunca hareket eden tek odur.

10 saniye boyunca hareket eden tek o var.

Cisim durgun halden pozitif yone dogru hizlanip, 10 saniye sonrada hizini sabitliyor.
Cisim sabit ivmeyle hareket ediyor. Daha sonra sabit bir hizla devam ediyor.
Konum artt1g1 i¢in hizda artar. Sifirdan baglamis 10 sn” den sonrada sabit.
Hiz sabit olursa ivme sifir olur.

Bu cismin hareketini en iyi bu anlatiyor.

Boyle bildigim ig¢in.

Sabit hizla hareket eden her arag esit ivmelidir.

Verilenleri en iyi b sikki agiklamaktadir.

En dogrusu bu.

Sabit hizla hareket eden her arag esit miktarda yer degistirir.

10 saniye boyunca + ydnde hareket ettigi igin.

Diger grafiklerin ilk 10 saniyesinde sabit ivme yok ama bu sikta sabit. 10 saniyeden sonrada sabit
hizla dedigi i¢in.

Sabit ivmeyle demigse daha sonra sabit hizla gittiginde — olur.

Grafikten grafige gecersek bunun yakin oldugunu diisiiniiyorum.

Ciinkii digerlerinde 10 sn sonunda sabit hizla ilerlememistir.

Dogru orantilidir. Sabit ivmede diizgiin artis gdzlenir.

Soruda agikliyor.

Tanima en uygun bu.
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27)

Soruda agikliyor.

Category 3 (Grafik dnce ivmeyle hizlanir; sonra sabit hizla dedigi i¢in egimi azalir.):

V)
2)
3)
4)
5)
6)

Once durgun, sonra ivmeyle hizlaniyor, sonra sabit hizla ilerliyor.

Konum siirekli artar, hareket sabitlenince egim azalir ancak artmaya devam eder.
Ivmeli hareket yapmistir.

Once duruyor sonra pozitif ivmeyle harekete gegiyor ve sabit ilerliyor.

Ilk basta A sikki gibi ama durgun olan hareket grafikte goriinmez.

10 sn’ lik pozitif bir ivmeyle hareket sabit hizla hareket yapmustir.

Category 4 (Sabit ivme dedigi i¢in konum Once artar; sabit hiz dedigi i¢in konum sonra sabit olur.):

Sabit hizla hareket ederse konum sabit gitmis.

Sabit hizla yol almaya bagladiginda konumunu da buna bagli olarak degistirir.
Ciinkii 10 saniye konum artar sonra sabit kalir.

Boyle.

Category 5 (Sabit ivmede hiz diizgiin artacagi i¢in konum-zaman grafigi parabolik artar.

21)

22)
23)
24)
25)
26)
27)
28)
29)
30)
31)
32)

33)
34)

35)
36)
37)
38)
39)
40)
41)
42)

Sonra sabit hiz i¢in konum-zaman grafigi diizgiin dogrusal artar.):

Oyle yani.

Formiilden.

Ivme sabit oldugunda konumu parabolik olarak artar.

Pozitif ivme artan hiz demektir, buda konumu parabolik sekilde arttirir, sonra sabit hizla artan
konumdadir.

fvme sabit oldugunda konumu parabolik olarak artar.

Grafik 10-15 saniyeler arasinda bdyle olmak zorunda.

Konum zaman grafiginin ilk dnce artan parabolik ¢izilmesi, daha sonra iyice diizgiin artan sekilde
hareket etmelidir.

[k 6nce konum yavas yavas artmal, sonra sabit bir egimle artmaldr.

Sabit hizla gitmesi.

Sabit hizl1 hareket.

vme pozitif oldugu igin ilk 6nce aldig1 yol zamanla artar, sonra sabit kalir.

Ik 6nce konumun yavas artmasi sonra sabit bir egimle artmas1 gerekir.

Cisim hizlaniyor sonra sabit.

{1k 6nce konum yavas yavas artmal, sonra sabit bir egimle artmahdir.

10 saniyeye kadar diizglin hizlanana hareket yapiyor. Daha sonra sabit hizla devam eder.
Aciklamaya en uygun ik bu.

Ciinkii oyle.

Bu s1k bu 6zellikleri sagliyor.

Grafikten.

Sadece sabit hizli grafigin konum grafiginin boyle oldugunu hatirladim.

Ivmeli harekette grafik konumu yatiktir. Sabit hizda dogru orantilidir.

Pozitif ivme yapan harekette grafik konumu yatiktir. Sabit bir hizla gittikten sonra grafik diizgiin
dogrusal hizlanandir.

Hizlanan hareket diger siklarin hepsi diigmiis.

Konumu yatik sonra sabit.

Sabit hizli hareketse konum dogru oranti, basta hizlanan.

Konum siirekli artiyor.

Hizlanan hareket yaptigindan x’e yatik, sonra sabit hizli oldugundan diizgiin grafiktir.

fvme pozitif.

Cisim hizlanan ivmeyle hareket eder.

Ivmeli hareket ediyor, konum 6nce pozitif sekilde degisir daha sonra degismez.

Ivmeli hareket ettigi icin cismin grafigi konumu yatik, parabol seklindedir.

Sabit hizla harekete devam ediyorsa konum artar.

Durgun halde basladig1 zaman v sifir oldugu i¢in yer degistirmesi azalacaktir. Zaman

¢ogalacak ve daha sonra sabit yer degistirecegi igin.

Ivme pozitif daha sonra sabit hiz oldugu igin.

Ifadelere gore 0-10zamanaraliginda hizlanan 10-15 t zaman arahiginda sabit hizla harekete gectigi
i¢in.

10 sn sonrasinda hiz1 arttig1 i¢in konumu da artar.

Ikinci durumda konum artmis. Bu sadece bu sikta var.

En fazla konumun arttig sik.

Ikinci durumda konum artmistir. Bu durum burada.

10 sn sonra sabit hizla gitmesi konumun diizgilin olarak artmasini gosterir.

10. saniyeden sonra sabit hizla hareket bu.

10. saniyeden sonra sadece bu sik sabit hizla hareket ediyor.

Digerlerinde konumlari sabit oldugu i¢in C sikkinda da konumu degistigi igin.
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43) Sabit hizli olunca x-t grafiginin sonu bu grafikteki gibi olmali.

44) Baglangictan durgun halden sabit ivmeli harekete gecen 2 grafik var ama daha sonra sabit hizla
harekete devam eden grafik sadece bu segenektir.

45) Ciinkli hizimiz ilk bagta artmaktadir alan alirsak x artar.

46) Bir cisim diizgiin harekete baslar ve 10 sn sabit ivmelendikten sonra sabit hizla hareketini
siirdiiriiyor.

47) Ivmenin artmasiyla konumda artar.

48) En uygun sekil.

49) Diger siklarda cisim hareket sonunda durmustur. Anacak bu sikta harekete devam etmektedir.

Category 6 (Deficient or not meaningful):

1) Daha mantikli.
2) Sabit ivme sabit hizla ilerler.
3) En mantiklisi.
4) Ivme pozitif oldugu igin zaman konum yatiktir.
5) On saniye sonunda sabit ivmeyle hareket eder.
6) x/10=v 10v=x.

Question 10:

Category 1 (Ivme-zaman grafiginin altindaki alan hiz degisimini verir.):
1) a-t grafiginin altinda kalan alan x’i verir.
2) Ivme grafiginin altinda kalan alan hiz1 verir, en kiigiik bu sik.
3) Ivme-zaman grafiginin altinda kalan alan hiz degisimini verir ve bu alan en az bu sikta.
4) Ivme-zamamn altindaki alan hiz-zamam verir.
5) a=v/t a sikkinda en az.
6) Altta kalan alan hiz1 verir.
7) a-t grafiginden dolay1.
8) a-t grafiginden dolay1.
9) a-t grafiginin altinda kalan alan bize hiz1 verir.
10) Alani en az.
11) fvme-zaman grafiginin altinda kalan alan hiz degisimini verir.
12) Altta kalan daha azdur.
13) a=v/t, islemle yaptim.
14) v=at. En az bundadir. Ciinkii alan hizdaki degismeyi verir.
15) Hiz degisimini ivme-zaman grafiginin alanna esittir.
16) Formiilden.
17) Taradig alan en kii¢iik bu.
18) fvme-zaman grafiginin altinda kalan alanin en az oldugu grafik.
19) Altta kalan alan en azdir.
20) Ivme-zaman grafiginin altindaki alan en az olan en az hiz degistirmistir.
21) Grafiginin altindaki alan bize hiz degisimini verir.
22) Alan.
23) a-t altindaki alan Av.
24) [vme-zaman grafiginin altindaki alan iz verir.
25) Grafigin altindaki alan hiz degisimini verir.
26) v=at. Alani en az bu.
27) a-t grafiginin altinda kalan alan bize hiz1 verir. En az bu.
28) Ivme-zaman grafiginin altindaki alan hiz1 verir.
29) En az hiz degisimini burada.
30) Ivme grafiginin altindaki alan v’ yi verir. Bu sikta en az.
31) a-t carpimlart digerlerinden daha da diisiiktiir.
32) Ciinkii en az hiz degisimini burada.
33) a-t grafiginin altindaki alan Av’ yi verir. En az hiz degigimi buradadir.
34) Ivme-zaman grafiginin altinda kalan alan hiz degisimini verir.
35) Alan hiz degisimini verdigi igin segtim.
36) Alan hiz degisimini verir.
37) Av/3=a.
38) Av/3=a.
39) Alan1 en kiigiik olan a sikkidir.
40) Alani en az olan.
41) Alan hiz degigimini vermektedir. Alani en az olan bu.
42) Alan hiz degisimini vermektedir. Alan1 en kiigiik olan da bu.
43) Alani en az olan.
44) fvme-zamanda alan hiz degisimini verir. Bu yiizden en kiigiik olan bu.
45) Alan hiz degisimini verir.
46) fvme-zamanda alan iz degisimini verdigi igin en az alan bu.
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47) Ivme-zamanda alan hiz degisimini verir.

48) Alandan yapilir en az hiz degisimidir.

49) Altta kalan en az.

50) v=at.

51) a-t alani en kiiciik olan bu.

52) Birim zamandaki hiz degisimi ivmeyi verir.

53) a-t grafiginin altindaki alandan v-t grafigi olusur.

54) En az hiz degisimi bu siktadir.

55) v=at bu secenekte hiz degeri digerlerine gére daha azdur.

56) Ciinkii ivme zaman grafigindeki alan hiz1 verir en az alan bu.
57) Cizgi altinda kalan alan hiz degisimini verir.

58) [vme zaman altinda kalan alana hiz degisimini verir.

59) Ivme zaman grafigi hiz1 verir.

60) En az hiz degisimi burada var.

61) Grafiklerden en az hiz degisimi burada ¢ikiyor.

62) En az hiza sahip oldugu i¢in.

63) En az hizla hareket ediyor.

64) a-t alan v-t hangisinde alan fazla ise hiz degisimi de o kadar fazladir. Buna gore bu sik.

Category 2 (Ivmesi en az olanin hiz1 da en azdir.):

1) En az ivmeyle, hiz da en az artar.

2) [vmesi en az.

3) Ivme degeri az.

4) Ivmesi diisiik.

5) Ivmesi en az olan en az hiz degisimi olur.

6) En az ivme yiikseltisi digerlerine gore a sikkidir.

7) Ivme azalmas1 hiz1 azaltir.

8) Saniyelik ivme artig1 daha az oldugu igin.

9) Digerlerinin yer degistirmesi daha az ¢link{i x=vt. Zaten ivme hiz degisimini denmektir.
Ivmesi en az bu.

10) Deger verirsek en az o ¢ikiyor.

11) Ivme azdir ve siireler sabit oldugu igin az bir degisme olmustur ivme ve hiz dogru orantilidir.

12) fvmesi en kiigiiktiir.

13) Ivmesi en diisiik oldugu igin.

Category 3 (Ivme-zaman grafiginde egim hiz1 verir; hiz sabittir.):
1) Bence sabit hizla hareket etmektedir.

Category 4 (Ivme-zaman grafiginde egim hiz1 verir; egim sifirdur.):

1) vme sabitse hiz sifirdir.
2) Egim sifir ve ivme sabittir.
3) Egim sifir oldugundan dolay1.
4) Egim.
5) Ivme sabitse hiz degisimi yoktur.
6) a=Av/At.
7) Boyle anladim.
8) Sabit ivmelidir hiz degisimi yoktur.
Category 5 (Ivme sabitse hiz da sabittir.):
1) En mantikl bu.
2) Sabit hizla artmus.
3) fvme sabit oldugu i¢in hiz degisimi artmadan yada azalmadan devam eder.
4) a=v/t, t sabit, a=v ¢iinkii ivme sabit hizda sabittir.
5) Ivmesi sabit ise hiz1 da sabittir.
6) Ciinkii bu sabit.
7) Sabit hizla gidiyor.
8) Cilinkii grafik gayet acgik.
9) Sabit hizla gidiyor.
10) En az hiz degisimi burada.
11) Hig hiz1 degismemis.
12) Ivmede degisim yoksa hiz sabittir.
13) Sabit oldugu i¢in.
14) Grafikten bu sonucu ¢ikartyorum
15) Boyle anladigim igin.
16) Ivmenin sabit olmas1 demek hizinda sabit olmas1 demektir.
17) Cisim sabit hizla gidiyor.
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18)
19)
20)
21)
22)
23)

Ciinkii ivme sabittir.

Sabit oldugundan en az bunda.
Ciinkii sabit ivmeyle hareket etmis.
Ivme hi¢ degismemis.

Sabit hizli.

En az hiz degisimi burada.

Category 6 (Grafik negatif yonde hizlanmustir.):

1)
2)

Digerleri + yonde ve sabit hareketlidir ama bu — yénde hizlanmaktadir.
Bu negatif.

Category 7 (Deficient or not meaningful):

V)
2)
3)
4)
5)
6)
7)
8)

Daha yakin geldi.

fvmeye bagli olarak zaman gogalacaktir.
a=v/t, t sabit, ivme kiiglik olmali.
a=Av/t, t sabit, ivme kii¢iik olmali.
v=a.t.

Ivmesi en ¢ok hizlanan.

v=a.t=5.3=15.

X=Vt v=X/t.

Category 1 (Cismin hiz-zaman ve konum-zaman grafikleri birbirlerinin aynisidir.):

1)
2)
3)
4)
5)
6)
7)
8)
9)
10)
11)
12)
13)

Grafikler aynidir.

Gittigi yere geri dondiigii i¢in v’ leri esit olacak.
Aynist oldugu igin.

Grafikten bu sonucu ¢ikartyorum.
Konum-zaman ile hiz-zaman grafikleri aynidir.
[k hiz1 yok.

Konum ve hiz ayn1 olarak degistigi i¢in.
Yukaridaki konum-zaman grafigi hiz-zaman grafigi ile paralellik gostereceginden.
En uygunu bu. Ilk hiz1 yok.

Aynist.

En iyi bu.

+ yo6nde, sabit, - yonde.

Konum-zamanla hiz-zaman dogru orantili.

Category 2 (Konum-zaman grafiginde egim hizi verir ve ilk 2 saniyede daha ¢ok yol almustir.):

1))
2)
3)
4)

5)
6)

7)
8)
9)
10)
11)
12)
13)

14)
15)
16)
17)
18)
19)

20)
21)
22)

Grafik onu gosteriyor.

Once hiz sabit, sonra hizsiz, sonra hiz negatif yonde sabit.

Konumu artarken, sabit degismezken, o hiz geri giderken —“dir.

1-2 aras1 hiz pozitif sabit, 2-4 aras1 konum degismemekte (cisim hareketsiz), 4-5 arasi hiz negatif
sabit olmalidir.

flk 2 saniyedeki 4-5 saniyedekinden fazla olmalidir.

Cisim 2-4 araliginda durmakta, 1-2 araliginda + yonde hareket etmekte, 4-5 araliginda — yonde
hareket etmektedir.

[lk 2 saniyede durgun ve alinan yol daha ¢ok, 4-5 saniyeleri arasi negatif hiz.

Grafik lizerinde yorum yaptim.

Grafigi derste 6grendiklerime gore yorumladim.

Oyle olmast lazim.

1-2 sn arasi sabit hizla gitmis, 3-4 sn aras1 v=0.

Once sabit iz, iz yok, hiz azaliyor.

Konum arttikca dogru oranti grafigi seklinde hiz sabit kalmistir, sonra cisim durmus ve — x
yoniinde gelmistir.

2-4 sn aras1 konum degismemis hiz1 sifirdir.

2-4 aras1 konum sabit ise duruyordur. 0-2 araliginda sabit hizli.

X=vt v=x/t.

v=x/t.

v=x/t.

x-t grafiginde konum sabit artan ise hiz sabittir. Hiz sabit olduk¢a buna bagli konumda

sabit olarak arar. Konum sabit kalirsa hizda durma s6z konusudur.

Cisim 2 sn kadar sabit hizli, 2-4 arasi hiz1 sifir 4-5 — yonde sabit hizli bu yiizden bu.

Konum zamandan egimle vt ye gectim.

0-2 t arasinda konum diizgilin arttif1 i¢in v sabit. 2t-4t aras1 konum sabit oldugu i¢in v=0 4t-5t
arasinda konum azaldig1 igin cisim ters yonde hizlanir.
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Category 3 (Konum-zaman grafiginin altindaki alan hiz1 verir.):

1))
2)
3)
4
5)
6)

Altinda kalanin alanin hesabiyla hiz bulunur.
Konum-zamandan hiz-zamana gegerken alan hesaplanir.

x-t grafiginin altinda kalan alan v-t grafigini verir.

Konum zamanda alan hiz1 verdigi i¢in sonuca varabiliriz.
Konum-zaman dan hiz-zamana gegerken alan aldim.
Konum-zaman altindaki alan hiz1 verir 2-3-4  te hiz yoktur.

Category 4 (Onge hiz1 sabittir. Sonra hiz1 sabit azalmis ve yavaslamustir. En son sifira yaklagmustir.):

1)

Once hiz1 sabit daha sonra sabit azalan.

x hiz sabitken konum degisir, x yokken sabit kalir, x geri giderken azalir.

Hareketi en iyi agikliyor.

Hiz-zaman grafigine ¢evrildiginde daha dogru.

En uygun bu.

Diizgiin olan konum degismesi sabit hizl1 olarak gosterilir.

[lk énce sabit bir hizla gitmistir, daha sonra sabit kalmistir ve yavaslamustir sifira yaklasmustir.
En iyi grafik.

Category 5 (Konum-zaman grafiginde egim hizi verir ve 4-5 saniyeler arasi hiz1 daha fazladir.):

10)
11)
12)
13)

14)
15)
16)
17)
18)
19)
20)
21)
22)
23)
24)
25)
26)

27)
28)

29)
30)
31)
32)
33)
34)

35)
36)
37)
38)

39)

Daha hizl fakat ters yonde, yer degisimi yok.

Boyle hatirliyorum.

Konum diizgiin dogrusal arttigindan hiz sabittir.

Konum diizgiin dogrusal arttiginda hiz sabittir.

Konum belli bir oranla artiyorsa hiz sabittir, konum sabit ise hiz sifirdir, konum — yonde
azaliyorsa hiz — yonde artar.

2 saniyede aldig1 yolu 1 saniyede geriye dondiigii i¢in 2-3 saniye arasinda hiz1 daha fazla, ilk 6nce
sabit hizli, sonra hizi olmadig1 i¢in konumu artmryor.

Sabit hizli ilk bagta sonra yavaglamig, sonra durmus, geri donmiis.

[lk 6nce sabit hizla sonra durup hizla geri gidiyor.

Burada cisim sabit hizli sonra durgun ve (-) yonde hizlanma hareketi yapar, ancak 4-5 arasi daha
cabuk yavasladigi i¢in hiz degeri daha biiyiiktiir.

Konum zaman grafigini yorumlayarak hiz-zaman grafigini buldum.

2ve 4 saniye arasinda hiz sifirdir ve alan olarak uyan bu sik.

Altta kalan alanlar birbirine esit olmak zorunda.

2 sn’ yeye kadar sabit hizli, 2-4 arasinda durgun, 4-5 sn arasinda yavaslayan hareket
yapar. 0-2 sn arasi egim 4-5 arasina gore daha kiigtiktir.

Ivme + yonde artmali sonrada sabitleyip daha sonra — yénde azaltryor.

Konum sonunda sifir olmali.

Ciinkii gitmis ayni noktaya geri donmiis.

Konum-zaman grafigini egimi hiza esittir.

Gitmis geri donmiis.

Konum-zaman grafiginin egimini alinca hiz-zamani buluruz.

v-t” lerin esit olmasi lazim.

Hiz-zaman grafiginde alanlar toplamu sifir olmali.

En mantiklisi.

4-5 aras1 ayn1 yolu daha kisa siirede alir, 2-3 aras1 duruyor.

2-4 aras1 hiz1 sifirdir.

Konum 2-4 arasi sabit oldugu i¢in durmustur. 4-5’de daha hizlidir. 0-2 arasi hizi degismemistir.
Cisim 2 sn kadar konumu sabit artmis hiz degismemistir. 2-4 arasi cisim durmustur. 4-5 sn arasi
cisim hizli hareket etmistir.

Alani en diizgiin budur. 2-4 arasi da durmustur. 4-5” te daha hizli hareket etmistir.

2. saniyeye kadar konum sabit artmis hizda degismemistir. 2 ile 4 arasinda durmustur. 4 ve 5
arasinda daha hizli hareket etmistir.

2 sn kadar konum sabit artmig hiz durmustur. 4-5 te azalmigtir.

2 ile 4 arasinda durmus 0°dan 2’ye hizini sabit 4-5 sabit ama daha hizli.

2-4 araliklarinda durmus 2 sn kadar sabit gitmis 4 sn’ den sonra azalmas.

2. saniyeye kadar konum sabit artmistir hizda degismistir. 2-4 araliginda sabit kalmistir.

Yer degistirme 4’ten 5’¢ daha hizli oldugu i¢in ve 2-4 arasinda durdugu igin cevap bu

Baslangigta sabit hizli hareket gozlenir daha sonra cisim durur ve ters yonde harekete baslar buna
uyan 2 secenek var ama egimle alakali olarak d secenegi uygun.

[lk 2 saniye sabit hizla sonra durmus daha sonra geriye gitmis.

Sabit hizli hareket etmemis hizlanmus.

Ciinkii dnce sabit hizla gidiyor duruyor ve sabit hizla yavasliyor.

2-4 araliginda hiz yok. A-C siklar1 gider. 0-2 ve 4-5 aralarindaki hizlar zit yonliidiir. 4-5 aralig1 0-2
araligindan daha biiyiik olmalidir.

4’ten sonra geri dondigii igin.
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40) Cisim x-t grafiginde cisim 2 sn az yol alirken sonra sabit ve sonrada 1 sn’ de daha fazla yol
almustir.
41) Bu iyi anlatiyor.

Category 6 (Konum-zaman grafiginde egim hizi verir ve 4-5 saniye aras1 yol almistir; hiz yine (+)
yonde sabittir.):

1) Acik bir sekilde belli.
2) Cisim dnce yol almis sonra durup tekrar yol almus.
3) Egim aldigimizda 1-2 sabit olarak devam eder 2-4 arasinda x artmadigindan hizimiz sifir
degerindedir, 4-5 hiz1 sabit artiyor.
4) Cismin hiz1 — deger almamistir buna goére en uygun sik bu.
5) 0-2 aras1 sabit hizl1 2-4 aras1 duruyor.
6) 0-2t araliginda sabit hizla hareket etmistir. Daha sonra 2-4 zaman aralifinda diizgiin hizlanan ve
sonuncu sabit yavaslayan.
7) 2 sn kadar hiz1 yiiksek 4 sn kadar hizi sabit 5 sn kadar geriye dogru hiz biraz yiiksektir.
Category 7 (Deficient or not meaningful):
1) Siklardan buldum.
2) Daha uygun.
3) Altta kalan alanin egiminden.
Category 1 (Hepsi diizgiin dogrusal artiyor.):
1) Hepsi esit olarak arttig1 i¢in.
2) Dogru gibi.
3) Hepsinde konum, hiz ve ivmenin grafikleri sabit oldugu i¢in.
4) Hepside sifirdan dogrusal hareket yapmis.
Category 2 (Konum-zaman grafigi diizgiin dogrusal artiyorsa hiz sabittir; hiz-zaman grafigi zaten
sabit.):
1) Diizgiin sekilde ilerliyorsa sabit hizla hareket ediyordur.
2) Formiilden, v=x/t.
3) Konum diizgiin dogrusal sekilde arttigindan hiz sabittir, 111’ te grafik zaten gdsteriyor.
4) I’ deki gibi konumda sabit olur, III zaten sabit.
5) I’de konum diizgiin dogrusal sekilde arttigindan hiz sabittir, III” te grafik zaten gdsteriyor.
6) Ciinkii sadece 1. ve 3. grafikler sabit hiz grafigi.
7) I: konum sabit arttyorsa hiz sabittir; I11: hiz sabit.
8) I ve I1II sabit hizla hareket eder.
9) Sabit hiz I ve III” dedir.
10) Konum belli oranla artiyorsa hiz sabittir.
11) Sabit hizli harekette ivme yoktur, IV ve V olmaz.
12) I’ de konum sabit bir sekilde artiyor, III” te hiz sabittir.
13) I sikkinda hiz sabit, II sikkinda hiz artiyor, III sikkinda hiz sabit, IV sikkinda hiz artiyor, V
sikkinda hiz arttyor.
14) I’de konum sabit arttyor, hiz1 sabittir; III’ te zaten hiz sabittir.
15) Ciinkii sabit hizl1 her saniye ayni hiz.
16) Fizik bilgilerim.
17) I sabit, II diizgiin hizlanan, III sabit, IV diizgiin hizlanan, V diizgiin hizlanan.
18) Oyle oldugunu tahmin ediyorum.
19) III” iin sabit oldugu kesin goriiliiyor, siklarda da sadece III burada.
20) Derste 6grendiklerimden.
21) Ciinkii dogru cevap bu.
22) Formiilden.
23) I’ de diizgiin hizlanan, IV’ te de diizglin hizlanmas.
24) I’ de eksen orantili artryor. Zaten III” te agik¢a sabit hiz.
25) Sadece III o sikta.
26) Ivmede hiz sabit degildir. III” de hiz zaten artiyor.
27) v-t” nin esit olmas1 gerekmektedir.

28) Daha uygun.
29) I’ tin oldugu tek sik.

30) Esit zaman araliklarma esit yol alir.

31) I’de konum-zaman, III’ te hiz-zaman oldugundan.
32) a=o olacak ¢iinkii.

33) X=Vt.

34) Konum-zaman dogru orant1 ise v sabit.

35) x=vt III: hiz degismemis.
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36)
37)
38)
39)
40)
41)
42)
43)
44)
45)
46)
47)
48)
49)
50)
51)
52)
53)
54)
55)
56)
57)
58)

59)
60)
61)
62)
63)
64)

65)
66)
67)
68)
69)
70)
71)
72)
73)
74)

75)
76)
77)
78)
79)
80)
81)
82)
83)
84)

x=vt den Oyle.

Sabit hizda a degisimi olmaz, konum diizenli bir sekilde artar.

Sabit alan.

Hiz sabitse yer degistirme diizenli olarak artmus.

Konum dogru orant: grafigidir hiz sabittir III’ te de hiz sabittir.

Esit zamanlarda esit yol alinmig hizi sabit ivme sifir.

Hiz ve zaman esit miktarda artmustir, I1I” te hiz sabittir.

I konum artarken hiz sabittir, III hiz sabit gdsterilmistir.

I. grafikte hiz sabitken konum diizgiin bir sekilde ¢izilir, III hiz sabittir.

I’ de esit zaman araliklarinda esit yol almistir, III‘te hiz-zaman grafigidir ve sabit hiz1 gosterir.
Ivmesi olmayan ve konumu sabit degisen.

Zaman gectikce hiz1 degismemis.

I dogrusal 111 zaten sabit.

III kesin sabit ve sadece bu sikta var.

Sabit hiz ¢izgisi diiz olacagindan cevap b’ dir.

III” te hiz ayn1 yani sabit. I’de konumla zaman dogru orantili oldugu i¢in sabit hizlidir.
Ivme sabit hizda sifirdir, konum grafigi de I’ deki gibidir.

Grafikleri yorumladigimda dogru cevap bu.

Cevabi grafikte ¢ok kolay bicimde goziikmektedir.

Grafiklerden goriiliiyor.

Grafiklerden goriiliiyor.

I konum zaman grafiginden hiz sabit III hiz zaman grafiginden hiz sabit.
Konumun sabit olarak artmasi cismin sabit hizla hareket etmesi demektir. III’ te ise hiz zaten sabit
olarak gosterilmistir.

I egim sabit III hiz sabit.

Grafiklerdeki sabit hizlara bakarsak bu grafikleri segeriz.

I egim sabit III hiz sabit.

I de grafik v’ nin sabit oldugunu gosterir. III’ de zaten belli.

Sabit hiz hi¢ miktar1 degigmeyen hizdir.

Konumda diizgiin olarak bir atma oldugu i¢in 1. Segenek hiz-zaman ekseniyle paralel oldugu icin
yani zaman icerisinde degisim gostermedigi i¢in 3. secenek.

111 sabit hiz zaten I’de egimle x-t ye gecileceginden hiz sabittir.

En uygun I ve III.

I ayn1 zamanda ayni yol III hiz sabit.

Ciinkii hiz III* te zaten sabit, I’ de egim aldigimizda hizin sabit oldugunu goriiriiz.
Diizgiin olan konum degismesi sabit hizlidir.

I grafikte konum diizgiin oldugu i¢in v sabit III. grafikte hizda degisme yok.

I. Grafik sabit.

Sabit hizli harekettin ivme-zaman grafigi III gibidir.

Sabit hizli hareketi gosterirler.

Ciinkii konum-zaman grafiginde egim sabit hizla hiz zaman grafigindeki diiz ¢izgide sabit hizla
hareket ettigini gosterir.

I zaten olacak IV olmaz.

I konum-zamanda bu sekil sabit hiz1 gosterir. III” te ise hiz zaten sabit.

Sabit hizlidirlar.

Sabit hizlidirlar.

En mantiklis.

Konum artinca hiz artar.

III” te sabit hizli oldugu goriinmekte.

I hiz-zaman grafigi sabit. III v-t grafigi sabit.

Konum-zaman grafigi I’ deki gibi ise hiz sabit III” te zaten sabit.

1T’ tin oldugu tek sik.

Category 3 (Hiz-zaman grafigi zaten sabit ve ivme-zaman grafigi sabitse hiz da sabit olur.):

)
2)
3)
4)
5)
6)
)

Boyle.

fvme sabitse hizda sabittir.

Ciinkii digerleri hizini arttirirken, 11 ve V sabit hizli gidiyor.

Sabit hizli.

Ivme sabit ve hiz degisimi sifirdir.

fvme sabit ise hiz degisimi sifirdur.

Hiz sabit oldugu i¢in III” i sectim ve hiz ivmeye baglh oldugu i¢in V’ te aynmidir.

Category 4 (Konum-zaman ve ivme-zaman grafigi diizgilin dogrusal artiyorsa hiz sabittir; hiz-zaman

)
2)

grafigi zaten sabit.):

Oyle.
Grafikleri gizince boyle .
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3) Konum zaman grafigi diizgiin dogrusal hareket hiz1 sabit, hiz-zamanda hiz sabit, ivme-zamanda da
ivme diizgilin olarak artar bu yiizden sabit hizli.

4) III. grafik kesinlikle sabit hizli hareketi gosterir IV. grafikte ivme birim zamandaki hiz degisimidir
ve grafik sabit oldugu icin sabit hizli hareketi gosterir.

Category 5 (Deficient or not meaningful):

1) Ciinkii emin degilim.
2) Boyle.
3) Hiz sabitse ivme sifirdir.
4) Digerlerinde sabit ivme falan var, sabit hizla giden III.
5) Oyle.
6) Boyle diisiindiim.
7) Oyle.
Category 1 (Konum-zaman grafigi diizgiin dogrusal artarsa hiz sabittir.):
1) Diizgiin hizlanan.
2) Konum sabit sekilde arttig1 igin.
3) Sabit hizli hareket oldugu igin.
4) Konumun en fazla degistigi sik.
5) En yiiksek bu.

Category 2 (Baslangicta anlik hiz en biiytiktiir.):
1) Baslangicta anlik hizi burada yiiksek.

Category 3 (Anlik hiz igin x=v/t formiiliinde t=1s alinirsa hiz konuma esit olur.):
1) v=x/t. t=1 alirsak bu olur.

Category 4 (Konum-zaman grafiginin altindaki alan en biiyiiktiir.):

1) x-t’ nin altinda kalan en biiyiik alan.
2) Altinda kalan en biiyiik alan.
3) Sabit gittigi i¢in.
Category 5 (Konumu aniden artmus, hizi da aniden artmustir.):
1) Ciinkii bir siire sonra aniden hizlaniyor.
2) Arag bir siire sonra aniden hizlanma hareketi gosteriyor.
3) v=x/t. t’ ler ayntysa v’ yi en bilyiik yapacak deger konumun en yiiksek oldugu andir.
4) Ciinkii 6yle disiiniiyorum.
5) Daha mantikl1.
6) Daha yakin geldi.
7) Ani konum degisikligi.
8) Aniden konumu artmis.
9) Aniden konumda ilerleme var.
10) En kisa siirede en ¢ok hiza ulagan grafiktir.
11) Konumun artig gdstermesi hizinin fazla oldugunu gosterir.
12) Aniden konumu artmis.
13) En mantikh sik. Baglangigta ¢ok yavas birden anlik hiz yapiyor.
14) Sabit hizli diizgiin hizlanan.
15) En yiiksek anlik hiz sahip cismin konum zaman grafigi budur.
16) Ciinkii duruyorken sabit hiz gegmis ve en yiiksek ani hizi bulmus.
17) Sabit hizla giderken aniden hiz1 yiikseltmis.
18) Birden hizlanmus.
19) Aniden harekete geciyor.
20) En iyi gosteren grafik bu.
21) Sabitken hiz kazanmus.
22) En fazla hiz bu.
23) Sabit hizla giderken aniden hizini yiikseltmis.
Category 6 (Konum-zaman grafiginde egim hiz1 verir.):
1) Grafigin egimi diger biitiin siklardan daha biiyiiktiir.
2) Egim.
3) Cizilen ¢izgi en dik o.
4) Parabolde hiz en sonda en fazla diizeye ¢ikmistir.
5) Parabol olarak artiyor, egimi hizi verdiginden hiz en yiiksek olur.
6) Hizlanan hareket yapiyor.
7) Parabol olarak artiyor, egimi hiz1 verdiginden hiz1 en yiiksek olur.
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8) Konum-zamanin egimi hiz zamani verir. Egimi en yiiksek olan o.

9) Hizlanan grafik oldugu igin.

10) x-t grafigi parabolikse ve paraboliin ucu diklesiyorsa hizi en yiiksek olan odur ve hizlantyordur.

11) Diizgiin hizlanan hareket yapmius.

12) Dabha yiiksek hiza ulastyor.

13) A sabit hizli, B hizsiz, C belli bir yere hizlaniyor daha sonra ayni, D en yiiksek degisim burada, E
bir yavaslayip bir hizlanyor.

14) Hizlanan grafik oldugundan.

15) Konum artmis hizda artmistir.

16) + yonde hizlanan.

17) Diizgiin hizlanan hareket vardir.

18) Egim ¢izilir.

19) Ciinkii ivmeli hareket yapmus.

20) Diizgiin hizlanan dogrusal hareket.

21) Diizgiin hizlanan dogrusal hareket yapmis, konuma yatik.

22) Konumu artan grafikte hiz en fazladir, konuma yatik grafik hizli oldugunu gosterir.

23) Ciinkii konum grafiginin parabol olmasi hizin siirekli artigin1 gosterir.

24) Hizin siirekli artigin1 gésterir.

25) Anlik hiz konum zaman egiminden bulunur.

26) Konum ¢ok hizli degisiyor.

27) Konum-zamandan hiz-zamana gegildiginde D sikkinin hiz1 daha yiiksek.

28) Boyle olmas: gerekir.

29) Daha fazla yol aldigindan.

30) A sikki sabit gitmektedir fakat bu sikta hizlanarak gitmektedir.

31) En yiiksek anlik hiz i¢in ¢izginin bir anda dik ve dibe yakin bir agiyla yiikselmesi gerekmektedir.

32) Daha fazla yol aldigindan.
33) Artan oldugu igin.

34) v=x/t.

35) Egim artiyor.

36) Grafiklerdeki tegetler ¢izilince ortaya ¢ikiyor.

37) Grafiklere ¢izilen tegetler hizin arttigini gosterir.

38) Konum-zamanda parabole ¢izdigimiz tegetlerde en yiiksek hiza ulasilir.
39) Konum-zamanda yapilan tegetle.

40) Konum-zamanda parabole ¢izdigimiz tegetlerde en yiiksek hiza ulasilir.
41) Konum-zamanda egim en dik olan bu.

42) Parabole ¢izilen tegetler bunu gosterir.

43) Cizilen tegetlerden.

44) Hizlanan hareket yaptig1 i¢in.

45) Egim fazla oldugu igin.

46) Parabole ¢izilen tegetler bunu gosterir.

47) x-t egim v-t egim aldigimizda hiz artmaktadir.

48) Siirekli hiz arttig1 i¢in en yiiksek hiza sahiptir.

49) Aldig1 yol digerlerinden fazla.

50) Egim aldigimizda hizin siirekli arttigini1 gorebiliriz.

51) Egim alindiginda en ¢ok alan buradan ¢ikar.

52) Ani hiz.

53) Diizgiin hizlanan dogrusal hareket yapmis, konumu yatik.
54) Parabole ¢izilen tegetten dolay1.

Category 7 (Hizlanip aniden durup yavaslamis, kisa siirede ¢ok yol almstir.):

1) En fazla yer degistiren ve aniden durup yavaslayan.
2) Cok kisa bir zamanda belli bir yolu alip durmustur.
3) Kisa stirede daha ¢ok yol almis ¢iinkii.
Category 8 (Deficient or not meaningful):
1) x=1/2at*.
2) x=1/2at’.
3) O gibi geldi.
4) Boyle yorum yaptim.
5) Tahmin ettim.
Question 14:
Category 1 (Cismin hiz-zaman grafigi ile ivme-zaman grafigi birbirlerinin aynisidir.):
1) Aynisi oldugu igin.
2) Hiz-zaman esittir ivme-zaman.
3) fvme ve hiz grafikleri birbirlerini tamamlar, paraleldir.
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4) Hizi1 azalanin ivmesi negatiftir, sabit hizli ise ivmesi sabittir.

5) Ivme-zaman grafigi hiz-zaman grafigi ile paralellik gosterdigi icin.
6) Hiz ile ivme dogru orantili.

7) a-t” den v-t’ ye gecince boyle.

8) fvme zamanla hiz zaman aynidir zaten.

9) Aynist.

10) Birimler ve hareketleri ayni.

11) Birimler birbirine esit oldugundan dolay.

Category 2 (Hiz-zaman grafiginde egim ivmeyi verir.):

1) Sabit hizla harekette ivme sifir olur, diizgiin dogrusalda ivme sabittir.

2) Ivme ilk sabit ve eksi yonde oldugundan.

3) Hiz azalinca eksi ivme, sabit hiz sifir ivime, artan hiz pozitif ivme.

4) fvme ilk basta sabit ve eksi yonde oldugundan.

5) 1-2 arasi eksi ivme, 2-3 arast sifir ivme, 3-5 arasi pozitif ivme.

6) Hiz sabit olarak diistiigii i¢in ivmede negatif yondedir ve sabittir.

7) 1-2’de cismin ivmesi eksi yonde sabit, 2-3 araliginda ivme sifir, 3-5 araliginda ivme (+) yonde
sabit.

8) Ivme sadece ilk basta ekside.

9) Ik 6nce eksi yonde bir ivmeye(sabit) sahip olup hi¢ degistirmeyip yine sabit ivmeyle artryor.

10) (+) yonde yavasliyor, sonra ivme yok, sonra (+) yonde hizlaniyor.

11) Grafigi yorumladim.

12) Hiz-zaman grafiginin egimi ivmeyi verir.

13) Hizini — yonde azaltip sabitlestirerek + yone dogru hizlaniyor.

14) Once negatif yonde gidiyor, sonra sifirlanip pozitife gidiyor.

15) 1-2 aras1 ivme— yonde artmus , 2-3 arasi sabit oldugu i¢in ivme, sifir 3-5 arasi ivime +

yonde artmis.
16) Sekle uygun ivme grafigi.

17) Grafik lizerinde yorum yaptim. Uygun sik bu.

18) Cilinkii dogru cevap b.

19) Hiz-zaman grafiginin egimini alirsak buluruz.

20) En uygun cevap.

21) 0-2 sn arasi azalan bir hiz vardir ve ivme negatif yonde olmasi gerekir.

22) Ciinkii v-t’ nin egimi a-t’ yi verir.

23) Cevabi o.

24) Hiz azalmis sabit ivmesi var.

25) 0-1 aras1 sabit.

26) 0-1 yavaglamis, 2-3 sabit, 3-5 artmus.

27) 1-2 sn aras1 ivme -, cisim yavaslamis, 2-3 sn arasi1 v sabit a=0.

28) Ivme sabit, sifir, hiz sabit.

29) Hiz dogrusal ivme sabit.

30) 2-3 sn’ de hiz sabittir ivme sifirdir.

31) Ivmenin tek — oldugu grafik.

32) Hiz1 azaldigi igin — yondedir. 2 sn den sonra cisim hareket etmez.

33) 0-1 yavaglamus, 1-3 sabit, 4-5 hizlanmas.

34) [k zaman araliginda ivme negatif degerde sabittir.

35) [k zaman araliginda negatiftir ve sabittir.

36) 0-2 zaman araliginda hiz azalmis, ivme — dir, 2-3 zaman araliginda hiz sabit oldugu i¢in ivme sifir
sonra cisim hizlanmakta ivme + yonde sabittir.

37) 0-3 araliginda ivme olmayacak, 0-2 aralig1 hiz azaliyor ivme —; 3-4 te hiz artiyor ivme +

38) En iyi bu.
39) Oyle anladim.

40) Hiz1 azalan ivmesi negatiftir. Sabit hizli ise ivme sabittir. Hiz1 artarsa ivme pozitiftir.

41) a=Av/At.

42) Egim ivmeyi verir.

43) 0-3 arasinda sabit, 0-2 arasinda — yonde, 3-5 arasinda artmistir.

44) Sifirdan 2’ye kadar egim eksi yonde, 2 ile 3 arasi sabit, 3-5 aras1 artmustir.

45) Hiz-zaman grafiginden ivme-zamana gegtigimizde en iyi bu segenektir.

46) Sifirdan 2’ye kadar egim eksi yonde, 2°den 3’e kadar sabit, 3 ile 5 arasi pozitif yondedir.

47) Hiz-zamanda egim ivmeyi verir.

48) 0-2 arasinda azaliyor, 2-3 arasinda sabit oldugundan.

49) 2 ile 3 arasinda hizin sabit olmasi ivmenin sifir olmasidir, 0°dan 2’ye kadar — digarida, 3’ten 5’e
kadar + digarida.

50) 0’dan 2’ye kadar ivme -, 2-3 aras1 ivme sabit, 3-5 aras1 ivme artar.

51) Hiz-zamanda egim ivmeyi verir. Bu nedenle bu sik en iyi gosterir.

52) Diizgiin yavaglayan ivme sabit, diizgiin hizlanan hareket ivme sabit, hiz sabit ivme sifir.
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53) 0’dan 2’ye kadar ivme -, 2-3 arasinda sabittir, 3’ten 5’e kadar sabittir.

54) 0-1 aras1 diizgiin yavaglayan i¢in ivme sabit.

55) Hareket ilk bolgede diizgiin yavasladigi i¢in diizgilin yavaslayan egim — yonde orta
bolgede sabit hiz yani ivme yok. Son kisimda ise diizglin hizlanan art1 yone egim.

56) v-t egim a-t’ yi verir ve en iyi b gosterir, hizimiz negatif alana dogru sabit olarak
azalmaktadir ivmede sabit kalmalidir.

57) En uygun budur.

58) Azalan ivime yapmis sonra sabit sonrada aratan ivme yapmis.

59) — yone gittikten sonra + yone gitmis.

60) Egim alirsak 0-2 araliginda ivmenin eksi oldugunu goriiriiz. 3-5 arasi1 ivme artidir.

61) V-t den egimle a-t ye gegilir.

62) Hiz zaman grafigi ivmeyi verir.

63) Ciinkii diizgiin yavasliyor sabit ve diizgiin hizlantyor buna gore b olmali.

64) Hiz-zaman grafigi egimi ivmeyi verir ilk ivme -1 olur.

65) Hiz zaman egimi ivmeyi verir.

66) Cilinkii boyle olmali.

67) Hiz sabitse ivme sifir.

68) Egim ivmeyi verir.

69) Egim al.

Category 3 (Hiz-zaman grafiginde egim ivmeyi verir. Diizgiin hizlanan ve yavaslayan harekette ivme
sabit ve pozitiftir.):

1) Ciinkii diizgilin hizlananlarda ivme sabittir yada diizgiin yavaslayanlarda ivme sabittir.
2) a=Av/t.
3) a=Av/t.
Category 4 (Deficient or not meaningful):
1) Emin degilim ama bdyle diigiindim.
2) Siklardan gittim.
3) Boyle 6grendik biz.
4) Cilinkii bence Oyle.
5) En uygun grafik.
6) En iyi sik.
7) Bana gore en mantiklisi.
Question 15:
Category 1 (Hiz-zaman grafiginde egim ivmeyi verir.):
1) Mantikli.
2) Mantikli.
3) Ivme sifirsa hiz sabit, ivme eksi ise hiz azalmakta, ivme art1 ise hiz artmaktadir.
4) fvme sifir oldugunda cisim sabit hizla hareket eder.
5) Ivme sifir oldugu i¢in hiz ilk 6nce sabittir, daha sonra ivme negatif ve sabit oldugu igin cismin hiz1
negatif azalir, sonra sabit, sonra — yonde yavaslar.
6) Cismin hiz1 ilk basta sabit, sonra ivme eksi yonde sabit oluyor.
7) Ivme zaman grafigi boyle oluyor.
8) Sabit hizli, (+) yonde yavaslayan sabit hizli, (-) yonde yavaglayan hareket yapmistir.
9) Cevabi o.
10) 0-2’ ye sabit, 2-3’e — yonde hizlanmis, 3-4 sabit.
11) Hiz sabit, azaliyor, artiyor.
12) v=at.
13) Ivme sifirsa hiz sabittir.
14) v=0 ise ivme sabittir.
15) a sabit v sabit baslar, ivme — v azalir, ivme + hiz artar.
16) Hiz sabitse ivme sifir.
17) Ivme sifirsa hiz sabittir.
18) fvme 0-1 araliginda sifirdir. Bu yiizden hizi sabittir.
19) Ivme sifirsa hiz sabittir.
20) vme sifir oldugunda hiz sabittir.
21) [k zaman araliginda ivme sifir hiz sabittir.
22) Ivme sifirken hiz sabit, ivme eksi iken cisim yavaslar , ivme art1 iken cisim hizlanir.
23) Ivme sabit hiz degisimi sifir.
24) Ivme sifir sabit iz gosterir.
25) Ivmenin sifir oldugu anada hiz sabit olmali.
26) 0-1 arasi cisim sabit hizli ¢iinkii ivme sifir olmali, 1-3 aras1 ivme — hiz azalan olmali.

27) a=Av/At.
28) Cilinkii oyle.
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29)
30)
31)
32)
33)
34)
35)
36)
37)
38)
39)
40)
41)
42)
43)

44)
45)
46)
47)
48)
49)

50)
51)

52)
53)
54)
55)

Formiilden, a=v/t.

Hiz azalinca eksi ivme, sabit hiz sifir ivme, artan hiz pozitif ivme.

Ivmeye gére yorumladim.

Ivmenin sabit oldugu yerde cisim ya duruyordur ya da sabit hizl hareket yapiyordur.

Ivme zaman grafiginin alani hiz1 verir.

Cisim sabit hizla hizlanip hizini azaltiyor ve sonrada sabitlestiriyor. + pozitif yonde hizlanmus.
Daha uygun.

a-t’ nin alan1 v-t’ yi verir.

0-1 sabit, 1-3 yavaslayan, 3-4 sabit, 4-5 artan.

0-1 ivme yok sabit, 2-3 sabit ivme hizlanir, 3-4 sabit hiz.

0-1 sabit, 1-3 yavaglamis , 3-4 sabit, 4-5 artmus.

Boyle yorumladim.

Tvme sabit ise hizda sabit olur. Ivme azalirsa hiz azalir.

En mantikli sik.

0-1 arasi ivme sifir yani hizimiz sabittir. 2-3 arasi hizimiz azalmis 3-4 arasi sabit hizli 4-5 arasi
artmistir.

Ivme-zamandan hiz-zamana gegtigimizde en iyi bu gosterir.

Bir 6nceki sorudaki grafigin tam tersi. Ama ilk hizi belli degil.

Grafigin yorumundan.

1-3 aras1 ivmenin negatif olmasi hizin azalmasi 3-4 sabit 0-1 arasi ivime sabit 4-5 arttyor.

fvme zamanda alan hiz1 verir.

1 sabittir, 2-3 arasinda — yondedir, 4’te sabittir, 4-5 arasindadir, sabit hizla hareket ediyor daha
sonra sifirdadir.

0-1 saniyede ivmenin sifir olmasi hizinin sabit olmasi demek.

1 boliimiinde hiz degismemistir yani hiz sabit ilerlemektedir, 1-3 araliginda, ivme negatif ise hizda
negatif yonde artmaktadir 3-4 sabittir.

Alandan gegilir a- t* den v-t ye.

Ivme-zaman grafigi dogrultulari hiz-zaman yéniinii gosterir.

Ciinkii sabit, diizglin yavasliyor , sabit, diizgiin hizlantyor.

Grafik boyle olur.

Category 2 (Cismin ivme-zaman grafigi ile hiz-zaman grafigi birbirlerinin aynisidur.):

1)
2)
3)
4)
5)
6)
7)

Birbirinin simetriginin olmasi.

Aynist oldugu igin.

Boyle anladim.

fvme-zaman grafigine gére ilk hizsiz oldugu icin.
Paralellik gosterdigi igin.

Ivme zamanla iz zaman aynidir zaten.

Aynist.

Category 3 (1-3 ile 4-5 saniyeler aras1 hiz-zaman grafigi parabolik olmalidir.):

1)
2)

4-5 ve 1-3 parabolik oldugu i¢in.
4-5 ve 1-3 parabolik olmalidir.

Category 4 (Deficient or not meaningful):

V)
2)
3)
4)

Question 16:

Siklardan gittim.

Egim hiz1 verir.

a=Av/t, ivme sifir, hiz sabit.
Cilinkii 6yle tahmin ettim.

Category 1 (Ivme-zaman grafiginde egim hiz1 verir.):

Ciinkii cisim ilk 3 saniye sabit ivme ile hareket ediyor.
Tan alfa=5/5=1.

Sekilden anlagilan bu.

Bu sekli en iyi b sikk: agiklar.

v=at 3/3=1.

Category 2 (Hizdaki degisim ivmeye esittir.):

1)
2)
3)
4
5)
6)
7)

Ciinkii hiz degisimi ivme degisimidir.
Hiz degisimi=ivme x zaman=1.3=3.
Hiz degisimi=a.t.

Hiz degisimi=ivme.

3 saniyede grafikteki gibi a=3.

Her saniyede birer ivme artmis.

Hiz degisimi ivmeye esit olur.
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8)

9)

10)
11)
12)
13)
14)

Hiz degisimi ivmeye esit olur.

fvme birim zamandaki hiz degisimidir.
Ivme hizdaki degisimdir.

Islemlerimin sonucu béyle.

Islemle yaptim.

t=0 v=0, t=3 v=3.

Av/At=a.

Category 3 (Ivme-zaman grafiginin altindaki alan hiz degisimini verir.):

1)

22)
23)
24)
25)
26)
27)
28)
29)
30)
31)
32)
33)
34)
35)
36)
37)
38)
39)
40)
41)
42)
43)
44)
45)
46)
47)
48)
49)
50)
51)
52)
53)
54)
55)
56)
57)

a-t’ den alan aldim v-t ¢ikt1.

fvme-zamanin alan1 iz verir.

Formiilden, v=a/t=9, yaris1 degisimi verir.

Formiilden.

Formiilden, v=a/t=9, yaris1 degisimi verir.
fvme-zaman grafiginin altinda kalan alan hiz degisimini verir.
3.3/2=4.5.

3.3/2=4.5.

Alan hesapladim.

a-t grafiginin alan1 bize hiz1 verir, 3.3/2=4.5.
Ivme-zaman grafiginin altinda kalan alan hizdaki degisimi verir, 3.3/2= 4.5.
3.3/2=4.5.

fvme-zaman grafiginin altindaki alan hiz1 verir.

Sabit hizla hareket etmis ilk 4 saat. Alan ne kadar hizda degisme 3.3/2=4.5.
a-t alam hiz1 verir.

a-t alam AV’ yi verir.

Ivme-zaman grafigi hiz1 verir.

Formiilden buldum.

Alandan. 3.3/2=4.5.

3.3/2=4.5.

3.3/2=4.5.

3.3/2=4.5.

a-t’ nin alan1 v-t’ yi verir. 3.3/2=4.5.

Formiilden.

3.3/2=4.5.

3.3/2=4.5.

3.3/2=4.5.

3.3/2=4.5.

v=at.

v=at.

Ivme-zaman grafiginin altindaki alan hiz degisimini verir.
[vme-zaman grafiginin altindaki alan Av’ yi verir3.3/2= 4.5.
Alan.

3.3/2=4.5.

Ivme-zaman grafiginin altindaki alan v’ yi verir. Av/At.
at/2=3.3/2=4.5.

Grafigin altindaki alan 3.3/2.

a=v/t.

3.3/2=4.5.

v=a/t 3.3/2=4.5.

at/2=3.3/2=4.5.

at/2=3.3/2=4.5.

at/2=3.3/2=4.5.

3.3/2=4.5.

Alandan 3.3/2=4.5.

3.3/2=4.5.

3.3/2=4.5.

Alandan 3.3/2=4.5.

Alandan buluruz. 3.3/2=4.5.

Alandan 3.3/2=4.5.

3.3/2=4.5.

3.3/2=4.5.

Alandan 3.3/2=4.5.

3.3/2=4.5.

Alan hiz1 verir 3.3/2=4.5.

flk 3 saniyedeki alana bakarsak 3.3/2= 4.5.

Alandan.
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58) 3.3/2=4.5.

59) 3.3/2=4.5.

60) Cismin v-t grafigi diizgiin dogrusaldir ve alan1 hiz degisimini verir.
61) Av=at=3.3/2=4.5.

62) 3.3/2=4.5.

63) Hiz degisiminden ve alan alinarak.

64) v=a/t 3.3/2=4.5.

65) v=a/t 3.3/2=4.5.

66) Ivme-zaman grafiginin altindaki alan hiz1 verir. 3.3/2=4.5.
67) 3.3/2=4.5.

68) [vme-zaman grafiginin altindaki alan hiz degisimini verir.
69) Ivme-t grafiginden alan alinarak hiz zaman gegilir.

70) v=a/t 3.3/2=4.5.
71) v=a/t 3.3/2=4.5.
72) En dogru sik.

73) Ciinkii ivme-zaman grafiginde alan hiz1 verir.
74) Ivme-zaman ¢izgisinin altinda kalan alan hiz1 verir.
75) Ivme-zaman altindaki alan hiz1 verir.

76) 3.3/2=4.5.
77) 3.32=4.5.
78) v=a/t 3.3/2=4.5.

79) Formiilden v=a/t 3.3/2=4.5.
Category 4 (Hiz, ivme ile zaman ¢arpimina esittir. Yani 3*3 = 9 m/s’dir.):
1) Formiilden, v=a.t formiiliinden a=3 ve t=3 yaklasik bu ¢ikar.
2) Formiilden, v=a.t.
3) a=3 ve t=3 yaklasik bu cikar.
4) a=3 ve t=3 yaklagik bu ¢ikar.
5) a=3 ve t=3 yaklagik bu ¢ikar.
6) v/t=a 3=v/3 v=9.
7) Av=aAt=3.3=9.
8) Formiilden v/t=a 3=v/3 v=9.
Category 5 (Deficient or not meaningful):
1) Sifirdan 3’e gelmis.
Question 17:
Category 1 (Konum-zaman grafiginde egim hiz1 verir.):
1) x=1/2at* 15=1/2a9 a=10/3=3 3. Cisim yavasliyor, dolaysiyla -3,3.
2) Bana 6yle geldi.
3) Daha yakin geldi.
4) 10/3=3,3.
5) v egim bulunmali. 10/3=- 3,3.
6) 10/3.
7) Grafikten dyle anladim.
8) Yaklagik deger.
9) v=x/t=7-9/3-2=2/1=1.
10) Tahmini Ax/At=7-10/1=-3/1.
11) Egimden.
12) 10/3=-3,3.
13) Yaklasik dedigi i¢in 10 ile 5 metreler arasi bir deger aliriz ve egime bakarsak -3 gibi bir
sonug cikaririz ve en yakin 3,3.
14) V=x/t=6/3=2.
15) -7/3=2.
16) Konum-zamanin egimi hiza esittir.
17) Ortalama hiz=Ax/At.
18) Egimden hesaplayarak hizi buldum.

19) Egimden 6-12/3=6/3=2.

20) 6-12/3=6/3=2.

21) 6-12/3=6/3=2.

22) 6-12/3=6/3=2.

23) 6-12/3=6/3=2.

24) 6/3= yaklasik 2.

25) 6-12/3=-6/3=-2.

26) Egimden hesaplayarak buldum.

27) Hiz-zaman grafigine gevrilerek yapildi.

133



28) Ax/At’ den dolay1.

29) x-t egim v-t.

30) Ciinkii konum-zaman grafigindeki egim hizi verir.

31) Konum-zaman egimi hizi verir.

32) Egimden.

Category 2 (Hiz, konum / zaman formiiliinden bulunur. Yani 7m / 3s = yaklasik 2 m/s’dir.):
1) Grafikten 3’te 7,5 gider. Formiilden v=x/t=7,5/3=2,5.

2) x=v.t.

3) Konum=hiz.zaman 5,2=3v v=1;4 en yakin cevap bu.

4) v=x/At.

5) x=v/t

6) Cisim ters yonde hareket etmistir ve yaklasik hiz yaklagik 2.
7) Formiilden, x=v.t.

8) Hiz formiiliinden yararlanilarak bulunur.

9) Icimden dyle geldi.

10) En uygun bu.

11) x=1/2at?.
12) x=1/2at?.
13) x=1/2at>.
14) x=1/2at>.

15) 2,5:
16) 75/30=2,5.
17) Hiz=konum/zaman=7/3=-2,3, negatif ¢linkii geri gidiyor.
18) 7/3=2,3.
Category 3 (Konum siirekli negatif yonde azaliyor, hiz da negatif ve ¢ok kiigiik olmalidir.):
1) — degerlerden biri oldugu kesindi.
2) Negatif olmali.
3) Cilinkii siirekli azaliyor.
4) Negatif yonde oldugu i¢in hizda degisme olur. Cok kiigiik olmali.
Category 4 (Deficient or not meaningful):
1) Hiz degisimi 3-4 arasi olmalidir.
2) Ani hiz.
3) Konum-zaman grafiginin altindaki alan v’ yi verir.
4) Konum-zaman altindaki alan hiz1 verir.
5) Altta kalan alan.
6) 6.3/2=9 yaklasik 7.
7) 3+2+x 5’den fazla.
8) Bana daha yakin geldi.
9) Emin degilim.
10) Yaklasik bu ¢ikti.
11) Bilinmez.
12) Yorum yok.
13) Yorumlayamadim.
Question 18:
Category 1 (Hiz-zaman grafiginin altindaki alan alinan yolu verir.):
1) v-t grafiginin altinda kalan alan x’i verir.
2) Hizin altindaki alan yer degistirmeyi verir.
3) Ax hiz-zaman grafiginin altinda kalan alandir.
4) Sikta agiklanmig zaten.
5) Alan hesaplamasi mantikl geldi.
6) x=Vv.t.
7) v-t grafiginin alta kalan alan1 bize yolu verir.
8) Hiz-zaman grafiginin altinda kalan alan alinan yolu verir.
9) x=v.t oldugundan bu sik.
10) Sabit hizla oldugundan dolay1.
11) Vt=Ax 5.2/2=5.
12) v-t alan1 Ax ‘i verir.
13) Formiilden buldum.
14) Altindaki alan aldig1 yolu verir.
15) Altta kalan alan.
16) Ciinkd altta kalan alan konumu verir.
17) Ciinkii altta kalan alan konumu verir.
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18) Hiz-zaman grafiginin alani yolu verir.

19) Ciinkii hizdan konuma gegilirken alan alinir.
20) Mantiklisi.

21) Formiilden.

22) Grafigin altindaki alandir.

23) Hiz-zaman grafiginin altindaki alan Ax’1 verir.
24) Alan.

25) x=vt/2.

26) Hiz-zaman grafiginin altindaki alan yolu verir.
27) Grafigin altinda kalan alan.

28) Alan alinan yolu verir.

29) v-t alan1 x’ 1 verir.

30) Altindaki alan bize X’i verir.

31) 2 sn’ deki iiggen alanindan bulunur.

32) 2 sn’ deki iiggen alanindan bulunur.

33) 2 sn’ deki tiggen alanindan bulunur.

34) Hiz-zaman grafiginin altindaki alan konumu verir.

35) x=1/2at>.
36) Boyle yapiliyor.

37) Alan alinan yolu verir.

38) Gordiigiimde bu tan alfa formiilii aklima geldi.
39) Bu sik formiilii dogrulamaktadir.

40) En mantikls sik.

41) Hiz-zaman grafiginin altinda kalan alan x’ i verir.
42) x=vt/2.

43) Hiz-zamanda alan yolu verir.

44) Alan bulunur.

45) Alandan bulundugu ig¢in.

46) Alandan bulmak gerekir.

47) Alandan dolay1.

48) Alandan.

49) Alandan buluruz.

50) Alandan.
51) Alandan.
52) Alandan.
53) Alandan.

54) Alan alinan yolu verir.
55) Alandan.
56) Alandandir.
57) Hiz-zamanda alan yolu verir.
58) Cilinkii, alinan yol vt/2.
59) Boylece yolu buluruz.
60) Alan alman yolu verir.
61) x=5.2/2 v-t grafiginin altinda kalan alan yolu verir.
62) Hiz-zaman grafiginde ¢izginin altinda kalan kismin alan1 alinan yolu gosterir.
63) Alman yol alandan bulunacagi igin vt/2 alani verir.
64) Cizginin altinda kalan kismin alani alian yolu gosterir.
65) 5.2/2=5.
66) Altinda kalan alan yolu verdigi i¢in.
67) Clinkii hiz-zaman grafigindeki alan konumu verir.
68) v-t altinda kalan alan x’ i verir.
69) Hiz-zaman grafiginin altindaki alan yer degistirmeyi verir.
70) Hiz-zaman grafiginde alinan konumu verir.
71) Coziim boyle.
72) En mantikli cevap bu.
Category 2 (Hiz-zaman grafiginde egim alinan yolu verir.):
1) 5/2=2,5. Formiilden.
2) Grafikten boyle oldugunu diisiindiim.
3) Egim bulunmalidir.
4) Egimi buldugu i¢in.
5) Ivmeyi bulacagimz i¢in dogru.

Category 3 (Deficient or not meaningful):
1) Oyle diisiindiim.
2) Oyle anladim.
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3) Dogru oldugunu diisiindiim.

4) Once a= Av/t formiiliinden ivmeyi 2,5 olarak bulurdum sonrada x=1/2at?, formiiliinden
cevabi 5 bulurdum

5) Oyle olmas1 gerekir

6) Ivmeyi bulup zamanla garpardim.

7) Higbir fikrim yok:

8) x=vt formiiliinden x=5.2=10.

9) Boyle olur.

Question 19:
Category 1 (Diizgiin dogrusal artan grafiklerde egim sabittir; sabit grafiklerde ise sifirdir.):

1) Sabit hizli cismin ivmesi olmaz.

2) Egime bagli.

3) Diizgiin dogrusal hizlanan.

4) a=v/t v=x/t.

5) Oyle anladim.

6) Digerleri sifir ivmeyi gosterir.

7) Boyle olmasi lazim.

8) Hareketsiz ise ivmesi olmaz.

9) Hiz, konum, ivme artarsa ivme artar.

Category 2 (Konum-zaman grafigi diizgiin artiyorsa hiz-zaman grafigi sabittir; hiz-zaman grafigi
sabitse ivme de sabittir.):

1) Konum-zaman ayni1 hizlantyor ivme sabit, hiz sabit ise ivme sabit.
2) Grafikleri inceledigimde bunlar sifirdan farkli bir ivmeyle gitmektedir.
3) fvme birim zamandaki hiz degisimidir hiz degismiyorsa ivme sifirdir yleyse I ve I1I hiz sabit.
4) a=Av/t.
5) Oyle.
6) Oyle.
Category 3 (Hiz-zaman grafigi diizgiin dogrusal artiyorsa ivme sabittir; ivme-zaman grafigi zaten
sabittir.):
1) Sabit hizla artryor.
2) Hiz azalinca eksi ivme, sabit hiz sifir ivme, artan hiz pozitif ivme.
3) Ciinkii II. grafikte hiz sabit araliklarla artmakta, parabolik degil, ivme sabit; V.’de grafige gore
ivme sabittir.
4) I ve III: hiz sabit, IV: ivme sabit degil.
5) I1.’de hiz sabit artarsa, ivme artar ve sabittir; V’ de zaten belli.
6) Sifirdan farkl: ve sabit ivmeli.
7) I sabit hizl, sifir ivme, III sabit hizli, sifir ivme, [V ivme artiyor.
8) Digerleri sabit ivmeli degil.
9) Ciinkii grafikler gayet agik.

10) Ciinkii belli.
11) Grafikleri ¢evirdim.

12) Sabit ivme var.

13) Hiz sabit ise ivme sifirdir. Yani hiz diizgiin bir sekilde artmalidir.
14) I ve III’ de a=0. IV’ de a sabit degildir.

15) X=Vt.

16) Ivme sabit, v dogrusal.

17) Hiz artar ama ivme sabittir.

18) Sabit ivmeliyse hiz dogrusal olmali.

19) v=at.

20) V sabit olmayacak.

21) Ivme sabit sifirdan farkls.

22) Hiz dogru orantil1 artar.

23) II” de hiz sabit ivmede sabit, v’ de zaten ivme sabit.
24) II’ de hiz sabit bir sekilde artar, v ivme sabit.

25) Ivme ve hizla iliskili.

26) Sabit ivmeli olanlar bu.

27) Grafikten.

28) Sabit ivmeli olanlar.

29) Grafik.

30) Sabit ivmeli olanlar.

31) Hizin dogrusal olarak artmasi ve ivmenin sabit olmasi.
32) I hiz diizgiin dogrusal hizlanan ivme sabit.

33) Yalniz bunlar sabit ivmeyi gosterir.
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34)
35)
36)
37)
38)
39)
40)

41)
42)

43)
44)

Sabit hizla hareket ettigi igin.

Grafikten.

I’ de hiz sabit ivmede sabit.

V’ de belli IT” de hizlanan harekette a sabittir.

Ciinkii her saniyede ayn1 hiz degisimi olmustur.

I olmaz zaten . Digerlerine bakinca bu olduguna karar verdim.

II hiz zaman grafiginde diizgiin olarak artiyor bu yiizden ivme sabit v ivme-zaman
grafiginde ivme hep ayni yani sabit.

Ciinkii hiz-zaman grafigindeki egim ivmeyi verir ve V’ de ivme zaman grafiginden sabit oldugunu
gorliyoruz.

a=v/t.

En mantikli cevap bu.

Sadece I ve III’ de a=0. Digerlerinde ivme sabit degil.

Category 4 (Ivme sabit bir sekilde diizgiin olarak artiyor.):

1)
2)

Cilinkii sifirdan farkli sabit ivmeyle hareket etmis.
III’ de sabit ivmeli, IV’ de sabit ivmeli.

Category 5 (Ivrpe-zaman grafigi sabittir.):

Ivme yukaridan diiz bir ¢izgiyle baslamustir.

Sabit ivmeli bu.

Sabit hareket ettigi igin.

En mantiklisi.

Diger siklar sabit hizlanan hareket yaparken ivmede ayn1 hizla ilerliyor.
V. Sikta ivme sabit.

Sabit ivmeyi gosterirler.

Category 6 (Deficient or not meaningful):

V)
2)
3)
4)
5)
6)
7)
8)

Question 20:

Siklardan yaptim.

1-3 ayn1 2-5 ayni.

Konum-zaman grafiginin altinda kalan alan ivmeyi verir.
Alandan.

Alandan.

I’ in ivmesi sifirdir, I’ ninki sabittir.

Ciinkii konum-zamanda sabittir.

a=v/t. Grafik bir ivme oldugunu zaten gosteriyor.

Category 1 (Sabit hizla 4 metre yer degistirmis.):

1)
2)

Cilinkii sabit hizla 4t yer degistirmis.
4-8 aras1 4m ilerler.

Category 2 (Hiz-zaman grafiginin altindaki alan yer degistirmeyi verir.):

20)
21)
22)
23)

Atv=4.3=12.

Atv=4.3=12.

4.3=12.

4.3=12.

4.3=12.

4.3=12.

4.3=12.

Yer degistirme= hiz.zaman=3.4=12.
3.4=12.

3.4=12.

Alan yer degistirmeyi verdigi i¢in.
3.4=12.

Alan kadar yer degistirir. x=vt=3.4=12.
Hiz-zaman grafiginin alan1 x’1 verir.
vt=Ax 4.3=12.

v-t alan1 Ax ‘i verir.

Alandan yaptim.

4.3=12.

Alani aldig1 yoldur. 4.3=12.

Alttaki alan 4.3=12.

Alttaki alan 4.3=12.

Hiz-zaman grafiginin alanindan.
Alttaki alan 4.3=12.
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24) 4.3=12 yer degistirir.
25) Yol=zaman.hiz.

26) 4.3=12.

27) AtAv=x.

28) 3.4=12.

29) X=Vt.

30) X=Vt.

31) x=vt 4.3=12.

32) 4.3=12.

33) v-t grafiginin altindaki alan yer degistirmeyi verir.
34) X=Vt.

35) X=Vt.

36) Hiz-zaman grafiginin altindaki alan 4.3=12.
37) 4.3=12.

38) x=vt 4.3=12.

39) Hiz-zaman yer degistirmeyi verir.

40) Hiz-zaman grafiginin altindaki alan
41) x=vt 4.3=12.

42) 4.3=12.

43) Alandan.

44) 4.3=12.

45) Alandan 4.3=12.
46) 4.3=12.

47) 4.3=12.

48) Alan.

49) Alandan.

50) Alandan.

51) Alan yer degistirmeyi verir. 4.3=12.

52) Hiz-zamanda alan yer degistirmeyi verir. 4.3=12.
53) Alandan.

54) Alandandir.

55) 4.3=12.
56) Alan X’ i verir.
57) x=vt.

58) x=vt=3.4=12.

59) Alan aldim 4-8 sn’ ler arast.

60) Arada kalan kismin alam yer degistirmeyi verir.
61) x=vt=3.4=12.

62) x=vt=34=12.

63) Ciinkii hiz-zaman grafigindeki alan konumu verir.
64) Altinda kalan alan yolu verdigi i¢in.

65) Cilinkii hiz zaman grafigi yer degistirmeyi verir.
66) X=VL.

67) X=Vt.

68) x=vt=3.4=12.

69) x=vt=3.4=12.

70) Boyle ¢ikiyor.

71) Oyle hesapladim.

72) Mantiklisi.

Category 3 (Deficient or not meaningful):

1) 4.3/2=6.

2) 4.3/2=6.

3) Hiz azalinca eksi ivme, sabit hiz sifir ivime, artan hiz pozitif ivme.
Category 1 (Hiz-zaman grafiginde egim ivmeyi verir.):

1) Ivme hiz degisimidir, hiz1 sabit azaldigina gore ivme sabittir.

2) Bu ama sabit oldugu kesin degil.

3) Hiz diizgiin sekilde azaliyorsa, ivme sabittir.

4) Cismin hiz1 dogrusal olarak azaldig1 i¢in ivme degigmez.

5) Ciinkii oyle.

6) Sabit hizli hareket ederse sabit ivme yapmis olur.

7) Diizgiin yavaslayan sabit ivme.

8) Diizgiin yavaglayan sabit ivme.

9) Cilinkii sabit ivmeyle hareket ediyor.
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10)
11)
12)
13)
14)
15)
16)
17)
18)
19)
20)
21)
22)
23)
24)
25)
26)
27)
28)
29)

Hiz diizgiin azalmus.

Hiz dogrusal sabit ivme.

fvme sabit.

a=v/t hiz azaliyor t artiyorsa a sabit.

a=v/t hiz azaliyor t artiyorsa a sabit.

Tan alfa her zaman sabit.

Sabit ivmeli yavaslayan hizla hareket etmis.

Hiz1 dogrusal olarak azalmistir ve ivmesi sabittir.

Hiz diizgiin dogrusal yavaslayandir.

Diizgiin dogrusal yavaglayan hareket yaptig1 i¢in ivme — ve sabittir.
Segeneklere baktigimizda hizin azaldigini yani ivmenin sabit oldugunu goriiriiz.
Diizgiin yavaglayan hareket yaptig1 i¢in.

Sekle gore bu ¢iinkii hiz diizgiin olarak azalmakta ve ivme sabit.
Ciinkii cismin hiz1 diizgilin dogrusal sabit olarak azaliyor

Cisim diizgiin olarak yavaslamaktadir.

Cisim zamanla yavaglamustir.

Diizgiin yavaglayan dogrusal hareket.

Grafikten de anlagilacagi gibi cisim yavaglamaktadir.

Ciinkii cisim diizgiin bi¢imde yavaslamaya baglamustir.

Cisim - yonde yavaslayan hareket yapiyor.

Category 2 (Hiz diizgiin dogrusal azaldig: i¢in ivme de diizgiin dogrusal azalir.):

1)

2)

3)

4)

5)

6)

7)

8)

9)

10)
11)
12)
13)
14)
15)
16)
17)
18)
19)
20)
21)
22)
23)
24)
25)
26)
27)
28)
29)
30)
31)
32)
33)
34)
35)
36)
37)
38)
39)
40)
41)
42)
43)
44)

Eksi yonde gidiyor.

Hiz azalmakta parabolik degil.

a=Av/t.

Cilinkii ilk hiz1 var.

Ciinkii boyle.

Giizel agiklamis.

Ciinkii cismin ivmesi azalmaktadir.

Cilinkii alfa agis1 negatiftir ve yavaslar.

Derste 6grendiklerimden.

Grafikten dyle anliyorum.

Cilinkii hiz1 azalmis.

Hiz1 azalmus.

Ciinkii boyle.

Ciinkii hiz1 azalmus.

a azalmis a negatif sabit.

vme sabit, azalan veya artan hizla.

Egim bize nasil hareket ettigini gosterir.

Hiz azalmakta o zaman ivmede azalmaktadir.

fvme azaldig igin hizda azalir.

Hiz azaldig1 i¢in yavaslayan ivmeli hareket yapar.

Hiz azalirsa ivmede azalir.

Grafikten bu anlasiliyor.

Boyle.

Yavaslayan hareket yapiyor ivime azalir.

Bu grafigi agiklayan en iyi sik.

Hiz1 azalan bir hareket yapryor, ivmesi bu ylizden azalir.
Cisim diizgiin dogrusal olarak azalan bir hiz ve ayni1 sekilde bir ivmeye sahip.
Hiz1 azaldigindan.

Hizi1 azaldig igin.

Hiz1 azalmus.

Hiz1 azalmaktadir.

Hiz1 azalmigtir.

Hiz azalmis.

Hiz azalmis.

Hiz azalmakta.

En iyi aciklayan sik bu.

— yonde azalir.

Sabit hizla hareket etmis ve hiz1 sabit hareket etmektedir.
Hiz azaldigi i¢in ivme de azalir.

Cisim eksi yoniinde azalmayla hareket etmektedir.
Azaldi8i i¢in segtim.

Ciinkii cismin diizgiin dogrusal azalan bir ivmeyle hareket ediyor.
Azalan ivmeyle yavaslayarak hareket etmistir. Diizgiin dogrusal azalandir.
Ciinkii hizin azaldigini belirtmektedir.
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45) Yavaglayan hareket yaptig1 i¢in.

46) Sekilden.

47) Ciinkii hareket yoniinden azalmustir.
48) Azalan ivmesi var.

Category 3 (Deficient or not meaningful):
1) Emin degilim ama 6gretmenim bdyle ¢izmisti.

140



APPENDIX C

KINEMATICS GRAPHS THREE TIER TEST

KINEMATIK GRAFIKLERINI
ANLAMA TESTI

CINSIYETINIZ: KI1Z ERKEK

Liitfen sinava baslamadan once yukaridaki yere cinsiyetinizi isaretleyiniz.

Bu test sizin Kinematik konusundaki grafikler ile ilgili kavramsal yanilgilarinizi
O0lgmek i¢in hazirlanmistir. Testin sonuclar1 bir Yiiksek Lisans Tezi i¢in veri olarak
kullanilacak ve Fizik Dersinin daha iyi 6grenilmesine katki saglayacaktir. Bu testin

sonuglar1 sizin ders notunuzu etkilemeyecegi icin cevaplarimizin goriislerinizi

yansitmasina 6zen gosteriniz.

Test 21 sorudan olusmaktadir ve her bir sorunun ii¢ alt basamagi vardir. Sorularin ilk
basamaklarinda grafikler ile ilgili fizik sorulari, ikinci basamaklarinda cevabinizin

nedeni ve ii¢iincii basamaklarinda emin olup olmadiginiz sorulmustur.

Sorular1 cevaplarken:

4. Her soruya cevap vermeye gayret ediniz.

5. Bu sorulara verdiginiz cevaplar kadar bu cevaplar1 neden segtiginiz de bizim
icin 6nemlidir. Bundan dolay1 her sorunun ikinci basamaklarina da cevap
vermeye liitfen gayret ediniz.

6. Verilen seceneklerin sizin fikrinizi yansitmadigini diisiiniiyorsaniz liitfen bos
birakilan seceneklere kendi fikrinizi yaziniz.

TESEKKURLER
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1.1.

1.2.

1.3.

2.1.

2.2.

2.3.

3.1.

3.2.

3.3.

Asagida ii¢ cisminhiz-zaman grafikleri verilmistir. Tiim eksenler ayn1 6l¢iiye sahiptir. Verilen zaman
araliginda en fazla yol alan cisim hangisidir?

A) B) )
N N N
jas) = as)
. 2N
Zaman 0 Zaman 0 Zaman

Yukarida verdigim cevabin nedeni:

A) Cisim 6nce hizlanip sonra yavaslamistir.

B) Cismin hizi, diizgiin dogrusal bigimde siirekli artmaktadir.
C) Hiz-zaman grafiginde egim alinan yolu verir.

D) Hiz-zaman grafigi altindaki alan alinan yolu verir.

Yukaridaki iki soruya verdigim cevaplardan:
A) Eminim. B) Emin degilim.

Asagida bir cismin hiz -zaman grafigi verilmistir. Hangi zaman araligindaki negatif ivme en biiyiik
degerdedir? OR ST UVWXY Z

A) T-V araliginda
B) Vaninda

C) Xaninda
D) X-Z araliginda 0 : :

Hiz

Yukarida verdigim cevabin nedeni:
A) Cismin hiz1 burada sifirin altinda, negatif ve en kiiciik degerdedir.
B) Hiz-zaman grafiginde egim ivmeyi verir ve hizda negatif yondeki en biiyiik degisim buradadir.
C) Cismin hiz1 negatif yonde artiyor.
D) Cismin hiz1 burada en biiyiik degerdedir.
B i
Yukaridaki iki soruya verdigim cevaplardan:
A) Eminim. B) Emin degilim.

Sag tarafta bir cismin konum-zaman grafigi verilmistir. Asagidaki climlelerden
hangisi bu cismin hareketini en iyi aciklar?

A)
B)
C)
D)
E)

Cisim sifirdan farkli sabit bir ivmeyle hareket etmektedir g

Cisim diizgiin artan bir hizla dogrusal hareket etmektedir. g

Cisim sabit bir hizla hareket etmektedir. M

Cisim diizgiin artan bir ivmeyle dogrusal hareket etmektedir.
.......................................................................... 0 Zaman

Yukarida verdigim cevabin nedeni:

A) Konum-zaman grafiginde egim hiz1 verir; grafik diizgiin dogrusal artiyorsa hiz sabittir.
B) Konum-zaman grafigi diizgiin dogrusal artarsa, ivme de diizgiin dogrusal artar.

C) Konum-zaman grafiginde egim ivmeyi verir; burada ivme sabittir.

D) Konum-zaman grafigi diizgiin dogrusal artarsa, hiz da diizgiin dogrusal artar.

E)

Yukaridaki iki soruya verdigim cevaplardan:
A) Eminim. B) Emin degilim.
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4.1.

4.2.

4.3.

5.1.

5.2.

5.3.

6.1.

Bir binanin asansorii zemin kattan onuncu kata ¢ikmaktadir. Asansoriin kiitlesi 1000 kg
olup asansdr asagida verilen hiz-zaman grafigindeki gibi hareket etmektedir. Asansdr,
hareketinin ilk ii¢ saniyesinde ne kadar yol almistir?

5
A) 1,33m @
B) 40m § 4 \
C) 60m 2
D) 12,0m 3
E) o /

0 1 2 3 4 5 6 7 &8 9 10

Zaman (s)
Yukarida verdigim cevabin nedeni:
A) Alinan yol, hiz ve zaman ¢arpimina esittir. Yani 3m/s*4s = 12 m’dir.
B) Hiz-zaman grafiginin altindaki alan alinan yolu verir.
C) Almnan yol, 3. saniyede grafikten okunan degerdir.
D) Hiz-zaman grafiginde egim alinan yolu verir.

Yukaridaki iki soruya verdigim cevaplardan:
A) Eminim. B) Emin degilim.

Asagida bir cismin konum -zaman grafigi verilmistir. Cismin 2. saniyedeki hiz1 ka¢ m/s ‘dir?

A) 04m/s g I5

B) 2,5m/s 1

C) 5,0m/s s 10

D) 10,0 m/s v/

E) oo 5
Yukarida verdigim cevabin nedeni: 0 Zaman (s)
A) Konum-zaman grafiginin altindaki alan hiz1 verir. 0 1 2 3 4 5

B) Hiz, konum ve zaman ¢arpimina esittir. Yani Sm*2s = v uvo uu.
C) Konum-zaman grafiginde egim, hiz1 verir.
D) Hiz, 2. saniyede grafikten okunan degerdir.

Yukaridaki iki soruya verdigim cevaplardan:
A) Eminim. B) Emin degilim.

Kiitlesi 1500 kg olan bir aracin hiz-zaman grafigi sekildeki gibidir. Cismin 90. saniyede
sahip oldugu ivmenin biiytikliigi nedir?

40
A) 0,22 m/s’ 30 \
B) 0,33 m/s
C) 1,0 m/s?
D) 20 m/s’ g 20
E) .o £
) = 10

an}

0

0 30 60 90 120 150 180

Zaman ()
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6.2.

6.3.

7.1.

7.2.

7.3.

8.1.

Yukarida verdigim cevabin nedeni:

A) Hiz-zaman grafiginde egim ivmeyi verir.
B) Ivme, 90. saniyede grafikten okunan degerdir.
C) ivme, hiz / zaman formiiliinden bulunur.

D)

Yukaridaki iki soruya verdigim cevaplardan:
A) Eminim. B) Emin degilim.

Dogrusal hareket yapan bir cismin hiz-zaman grafigi asagida verilmistir. t=65
s’ deki anlik ivmenin biiyiikligii asagidaki degerlerden hangisine en yakindir?

A) 1w g40 //
B) 2ms’ g o
C) +9,8 m/s’ = /
D) +30 m/s 30
E) +34m/s’ /
FY o

20

10

0

0 20 40 60 80 100

Yukarida verdigim cevabin nedeni:

A) Anlik ivme, hiz / zaman formiiliinde t=1s alinarak hiza esit bulunur.
B) Hiz-zaman grafiginde egim ivmeyi verir.

C) Ivme, hiz / zaman formiiliinden bulunur.

D) Anlik ivme yercekimi ivmesine esittir.

E)

Yukaridaki iki soruya verdigim cevaplardan:
A) Eminim. B) Emin degilim.

Bir cismin konum-zaman grafigi asagidaki gibidir. Buna goére asagidaki aciklamalardan

hangisi dogrudur?

Konum

0

A) Cisim diiz bir yiizey lizerinde yuvarlanir. Daha sonra bir tepeden asag1 yuvarlanir ve

sonunda durur.

B) Cisim ilk basta hareketsizdir. Daha sonra bir tepeden asagi yuvarlanir vesonunda

durur.
C) Cisim sabit bir hizla hareket eder. Daha sonra yavasglar ve durur.

D) Cisimilk basta hareketsizdir. Daha sonra geriye dogru gider ve sonunda durur.

E) Cisim diiz bir ylizeyde hareket eder, daha sonra geriye dogru bir tepeden asag1 iner ve

ardindan hareketini stirdiiriir.

Zaman (s)

Zaman



8.2.

8.3.

9.1.

(A)

Konum

9.2.

9.3.

10.1.

10.2.

Yukarida verdigim cevabin nedeni:

A) Konumu sabit oldugundan basta hareketsizdir. Konumu negatif yonde diizgiin azaldig i¢in
geriye dogru sabit hizla gider ve sonunda konumu sabit oldugu igin cisim hareketsizdir yani
tekrar durur.

B) Basta diiz yiizeyde hareket eder, sonra grafikten anlasildig: gibi geriye dogru bir tepeden
asag1 iner ve sonunda konumu sabit oldugu i¢in harekete devam eder.

C) Konumu degismedigi i¢in diiz yiizeyde yuvarlanir. Konumu azaldig1 i¢in asagiya yuvarlanir
ve hizi azalip durur.

D) Konumu degismedigi i¢in basta hareketsizdir; konumu azaldig1 i¢in asagiya iner ve konum
stfira indiginde durur.

E) Cismin konumu sabitse hizi da sabittir; konum azalinca hizi da azalir ve konum sifir olunca
hizi1 da sifir olur.

Yukaridaki iki soruya verdigim cevaplardan:
A) Eminim. B) Emin degilim.

Bir cisim durgun halden harekete baslar ve on saniye boyunca sabit pozitif bir ivmeyle
hareket eder. Daha sonra sabit bir hizla hareketini siirdiiriir. Asagidaki grafiklerden hangisi
bu cismin konum-zaman grafigi olabilir?

(B) © (D) (E) (F)
+ g + g + g + g +
M N M M
0 0 0 0 0
0510 15 0510 15 0510 15 0510 15 05 10 15
Zaman (s) Zaman (s) Zaman (s) Zaman (s) Zaman (s)

Yukarida verdigim cevabin nedeni:
A) Sabit ivme dedigi i¢in konum &nce artar; sabit hiz dedigi i¢in konum sonra sabit olur.
B) Once diizgiin hizlanan dogrusal hareket yapar, konumu artar; sonra sabit hizla gider, konumu
da sabit olur.
C) Sabit ivmede hiz diizgiin artacag1 i¢in konum-zaman grafigi parabolik artar. Sonra
sabit hiz i¢in konum-zaman grafigi diizgiin dogrusal artar.
D) Grafik 6nce ivmeyle hizlanir; sonra sabit hizla dedigi i¢in egimi azalir.
E) Sabit ivme i¢gin grafik 6nce diizgilin dogrusal artar, sonra sabit devam eder.
B ) e

Yukaridaki iki soruya verdigim cevaplardan:
A) Eminim. B) Emin degilim.

Dért cisim asagida verilen ivme-zaman grafiklerindeki gibi hareket etmektedir. Uc
saniyelik zaman araligindaki en az hiz degisimi hangisindedir?

A) B) (©)] D)
RY % s ':\c: 5 % 5
E E E £
> N—
g 2 g g
i g £ s
3 3 3
Zaman (s) Zaman (s) Zaman (s) Zaman (s)

Yukarida verdigim cevabin nedeni:

A) Tvme-zaman grafiginde egim hiz1 verir.

B) Grafik negatif yonde hizlanmigtir.

C) Ivmesi en az olanin hiz1 da en azdir.

D) Ivme-zaman grafiginin altindaki alan iz degisimini verir.

E) Ivme sabitse hiz da sabittir.
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10.3. Yukaridaki iki soruya verdigim cevaplardan:
A) Eminim. B) Emin degilim.

11.1. Asagida bir cismin 5 saniyelik zaman araligindaki konum-zaman grafigi verilmistir.

Konum

0 | | | |
1 5 3 4 5 Zaman (s)

Buna gore asagidaki hiz-zaman grafiklerinden hangisi cismin ayni zaman araligindaki
hareketini en iyi gosterir?

A) B)
+ +
N N
s s

0 L L L L Zaman (s) 0 + + Zaman (s)
1 2 3 4 5 2 3 4{ 5J

®) D)

+ +

Hiz
(=)
Hiz
o

1 Zaman (s)
N\ Z
N 2 3 aman (s) . 5 s 4 s

Hiz

0 L . I I Zaman (s)
4 5

11.2. Yukarida verdigim cevabin nedeni:
A) Once hiz1 sabittir. Sonra hiz1 sabit azalmus ve yavaslamistir. En son sifira yaklagmistir.
B) Konum-zaman grafiginde egim hiz1 verir.
C) Cismin hiz-zaman ve konum-zaman grafikleri birbirlerinin aynisidir.
D) Konum-zaman grafiginin altindaki alan hiz1 verir.
E)

11.3. Yukaridaki iki soruya verdigim cevaplardan:
A) Eminim. B) Emin degilim
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12.1.

~~
Konum =

12.2.

12.3.

13.1.

Asagidaki grafikleri eksenlerdeki farkliliklar: gzoniine alarak inceleyiniz:

(I (111) (Iv) V)
N N 1
N N g 5
e o e E
0 OL—— Zaman 0 0
Zaman Zaman Zaman

Zaman

Bunlardan hangisi/hangileri sabit hizla hareketi gosterir?

(A) LILvelV
(B) Ivelll
(C) IlveV
(D) Yalniz IV
(E) YalmzV
&
Yukarida verdigim cevabin nedeni:

A) Konum-zaman ve ivme-zaman grafigi diizgiin dogrusal artiyorsa hiz sabittir; hiz-zaman
grafigi zaten sabit.
B) Hiz-zaman grafigi zaten sabit ve ivme-zaman grafigi sabitse hiz da sabit olur.
C) Konum-zaman grafigi diizgiin dogrusal artiyorsa hiz sabittir; hiz-zaman grafigi zaten sabit.
D) Hepsi diizgiin dogrusal artiyor.
E) Hiz-zaman grafigi sabit.
) e
Yukaridaki iki soruya verdigim cevaplardan:
A) Eminim. B) Emin degilim.

Asagida bes cismin konum-zaman grafikleri verilmistir. Tiim eksenler ayni 6lgiiye sahiptir.
Verilen zaman araligindaki en yiiksek anlik hiza sahip cisim hangisidir?

(A) (B) © D) (E) (03 T
£ g £
g 5 E 5 g
: 5 S 5 :
Y. M M Y.
0 0 0
Zaman Zaman Zaman Zaman Zaman
13.2. Yukarida verdigim cevabin nedeni:
A) Konum-zaman grafiginin altindaki alan en biiytiktiir.
B) Konumu aniden artmis, hiz1 da aniden artmistir.
C) Konum-zaman grafigi diizgiin dogrusal artarsa hiz sabittir.
D) Hizlanip aniden durup yavaglamis, kisa siirede ¢ok yol almistir.
E) Konum-zaman grafiginde egim hiz1 verir.
B
13.3. Yukaridaki iki soruya verdigim cevaplardan:

A) Eminim. B) Emin degilim.

147



14.1. Asagida bir cismin 5 saniyelik zaman araligindaki hiz-zaman grafigi verilmistir.

+

0 1 1 /_
| 1\2_3/4 s Zaman (s)

Buna gore ayni zaman araligindaki asagidaki ivme-zaman grafiklerinden hangisi cismin
hareketini en iyi gosterir?

N
T

A) B)
n +
) [}
: K E f |
2 2
0 . : L— Zaman (s) 0 L t Zaman (s)
| 1\2_3/4 5 R
C) D)
+
+
g
2 £ 1 |
A 0 L L Zaman (s)
0 { I Zaman (s) : 2 : ol
| 1\@] 34 s -

14.2. Yukarida verdigim cevabin nedeni:
A) Hiz-zaman grafiginde egim ivmeyi verir.
B) Hiz azalirsa ivme de azalir; hiz sabitse ivime de sabittir; hiz artarsa ivme de artar.
C) Cismin hiz-zaman grafigi ile ivme-zaman grafigi birbirlerinin aynisidir.

14.3. Yukaridaki iki soruya verdigim cevaplardan:
A) Eminim. B) Emin degilim.
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15.1. Asagida bir cismin 5 saniyelik zaman armligindaki ivme-zaman grafigi verilmistir.

+

fvme

I

0 ] 33 25 Zaman (s)

Buna gore asagidaki hiz-zaman grafiklerinden hangisi cismin ayni1 zaman araligindaki hareketini

en iyi gosterir?
A) B)
+ +
N N
T T

1 2 3 4 5

0 K \é_‘;./l Zaman (s) 0 t 1 Zaman (s)

* +
N
0 Zaman (s) 0 x ] 1 /I_

Zaman (s)
1 3 4 5 | 1 2\3J 5

15.2. Yukarida verdigim cevabin nedeni:
A) Cismin ivme-zaman grafigi ile hiz-zaman grafigi birbirlerinin aynisidir.
B) 1-3 ile 4-5 saniyeler aras1 hiz-zaman grafigi parabolik olmalidir.
C) Hiz-zaman grafiginde egim ivmeyi verir.
D)

15.3. Yukaridaki iki soruya verdigim cevaplardan:
A) Eminim. B) Emin degilim.

16.1. Bir cisim asagidaki grafige gore hareket etmektedir:

5 e ~J
4

ivme (m/s?)

0 Zaman (s)
0 1 2 3 4 56 7 8 9 10

Buna gore, hareketin ilk {i¢ saniyesinde cismin hizindaki degisim ne kadardir?

A) 1,0 m/s B) 3,0 m/s C) 4,5 m/s D) 9,0 m/s E)eveer.

16.2. Yukarida verdigim cevabin nedeni:
A) Tvme-zaman grafiginin altindaki alan hiz degisimini verir.
B) Hizdaki degisim ivmeye esittir.
C) Ivme-zaman grafiginde egim hiz1 verir.
D) Hiz, ivme ile zaman ¢arpimina esittir. Yani 3*3 =9 m/s’dir.
) e



16.3.

17.1.

17.2.

17.3.

18.1.

18.2.

18.3.

19.1. Asagidaki grafikleri eksenlerdeki farkliliklar: g6z oniine alarak inceleyiniz:

)

Konum

Yukaridaki iki soruya verdigim cevaplardan:
A) Eminim.

Ugiincii saniyedeki hiz yaklasik olarak ne kadardir?

B) Emin degilim.

(A) -3,3m/s s

(B) -2,0m/s z

(©) -0,67m/s z 0 /" a

(D) 5,0m/s § 1 N

(E) 7,0m/s v 3 N

F) e 0 AN

Yukarida verdigim cevabin nedeni:

4 5

Zaman (s)

A) Konum siirekli negatif yonde azaliyor, hiz da negatif ve ¢ok kiigiik olmalidir.

B) Konum-zaman grafiginde egim hizi verir.

C) Hiz, konum / zaman formiiliinden bulunur. Yani 7m / 3s = yaklasik 2 m/s’dir.

D) 3. saniyedeki konum, bu saniyedeki hiza esittir.

Yukaridaki iki soruya verdigim cevaplardan:
A) Eminim. B) Emin degilim.

Eger t=0 s ile t=2 s zaman araligindaki alinan yolu bulmak isteseydiniz, asagidaki grafikte:

A) Dogrudan dikey eksenden 5 degerini okurdunuz.

B) Dogru pargasi ve zaman ekseni arasindaki alant
(2x5)/2’den hesaplayarak bulurdunuz.

C) 5°1,2’ye bolerek dogru pargasinin egimini bulurdunuz.

D)

Yukarida verdigim cevabin nedeni:

A) Hiz-zaman grafiginde egim alinan yolu verir.

B) Hiz-zaman grafiginin altindaki alan alinan yolu verir.
C) Alinan yol 2. saniyedeki hiza esittir.

Yukaridaki iki soruya verdigim cevaplardan:
A) Eminim. B) Emin degilim.

Hiz (m/s)

(I1) (I1) )
N N 2
T = E
Zaman 0 Zaman 0t ———— Zaman

Bunlardan hangisi/hangileri sifirdan farkli sabit ivmeli bir hareketi gosterir?

(A) LTI ve IV
(B) Tvelll
(C) TveV

(D) Yalmz IV
(E) YalmzV

F) o,
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]
5
0
1 2 4 5
Zaman ()
V)
[}
=
5
—
0
0
Z
aman Zaman



19.2. Yukarida verdigim cevabin nedeni:
A) Tvme sabit bir sekilde diizgiin olarak artiyor.
B) Hiz-zaman grafigi diizgiin dogrusal artiyorsa ivme sabittir; ivme-zaman grafigi zaten sabittir.
C) Konum-zaman grafigi diizgiin artiyorsa hiz-zaman grafigi sabittir; hiz-zaman grafigi sabitse
ivme de sabittir.
D) Diizgiin dogrusal artan grafiklerde egim sabittir; sabit grafiklerde ise sifirdir.
E) Ivme-zaman grafigi sabittir.
F)

19.3. Yukaridaki iki soruya verdigim cevaplardan:
A) Eminim. B) Emin degilim.

20.1. Bir cisim asagidaki grafige gore hareket etmektedir:

4
= —~
£ //
N /
2/
1
0 Zaman (s)

0 1 2 3 4 5 6 7 8 9 10

Buna gore, t=4 s ile t=8 s zaman araliginda cisim ne kadar yer degistirir?

A)0,75m B)3.0m C)4,0m D)8,0m E)120m  F)

20.2. Yukarida verdigim cevabin nedeni:
A) Hiz-zaman grafiginin altindaki alan yer degistirmeyi verir.
B) Hiz-zaman grafiginde egim yer degistirmeyi verir.
C) Sabit hizla 4 metre yer degistirmis.
D) Yer degistirme hiza esittir.

20.3. Yukaridaki iki soruya verdigim cevaplardan:
A) Eminim. B) Emin degilim.

21.1. Sag tarafta bir cismin hiz-zaman grafigi verilmistir. Asagidaki climlelerden hangisi bu
cismin hareketini en iyi agiklar?

A) Cisim sabit bir ivmeyle hareket etmektedir.
B) Cisim diizgiin azalan bir ivmeyle hareket etmektedir.

Hiz

21.2. Yukarida verdigim cevabin nedeni: 0 Zaman

A) Hiz diizgiin dogrusal azaldig: i¢in ivme de diizgiin dogrusal azalir.
B) Hiz-zaman grafiginde egim ivmeyi verir.
) e
21.3. Yukaridaki iki soruya verdigim cevaplardan:

A) Eminim. B) Emin degilim.
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APPENDIX D

ANSWER KEY OF KINEMATICS GRAPHS THREE-TIER TEST

1.1.B 8.1.D 15.1.A
1.2.D 8.2.A 15.2.C
2.1.D 9.1.E 16.1.C
22B 92.C 16.2.A
3.1.C 10.1.A 17.1.A
32.A 10.2.D 17.2.B
4.1.C 11.1.D 18.1.B
4.2.B 11.2.B 18.2.B
5.1.B 12.1.B 19.1.C
5.2.C 12.2.C 19.2.B
6.1.B 13.1.D 20.1.D
6.2.A 13.2.E 20.2.A
7.1.A 14.1.B 21.1.A
7.2.B 14.2.A 21.2.B
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APPENDIX E

ITEM CHOICES INDICATING THE DIFFICULTIES

Difficulty

Item Choices

Number of Item
Choices

D1: To see graphs as pictures:

Students think graphs as
pictures or photographs of the
objects in motion or situation
of these objects without
considering they are as an
abstract mathematical
representation and they can
not separate the shape of a
graph from the path of the
motion

4.1B,42.C,43.A
5.1.C,5.2.D,5.3.A
6.1.D, 6.2.B,6.3.A
7.1.C,72.D,73.A
8.1.A,8.2.C,83.A
8.1.B, 8.2.D, 8.3.A
8.1.E, 8.2.B,8.3.A
11.1.B,11.2.B, 11.3.A
11.1.LE, 11.2.B, 11.3.A
12.1.C, 12.2.E, 12.3.A
14.1.C, 14.2.B, 14.3.A
15.1.C, 15.2.B, 15.3.A
15.1.D 15.2.C, 15.3.A

D2: To confuse slope and
height in graphs: Students
think slope as directly values
off the axes:

2.1.B,22.A,23.A
5.1.A,52.C,53.A
6.1.A,6.2.A,63.A
6.1.C,6.2.A,63.A
6.1.A,6.2.C,63.A
6.1.B,6.2.C,6.3.A
6.1.C,6.2.C,6.3.A
7.1.A,72.C,73.A
7.1.B,7.2.C,7.3.A
7.1.C,7.2.C,73.A
7.1.E,7.2.C,73.A
7.1.B,7.2.B,7.3.A
7.1.C,7.2.B,7.3.A
7.1E,7.2.B,7.3.A
7.1.D,7.2.A,7.3.A
17.1.B,17.2.C, 17.3.A
17.1.D,17.2.C,17.3.A

D3: Not to interpret area
under the graphs: Students
can not interpreting the
meaning of areas under
kinematics graphs

1.1.A,1.2.B,1.3.A

1.1.C, 1.2.A, 1.3.A

4.1.D,42.A,43.A
11.1.A,11.2.D, 10.3.A
11.1.B, 11.2.D, 10.3.A
11.1.E, 11.2.D, 10.3.A
13.1.B, 13.2.A,13.3.A
20.1.C, 20.2.C, 20.3.A

153




D4: Not to differentiate

variables: Students can not

discriminate distance,

velocity, and acceleration and
also their negative values

1.1.LA, 1.2.C, 1.3.A
21.A,22C,23.A
2.1.C,22D,23.A
21.D22.C,153.A
3.1.A,32.C,33.A
3.1.B,3.2.D,33.A
3.1.D,3.2.B,33.A
4.1.A,42.D,43.A
5.1.C,5.2.A,53.A
5.1.C,5.2.D,53.A
5.1.D,5.2.B,53.A
5.1.D,5.2.A,53.A
6.1.D,6.2.B, 6.3.A
8.1.C,8.2.E, 8.3.A
9.1.A,9.2.A,93.A
9.1.B,9.2.A,93.A
9.1.A,92B,93.A
9.1.B,9.2.B,93.A
9.1.B,9.2.E,93.A
9.1.C,9.2.D,93.A
9.1.D,9.2.A,9.3.A
9.1.D,9.2.D,9.3.A
10.1.A,10.2.C, 10.3.A
10.1.B, 10.2.A, 10.3.A
10.1.C, 10.2.A, 10.3.A
10.1.C, 10.2.E, 10.3.A
10.1.D, 10.2.A, 10.3.A
11.1.C, 11.2.A, 11.3.A
11.1.A,11.2.D, 10.3.A
11.1.B, 11.2.D, 10.3.A
11.1.E, 11.2.D, 10.3.A
12.1.A,12.2.D, 12.3.A
12.1.D, 12.2.A, 12.3.A
12.1.E, 12.2.B, 12.3.A
13.1.A,13.2.C, 13.3.A
13.1.B, 13.2.A, 13.3.A
13.1.C, 13.2.B, 13.3.A
13.1.D, 13.2.B, 13.3.A
13.1.E, 13.2.D, 13.3.A
14.1.C, 14.2.B, 14.3.A
16.1.A,16.2.C, 16.3.A
16.1.B, 16.2.B, 16.3.A
17.1.A, 17.2.A,17.3.A
17.1.B, 17.2.A,17.3.A
17.1.C,17.2.A, 17.3.A
17.1.E, 17.2.D, 17.3.A
18.1.A,18.2.C, 18.3.A
18.1.C, 18.2.A, 18.3.A
19.1.A,19.2.D, 19.3.A

19
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19.1.B,19.2.C, 19.3.A
20.1.A,20.2.B,20.3.A
20.1.B, 20.2.D, 20.3.A
21.1.B,21.2.A,21.3.A

D5:Not to relate one type of
motion graph to another:
Students think graphs of
distance, velocity, and
acceleration are identical with
each other in sign or shape
namely they think syntacticly

11.1.A,11.2.C, 11.3.A
11.1.LE, 11.2.B, 11.3.A
14.1.A, 14.2.C, 14.3.A
15.1.B, 15.2.A, 153.A

D6:To confuse
Area/Slope/Height: Students
can not interpret changes in
height and changes in slope to
calculate area and also the
relevance of the positive and
the negative areas of the
graph.

1.1.A,1.2.B,1.3.A

1.1.C, 1.2.A,1.3.A

4.1.D,42.A,43.A
10.1.B, 10.2.A, 10.3.A
10.1.C, 10.2.A, 10.3.A
10.1.D, 10.2.B, 10.3.A
11.1.B,11.2.B, 11.3.A
11.1.LE, 11.2.B, 11.3.A
14.1.C,14.2.A, 143.A
14.1.D, 14.2.A, 14.3.A
15.1.C, 15.2.B, 15.3.A
15.1.D15.2.C, 15.3.A
16.1.A,16.1.C, 16.3.A
16.1.D, 16.2.D, 16.3.A
18.1.C, 18.2.A, 18.3.A

D7:Not to calculate nonorigin
slope: Students can not
determine the slope of a line if
it does not pass through origin

6.1.A,6.2.A,63.A
6.1.C,6.2.A,63.A
7.1.B,7.2.B,7.3.A
7.1.C,7.2.B,73.A
7.1.E,7.2.B,73.A
17.1.B,17.2.B, 17.3.A
17.1.C, 17.2.B, 17.3.A
17.1.D,17.2.B, 17.3.A
17.1.E,17.2.B,17.3.A

D8:Not to match information
with graphs features: They
think words should be exactly
represented in graphs shapes

8.1.A,82.C,83.A
8.1.B, 8.2.D, 8.3.A
8.1.E, 8.2.B,8.3.A
9.1.A,9.2.A,93.A
9.1.B,9.2.A,93.A
9.1.A,9.2B,93.A
9.1.B,9.2.B,93.A
9.1.B,9.2.E,93.A
9.1.C,9.2.D,93.A
9.1.D,9.2.A,9.3.A
9.1.D,9.2.D,9.3.A
12.1.E, 12.2.B, 12.3.A
19.1.D, 19.2.A, 19.3.A
19.1.E, 19.2.E, 19.3.A
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APPENDIX F

RAW DATA OF KINEMATICS GRAPHS THREE-TIER TEST

ITEM NUMBERS

€L
cL
VL
€9
29
19
R
KA
g
R4
kA%
N
€e
KA
e
€¢
¢¢
¢
€l
¢

B DA DDBACAATCUBADBT CAUBAAAB B
B DA DDBACAATCUBA ADBT CAUBAAAB B
B DA DDBACAATCUBAATCUBDBAAA B B
B DA DDBACAATCUBA ADBT CAUBAAAB B
B DA DDBACAATCUBADUGBA AUBAAAB B
B DA B B ACAATCUBA ADBT CA AT CAAWUB B B

Ll
SIN3IANLS

2
3
4
5
6
7
8
9

B DA DBATCAATCUBAIDBU CAUBAAAUB A
B DA ACACAATCUBA ADBT CATCAUB B B B
B DA B ADBICAAZCUBA ADBI CA AUBADB A B B

B DA DBATCAATCUBAIDBU CAUBAAAUB A

10

11

B DA DBATCAADAUB DB CAATCDB A B A

2 B D A DB ADWBA AT CIUBA AWDBU CAATZCAAUB A

3 A C A DB ADIBATCUBAUDBU CAAAAUB B A

4 B D A DB A CAAZCUBAWDBT CAUBAAAUB A

15

B DA DDBACAATCUBA ADBT CA AWDBC OB A B B

%6 B D A DB A CAATCIUBAIDBT CAUBAAAUB A

17
18
19
20

B DA DBATCAATCUBAIDBT CAUBAAAUB A

B DA DBATCAATCUBAIDBU CAUBAAAUB A

B DA DBATCAATCUBA AT CUDAATCIDB A B A
B DA DBATCAATCUBAIDBU CAUBAAAUB A

B DA DBATCAATCUBAIDBU CAUBAAAUB A

21

22 B DA DBACAATCIDBA AIDBT CAUBAAAUB A

23

B DA DBATCAATCUBAIDBU CAUBAAAUB A

24 B D ADBACAACUDBA AIBT CAUBAAAUB A

25

B DA DCOBUBBADAATCUDAAAAAUB A

26 B D A DCOBBDAUDAATCUDAAAAAUB A

27

A C B D C B B D A DAATCUDAAAAAUB A

B DA DCAUBUDADAATCUDAAAAAUB A

28

29 C A A B A B B DADAUBTCDOB CC B D A B

30
31

B DA BAADTZGCATCUBA AT CAAUBAAD A B

B DA B AADBIDA AT CUBAWDBU CAUBAAUB B A

32 B DA B ABUDWDBA AT CDBATCUDATDUB B C C A

33

B DA DB OB BUDA AT CUBA AWDBCAATZC A

34 B D A B ABACACIDBADUBADBCADB B B

35

AB A DBAZCAATCIDBATCUDA AATCAD A B

36 B D ADBAZCAATCIDBATCAAUDBTCAD A B

37

B DA B AAACATCUBA ADBT CAUBAAWBC B

B DA BADBICAATCUBA AIDBU CAATCAUB B A
B DA B ADBAZCA AT CUBA AUDBU CAAAAAB B
B DA DDBAUBIDA AT CUBADUBA AUBAAD A B

38
39
40
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ITEM NUMBERS

€L
cL
VL
€9
29
19
R
KA
V'S
R34
kA%
VY
€€
KA
e
€¢
¢¢
x4
€l
¢l

B DA B AADBUIDA AT CUBA ADBT CAUBAAAB B
B DA DDBAUBUDA AT CWUBA ADBT CA AATCUBD A B
B DA CDAACATCUBADBT CA AT CAADAB

4 B D A D B A CAACDBAUDBTCUBUBAAATZC A

b
SIN3IANLS g

42
43

B DA DDBAUBIDA AT CUBADUBA AUBAAATZC A
B DA DB B CAUDBADWBDB I CAAAAUB B B
B DB D B A B DA AT CUBADBC B B A B B B B

48 A C A D B B C A B A DADDBUBAZCAUB B A

45

46
47

B DA A COB B DA AZCUBAUDBU CAAAAUB B B
B DA DDBADWBDBCIBAUDBI CAAAAWUB B B

49

50

B DA DBATCAATCUBAIDBT CAUBAAUB B A

51

52 B D A DB ADWDBWUBUDAAIUBT CAATCA AUDB B B

B DA DU CATCAATCUBADBT CATCAAWUB B B

5 B D A D CADAATCDBAUBTZ CAATZCADA A

53

B DA DBATCAATCUBAIDBT CAAAAD A A

56 B D A D B A A CAC DB ACDAUDBAAUDB B A

55

B DA DDBACAADAAUDBT CA AUBADBD A B
B DA DDBACAATCUBA ADBT CAATCAD A B
B DA CUDAUBIDA AT CUBAIBT CAATCAD A B

57

58

59

B DA DBATCAATCUBAIDBT CAUBAATCB A
B DA DUCADWBA AT CWUBWBDB CADB A B A B B

60
61

62 B D A D C A D B B C B A C D B C C B A B A

63

B DA DBATCAATCUBA AIDBU CAUBAADAA

64 B D A D B B C A A C B B D B A B C B A B B

65

B DA DDBACAATCUBA AIDBTCA ADDB B A C B

66 B D A D B A C A A C B A B C A A A A A C B

67

B DA DDBACAAADADBT CAAAAAB B

68 A C A D C A A C A C B A DA A BAADA A

69
70

71

B DA DU CAACUBADWBT CDUBCTC B A B A

B DA DBOBCAAZCUBAWDBU CAUBAAAUB A
C ANA A CACAACDBACUIDAATCAD A B

D B A D B B D A B

72 B D A D B A C A A

73

B DA DDBACAATCUBA AUDBT CAAAAD A B

74 B D A DBAAUCACIDBADUBDB A C B D A B

B DA DU CAATCACUBATCUDAUBT CAAUB A

76 B D A DB A B D AC B A B CAATZCAD A A

75

B DA BAAACATCUBA AUDBT CADDB AD A A

77
78
79

B DA DBAACADAATCUDAATCAUB B A
B DA A CADBUDAADAUDAADDB A C D A

80 A C A B A A B D ADAADAAATZCAATZCA

81

B DA DBADWBA AT CUBA AT CAAAAAUB B A

82 B D A D C A CAADAADAATCAAAUDB B

83
84

85

B DA DDBAUBUDA AT CUBA AT CUDAAAAD A B
B DA DDBACAATCUBATCAUBAAAAUB B

B DA DBATCAATCUBAIDBT CATCTCAAUB A

86 B D A D B A C A A C B A B C A C A A A B A

87

B DA DDBACAADBTCADBTCA AWDBTCATCTC B

B DA DDBACAATCUBA AIDBT CA AT CAAADB A
B DA DBAUBUDA AT CUBAUDUBAATZCATCD A
B Db A DBAUDBUDAADAIDDBAA AT CAATZC A
B DA A COBCAAUDA AAIDBT CAA AT CAAUDB B

88
89
90
91
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ITEM NUMBERS

€L
cL
VL
€9
29
19
R
KA
V'S
R34
kA%
VY
€€
KA
e
€¢
¢¢
x4
€l
¢l

B DA DCODBI CAADAAUDBT CAUBAAAUB A
B DA BAADBUDWUBT CWUBA AT CUDAUDDB B A B A

949 B D A B AA CAAADAUBTZCADUB B C D A

b
SLINIANLS g

93

B DA DBATCAADAAUDBT CATCAATCTD A

% C A A DB A DDBAADATCUDAUDBAUB A C B

95

B DA DDBADWBA AT CUBA ADBT CA AUBADB A C B
B DA DDBAUBUDADAUBT CAUBDB A B A B B

97
98
99

B D A DBADBUDAUDAAWDBT CADDB A D A A

0 B D A DB ABDOBCOBADDB AD B B C D B

101

C A°NA A COBI CAACUBABTCADUBAD A B

2 B D A DB ACAATCDBAUBT CAATCAAUB B

3 B D A B AAA CAATCIDBAUBTZ CAATCAUDB B B

4 B D A DB ACAATCIDBAUBT CAATCATCD B

% B D A D C B CAUBADUBUDOB A B C B C D B

16 B D A D B A CAACDBABCAAAA

107/ B D A DB A CAACDBAUBTCAUDUBATCD A

1 B D A DB A CAAZCDBAUBT CAWUBC B D A B

M B D A DB ACAUBTCDBAIBTZ CAATCB E B A

M0 B D A D B B C A A C B A B C A A C B E B A

111

D ANA A C B D A A

B D A DB A C A B

M2 B D A D B A CAACDBAIBU CAAAUBD A A

M3 B D A DB A A CACDBATCAADUB A E B A

M4 B D A D B A A C A C B A DA A D B A E B A

M5 B D A D B A B D B C OB ACAAD B A B C B

M6 B D A D B A C A B C B A DA A AC A E B B

M7 B D A D B A C A A C B A DA A A C A B B A

M B D A D B A CA A C B A CAAATCADB B B

M9 B D A D B A B DA COB ADDBAATCAAB B

20 B D A D B A C A A C B A DAADBADB D A A

121

B DA ACDBACAADA AT CAAIUBAATCTD A

22 B D A DB ACAACDBAUBTZ CAUBAAAUB A

23 B D A DB A CAACDBAUBTU CAUBAAAUB A

24 B D A B A B B D B C B A B CAAC A A C A

26 B D A B A A CAUBADWIBIBU CAUDBAAD A A

26 B D A D B A A C A C B A C ADB B C B E B B

27 B D A D B B CAAC B B B CAUB A A A B B

28 B D A D B A C A A C DB A B CADBAAD A A

29 B D A B A B C A A C B A CD B D B A D A A

30 B D ADBAUCAATCUDBAIBT CATZCAAEC A

131

B DA DU CATCAATCUBA AT CAAATCUDBAB A

32 B D ADBAUCAATCIDBAUBT CAUBAAAUB B

33 B D ADBACAATCIDBAUBT CAUBAAAUB B

3 B D A DBACAATCIDBAUBT CAUBAAAUB B

3% B D A DCAWDBUDWBT CODBOBU CAAATCAWDB C B

36 B D A A CACAAADADAAD B B B A B

3%7 B D A B A B A COB B CAWBT CAD B B B B B

33 B D A B A A CAACDBADUBB B A B D A B

39 B D A B AA B DA AAUDATCUDAUBC B E C A

40 B D A D B B D B A C B A B C A A A B B B A

141

B D A DBAUCAATCIDBAIDBT CAUBAAD A B

42 B D A D C A C A A C B A B C A A A A D A A
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ITEM NUMBERS

€L
cL
VL
€9
29
19
R
KA
V'S
R34
kA%
VY
€€
KA
e
€¢
¢¢
x4
€l
¢l
b
S1IN3IANLS

43 B D A D C B D B A D A A B CADB C B B B A

144 A C A D C A C A A C B A B C A A CAD A A

45 B D A C D B C A A C B A B C A A C A A B B

46 B D A C D A B D A D A A B C A A A A A B A

47 B D A C D A B D B C B A B C A A C A C D A

4 B D A C D A C A A C B A B C A A C A D A A

49 B D A C D A C A A C B A B C A A C A D A A

%% B D A C b A B DA CDBABCAUBC B A B B

151

D AA B CABAAAUB A

B D A B A A

%2 B D A D B A B D A DAAUBTZ CAUDBAAUDB B A

%3 B D A B A B C A A C B A CD B B A A B B A

% B D A D CAACACDBACDUBAC B A B B

% B D A D B A CAACDBAUBT CAUBAAUDB C B

% B D A D C B D B A C B A A CAAC B C D B

%7 A B A D B A CAABCOBCUDAATZCAAUB A

% B D A D B A CAAC DB ABCAATZCAATC B

% B D A DB A B DAZCDBAZCAUDBA AT CAATC B

60 B D A D B A C A A C B A B C A B A B A B B

161

A B B DB B CAUBA AUDUBIBC B B A B A B B

62 B D A D B A C A A A DAAZCADBAAAUB A

%63 B D A D B A CAAC B A B CAUBAAC B B

4 B D A D B A A C B C B B C D B D B B C C B

65 B D A D B A C A B C B B D B A D B B D A B

166 B D A D C A A C A C B B D B A A A B A C A

167 B D A D B A B D A C B A B C A A C A B B A

68 B D A D B A B D B C B A A C A A C A D A A

%69 A C A D B A CAACDBAUBT CAUDUBAD A A

1770 B D A D B A D B A D A B CADB A C B C D B

171

B DA DBATCAADAAWDBT CAWBTCDB C D A

%72 B D A C D B C A A C B A A C A B C B C C A

%73 B D A D B A B D A A DADDBAAAAUDB B A

774 B D A B A A C A A C B A B C A A A A A B B

7% B D A B A A B D B C B A D B A A C B B B A

776 B D A D B A D B A C B A D B A A C A B B A

77 A B A D B A C A A DA ABICAATCADB B A

7 B D A A C B C A A C B A

A C A B B A

79 B D A D C B C A A DBAAZCIDBA AT CAUD A B

0 B D A D C A CAACDBACAAATCAATCA

181

B DA DBACAADAAUDBT CAUBT CAADB A

82 B D A D CACAACDBADDBADBAAAUB A

83 B D A D CAZCAAUBTZ CACAABAAAUB A

% B D A D CACAAADATCUDDB B C B A C A

%% B D A C b A CAAC B ADDB A B C B D A B

6 B D A C b A C A A C B ACAAUBADB D A B

7 B D B C D B D B B C B A B C A B A B D A B

88 B D A D B A C A A C B A B CACAAATC A

%9 B D A D CAZCAACDBAUBTCAUDUBAAUB A

%% B D A DB ACAACDBAUBTZ CAUBAAAUB A

191

B DA DBATCAATCUBAIDBU CAUBAAAUB A

%2 B D A D B A C A A DA ABCADBCATCD B

99 B D A A CACAACIDBAUBT CAUDBAAADB A
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% B D A DB ACAACUDBAATCAUBA AUDB A B A

% B D A DB B CAAZCIDBAUBTU CAUBA ADB C C B

% B D B C D B C A A C B A B C A A C A B B A

%7 B D A D B A DB B COBAUBU CAAAUDB B C B

% B D A DB AACACDBAUBT CAATCODB C D B

%% B D A DBACAATCUDBAUBT CAAAATCD B

200B DA DBAZCAATCUDBAUBT CAUBAAAUB A

201

B DA A CACAATCUBWBDBCAATCATCD B

202 B DA CDACAATCIDBAUBT CAIBAAAUB A

200B Db ADCACAATCDBAUBT CAUBAAAUB A

204 B D ADBAZCAATCIDBAUBT CAUDBTCAAUB A

206D ADBAZCAAUBTCADDBDBAAAAUB A

206 B DA DUBACAATCIDBDBUBICAUDBAAD A B

207 B DA DBAZCAAADAUBTCAUBAATCTD B

208 B DA DBAUDUBADA AWDBCD B B A A

2008 D A DBAZCAAADAUBT CAUBA AAUDB B A

270 B D A D B A C A A C B A B CADBAAAUB A

211

B DA DBATCAATCUBAIDBU CAUBAATZCB A

22 B D A D B A CA A C DB A B CADBAAAUB A

23 B D A D B A C A A C B A B CADBAAAB A

24 B D A D B A C A A C B A B C A B C A A B A

2% B D A A C B C A A C B A B CA A A A B B B

26 B D A D B A C A A C B A B C B B A A B B A

27 A B A B A A C A A C B ABCADUBAD A B

28 B D A B A A C A A C B A B C B B C A B B A

29 B D A B A A CAACBADBCDB CAUB A C B

20 B D A A C A C A A C B ADAADBCATC B A

221

B DA DDBACAATCUBATCAAATCAD A B

222 B DA DCAACODBI DA AADAADOB B D A B

223 B DA DBAUCAATCIDBAUBT CAUBAAAUB A

224 B D ADBAZCAATCDBAUBT CA AT CAWUB B B B

225 B b ADBACAACIDBAUBT CATCA AWDB B B A

226 B b A D B B DB A C DB A DB AAC B A B A

22r B b ADBAZCAACIDBAUBTZ CAATZCAAUB A

228 B D ADBAZCAATCDBAUBTCODBATCAAWUB B

229 B b A DBAZCAACDBUB B CABAAAUB A

230 B D A DBAZCAATCIDBUB B CABAAAUB A

231

B DA DDBACAATCUBA AT CUDA AWBTCAAB B

232 B DA DBACAATCIDBADUBAUDBAAAUB B

2333 B b ADBAZCAATCIDBADDBABAAAUB A

234 B D ADBAZCAATCIDBAUBT CAIBAAAUB A

238 AB A DCADWOBWIBZCB B ATCAATCUBC D B

236 B D A B A A CAACUDBAATCAATCAADUB B

237, B D A A C A

C BA A CACAADAEB

238 B D B A CA B D OBDAADAUDBCAADB A A

239 B D A DCOB B D A C B A

D B B D A A

240 A B A B A ADDBAUBUCOBDB B A C B D A A

241

B DA ACAUBUDWUBDAWBTCDUBT CAAUD A A

242 C A B D B B C A B D ADB CD B CAAD A A

243 A B A B A A C C B D A B D A A B C B C D B

244 A C B C D A D B A A D B C D B D B B D A B
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245 B D A C D B B D B D A A B C B D B B E C B

246 A C B C D B B DB B C B B C B CC B C B B

247 C A A A C A CAAC B ABICADUBATCD A

248 B D A C D B B D B D A A B C B D B B E C B

2499 B D A C D B B D B D AADBC B D B B E C B

250 A B B C D A A COBUDA AUDBUDA AWDBDB B C D B

251

B DA B AACAATCUBA ADBTCUBA AT CAWUB B B

252 B D A B A A CAACBAUBTCODBATCAUDB B B

253 B D A B AA A CADAADBTCODBDBC A B B B

24 B D A B A A CAACDBAUBTCODBATCAUDB B B

2% B D A B AACAACDBAUBT CAATCA ADB B B

2% B D A B A A C A A C B A

A C A B B B

257 B D A B A A CAACDBAUBTCODBATCAUDB B B

28 B D A B AA B DACDBAWUBTCDBATCAUDB B B

2% B D A A CACAACODBAUBTCAUDBAAUDB B B

260 A B A B A B B DACDBAUBTCDBATCAUDB B B

261

B DA B AADBUDWUBCUBADUBB AU CAB B B

22 B D A B A A C A A C B A B CAATC A DB B B

263 B D A B A A CAAC B ABC DB A C A B B B

264 B D A B A A B D A DAACDAATCAODB B B

25 B D A B A A C A A C B A B C B A C A B B B

26 B D A B A B C A A CB ABCAATCAODB B B

267 B D AD B A C A A C B A B C A B A A A B A

268 A B A D B A A CACBAUBTCADBCUB C D B

269 B D A D B A CAAC B A B CADB C B B B A

270 B D A D B A C A A C B A B C A B C A C C A

271

B DA DDBACAATCUBA ADBT CA AUB A OB B B B

272 B D A D B A C A A C B A B CADBAAAUDB B

273 B D A D B A C A A C B A B CA A A A A B A

24 B D A A C A B D B D A A B CAATCAAIB A

2715 B D A B D A C A A C B A B C B A C A A B A

26 B D A B D A C A A C B A B C B A C A A B A

277 B b A B DA CAACDBAUBTCDBATCAUDB B B

278 B D A B D A C A A C B A B C B A C A B B B

29 B D A B A A C A A C B A B C B A C A B B B

280 A C A B AACAACIBAUBTCWDBATCA AUDB B B

281

B DA B AACAATCUBA ADBTCUBA AT CAWUB B B

282 B D A DBADBDADAATCUDAATZCAAUB A

283 B D ADBAZCAUBTCDBATCAATCAUDBD A A

24 C ANA DB B D OB AUBC OB B CADB C B C D B

285 B D A DBAZCAATCIDBAUBT CAUBA AAAUB A

26 B D ADBAAZCATCIBADA AAIDBAATCD B

287 B D B DB B ACWOBBCOB DA AUDBDB A A C D B

288 B D B DB ACAAADAUBT CAAAATCTD B

280 B DA DUBAUDBIDAUDAAIZBTCDBAAATE C A

290 B D A DBAZCAACDBAUBTZ CAIBAAAUB A

291

A C B A CBACAADWUBA AT CDB DB B A C A

22 B Db AACAAZCACDBUB B CADBZCAATZCA

23 C A A A C A

D AA B CABTZ CAA AT CA

294 B D A DB A CAADAAWDBU CAUBAATE B A

29 A C B €C b B C A B A DB D OB B B C B C D B
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2% B D A B A B CAAC B ADBICAWDBC B C D B

297 B b ADBAAZCADTCODBATCADBTCA AT CB B

298 A C A D B A

C B A B CA A A A A B A

299 A B A B A A CAAADADWUBAATCA AT CTC B

A.C A A C B C B B D B B CAAC C A

A C A DBADBDA AT CDBADAADUBAC C A

300
301

302 A B B A CB DB OB DA AWDBCD B D B B D A B

333 A B ADBBAZCDBOBC B CD B DB B E C B

304 A B B B AACAADBTCUBDAATCTCATCD B

305 B DA A CAUBWUDADBTCODBDB CAAAAWUB B B

306 B D AD B ACADBC B B CAUBD B B C B A

30w B D A DBAZCAATCUBAATCAUBAAAUB A

308 B D A A CACAATCUBADBTCAUDBAAAUB A

309 B D A DB B CAATCUBAUDBT CAUBAAAUB A

3(0 B D AD B A CA A COBADBCAAAUDB A B B

311

B DA CUDATCAATCUBADAAAAUB A B B

312 B D A D B A C A A C B A DA ACCAD A A

3133 B D A D B A B D A C B A B C A

314 B D A D B A C A A C B A B C A A A B D A A

3% B D A D B A B DA ADDB B C A CCAUD A A

36 B D A D B A B D A C B A A C A

3% B D A B A A B DA COBADAADDB B C D B

318 B D A D B A C A A C B A B CADB A A B B A

399 B D A D B A D B A CB ABCAUDB A A B B A

320 B D AD B A CA A COBADBCAUDBAAWUB C B

321

B DA DBATCAATCUBAIDBU CAUBAAUBC A

322 B D A DB B D B A C B ACAUB DB A A A B A

323 B D AD B ACAATCUBADBTZCAUDBAAAUB A

34 B D A D B A C A A C B A B C A A C B D A A

32 B D A DB ACAATCUBA AT CAUBAAUBAB B

36 B D A D B A C A A C B A B C A B A A A B A

327 A B B D B A DBACUBAUDBT CAUDBAA A B

B

328 B D AD B A CAAZCUBAATCAATCAD A A

39 B D A D B A C A A COBAACAAZCAD AA

330 B DA DBAZCAATCUBAATCAATCADAA

331

B DA DBAUBUDA AT CUBA AIDBU CAATCUBD A A

332 B D A DB ABUDATCUBAIDBT CAUBAAAUB A

333 A B A DB ACAATCUBADBT CA AUDBAAUB B B

334 B D A DB ACAUDBCUBADBC B DB B B B B

33% B D A DB ACAATCUBADBT CA AT CAUB B B B

336 B D A A C A CAACOBADBCAATCATCD B

33Z. B DA B A A A CACUBADBT CAATCAAUB A

338 A C A D B B B D ADAAUCAADDBAA B A

339 B D A DB ABUDADA AAIDBT CAA AT CAATC B

340 B D A D B

341

B A CADAADAAATCAATC B

B DA BAAACIDBT CUBAIDBU CAATCAAUB A

342 B D A A C B B D A COBADBCAA AT CAUB B B

3433 B D A B A A B DATCUBAUDBCAUDDB B B B B

344 B D A D B A C A A DAACAAUDBAAAUB A

345 A C A D B B

B D A DAACAAUDUBADB B A

346 B D A B A A C A A C B A B C A B A A B B A
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347 B D A B A A B DACUBADBCAUDB A B B B B

348 B D A D B A C A A C B A B CADB A A A B A

349 B D A D B A DB A COBADBCAATCAB B A

30 B D AD B A B DATCIBADBCAUDBC A B B A

351

B DA B AAUBIDA AT CUBA ADBT CA AUB A B B B B

32 B D A D B A B D ACOBADBCAUDBAA B B A

33 B D AD B A B DATCIBADBCADBC A E B A

34 B D A B A A B DA ADADBCAIDB C B

3% C A A DB A B DADA AA AT CUDA AT CAAUB A A

3%6 B D A D B A DB A COB B CDAD B B B B B

37 B b B ¢C D A DBADA AWDBT CUDA AUDDB B B B B

38 B D AAA C B B D A B C B CAAD B B B C B

39 A B A B A A CAADAWDBTCUDUBDDB A B C A

360 C A A D B A B DADAAZCUDA AT CAATCD A

361

C ANADDBACAACUBADBTCA ADOB B C D B

362 B D A D B A B D A DAADAADDB B B C A

363 C AA DB A CAACOBADBC B DB B C C A

364 B D B D B A B D A C B A B C A D B B

365 B D A B A B B D A C B A B CAATC A B C B

366 C A A

B DA DAADBTCUBA AT CA AT CTCA

367 C AA DB A B DACIBADBT CAA AT CATZCB C

368 A B B D B B B D A A C B DB A B C B C B B

369 B D A C D B B D B C B A DA A B C B C B B

370 A B A DB A B D OB B C B CDADDB B E C B

371

B DA DDBAUBUDA AT CUBADUBA AA AT CAEC B

372z B D A D B A DB B A D ADIBAATZCADB C A

373.C A A A CADIBAADA AT CUDAAAATCTCA

3744 C AA A C A B D AC B B D B A DB A C C A

335 B D A DB ACAADAADAADDB A B C B

376 A B A D B A A C A

B C A DB A C C A

377 A C A D B A CAACOBADBCADDB A C C B

378 C A A B A A B DACUBADBT CAATCATZCB A

3799 C A A B A A B DACIBADBT CAATCA ATZCB A

380 C ANA B A A B DACUBADBT CAATCATZCB A

381

B DB B A A DIBOBCOBAWDBC B DB A B B A

382 B D B D B B B DB D A AD B ADDB A B B A

383 B D A DB A CAATCUBAUDBCAUDBAADB B A

3384 A C A D B A D B B

B C A B A A B B A

386 B D A DB A DB B CBADBCAUDBAAAUB A

386 B D A D B A DB A COBAUDB CAUDBAATCD B

3837 B D AD B ACAATCUBAUDBZCAUDBAAAUB A

388 B D A D B A DA A COB B B C B B A B A B B

389 B D A D B A DB ACOBADBCAUDBAAAUB A

30 B D A DBACAADA AADBT CAUDBAAAB B

391

D AAA B C A B A A

A C A D B A

32 B D A DB ADDBATCUBAUDBCAUDBAAAUB A

393 B D A DB ACAAADADBC B B C B D A A

394 B D A D B A CA A COBACAADDBAD A B

3% B D A DB ACAATCUBADBT CAUBAAD A B

3% B D A DB A CAAZCBAUDBTC CAUBAAD A B

3% B D ADB B CAAZCBA AWDBC CAWUBC B B C B
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398 B D AAA C A DB A C B A CDADBC A C C A

399 A B A DA A BDIDBDBC B CAADDB B C C B

400 A C A D B A CAACDBAUBTZ CAUBAAUB C A

401

B DA DDBAUBUIDAIDBT CAUDBT CA AT CAAAUB A

402 B D A D B A A CACIDBAUBTZ CAUDBTCAWDB C A

403 B D A DB A A CACUDBAUBT CAIUBTCAWDB C B

404 B D A D B A CAADAAUBTZ CAAAAAUB A

405 B D A D B A DBIBADA AT CAAUDBTZCAD A A

406 AN C A C D B D B B A DB B COBAADB B C B

407 B D A D B A C A A C B A B CADBAAAUB A

408 B D A B A B A C C B C A C D AC A A B B B

409 A B A B AA CAACDBAUBT CAATCATCTD A

40 C A A B A A C A A DAACUDADUBADAA

411

B DA B AACAATCUBATCUDA AUBAUB A B B

412 A C A B A A A C CDAADDBAATCADAA

413 B D A B A A A CACDBACUDDBCADB D A A

414 C A A D B A C A A DA ACUDAUDBTCAAUB A

41 C A B B A A C A B A DB B C OB A A A D A B

416 B D A B A A C A A C B B C D A D B

417 C A A D B A

B B B A

D AACDAUBTZCADAA

41 B D A C D A C A A C B B C D A B A B B B A

419 C A A D B A C A A DAACUDADBTCADAA

420 C A A D B A C A A D A A CDAUDBTZCADAA

421

C ANADDBAZCAADAADBTCAUDBCAUD A A

422 B D A D B A C A A C B A B CADBAADB B A

423 B D A D B A C A A C B A B C A B A A B B A

424 B D A D B A C A A C B A B C A B A A B B A

425 B D A D B A C A A B C A B C A D B A D A A

426 C A A D B A B D B C B A C D A C C A C C A

427 C A A D B A CA A A DABCAUBZ CATCD A

428 C A A D B A B DB C OB ACDATZCTCATCTCA

429 C A A D B A DBAADATCUDADUBATCC A

430 C A A DB A CAACDBAUBTCOBD B B B C B

431

C ANADDBACAATCUBADBC B B B B B C A

432 C A A DB A DIBAADADDB ADB B B C A

433 B D A DB A CAAADAUBTZCAUDUB B B C A

434 B D A DB A CAACDBAUBTZ CAUDUB B B C A

43% B D A DB A CAAZCDBAUBTZ CAUBAAAUB A

436 A C A A C A A C A DAAACACAADAA

437 C A A ACA A CADAAAZCAAAADAA

438 A B A A C A A C A CDBAAZCATCAATCTDA

439 B D A

B DB CB ACUDA AT CAAAUB A

440 B D A D B A B D B C OB A CDADUB A A B A

441

B DA DBADWBA AT CUBA AT CUDAUDDB A D A A

442 A C B D B A C A A C B A CDAAAAD A A

443 A C A D B A CA A CDBACAAAAATCTD A

44 B D A D B A C A A A DAUBICAZCAAAUB A

445 B D A D B B C A A A DAUBUCAZCAAAUB A

446 B D A D B A C A A DA A B CADBAAAUB A

47 B D A D B A C A A DA A CAA B A A

48 B D A B A A C A A C B A A C A B A A C D A
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449 B D A B A B D B A B CA A CADBAATCD A

450 C A B B A B D B A B C A A CA A A A C D A

451

C ANA B A ADDBADAADBT CAAAAAUB A

452 B D A B A A B D B DA ABCAAAAAUB A

453 B D A B A A B D B C B A B CAUCAAAIB A

454 B D A B A B D B A C B A DB A CAAAIB A

45 B D B D B A D B A D A A A CADBAAAUB A

456 B D A

D B A DAAATZCAUB A A

457 B D A D B A C A A C B A A CAB A A B B A

458 B D A D B A C A A C B A DB A B A A B B A

459 B D A D B A C A A B CAD DB A B A A B B A

460 B D A B A A C A A D A A B CADBA AA AT CTCA

461

A B B B A B CAADAAUBTZ CADUBA AT CTC A

462 A B A B A A C A A DA A B CADUBATCTC A

463 A B A B A A C A A B C A CA A DB A A B A

464 B D A D B B C A A B C A D B A A A A A B A

465 B D B D B A C A A D A A DB A A A A A B A

466 B D A D B A C A A D A A DB A A A A A B A

467 B D A D B B A C A B C A C D A A C A A B A

468 A C A B A A A C A C B A CDAACAA B A

469 A C A B A B A C A C B A B C A A A A A B A

470 A C A B A A B D B C B A B C A A A A B B A

471

C ANA B A A B DIOBCIBAWDBTZ CAUBAAUDB B A

472 A B A D B A D B A C B A C D A B A A B B A

473 A B A D B A D B A C B A CD A B A A B B A

474 A B A D B A D B A C B A A C A B A A A B A

479 B D A D B A C A A C B A A CABAAAB A

476 B D A A C B C A A A DA A CADBAADAA

477 B D A A C A C A A A DACUDAUDBAADAA

47 B D B A C B C A A D A A CDAATCATCTCA

479 B D A A C A C A A DAABIZ CAAAATCTCA

480 B D A D B B C A A A DABICAAAATCTCA

481

A.B A DBAZCAAADAIZBTZ CATCAAAUB A

482 A B A D B A C A A C B A B CACAA A B A

483 A C A D B A DB ACDBAUBTU CAATZCAAUB A

484 A C A D B A DB A C B A B CAAAAAIB A

48 B D A A C A B D B C B A CA A A A A A B A

486 B D A A C A B D B C B A A CAAA A A B A

487 B D A A C B A C A B CAACADUBATCD A

488 B D A D B A A C A B C A A CAD OB A C D A

489 B D A D B A A CAUBCADDBADUBATCD A

490 B D A D B A DB A B CAUBU CAUDUBATCD A

491

B DA DDBAUBUDWUBDBCADBCAA A A

492 C A B D B A B D B B C A B CAAA A A B A

493 A C A A C A B DB B CADDBADBAAD A A

494 A C A A C A DB A B CAD DB A BAAD A A

495 C A B A C A DB A B CAD DB A B A A D A A
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€8

2’8

B DA ECAADADUGBA AWDBT CADDB B B A A
D AAAECAADWDBUDUBA AWDB CA AT CDB A B A A
D AB ECODBADAUDBUBWB B CAD DB B B A A
D AAAECAADADUGBA AIDBTCADDB B B A A
D AA A A A ADADIDBAIDAADEADB A A
D AADUDDBADADUBA AUDBCADE B B A A
D AAECAADADUGBAIDBTC CADEAIB A A

'8
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2
3
4
5
6
7
8
9

B DA ECAADAEUDBA AUDBT CADDB A B A A
D AB ECAADADUGBA AIDBT CADDB A B A A
D AAAECAADADUGBAIDBT CADDB A B A A
D AAAECAADWUBUDUBAWDBC CAED B B A A
D AAECACAAATCIDBT CEWBATCUBC B B

10

11

12
13
14

D AAAECAADADUGBAUDAADEAIB A A
D AAAECAADADUGBAUDBT CADDBAIB A A
D AAAECAADADUBAIDBTCADE B B A A
D AAAECAADADUGBAIDBT CADEAIB A A
D AAAECAADATCAADBT CADEADB A A

15
16

17
18
19
20
21

B DA ECAADADUGBA AWDB CADE B B A A
D AAAECAADAIDB UBAIDBT CAUBAAUB A A
D AAAECAADADUGBAIDBT CADEAIB A A
D AAAECAADADUGBAIDBT CADEAIB A A
D AAAECAADADUGBAIDBT CADEAIB A A
D AAAECAADADUGBAIDBT CADEAIB A A
D AAAECAADADUGBAIDBT CADEAIB A A
D AAA A A AADADUBA AT CEAATCATCB A
D AAA A AAADADUGBA AT CEAATCATCB A
D AAA A A AADADUIBA AT CEAATCATCB A
D AAA A A AADADUBA AT CEAATCATCB A

22
23
24
25
26
27
28
29
30

B DA ECADAATCAAADAUBAAUB A A

B B A B C A D E B B A A

B DA DDA AT CAADUGBA AWDBT CADE B B A A
A C A B B A A DACADBTCEADEB D A B
C E A B A A CEDBATCUDBEBATCOB B B A B

B D A B E A

31

32

33

E B B E C A A C B E B A B C A C B B B A A
D AAABEAADWDBDBIBAUDB CADE A B A A
A C A B A A CAAUDBDBAIBTZ CATCUBAUDB A A

34
35
36

D AAAECODBADAATCADBTCADDB B B A A

E B A C D A

37
38
39
40

C A B DA A A C OB D A B

B DA ECATCEAATCOUBUDAAETDDB A C B

C E A A A A ADAEUBADAADDBADB A A
C E A A B B ADAATCADBTCADDB B B A A
D AAABACEATCAAADA ATCUDBAUB A B
D AAAECODBADAIDBUDA ADBTCA ADDBAUB A B
C E A DAAADUBATCAUDBTCADUBAUDB A B

41

42

43

44

C E A AAAADUIBATCAIDBTCADUB B B A A
D AB B EB CE OB DB B B CAUC DB A B A B

D A B E C B

45

46

D B B B C A D B B B A B

47

D AAAECACEADU BADAAETDOB B A B

48

C E A B B B A CAACAWDBTCATCUDB B B A A
D AAABAACADWBWDBDBCADDB B B A B

49
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D AAABAAADADUGBA AIDBT CADEAIB A A
C E A DADBATCAETUDUDBDADB B A A B A A
D AAAECAADADBUGBAUDAADEATC B A

53

54
55
56

E B A B B A CAWBU CAZBDBCADDB A D A A
C E B DABAUCAATCUDBIDA AATCUB B A C B
Cc E B B E A CEACAUDBEIBAATCB B A B

57
58
59
60

C E A B E A B A A CAAEUBAUDBAADB A A
D AAAECATCEWDBDBIBAWDBC CA AT CDB B B A A
A C A CDAADATCAADAAETD B B A A
D AB CDWOBT CEATCAAEUDBAA AT CUBUB A B

61

62

C E A A A A ADAACATCEADEADB A A

63

A D A E B B A DB A C B B A B

D AAECODBADATCADBEUBADDB B B A B

64
65
66

B DA BBAADA AATCA AUBT CAUBAAUB A B

AD A CAA B CADE A B A A

D AAABAAADAIDBUBA AIDBCOBDE A B A A
D AB CDWOBT CEADWBWDBDBCAATCUBC B B

67
68
69
70

B DA DAAUCEATCAADBTCADEADAA
D AACUDAADAATCIBUBCAUDBAAUB A B

71

B DA BEAADA AATCA AT CEATCIDBAATZCA

72

B DA ECAADADUDBA AWDBT CAATZCAUB A A
B DA CDUBADA AT CAUBUDADBTCDB B B A B

73

74
75
76

B DB ECAADA AT CAUB DB CAETDAUDB A A
D AAAECACEATCAADBT CAATCAATZCA

B DA BAAADA AET DA AIEUDBAA AT CATZCAA
C E B A B B A DADIDBDBOBCAUDE B A C B
A C A E CAADADIDBAUBTCAUDEADB A A
D AABBACEATCAADA AATCODB B B A B

77
78
79
80

D AABEATCETUDTDWOBBDAADE B D A A
C E A DDUBADUBA AT CAEUBAUDBAUDB B A B

81

82

C E A ECAADAEBADAADDB A B A A
D AAAECAACAATCADBT CAATCAUB A A
D AAAECAADADUGBAIDBT CADAAUB A A
D AAAECAADADUBAIDBT CADDBAIB A A

83

84
85
86

B DA ECATCAAUDBUBA AT CEADEAUB A A
D AAAECAADADUBAIDBT CADDB A B A A
D AACUDATCEADBU DA ADBT CAUDBAAUB A B

87
88
89
90

C E A CDACEAUBUDADAAUDBAAA AT CA
D AACUDACEAATCADAADDBAC B B

91

D AAADAAADADWGBWBDBCATCDB A C B A

C E B B E A C E A
C E A

92

A.D A C B A C B A

93

C AAA A CAE B A DB A D A A

94
95
96

D AACUDAATCADUBAIDBT CADDBAUB A A
D AABAACEADBUBA AT CEAA AT CATCB B

E B B C DB A CAATCAADADE A D A A
D AAAECAADWUBWDBWBBE B ADE A C B B

97
98
99

C E A DAAADAATCA AT CEADEADB A A

M A C A D A B CEAAZCAADADEAATCA

167



ITEM NUMBERS

€Yl
¢yl
Lyl
€€el
el
el
€cl
¢cl
¢l
€l
chl
L
‘€0l
¢0l
Lol

‘€6

2’6

1’6

€8

2’8

B DA BAAUCAAIEWDBUBEDBAATZCDBC A A

2 D A A E C A CE A CAADAADDB A B A A

103 D A A D A A A C A

'8
SIN3IANIS 5§

—

B C A DB A B A A

4 D A A A B A CA A B B A B CAC B B B A A

% C E B €C D B B A A E B B A D B B A A D A A

6 D A A B E A C A B C A B B C B A C B B A A

1%/ D AN A B E A C A B A DB B C B A C B B A A

1 D A A E C A A DA CAADBCADE B B A A

M B D A E C A A D ACAAUDAADE A B A A

M0 B D A E C A A D A C A A DA A DE B B A A

Cc E B E CACEACAADADBDE B B A A

M2 D A A B A A A DACAADBTCA AT CIDBADB A A
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M3 A C A B E A C E A A C A E B A DB A B A A

M A C A B E A C E A A C A E B A DB A B A A

M5 A C B B E A A C A A D B E B A D E A B A A

M6 D A B ¢ D A C E A C A B C E B D B B B A A

M7 B D B B E A A D A D B B A D A A C A B A A

M A C B C D A A DB DB B A DAATZCADB A A

M9 A C B B E A A D A DB ABCAAZCAIDB A A

20 B D B B E B A D B D B B E B A A C A B A A

D AAAECAACADUBADBT CAUDBAAUB A A

22 B D A E C A A DA DIBADBCADDB A B A A

121

23 D ANA E C A A DADIBADBCADDB A B A A

24 D A A C D B A C A DOBADBCAATCADB A B

25 D A B D A B A CADWOBDB B CAAZCATZCAB

26 C E B A D B A C A A C A A DB B A B B A B

27 D ANA C D B A DA DIBADBCADE A B A A

28 D A A D AA A DADWUBAIDBTCADEADB A A

29 B D A D A B C A B E B A DA AAUDE A B A A

30 D ANA E C A A C A B B A B C A DE A C A A

D AAAECAADADB GBWBDB CADE B B A A

32 D A A DA A ADADUBADBTCADDB A B A A

131

3 D A A DA A A DADUBADBTCADDB A B A A

3 D A A DA A A DADWUBAIDBTCADUBADB A A

3% A C B

B C A B A B B A A

3 B D A A B B A C B D B B B C A B A B D A B

37 D A A E C A A C A D B

B C A D E A A C A

D B B DB B B C OB E D B A C B

39 A C B B AA CADBADAWDBCBE DB A C A

138 E B B

B C B E D B A C A
C E A ECOBADADBDB B C B D B A C B A

42 D A A E C A A D B B B B B C A D E B C B A

140 D A A B A A A D A

141

43 D A B A A B C E B D B B B C A C B A D A A

C E A B B A B CADE A C B A
45 D A A E C A C A A C A B B C A B A A B A A

146 D A A E C A C A A

144 D A A

B C A C B A A C A

47 D A B B B B A C A B B B E B B C B A A C A

48 D A A C D B A C A B D B E B A C B A A C A

49 D A A C D A A C A B B A E B B C B A A C

% C E A E C A C E A C A A B C A E D A C A A
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% C E A E C A A D A B B A B CAC B A B A A
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%7 D A A B B A C A A B B A DA ACDB A B A A

% E B A C D A A DA A CAADADDB B D A B

%9 C E A B B A C A A B B A B CADE A B A B

0 D A B A A B A DA BB B CE B DE B B A B

A C B C D B B A B B B B B C B D E B B A B

%62 D A A C D A A DAACADBCADE B D A A

161

%3 A C A E C B A D A B B A B C B C B B B A A

%4 B D B € D A C A B E D A B C A A C A B A A

%65 D A A C D B C E B E D B A D B D B B C B B

166 C E B B A A C E A C A B D A A DB A C B A

67 D A A E C A A D A DB ADBCADE A B A A

%8 D A A E C A A C A C A B E B A D E B B A B

%9 D A A E C A A DA DBADBCADE A B A A

70 C E A B A A C E A A C B B C B A C B D A B

D AADUDOBCEDB B B B D ABDE B B A B

772 D A B D D B B A A B B B B C A D E A B A B

171

73 D A A B A A C E A A C B E B A D E A B A A

7 A C A E C A A D A E B A B CADE B C A A

7% D A A B A A C E A A C B E B A C B B B A B

776 D A B B A A C E A A B A E B A C B A B A A

1777 C E B D A B C E A A D A E B A C B A C B B

7 D A A E C A A C A B B A E B A C B A B A B

179 D A A E C B
180 D A A

181

B DB D A A DE B A C B

B C A A C A C A A

D AAAECAACADB GBAIDBT CA ADEADB A A

82 D A A E C A A C A DB A B CADE A D A A

83 D A A E C A A CADIBADBCADEAD A A

% B D B E C A C E B B B A B C A D E B D A A

8% D A A E C A C A B E D B E B B D E A B A A

6 B D A E C A A DB E DA B C B B A B B A B

%7 C E B B E B A C A DB A B C A A C B B A A

88 D A A E C A A DA DBADBCADDB A B A A

9 E B A B E B A C B D B A B C A DB A D A A

% D A A E C A C A A DB ADBCADDBAUD A A

D AAAECACAADUGBAIDBT CADDB AD A A

%2 D A A E C A A DA BB ADBCADDB A B A A

191

99 D A A E CAACAEUBADBCATCUDBATZCANA

%% D A A B A A DDBACAADBT CAATCAUDB A A

% D A A E C A A DADIBADBCADDBAB A B

% D A A D A A CEADIBAADA AT CUDBAATCA

97 D A B A B D C E A C A B B C B D E B B A B

9% D A A B A A A DACADBDBCADE B B A B

%% D A A E CAADADOBADBCADE B B A B

200 B D A ECOBADADUBADBTCADDB B B A B
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204 D AACDACUEADBUBADBCADE A B A A

206C E A B B A CEATCAADBT CAATCAUB A A

206 B D A ECAADAETDWBDBCAEDAIB A A

20/ C E B DA BCAUDBUBIB B B C B D B B C B B

20868 A C B B A B CE A DB B E B A A C B C B A

200 C E A ECAADADBUBADBCADDB A B A A

20 B D A E C A A D A DBADB CA AT CIDBAIB A A

B DB ECAADAUDBUDA AWDBCOB B A B B A B

22 D A B E C A A D ADIBAUDBCADE A B A A

211

23 ¢ E A A A A ADADBDADBCADE A B A A

24 D A A E C A A DA EBADAADWDBATC B A

2 D A A D AACADBI CAADBTCA AT CDBAC B B

26 D A A E C A ADACAAUDBCADEAB A A

277 D A A B A B C E A DB A B CAZC DB A B A A

28 D A A E C B A D A DUBAWDB CADEAIB A A

29 B D B E C B A C B B D A B C A D B B B A A

20 D AA C D B C E B D B A B CADE B C B B

D AAAECAADWUBWDBOBB B CAD DB B C B A

22 D AACDACADBUDUBADBTCA AUDBAIB B A B

221

223 D AAECAADADWUBB B CADE A B A A

224 D AB B B AADADBUBAIEDBAATCDB B A A

25 D AAECACADBDBIBADBC B DE AC A A

226 C E B B A B A C A B B B B C A B A B B A B

2r E C A B E A A CAACADAATCIDB B B A B

228 D AA E C A CEADBUDADBTCATCDB B B A B

229 B D A E C A A DADIBADBTCA AT CDB B B A A

230 B D A E C A A DADIBADBCATCDB B B A A

D AAAECAADADWGBADBT CA AEDDB B A A

232 B D A E CAADADUBAUDBCADDB A B A A

231

2333, D AAE C A CAADIBADAADDB A B A A

234 D AACDAADADUBADBCADDB A B A A

238 C E A CD OB CEADBBACEBDE A B A B

236 D AACDOBCEADBUDWBDB CADE B B A A

237 D AB C Db B D B B A CADAAUDE B C B B

238 C E B E C B B A A E B A D ABDE A D A B

D B A B B ABI CAUBA AUDB A C B

239 E B A

B C A B A B A C A

A C A CDOBCUEACADBT CEAUBAUDB A C A

240 E B A

241

C E A B A B A C A

243 B D B B E A A C B E B B A D B B A B B A A

242 E B A

244 B D B D A A C E B D B A DA A A C B B A A

245 A C B C D A B A A DB DBADWBTCDB B A C B

246 B D B C D B B A B B B B B C B B A A C B A

247 A C B D D B C A B B B A E B A B A A A C A

248 A C B B E A A C B E B B A D B B A B B A A

2499 A C B D AA B A B D B ADAAATCDB B A A

250 ¢ E B D A B CE OB AC B DAUBD B B D A B
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253 E B A A B A A DADBOBAWDB CADEATCAA

254 E B A A B A A DA B BADBCADEATC A A

255 C E A E C A A D ADIBAUDBCADEATCAA

2% C E A E C A A DA EBAEDBADE AD A A

E C AAA DA BB ADB CADE A DA A
E C AAA DA BB ADB CADE A DA A

259 C E A D A B A DADBUBAWDBI CA AWDBAAUB A A

260 A C A

257
258

A D A B B A B C A B A A D A A

C E A DADBZCEAUBBADBTCAEDB B A A

261
262

A D A B B A B CA E D B D A A

263 A C B D A B A DABIBAUDBT CA AEDOB D A B

264 C E A

C E A B B A B CA A C B B A A
A D A B B A B CA A C B B A A
C E A B B B B C A D E B B A A

27 D AAE C A A DADIBAUDBCADE A B A A

265 E B A

26 D A A

268 C E A C D A CE A B B AE B A D B B B A A

269 D A A E C A A C A

E B A C B A B A A

270 D A A A A A C E A B B A B CAC B A D A A

D AAAECAADAIDB UBA AT CEADEAUB A A

272 B D A E C A A D A B B A CEADEADB A B

271

273 D A A B E A A DA DIBAUDBC CA AT CDB A D A A

274 C E A D A A C E A B B A E B A C B A B A A

275 C E A D A A ADABBAUDB CA AT CDB A B A A

26 C E A D A A ADADBIBAWDBC CA AT CDB A B A A

27T C E A D AAAADADBUBAUDBC CA AT CDB A B A A

278 C E A D A A A D A B BADBCA AU CDB A B A A

2719 C E A

280
281

A D A B B A B C A C B A B A A
E C AAA DA B BADBCADE A B A A
E C AAA DABBADBCADE A B A A

C E A B B A B CADE B A C A

282 C E A

283 C E ADDADBAUDBACADAIUBA AT CATZCAA

284 B D B C D B B A B ACAUDBI CAA AT CAATC B

285 D AAECAADADUBADBCADE A B A A

286 AC A B A A ACADWBATCEADDBAUB A B

287 ¢ E B ¢C DB CADBUDWBDBDAUBUDE B A C B

288 B D A E C A A DADUBAUDBCADE A B A A

2890 B D B A B A A DDBDUBAWDB CADE A B A A

20 D AAE C A A DADIBADBCADE A B A A

E B B C D A DB B B B B E B B A C B D A B

22 B D A A B A DB B DB B B C B B A B A C A

291

B C A B A B A C A

B
2949 B D A E C A DB A DIBAWDBCAUDE A B A A

203 B D A

29 B D B C D B B A B B B B A DB B A B B A B

A D B B A B A C A
C E A B A B A C A

B

26 B D B

297 A C A C D B C A A D B

298 D AAE C A ADADBUBAUDBCA AT CDB A B A A

29 B D B C D A C A B B B B E B A C B A B A A

300 ANC A C D B B A A B B A CEACDB B A C B
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C E A E D A C B A

3033 C E A B E A DBAUCAAADAUBADB C B B

304 A C B B E A A DB B B B A D AED B A C B

305 B D A A B A A C A

A D A E D B A C A

306 E B B A B B A D B D B A B CAUC B A B A A

307 b AAECAADADIDBA AWDBCADE A B A A

308 b A A ECATCEADUDBADBCADE B B A A

3O b A A ECAACADBDBUB B CAC DB B B A B

380 D A A E C A CE A B B A B CADE A B A A

D AAABAACAADUGBA AUDAADDBAIB A A

312 D A A C D A CA B D OB ADAAD B B B A B

311

33 b A A CDACAUBDUBADBC A EDAIB A A

314 D A A C D A C A B DB ADAAED B B A A

3 C E A

D AAA E D A A C A

36 C E A B B A A C A A CAE B A D E A B A A

37 b A A B B A A CACAUBEDBADE B B A A

3 D A A E CAADADUBADBC B B A A B A A

39 D A A C D AADADIDBADB C B C B B B A A

320 b A A CDACUEADBDBADAUBUDDB A B A A

D AACUDAATCODBUBIBA AU CEADEAIB A A

322 D A A ECAADADUDBADBTCADE A C B B

321

3233 C E B DA A ADAATCWUBTCEUBDEATCAA

324 D A A E C A A DA DIBADBCADE A B A A

32 B D ADAADIBAATCUBDBCAUDE A B A A

326 B D A E C A A C A DOBADB CAD B B B A A

327 A C B E C A A C A CAAUE DB B D B A A C A

328 B D A E CAADADUBAEDB ADDB A B A A

39 B D A E C A A DA DUBAEDBADDB A B A A

330 B D AECAADADUBAIEDBADDB A B A A

D AABADBTCAUDBT CAUBDBCADE B B A A

332 D A A ECAADATCAADBTCADE A B A A

331

C AA B CADE A D A B

334 C E B B A A A DA BB B B CAUC B A B A A

333. D A A

33 E B B B A A A DADBDBAWDBC CA AT CDB A B A A

336 D A A E C A CE B B B A B C A D E A B A A

33Z. C E A B B B A DACAUBEDBBDE A D A A

338 E B A E C A A C A B B A CE ADE A C A A

339 E B B B B A CDADUBAE DB AC B A C A A

340 C E A B B A CDADUBAEDBABAAZC A A

C E A B B A A DACAAEUBAUDBAAUDB A A

342 D A A E C A CE B B B A B CADE A B A A

341

3433 C E B E C A C E A DB A E B A D E A A C B

344 D A A B AA A DACAADAADEAIDB A A

345 E B A E C A A C A B B A B C B E D A B A A

346 C E B E C B C A A C A B E B A C B B C A B

347 B D B E C A C E A DB AE DB AC B A B A A

348 D A A B E A ADADUDBAWDBCADDB A B A A

349 D A A B A A CAACABWBT CADE B C A B

30 E B A E C A C E A E DA DB CADE A B A A
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3% E B A B E A C E A DB A E B A B A A D A A
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D A
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363 C E B A B B A D B A C B E B B B A A A C B

364 E B A B B A C E A A C B E B A D B A A C B

365 D A A DA B A CADBUBA AIEDB ADDB A A C A

366 E B A B A B C E B A C B E B A D B A A C B

367 E B A A B A A CA A CAEDBAUBAAATZCA

368 A C B C D B

E DB CE B C B B C B B

369 A C A B A A A COBDWOBIB B C OB C B B A C B

3730 A C B B A A CEAACAEDBACDB A A C A

A C B B E A CEAAZCAEDB A B AAAC A

32z C E A B E A CA A E B A E B A E DA A C A
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373 AC A A B B A CBEDBA AT CEUB B ADB A CC

3744 C E A D A A CEAACAEDBATCDBAATZC A

B AAAADAACAEUDBADBAAATZCA
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2000A C A CA A A B A B B ACIDBADAAAUB A

20 A C A C A A B C B B B A C B ADAAUB A A

211

c B B B B B B C B B B A COB ADAADB A A

22 D C A C A A B C B B B A C B ADAAUB A A

23 A C A C A A B C B B B A CBADAAAUB A

24 A C A B B A A B A B B A C B A DAAIB A A

27 A C A B B B E D B B B A E E B D A A B A B

26 A C A B B A A B A B B A COBADAAAIB A

277 D C A C A A E B B B B A C B ADAAUB A A

28 A C A C A A A B B B B A CBADAAAUB A

279 A C B D DB B C OB B B A COB B DAAUB A B

20 A C B C A AAAAACUBZCODBUBUDAUDBUB A A

221

D C A CAAAAADBUBA AT CIDBUBDAAAUB A

222 B A B D DB B COBCAWDBCIUBADAAAUB B

23 AC A C A A AB A B BAUCUDBADAAAUB A

224 A C A C A A B C B B B A A DADAAUBAA

25 A C A C A A B B B B B A COBADAAAUB B

26 A C A B B A A A B B B A A DADAAAUB B

22r b ¢ B DD AEUDWUBIBIBATCUBADAAAUB B

228 A C A B B A E D OB B B A CB A DAAAB A

29 A C A C A A B B A CAAZCIDBADAAAUB A

230 A C A C A A B B A CAAZCODBADAAAUB A

231

D C A CAADWBABUBA AT CUDBADAAAUB A

232Z AC A C A A A B A B BACIDBADAAAUB A

2333.C B B C A B A B A B B A COBADAAAUB A

234 A C A C A A A B A B B ACIDBADAAAUB A

235 B AAA B B A EDOBCAUBUDAAAUDBUB B A A

236 B AAA B B A DB B CAUBUDAATZCTCAUB A A

237, B AADDOBDOB B CAUB B C B CUCAA B A

238 D C A DDADOBDBACUBADADAAAUB A

239 D C A ACABTZ CACAUBIDAAAUBAAB A

240 D C A B B A E B B C A B DA A CC B A B A

241

D C A B B A E B B CAUBUDAATCTCIUB A B A

242 D C A B B A E B B C A B DA A CC B A B A

243 D C A B B B E B B B B B €C B B C C B A B A

244 B A A B B A D CACAUBEEADAAUZBAA

245 B A B D DA EDATCAUBADA AT CTCUB A B B

246 B A A C A ADCADBUBDBCIBA AAUDB B A B B

247 A C A A C A C B B A CADAAAUDB B A B B

248 D C A B B B E D A CA B A D AC C B A B B

2499 B A A B B A DCADBUBWBT CUBA AWDBD B A B B

250 b ¢ B A C B E D ACADB C OB B B D B B A B

251

A.C A DDADBI CAWDBDBACDBADAAAUB A

252 A C A DDADBTZ CADB UBA AT CIDBADAAAUB A

253 AC A DDADBTZCADBUBA AT CIDBA AT CT CAAUB A

254 A C A D D A B C A B

B AACB A DA A A B A
B AC B A D A A B A A

255 A C A D D A B C A B
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A.C A DDADBI CAWBDBATZCDBATCTCAAUB A
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257 A C A DDADBTZCADBIUBA AT CIDBADAAAUB A

28 A C A DDADBTZ CADB UBA AT CIDBADAAAUB A

2% A C A C A A B CADBIBADAUZBUDAAAUB A

20 A C A D DABICADBIUBA AT CIDBADAAAUB A

261

A.C A DDADBU CAZCAAADATCTCADB A A

262 A C A D DADBICADBUBA AT CIDBADAAAUB A

263 A C A DDADBICADBUBAADA AT CT CAADB A

264 A C B D D A B CADBBAADA AT CT CAUB A A

25 A C A D DAAUBADBUBA AT CIDBADAAAUB A

26 A C B D D A A B A CABCWUBA AUDBDAUB A B

27 A C A C A A A B A B BAUCIDBADAAAUB A

268 A C A C A A A A A B BA AU CUDBA ADAAUZBAA

29 A C A C A A A B A B BAUCIDBADAAAUB A

270 b ¢ A D D A DCADBUBAADADAAUB A A

271

D C A CAABTZCABUBAEEADAAAUB A

22 D C A C A A A B A B B A A DADAAAUB A

23 A C A A C A A A A B B A A DADAAUB A A

274 B A A D D A B C A B B A C B A DAAUB A A

275 A C A D D A B C A B B A CBADAAAUB A

26 A C A D DA B CADBIBA AT CUDBADAAAUB A

277 AC A D DA B CAWDBIBA AT CIDBADAAAUB A

278 A C A D D A B C A B B A C B A DA A A B A

29 A C A DDA BZCADBUBA AT CUDBADAAAUB A

280 AC ADDADBZ CATCAATCODBADAAAUB A

281

A.C A DDADBU CAZCAATCUDBADAAMAUB A

C AAA A DADAAUBAMA

282 A C A D D A

283 B A B CAACUBATCAUBEEATCTCAADB A

284 C B B B B AA B B B B B E E B CC A A B B

285 A C A C A A A B A B BAUCIDBADAAAUB A

286 AC A A C A BCAUDBIBAUDAADAAAUB A

287 ¢ B B C A B B A B A CBEE B B D B A B A

288 D C A C A A A B A B BAEEADAAAUB A

280 D C A CAAABADBIBA AT CIDBADAAAUB A

220 AC A C A A AB A B BAZCUDBADAAAUB A

291

B AABBBEOBBATCUBEEB A B B A B B

22 B AAA B B A E B A B B A DAUB B D B A B B

293 B A A C A A E B A

294 A C A C A A A B A B BAUCIDBADAAUZB A A

29 B A B B B B D C OB B B B B C B B D B A B B

2% B A A C A A D C B

B C B C C A A B B

297 B AACAADTCODBI CAADAUBTCTCAADB B

298 A C A C A A B B A B B ACIDBA AT CT CAAUB A

299 A C A C A B B B A

300 b C A B B A B A B A CAADADAAUBAA

301

A.C A CA A B A A A CAADATCTCAUDB A A

302 b C ACAABAAATCAADATCTCAUB A A

33 b ¢ B C A B B C B A CAADAAUDB B A B B

304 A C A B B B EDAZCAAADATCTCDB A B A

30 B AA B B A EDAZCAADAATCTCAUDB A A

36 D C A C A A A A A B B A C B

B D A A A B A
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A.C A CA A CDB A B B A DAADAAAUB A

308 b C A C A A C B A B B A D A A
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39 A C B C A A C B ABBAUCDBADAAAUB A

310 B A A B

311

BA A B A B B A CB ADAAUDB A B

B A A B A

A C B B

312 b ¢ B D D B A B A CAAC B A DAADB A B

313 AC A D DAABADBIBAADADAAAUB A

314 A C A D D A A B A B B A A DADAAAUB A

3% C B A B B A DB ADBIBWBAUDA AT CT CAUB A A

36 ¢C B A D D A EDAAZCACDBAUBDAUB A A

3% b ¢ B C A A A A B A CAADADAAUB A A

31 A C A C A B A B A B B A C B ADAAAIB A

319 A C A C A B A B A B B A C B A DAAAB A

320 A C A C A A AB A B B ACDBADAAAUB A

321

AC A CA A A B A B B A C B A DA A A B B

B

322 A C A C A A DB B B B ACDBADAAAB

323Zz. A C A C A A DB ADBIBA AT CIDBADA AAAUB A

324 A C A C A A B C B B B A C B A DAAAB A

32 A C A C A A B CADBUBA AU CIDBADAAAUB A

36 A C A C A A B C A B B A A DADAAAUB A

327 B A ADDADBAAUDBUBA AT CIDBADAAAUB A

328 A C B C A A B C A B B A C OB A DAAAB A

39 A C B C A A B C A B B A C B ADAAAIB A

330 A C B C A A B CA B BAUCDBADAAAUB A

331

D C A CAABAUDBWUBOBBEEBDAAAB A

332 D C A CA A B A A B B A CDBADAAAUB A

333 B AAACAAEUDAATCAEEATCTCIDB A B A

334 D C A C A A EDAATCAEEATCTCDB B A B

33% D C A CA A EDAATCAEEATCTCDB B A B

336 D C A C A A A B A B B A C DB ADAIDB B A B

33Z. b C ADDAAUDBAATZCA

C C A B A B

338 D C B A C B A B A A CAEEATCTCAADB A

339 b C AC A A A B A ACAEEATCTCAUDB A B

340 b C A B B AA B AACAEEATCTCAUB A B

341

b C ADDOBAUBAACAEEATCTCAUBAB

342 B A B C A A A B A B B A C DB A B D A A B B

3433 A C B B B B E D A B B A B CAC C B A B A

344 D C A B B A CA A B B A B CADAAADB A

345 A C B A C B A B A CAACDBATCTCAAUB B

346 B A B A C A E D A A B A C B B B D B A B A

347 b C A C A A A B A B B A C DB ADAAUB A B

348 A C A C A A A B A B B A ACIDBADAAAUB A

349 b ¢ B C A B A A B B B B E E B D A A B A A

30 b ¢ B C A A A AB CAAWBTCOBBDAIUB A B

351

D C A CAADBWBDBI CAADAATCTCAUB A A

32 b C A C A A B B A B B A B CAB D AA B B

33 b C A C A A A B A CAAADATCTCIDB A B A

3%4 B A A CA A B A B CAUBEE B DAAUB A A

3% B A A CA A B CAAZCAADADAAAUB A

3% D C A C A A E

B
B

B B ACOB D AIBC C B A B
B B ACOB D AIBC C B A B

357 D C A C A A E
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D C B CAAAADBWUBWBAEEA AT CTCUB B A B

3%9 B A A B B A E DB CAUBBCAUBUDAADB B
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360 B A A C A A DBAAZCUBUDA ADBTCTCDB A B B

361

D C A A CADWBWUBI CAADAADAAUB A A

362 C B A A C A DB B CAAEE B CC B B A B

363 b C A A C A DB B CAUBEE B CC B B A A

364 B A B B B B D B B C A B C B A DA A B A A

365 B A A B B B DB B A CBC B B CC B A B A

366 C B B B B B B C B A C B D A A B D B B A A

367 b C A A C A B C B C A B DAATCTCAUB A A

368 C B B A C B C D B C A B A DB CC D B A B

369 A C B A C A B C B B B B B C B A B B B A B

30 ¢ B A DDOBEDBCAUBEEATCTCDB B A A

371

c B B DDBEDOBCAUDBADAAIZBA AAUB B

372z C B A DDACAATCAUBADADAAUB A A

373.C. B A B B A A A A A CUBADAZBUDAUB A A

3744 B A A B B A A A A A CUBADAUBUDAUBAA

395 b C ADDAAAAATCUBEEADAAAUB A

36 b C A A C C D B B A C B D AA A B A A B B

377 b C AA C A DB B CABDAADAAUB A A

378 b C A A C A B C A CABDAATCTCAUDB A B

3799 b C A A C A B C A CABDAATCTCADB A B

380 b C AACADBCACAUBUIDAATCTCADB A B

381

B AAAB BB EDAATCUBUDAUBA AUDBDB B A A

382 B A A DDOBEDAATCUBUDAIUBTCTCAUBAA

383 B A A CA DB EDAUDBUBBDAADAAAUB A

384 B A A C A A EDADB OB B DAAUBUDAAB A

386 A C A C A A B CAB B B DAADAAAUB A

386 A C A C A A B C A B B B D A A DAAA B A

3837 A C A C A A C B A B B B C B A DAAAB A

388 A C A C A A B B A B B B C B A DA A A B A

3839 A C A C A A B CA BB B DAADAAAUB A

30 b ¢ AC A A B CACAUBUDAADAAAUB A

391

A.C A CA A B CACAUDBIDAAUBUDAAUB A

392 A C A C A A B CACAADAADAAAUB A

393 C B B B B A C B A CAAUBTCOBCC A A B B

394 B A A B B A DB B CAUBDB CADAAAUB A

3% B A B B B B B A B A CAWDBCUBCCDB A B A

3% A C A B B B A B A CAUBAUDATCTCAAUB A

397 b C AC A A B CA B B A C OB ADAAAB A

398 A C A C A A DCAACAADAUBUDAADB A

399 B A B A C B D C B A C B B C B D A A B A A

400 D C A C A A B C A B B A C B A DAADB A A

401

cCc B A B B AA B B B BADB CADAAAUB A

402 D C A B B A A B A B B A B C A DA A A B A

403 D C A B B A B B A B B A B C A DA A A B A

404 D C A C A A B C A B B A C B ADAAAUDB A

405 C B A A C A DCWDBACATCUBADAAUDB A A

406 C B B B B B E D B A C B C B A C C A A B A

407 D C A C A B A B B B B A C B A DA A A B A

408 C B A C A A A B B B B A E E A DA A B A A
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Cc B ACAAAUDBAUBDBAEEADAAUDB A B

40 C B A B B A A B B C A B A D B D A A A B A

411
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C AAB A CAEDWUBTCAUDBUBC DB CC A B A B

412 A C A C A A A B A B B A CB ADAAAUDB A

413 D C A B B A B B A A C B B C A C C B A B A

414 D C A B B A B C B A C A B C B D A A A B A

41 D C A B B A B C B B B A C B B A B A A B A

46 A C A C A A B C B B B A A DA DA A B A A

417 B A B B B A E D A B B A A D B D A A A B A

41 B A A C A A E D A B B A A DA DAA DB A A

4199 C B A B B A E D A C A A A D ACCADB A A

420 C B A B B A E D A C A A A D B D A A A B A

421

Cc B A B B A EDAATCAADDBDAAAUB A

422 D C A C A A B C A B B A C B A DAAAUDB A

423 D C A C A A B C A B B A C B A DA A A B A

424 D C A C A A B C A B B A C B A DA A A B A

425 C B A B B A E D A A C A C B A DA A B A A

426 C B A B B A B C A A C A C B A C C A B A A

427 C B A B B A B C A A C A C B A C C A B A A

428 C B A B B A B C A A C A C B A C C A B A A

4299 C B A B B A B C A A C A C B A C C A B A A

430 C B A B B A B C A A CAZCUBAZCTCADB A A

431

Cc BACAAUBIU CAATCA AT CWUBA AT CT CADB A A

432 C B A B B A B C A A CAC OB ACCADB A A

433 C B A B B A B C A A CACOBACTCAIDB A A

434 A C A C A A A B A B B A COBADAAAUB A

43% A C A C A A A B A B B A COBADAAAUB A

436 A C A C A A B C A B B A E E ADAAAB A

437 A C A C A A B CA B BADAADAAAB A

438 D C A C A A B C A B B A DAADAAAUB A

439 D C A C A A B C A B B A DAAADBAAUB A

440 D C A C A A B C A B B A DA A ADBAAUDB A

441

A.C A CA A A B A B B A DAAAIBAAUB A

442 A C A C A A A B A B B A DAAAUDBAAUB A

443 A C A D D A A A A B B AEEAAUDBAAUB A

44 A C A D D A A A A B B AEEAAUDBAAUB A

445 D C A D D A A B A B B A E EACCADB A A

446 A C A D D A A B A A CADAADAADB A A

447 A C A D D A A A A CAADAADAAUDB A A

448 D C A A C A A A ACAADAADAAIDB A A

449 A C A A C A B C A A CAEEADAAUDB A A

450 A C A A C A E D A A C A E E ACC A B A A

451

Cc B ACAAAAAAZCATCUBAAIBA ADB A A

452 D C A C A A A B A CA A DAAAUDBADB A A

453 C B A C A A A B A CAACUBAAUDBAUDB A A

454 C B A A C A A B A A CAEEAAUDBADB A A

45 C B A A C A A A A A CAEEAADBAUDB A A

46 C B A A C A A A A CAACUBAADBADB A A

457 D C A A C A B C A C A A C B A CC A B A A

458 D C A C A A E D A C A A C B A CC A B A A

459 C B A C A A A B A CAAADATCTCAUB A A
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Cc B ACAAAUDBAAZCAADA AT CT CAAUDB A
Cc B ACAAADBAATCA AT CUBA AT CT CAUDB A A

LGl
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461

462 D C A C A A A A A A CACUBADAAUDB A A

463 D C A C A A A A ACAAZCUBADAAUDB A A

464 C B A B B A A A A C A A A D ADAAAB A

465 C B A D D A B C A C A A A D ADAADB A A

466 C B A D D A B C A C A A E E A B D A B A A

467 B A A D D A B C A B B A E E A C C A B A A

468 B A A D D A B C A B B A C B A C C A A B A

469 B A A D D A E D A B B A C B A C C A B A A

470 D C A B B A E D A B B A C B A B D A B A A

471

D C A A CAAUBABUBAEEAUDBUDAUB A A

472 B A A A C A A B A B B A E E A A B A A B A

473 C B A A C A A B A B B A CBAADBAAB A

474 B A A B B A A B A B B A A D A A B A A B A

479 D C A B B A E D A B B A A DA A B A A B A

476 C B A D D A E D A C A A E E A A B A B A A

477 C B A D D A B C A A C A E E A A B A B A A

478 D C A D D A E D A C A A A D ADAADB A A

479 A C A D D A E D A CA A A D ADAADB A A

480 A C A D D A A B A A CAZCUBADAAAUB A

481

A.C A CA A A B A CAACBADAAAUB A

482 A C A C A A E D A CAACUBADAAAUDB A

483 D C A C A A E D AACACOBADAAAUB A

484 A C A A C A B C A CA A C B A DAAAB A

48 A C A A C A B C A A CACOBADAAIDB A A

486 A C A C A A E D A A C A A D ADAADB A A

487 A C A C A A B C A A CA A DADBDADB A A

48 A C A C A A E D A B B A C B A B D A B A A

489 A C A A C A E D A B B A C B A B D A B A A

490 D C A A C A B C A B B A A DADBDAUDB A A

491

D C A A CABTZ CAB UBAADA AUBDAAB A

492 D C A C A A B C A B B A ADAADBAAUB A

493 D C A C A A B C A B B A ADADBDAAUB A

494 D C A C A A E D A A CA A DADB DA AAIDB A

495 D C A C A A B C A A CAADAUDBDAAUB A
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APPENDIX G
PERMISSION OF THE TURKISH MINISTRY OF NATIONAL EDUCATION

T.C.
. DENIZLI VALILIGI
11 Milli Egitim Miidiirliigi

tin 7007
S 3 2 5 (i}

Savi - B.08.4 MEM.4.20.00.09.010/ 5 O "

Konu : Anket Onay:.

VALILIK MAKAMINA

iigi : a) Pamukkale Universitesi Rektérliigiiniin 03/09/2007 tarih ve 0925-2922 say1h yazilari.

b) Orta Dogu Teknik Universitesi Ogrenci Isleri Daire Baskanhiginin 18/09/2007 tarih ve 400-6957
sayih yazilar.

Pamukkale Universitesi Sosya! Bilimler Enstitiisii ilkogretim Anabilim Dali, suf Ogretmenligi
Bilim Dah Yiksek lisans &grencisi Serife GZTURK, Pamukkale Universitenin ilgi a) yazilan geregi
Miidiirliigiimiize bagl merkez [lk&gretim Okulu Miidiirliiklerinde “fIkégretim 4. ve 5. Simf Fen Teknoloji
dersinde 5gretmenlerin kargilaghd soruniar” konulu arastirma yapmak istemektedir.

Orta Dogu Teknik Universitesi Ortadgretim Fen ve Matematik Alanlan Egitimi Bolimii Yitksek
Lisans dgrencilerinden Ozlem AYDIN, Orta Dogu Teknik Universitesinin ilgi b) yazilan geregi ekli listede
adi gegen ortadgretim okullarinda grenim goren 11. simf Sgrencilerine “ Kinematik Grafiklerindeki
Kavram vamlgilarimi Uc Basamakh Bir Test ile dleme” konulu arastirma yapmak istemektedir.

Ayrica Hacettepe Universitesi Doktora dgrencisi Fatma Kasap COBANOGLUN’a ( Fatma
COBANOGLU) Valilik Makamin 15/03/2007 tarih ve 7204 sayil onaylan ile 01/07/2007 tarihine kadar
verilen aragtirma siiresinin yetmedigini 15/10/2007 tarihli dilekgesinde belirtmektedir.

Adi gegen Yiiksek Lisans ve Dckiora &grencisinin belirlenen okullarda, konulan ile ilgili anket

¢aligmalarim 2007-2008 Egitim Ogretim y i 1. doneminin sonuna kadar yapmalan Miidiirliigiimiizce uygun
goriilmiistiir.

Makamlanimizea da uygun géritldii i takdirde OLUR "larimza arz ederim.

’ﬁ%ﬁmet

Milli Egitim Miidiirii

EKLER :
1-1gi yazi1 (2 Sayfa)
2-Anket Formu (... Sayfa)

Bilgi igin : VHKI H.(EPNE

b Tel~fon: (0 258) 265 55 54 ' £17 — 26223 53
w Faks: (0 258 245 01 42

egitim2Uig et gov.ir

39‘"'*:.%& Saltak Mh.Oguzhan CA.No: 76 241 o€ DENIZLI
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