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ABSTRACT

DEVELOPING A THREE-TIER TEST TO ASSESS HIGH SCHOOL
STUDENTS” MISCONCEPTIONS CONCERNING FORCE AND MOTION

Turker, Fatma
M.S., Department of Secondary Science and Mathematics Education

Supervisor: Assist. Prof. Dr. Ali ERYILMAZ

December 2005, 135 pages

The purpose of this study is to develop a three-tier test for assessing
high school students” misconceptions concerning force and motion. The
first tier is a traditional multiple choice item, the second tier presents
several alternatives addressing the reason for the response for the first tier,
and the third tier asks if examinees are confident for their responses to the
first two tiers. In the process of test development, Force and Motion Test
Requesting Reasoning was developed and utilized to determine the
alternatives of Force and Motion Three Tier Test (FMTTT). The test was
administered to 207 students, but 19 students were removed from all
analyses due to too many missing items. For checking validity of the
FMTTT, correlation was investigated between confidence levels and
student scores on the first two tiers, and also correlation between
confidence levels and student misconception scores on the first two tiers
was investigated. Factor analyses were conducted using scores and

misconception scores; and percentages of false negatives and false positives

v



were estimated. The percentages of false negatives and false positives were
found to be 6% and 8%, respectively. The reliability coefficients were
estimated for student scores and misconception scores as 0.48 and 0.62,
respectively. In conclusion, using the FMTTT as an achievement test may

not be as reliable as using it as a misconception test.

Keywords: Physics education, misconceptions, force and motion,

misconception test, three-tier test



Oz

LiSE OGRENCILERININ KUVVET VE HAREKET KONUSU iLE iLGILI
KAVRAM YANILGILARINI OLCMEK AMACIYLA UC-BASAMAKLI BiR
TEST GELISTIRME

Turker, Fatma
Yiiksek Lisans, Ortadgretim Fen ve Matematik Alanlari Egitimi Boliimii

Tez Yoneticisi: Yrd. Dog. Dr. Ali ERYILMAZ

Aralik 2005, 135 sayfa

Bu ¢alismanin amac lise 6grencilerinin kuvvet ve hareket konusu
ile ilgili kavram yanilgilarim1 Olgmek icin bir ii¢-basamakli test
gelistirmektir. Birinci basamak geleneksel bir ¢oktan se¢meli sorudur, ikinci
basamak birinci basamaga verilen cevabin sebebini sorgulayan birkag
segenek sunar, ve tliglincii basamak 0grencilerin ilk iki basamaga verdikleri
cevaplar igin emin olup olmadiklarin1 sorar. Test gelistirme isleminde,
Aciklama Isteyen Kuvvet ve Hareket Testi gelistirildi ve Uc Basamakli
Kuvvet ve Hareket Testi (UBKHT)'nin celdiricilerini belirlemek amactyla
yararlanildi. Test 207 6grenciye uygulandi fakat 19 6grenci ¢ok fazla eksik
cevaptan dolay1 biitiin analizlerden cikarildi. UBKHT'nin gegerligini
kontrol etmek icin 6grencilerin 6z-gliven seviyeleri ile ilk iki basamaktaki
O0grenci puanlar1 arasindaki iliski arastirildi ve ayrica 6grencilerin 6z-giiven
seviyeleri ile ilk iki basamaktaki kavram yanilgis1 puanlar1 arasindaki iliski
arastirildi. Ogrenci puanlar1 ve kavram yanilgist puanlar1 kullanilarak

faktor analizleri yapildi; ve dogru-sebepli yanlslar ile yanlhis-sebepli

vi



dogrularin ytiizdelikleri hesaplandi. Dogru-sebepli yanlislarin ve yanhs-
sebepli dogrularin yiizdelikleri sirasiyla %6 ve %8 olarak bulundu. Ogrenci
puanlar1 ve kavram yanilgis1 puanlar igin giivenirlik katsayilari sirasiyla
0,48 ve 0,62 olarak hesaplandi. Sonug olarak, UBKHT yi bir bagar1 testi
olarak kullanmak, onu bir kavram yanilgis: testi olarak kullanmak kadar

glivenilir olmayabilir.

Anahtar Kelimeler: Fizik egitimi, kavram yanilgilari, kuvvet ve hareket,

kavram yanilgisi testi, ti¢-basamakli test
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CHAPTER 1

INTRODUCTION

It can be said from the literature that students have some
preconceptions from their experiences and most of them do not match with
the scientific conceptions (Halloun & Hestenes, 1985a; McDermott 1984).
Prevalently, these types of preconceptions are named misconceptions and
the most significant characteristic of misconceptions is that they cannot be
overcome by means of conventional instruction. That is, overcoming
misconceptions requires innovative and effective instruction. However,
misconceptions must be assessed before designing instruction to overcome
them.

Reviewing the related literature reveals that there have been many
determined attempts to probe students’ conceptions. Interviewing with
students is one of the effective techniques. Indeed, interviews have the
advantage of deepening students’ responses. However, they are time-
consuming and cannot be conducted with a large number of students
(Osborne & Gilbert, 1980). All in all, multiple-choice tests are mostly
preferred for diagnostic assessment because they can be administered to
large number of students in a short time with respect to the interviews and
they can be easily analyzed (Beichner, 1994). However, each incorrect

answer in a multiple choice test is assumed to be based on a misconception.



Hence, two-tier tests were developed and used for diagnostic purposes.
Two-tier tests have been thought to be a wonderful improvement in
diagnostic assessment because they probe students’ answers as in
interviews by requesting their reasons in the second tiers (Griffard &
Wandersee, 2001). Nonetheless, the study of Griffard and Wandersee (2001)
revealed that two-tier tests also overestimate the percentages of
misconceptions students hold because they cannot assess the percentages
of lack of knowledge. At last, three-tier tests started to be developed for
overcoming that deficiency of two-tier tests (Cataloglu, 2002; Eryilmaz &
Siirmeli, 2002; Kutluay, 2005; Pesman, 2005). However, a few research
studies associated with three-tier tests on physics could be found. That is,
there is a need for developing three-tier tests in the purpose of assessing
students” misconceptions.

Force and motion concept has been investigated in the literature
many times and the most popular diagnostic instrument on force and
motion can be said to be the Force Concept Inventory (FCI), which was
developed by Hestenes, Wells, and Swackhamer (1992). The FCI has been
used widely by high school, college, and university instructors since then
(Huffman & Heller, 1995). Hestenes et al. (1992) had reported that six
dimensions of force concept are assessed by the FCI. However, Huffman
and Heller (1995) conducted factor analysis using the FCI data, they
collected from 145 high school students and 750 university students, for
investigating if the FCI actually measures six dimensions of the force
concept. At the end, they reported that they could find only two acceptable
factors from the data of high schools and only one acceptable factor from
the data of university students. As a result, they claimed it is not obvious
what the FCI actually measures and they suggested being cautious when

interpreting the FCI results. So, in the light of the literature, the items used



in this study were culled from the FCI and the data of this study were
factor analyzed to investigate the assessed dimensions of force and motion
concept.

Eventually, the primary purpose of this study is to develop a three-
tier test to assess high school students’ misconceptions about force and
motion. The second purpose of the study is to assess the high school
students” misconceptions about force and motion. The third purpose of the
study is to investigate the assessed dimensions of force and motion concept
by conducting factor analyses. The forth purpose is to investigate how
widespread the misconceptions about force and motion are. And, the last
purpose is to observe the changes in the percentages of misconceptions
according to only the first tiers, first two tiers, and all three tiers on the

three-tier test.

1.1 Research Questions

The research questions which are examined in this study can be

categorized as the main problem and sub-problems.

1.1.1  The main problem

The main problem of this study is whether the developed three-tier

test validly and reliably assesses high school students’” misconceptions

concerning force and motion.

1.1.2  The sub-problems

The answers of the following research questions were looked for

during the study.



1. Is there a significant correlation between students’ correct scores based
on first two tiers and confidence levels?

2. Will any factors be obtained when students’ correct scores based on all
three tiers and misconception scores based on all three tiers are factor
analyzed?

3. What are the percentages of false negatives and false positives for
students’ correct scores?

4. What are the reliability coefficients based on students” correct scores
and misconception scores based on all three tiers?

5. How does the percentage of students giving correct answer(s) change
with respect to the number of tiers of the test?

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

7. How does the percentage of students having a misconception change in
terms of the test?

8. What are the percentages of lack of knowledge in average and for each

misconception?

1.2 Definition of Important Terms

In this section, definitions of important terms are presented.
Concept: “an abstract or general idea inferred or derived from specific
instances” (Online Dictionary [OD], 2005).

Conception: Several definitions are presented by OD (2005), and two of
them are as follow:

1. the creation of something in the mind,

2. the power of faculty of apprehending of forming an idea in the mind;

the power of recalling a past sensation or perception.



Misconception: It is defined as an incorrect conception or a wrong

understanding by OD (2005).

Diagnostic tests: “a type of formative evaluation that attempts to diagnose

students' strengths and weaknesses vis a vis the course materials; students
receive no grades on diagnostic instruments” (Coombe & Hubley, n.d.)

False negatives: False negatives are defined as the incorrect answers that

are given by students who have the correct, scientific conception (Hestenes,
Wells & Swackhamer, 1992).

False positives: False positives are defined as the correct answers that are

given by students who do not have the correct, scientific conception
(Hestenes et al., 1992).

Lack of confidence: Third tiers of a three-tier test enable the researcher to be

aware of students” self-confidence about the answers they give for the first
two tiers. Some students may not be confident about their answers for the
first two tiers of a test item even though they are correct. In other words,
some students may not have confidence about correct knowledge they

have. And, that situation is named lack of confidence in the study.

1.3 Significance of the Study

There are several reasons to emphasize the significance of the study.
First of all, selection of the topic, force and motion, is very important. As all
physics educators acknowledge, force and motion is a fundamental topic of
the physics curriculum. That is, if a student is good at in this area of physics
and achieves the conceptual understanding, s/he is likely to be good at the
rest of physics (Halloun & Hestenes, 1985a). So, the selection of the topic,

force and motion, has a central importance for the study.



In addition, diagnosing students' misconceptions on force and
motion is important. Terry, Jones and Hurford (1985) reported that
students come to classrooms with their experiences of daily lives. They
have experiences from television or what they see or hear from their
environment. Students’ ideas obtained by experiences are sometimes
incompatible with scientific conceptions (Clement, Brown, & Zietsman,
1989; Halloun & Hestenes, 1985a). And the following saying by Ausubel
(1968) (as cited in Osborne & Gilbert, 1980, p. 376) indicates the importance
of that point. “The most important single factor influencing learning is
what the pupil already knows. Ascertain this and teach him accordingly.”
Physics teachers must be aware of their students” misconceptions before
they start instruction. Briefly, valid and reliable diagnostic tools are
necessary for such a purpose.

Another important point in this study is the development and use
of a three tier test as a diagnostic instrument. Because traditional multiple
choice tests overestimate the proportions of misconceptions assuming all
incorrect answers as misconceptions, two tier tests whose first tiers present
ordinary multiple choice items and whose second tiers present the reasons
for the first tiers have been thought to be a wonderful improvement in
diagnostic evaluation (Griffard & Wandersee, 2001). However, in their
study, Griffard and Wandersee (2001) observed that two tier tests also
overestimate the proportions of misconceptions because they cannot
eliminate the proportions of lack of knowledge from the proportions of
misconceptions. Because of these reasons, three tier tests seem to be the best
diagnostic tool for assessing the correct proportions of misconceptions. In
detail, the third tiers address if the examinees are confident about their

responses to the first two tiers, and so the proportion of lack of knowledge



is extracted from the proportion of the misconceptions by not treating
unconfidently given incorrect responses as misconceptions.

Furthermore, designing a three-tier test to assess students’
misconceptions about force and motion can contribute to the literature
because there are few three-tier tests for assessing students” misconceptions

in physics in the literature.



CHAPTER 2

LITERATURE REVIEW

In this chapter, review of the literature is presented by four main
sections. The first section is about the misconceptions concerning force and
motion, the second section of the chapter is about diagnostic assessment
methods and the third section is about the force concept inventory (FCI),
the most popular diagnostic instrument in physics education. Finally, a

summary of the literature review is presented.

2.1 Misconceptions concerning Force and Motion

Halloun and Hestenes (1985a) devised mechanics diagnostic test
(MDT) to assess studens’ qualitative conceptions of motion and its causes.
In their next study (1985b) they presented a list of misconceptions, students
hold, about force and motion. First, they administered the MDT and then
some of the students who had taken the test were interviewed about some
of the questions in the test. They mentioned about relationships among the
misconceptions students hold, and their close tie to Aristotelian physics
and impetus physics. As well as their studies, there are also many research

studies reporting similar findings.



2.1.1 Misconceptions Related to Aristotelian physics

According to Aristotle, motion is a change of position. He defined
the motion in a material medium. He thought that motion in a vacuum is
impossible. Halloun and Hestenes (1985b) interviewed some college
students. One of the students said that “If you release a body in a vacuum,
it stays, where it is... there is no motion in a vacuum...”

Aristotle explained that rest is the “natural state” for all objects and
every motion has a cause. In detail, objects composed of water and earth
tend to move towards the center of the universe and objects composed of
air and fire tend to move flee from the center of the universe. Today these
beliefs are far from the misconceptions of students but they still have
Aristotelian concepts about free fall. Clement (1982) interviewed some

students and one of his questions was about a coin shown in Figure 2.1.

Physicist's 3tudent's
ArEWeEr atiswer

E

Figure 2.1 Diagram Representing a Tossed Coin and Forces on it at point B.



The diagram at the right of Figure 1 represents a coin tossed in the
air at point A and caught at the point E. Students were asked to show the
forces on the coin at the point B. One of the students said that “while the
coin is on the way up the force from your hand (Fu) gradually dies away as
it pushes on the coin. On the way up, it must be greater than Fc; otherwise
the coin would be moving down.” In this answer, student shows the
“motion implies force” misconception. If there is net force acting on a body
in the direction of movement, it moves. If there is no force acting on the
body, it does not move. Similar misconceptions are mentioned by Gamble
(1989), Shelley and Marjon (2000), and Watts and Zylbersztajn (1981).

Aristotle defined two kinds of force:

1. Inherent force which means that every object tries to find its natural
place.

2. Contact force (push or pull) which means that the force exerted by
external agent.

Students holding the conception of inherent force think that gravity
is an inherent force for heavy objects to fall down. Like the Aristotelian
concepts, students think that for a falling body, speed is proportional to its
weight. Champagne, Klopfer, Solomon, and Cahn (1980, as cited in
McDermott, 1984) found that students believe heavier object’s speed is
greater and force depends on mass. Because of that, students say heavier
objects fall faster. In the study, students were asked to compare the falling
times of two objects with different masses, dropped from the same height.
Students thought that speed increased in free fall, and also it was
proportional to the gravitational force. Some of the students claimed that
the heavier block fell in a shorter time than the other. In the study of
Halloun and Hestenes (1985b), some students were reported to believe that

gravity increases as objects fall. For a free falling ball, one of the students

10



said that “...gravity pulls more as it goes down...gravity pulls harder, the
closer the ball comes to earth.” Students holding the conception of contact
force think that only living things can exert a force and non living things
can’t exert a force, they are only obstacles and obstacles exert no force.
Driver (1983, as cited in McDermott, 1984) conducted interviews with
junior-high-school students. During the interviews, one question was asked
about this misconception. The teacher was standing on a chair. The
question was “Is there any effect on the chair?” One of the students said
that “...these things [the table and chairs] are offering resistance... They are
not pushing up. Those things, the chair, can’t do anything. They are not
alive.” Terry et al. (1985) interviewed some students to question about a
box resting on a table. The students were asked what the forces on the box
are. They thought only one force acting on the box. It was the gravitational
force.

Aristotle also explained that if the force overcomes the object’s
inertia, a resistance of mass, the object can move. If the force is constant, the
object’s speed is constant, and speed is proportional to the applied force.
He added that if there isn’t any force, the object comes to rest. Halloun and
Hestenes (1985b) observed parallel opinions with Aristotle among students.
The students believed that an object reaches a speed limit under a constant
force thereafter moves at constant speed. And, they also believe that
constant speed is equal to the applied force.

Another misconception is about position and velocity. Students
think that if two objects are at the same position, they have the same speed.
Trowbridge and McDermott (1980) interviewed students about the speed of

two balls. Demonstration was conducted.
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Figure 2.2 represents the instances in the demonstration. Ball A and
B moves from left to right. The initial velocity of B is greater than A.
Because the ball B travels along an inclined plane, it slows down and comes
to rest at the top. The balls start moving concurrently. Since the velocity of
B is greater than A’s, first B passes A. Afterwards, since the ball B slows
down, A passes B. That is, there are two passing instances. During the
course of interview, students were asked to answer if two balls have ever
had the same speed. The students tended to regard the balls with the same
speed when they are at the same position. They even thought that the ball

ahead was faster. The same misconception is also mentioned by Halloun

and Hestenes (1985b).
BALL & 2 = L o ]
i
e
BALLE et

Figure 2.2 Speed Comparison Task 1 (passing twice)

McDermott (1984) also conducted some interviews with a
demonstration similar to the one above. She used two inclined U-shaped
channels with different widths as in Figure 2.3. Two steel balls were rolled
in those channels. The ball on the wider channel released from rest with a
higher position. The ball on the other channel was released from rest with a
lower position so that both balls reached at the bottom of the tracks with
the same velocity at the same instance. The acceleration of the ball on the

wider track was smaller than the acceleration of the other ball. However,

12



most students failed to realize that the ball released later reached the other
ball’s velocity at the bottom of the tracks in less time with respect to the
other one, that is, the acceleration of the ball released later is greater. It is
because of that students have difficulty in discrimination of the velocity

and the change in the velocity (acceleration).

e 5| o Ly - 2]

Figure 2.3 Acceleration Comparison

Another misconception is about Newton’s third law. Students think
that heavier, faster objects exert greater force. Brown (1989) interviewed
some students using some written materials. One of the questions was
about a collision of a moving cue ball and a stationary billiard as in Figure
2.4. The students were asked to answer what relation there is between the
forces each exerts on the other.

The students claimed that the moving cue ball exerts more force
than the stationary billiard. They insisted on their response by claiming
that the cue ball has greater force because it moves. Similar misconceptions

are mentioned by Halloun and Hestenes (1985b), and Maloney (1984).
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2.1.2 Impetus physics

Halloun and Hestenes (1985b) mentioned about impetus in their
paper. Impetus was defined and named by Jean Buridan in fourteenth
century. When an object is thrown, the active agent gives it a motive power.
This motive power makes the object move. But it decreases because of the
air resistance of the medium. This transmission is called impetus. That is,
impetus is called as a “motive power” or “intrinsic force.” Students use it as
force, so they confuse it with Newtonian force concept. Boeha (1990)
explained the impetus like forced motion. Motion was caused by pushed or
pulled forces. For example, the force of the wind pushes the ship. Also,
every object has some force insight. This force makes the object move. For
example, a man hit a ball, and the force is transmitted from the man’s arms
to the ball. He interviewed with some students using a card on which the
picture in Figure 2.5 was depicted. The students were asked to answer if
there was a force on the softball. If the response was “yes”, next question
was if there were any other forces. One of the students said that “it [the
softball] has to have some force in order to move...” Another student said

that “I think the force... is from the man’s arms who hit the ball.” And, the
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other student said that “No force...the ball is just moving freely through

the air.” The latter student thought there was no force because there was no

any apparent external force exerted on the ball.

Situation 1 .
_—
/_\\\/ - fﬂ
Situation 2
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Figure 2.5 Trajectory of a Softball after being hit and before falling

In the study of Watts and Zylbersztajn (1981), students were asked

to show the forces on the cannon at each position in Figure 2.6. Students

were asked to show the force(s) on the cannon at each position. At point A,

one of the students said that “...because it’s traveling upwards so therefore

the force must be making it go upwards...” At point B, another student

said that “There is no force because it is at the peak of height and soon

gravity will pull it down though no yet.” At point C, another student said

that “...it is traveling downwards so the force must be traveling

downwards as well.” They thought that a force was given to the cannon, in

other words, it gained impetus. And, when it went up, it lost the force
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gradually due to the air resistance, thus, impetus wore out. At the peak of
height, there was no force, and then gravity started to influence the cannon,
thereby causing the ball to fall down. Similar ideas were told by other
authors such as Clement (1982), Gamble (1989), and Halloun and Hestenes
(1985b).

@ A

&

Figure 2.6 Drawing showing the positions of a fired Cannon-ball at points

A,Band C

McCloskey, Caramazza, and Green (1980) conducted a study so as
to assess undergraduate students’ understanding of the principle that
objects move in straight lines in the absence of any external force. One of

the questions, they put, was about a curved metal tube shown in Figure 2.7.

Figure 2.7 Drawing of the Metal Tube, used by McCloskey et al. (1980)
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A metal ball is put into the end of the tube indicated by the arrow,
and then the ball is shot out of the other end of the tube with high speed.
Also, air resistance is ignored. Students were asked to draw the path the
ball follows just after leaving the tube. Many of the students thought that
after passing through a curved tube, the object will follow a curved path
despite of no external forces acting on it. One of the students stated that
“The momentum of the curve [of the tube] gives it [the ball] the arc...The
force from the curve eventually dissipates and it will follow a normal
straight line.”

In the same study, another question was about a metal ball which
was attached to a string and being twirled by someone in a circle above.

The bird’s-eye view of the instance is shown in Figure 2.8.

S
Figure 2.8 Circle showing the path the ball follows

Students were asked to draw the path the ball will follow after the
string breaks. Three types of incorrect responses, shown in Figure 2.9, were
observed. Students who depicted Drawing (A) thought similar reasoning as
in the tube problem. They believed that the metal ball would follow a
curved path just after the string broke. Students who depicted Drawing (B)
thought that the ball had been pulled outward by the centrifugal force and

it had been held by the string. But, breaking the string caused the ball to
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follow a path outward in the line of the string due to the centrifugal force.
Students who depicted Drawing (C) thought that the ball followed a path
in the influences of both the centrifugal force and instantaneous velocity of
the ball at point where the string breaks. They thought a compromise

between motion in the direction of velocity vector and centrifugal force.

(&) (E) (<)

Figure 2.9 Incorrect Student Responses for the question shown in Figure 2.8

Consequently, all these findings indicate impetus theory. The
students believed that an impetus is necessary to keep up the motion. Some
impetus theorists defined a circular impetus to explain the rotation of a
wheel or the motion of the moon around the earth. Similar misconceptions

were mentioned by Halloun and Hestenes (1985b), too.

2.1.3 Overall List of Misconceptions about Force and Motion

This section indeed presents a fine list of misconceptions in general

and in a logical order as done by Temizkan (2003).
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Terminology: Students are commonly observed to unable to distinguish
between force concepts such as position, velocity, acceleration, force, mass,
weight, friction, and etc. (Halloun & Hestenes, 1985a; Hestenes, Wells &
Swackhamer, 1992; Shelley & Marjon, 2000).

Impetus: Students holding this misconception believe that an intrinsic force
is transmitted to objects so that they can move. For instance, an intrinsic
force is transmitted to a ball by hitting it and the force keeps the ball
moving. As time goes on, the intrinsic force lessens gradually due to the air
resistance, and at last the ball falls directly on the earth after giving up the
force. Impetus can be categorized into four dimensions as gained impetus,
lost impetus, reconstructed impetus and circular impetus (Halloun &
Hestenes, 1985b; Hestenes, et al., 1992; Temizkan, 2003).

Active Force: Active force refers to the forces making objects move. There
are several types of misconceptions related to the active force such as
misconceptions that only active agents exert forces, velocity is proportional
to force, motion implies active force, and no motion implies no force.
Students holding the first misconception assume that only active agents
(e.g. living things, a car with running engine, etc.) can exert force. And,
students with the misconception that velocity is proportional to force
believe that a constant force causes a constant velocity or increasing the
force causes the velocity to increase. In addition, students holding the
misconception that motion implies active force believe that mass causes
objects to stop after immediately stopping to exert force. Finally, students
with the misconception that no motion implies any force believe that if
there is no motion, then there is no any force, such as the case of a book
standing on a table. Students think that the book is at rest and there is no

any force on it (Halloun & Hestenes, 1985b; Hestenes, et al., 1992).
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Action / Reaction Pairs: Students usually misuse the term interaction and

they deduce “struggle between opposing forces” from interaction.
Consequently, it results in two types of misconceptions, greater mass
implies greater force and most active agent produces greatest force
(Clement, 1982; Hestenes, et al., 1992).

Concatenation of influences: This is an alternative use of the Newtonian

force superposition principle. That is, this misconception is the result of
misuse of forces’ superposition by students. There are mainly three
common uses of it. For example, students think that compromise of forces
determines motion, but they cannot determine the correct compromise and
incorrectly determines the direction of motion (Halloun and Hestenes,
1985b; Hestenes, et al., 1992).

Other influences on motion: Two main misconceptions can be presented

under this title. First, students usually believe that objects with circular
motion by means of a rope tend to flee from the center of the circle due to
the centrifugal force on the hand holding the rope when the rope is cut.
Second, students mostly hold the idea that non-living things are obstacles
for motion of objects and they cannot exert any forces (Hestenes, et al.,
1992).

Gravity: There are prevalently two types of misconceptions related to the
gravity. The most common one is that heavier objects fall faster. And, the
second one is that gravity increases as the object approaches to the earth. In
fact, there is an increase in gravity, but it is only one part in 10% for a few
meters change in height and this is not an observable value with life

experiences (Hestenes, et al., 1992).
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2.2 Diagnostic Assessment

Diagnostic assessment methods such as interviews, open ended
questionnaires, multiple choice tests, etc. are presented in a logical

sequence.

2.2.1 Interviews and Open Ended Questionnaires

Osborne and Gilbert (1980) wused interview-about-instances
technique to probe the nature of the students” views about force concept.
Forty children and young adults, ranging in age 7 to 19, participated in the
study. Interview was used in the study, because it was very useful to learn
the students’ reasons of their responses. Interview-about-instances
technique is based on some cards on which some drawings are depicted.
Each card presents a situation containing an instance of the concept or a
situation not containing an instance of the concept. Students are asked to
identify if there is an instance of the concept on a card or not. After taking
the response of the student, the reasons for the response are elicited. In this
interview type, students can ask questions about possible ambiguities
before answering a question, and there is flexibility in discussing reasons or
lack of reasons. The researchers of the study listed the advantages of this
technique as:

1. Itis applicable over a wide age range.

2. Itis enjoyable for interviewer and interviewee.

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

4. C(lassifying instances in more pertinent and penetrating than asking for

a definition.
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5. It is concerned with the student’s view rather than merely examining if

the student has the correct scientific view.

On the other hand they think the technique has also some
disadvantages.
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 the difficulties associated with interviews and the analysis of

the interview data, e.g. difficult to report succinctly.

Terry et al. (1985) wanted to learn about students” understanding of
forces in the static equilibrium using individual interviews. In this study,
students were from three different levels. In the first level, students
completed a force unit in the previous year in a science course. This course
did not include a formal instruction on Newton’s first law and equilibrium.
In the second level, students had completed Newton’s first law and had
some knowledge about Newton’s second law. In the third level all students
had completed Newton’s three laws. Each student was asked to show the
forces on a box resting on a table. The students showed only one force on
the box, downward gravitational force. They thought this force was enough
for the box in a static equilibrium.

Brown (1989) collected data from three sources:

1. Aninterviewing study involving oral tutoring
2. Aninterviewing study involving tutoring with written materials

3. A multiple choice diagnostic test
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Five high school students who had not taken physics participated in
the oral tutoring. 21 pre-physics high school students participated in the
tutoring with written materials. Seven physics classes in two high schools
participated in the multiple diagnostic tests. Students who participated in
the test took physics in the final year of secondary education. The questions
were about the force concept in different contexts. Most of them were
related to Newton’s third law. The test was used as pre and post-test. Pre-
test was administered at the beginning of the year. Post-test was
administered after the instruction of mechanics in order to assess the gain
from instruction. Teachers did not know the contents of the test. The scores
of the students who took the both tests were only reported. After the
analysis of pre and post-tests, they found most misconceptions to be held
even after the instruction.

Boeha (1990) reported the data from one part of a large study.
Pencil-paper and interview instruments were used in this large study.
Interviews were similar to the interview-about-instances used by Osborne
and Gilbert (1980). The instrument consisted of the diagrams of individuals
cards. To probe the students’ Aristotelian-like views concerned natural
phenomena was the purpose of this instrument. One National High School
was chosen for the study. In grade 12, science major students were
randomly assigned to six intact classes. 21 students were interviewed

individually and their responses were analyzed at the end of the study.

2.2.2 Multiple Choice Tests

Halloun and Hestenes (1985a) developed a diagnostic test,

mechanics diagnostic test, to assess the students’ basic knowledge of

mechanics. They restricted their study with mechanics because mechanics
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is an essential prerequisite for most of the rest of physics. A student’s score
on the test was a measure of his/her understanding of mechanics. However,
they did not give detailed information on the development process of the
test. The researchers mentioned about early versions of the test, which had
been administered to 1000 students in college and university levels. The
early versions required written answers to determine the possible
alternatives of the final version. They established the content and face
validity of the test in four different ways. Some professors and graduate
students examined the early versions of the test and the researchers
evaluated their suggestions for the final version of the test. Then, the
researchers administered the test to 11 graduate students to show that all
the students agreed on the correct answer for each item. 22 introductory
students who had taken the test were interviewed and they said that they
had understood all the correct choices and alternative answers. In the
fourth way, they carefully examined 31 students responses whose grades
were A in the university physics to reveal any possible misunderstandings
related to the formulation of the questions in the test. No one was detected.
They conducted a follow-up interview with the students who had taken the
test to establish reliability and calculated Kuder-Richardson-20 (KR-20) for
the reliability concerns. During the interviews, students repeated the same
answers they had given in the test. This is an indication of that the
responses in the test had not been given randomly or by chance. KR-20
reliability coefficients were 0.86 for pre-test and 0.89 for post-test, which are
very high. After all the analysis, they found that students come to class
with some common sense beliefs and these affects their performance
negatively and conventional instruction induces only a small change in

those beliefs.
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Hestenes, et al. (1992) developed a diagnostic test, the Force Concept
Inventory (FCI) to help teachers probe and assess their students” common
sense beliefs. FCI contains questions forcing students between Newtonian
concepts and common sense alternatives. The researchers decomposed the
force concepts into six conceptual dimensions. They claim that these
conceptual dimensions are necessary for a complete understanding of the
force concept. On the FCI “errors” are more informative than “correct”
choices. The alternatives to the Newtonian concepts are labeled as
misconceptions. The alternatives should be accorded the same respect we
give to scientific concepts. Because, the most popular misconceptions have
been held by some of the intellectuals in the past, including Galileo and
even Newton. These misconceptions should be regarded as reasonable
hypothesis grounded in everyday experience. The FCI was administered to
large samples many times and uncovered misconceptions listed in the
study. However, test development process was not mentioned in the paper.

Beichner (1994) reported a methodology for developing diagnostic
tests to assess students’ understandings. His diagnostic test was to assess
student interpretation of kinematics graphs. The researcher first started the
process of test development by constructing some instructional objectives.
He examined some test banks, introductory physics books and conducted
informal interviews with teachers to construct the specific objectives. He
formed eight objectives, however, he eliminated on from the list. Because
the researcher carried out a pilot study and he noticed that nearly all of the
students could correctly answered the questions related to the eliminated
objective. It is reasonable to eliminate an objective which everybody can
achieve, since the purpose of the diagnostic tests is to uncover student
difficulties, not their achievement. Three items were written for each

objective, thus a 21-item test was developed. Items and alternatives were

25



deliberately chosen to uncover students’ previously reported difficulties.
However, the researcher offers administering an open ended questionnaire
to a group of students in order to be able determine the alternatives.
Afterwards, the early version of the test was administered to 134
community college students who had experienced with kinematics. The
results were used for some modifications on some questions. Then, the
revised test was delivered to 15 science educators and they were asked
response some questions related to appropriateness of the objectives,
critiques about the items and matching of items to the objectives. That was
for the content validity of the test. The tests were also given to 165 juniors
and seniors from three high schools and 57 four-year college physics
students. The researchers took the students into four different laboratory
activities. Then the test with a little modification is again administered. The
Pearson product correlation between the pre and post-test was estimated as
0.79. It was meaning that the two forms of the tests were parallel. It is the
equivalent form reliability. A paired sample t-test indicated a significant
increase between the pre and post-test scores. After the laboratory
activities, an increase in the mean score had been regarded, and the
statistical results reflected that. That was an indication of validity of the
test. Finally the test was administered to a large sample of students (524
students). The statistics again confirmed the validity and the reliability of
the test. KR-20, Post-biserial coefficient and item discrimination power

were estimated.

2.2.3 Two-Tier Tests

In the literature review, it is likely to encounter many two-tier

diagnostic tests (Chen, Lin & Lin, 2002; Griffard & Wandersee, 2001; Odom
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& Barrow, 1995; Tan, Goh, Chia & Treagust, 2002; Tsai & Chou, 2002). The
first tier is a 2-3 choice item and the second tier is 4-5 choice items
presenting a correct reason and some alternative reasons. The procedure
followed to develop a two-tier test by all authors was suggested by
Treagust (1988, as cited in Chen, Lin & Lin, 2002). Four steps can be listed
to complete the procedure.

1. Define the scope of the target conceptions in terms of propositional
knowledge statements and concept maps representing the knowledge
required to understand the scientific conceptions;

2. Develop a paper-and-pencil test consisting of open-ended questions
and administer it to high school students;

3. Analyze the students’ responses to identify the commonly held
misconceptions and interview some of the students to obtain further
explanation and clarification when needed;

4. Construct two-tier multiple choice test items based on the most
commonly identified answers that students gave in open ended

questionnaires and follow-up interviews.

2.2.4 Three-Tier Tests

Eryilmaz and Siirmeli (2002) developed a three-tier diagnostic test
to assess the high school students” misconceptions on heat and
temperature. They reported that misconceptions are based on conceptions
students have before coming to classes, and they have an error connotation.
However, all errors are not misconceptions, because some errors may not
be based on some conceptions students have before coming classes. But
multiple choice diagnostic tests regard all errors as misconceptions. So,

three tier diagnostic tests are needed to eliminate this problem. The first tier
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is a normal multiple choice test, the second tier is again a multiple choice
test with one correct reason and some alternative reasons, and the third tier
asks the student if he / she is sure for the responses in the first two tiers. If a
student gives the desired responses for the first two tiers and chooses “Yes,
I am sure” for the last tier, then the response is regarded as the correct
answer. The researchers found 19-item test in a dissertation study, and
used it as the basis for their three tier test. They used the previously
reported common misconceptions as alternatives in the second tier and
they developed a 57-item three tier test. After administering the test to 77
high school students in Balgat, Ankara, they analyzed the results by means
of computers. They constructed a table demonstrating percentages of
correct responses for only the first tier, for the combination of two tiers and

for the combination of three tiers.

2.3 Force Concept Inventory

The FCl is a popular diagnostic instrument in physics education for
eliciting student misconceptions concerning force and motion and it is
based on the mechanics diagnostic test (MDT) which was developed by
Halloun and Hestenes (1985a).

2.3.1 Development and Use of the FCI

Halloun and Hestenes (1985a) first designed and administered
various versions requiring written answers, and then they used the
common misconceptions from these written exams as alternatives for the
last multiple choice version of the MDT. They established the content

validity by having some experts and graduates examined the test. Also,
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they conducted interviews with the students who had taken the test before

for reliability and validity concerns. For reliability estimation, they used

Kuder-Richardson test and they found 0.86 and 0.89, respectively for

pretest and posttest they administered to two comparable different groups

at different times.

At last, the FCI was designed by Hestenes, et al. in 1992 as an
improved version of the MDT. However, the researchers did not give as
much detailed information as about the validity and reliability of the MDT.
Although they mostly trusted on the validity and reliability of the MDT,
the researchers conducted some follow-up interviews with 36 students who
had taken the FCI and observed the probabilities of false positives and false
negatives. The researchers suggested the FCI to use:

1. As a placement test for determining if college and university students’
understanding of introductory physics is enough for participating in an
advanced course.

2. As a diagnostic instrument for assessing students’ misconceptions on
mechanics.

3. For evaluating instruction.

Hestenes and Wells (1992) used another test with the FCI, the
mechanics baseline test (MBT) so as to assess also students’ quantitative
understanding of mechanics. That is, the MBT is a quantitative test and
includes concepts that cannot be understood without physics instruction,
whereas the FCI can be administered to even untutored individuals. Using
the results of the FCI and the MBT from Harvard University, they depicted
a scatter plot in addition to estimating the correlation between them to be
0.68. As a result, they concluded that a score of 60 % on the FCI is a kind of

conceptual threshold and a score of 80 % is a kind of mastery threshold.
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2.3.2 Some Concerns about the FCI

Although the FCI is a popular diagnostic tool and it has been used
for many times by researchers, some concerns about it have been also
arisen. Huffman and Heller (1995) administered the inventory to 145 high
school students and 750 university students, and they conducted factor
analyses to understand if the FCI actually measures the six conceptual
dimensions of force concept as claimed by the writers of the inventory. The
researchers found only two acceptable factors from the results of high
school students and only one factor from the results of university students.
Because of these findings, Huffman and Heller (1995) reported their
concerns about what the FCI actually measures and warned the users of the
inventory to be cautious in interpreting the results.

Hestenes and Halloun (1995) presented some explanations about
FCI to reject the claims by Heller and Huffman (1995). Some important
explanations can be listed as below.

1. About 60% of the FCI is the same as the MDT, that is, the FCI is an
improved version, not a new test, and the results of the FCI and MDT
are perfectly consistent.

2. Newtonian concepts were divided into six conceptual dimensions, and
no one has suggested that anything is missing.

3. Every item in the FCI has only and only one Newtonian response.
Many physics professors and graduates carefully examined the FCIL.
That is, there is no any problem with the face validity.

4. The FCI score is a measure of one’s understanding of the Newtonian
force concept. This is related to the content validity. To establish it, false
negatives and positives must be minimized. False positives are

Newtonian responses by Non-Newtonian thinker. False negatives are
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non-Newtonian responses by Newtonian thinkers. Qualitative analysis
indicated that the percentage of false negatives is less than 10%. Due to
the nature of the multiple choice tests (with 5 choices), chance factor is
20%. So, minimizing it is more difficult. Even so, alternatives are from
extensive student interviews, and this may be an indicator of a low
probability of false positives.

5. In order to check if the FCI measures the Newtonian force concept by
means of the factor analysis, the FCI must be administered to certified
Newtonian population, such as physics professors.

6. As mentioned, there are false positives which may result in errors in the
factor analysis. So, scores between 60% and 80% must be analyzed and

scores over 80% must be analyzed separately.

The discussion went on, and Heller and Huffman (1995) responded
the explanations by constructing some hypothetical statistical analysis, that
is, they continued to claim their findings about the validity of the FCI to be
correct and sensible.

Rebello and Zollman (2004) voiced another concern about the
alternatives of the FCI. They compared students’ responses on four
multiple- choice FCI questions with similar responses to equivalent open-
ended questions. They found percentages of correct responses to each
format to be quite consistent. However, they also found that some
categories with significant percentages on the open-ended format are not
included in the FCI. That is, there is an important problem about if all

possible student responses are represented on the inventory.
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2.4 Summary of the Literature Review

The literature review mainly covered the misconceptions
concerning force and motion, diagnostic assessment and the most popular
physics diagnostic instrument; the FCL

Because this study is based on the FCI, the misconceptions about
force and motion were reviewed. Impetus, active force, action/reaction
pairs, concatenation of influences, other influences on motion, and gravity
are the misconceptions about force and motion in the literature (Boeha,
1990; Clement, 1982; Gamble, 1989; Halloun & Hestenes, 1985a; Halloun &
Hestenes, 1985b; Hestenes et al., 1992; Maloney, 1984; McCloskey et al.,
1980; McDermott, 1984; Shelley & Marjon, 2000; Temizkan, 2003; Terry et
al., 1985; Trowbridge & McDermott, 1980; Watts & Zylbersztajn, 1981).
Eventually, impetus, active force, action/reaction pairs, concatenation of
influences, and other influences on motion are the misconceptions assessed
by this study.

Diagnostic assessment can be carried out by some types of
instruments such as interviews, open-ended questionnaires, multiple-
choice tests, two-tier tests, and three-tier tests. In general, interviews are the
best in probing student responses and understanding the reasons of
student reasoning. However, they are time consuming and very difficult to
conduct with a large number of interviewees for generalization (Beichner,
1994; Osborne & Gilbert, 1980). In this instance, open-ended questionnaires
are sensible for its ability to be administered to a large number of pupils.
However, all disadvantages are not eliminated by open-ended
questionnaires because evaluating is time consuming, scoring is a bit
difficult. Therefore, multiple choice tests seem to be very reasonable for

diagnostic purposes because they can be easily administered to a large
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number of pupils and scoring is more objective (Beichner, 1994).
Nevertheless, multiple choice items overestimate the proportions of
misconceptions since they cannot eliminate the incorrect answers not due
to misconceptions. Hence, two-tier tests have been seemed to be a crucial
improvement in diagnostic assessment. But, two-tier tests also overestimate
the proportions of misconceptions due to they cannot eliminate the
proportions of the lack knowledge from the proportions of the
misconceptions (Griffard & Wandersee, 2001). Consequently, three-tier
tests which eliminate all mentioned disadvantages are very good at
diagnostic assessment.

Finally, the literature review covered the most popular physics
diagnostic tool, the FCI. The inventory has been seemed to be very valid
and reliable instrument for many years and used for many times. However,
some concerns were caused by the study of Huffman and Heller (1995) and
the study of Rebello and Zollman (2004). Huffman and Heller (1995)
reported their concerns about the interpretations of the results from the use
of the FCI because they conducted factor analysis to answer what the FCI
actually measures and they found unsatisfactory results. So, factor analyses
were also conducted in this study to investigate if the selected items
actually assess what they were intended. Rebello and Zollman (2004)
claimed that all possible student answers are not presented on the FCI. In
order to overcome such a possible deficiency of the items culled from the
FCI, blank alternatives were used for each item on the Force and Motion
Test Requesting Reasons (FMTRR). Therefore, students” possible different

answers, which were not presented by the test items, were not ignored.
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CHAPTER 3

METHOD

In this chapter of the study, methodology is presented utilizing six
sections. The first section is about the population and sample of the study.
The second section is about the variables used in the study. The next
section is related to the instruments. Then, the followed procedure is
presented in the forth section. Finally, the analysis of data and assumptions

are exhibited in the fifth and sixth sections, respectively.

3.1 Population and Sample

All eleventh grade students in Turkey draw the target population of
this study. Because studying with this target population does not seem to
be feasible, all eleventh grade students in Polatli, the biggest outlying
district of capital Ankara, was the accessible population of this study. That
is, the sample was drawn from this accessible population and findings of
this study were generalized to that accessible population.

In the study, Force and Motion Test Requesting Reasons (FMTRR)
(see Appendix A) was administered to 79 eleventh-grade students from
Polatli Atatiirk High School and Polath Anatolian Teacher Training High
School. Afterwards, Force and Motion Three Tier Test (FMTTT) (see
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Appendix B) was administered to 207 eleventh-grade students from Polatl

Atattirk High School, Polath High School, and Polatli Anatolian High
School. After administering the test, 19 students were removed from all the
analyses because of too many missing answers. There are 32 items on the
FMTTT apart from the third tiers, which assess students” confidence levels.
So, 19 students who had not answered at least 16 items on the FMTTT were
removed from all the analyses. The details about the sample groups are in

Table 3.1. In addition, most of the students were aged from 17 to 18.

Table 3.1 Sample Groups of the Study

Sample Group for the FMTRR

Male Female Total
Polathi Anatolian Teacher Training High School 8 13 21
Polath Atatiirk High School 31 27 58
Total 39 40 79
Sample Group for the FMTTT *
Male Female Total
Polath Atattirk High School 12 (1) 15 (1) 27 (2)
Polath High School 58 (10) 47 (5) 105 (15)
Polathi Anatolian High School 34 (1) 22 (1) 56 (2)
Total | 104(12) | 84(7) | 188(19)

* Numbers in the parentheses are the students removed from the analyses because of too many missing
answers

3.2 Variables

In this study, the answer key of the FMTTT (see Appendix C), and
the choices indicating a misconception according to only the first tiers, both
of the first two tiers, and all three tiers (see Appendix D) were used for

obtaining seven variables. The main contribution to the formation of the
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variables is of course from the raw data (see Appendix E). All those
variables were produced by using MS Excel and they are as follow:

Scores-1: This variable is based on the student answers for only the first
tiers (see Appendix C). If any answer is correct, then it was coded as 1.
Otherwise, it was coded as 0 for wrong answers, or left as missing value if a
student does not give any answer. Figure 3.1 exemplifies how scores-1
variable was coded. For instance, the first answer of the first student was
coded as 0 owing to being a wrong answer, fourteenth answer was coded
as 1 owing to being a correct answer, and fifteenth answer was coded as
missing value because s/he did not give any answer. On the right side of
the figure, each student’s score based on only the first tiers is seen. Also, at
the bottom of the figure, total numbers and percentages of correct answers

(difficulty levels) for each item can be seen.

ONLY FIRST TIERS

= e8RS

10 0 0 0 0 OO OO0 OO0 O0 0O 1 1
20 0 0 O1 O0OO0OO0OT1T 1T 0 1 0 0 1 08
319 0101 1 0 01 1 1 0 0 0 0 1@
4101 01 1t 0 01 1 0 0 00 0 18
59 0 0 011 0 0 1 0 0 1 0 0 0 0@
184 0 0 0 0 0 O OO 1 O O O O 1

185 0 0o 0o 0 1t 0 0 1 0 0 0 1 0
186 0 0 0 0 1 0 1 0 0 O 1 0 O 0 0
187 0 0 0 0 0 O 0 O 0 O O 0 0 0 0O
i 0 0 1 0 1 0 0O O 0 1 0 1 O 1 O O

Figure 3.1 Scores-1 based on only the First Tiers in the FMTTT

36



Scores-2: This variable is based on student answers for both of the first two
tiers (see Appendix C). In detail, if a student answers both of the first and
second tiers of an item correctly, then it was coded as 1. Otherwise, it was
coded as 0 (wrong answer). Furthermore, not only non-given answers for
both first two tiers, but also non-given answers for one of two tiers were
coded as missing value.

Scores-3: Production of this variable is also similar to those ones above. In
this variable, student answers for all three tiers were paid attention
(Appendix C). If student answers are correct for the first two tiers and one
of “certainly sure” or “sure” choices is selected for the third tiers, then it
was coded as 1. Otherwise, it was coded as 0 (wrong answer). In addition,
missing values were determined for at least two non-given answers for any
set of three-tiers.

Confidence Levels: This variable is based on only the student answers for

third tiers. On this tier, students’ confidence levels were asked for their
answers to the first two tiers. There are four alternatives (certainly sure,
sure, not sure, certainly not sure) on the third tiers of the FMTTT. So,
students” answers were coded as 4, 3, 2, and 1, respectively. Also, non-
given answers were not ignored and coded as missing values. In the end,
each student’s total score based on only the third tiers was used as each
student’s confidence level.

Misconceptions-1: The variable was produced by using the choices

indicating a misconception according to the first tiers (see Appendix D).
Missing values were not ignored, either. For example, if a misconception is
assessed by three questions, then a student was coded to have 3, 2, 1, 0, or
missing value. “3” indicates that the student selected choices indicating
that misconception on all three questions, and so on. “0” means that the

student did not select any choices indicating that misconception on those
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three questions. Also, if a student does not give any answers for at least
two of those three questions, then it was coded as missing value. Figure 3.2

makes the explanations more concrete.

MISCONCEPTIONS -1
=2}
E
i 1 0 2 1 1 2 01 2 0 1 0 1 0 1
21 11 1t 10 2 01 1 1 0 0 0 0 O
3 1+ 1+ 1 0 0O OOT11T O 2 01 0 1 0
4 11 1 0 00 1 01 0 2 01 0 1 0
5 1 1+ 1+ o 1+ 0 2 01 0 2 1 0 O 0 O
1 0
1
0
HCE
61

Figure 3.2 Misconceptions-1 based on only First Tiers

Misconceptions-2: The production of this variable is almost the same as
misconceptions-1 except that this is based on the first two tiers when
utilizing the choices indicating a misconception (see Appendix D). That is,
if a student chooses the related reason in the second tier as well as a choice
indicating a misconception in the first tier, then the student is expected to
have a misconception. Missing values as well as number of items assessing
the same misconception was paid attention. In other words, if a
misconception is assessed by 2 items, and a student does not answer at

least one of those items, then it was coded as missing value.
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Misconceptions-3: This variable is also the same as misconceptions-1 except

that all three tiers are paid attention for producing this variable (see
Appendix D). That is, if a student chooses the related reason in the second
tier as well as a choice indicating a misconception in the first tier, and
claims to be confident in the third tier, then the student is accepted to have
a misconception. Of course, missing values were paid attention in addition

to the number of items assessing the same misconception.

3.3 Instruments

During the study, two instruments were developed and
administered. The first instrument is the FMTRR and the other one is the
FMTTT (see Appendices A and B, respectively).

The FMTRR is mainly based on the FCI which was revised in 1995.
Turkish version of the FCI was obtained from Temizkan (2003). Sixteen
questions were extracted from that version of the FCI by analyzing the
response frequencies of the FCI presented in Hestenes et al. (1992). In that
analysis, the items whose wrong alternatives” frequencies were high were
selected. Next, the misconceptions assessed by those items were listed.
Then, it was seen that mainly five misconceptions are assessed by the
selected items. Also, assessing one misconception with about 5 items was
intended for more reliable results. However, “other influences on motion”
misconception was being assessed by two items. Hence, two items were
also added from the 1995-version of the FCI to assess that misconception
with four items. As a result, five dimensions of force-and-motion-
misconceptions (impetus, active force, action / reaction pairs, concatenation
of influences, and other influences on motion) were covered by 16

questions on the FMTRR. Blank alternatives were added to each question
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as well as the same alternatives from the FCI. Also, questions requesting
reasons of given answers were added to each question.

The FMTTT was developed according to the categorizations of
student answers on the FMTRR (see Appendix F). In other words, the
FMTRR was a basis for determining the alternatives of the first tiers and
developing the second tiers of the FMTTT. To sum up, the FMTTT is a 16-

item-three-tier test which is manly based on the FCI.

3.4 Procedure

In this study, the FMTTT was developed for the aim of evaluating
eleventh-grade students” misconceptions concerning force and motion.
That is to say, this study is a cross-sectional survey study.

At the beginning of the study, keywords were identified for the aim
of literature review. And then, 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 used so as to look into
the internet in general. METU Library and Turkish Academic Network and
Information Center (ULAKBIM) online services helped so much with
searching those sources. Also, photocopies of the findings from the search
could be easily obtained by means of information and document delivery
service of ULAKBIM. Furthermore, 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 Bogazici Universitesi Dergisi were
reviewed at METU Library.
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The literature review helped the researcher determine the way in
which a three-tier test is designed. Starting from the investigation of the
response frequencies presented in Hestenes et al. (1992) and the use of
Turkish version of the FCI presented in Temizkan (2003), 16 questions were
culled from the FCI in the purpose of preparing a shorter test and covering
all five main misconceptions about force and motion which had been
proposed by Hestenes et al. (1992). Afterwards, that test was administered
to 79 eleventh-grade students for they had learned the force and motion
concept. Then, student answers on the FMTRR were categorized for
determining which alternatives to use on the first tiers of the FMTTT and
for developing the second tiers of the test which present a set of reasons. In
the light of that study, the FMTTT was developed at last and administered

to 207 eleventh-grade students.

3.5 Analysis of Data

Data collection of this study started with administering the FMTRR
to 79 eleventh-grade students. Student answers on the test were
categorized in terms of response frequencies for each distracter and
response frequencies for given reasons. That study resulted in developing
the FMTTT. That is, the other data collection was based on administering
the FMTTT. Some descriptive statistics techniques were used for analyzing
the data. They can be briefly described as follow:

Mean: It is the average of all scores within a distribution. It is based on
summing up all the scores and dividing the sum by the total number of all
the scores (Fraenkel & Wallen, 1996, p. 179).

Median: It is the point that 50 percent of the scores fall above and 50
percent of the scores fall below (Fraenkel & Wallen, 1996, p. 179).
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Range: It is the difference of the highest and the lowest scores (Fraenkel &
Wallen, 1996, p. 181).

Standard deviation: The standard deviation is a measure of variance in

distribution (Fraenkel & Wallen, 1996, p. 181). It is the root square of the
variance.

Correlation: The correlation is a measure of relationship between two
quantitative variables (Fraenkel & Wallen, 1996, p. 188). Indeed, there are
many types of correlation coefficients, but the most frequently used one is
the Pearson product-moment coefficient. It ranges between -1 and +1. A
positive correlation implies similar performances in two distributions,
whereas a negative correlation implies inverse performances in two
distributions.

Scatterplots: The scatterplot is a pictorial representation of relationships
between two quantitative variables (Fraenkel & Wallen, 1996, p. 188). It
usually attributes to the interpretability of the correlation coefficient.

Item difficulty: It is the percentage of correct responses for an item. It is
based on dividing the total number of correct responses by the total
number of scores. The magnitude of the item difficulty changes between 0
and 1. A high item difficulty (above 0.5) indicates that most of the students
could give the correct answer for an item. In other words, a high magnitude

means an easy item (Marx, 1998).

Discrimination Index: The discrimination index is a comparison of high
scorers” and low scorers” performances on an item. It ranges from -1 to +1.
A positive magnitude implies that high scorers give more correct answers
on an item than low scorers do. A magnitude about 0 implies that high
scorers and low scorers perform almost the same on an item. Such an item
is not desirable because that item has not got the ability to discriminate

high scorers and low scorers. The worst is a negative magnitude which
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indicates that low scorers do better on an item than the high scorers (Marx,
1998). Crocker and Algina (1986, as cited in Marx, 1998) reported
discrimination indexes lower than 0.20 to eliminate or completely revise the
item.

Item-total correlation: It is the correlation between item scores and the total

scores. When Statistical Package for the Social Sciences (SPSS) program
computes the item-total correlation, it extracts the item scores from the total
scores, and then estimates the correlation between the item scores and the

total scores (Green & Salkind, 2005, 336).

Cronbach alpha reliability: It is a measure of internal consistency within a
test. Clearly, it measures if all items in a test assess the same entity. Alpha
values above 0.70 are assumed to be acceptable, values between 0.70 and
0.60 are assumed to be questionable, values between 0.60 and 0.50 are
assumed to be poor, and values below 0.50 are assumed to be unacceptable
(George & Mallery, 2001, p. 209-217).

Factor analysis: Factor analysis is a statistical method for clustering the

items which measure the same construct within a test. Interpreting the
clusters (factors, or components) provides the researcher with naming them

and grasping what entities are assessed by the test (Stevens, 2002, p. 386).

3.6 Assumptions

1. The ratio of cases to variables with at least 5 to 1 is enough for statistical

analyses (Schwab, 2005).

2. Subjects who took the FMTRR and the FMTTT were completely sincere

in answering the questions.
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CHAPTER 4

RESULTS

In this chapter, the results of the study are presented mainly in two

sections, respectively analysis of the FMTRR and analysis of the FMTTT.

4.1 Analysis of Force and Motion Requesting Reasons

The FMTRR was administered to 79 eleventh grade students in the
purpose of determining which alternatives to keep on the first tiers of the
FMTTT and in the purpose of determining the alternatives of the second
tiers of the FMTTT. For these purposes, student answers and reasons for
each item were categorized according to their similarities in meaning (see
Appendix F). Table 4.1 was prepared to compare response frequencies of
the FMTRR and the 1992-version of the FCI, which was reported in
Hestenes et al. (1992). It can be seen that most of the percentages are
consistent with the percentages of the FCI. For example, item 1 in the
FMTRR is the same as item 2 in the FCI. When the percentages of
alternative selections are examined, very similar values attract attention. In
addition, items 2 and 11 on the FMTRR were not in the 1992-version of the
FCI (they had been culled from the 1995-version of the FCI), so comparison
could not be done. Investigation of Table 4.1 helped the researcher decide

which alternatives to retain or remove from the FMTRR in the purpose of
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writing the items of the FMTTT. It must be also emphasized that answers
which were given in “F” alternatives (blank alternatives) were mostly
because of either deficient reasoning or misunderstanding of the items.

That is, they were not used in alternative writing.

Table 4.1 Force and Motion Test Requesting Reasons Response Frequencies
vs. Force Concept Inventory Response Frequencies

ITEM NO PERCENTAGES OF ALTERNATIVES
EMTRR FCI A B C D E F
92 FMTRR | FCI | FMTRR | FCI | FMTRR | FCI | FMTRR | FCI | FMTRR | FCI | FMTRR
1 2 61 76 3 2 1 1 3 1 10 20 8
2 - 9 - 4 - 24 5 - 10 - -
3 10 28 28 16 65 4 6 1 1 5 1 8
4 5 8 3 49 25 6 62 1 10 1 1 1
5 6 15 34 33 38 0 3 3 7 14 18 4
6 8 19 31 3 6 14 14 29 31 6 19 4
m 7 9 5 10 15 51 11 25 9 8 4 3 1
> 8 13 6 9 13 12 35 71 4 8 0 0 -
E 9 14 22 39 0 5 13 43 6 8 6 -
B 10 18 30 60 4 9 0 4 5 12 5 18 -
11 - 0 5 - 5 - 10 - 4 - 4
12 24 0 8 10 21 9 23 4 29 5 20 1
13 25 1 20 10 38 4 8 19 27 4 7 -
14 26 4 9 5 32 0 29 13 5 1 18 3
15 11 0 2 6 28 4 7 23 50 6 13 -
16 22 0 2 0 5 4 10 8 3 18 82 -

Table 4.2 shows the alternatives that were not used in the FMTTT
because either those alternatives are not used for assessing a misconception
on the FCI or they are not frequently-selected. In the table, any comparison
is not done for item 2 in the FMTTT because it was from the 1995-version of
the FCI. So, all alternatives of item 2 were used in the FMTTT. Item 11 was
again from the 1995-version of the FCI. However, its “A” alternative was
not chosen by any students on the FMTTT. So, that alternative was not

used as a distracter in the FMTTT.
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Table 4.2 Alternatives not used in the FMTTT

FMTTT | FCI-92 | Deleted Alternatives
1 2 B,C
2 _ _

3 10 D,E
4 5 A,E
5 6 C,D
6 8 B,E
7 9 A,E
8 13 D,E
9 14 B,D
10 18 C,E
11 - A

12 24 A

13 25 C,E
14 26 C,E
15 11 A, C
16 22 A, B

4.2 Analysis of Force and Motion Three Tier Test

The FMTTT data from 188 (after 19 cases were removed from the
analyses due to frequent missing values) were analyzed for establishing the
content and construct validity, estimating reliability, item analysis and

assessing misconceptions.

4.2.1 Validity and Reliability of Force and Motion Three-Tier Test

Because the validity and the reliability of the FCI were reported by
Hestenes et al. (1992) and the questions in the FMTTT were adapted from
the FCI, the FMTTT also can be thought to be a valid and reliable test.
Although there is such an expectation about the validity and the reliability

of the FMTTT, some additional evidence was also investigated.
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For answering the first sub-problem of the study, correlation
between scores-2 and confidence levels was firstly estimated and the
related scatter plot was depicted (Table 4.3 and Figure 4.1). A significant
correlation was expected between confidence levels and scores-2 because
high scorers are expected to be more confident in general (Cataloglu, 2002).
However, in spite of a positive correlation (0.109), a significant correlation

could not be observed.

Table 4.3 Correlation between Confidence Levels and Scores-2

Scores-2
Confidence Levels Pearson Correlation .109
Sig. (2-tailed) .135
N 188
10
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Figure 4.1 Scatter plot of Scores-2 vs. Confidence Levels
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The scatter plot shows that a group of students scored from 30 to 50
in confidence levels have quite low scores in scores-2 (1 or lower). In other
words, very low scorers claim themselves to be moderate confident. This
may be due to their very strongly held misconceptions.

Also, the correlation between confidence levels and misconceptions-
2 was sought and again the related scatter plot was depicted (Table 4.4 and
Figure 4.2). In this case, a positive and significant correlation was observed

between misconceptions-2 and confidence levels.

Table 4.4 Correlation between Confidence Levels and Misconceptions-2

Misconceptions-2

Confidence Levels Pearson Correlation .325*1
Sig. (2-tailed) .000
N 188

*. Correlation is significant at the 0.01 level (2-tailed).

Misconceptions-2

Confidence Levels

Figure 4.2 Scatter plot of Misconceptions-2 vs. Confidence Levels
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The scatter plot in Figure 4.2 shows that students with quite high
misconception scores are moderate confident. This finding supports the
claim that students have very strongly held misconceptions about force and
motion. If they had not been confident for their misconceptions which are
based on incorrect answers, then their incorrect answers would have been
due to lack of knowledge. To sum up, these findings may be assumed to
support the nature of the FMTTT with being a misconception test.

Furthermore, several factor analysis were conducted using variables
such as scores-1, scores-2, scores-3, misconceptions-1, etc. for revealing the
construct of the FMTTT.

Hestenes et al. (1992) reported a table showing the Newtonian
concepts assessed in the FCL. In this study, using that table a similar table
was prepared for showing the Newtonian concepts assessed in the FMTTT
(Table 4.5). However, because items 2 and 11 were not in the 1992-version

of the FCI, those items placed into the table by the researcher.

Table 4.5 Newtonian Concepts in Force and Motion Three Tier Test

Test Item

1. First Law (3.1¢, 3.2b, 3.3 a/b), (5.1b, 5.2¢, 5.3a/b), (6.1a, 6.2b, 6.3a/b),
(10.1b, 10.2¢, 10.3a/b), (14.1b, 14.2a, 14.3a/b)

2. Second Law (5.1b, 5.2¢, 5.3a/b), (12.1d, 12.2b, 12.3a/b), (13.1b, 13.2¢,13.3a/b)

3. Third Law (1.1b, 1.2a, 1.3a/b), (8.1a, 8.2¢, 8.3a/b), (9.1a, 9.2b, 9.3a/b),
(15.1¢, 15.2¢, 15.3a/b), (2.1b, 2.2d, 2.3a/b), (11.1a, 11.2d, 11.3a/b)

4. Kinds of Force (4.1c, 4.2a, 4.3a/b), (7.1¢c, 7.2b, 7.3a/b)

For answering the second sub-problem of the study, several factor
analyses were conducted. Factor analysis with scores-3 yielded Table 4.6.

All communality values which are the explained proportions of item
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variances were about or above 0.50, and the cumulative explained variance
was about 55%. This table is consistent with Table 4.5 except items 6, 10,
and 14. Utilizing Table 4.5, the first factor can be named “Kinds of Force”,
the second and the third factors can be named “Third Law,” the forth factor
can be named “Second Law,” and the fifth factor can be named “First

7

Law.

Table 4.6 Rotated Component Matrix from Factor Analysis of Scores-3

Component
1 2 3 4 5
14 .834 -.031 -.033 -.081 -.036
17 .680 -.023 .037 -.119 -.184
114 613 .071 -.026 .209 119
12 -.083 722 -.044 -112 -167
il -.074 .689 .168 116 153
115 .340 .629 110 .201 -.159
110 .438 445 .044 .078 .204
19 -.003 .094 731 -.075 -179
18 .017 176 722 116 -.064
111 -.031 -.222 .524 -.295 .284
2 157 173 -.003 .675 .099
113 -112 -.259 .203 .610 -.353
16 -.078 .070 -177 .592 .228
13 -.057 -.090 -.205 136 .634
15 .017 .065 .539 .022 .633

Extraction Method: Principal Component Analysis.
Rotation Method: Varimax with Kaiser Normalization.

Factor Analysis with misconceptions-3 was conducted so as to
reveal the relationships between misconceptions assessed in the FMTTT.
However, almost all of the communality values below 0.50. Also, the
cumulative explained variance was only 45%.

And, the yielded rotated component matrix is given in Table 4.7.
Because of the reasons mentioned above, unsurprisingly, interpreting these

factors is very difficult. Impetus misconceptions 1, 2, and 4 (I1, 12, and 14)
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loaded into the same factor. However, “Force causes acceleration to
terminal velocity” (AF6) and “Largest force determines motion” (CI1)
entered in the first factor as well. So, the first factor's name can be
“impetus”, but it does not cover all variables in the factor. And, there is no
any rationale for naming the second factor because unrelated
misconceptions are in this factor. The last factor can be named “Active
Force,” however; this name is not related to “Force compromise determines

motion” (CI2).

Table 4.7 Rotated Component Matrix from Factor Analysis of

Misconceptions-3

Component
1 2 3
CH .637 .041 -.007
AF6 .635 .093 A71
12 .631 120 -.278
I .565 -.082 -.079
14 .550 122 149
13 129 .735 124
CI3 .037 732 -.236
AR1 .026 .662 225
Cl2 -.064 -.023 .692
AF2 .427 .045 577
AF1 -.040 .104 .557

Extraction Method: Principal Component Analysis.
Rotation Method: Varimax with Kaiser Normalization.

Hestenes and Halloun (1995) reported that factor analysis of test
results is associated with the content validity of a test. They had not factor
analyzed their FCI data, but they had investigated probabilities of false

negatives and false positives. In this study, the FMTTT data gave the
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facility of estimating the percentages of false negatives and false positives
to the researcher because it is a three-tier test (Kutluay, 2005; Pesman,
2005). In this study, the percentages of false negatives and false positives
were also estimated by using the student answers in the first tiers and in
the second tiers (answer for sub-problem 3). That is, if a student’s answer
was wrong in the first tier and correct in the second tier of an item, then it
was accepted to be a false negative. If a student’s answer was correct in the
first tier and wrong in the second tier of an item, then it was accepted to be
a false positive. As a result, total number of false negatives and false
positives were estimated by Excel and the proportion of them to the total
number of student answers gave the percentages of false negatives and
false positives. For instance, the total number of false negatives given by
188 students was 165, and the total number of student answers was the
product of 188 and 15 (2820) since each student would have at most 15
false negatives (item 16 was removed). As a result, the proportion of 165 to
2820 is the percentage of false negatives. Thus, the percentages of false
negatives and false positives were found as 6% and 8%, respectively, and
those values are quite satisfactory because Hestenes and Halloun (1995)
reported to minimize those values below 10%.

Table 4.8 shows the overall descriptive statistics of scores-3 and
misconceptions-3, respectively. First, there were 16 items on the FMTTT.
However, item analysis based on scores-3 revealed that item 16 should be
removed from the test (see Section 4.2.2). So, as seen in the table, number of
test items was 15 instead of 16. The mean of scores-3 was 1.81 and it is very
small because the maximum score could be 15. The standard deviation of
scores-3 reflects a small variance. Besides, one of the sub-problems was
about the reliability coefficients of students” correct scores and

misconception scores (sub-problem 4). The reliability of scores-3 is 0.48,
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which is an unacceptable value. However, overall descriptive statistics of

misconceptions-3 are better. Indeed, its reliability coefficient is 0.62, which

is a questionable value.

Table 4.8 Overall Descriptive Statistics

Scores-3 | Misconceptions-3

No of Students 188 188
No of Items / Misconceptions 15 16
Mean 1.81 6.48
Median 1.00 6.00
Standard Deviation 1.69 3.22
Skewness 1.35 -0.015
Kurtosis 1.78 -0.60
Minimum 0.00 0.00
Maximum 8.00 14.00
Reliability (Cronbach Alpha) 0.48 0.62

The histograms of scores-3 and misconceptions-3 make the overall

descriptive statistics more comprehensive (Figure 4.3).
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The histogram of scores-3 is right skewed and it means that the
FMTTT was very difficult for the students. However, the histogram of
misconceptions-3 is similar the normal distribution. That is, there are few
students who have not any misconceptions or have almost all the
misconceptions. Most of the students have a moderate number of

misconceptions in general.

4.2.2 Item Analysis

Figure 4.4 shows the percentages of correct responses for only the
first tiers, first two tiers, and all three tiers (difficulty levels). The difficulty
levels for all three tiers change from 5% to 20%. In other words, all test
items seem to be very difficult for the students.

According to the figure, the difference between the mean
percentages based on all three-tiers and the first two tiers is 3%, and it is the
mean percentage of lack of confidence. The difference between the mean
percentages based on first two tiers and only first tiers is 8%, which is the
percentage of false positives (sub-problem 5).

When the lack of confidence percentages are examined item by
item, then it can be observed that students have high lack of confidence
percentages on items 5, 6, 9, and 10 with at least 5%. Items 5, 6, and 10
assess the first law of Newtonian force concept according to Table 4.5, and
item 9 assesses the third law. In other words, students have difficulty in
understanding the first and the third law of the Newtonian concept (sub-

problem 6).
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Figure 4.4 Correct Responses in terms of Number of Tiers

Table 4.9 is the output of the SPSS for item-total correlations. Item-

total correlation is a measure of discrimination index. So, negative values

are not desired. When the table is examined, items 3, 11, 13, and 16 are

observed to be negative. However, deletion of items 3, 11, and 13 affects the

construct of the FMTTT. Hence, item 16 was removed from the FMTTT and

eliminated from all analyses.
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Table 4.9 SPSS Output Showing Item-total Correlations of Scores-3

Scale Scale Corrected

Mean Variance Item— Alpha

if Item if Item Total if Item

Deleted Deleted Correlation Deleted
I1 1.7327 2.3378 .3258 .3861
I2 1.8317 2.6814 .1288 .4426
I3 1.6931 2.7349 -.0432 .4956
I4 1.8317 2.5814 .2623 .4183
I5 1.6634 2.3655 L2274 .4136
I6 1.6832 2.6586 .0098 .4815
I7 1.8317 2.5814 .2623 .4183
I8 1.8020 2.4804 .3056 .4027
I9 1.7822 2.6721 .0664 .4571
I10 1.7921 2.5063 .2542 L4131
I11 1.8416 2.7947 -.0057 .4647
I12 1.7624 2.4230 .2880 .4007
I13 1.7426 2.7931 -.0693 .4951
I14 1.7921 2.5463 .2104 L4234
I15 1.7327 2.3378 .3258 .3861
I16 1.8515 2.8677 -.1026 L4767

4.2.3 Misconception Assessment

Figure 4.5 shows the graph of percentages of misconceptions based

on all three tiers, first two tiers, and only the first tiers. The difference

between the mean percentages based on misconceptions assessed in terms

of all three tiers and the first two tiers is 6%, and it is the mean percentage

of lack of knowledge. The difference between the mean percentages of the

first two tiers and only the first tiers is 14%, and it is the error percentage in

assessing the misconceptions. Indeed, 6% of it is the percentage of false

negative, and the rest is the percentage of inconsistent answers (sub-

problem 7).
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Only First Tiers
First Two Tiers
All Three Tiers

I 12 13 14 15 | AF1 | AF2 | AF4 | AF6 | AR1 | AR2 | CI1 | CI2 | CI3 | CF | Ob | MEAN
All Three Tiers 18% | 26% | 30% | 33% | 43% | 4% | 24% | 13% | 35% | 29% | 11% | 28% | 10% | 12% | 8% | 17% | 21%
First Two Tiers 26% | 36% | 35% | 38% | 56% | 5% | 30% | 16% | 44% | 34% | 14% | 35% | 15% | 17% | 11% | 24% | 27%
HM%

Only First Tiers 77% | 48% | 49% | 46% | 61% | 8% | 51% | 23% | 49% | 43% | 36% | 77% | 21% | 20% | 19% | 28%

MISCONCEPTIONS
Impetus Action Reaction Pairs
I1: Impetus supplied by hit ARI: Greater mass implies greater force
12: Loss/ Recovery of original impetus AR?2: Most active agent produces greatest force
13: Impetus dissipation Concatenation of Influences
14: Gradual/ delayed impetus build- up CI1: Largest force determines motion
I5. Circular impetus CI2: Force compromise determines motion
Active Force CI3: Last force to act determines motion
AF1: Only active agents exert force Other Influences on Motion
AF2: Motion implies active force CF: Centrifugal force
AF4: Velocity proportional to applied force Ob: Obstacles exert no force
AF6: Force causes acceleration to terminal velocity

Figure 4.5 Misconceptions in terms of Number of Tiers
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When the percentages of lack of knowledge are examined according
to each misconception, then it is observed that “Loss/recovery of original
impetus” (I12) and “circular impetus” (I5) are less strongly held among
students because their percentages are bigger than the others” percentages.
In other words, if a student selects the choices indicating a misconception
and says “I am not sure”, it means that s/he does not insist on the
misconception s/he holds. So, high percentages of lack of knowledge in this
graph indicate less strongly held misconceptions (sub-problem 8). The
percentages of misconceptions according to all three tiers show that
impetus misconception is the most common misconception (12, I3, I4, and
I5). In addition, percentages of “only active agents exert force” (AF1) and
“centrifugal force” (CF) are less than 10%. That is, they are not common

among students.

4.2.4 Summary of Results

In this section, it seems to be necessary to summarize the results in

the purpose of presenting the answers of the sub-problems of this study. In

short, the sub-problems and their answers are as follow:

Sub-problem 1 (Is there a significant correlation between students” correct

scores based on first two tiers and confidence levels?): A possible positive

and significant correlation was investigated between scores-2 and
confidence levels. However, a positive but non-significant value was found
as 0.109. In addition, the correlation between misconceptions-2 and
confidence levels was estimated as well, and it was found to be a significant

value, 0.325.
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Sub-problem 2 (Will any factors be obtained when students’ correct scores

based on all three tiers and misconception scores based on all three tiers are

factor analyzed?): Factor analysis of scores-3 yielded quite logical factors.

Only 3 of 15 items could not be explained in the factors they loaded. Factor
analyses based on  misconception scores  (misconceptions-1,
misconceptions-2, and misconceptions-3) yielded no interpretable factors.

Sub-problem 3 (What are the percentages of false negatives and false

positives for students’ correct scores?): Percentages of false negatives and

false positives were estimated with the advantage of using a three-tier test.
Percentages of false negatives and false positives were 6% and 8%,
respectively.

Sub-problem 4 (What are the reliability coefficients based on students’

correct scores and misconception scores based on all three tiers?): The

Cronbach alpha reliability coefficients were estimated as 0.48 and 0.62 for

scores-3 and misconceptions-3, respectively.

Sub-problem 5 (How does the percentage of students giving correct

answer(s) change with respect to the number of tiers of the test?): The

difference between the mean percentages based on all three-tiers and the
first two tiers is 3% in Figure 4.4, which is based on correct scores, and it is
the percentage of lack of confidence. The difference between the mean
percentages based on the first two tiers and only the first tiers is 8%, and it
is the percentage of false positives.

Sub-problem 6 (What are the percentages of lack of confidence in average

and for each item?): When the lack of confidence percentages are examined
item by item in Figure 4.4, then it can be observed that students have high
lack of confidence percentages on items 5, 6, 9, and 10 with at least 5%.

Items 5, 6, and 10 assess the first law of Newtonian force concept according
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to Table 4.5, and item 9 assesses the third law. In other words, students
have difficulty in understanding the first and third law of the Newtonian
concept.

Sub-problem 7 (How does the percentage of students having a

misconception change in terms of the test?): The difference between the

mean percentages of misconceptions based on all three tiers and the first
two tiers is 6% in Figure 4.5, and it is the mean percentage of lack of
knowledge. The difference between the means of percentages of the first
two tiers and only the first tiers is 14%, and it is the error percentage in
assessing the misconceptions. Also, 6% of it is the percentage of false
negative, and the rest is the percentage of inconsistent answers.

Sub-problem 8 (What are the percentages of lack of knowledge in average

and for each misconception?): When each percentage of lack of knowledge

is examined according to each misconception in Figure 4.5, then it is
observed that “Loss-recovery of original impetus” (I2) and “circular
impetus” (I5) are less strongly held among students because their
percentages are bigger than the others’. In other words, if a student selects
the choices indicating a misconception and says “I am not sure”, it means
that s/he does not insist on the misconception s/he holds. So, high
percentages of lack of knowledge in that graph indicate less strongly held

misconceptions.
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CHAPTER 5

CONCLUSIONS, DISCUSSION, AND IMPLICATIONS

This chapter of the study is presented by means of seven sections.
The first section is about the overview of the study. In the second section,
conclusions from the study are presented. Discussion of the results is given
in the third section. Internal and external validity are accounted for in the
fourth and fifth sections, respectively. The sixth section presents the
implications of the study, and finally the recommendations for further

research is included in the last section.

5.1 Overview of the Study

The main purpose of this study was to develop a three-tier test for
assessing high school students’ misconceptions concerning force and
motion. The developed test was administered to 207 eleventh-grade
students in Polatli, the biggest outlying district of capital Ankara, and the
data from 188 students were the basis of this study. To sum up, this study
is a cross-sectional survey study.

Lots of research studies have agreed that studying student
misconceptions, which interfere students with learning concepts properly,

is very important because it enables instructors to be aware of their
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students’ learning difficulties. Assessing student misconceptions validly
and reliably is also very important, and the importance of three-tier tests

comes out at this point.

5.2 Conclusions

A possible positive and significant correlation was investigated
between scores-2 and confidence levels. However, a positive but non-
significant value was found as 0.109. In addition, the correlation between
misconceptions-2 and confidence levels was estimated as well, and it was
found to be a significant value, 0.325. It may be concluded that students
claimed themselves to be confident enough about the misconceptions they
hold. This may be evidence of that students’ misconceptions are quite
strongly held and they were assessed properly by the FMTTT. In other
words, such a result may be a feature of properly working misconception
tests.

Factor analysis of scores-3 yielded quite logical factors. Only 3 of 15
items could not be explained in the factors they entered. To conclude, the
items in the FMTTT were selected in the purpose of assessing four
dimensions of Newtonian concept (see Table 4.5) and the factor analysis
revealed that those items in general assessed properly what they had been
intended to assess. To sum up, this is evidence of content validity.
Percentages of false negatives and false positives were estimated and they
were 6% and 8%, respectively. This may be another evidence of content
validity because it is a sign of that students found their reasoning among
the choices of the FMTTT.

The Cronbach alpha reliability coefficients were estimated as 0.48

and 0.62 for scores-3 and misconceptions-3, respectively. In other words, at
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least 48% of variance in scores-3 is due to the variance in students’ correct
scores and at least 62% of variance in misconceptions-3 is due to the
variance in students’ true misconception scores. In conclusion, the FMTTT
assesses student misconceptions more reliably than student achievement in
force and motion.

The difference between the means of percentages based on all three-
tiers and first two tiers is 3% in Figure 4.4, and it is the percentage of lack of
confidence. The difference between the means of percentages based on first
two tiers and only first tiers is 8%, which is the percentage of false
positives. That is, one-tier tests overestimate student-scores with respect to
two-tier tests because they cannot eliminate the correct answers with
incorrect reasons (false positives). Two-tier tests can achieve it, but they still
overestimate the student-scores because they cannot eliminate the given
correct answers in spite of lack of confidence. In short, three-tier tests can
assess the student-scores with more accuracy. That is, they are more valid.

When the lack of confidence percentages are examined item by item
in Figure 4.4, students have high lack of knowledge percentages on items 5,
6, 9, and 10 with 5 or more percent. Items 5, 6, and 10 assess the first law
and item 9 assesses the third law of Newtonian force concept according to
Table 4.5. In other words, students have difficulty in understanding the
first and third law of the Newtonian concept.

The difference between the means of percentages of misconceptions
based on all three tiers and first two tiers is 6% in Figure 4.5, and it is the
mean percentage of lack of knowledge. The difference between the means
of percentages of the first two tiers and only the first tiers is 14%, and it is
the error percentage in assessing the misconceptions. Also, 6% of it is the
percentage of false negative, and the rest is the percentage of inconsistent

answers. These results indicate that three-tier tests are more valid because
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three-tier tests can eliminate both errors and lack of knowledge from true
misconception scores.

When the percentages of lack of knowledge are examined according
to each misconception in Figure 4.5, then it is observed that “Loss/recovery
of original impetus” (I2) and “circular impetus” (I5) are less strongly held
among students because their percentages are bigger than the others’
percentages. In other words, if a student selects the choices indicating a
misconception and says “I am not sure”, it means that s/he does not insist
on the misconception s/he holds. So, high percentages of lack of knowledge

in this graph indicate less strongly held misconceptions.

5.3 Discussion of the Results

Cataloglu (2002) developed a three-tier test for assessing students’
understanding of core concepts of introductory quantum mechanics. The
last version was administered to 146 students. The sample was drawn by
students who were at the Pennsylvania State University and Arizona State
University. In short, the researcher investigated the correlation between
confidence levels and student scores and a significant correlation
coefficient, 0.49, was found for the whole sample. Kutluay (2005) and
Pesman (2005) also estimated the correlation coefficients using their three-
tier test results and both of the researchers found significant and positive
coefficients (0.329 and 0.508 respectively). In conclusion, similar research
studies in the literature revealed positive and significant correlation
coefficients between student scores and their confidence levels based on
their responses on the third tiers. Nevertheless, in this study, a positive but
non-significant correlation coefficient (0.109) was estimated between

student scores (scores-2) and their confidence levels. On the other hand, a
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positive and significant correlation coefficient was estimated between
misconceptions-3 and the confidence levels. This finding conflicts with the
findings of the other research studies, but this may be a property of
misconception tests.

The most attractive discussion in the literature is perhaps the use of
factor analysis for construct validity. Heller and Huffman (1995) conducted
a factor analysis for investigating what the FCI actually measures. They
claimed that complete attention must be paid for interpreting FCI results
because the factor analysis yielded no acceptable factors and it reveals
question marks about what it actually measures. Hestenes and Halooun
(1995) suggested conducting factor analysis with successful students FCI
results for obtaining acceptable factors. In this study, that suggestion was
not ignored, and not only the whole data was factor analyzed but also the
data of students whose scores-3 were above the mean (about 2) was factor
analyzed. In the end, the whole data yielded interpretable factors, whereas
the successful students” data yielded no interpretable factors.

Hestenes and Halloun (1995) also emphasized that using factor
analysis for understanding what a test measures is associated with the
content validity of a test. They said that they had not conducted factor
analysis but they had investigated the probabilities of false positives and
false negatives for content validity concerns. They claimed the probabilities
of false negatives to be less than 10% conducting some follow-up
interviews. They informed that it is however more difficult to minimize the
probabilities of false positives because students have a chance of giving
their answers randomly in multiple choice tests. Kutluay (2005) and
Pesman (2005) estimated the percentages of false negatives and false
positives with the advantage of using three-tier tests. Kutluay (2005) found

the percentages of false negative and false positives to be 3% and 28%,
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respectively. Pesman (2005) found 11% and 17%, respectively. The

percentages were estimated in this study, too. They were found to be 6%

and 8%, respectively. Both of the values are below 10%. This may be due to

that the FMTTT is based on the FCI whose false negatives and false

positives were reported to be small enough. Briefly, the percentages

support the content validity of the FMTTT.

About the mean percentages of misconceptions in terms of only the

first tiers, first two tiers, and all three tiers, there are several research

studies in the literature (Eryilmaz & Siirmeli, 2002; Kutluay, 2005; Pesman,

2005). Table 5.1 summarizes the findings of those research studies about the

percentages of misconceptions based on the number of tiers of the test.

Table 5.1 Mean Percentages of Misconceptions based on Numbers of Tiers

three tiers and first

two tiers
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The first tiers 46% 19% 24% 41%
First two tiers 27% 13% 14% 27%
All three tiers 18% 10% 9% 21%
Difference between
first two tiers and the 19% 6% 10% 14%
first tiers
Difference between all
9% 3% 5% 6%
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Subtraction of the percentage of all three tiers from the percentage
of first two tiers gives the percentage of lack of knowledge and subtraction
of the percentage of first two tiers from the percentage of only the first tiers
gives the percentage of errors (Assessing all incorrect answers as
misconceptions although some are not). According to the table, the
percentages of lack of knowledge range from 3% to 9% and the percentages
of errors range from 6% to 19%. To conclude, it can be said that one-tier
tests and two-tier tests overestimate the percentages of misconceptions as
Griffard and Wandersee (2001) reported.

Table 5.2 summarizes the percentages of students’ correct answers
in terms of only the first tiers, first two tiers, and all three tiers. In other
words, this table indeed summarizes the difficulty levels according to the
number of tiers of the test. In this table, subtraction of the percentage of all
three tiers from the percentage of the first two tiers gives the percentage of
lack of confidence and subtraction of first two tiers from only the first tiers

gives the percentage of errors (false positives).

Table 5.2 Mean Percentages of Scores based on the Number of Tiers
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The first tiers 45% 48% | 23%
First two tiers 17% 31% | 15%
All three tiers 13% 25% | 12%
Difference between first two 28% 17% 8%
tiers and the first tiers
Difference between all three 4% 6% 39
tiers and first two tiers
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In the table, the percentages of lack of confidence range from 3% to
6%. And, the percentages of errors range from 8% to 28%. It can be again
concluded that one-tier and two-tier tests overestimate the percentages of
correct answers, too.

Kutluay (2005) and Pesman (2005) estimated the Cronbach alpha
reliability coefficients using correct scores to be 0.55 and 0.69, respectively.
And, they found very small coefficients for misconception scores (0.28 and
0.33). That is, the researchers found higher reliability coefficients using
correct scores. However, in this study, the Cronbach reliability coefficients
found to 0.48 and 0.62 for correct scores and misconception scores. In other
words, assessing misconceptions seems to be more reliable than assessing

correct scores with the FMTTT.

5.4 Internal Validity

Internal validity of a research study is associated with if the causes
of outcomes are due to the independent variables of the study or due to not
expectable independent variables (Fraenkel & Wallen, 1996, p. 383). Only
location and instrumentation may threat the internal validity of this study.

In the analysis of student responses to the FMTRR could cause
fatigue of the scorer and thus affecting the outcomes. However,
categorization was done slowly and took a week, so the threat of
instrumentation was tried to be controlled.

Location is another possible threat for internal validity because the
outcomes of the FMTRR and the FMTTT could be affected by the
conditions of the location in which the instruments were administered.
However, the instruments were administered to subjects in their
classrooms and there were no any remarkable differences between them.

Thus, the possible threat of the location was minimized.
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5.5 External Validity

External validity of a study is about the generalizibility of the
outcomes. External validity can be classified as population validity and
ecological validity. Population validity is about the generalizibility of
outcomes to a population. And, ecological validity is about the
generalizibility of outcomes to other settings or conditions (Fraenkel &
Wallen, 1996, p. 106).

The sample of this study included more than 10% of the eleventh
grade students in Polath. So, the findings of this study can be generalized
to the accessible population.

However, the outcomes of the study can be generalized to other
populations like Polatli with great caution because subject characteristics
may vary among different populations due to some differences such as

socioeconomic status, ethnicity, etc.

5.6 Implications of the Study

There are several implications according to the findings of this
study. They can be as follow:

1. When the student answers for the FMTRR were being categorized, it
was observed that students used some Newtonian concepts such as
force, velocity, weight, mass, etc. interchangeably. So, teachers should
pay attention to that their students understand the concepts correctly.

2. The Cronbach alpha reliability coefficient of the FMTTT was 0.62 for
misconceptions-3. That is, at least 62% of the distribution of
misconception scores is due to the distribution of true misconception

scores. In other words, the FMTTT can be used for assessing students’
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misconceptions about force and motion. This will enable the teachers to
be aware of their students” misconceptions and help their students
understand the Newtonian concepts.

The Cronbach alpha of scores-3 was 0.48. That is, the FMTTT does not
seem to be reliable for assessing students’ achievement in Newtonian
concept. In other words, the FMTTT should be avoided to use as an
achievement test.

The investigation of students” percentages of lack of confidence shows
that students have difficulty in understanding the first and the third
laws of Newtonian concept. That is, teachers should present more
examples from daily life experiences. In addition, curriculum
developers or textbook writers should pay attention to that point as
well.

The investigation of students” percentages of lack of knowledge shows
that almost all of the misconceptions assessed in this study are strongly
held by the students. So, teachers should pay special attention for
overcoming students” misconceptions.

Three-tier tests seem to be more valid with respect to one-tier or two-
tier tests. Therefore, researchers ought to prefer three-tier tests for their
research studies.

Test developers should pay attention to assess as few misconceptions as
possible in their study so that they can use 3-5 items for assessing each
misconception. This may contribute to their misconceptions scores’

reliability.
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5.7 Recommendations for Further Research

Recommendations for further studies can be listed as follow:
So as to establish the ecological validity, far larger sample can be
drawn.
According to the related literature and this study, there are no any
standard reliability coefficients for misconception scores. So, the
reliability coefficient 0.62 cannot be interpreted very well. A research
study can be carried out in the purpose of determining standard
reliability coefficients based on misconception scores.
Three-tier tests can be used more validly and reliably not only for
assessing students’ correct conceptions but also for assessing students’
misconceptions. Because the reliability coefficient of misconception
scores (misconceptions-3) is bigger than the reliability coefficient of true
scores (scores-3) in this study, the FMTTT can be thought to be more
suitable for assessing student misconceptions. In other words, the
FMTTT can be used by teachers and researchers for assessing students’
misconceptions concerning force and motion.
Because of the limited number of three-tier tests on physics topics,
many three-tier tests are needed to be developed on different physics
topics such as vectors, electrostatics, waves, pressure, simple harmonic
motion, and so on.
Test developers on different subjects such as chemistry, biology, or
mathematics are also needed to develop three- tier tests for assessing

students’ conceptions and misconceptions on their subjects.
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APPENDIX A

FORCE AND MOTION TEST REQUESTING REASONS

KUVVET VE HAREKET
Coktan Se¢meli Sinav

Bu sinav 16 sorudan olugsmaktadir ve 6grencilerin kuvvet ve hareket
konularindaki kavramsal basarilarini 6lgmek icin hazirlanmistir.
Sinav sonuglar ders degerlendiriimesine katilmayacagi igin
verdiginiz cevaplarin sizin kisisel gérUslerinizi yansitmasina dikkat
ediniz. Lutfen asagdidaki konulara dikkat ediniz.

(1) Asagida verilen kisma cinsiyetinizi isaretleyiniz.

(2) Butln sorulara cevap vermeye gayret gosteriniz.

(3) Verilen  cevaplarin  sizin  gO6rlstnizi  yansitmadigini
dusindyorsaniz, bos birakilan seceneklere kendi cevabinizi
yaziniz.

(4) Cevaplarinizin sebeplerini yazmayi unutmayiniz.

Tesekkdrler.

CINSIYETINIZ: Kiz [1 Erkek [
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1. Buyuk bir kamyon ile ufak bir araba merkezi ¢carpisma yapiyor. Garpisma sirasinda,

(A) Kamyon arabaya, arabanin kamyona uyguladigi kuvvetten daha
fazla kuvvet uygular.

(B) Araba kamyona, kamyonun arabaya uyguladigi kuvvetten daha
fazla kuvvet uygular.

(C) Birbirlerine herhangi bir kuvvet uygulamazlar, araba kamyonun
6nlne ciktigindan dolayi pargalanir.

(D) Kamyon arabaya kuvvet uygular, araba kamyona kuvvet
uygulamaz.

(E) Araba kamyona, kamyon arabaya ayni buyUkllkte kuvvet
uygular.

Cevabimin sebebi:

SONRAKI iKi SORUYU (2 ve 3) CEVAPLANDIRIRKEN ASAGIDAKI ACIKLAMAYI VE SEKLI
KULLANINIZ.

Yandaki sekil "O" merkezli gemberin bir pargasi bigimindeki »
slirtinmesiz bir tipu gostermektedir. TUp, slrtinmesiz yatay bir P &
masa Uzerine sabitlenmigtir. Masaya yukaridan bakilmaktadir. fa{
Hava tarafindan uygulanan kuvvetler énemsizdir. Bir top ylksek I 4

hizla "p" ucundan tlp icine firlatilir ve "s" ucundan disari ¢ikar. | L & u .

2. Top "r" noktasindayken, asagidaki sabit kuvvetleri \'- "‘-, / f

dikkate aliniz. S
_‘ﬁ-___,__/r’.

Asagi dogru yergekimi kuvveti r e
"r" den "O" ya dogru tlpUn uyguladigr kuvvet

Topun hareketi dogrultusunda bir kuvvet

"O" dan "r" ye dogru bir kuvvet

[N N

1
2
3
4

Yukaridaki kuvvetlerden hangisi(hangileri) top "r" noktasindayken sirtiinmesiz tip
icindeki topa etkimektedir?

(A) Yalniz 1 (B)1ve2 (C)1ve3 (D)1,2ve 3 (E)1,3ve 4
Cevabimin sebebi:

3. Asagidaki sekilde top "s" ucunda tlpten ¢ikip slrtiinmesiz masa tzerinde hareket ederken,
hangi yolu izler? Bunlardan biri size uymuyorsa (F) sikkinda sekil zerinde siz giziniz.

4

A)e | - (0 )
o E,’ J—
‘lJ .‘r
T e ——+(E:| - .
o
A =

N/

Cevabimin sebebi:

79



4. Bir cocuk, gelik bir topu, dikey olarak yukariya dogru firlatiyor. Topun gocugun elinden
ayrildiktan sonraki fakat yere degmeden énceki hareketini g6z éniinde bulundurun ve havanin
uyguladigr kuvvetleri ihmal edin. Bu kosullarda, topun Gzerine etkiyen kuvvet(ler):

(A) Asagiya dogru bir yercekim kuvveti ile beraber, yukariya dogru surekli azalan bir kuvvettir.

(B) Top, cocugun elinden ¢iktiktan sonra tepe noktasina ulasincaya kadar yukariya dogru
sirekli azalan bir kuvvet; diiserken cisim yere yaklastikga strekli artan yergekimi
kuvvetidir.

(C) Top, tepe noktasina ulasana kadar asagi dogru hemen hemen sabit yer gekimi kuvveti ile
beraber yukariya dogru siirekli azalan bir kuvvet ve diiserken sadece asagi dogru sabit
yercekimi kuvvetidir.

(D) Sadece dikey, asagdi dogru, neredeyse sabit yergekimi kuvvetidir.

(E) Yukaridakilerin higbiridir. Top, yeryizii Uzerinde, hareketsiz kalma dogdal egiliminden
dolay! yere diger.

Cevabimin sebebi:

SONRAKI U¢ SORUYU (5°TEN 7°YE KADAR) CEVAPLANDIRIRKEN ASAGIDAKI
ACIKLAMAYI VE SEKLI KULLANINIZ.

Asagidaki sekilde, sirtiinmesiz yatay bir diizlemde sabit V, hiziyla diiz bir gizgi (izerinde “a”
noktasindan “b” noktasina dogru kaymakta olan bir Hokey diski gérulmektedir. Hava
tarafindan uygulanan kuvvetler dnemsizdir. Diske kugbakigi bakilmaktadir. Disk “b” noktasina

ulastigi anda kalin ok yéniinde hizl bir vurusa maruz kalir. Eger disk “b” noktasinda
hareketsiz olsaydi, vurus diski vurus ydéninde V hiziyla harekete baglatirdi.

A

b

5. Vurustan sonra disk, asagidaki yollardan hangisini en yakin izleyecektir? Bunlardan biri size
uymuyorsa (F) sikkinda sekil (izerinde siz giziniz.

¢ 4 4 4

> &

Cevabimin sebebi:
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6.

Besinci soruda se¢mis oldugunuz sirtlinmesiz yolda, diskin vurulduktan sonraki hizi:

) Sabittir.

) Surekli artar.

) Surekli azalr.

) Bir siire igin artar ve sonra azalir.

) Bir siire igin sabit kalir ve sonra azalir.

Cevabimin sebebi:

Besinci soruda se¢mis oldugunuz sirtinmesiz yolda, vurustan sonra diske etkiyen baslica
kuvvet(ler):

(A) Asagi dogru yer cekimi kuvvetidir.

(B) Asagi dogru yer ¢ekimi kuvveti ve hareket yoniinde yatay bir kuvvettir.

(C) Asagi dogru yer ¢ekimi kuvveti, yukariya dogru yiizey tarafindan etkiyen bir kuvvet ve
hareket yonlinde yatay bir kuvvettir.

(D) Asag dogru yer cekimi kuvveti ve yukariya dogru ylzey tarafindan bir kuvvettir.

(E) Higbiridir. (Cisme hicbir kuvvet etkimez).

(

Cevabimin sebebi:

SONR.AKi iKi SORUYU (8 ve 9) CEVAPLANDIRIRKEN ASAGIDAKI ACIKLAMAYI VE
SEKLI KULLANINIZ.

Blyuk bir kamyon yolda bozuluyor ve asagidaki sekilde gériildigu gibi bir araba kamyonu
arkadan iterek tamirciye ulastirmaya caligiyor.

ACME ;]ﬁg_\

NI to S| O e O

Kamyonu iten araba sabit hiza ulagsmak i¢in hizlanirken:

(A) Arabanin kamyona uyguladigi kuvvet ile kamyonun arabaya karsi uyguladigi kuvvet
esittir.

(B) Arabanin kamyona uyguladigi kuvvet, kamyonun arabaya karsi uyguladigi kuvvetten
daha kugUktdr.

(C) Arabanin kamyona uyguladigi kuvvet, kamyonun arabaya kars! uyguladigi kuvvetten
daha buyuktdr.

(D) Arabanin motoru galistigindan dolayi, araba kamyonu iter, ancak kamyonun motoru
calismadigindan dolayr kamyon arabaya karsi bir kuvvet uygulayamaz. Kamyon,
arabanin yolunda oldugundan dolayi sadece itilir.

(E) Ne araba ne de kamyon birbirlerine kuvvet uygular. Kamyon, arabanin yolunda
oldugundan dolay! sadece itilir.

Cevabimin sebebi:
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9.

Araba slrlcusinin kamyonu itmek istedigi sabit hiza ulasildiktan sonra:

(A) Arabanin kamyona uyguladidi kuvvet ile kamyonun arabaya uyguladigi kuvvet esittir.

(B) Arabanin kamyona uyguladigi kuvvet, kamyonun arabaya uyguladigi kuvvetten daha
kigUktar.

(C) Arabanin kamyona uyguladigi kuvvet, kamyonun arabaya uyguladigi kuvvetten daha
byuktdr.

(D) Arabanin motoru galistigindan dolayi araba kamyonu iter, ancak kamyonun motoru
calismadigindan dolayr kamyon arabaya karsi bir kuvvet uygulayamaz. Kamyon,
arabanin yolunda oldugundan dolayi sadece fitilir.

(E) Ne araba ne de kamyon birbirlerine kuvvet uygular. Kamyon, arabanin yolunda
oldugundan dolay! sadece itilir.

Cevabimin sebebi:

Yandaki sekilde goriildigi gibi bir asansor, celik
halatlarla sabit bir hizla yukariya dogru cekiliyor.

Tum sirtinme etkileri 6nemsizdir. Bu durumda

asansoOre etkiyen kuvvetler igin agagidakilerden

hangisi sylenebilir? —

(A) Halat tarafindan yukari dogru etkiyen kuvvet,
asagiya dogru olan yer ¢ekimi kuvvetinden daha
buyuktdr.

(B) Halat tarafindan yukari dogru etkiyen kuvvet,
asagi dogru etkiyen yer ¢cekimi kuvvetine esittir.

(C) Halat tarafindan yukari dogru etkiyen kuvvet,
asagi dogru etkiyen yergekimi kuvvetinden daha
kicuktar.

(D) Halat tarafindan yukari dogru etkiyen kuvvet,
asagi dogru etkiyen yergekimi kuvvetiyle, asagi " .
dogru etkiyen hava basing kuvvetinin Asansér sabit hizla
toplamindan daha biiyiiktir. yukariya gidiyor

(E) Yukaridakilerin higbiri. (Asansor gelik halatlar
tarafindan tzerine yukari dogru etkiyen bir
kuvvetten degil, halatin kisalmasindan dolayi
yukari gikar).

Cevabimin sebebi:

Yandaki sekil, A’ dan daha ylksek bir noktadan ip Gzerinde sallanmaya ;
baslayan bir cocugu géstermektedir. §

Asagidaki farkh kuvvetleri dikkate aliniz: f
1. Asagi dogru bir yercekimi kuvveti. £
2. A’ dan O’ya dogru ip tarafindan uygulanan bir kuvvet.
3. GCocugun hareketi yéniinde bir kuvvet. e
4. O’'dan A’ ya dogru bir kuvvet. )
Cocuk A noktasinda iken yukaridaki kuvvetlerden
hangisi(hangileri) gocugda etki eder?

(A) Yalniz 1 (B)1ve2 (C)1ve3 (D) 1,2ve 3 (E)1,3ve 4

Cevabimin sebebi:
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SONRAKI U¢ SORUYU (12'DEN 14'E KADAR) CEVAPLANDIRIRKEN ASAGIDAKI
ACIKLAMAYI VE SEKLI KULLANINIZ.

Uzayda “a” noktasindan “b” noktasina dogru hareket eden bir roket, asadidaki sekilde
goérilmektedir. Bu hareketi sirasinda rokete etkileyen herhangi bir dis kuvvet
bulunmamaktadir. “b” noktasindan itibaren, roketin motorlari ¢alistiriliyor ve “ab” ¢izgisine dik,
sabit bir itme (roket Gizerindeki kuvvet) olusuyor. Roket uzaydaki “c” noktasina varana kadar
sabit itme strdurdliyor.

12. Asagidaki yollardan hangisi roketin “b” ve “c” noktalari arasindaki izleyecegi yolu en iyi
gostermektedir? Bunlardan biri size uymuyorsa (F) sikkinda sekil Gzerinde siz giziniz.

c c ®cC e
;,o oc 4. 4 ’o
.rj/ i f{.‘ t *K
(&) (B) (C) (D) (E)
} i v ¢ p
| : 2 2
f /” p //
i : s i -
— ---w®bh ---w&b  --w@h-----" ---w@b”
(F) R ——

Cevabimin sebebi:

13. Roketin “b” noktasindan “c” noktasina hareketi boyunca hizi:

) Sabittir.

) Surekli artar.

) Sdrekli azalr.

) Bir siire artar ve sonra sabit kalir.
) Bir suire sabit kalir ve sonra azalir.

Cevabimin sebebi.
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14. “c” noktasinda roketin motoru durduruluyor ve itme, aniden sifira diistiyor. “c” noktasindan
sonra roketin izleyecegi yolu asagidaki yollardan hangisi gdstermektedir?
Bunlardan biri size uymuyorsa (F) sikkinda sekil Gzerinde siz giziniz

A -
‘{ 1}
¢ ! _ *
¢ ; Ge )
(B) (C) /{Dj‘ I
/ ! ; (E)
/ | b s
¥ : ."l /!
r
ce--{A)---p &C oC 1y -

(F) -

Cevabimin sebebi:

15. Sagdaki sekilde, “a” 6grencisi 95 kg ve “b” 6grencisi
77 kg' dir. Benzer 6zdes ofis sandalyeleri (izerinde
karsihkh oturmaktadirlar. “a” 6grencisi, ciplak ayaklarini
“b” 6grencisinin dizlerine goéruldugu gibi koyar. Sonra
“a” 6grencisi, birden ayaklarini ileriye iterek, her iki
sandalyenin de hareket etmesini saglar. itme sirasinda
ve 6grenciler hala birbirlerine degerken:

(A) Ogrencilerden higbiri digerine kuvvet uygulamaz.
(B) “a” 6grencisi “b” 6grencisine kuvvet uygular,
fakat “b”, “a” Gzerine hig kuvvet uygulamaz.
(C) Her iki 6grenci de birbirine kuvvet uygular,
fakat “b” daha fazla kuvvet uygular.
(D) Her iki 6grenci de birbirine kuvvet uygular,
fakat “a” daha fazla kuvvet uygular.
(E) Her iki 6grenci de birbirine esit biyklikte kuvvet uygular.

Cevabimin sebebi:

16. GCok kuvvetli esen riizgara ragmen, bir tenis oyuncusu raketiyle tenis topuna vuruyor ve top
agin Uzerinden gegerek rakibin sahasina distyor. Asagidaki kuvvetleri dikkate aliniz:

1. Asagi dogru yer ¢cekimi kuvveti.
2. "Vurmayla" olugan kuvvet.
3. Hava tarafindan uygulanan kuvvet.

Yukaridaki kuvvetlerden hangisi(hangileri) tenis topunun raketle temasini kaybettikten sonra
ve yere degmeden 6nce tenis topu Uzerine etki etmektedir?

(A) Yalniz 1 (B) 1 ve 2 (C)1ve3 (D)2ve 3 (E)1,2ve 3

Cevabimin sebebi:
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APPENDIX B

FORCE AND MOTION THREE TIER TEST

KUVVET VE HAREKET

U¢ Basamakli Test

Bu test 16 sorudan olusmaktadir ve ogrencilerin kuvvet ve hareket konularindaki
kavramsal basanlarim dlgmek icin hazirlanmustir. Testin gelistirilmesinde buyiik 6lctide, ¢ok
popliler ve birgok arastirmaci tarafindan defalarca kullamlmis olan Kuvvet Kavram
Envanterinden (Force Concept Inventory) yararlamlmistir. Testteki her soru ¢ basamaktan
olusmaktadir. Bioylece ogrencilerin  kavram yamlgilann  daha gecerli bir sekilde

olgtilebilmektedir. Boyle bir testi kullanarak, dgretmenler égrencilerinin sahip oldugu kavram
yamlgilanindan haberdar olabilir ve daha etkili bir &gretim sunabilirler.

Smav sonuglan ders degerlendirilmesine katilmayacag i¢in verdiginiz cevaplarn sizin
kisisel goruislerinizi yansitmasina ve asagidaki maddelere dikkat ediniz

(1) Asagda verilen kisma cinsiyetinizi isaretleyiniz.
(2) Bitiin sorulara cevap vermeye gayret gdsteriniz.

(3) Sorularda verilen siklann sizin gériisinuzu yansitmadigim dusuntyorsamz, lutfen bos
birakilan seceneklere kendi cevabimzi yaziniz.

Tesekkurler.

CINSIYETI: Kiz Erkek O
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1.1 Buytik bir kamyon ile ufak bir araba merkezi ¢carpisma yapiyor. Carpisma sirasinda,

a)
b)
)
d

Kamyon arabaya, arabamn kamyona uyguladig kuvvetten daha fazla kuvvet uygular.
Araba kamyona, kamyon arabaya aym bitytiklukte kuvvet uygular.
Kamyon arabaya kuvvet uygular, araba kamyona kuvvet uygulamaz.

1.2 Yukanda verdigim cevabin sebebi;

a)
b)

)

Carmsmalarda her zaman cisimler birbirlerine esit kuvvet uygularlar.

Kamyonun agith@/kiitlesi/buytkligi daha fazla oldugu icin arabaya kuvvet uygular ama
araba uygulamaz ¢tinkt kuvveti yetersiz kalir.

Kamyonun agirhg /Akitlesi/ buyokluogu, arabamn agirhgindan /kutlesinden/
buyuklugiinden daha fazla oldugu i¢in kamyon arabaya daha fazla kuvvet uygular.

1.3 Yukandaki iki soruya verdigim cevaptan;

a)

Kesinlikle eminim b) Eminim ¢) Emin degilim d) Kesinlikle emin degilim

S()NR:-\Ki iKi SORUYU (2 ve 3) CEVAPLANDIRIRKEN ASAGIDAKI ACIKLAMAYI VE
SEKLI KULLANINIZ.

Yandaki sekil "O" merkezli gemberin bir parcas: bicimindeki P ¥
stirtiinmesiz bir tipt gostermektedir. Tp,strttinmesiz yatay /6(

bir masa Uzerine sabitlenmistir. Masaya yukandan bakilmaktadar. ' ( ?
Hava tarafindan uygulanan kuvvetler dnemsizdir. Bir top yuksek

hizla "p" ucundan tup icine firlauhr ve "s" ucundan disan gikar. \

2.1 Top "t" noktasindayken, asagdaki sabit kuvvetleri dikkate alimz.

D
2)
3)
4)

R =h ! r -~
Asag dogru yergekimi kuvveti

"r" den "O" ya dogru tuptin uygulaché kuvvet
Topun hareketi dogrultusunda bir kuvvet
"O" dan "r" ye dogru bir kuvvet

Yukandaki kuvvetlerden hangisi(hangileri) top "r" noktasindayken stirtinmesiz tip icindeki topa

etki etmektedir?
a) Yalmz 1 b) 1ve2 ¢)lve3 d)y1,2ve3 e)l,3ved f)

2.2 Yukanda verdigim cevabin sebebi;

a)
b)

c)
d

€)

Yercekimi kuvveti her zaman asagiya dogru etki eder. Aynica top firlatlirken topa verilen
ve topun hareketini surdoren bir kuvvet vardir.

Yercekimi kuvveti her zaman asagiya dogru etki eder. Ayrica top firlanhrken topa verilen
ve hareketini sirduren kuvvet, ve topun tipe disan yinde uyguladigi bir kuvvet vardir.
Yercekimi kuvveti biittin cisimlere her yerde her zaman asagiya dogru etki eder.
Yercekimi kuvveti her zaman asagiya dogru etki eder. Ayrica tiptin dis duvarimn topa
merkeze dogru uyguladig bir kuvvet vardir.

Yercekimi kuvveti her zaman asagiya dogru etki eder. Ayrica tipiin dis duvarinin topa
merkeze dogru uyguladig bir kuvvetle birlikte top firlatihrken topa verilen ve hareketini
stirduiren bir kuvvet vardur.

2.3 Yukandaki iki soruya verdigim cevaptan;
a) Kesinlikle eminim b) Eminim ¢) Emin degilim d) Kesinlikle emin degilim

4
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3.1 Asagdaki sekilde top "s" ucunda tuipten ¢ikip sturtiinmesiz masa tizerinde hareket ederken, hangi
yolu izler? Bunlardan biri size uymuyorsa (F) sikkinda sekil tizerinde siz ciziniz.

g, W O (F)
® st LeO
R [
° . i 5

3.2 Yukanda verdigim cevabin sebebi;

a) Merkezkag kuvvetinin etkisinde saga savrulur.

by Artik tuptin uyguladig: kuvvet bitmistir ve cisim hizi dogrultusunda yoluna duz olarak
devam eder.

c) Top tup icerisindeyken daire seklinde hareket ettiginden ¢ikinca da hareketini aym sekilde
devam ettirmek ister.

3.3 Yukandaki iki soruya verdigim cevaptan;

a) Kesinlikle eminim b) Eminim ¢) Emin degilim d) Kesinlikle emin de&ilim

4.1 Bir gocuk, celik bir topu, dikey olarak yukarya dogru firlatyor. Topun cocugun elinden
ayrildiktan sonraki fakat yere degmeden dnceki hareketini gz tntinde bulundurun ve havanin
uyguladig kuvvetleri ihmal edin. Bu kosullarda, topun tizerine etkiyen kuvvet(ler):

a) Top, cocugun elinden ¢iktiktan sonra tepe noktasina ulasincaya kadar yukanya
dogru stirekli azalan bir kuvvet; duserken cisim yere yaklastikca stirekli artan yercekimi
kuvvetidir.

b) Top. tepe noktasina ulasana kadar asag dogru hemen hemen sabit yer cekimi
kuvveti ile beraber yukariya dogru surekli azalan bir kuvvet ve diiserken sadece asag
dogru sabit yercekimi kuvvetidir.

c) Sadece dikey, asag dogru, neredeyse sabit yercekimi kuvvetidir.

4. 2 Yukanda verdigim cevabin sebebi;

a) Yukan dogru atilan bir cisme, sadece yercekimi kuvveti asagiya dogru etki eder ve etki
ettigi cisim icin her zaman sabittir.

by Cocuk topu yukar atarken topa bir kuvvet verir. Sonra bu kuvvet yercekiminden dolay:

yukan gikarken azalir ve bir stire sonra biter. Asag inerken de yercekiminden dolay: top

tizerinde artan bir kuvvet vardur.

Yercekimi kuvveti biitiin cisimlere her zaman asagiya dogru etki eder ve etki ettigi cisim

icin her zaman sabittir. Bir de ¢ocugun topa verdigi kuvvet yukan ¢ikarken azalir.

c)

4. 3 Yukandaki iki soruya verdigim cevaptan;

a) Kesinlikle eminim b) Eminim c) Emin degilim d) Kesinlikle emin degilim
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SONRAKI UC SORUYU (3’TEN 7' YE KADAR) CEVAPLANDIRIRKEN ASAGIDAKI
ACIKLAMAYI VE SEKLI KULLANINIZ.

Asagdaki sekilde, surtinmesiz yatay bir duzlemde sabit V, hiziyla duz bir ¢izgi uzerinde “a”
noktasindan “b” noktasina dogru kaymakta olan bir Hokey diski girilmektedir. Hava tarafindan
uygulanan kuvvetler énemsizdir. Diske kusbakisi bakilmaktadir. Disk “b™ noktasina ulastig anda
kalin ok yéniinde hizl bir vurusa maruz kahr.

5.1 Vurustan sonra disk, asagidaki yollardan hangisini en yakin izleyecektir? Bunlardan biri size
uymuyorsa (D) sikkinda sekil tizerinde siz ¢iziniz

. .
" o © i)
e T I

5.2 Yukanda verdigim cevabin sebebi;

a) Vurmayla topa verilen kuvvet zamanla azalir. Bu nedenle ilk hizi topu saga ceker.
b) Top son kuvvetin etkisiyle hareket eder.

c) Top yatay ve dikey mzin bileskesi yontinde gider

d) Top yatay ve dikey kuvvetin bileskesi yontinde gider

€)

5.3 Yukandaki iki soruya verdigim cevaptan;

a) Kesinlikle eminim b) Eminim ¢) Emin degilim d) Kesinlikle emin degilim



6.1 Besinci soruda segmis oldugunuz stirtinmesiz yolda, diskin vurulduktan sonraki hizi:

a) Sabittir.
b) Sirekli azalr.
c) Birstire igin artar ve sonra azalr.

6.2 Yukarida verdigim cevabin sebebi;

a) Vurmayla kazandig kuvvetle hizi bir sure artar. Sonra bu kuvveti kaybeder ve nz1 azalir.
b) Hava ve yer surtunmesi olmachgindan disk sabit izla hareketini strdurur.

¢) Vurmayla kazandig kuvvette azalma olur ve hizi stirekli azalir.

() PP PPSPPPPR

6.3 Yukandaki iki soruya verdigim cevaptan;

a) Kesinlikle eminim b) Eminim ¢) Emin degilim d) Kesinlikle emin degilim

7.1 Besinci soruda se¢mis oldugunuz surtinmesiz yolda, vurustan sonra diske etkiyen baslica
kuvvet(ler):

a) Asag dogru yer cekimi kuvveti ve hareket yénunde yatay bir kuvvettir.

b) Asag dogru yer cekimi kuvveti, yukanya dogru yuzey tarafindan etkiyen bir kuvvet ve
hareket yontinde yatay bir kuvvettir.

c) Asag dogru yer cekimi kuvveti ve yukariya dogru yuizey tarafindan etkiyen bir kuvvettir.

7.2 Yukanda verdigim cevabin sebebi;

a) Yercekimi kuvveti her zaman asagiya dogru etki eder ve cismin temas eftigi ylizey de
yercekimi kuvvetine ters yinde etki eder . Ayrica diske, vurma sonrasinda kazandig,
hareketini saglayan hareket yoniinde bir kuvvet etki eder.

b) Yercekimi kuvveti biitiin cisimlere her zaman asagiya dogru etki eder ve cismin temas
ettigi yuzey de yercekimi kuvvetine esit ve ters yonde etki eder.

c) Yercekimi kuvveti her zaman asagiya dogru etki eder ve aynca diske, vurma sonrasinda
kazandig, hareketini saglayan hareket yonunde bir kuvvet etki eder.

7.3 Yukandaki iki soruya verdigim cevaptan;

a) Kesinlikle eminim b) Eminim ¢) Emin degilim d) Kesinlikle emin degilim
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SONRAKI iKi SORUYU (8 ve 9) CEVAPLANDIRIRKEN ASAGIDAKI ACIKLAMAYI VE
SEKLI KULLANINIZ.

Buyik bir kamyon yolda bozuluyor ve asagidaki sekilde girildugu gibi bir araba kamyonu arkadan
iterek tamirciye ulastirmaya ¢alisiyor.

ACME
b y—0° 1) I_H—'@h

8.1 Kamyonu iten araba sabit hiza ulasmak i¢in hzlamrken:

a) Arabamn kamyona uygulachy kuvvet ile kamyonun arabaya karsi uyguladig kuvvet
esittir.

b) Arabanin kamyona uygulacdiy kuvvet, kamyonun arabaya kars: uyguladig kuvvetten
daha kugoktir.

¢) Arabamn kamyona uygulaci&y kuvvet, kamyonun arabaya kars: uyguladis kuvvetten
daha buyuktur.

8.2 Yukanda verdigim cevabin sebebi;

a) Kamyon daha agir oldugu igin daha ¢ok kuvvet uygular.

b)  Arabamn motoru ¢ahstigi icin daha cok kuvvet uygular.

c) Birbirlerine temas eden cisimler her zaman birbirlerine esit buyuiklikte kuvvet uygularlar.
d) Araba kamyonu hareket ettirmek icin daha cok kuvvet uygular.

B ettt

8.3 Yukandaki iki soruya verdigim cevaptan;
a) Kesinlikle eminim b) Eminim ¢) Emin degilim d) Kesinlikle emin degilim
9.1 Araba stiriicistniin kamyonu itmek istedigi sabit hiza ulasildiktan sonra:
a) Arabamn kamyona uygulachy kuvvet ile kamyonun arabaya uyguladigi kuvvet esittir.
b) Arabanin kamyona uygulacdiy kuvvet, kamyonun arabaya uyguladig kuvvetten daha
buyuktor.
c) Ne araba ne de kamyon birbirlerine kuvvet uygular. Kamyon, arabamn yolunda
oldugundan dolay: sadece itilir.
9.2 Yukanda verdigim cevabin sebebi;
a) Sabit hiza ulastiklar igin birbirlerine kuvvet uygulamazlar. Kamyon sadece itilir.
b) Birbirlerine temas eden cisimler her zaman birbirlerine esit buytklukte kuvvet uygularlar.
¢) Araba kamyonu hareket ettirdigi igin daha fazla kuvvet uygular.
d) Arabamn motoru ¢alisti icin daha fazla kuvvet uygular.
B ettt e,

9.3 Yukandaki iki soruya verdigim cevaptan;

a) Kesinlikle eminim b) Eminim ¢) Emin degilim d) Kesinlikle emin degilim
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10.1  Yandaki sekilde goruldugti gibi bir asansor, celik halatlarla sabit @
bir izla yukanya dogru gekiliyor. Tum siirtuinme etkileri ‘ | G
onemsizdir. Bu durumda asansore etkiyen kuvvetler igin |
asagidakilerden hangisi  stylenebilir?

a) Halat tarafindan yukar: dogru etkiyen kuvvet, asagrya dogru
olan yer ¢ekimi kuvvetinden daha buyuktur.

b) Halat tarafindan yukar1 dogru etkiyen kuvvet asag dogru t
etkiyen yer ¢cekimi kuvvetine esittir. =
c) Halat tarafindan yukar dogru etkiyen kuvvet, asag dogru -
etkiyen yercekimi kuvvetiyle, asag dogru etkiyen hava
basing kuvvetinin toplamindan daha boyuktiir.
d) .......................................................... Asansor sabit hizla
yukarnya gidivor

10.2 Yukanda verdigim cevabin sebebi;

a) Asansoriin agirh@ndan dolayr asagiya dogm yercekimi kuvveti etki eder. Asansor yukan
cikarken sikisan hava asagiya dogru basing uygular. Ancak asansor yukanya dogru
hareket ettigi igin halat tarafindan yukanya dogru etkiyen kuvvet daha buyuktur.

b) Asansor yukan dogru hareket ettigi icin halat tarafindan yukan dogru etkiyen kuvvet,
asag dogru olan yercekimi kuvvetinden buiyuktur.

c) Asansor sabit hizla hareket ettigi icin halat tarafindan yukan dogru etkiyen kuvvet, asag
dogru olan yercekimi kuvvetine esittir.

10.3 Yukandaki iki soruya verdigim cevaptan;
a) Kesinlikle eminim b) Eminim c) Emin degilim d) Kesinlikle emin degilim

11.1 Asagidaki sekil, A’ dan daha yiiksek bir noktadan ip tizerinde sallanmaya baslayan bir
cocugu gostermektedir. Asagidaki farkh kuvvetleri dikkate alimz:

O
.
I) Asag dogru bir yercekimi kuvveti /
2) A’ dan O’yadogru ip tarafindan uygulanan bir kuvvet. /
3) Cocugun hareketi yoniinde bir kuvvet. i
4) O’dan A’ ya dogru bir kuvvet.

Cocuk A noktasinda iken yukandaki kuvvetlerden hangisi(hangileri) gocuga

etki eder?
a) 1ve2 b) Ive3 c) LL2ve3 d) 1;3ved .€) s

= S

11.2 Yukanda verdigim cevabin sebebi;

a) Cocugun agirhgindan dolay: asagi dogru yercekimi kuvveti, cocugun agirhgim karsilayan
A’ dan O’ ya dogm ipin gerilme kuvveti ve cocugun hareketini saglayan hareket yontinde
bir kuvvet etki eder.

b) Cocugun agirhgndan dolayr asagi dogru yergekimi kuvveti ve cocugun hareketini
saglayan hareket yontinde bir kuvvet etki eder.

¢) Cocugun agirhgndan dolay: asagi dogru yercekimi kuvveti, O’ dan A" ya dogru ipin
gerilme kuvveti ve cocugun hareketini saglayan hareket yonunde bir kuvvetetki eder. .

d) Cocugun agirhgindan dolay: asag dogru yercekimi kuvveti ve gocugun agirhigim
karsilayan A dan O" ya dogru ipin gerilme kuvveti etki eder.

11.3 Yukandaki iki soruya verdigim cevaptan;
a) Kesinlikle eminim b) Eminim c) Emin degilim d) Kesinlikle emin degilim
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SONRAKI UC SORUYU (12'DEN 14'E KADAR) CEVAPLANDIRIRKEN ASAGIDAKI
ACIKLAMAYI VE SEKLi KULLANINIZ.

Uzayda “a” noktasindan “b” noktasina dogru hareket eden bir roket, asagidaki sekilde gorilmektedir.
Bu hareketi sirasinda rokete etkileyen herhangi bir dis kuvvet bulunmamaktadir. “b” noktasindan
itibaren, roketin motorlan cahstinliyor ve “ab” ¢izgisine dik, sabit bir itme (roket tizerindeki kuvvet)
olusuyor. Roket uzaydaki “c” noktasina varana kadar sabit itme strdtrtiltyor.

12.1 Asagidaki yollardan hangisi roketin “b™ ve “c” noktalan arasindaki izleyecegi yolu en iyi
gostermektedir? Bunlardan biri size uymuyorsa (E) sikkinda sekil uzerinde siz ciziniz.

®C e c 8c
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12.2 Yukarida verdigim cevabin sebebi;

a) Roket b noktasinda dnce biraz diiz gider, sonra hizim artirarak yukan dogru gider.
b) Roketin ilk hizi yatay ve sabittir. Motor calistinldiktan sonra yukari dogru sabit kuvvetle

stirekli artan hizi olusur. Bu iki hizin etkisiyle b noktasindan itibaren yukan dogru kavisli
yol izler.

c) Rokete yatay ve dikeyde bir kuvvet uygulandi& icin roket bu kuvvetlerin bileskesi
yontinde gider.

d) Roket en son uygulanan kuvvet yintinde yukari dogru diiz gider.

L TSRO
12.3 Yukandaki iki soruya verdigim cevaptan;

a) Kesinlikle eminim b) Eminim ¢) Emin degilim d) Kesinlikle emin degilim
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13.1 Roketin “b™ noktasindan *“c” noktasina hareketi boyunca iz

a) Sabittir
b) Surekli artar
¢) Bir siire artar ve sonra sabit kalir.

13.2 Yukanda verdigim cevabin sebebi;

a) Motorun calismasiyla roket belli bir iza ulasir, sonra sabit hizla gider.

b) Sabit bir itme uygulandig: icin hiz1 sabittir.

c) Sabit bir itme uygulandigi icin hizi stirekli artar

) e

13.3 Yukandaki iki soruya verdigim cevaptan;

a) Kesinlikle eminim b) Eminim ¢) Emin degilim d) Kesinlikle emin degilim

14.1 “¢™ noktasinda roketin motoru durduruluyor ve itme, aniden sifira disiiyor. “c™ noktasindan sonra
roketin izleyecegi yolu asagidaki yollardan hangisi gostermektedir? Bunlardan biri size
uymuyorsa (D) sikkinda sekil tizerinde siz giziniz
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14.2 Yukarida verdigim cevabin sebebi;

a) Hicbir kuvvet etki etmedigi icin ¢ ye gelis yontinde sabit lizla hareketine devam eder.

b) Motor durdurulunca kazandif kuvveti yavas yavas kaybeder. Ilk hareket yoniine dogru
egilmeye baslar.

c) Motor durdurulunca ilk hareket yéniine geri doner. Yatay, sabit mziyla yoluna devam
eder.

14.3 Yukandaki iki soruya verdigim cevaptan;

a) Kesinlikle eminim b) Eminim ¢) Emin degilim d) Kesinlikle emin degilim
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15.1  Sagdaki sekilde, “a” tgrencisi 95 kg ve “b” tgrencisi
77 kg' dir. Benzer dzdes ofis sandalyeleri tizerinde
karsiliklh oturmaktadirlar. “a™ 6grencisi, ciplak ayaklarm
“b™ dgrencisinin dizlerine goruldugu gibi koyar. Sonra
“a” vgrencisi, birden ayaklarim ileriye iterek, her iki
sandalyenin de hareket etmesini saglar. Itme sirasinda
ve grenciler hala birbirlerine degerken:

a) “a” ogrencisi “b” tgrencisine kuvvet uygular,
fakat “b”, “a™ tizerine hi¢ kuvvet uygulamaz.

b) Her iki ¢grenci de birbirine kuvvet uygular,
fakat “a” daha fazla kuvvet uy gular.

c) Her iki 6grenci de birbirine esit bilytikltikte kuvvet
uygular.

15.2 Yukarida verdigim cevabin sebebi;

a) “a” ogrencisi daha agir oldugu igin daha fazla kuvvet uygular.

b) *a” dgrencisi itme uyguladif i¢in daha fazla kuvvet uygular.

c) Birbirlerine temas eden nesneler (canl ya da cansiz) her zaman birbirlerine esit
buyuklukte kuvvet uygularlar.

d) “b” ogrencisi sabit duruyor. Bu ytizden sadece “a” 6grencisi kuvvet uygular.

B e e,

15.3 Yukandaki iki soruya verdigim cevaptan;
a) Kesinlikle eminim b) Eminim ¢) Emin degilim d) Kesinlikle emin degilim

16.1 Cok kuvvetli esen riizgara ragmen, bir tenis oyuncusu raketiyle tenis topuna vuruyor ve top
agn tzerinden gecerek rakibin sahasina dustuyor. Asagidaki kuvvetleri dikkate alimiz:

1) Asag dogru yer ¢ekimi kuvveti.
2) "Vurmayla" olusan kuvvet.
3) Hava tarafindan uygulanan kuvvet.

Yukandaki kuvvetlerden hangisi(hangileri) tenis topunun raketle temasim kaybettikten sonra ve
yere degmeden dnce tenis topu tizerine etki etmektedir?

a)lvel b) 2ve 3 c) L2ve3 d) e
16.2 Yukarida verdigim cevabin sebebi;

a) Topun agirhgindan dolay: asagi dogru yercekimi kuvveti, topu ileri dogru hareket ettiren
vurmayla kazandig kuvvet ile rizgann topa uygulacig kuvvet etki eder.

b) Topu ileri dogru hareket ettiren vurmayla kazandiz kuvvet ve rlizgann topa uygulach &
kuvvet etki eder.

¢) Yercekimi kuvveti buttin cisimlere her zaman asag dogru etki eder.Hava tarafindan
uygulanan kuvvet cismin hareket yoniine ters olarak etki eder. Vurmayla olusan kuvvet,
top ile raketin birlestigi anda olusur. Daha sonra yoktur.

16.3 Yukandaki iki soruya verdigim cevaptan;

a) Kesinlikle eminim b) Eminim ¢) Emin degilim d) Kesinlikle emin degilim

94



ANSWER KEY OF FORCE AND MOTION THREE TIER TEST

APPENDIX C

1.1)B 5.)B 9.1) A 13.1) B
12) A 52)C 92)B 132)C
2.)B 6.1) A 10.1)B 14.1)B
22)D 6.2) B 10.2) C 14.2) A
3.1)C 7.) C 1L A 15.1)C
32)B 72)B 11.2) D 152)C
4.1)C 8.1) A 12.1)D 16.1) A
4.2) A 8.2)C 12.2) B 16.2) C
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APPENDIX D

ITEM CHOICES INDICATING A MISCONCEPTION ACCORDING TO

ONLY FIRST TIERS AND ALL THREE TIERS

Item choices (Only First Tiers) Total
Impetus
I1 7.1a,7.1b,16.1b,16.1c 2
12 51c,14.1a,14.1¢c 2
I3 41a,4.1b,6.1Db 2 9
14 6.1c,12.1¢, 2
I5 3.1a,3.1b 1
i Active Force
7 | AF1 2.1a,15.1a 2
8 AF2 2.1¢,2.1d,11.1b,11.1¢ 2 6
% AF4 13.1 a 1
O | AF6 13.1c¢c 1
% Action Reaction Pairs
8 AR1 1.1a,1.1¢,8.1b,15.1b 3 6
E AR2 8.1¢,9.1b,15.1b 3
Concatenation of Influences
CI1 10.1 a,10.1 ¢ 1
CI2 12.1b 1 4
CI3 51a,12.1a 2
Other Influences on Motion
CF 2.1e,3.1d,3.1e,11.1d 3
Ob 9.1c 1
Total | 28 | 28
MISCONCEPTIONS
Impetus Action Reaction Pairs

I1: Impetus supplied by hit

ARI: Greater mass implies greater force

12: Loss/ Recovery of original impetus

AR2: Most active agent produces greatest force

13: Impetus dissipation

Concatenation of Influences

14: Gradual/ delayed impetus build- up

CI1: Largest force determines motion

I5. Circular impetus

CI2: Force compromise determines motion

Active Force

CI3: Last force to act determines motion

AF1: Only active agents exert force

Other Influences on Motion

AF2: Motion implies active force

CF: Centrifugal force

AF4: Velocity proportional to applied force

Ob: Obstacles exert no force

AF6: Force causes acceleration to terminal velocity
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Item Choices (All ThreeTiers) Total
Impetus
1 (71a,72¢,73a/b), (7.1b,7.2a,7.3 a/b), (16.1b, 2
16.2 b, 16.3 a/b), (16.1 ¢, 16.2 a, 16.3 a/b)
2 (5.1¢,5.2a,53a/b), (14.1 a,14.2 ¢, 14.3 a/b), (14.1 2
c,14.2b,14.3 a/b)
13 (41a,42b,4.3a/b), (4.1b,4.2¢c,43a/b), (6.1b, 6.2 9
2
¢, 6.3 a/b)
4 (6.1.¢,6.24a,6.3a/b), (12.1¢c,12.2a,12.3 a/b) 2
15 (3.1a,32¢,3.3a/b), (3.1b,3.2¢, 3.3a/b) 1
Active Force
AF1 (2.1a,2.2¢,2.3a/b), (15.14a,15.2d, 15.3 a/b) 2
AF2 (2.1¢22a,23a/b), (2.1d,22e¢,23a/b), (11.1b, )
»n 11.2b,11.3 a/b), (11.1 ¢, 11.2 a, 11.3 a/b) 6
& | AF4 (13.1a, 132 b, 13. 3 a/b) 1
=
& | AF6 (13.1¢,13.2 a,13.3 a/b) 1
O
Z. | Action / Reaction
8 Pairs
% ARI1 (11a,12¢ 13a/b), (11c 12b, 13 ab), (81b,82 |
a, 8.3 a/b), (15.1b, 15.2 a, 15.3 a/b) 6
AR2 (8.1¢ 82b,83a/b), (9.1b,9.2d,9.3a/b), (15.1b, 3
15.2 b, 15.3 a/b)
Concatenation of
Influences
cI (8.1¢ 824d,83a/b), (9.1b,92¢,9.3a/b), (10.1 a, 3
10.2b, 10.3 a/b), (10.1 ¢, 10.2 a, 10.3 a/b)
CI2 (5.1b,5.2d, 5.3 a/b), (12.1b, 12.2 ¢, 12.3 a/b) 5 7
C3 (5.1a,52b,5.3a/b), (12.1a, 12.2d, 12.3 a/b) 5
Other Influences on
Motion
CF (2.1e,2.2b,23a/b), 3.1d,3.2a,33a/b), B.1e, 3
32a,33a/b), (11.1d,11.2 ¢, 11.3 a/b) 4
Ob 9.1¢,9.2a,9.3 a/b) 1
Total 32 32
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APPENDIX E

RAW DATA OF FORCE AND MOTION THREE TIER TEST

e e e e e e Qe = = o Qe ' e Q= =l J Qe e et s Qe e s s Qs i Qe G e e
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N oo CCCONNOOCONNOCDNCDCODNDN0 DONICIDODMM DO <
€0 R R e - - - - - R e R - R R - R - I e e e P L L L L - L Y-
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APPENDIX F

CATEGORIES OF STUDENT RESPONSES IN FORCE AND MOTION
TEST REQUESTING REASONING

QUESTION 1

(a) Kamyon arabaya, arabanin kamyona uyguladig1 kuvvetten daha fazla kuvvet uygular.

1)  Kuvvet kiitleye bagh oldugu igin

2) Kamyonun agirlig1 arabadan biiyiik

3) Kamyonun kiitlesi arabanin kiitlesine gore daha fazladir. Bu yiizden kamyonun arabaya
uyguladig1 kuvvet daha fazladir. Ayrica ¢arpismada kamyonun ve arabanin hizlar1 da
6nemlidir.

4)  Kamyonun kiitlesi biiyiik oldugu icin arabaya daha fazla kuvvet uygular.

5)  Ciinkii kamyon kiitlesi daha fazladir ve daha kuvvet uygular.

6)  Biitiin cisimler birbirlerine kuvvet uygularlar, ama bu kuvvetler cisimlerin kiitlelerine
baglidir. Kamyonun kiitlesi arabanin kiitlesine gore daha biiyiik oldugundan dolay1
kamyon arabaya daha fazla kuvvet uygular.

7)  Kamyonun kiitlesi daha fazla oldugu igin

8) Momentuma gore kuvvet hiz ve agirlik carpimidir. Hizlar esit varsayarsak, kamyon
daha agir olacagindan uyguladig kuvvet daha biiyiik olur.

9) Kuvvet kanunlarindan dolay1

10) Ciinkii, kamyon arabadan daha agir oldugu icin, kamyon arabaya daha fazla kuvvet
uygular.

11) Kamyon daha kuvvetli oldugu i¢in daha hizli ve biiyiikliigiinden daha fazla kuvvet
uygular

12) Ciinkii, ikisi farkl kiitlelere sahip. Kiitlesi biiyiik olan digerine daha ¢ok kuvvet uygular

13) Kamyon arabadan daha biiytik kiitleye sahiptir ve daha fazla kuvvet uygular.

14) Ciinkii kamyonun agirhig: arabaninkinden daha biiytiktiir.

15) Kamyon arabadan daha ¢ok kuvvet uygular. Ayni hizla geldiklerini diisiindiigtimiizde
kamyon arabadan daha biiyiik ve daha hizli gelir. Araba ise kiigiik ve hizli

16) Biiyiik kamyon ufak arabaya daha fazla kuvvet uygular, ¢linkii kamyon arabadan daha
biiyiik kiitleye sahiptir.

17) Kamyon daha biiyiik daha ¢ok kuvvet uygular
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18) Araba agirlik ve gii¢ bakimindan kamyondan daha azdir. Bu nedenle ¢arpisma sirasinda
kamyonun kuvveti daha fazla olur.

19) Kamyon daha agir ve daha fazla etki yapar.

20) Kamyonun arabaya uyguladig1 kuvvetin fazla olmasimnin sebebi kamyonun kiitlesinin
fazla olmasidir.

21) Kamyon arabadan biiyiik oldugundan dolay1

22) Aym hizda olsalar bile kamyonun arabaya uyguladig: kuvvet, daha biiyiik olur. Ciinkii
kamyon daha biiyiik ve kuvvetlidir.

23) Kamyonun agirlig1 daha fazladir. Kamyon ¢arpinca arabaya, araba da kamyona kuvvet
uygular. Ama kamyon daha fazla kuvvet uygular.

24) Ciinkii kamyon arabadan kiitlece biiyiiktiir.

25) Kamyon daha kuvvetli oldugu icin

26) Kamyon arabadan biiyiik oldugundan dolay1 kamyonun arabaya uyguladig: kuvvet
daha biiyfiktiir.

27) Yiike bagli olarak kamyonun hizi arabanin hizindan fazla olacagindan kamyonun
uyguladig1 kuvvet arabadan fazladir.

28) Ciinkii kamyonun kiitlesi arabaninkinden biiytiktiir.

29) Kamyon biiyiik kuvveti de biiyiik olur. Araba kiigiik kuvveti de kiigiik. Kamyon daha
fazla kuvvet uygular.

30) Kamyon arabadan biiyiik ama ikisi de hareketli. Carpisma esnasinda ikisinin de hizi var.
Yani ikisi de belli biiyiikliikte birbirine carpar.

31) Kamyonun agirlig: arabanin agirhgindan fazla oldugu i¢in. Kamyonun arabaya
uyguladig1 kuvvet daha fazla uygular.

32) Kamyonun agirligi arabanin agirhgindan daha fazla old. kamyon arabaya daha fazla
kuvvet uygular.

33) Kamyon daha kuv. old. i¢in daha hizli ve biiytikliigii daha fazladur.

34) Ciinkii kamyon arabadan daha biiyiik. Kamyon arabay: altina alir.

35) Kamyon daha biiyiik oldugu i¢in daha fazla kuvvet uygular.

36) Ciinkii kamyonun kiitlesi fazla oldugundan kamyon daha hizh carpar.

37) Kamyonun kiitlesi arabadan biiyiiktiir.

38) Cliinkii ¢arpismada kamyon uyguladig: kuvvet daha fazla olur.

39) Kamyonun agirlig: fazla old. daha fazla etki eder. Yiik ile kuvvet dogru orantilidir.

40) Kamyonun agirligi, arabanin agirligindan fazla oldugu icin kamyon arabaya daha fazla
kuvvet uygulayacaktir.

41) Kamyonun agirlig fazla oldugundan arabaya uyguladigi kuvvet daha fazla olacaktir.
(F=ma)

42) Kamyon daha biiyiiktiir ve daha ¢ok kuvvet uygular.

43) Kamyon arabaya, arabanin kamyona uyguladig: kuvvetten daha fazla kuvvet uygular.

Carpistiktan sonra kamyon arabayi siiriikler.
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44) Kamyon biiyiik oldugundan araba altta kalir ve kamyon daha fazla kuvvet uygulamis
olur.

45) Ciinkii kamyon daha agirdir.

46) Kamyon biiyiik oldugu icin arabaya daha fazla kuvvet uygular. Kamyon araca kuvvet
uygular arag ise ¢ok az uygular.

47) Ciinkii kamyon kiitlesel olarak arabadan daha biiytik.

48) Ciinkii kamyon daha biiyiik ve arabaya gore daha giiclii bu sebepten dolay.

(b) Araba kamyona, kamyonun arabaya uyguladig: kuvvetten daha fazla kuvvet uygular.
1)  Kamyonun biiyiikliigii ve agirligi arabanin agirhigindan ve biiyiikligiinden daha biiyiik

2)  Carpistiklar: anda kuvvetler yer degistirir.

(c) Birbirlerine herhangi bir kuvvet uygulamazlar, araba kamyonun oniine ¢iktigindan dolay1
parcalanir.
1) Kamyon ve araba birbirlerine kuvvet uygulamaz. Carpisma sirasinda araba kiigiik

oldugu icin araba parcalanir, ama kamyona fazla bir sey olmaz.

(d) Kamyon arabaya kuvvet uygular, araba kamyona kuvvet uygulamaz.
1) Kamyon arabaya ¢arparsa kuvvet uygular, ama araba uygulamaz. Ciinkii araba bir is
yapmiyor.
2)  Ciinkii kamyonun kiitlesi daha fazla oldugu icin arabaya tepki verir. Arabanin kuvveti

yetersiz kalir.

(e) Araba kamyona, kamyon arabaya ayrn biiyiikliikte kuvvet uygular.
1)  Etki=Tepki
2)  Etki-tepki prensibinden iki ara¢ da birbirine ayn1 siddette kuvvet uygular.
3)  Merkezcil carpistiklari igin
4)  Carpistiklarinda aradaki siddet ayn1 oldugu icin
5) Cevabim “E”. Ciinkii ¢arpisan kiitleler ayni. Yani, ikisine de ayn1 kuvvet uygulanir.
Ama agirliklarindan dolay1 biri fazla geri teper, digeri ¢ok az...
6) Birbirlerine sbt bir sekilde ¢arptig igin.
7)  Her ikisi de birbirine kuvvet uygular
8)  Hizlar1 hakkinda herhangi bir bilgi vermedigi igin birbirlerine ayni biiytiikliikte kuvvet

uygular.

1)  Higcbir yorum yapilamaz. Bu arabalarin hizlar1 bilinmediginden hig¢bir yorum yapilamaz.

2) Kamyon arabay1 altina alir, biiyiik oldugu i¢in
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3) Kamyonun biiyiikliigii daha biiyiik oldugundan araba ezilir. Kamyon arabadan biiyiik
ve demirleri kalin oldugundan araba ezilir.

4)  Eger hizlar1 ayniysa kamyon daha fazla gii¢ uygular. Kavga oldugu zaman biri biiyiik
biri oldugunu diistiniirsek. Eger kiiciik olanin refleksleri kuvvetliyse iri olana daha fazla
kuvvet uygular.

5)  Araba kamyonun altina girer. Yaris1 disarida kalir. Arabanin boyutu kamyonun
boyutundan kiigiik oldugu i¢in geldigi hizla kamyonun altina girer.

6) Hizinu bilmedigim igin belli olmaz. Etki kuvveti degisebildigi igin.

QUESTION 2

(a) Yalmzl1
1)  Yergekimi kuvveti oldugundan top sabit bir sekilde gidecegi yere sag salim ulagir.
2)  Yer ¢ekimi kuvveti cisme her noktada etki etmektedir.
3)  Ciinki her cismin yergekimi kuvveti oldugu i¢in tiip icindeki topa etki eder.
4)  Ciinkii her cismin yercekimi kuvveti oldugu igin tiip icindeki topa etki eder
5)  Yercekimi her yere etki eder o yiizden topa etki eder.
6) Asagidogru bir kuvvet vardir. Yercekiminden dolay:.
7) 2 de O’ya dogru kuvvet uygular, 3 ‘de ve 4 de O’ ya gore kuvvet uygular ama asag1

dogru yergekimi siirtiinmesiz tiip igindeki topa etki eder. Yani A.

(b) 1ve2
1)  Asagi dogru daima bir yercekimi kuvveti vardir. Bu da topa etki eder. Distaki cember
topa karsi1 1’ den O’ ya dogru bir kuvvet uygular.
2)  Yercekimi
3) Topun dengede kalabilmesi i¢in 1’ den O’ ya uygulanan kuvvet ile G’ nin dengelenmesi

gerekir.

(c) 1lve3

1)  Yercekimi kuvveti etkiler. Topu asag1 geker.

2)  Aralarinda bir temas bir baglant1 olmadig: igin 2 ve 4 yanlis, 1 ve 3 dogru.

3) Top r noktasindayken hem asagiya dogru yergekimi uygulanir hem de topun hareketi
dogrultusunda bir kuvvet uygulanir.

4)  1.yargida yercekimi oldugu icin top asag1 dogru gider.
3. yargida topa dokunduktan sonra top ileri yone dogru gider.

5)  Yercekimi oldugu i¢in top asagiya dogru gider. Top itilen yone dogru gittigi igin.

6)  Yercekimi ve atildig1 yerin yoniinde siirtiinmesiz oldugu icin gitmektedir.

7)  Yergekimi asagiya dogru ceker. Asag1 cekilen top tiipiin icinde hareket eder.

8)  Yercekiminden dolay1 topun p’den gonderilis hiz1 s’den ¢ikis hizindan yavastir.
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9

10)

11)

12)

13)

14)

15)

16)

17)

18)

19)

d 1,2ve3

(©

1
2)
3)

4)

1,3ved
D)

2)
3)

Yercekimi ve kuvvet etkilidir.

Ciinkii top hizla s’ye dogru gider.

Top firlatildig: igin s bir kuvvet etkilemektedir. Yercekimi kuvveti de ona kuvvet
uygular.

Ciinkii yergekimi kuvveti topu yavaslatir ve asag1 dogru geker. Topun hareketi
dogrultusunda bir kuvvet uygulandiginda top hizlanir.

Yercekimi kuvveti topun yavaslamasini saglar. Topun hareketi dogrultusundaki bir
kuvvet topu hizlandirabilir.

Top hizla p” den r’ ye geldigi i¢in yercekimi kuvveti vardir. Top hareket ederken de bir
kuvvet uygular.

Topun agirhig1 vardir. Yukaridan atilan top yercekimi kuvveti nedeniyle asagiya dogru
bir egilim gosterir. P noktasindan bir kuvvetle asag: atilan top kuvvetin etkisi ve
yergekimi etkisi sebebiyle

Yercekiminin etkisinden dolay1 etki etmektedir.

Ciinkii yercekimi kuvveti cismi asagiya dogru ceker. O yiizden 1. Top asag1 dogru
hareket ettikge hizi artar o ytizden 3.

Yercekimi oldugu i¢in top asagiya dogru gider. Topa dokunduktan sonra top itilen yone
dogru gider.

Hareket dogrultusundaki bir kuvvet itme saglayacagi icin. Yercekimi de atislarda hiz1

azaltip ¢ogalttig icin.

Yercekimi, gemberin sekli ve topun o yolu izlemesi

Yercekimi kuvveti

Yercekimi kuvveti biitiin kuvvetlere etki etmektedir. Top bir kuvvet uygulanarak atildig:
i¢in o kuvvetin etkisiyle s” den ¢ikar. Tiip ve r birbirlerine kuvvet uygularlar.
Aralarindaki uzakligi bu kuvvet sayesinde korurlar.

Topun hareketi dogrultusunda bir kuvvet vardir. Ciinkii olmazsa cisim s’ den ¢tkamaz.

Cisme 1’ den O’ ya dogru tiip kuvvet uygular. Ciinkii top merkezden uzaklagsmak ister.

Topun hareketi oldugundan dolay1 hareket dogrultusunda bir kuvvet vardir. Yoksa top
hareket edemez. O’ dan 1’ ye dogru bir f merkez kag kuvveti vardir. Agirhigindan dolay1
yergekimi kuvveti vardir.

Top yercgekimine dogru hareket eder. Hareketli bir dogrultu yapar.

Yercekimi her zaman etkilidir. “p” ucundan birakilip hareket ettiginden dolay1 hareket

dogrultusunda kuvvet vardir. Cemberin alt kismindan kaldigindan dolay1 O’dan 1’ ye

dogru bir kuvvet vardir.
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4)  Yercekimi kuvveti, Topun hareketi dogrultusunda bir kuvvet ve O’ dan 1’ ye dogru bir
kuvvet vardir. Fakat r’ den O’ ya dogru tiipiin uyguladig1 bir kuvvet yoktur.

5)  Yercekimi ve topun hareketi dogrultusunda uygulanan kuvvet kesinlikle hizini artirir.
O’ dan r’ ye dogru kuvvet dik ve 1’ nin hakket yoniiyle bilesenlerine ayrilir ve azaltir.
“2” hakkinda kesin bir sey séyleyemeyecegim ama herhalde siirtiinme olmadigindan
etkilemez.

6) 1,3, 4 etkieder. Fakat 1’ den O ya degil O’ dan r’ye etki eder.

7) 1,3 ve4.Digeri tiipe etkiyor.

8)  Biitiin cisimlere yercekimi kuvveti uygulanir. Top O’ dan r’ ye dogru bir kuvvet uygular.
(Merkezkag kuvveti) Ayrica top p ucundan firlatilir. Yani hareket dogrultusunda bir
kuvvet var. Top p ucundan birakilsayd: hareket dogrultusunda bir kuvvet yerine yalniz

yergekimi kuvveti etkiyecekti.

QUESTION 3

@)

1) Topun takip ettigi yol yuvarlak oldugu i¢in ona uygun bir yol takip etme istegi
duyacaktir.

2)  Merkezin uyguladig1 kuvvetten dolayi ve tiip cember seklinde oldugu i¢in A” daki yolu
izler.

3) A’yadogru gider. Ciinkii tiipiin icinde dairesel sekilde hareket ediyor. Bu durumu
koruyarak dairesel hareketini siirdiirmek ister ve A’ ya dogru gider.

4) A yoniine dogru gider. Clinkii biraktigimiz yer ice dogru egimli.

5)  Eylemsizlik

6) Hangi dogrultuda disar1 ¢ikiyorsa o dogrultuda hareket eder.

7)  Top tiipten ¢giktiktan sonra hemen diiz bir hareket yapamaz. Biraz sola dogru hareket
yapar. Yani A sikki.

8)  Cinkii tiip yar1 cember seklindedir. Tiipten ¢ikan top ¢emberi tamamlamak
isteyeceginden A yoniindedir.

9)  Yuvarlak oldugu i¢in A yoniinde gider.

10) Bagladig: yere geri gelir.

11) Bana gore A noktasini izleyebilir. Sebebi ise tiipiin egimli olarak geldigi icin topu A
noktasma dogru etki edecektir.

12) Ciinkii tlipiin seklinden dolay1.

13) Ydizey siirtiinmesiz oldugu igin tiipten ¢ikan top ayn1 yonde yani dairesel bir hareketle
A’ ya dogru gider.

14) Hareketi dairesel oldugundan. Yani A sikki kendi izledigi yolu tamamladigindan dolayi.

15) Yériingeden dolay1 ve hizindan dolayi.

16) Sekil yuvarlak oldugundan belli bir zaman A seklinde oldugu gibi gidebilir.
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(d)

17)
18)
19)
20)

21)
22)

1
2)
3)
4)

5)

6)

7)

8)

9

10)

11)

12)
13)

1)
2)
3)

1)

2)

Ciinkii tiipiin etkisiyle A noktasindan geger.

A’ ya dogru gitmek ister. Eylemsizlik prensibi.

Yuvarlak tiipiin egimi A’ ya dogru oldugundan dolay1 bence A sikkidir.

Top tiip igersindeyken daire seklinde hareket ettiginden ¢ikinca da hareketini devam
ettirmek ister.

Hareketini devam ettirmesi igin.

Topun giris kismina dogru ama giris kismiyla ayn1 hizada degil.

Tiipilin uyguladig kuvvet bitmistir. Top hiz1 dogrultusunda ytikselir.

Top dondiikten sonra biraz diiz olarak gittigi icin yan taraflara gitme ihtimali yok.
Belli bir ray1 olmadig1 icin serbest kalir ve de dogrusal bir hareket yapar.

Ciinkii topa yer¢ekiminden baska bir sey etkimez. Yercekimi de zaten dikey o yiizden
diimdiiz yukar gider.

Top yukardan ¢ikar. Belli bir hiz1 oldugu igin. Ciinkii hizla ¢iktig: icin direk olarak
cikacaktir. Saga sola saptama yapmaz.

Yercekimi varsa asagi dogru gitmek ister. Yoksa sbt kalir.(oldugu yerde.)

Ciinkii top firlatiliyor. Digartya belli kuvvetlerle ¢ikar. Bu direk.

Cismin hiz1 ve siirtlinmesiz olusu. Ayrica borunun agzi topa eti etmektedir. Bunun igin
top B noktasina gider.

Eline bir cirit alip attigimizda (cirit donerek atilir) attigimiz tarafa dogru diiz bir sekilde
gider.

Geldigi yolu takip eder.

Borunu kesildigi yer diiz oldugu i¢in

Top yukari firlatildig1 igin

Ciinkii borunu agz1 yukari bakiyor.

Merkezcil ivme etkisinde C ‘den gider.
Bir miiddet hizin1 alamay1p yukari ¢ikar sonra yercekimi kuvvetinde asag: gider.

Bir miiddet sonra hizi diisecektir.

Ciinkii top hizla s ucundan ¢ikar ve ¢iktiktan sonra yavaslar. Sag tarafa dogru diiger.

Ciinkii masa tizerinde hareket ettigi sdyleniyor. S ucunda ciktig1 anda direk olarak
devam eder.

Direk ¢ikamaz egik ¢ikar.
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3) Hayal ettim
4) Denedim

) 1) A-B aras clinkii direk hizla B” ye ¢ikamaz. Az bir kivrim oldugu i¢in A-B arasina
kayar.
2)  Bence A-B arasinda olur.

3) Tiipten qiktiktan sonra B yolunu izleyip tekrar tiipiin i¢ine girer.

4)  Tipiin diger ucunun yiiksekligine kadar ¢ikar. Yercekimi kuvveti etkisiyle yere diiger.

o

5) Kuvvet sifirlanana kadar yukari ¢ikar sonra diiger.

6) B-C yoniine gider. Ciinkii top borudan ¢iktiktan sonra direk hizini kesemeyecegi icin E

tarafina gidemez.
QUESTION 4

(@) Asagiya dogru bir yergekimi kuvveti ile beraber, yukariya dogru siirekli azalan bir kuvvettir.
1)  Yukarn ¢iktik¢a ¢ekim kuvvetinin etkisiyle asag1 dogru diiger.
2) Topa asag1 dogru yercekimi kuvveti ve kendi agirlig etki eder. Yukar: dogru ise tepe
noktasina kadar azalan bir kuvvet vardir.
3) Yergekiminden dolay1 ve asagidan yukariya giderken azalan hareket yapmasi
4)  Yercekimi yukar1 dogru azalir asag1 dogru artar.

5) Ciinkii asag1 dogru yercekimi merkezine yakin oldugu igin
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6) Cocuk kuvvet uygulay1p atiyor. Sonra yercekiminden dolay1 bu kuvvet azaliyor.

(b) Top, cocugun elinden ¢iktiktan sonra tepe noktasina ulasincaya kadar yukariya dogru siirekli
azalan bir kuvvet; diiserken cisim yere yaklastik¢a siirekli artan yercekimi kuvvetidir.

1) Top cocugun elinden ¢iktiktan sonra belirli bir miiddet yukar1 ¢ikar. Asagiya dogru
inerken belirli araliklarla hizlanarak yere diiser.

2) Topun belli bir enerjisinden dolay1 yukar1 dogru enerjisi bitesiye kadar ¢ikar. Daha sonra
yergekimi etkisiyle artan bir hizla yere diiser.

3) Ben topu atinca azalan bir hizla gider. Yere diiserken hizlanarak diiser.

4) Belli bir seviyeye kadar yiikselir. Hiz1 yercekimine gore degisir.

5) Top ¢ocugun elinden ¢iktiktan sonra havanin kuvveti olmadig1 igin yakariya dogru
azalir. Yere dogru indikge yercekiminden artar.

6) Hoca soylemisti.

7)  Kurala gore dyle

8) Yergekimi oldugundan yukar: dogru olan kuvvet gittikge azalir ve tepe noktasinda sifir
olup tekrar asagiya dogru hizlanir.

9) Top yukariya dogru atilinca top dnce hizla ¢ikar sonra belli bir siire sonra da yavaslar ve
yergekimi kuvveti etkisiyle asag1 inmek istediginden dolay1 hizla asag1 inmek
isteyecektir.

10) Topa tepe noktasina ulagincaya kadar azalan, yere diisiinceye kadar ise artan kuvvet
uygulanacaktir.

11) Tepe noktasina ulasincaya kadar ters yonliidiir, belli bir miktar sonra Fabiter. Diiserken

her ikisi ayn1 yonde oldugundan hiz siirekli artar.

F

12) Celik topun agirhigindan dolay1 yukariya dogru azalan kuvvet, asagiya dogru artan
kuvvet gosterir.

13) Cunkii bu fizik kuralidir.

14) Ciinkii yergekimi kuvveti devamli maddeler geker. Cocuk attiktan sonra stirekli azalan,
tepe noktasinda durur. Daha sonra artar.

15) Yukar cikarken yergekiminden dolay1 hizi azalir. Asag1 inerken de azalir.

16) Cismin agirlig1 ve yercekimi kuvveti uygulandigi icin yukar ¢ikarken siirekli azalir.
Tepede durur. Inerken yercekimi kuvveti oldugu igin siirekli hizlanr.

17) Top tepe noktasina ulaginca bir an durur ve sonra yergekimi kuvveti nedeniyle tekrar

yere dogru hareket eder.
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18) Cocugun havaya attig1 top asag1 dogru diiserken yercekimi kuvvetinin artmasidir.

19) Cocugun havaya firlattig1 topun asag1 dogru diiserken yercekimi kuvvetinin artmasidir.

20) Yercekimi topa etki etmesiyle beraber topun yukar1 dogru hizini kisitlar ve asagi dogru
hizlanan bir ivmeyle yere temas etmesini saglar.

21) Top ¢ocugun elinden ¢iktiktan sonra ¢ikis siiresini tamamlayana kadar azalan bir hizla
yukari ¢ikar. Sonra yercekiminin etkisiyle hizli bir sekilde yere iner.

22) Yukariya ¢ikarken yercekiminden ve agirhgindan dolay: hiz1 azalir. Asagi inerken de
agirlig1 ve yercekiminden dolay1 hizi artar.

23) Cismin agirhig oldugundan yukar ciktik¢a asagiya dogru bir yercekimi vardir. Yukar:
dogru giderken siirekli azalir. Tepe noktasinda durur. Asagi dogru ilerlerken cisim asag1
dogru siirekli artar.

24) Yukar1 dogru firlatilan bir cisim kendi agarligindan ve yercekiminden dolay1 tepe
noktasina ulagincaya kadar siirekli azalan bir kuvvet, asag1 dogru yercekimi ve
agirligindan dolay: hizi artar.

25) Yukari tepe noktasina kadar yercekimi ile ters kuvvettir. Bunun yiiziinden azalandir.

26) Ciinkii yercekimi kuvveti asag1 dogru oldugundan yukari firlatilan topun kuvveti- hizi
azalir. Asag1 dogru artar.

27) Max yiikseklige ¢ikinca hizi O(sifir) olacagindan dolay: yukar: dogru azalan bir hizla hiz
0 olduktan sonra ise yercekimi ile asag1 dogru hizlanarak iner.

28) Top firlatildiginda ¢ocugun kuvvetiyle yukar1 dogru ¢ikarken hiz1 azalir, diiserken de
yercekimi kuvveti nedeniyle hizl bir sekilde yere diiser.

29) Tepe noktasina gikincaya kadar hizinda bir azalma meydana gelir. Tepe noktasinda
kinetik enerjisi 0’a yaklasir. Diistligiinde potansiyel enerjisi azalip kinetik enerjisi artar.

30) Sebebi ise yercekiminden dolayidir. Top yukariya dogru atildiginda ilk atildig1 hiz
azalacak ve geri indiginde yercekiminin etkisinden dolay1 hizlanacaktir.

31) Ciinkii top tepe noktasina kadar azalan bir hizla ¢ikar. Bunun sebebi de yer ¢ekimidir.
Asagiya kadar olan hizi ise yercekimidir. O yiizden.

32) Top cocugun elinden ciktiktan sonra yukariya dogru azalan bir kuvvet asag1 dogru ise
yergekimi kuvveti vardir.

33) Celik top tepe noktasina ulasincaya kadar azalan bir kuvvetle, diiserken ise siirekli artan
bir yergekimi kuvvetiyle diiser.

34) Top ¢ocugun uyguladigl kuvvetle havaya dogru ¢ikar ama her yiikselisinde hiz1
azalir Fakat yere diiserken daha ¢ok hizlanir. Ciinkii topun kiitlesi ve yercekiminden
dolay.

35) Yukariya dogru azalan bir kuvvetle gider clinkii yergcekimi kuvveti onu asag1
cekmektedir. Asag1 dogru da artar. Yine yercekimi etkisinden artar.

36) Atiglarin kanunlarina gore.

37) Yukar1 dogru azalan, asag1 dogru artan hareket yapar.
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38) Yeryiiziinden uzaklastik¢a yercekimi kuvveti azalir, yeryiiziine yaklastik¢a yercekimi
kuvveti stirekli artar.

39) Herhangi bir hizla atilan cismin hiz1 yercekimi etkisi ile belirli siirede belirli azalma
gosteriri. Cikabildigi tepe noktasinda hiz sifirdir. Yere diiserken de yine yercekimi etkisi

ile belirli siirede belirli bir sekilde artan hiz.

(c) Top, tepe noktasina ulagincaya kadar asagi dogru hemen hemen sabit yer¢ekimi kuvveti ile
beraber yukariya dogru siirekli azalan bir kuvvet ve diiserken sadece asagi dogru sabit yercekimi
kuvvetidir.

1)  Yere diiseceginde asag1 dogru bir yercekimi vardir. Asagi dogru yergekimi geker.

2) Top yukari ¢ikarken yercekiminden uzaklasacagi i¢in yercekimi kuvvetinden dolay1
azalan bir kuvvet uygular. Yercekimi kuvvetinden dolay1 da asag1 hizla diiger.

3) Yergekimi etkili olur

4)  Yercekimi kuvveti yukar ve asag1 giderken de vardir. Yukar1 dogru giderken bir de
azalan bir kuvvet vardir.

5) Topu yukariya firlatigimizda yercekiminden dolay1 azaliyor. Asag1 diiserken de

yergekimi ve agirliginin etkisiyle hizlaniyor.

(d) Sadece dikey, asag1 dogru, neredeyse sabit yercekimi kuvvetidir.
1) Top yukariya ciktik¢a yavaglar bu sadece yercekiminden dolayidir. Yergekimi olmasa top

yavaslamaz ve siirekli yukar1 ¢ikardi.

(e) Yukaridakilerin higbiridir. Top, yeryiizii {izerinde, hareketsiz kalma dogal egiliminden dolay1 yere
diiger.
1)  Eger hava bir kuvvet uygulamazsa yercekimi kuvveti etkisizdir.

2) Bana gore E sikki.

(f) Csikkina ek olarak yukar: gittikce hiz1 azaltan agirlik ve asagt dogru artan agirlik kuvveti vardir.
Tepe noktasina ulasincaya kadar cocugun azalan firlatma kuvveti etkilidir ve asagiya dogru
yergekimi kuvveti hiz1 yavaslatir. Tepede firlatma kuvveti “0”olur ve asag1 dogru yercekimi
kuvveti cismi gittikge hizlandirarak geker. Bir de agirlik ¢ikarken hizi azaltir, inerken hiz sabit

degildir. Gittikce agirlik sayesinde artar. Cocugun attigi hizla ayn1 noktadan geger.

QUESTION 5

(@)
1) b noktasinda hareketsiz oldugu igin yukariya dogru gider.
2) adan b noktasina dogru kayarken dik olarak bir a¢1 izlemistir ve oka carptiginda ters

yoniinde dik olarak hareket eder. Yani A seklindeki gibi.
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3)
4)
5)
6)

7)
8)
9)
10)
11)
12)

1)
2)
3)

4)
5)
6)

7)

8)
9)
10)

11)
12)
13)
14)

15)
16)
17)
18)

Diske vuruldugunda disk A sikkindaki gibi olur.

Yukar: yonde vurulursa yukar1 yonde gider.

[k luziyla b’ ye geldigi zaman bir hiza sahip oldugundan dolay1 saptama yapmayacaktir.
Topun kiitlesiyle direk gelirken ok yoniindeki ¢carpmanin uyguladig: kuvvetle karsi
tarafa dogru gider.

Kuvvet hareket yoniine dik uygulandigindan dolayz.

Merkezden vurdugu i¢in top dik gider.

Disk b noktasinda duruyor ve asagidan hizlica vurulursa yukar: hizlanir.

Merkezden uygulandig: icin top tam dik gider.

Topa merkezden vuruldugu i¢in top tam olarak dik gider.

Vurusun siddetine baghdir. Eger hizli bir vurus yapilirsa A” daki gibi gider. Ama disk
sadece carparsa B’ deki gibi gider.

B dedim. Ciinkii uygulanan iki kuvvetin bileskesinin almacagin diistindiim.

Cisim iki kuvvetin bileskesi dogrultusunda hareket eder.

[k durumda disk sabit bir hizla hareket ediyor. Yani belli bir hizi var. Onun igin diimdiiz
degil de saga dogru bir egimle gider.

Kuvvetin bilegenleri

Vektorel olarak diisiindiigiimiizde bileske B deki gibi olur.

Ciinkii top iki kuvvetin bileskesi yoniinde gider. Yani diiz bir dogrultuda diizgiin bir
sekil A ve B sikkinda bulunuyor. A daki gibi olamaz ¢iinkii eger olursa topun gelis
kuvvetini almamis oluruz.

Ciinkii soldan saga dogru sabit hizla gitmekte ve dikey bir vurustan sonra da iki hizin
bileseni yoniinde diiz bir yol izler.

Topa uygulanan kuvvete baghdir. Buna gore A sikki da olabilir.

Bilegkelerini aliriz.

Ciinkii disk o hizla gelip bir kuvvetle karsilastig1 zaman yatay bir sekilde yukar1 hareket
eder.

Ciinkii b noktasinda disk hareketsiz olmasiyla yere dogru bir egilim gosterir.

Ciinkii hava etkisi 6nemsizdir. Yon degisikligi olmaz.

Diskin kendi hizinda oldugundan dolay1 B yoniinde hareket eder.

Cismin b’ ye dogru bir hiz1 oldugundan yukar1 dogruca vurulunca ikisinin bileskesi
yonde hareket eder.

Her iki kuvvet birbirine esit ise capraz yonde hareket eder.

Bir hiz1 oldugu i¢in ve asagidan bir kuvvet uygulandig: igin B sikki gibi hareket eder.
Diskin oka etki etmesiyle yon degistirir ve B noktasina gider.

Genelde hep bdyle oluyor. Atilinca direk yukari ya da asag1 diismiiyor egik bir atis yolun

izliyor.
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(d)

19)

20)
21)
22)
23)
24)
25)
26)

1)

2)

1)
2)

3)
4)

5)

6)

7)

8)

9

10)

11)

Diskin bir hiz1 var, bir de ok yoniindeki vurus olur. Cisim B’ deki sekli alir.

Eger iki kuvvet birbirine esit ise (45 0 ) yukar: diisey hareket eder.
Bilegke kuvvet

Ciinkii o hizla disk az olarak saga dogru kayar.

Vektorlerden etki eden iki kuvvetin bileskesi gidis yoniinii veriri.
iki kuvvetin bilegkesi yoniinde hareket eder.

Iki hareketi de yapma egilimi oldugu igin o sekilde olur.

Bilegke kuvvet

Cisme vurulmadan 6nce cisim b yoniinde hareket ettigine gore vurus olduktan sonra
yukariya dogru bir kuvvet uygulaniyor.
B noktasindan diske vurulduktan sonra disk kendi hizin1 korumak isteyecektir. Bu

yiizden kavisli bir sekilde yoluna devam edecektir.

Madeni parayla denedik ve gordiik

Disk vurusa maruz kaldig i¢in hem diiz gitmek isteyecekler hem de vurusa maruz
kaldigy icin biraz da egri gitmek isteyecektir.

Vurustan sonra disk E sikkindaki yolu izleyecektir.

Daha mantikli olur. a’ dan b’ ye giderken hiz1 biraz olsa da yavaslar. Kalin ok yoniine
dogru hizli bir sekilde vurulunca dike yakin sekilde yol alir.

Hareketli diske uygulanan kuvvet zamanla azalir.

Hareketli diske uygulanan kuvvet zamanla azalir

Topa vurulunca hafif havalanir.

a’ dan gelen kuvvet b noktasindaki kuvvetle ¢arpisinca a’ nin kuvveti ve b’ den gelen
kuvvetle birlikte topun yo6niinde sag tarafa dogru degisme olur.

Hareket halindeyken vuruldugunda diskin kendi hiz1 vardir. Bu nedenle kendi hiz1 onu
sag yoniine iter. Vurus ise yukar1 dogru.

Top gelirken kendi hiz1 vardir ve yukar1 dogru bir kuvvet uygulandiginda bu hareketi
yapar.

Cismin gelis dogrultusuna dik bir yonde vurus diski vurdugumuzda hokey diskinin
zaten bir hizi ve yonii oldugundan dolay1 ne dikey ne de yatay sekilde hareket etmez.

Aslinda ok yoniinden uyguladigimiz kuvvetin siddeti de bizim i¢in 6nemli ama...
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(0
1)

2)

3)

QUESTION 6

(a) Sabittir
1

~

2)
3)
4)
5)
6)
7)
8

N

9)

10)
11)
12)

13)

Hiz kazanmis cisim eylemsizligini korumak ister ve ilk dogrultusunda devam etmek

ister bunun igin sektikten sonra yoluna devam eder.

Bir miiddet sonra yon degistirecektir.

Etki- tepki olay1

Hiz1 sabitlenir.Ciinkii ne hava siirtiinmesi ne de yer siirtiinmesi olmadigimdan disk

sonsuza kadar sabit hizina devam eder.

Siirtlinmesiz ortam bir kuvvet etkilidir.

Cilinkii siirtiinme olmadigi icin

Ciinkii siirtiinme yok

Stirtlinme olmadig; igin sabittir.

Siirtiinme olmadig1 igin

Stirttinme olmadig igin sabittir

Ikisi de aym hizla gittikleri iin sonraki hizlari esit olur.
Siirtiinmesiz oldugu icin siirekli sabit hizla harekettir.
Digaridan bir kuvvet olmadig icin sabittir

Siirtiinmesiz oldugu icin siirekli hiz1 sabittir.

Diizlem yatay oldugundan yergekimi siirtiinme de olmadigindan etkiyemez o hizla sabit

bir sekilde diimdiiz gider.

Top vurulduktan sonra higbir etkiye maruz kalmadig igin sabit hizla gider.
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14) Siirtiinme yok

15) Siirtiinme olmadig; igin

(b) Stirekli artar
1)  Hizi siirekli arttig gibi aldig1 yolla hizinin birbirine orani aynidir.

2)  Deneyimin devamin gordiik.

(c) Surekli azalir
1)  Kuvvet siirekli uygulanmadig) icin siirekli azalir. (yercekiminin etkisinde)
2)  Ciinkii kuvvetin bir kismi siirtiinmeye gider ve azalir.
3)  Fizik bilgilerime gore bdyle oldugunu diisiiniiyorum.
4)  Iki kuvvet birbirine zit engelleyecektir ve agirlik da ise girecek.
5) Hep azalir clinkii yergekimi azalir.
6) Carpmanin etkisiyle Vo hiziyla gelen top yavaslamak zorunda kalir.
7)  Cunkii vurulduktan sonra hizinda azalma olur yukar: dogru ¢ikar ve stirekli azalir.
8)  Etki s6z konusu.
9) Yol siirtiinmesiz oldugu icin belirli bir siire disk duracaktir. Bu ylizden hiz azaliyordur.
10) Asagiya dogru yergekimi oldugundan siirekli azalir.

11) Yergekimi kuvvetinden dolayi siirekli azalir.

(d) Bir siire i¢in artar ve sonra azalir.

1)  Alttan darbe gelince hizl bir sekilde olur. ama eylemsizligini kaybettigi icin yavag yavas
hizi diger.

2)  Diske vuruldugu andan itibaren hizi artar ve siirtiinmeden dolay1 yavaslar.

3)  Once artar sonra azalir

4)  Yizey hicbir sekilde siirtiinmeye sahip degil. Cisim sonraki vurustan 6nce zaten bir hiza
sahipti. Sonraki kuvvetle beraber cismin hiz1 6nce artar sonra azalmaya baslar.

5)  Bir siire artar ¢iinkii vurus ve diskin belli bir hiz1 vardir. Sonradan azalmaya baslar.

6)  Vuruldugu anda kuvvet kazanir. Daha sonra yergekimiyle yavaglar.

7)  Siirtiinme az oldugu i¢in boyle olur.

8)  Diske vurdugumuz i¢in hiz1 ilk nce artar sonra ise diske bir kuvvet etki etmedigi igin
bence azalacaktir.

9) Topa tam olarak vurulduktan sonra top bir miiddet ayni hizla gider daha sonra ilk
hizina gore daha yavastir.

10) Carpmanin etkisiyle belli bir siire hiz artar ama belli bir ivme olmadig) i¢in azalma
baglar.

11) Diske vurulduktan yon degistirir ve degistirmesiyle ilk hiz1 artmistir. Ve azalir.

12) Bir siire hizli gider. Yavas yavas azalir ama durmaz.

13) Carptiktan sonra etki oldugu igin azalir
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14)
15)
16)
17)
18)
19)
20)

21)
22)
23)

Ciinkii ilk vurdugunda

Hizli vuruluyor birden hizlanir, sonra hiz1 yavaslar.

Disk bir siire sonra yavaglar ve sonra durur.

Diske uygulanan kuvvet hizlandirir.

Vuruldugunda hizi artar zamanla o hiz1 kaybeder sonra yavaslar.

Il vurusla birlikte hiz1 biraz artar sonra azalir.

Kuvvet uygulandigindan dolay1 6nce artar sonra eski hizina déniinceye kadar baska bir
kuvvet etki etmez ise azalir.

Ciinkii yergekimi etkisiyle hizinda azalma goriilecektir.

Vuran cismin hizini disk alir. Bir miktar artar. Zamanla azalir.

Ciinkii vurulunca hizi biraz artacaktir. Sonra devam ettigi siire igerisinde hiz1 azalir.

(e) Bir slire igin sabit kalir ve sonra azalir.

D)
2)
3)

4)
5)

QUESTION 7

Top havaya atti§1 zaman top asagiya dogru geldigi zaman sabit kalir ve azalmaya baslar.
Bir stire i¢in sabit kalir ve sonra azalir

Hiz sabit kalacaktir. Siirtiinmesiz olsa da yercekiminden dolay1 hizinda azalma
olacaktir.

Diskin vurdugu yer sabittir ve disk giderkenki hiz1 basta sabit sonra azalir.

Bir siire i¢in sabit kalir ve sonra azalir

Tepe noktasina kadar azalir. Daha sonra artar. Yergekimi kuvvetine gore.

Tepe noktasina kadar azalir. Daha sonra artar. Yercekimi kuvvetine gore

Vurduktan sonra hiz artar, bir siire sonra azalir, sonra yeniden artar. Yukar: diisey
yaptig1 igin ve yercekiminin etkisiyle tepe noktasina kadar azalir ve daha sonra artmaya

baslar.

(a) Asagidogru yercekimi kuvvetidir.

1)
2)
3)
4)

Bence sadece yergekimi kuvveti vardir.
Icimden dyle geldi
Yergekimi kuvvetinden bagka kuvvet etki edemez.

Sektikten sonra havada asili kalamayacagina gore asag1 dogru bir kuvvet etki eder.

(b) Asag1 dogru yercekimi kuvveti ve hareket yoniinde yatay bir kuvvettir

1)
2)

Yercekimi kuvveti mutlaka etki eder ve hareket yoniinde yatay bir kuvvet de etkilidir.

Yercekimi etkili
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3)  Yercekiminden dolay1 asagiya dogru bir kuvvet uygular. Hareketinden dolay: yatay bir
kuvveti vardir.

4)  Yercekimi kuvveti ve carpismanin oldugu yiizeydeki kuvvet topa etkiler.

5)  Ciinkii burada yercekimi kuvveti vardir.

6)  Yercekimi kuvveti oldugu i¢in hareket yoniinde hareket eder.

7)  Yatay kuvveti hicbir zaman degismez, yer¢ekimi kuvveti oldugundan dolay: diisey
hareketi degisir.

8)  Yercekimi

9)  Hiziu almus bir top yoniiniin degismesiyle hiz1 azalir. Buna yergekimi de dahil.

10) Vuruldugunda yatay hareket edeceginden.

11) Asag1 dogru yercgekimi kuvveti vardir. Ciinkii diskin belli bir agirlig1 vardir. Ayrica
hareket yoniinde de etkiyen bir kuvvet vardir.

12) Havanin siirtiinmesi 6nemsizdir. Yercekimi kuvveti ve siirtiinmesiz yiizey oldugu icin

vurustan sonra yatay bir kuvvet etki eder.

(c) Asagidogru yercekimi kuvveti, yukar: dogru yiizey tarafindan etkiyen bir kuvvet ve hareket
yoniinde yatay bir kuvvettir.

1)  Asagi dogru yercekimi kuvveti var cismin agirlig1 oldugu igin yiizey bir tepki uygular.

2)  Asagi dogru yercekimi kuvveti vardir. Cismin ylizeye ve ylizeyin cisme uyguladig1
kuvvet ve diski hareket ettirdigi icin bir de hareket yoniinde yatay bir kuvvet olmalidir.

3) Asagi dogru bir kuvvet etkiler, Carpistig1 cismin yiizeyinden dolay1 yukari ve yatay
kuvvet yapar.

4)  Diski hareket ettiren yatay kuvvettir. Hizin1 azaltan yercekimi ve teki kuvvetidir.

5)  Yergekimi kuvvetinin fazla etkisi yoktur. Hareketin etkisi daha ¢oktur.

6)  Cunki her ti¢ kuvvetin etkisi olur.

7)  Belli bir agirlig1 oldugu icin yercekimi kuvveti etki eder. Etkiye tepkiye olarak ytiizey bir
kuvvet uygular. Carpma sonucunda hareket yoniinde bir kuvvet etki eder.

8)  Yercekimi kuvveti yukariya dogru olan kuvvetten kiigiiktiir. Bu yiizden yatay kuvvet ve
yukariya dogru olan kuvvet etki gosterir.

9)  Yukar ve asag1 dogru kuvvetle r etki eder.

(d) Asagidogru yercekimi kuvveti ve yukar1 dogru yiizey tarafindan bir kuvvettir.
1)  Diger siklara gore bu cevabi vermek istedim.
2)  Bunlar etkileyecektir.
3)  Ciinkii yergekimi siirtiinmeden dolay1 etki etmistir.
4)  Yercekimi her seyi asag1 ceker ve yiizey de yukar1 dogru kuvvet uygular
5) Asagi dogru geldigi zaman yere geliyor yukari gittigi zaman da ylizeyi goziikiiyor.
6) Hava kosullar1 6nemsiz alindigindan sadece yercekimi ve etki eden kuvvet kalmaktadir.

7)  Hava kosullar1 6nemsiz oldugundan yercekimi ve yukariya dogru etki kuvveti kalmstir.
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(e) Higbiridir. (Cisme hicbir kuvvet etki etmez)

1)
2)
3)

(®
1

QUESTION 8

Gegmis fizik bilgilerime dayaniyorum.
Gegmis fizik bilgilerimle hareket ettim.
Yercekimi kuvveti yukaridan asagiya dogru bir kuvvet uygular. Ama cisim yatay

yiizeyde hareket ediyor.

Cisme uygulanan hareket yoniindeki yatay kuvvet.

(a) Arabanin kamyona uyguladig1 kuvvet ile kamyonun arabaya kars1 uyguladigi kuvvet esittir.

1)
2)
3)
4)

5)

Birbirlerini ittikleri i¢in kuvvetler esittir.

Etki= tepki kuvveti

Etki- tepki kuvveti

Kuvvetleri esittir. Ciinkii kamyon arabanin hiziyla hareket edecegi i¢in arabanin
uyguladig1 kuvvet kadar hareket eder.

Araba kamyona kars1 uyguladig: kuvvet kamyonu etkilemez. Ciinkii araba kamyonu
ittirdikten sonra kamyon biraz ilerledikten sonra geri geri gelerek arabay1 geriye yani

ters kuvvet uygular. Bu yiizden ikisinin de uyguladigi kuvvet esittir.

(b) Arabanin kamyona uyguladig1 kuvvet, Kamyonun arabaya kars1 uyguladigi kuvvetten daha

kiiguktir.

1

2)

3)

4)

5)

6)

7)

Kamyon hareket ettigi i¢cin arabanin kamyona uyguladigi kamyonun arabaya uyguladigt
kuvvetten biiyiiktiir.

Kamyon arabadan daha agir oldugundan araba sabit hiza gelinceye kadar kamyon daha
¢ok kuvvet uygular.

Ciinkii kamyon ¢alismadig i¢in biitiin agirhig1 araba ittiginden kamyon arabaya belli bir
kuvvet uygular. Kamyonun uyguladig1 kuvvet arabanin uyguladig: kuvvetten
biiytiktiir.

Ciinkii kamyon ¢alismadig: i¢in biitiin agirlig: araba ittiginden kamyon arabaya belli bir
kuvvet uygular. Kamyonun uyguladig1 kuvvet arabanin uyguladig1 kuvvetten biiyiiktiir
Araba daha hafif.

Kamyonun hareket edebilmesi i¢in sabit hiza ulasana kadar kamyon daha fazla kuvvet
uygular. Kuvvetler bir siire sonra esitlenir. Araba sabit hiz ulasinca kamyonun
uyguladig1 kuvvet arabaya gore daha azdir.

Eger arabanin uyguladig1 kuvvet burada daha fazla olsayd: kamyon ilerlerdi, kamyonun

uyguladigi kuvvet daha fazla oldugu icin araba kamyonu siiriikleyemiyor.
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8)

9

10)

Ciinkii araba kuvvetini kamyona uygular. Daha fazla uygulayan kamyonun agir olmasi
ve hiz1 onun yapmasidir.

Araba ile kamyonu agirliklar1 ayni degildir. Kamyon daha agir oldugu i¢in arabanin
uyguladig1 kuvvet kiigiiktiir.

Arabanin kamyona uyguladig1 kuvvet daha kiigiiktiir. . Ciink{i kamyon durdugu icin
agirligindan dolay: bir kuvvet uygular. Arabanin agirligi daha az oldugu igin hizin

arttirarak sabitleyip kamyonu itecektir.

(c) Arabanin kamyona uyguladig1 kuvvet, kamyonun arabaya karsi uyguladig: kuvvetten daha

biiyiiktiir.

—_

)
2)
3)

4)

5)
6)
7)

8)

9

10)
11)
12)
13)

14)
15)
16)

17)
18)

Aksi halde hareket edemez.

Itilmesi bileskedir.

Cisimler birbirlerine kiitlelerinden dolay1 bir kuvvet uygularlar. Ayrica momentuma
gore kiitlelerin yaminda hizlar1 da énemlidir.

Oncelikle araba ile kamyonun birbirlerine uyguladiklar1 kuvvetler sahip olduklar:
kiitleler ile ters orantilidir. Bu yiizden arabanin kamyona uyguladig: kuvvet, kamyonun
arabaya kars1 uyguladigi kuvvetten daha biiytiktiir.

Ciinkii araba kamyona belli bir hiz uygulayarak hareket etmesini sagliyor.

Arabanin kamyona uyguladig1 kuvvet biiyiik olmasa araglar gitmez ve dururdu.
Kamyon agirhig: geregi arabanin uyguladigi kuvvete kars1 kuvvet uygular eger arabadan
fazla uygularsa kamyon hareketsiz kalirdi.

Sadece araba ¢alisiyor. Bir kuvvet uyguluyor. Kamyon ¢alismiyor ve arabaya kars: bir
kuvvet uygular. Bu yiizden de arabanin hizi da azalir.

Sonugta kamyonu tamirciye ulagstirmak istiyor. Arabanin uyguladigi kuvvet
kamyonunkinden kiigiiktiir. Sonra hizlanarak kamyonun kuvvetinden kendi kuvvetini
biiyiik yapiyor. Ve sabit hizla hareket ediyor.

Kamyonu itebilmesi i¢cin kamyondan daha fazla kuvvet uygulamalidir.

Biiyiik olmak zorunda yoksa kamyon ilerleyemez.

Kamyonla arabanin hizlar1 ve agirliklar esit degildir.

Kamyon ve araba birbirlerine kuvvet uygularlar ancak arabanin motoru ¢alistigindan
dolay1 daha biiyiik bir kuvvet uygulanir ve kamyon itilir.

Hizlandigina gore kamyonun kuvvetinden biiyiiktiir. Olmasa hizlanamaz.

Ciinkii araba kamyonu ittigine gore, uyguladig: kuvvet de biiyiik olmak zorunda.
Ciinkii arabanin motoru ¢alisik durumda. Eger ikisi de ¢alismasaydi birbirlerine
uygulanan kuvvet esit olurdu.

Araba duran bir cismi hareket ettirmek i¢in daha fazla kuvvet uygular.

Araba calistigindan kamyona uyguladig1 kuvvet, kamyonun arabaya uyguladig:

kuvvetten biraz biiytiktiir.
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19) Araba kamyonu ittiginden dolay1 arabanin kamyona uyguladig1 kuvvet daha biiytiktiir.

20) Esit veya kiiciik olsaydi kamyon gitmezdi.

21) Arabamn kamyona uyguladigi kuvvet daha biiyiiktiir. Ciinkii kamyonunki biiyiik
olsaydi kamyon itilemezdi.

22) Ciinkii arabanin sabit hiza ulagmasi i¢in siirtiinmeden daha fazla kuvvet uygulamas:
gerekir. Kamyonun uyguladig: diger kuvvetler i¢in de bu aynidir. Sabit hiza gelene
kadar arabaninki biiyiiktiir. Hiz sabit oldugunda kuvvetler esittir.

23) Sabit hiza ulagsana kadar araba kamyona daha ¢ok kuvvet uygular.

24) Kuvvetler esit olsaydi cisimler ya durur ya sabit hizla hareket ederdi.

25) Ciinkii araba kamyonu kendi yoniinde hareket ettirmektedir.

26) Cilinkii araba kamyonu itecek. Onun igin de bir kuvvet uygulamasi gerekir.

27) Arabamn uyguladig: kuvvet biiyiik olmazsa kamyonu hareket ettiremeyeceginden
dolay1 arabanin uyguladig kuvvet biiytiktiir.

28) Birbirlerini hareket ettirmek i¢cin hizlarinin (birbirlerine uyguladiklar: kuvvet) farkl

olmali ki hareket etsinler.

(d) Arabanin motoru ¢alistigindan dolayi, araba kamyonu iter, ancak kamyonun motoru
calismadigindan dolay1 kamyon arabaya kars: bir kuvvet uygulamaz. Kamyon, arabanin yolunda
oldugundan dolay1 sadece itilir.

1)  Cinkii kamyondan higbir etki olmadig1 igin her ikisinde de kuvvet etkisi olmaz.
2)  Araba kamyonu itmeye basladig1 zaman, sanki kamyon bir kuvvet uyguluyor gibi gelir.
Ama kamyon harekete bagladiginda kamyonun arabaya yaptig1 kuvvet ihmal edilir.

3)  Ciinkii kamyon calismiyor ve arabaya da fazla kuvvet uygulamaz.

QUESTION 9

(a) Arabanin kamyona uyguladig1 kuvvet ile kamyonun arabaya uyguladig1 kuvvet esittir.

1)  Kuvvetler esit olsaydi cisimler ya durur ya da sabit hizla hareket ederlerdi.

2)  Esit. Clinkii sabit hizla yola devam edebilmeli.

3) Hiz sabitse zaten uygulanan kuvvetler de esit olur.

4)  Kuvvet sabitlesir.

5)  Araba sabit hiza ulastiktan sonra ikisin birbirine uyguladigi kuvvet esittir.

6)  Araba kamyona karsi uyguladigi kuvvet kamyonu etkilemez. Ciinkii araba kamyonu
ittirdikten sonra kamyon biraz ilerledikten sonra geri geri gelerek arabay1 geriye yani
ters kuvvet uygular. Bu yiizden ikisinin de uyguladigi kuvvet esittir.

7)  Esittir. Clinkii kamyon arabanin uyguladig1 kuvvetle hareket eder.

8) Ikisi de ayni hizla gittigi icin kuvvetler esittir.

9)  Sabit hiza ulagilmistir.

10) Araba kamyonun devrine esit oldugunda sabit hizla gider. Yani esittir.
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11)
12)
13)
14)
15)
16)

17)

Kuvvetler esitlenir.

Birbirine esittir. Sadece arabanin hizi vardir kuvvet olarak.

Sabit hiz icin ikisin de uyguladig1 kuvvetler bir olmali.

Ikisinden biri biiyiik olsa araglar ya yavaslar ya da hizlanir.

Her iki kuvvet birbirine esit olur.

Her iki araba da sabit hiza ulastiginda kiitle miktar1 ortadan kalkar. Artik birbirlerine
kars1 uyguladiklar: kuvvetler esitlenir.

Araba sabit hiza ulastig1 icin etki tepki prensibinden uygulanan kuvvetler esittir.

(c) Arabanin kamyona uyguladig1 kuvvet, kamyonun arabaya uyguladig: kuvvetten biiy{iktiir.

1)
2)

3)
4)
5)
6)
7)

8)
9

10)

Hiz sabitlendigi icin artik arabanin uyguladig1 kuvvet kamyondan biiyiiktiir ve onu iter.
Clinkii bir seyi ilerletmek icin belli biiyiikliikte ( yani diger cismin daha fazla) bir kuvvet
uygulanmali ki cisim hareket edebilsin.

Araba calistig igin

Kamyonun hareket edebilmesi i¢in daha fazla kuvvet uygulamasi gerekir.

Araba daha biiyiik bir kuvvet uygular ve kamyonu itmeye devam eder.

Araba itiyorsa, arabanin kuvveti kamyondan biiytiktiir.

Arabanin motorundan dolay: araba kuvvet alir. Kamyona uyguladig: kuvvet daha
biiytiktiir.

Ciinkii kamyonu itecek kuvvete geliyor.

Cisimler birbirlerine kiitlelerinden dolay1 bir kuvvet uygularlar. Ayrica momentuma
gore kiitlelerin yaminda hizlar1 da énemlidir

ittiriyor.

(d) Arabanin motoru ¢alistigindan dolay1 araba kamyonu iter, ancak kamyonun motoru

¢alismadigindan dolay1 kamyon arabaya kars1 bir kuvvet uygulayamaz. Kamyon , arabanin

yolunda oldugundan dolay1 sadece itilir.

1)
2)
3)
4)
5)

Kamyon arabanin yolunda ve itiliyor. Bu yiizden arabanin uyguladig1 kuvvet vardir.
Kamyon arabanin yolunda oldugu igin itilecek.

Kuvvet uygulandiginda arabanin kuvveti biiyiik olmali ki kamyonu itmelidir.
Kamyon sanki arabaya kuvvet uygulamiyormus gibi gelir.

Tek yonlii kuvvet uygulanmaz.

(e) Ne araba ne de kamyon birbirlerine kuvvet uygular. Kamyon arabanin yolunda oldugundan

dolay1 sadece itilir.

1
2)
3)

Kamyon yeterli hiza ulasinca arabaya kuvvet uygulamaz. Kamyon da ilerler.
Sabit hiza ulastig1 i¢in birbirlerine kuvvet uygulamazlar. Sadece itilir.
Sabit hiza ulastiklarindan dolay1 herhangi bir kuvvet uygularsa ya yavaslar ya da

hizlanir. Onun igin sabit ulastiktan sonra birbirlerine kuvvet uygulamazlar.
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4)  Ciinkii kamyon arabamn yolunda oldugu icin sadece itilir.

5)  Sabit hiza ulagtiklar1 igin.

QUESTION 10

(a) Halat tarafindan yukar1 dogru etkiyen kuvvet, asagiya dogru olan yercekimi kuvvetinden daha
biiyiiktiir.

1) Halatin uyguladigi kuvvetle hem cisme uygulanan yercekimi kuvvetine cevap verilir,
hem de halatin kisalmasi saglanarak asansor yiikseltilir.

2)  Cekiyor

3)  Yergekimine kars1 koymaktadir.

4)  Yercekimi biiyiik olsa asag1 iner. Halatin uyguladig1 kuvvet biiyiik oldugu i¢in yukar1
gikar.

5)  Sirtiinmeler 6nemsiz oldugu i¢in Halat kuvveti yercekimi kuvvetinden biiytiktir.

6) Asansoriin yukari ¢ikabilmesi icin halattaki kuvvetin biiyiik olmasi gerekir.

7)  Cisim yukar gittigi icin

8) Daha biiyiik olmal1 ki yukar1 dogru ¢ikabilsin.

9) Halat tarafindan yukar1 dogru etkiyen kuvvet daha biiyiik oldugu icin hareket eder.
Kiictik olsaydi asansor hareket etmezdi.

10) Halat yukar1 dogru ¢ektiginden yercekiminden daha biiyiik kuvvet uygular. Eger
halatin kuvveti az olsa asansor yerinden oynamaz.

11) Halat yukar1 dogru ¢ektiginden yercekiminden daha biiyiik kuvvet uygular. Eger
halatin kuvveti az olsa asansor yerinden oynamaz.

12) Yercekiminden kuvvetli

13) Ciinkii halat kuvveti biiyiik olmasaydi asansor yukar: ¢ikamazdi.

14) Halat tarafindan uygulanan kuvvet yercekimi kuvvetinden kiigiik olsayd1 asansor asag1
dogru giderdi. Fakat asansor sabit hizla yukar1 dogru ¢iktigindan halatin uyguladig:
kuvvet daha fazladur.

15) Ciinkii halatin kuvveti yergekiminden kiigiik olsa asansor asagi iner.

16) Halat tarafindan uygulanan kuvvet biiyiiktiir. Ciinkii kiigiik olsayd1 asansor yukariya
¢gkmazdi.

17) Halat yercekimi kuvvetinden biiyiik oldugu i¢in yukariya ¢ikar.

18) Ciinkii halat tarafindan yukar1 dogru etkiyen kuvvet yercekimine esit olsayd1 asansor
hareket etmezdi.

19) Yergekimi kuvvetinden biiyiik oldugu igin yukartya dogru hareket eder.

20) Haltin kuvveti yercekimi kuvvetinden fazla oluyor i yukariya dogru cekiyor.

21) Yergekimine karg1 koyar.

22) Asagidaki kuvvet yukaridakinden biiyiik olursa asansor yukariya ¢ikmaz.

23) Yukar ¢ikabilmesi i¢in halatin uyguladigi kuvvet daha ¢ok olmalidir.
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24) Ciinkii halat yercekimini yendigi icin asansor yukariya cekiliyor.

(b) Halat tarafindan yukar1 dogru etkiyen kuvvet, asagiya dogru etkiyen yercekimi kuvvetine esittir.
1)  Yukariya etkiyen kuvvetle asagiya etkiyen kuvvet birbirine esittir.
2)  AsansOr sabit hizla yukariya ¢iktig igin halat tarafindan yukariya dogru etkiyen kuvvet,
asagiya dogru etkiyen yercekimi kuvvetine esittir.

3) Kuvvetler esit olmasaydi sabit hizla gidemezdi.

(d) Halat tarafindan yukar1 dogru etkiyen kuvvet, asag1 dogru etkiyen yercekimi kuvvetiyle, asag1
dogru etkiyen hava basing kuvvetinin toplamindan daha biiyiiktiir.

1) Halat yer¢ekimine karg1 bir kuvvet uyguluyor.

2)  Yercekimi ve basingtan biiyiik olmasa hareketsiz kalir.

3) Asagi dogru G asansor agirligi ve yukar: dogru olan T ip gerilmesi vardir. Normalde T>
G + Basing etkilidir.

4)  Asagiya dogru bir yergekimi kuvveti etkir. Ayrica hava da bir basinca sahiptir. Hava
sikisinca asagrya dogru bir basing uygulayacaktir. Ancak soruda asansoriin sabit hizla

yukar1 dogru ¢iktigini 6grendik. O halde halatin uyguladig: kuvvet daha biiytiiktir.

(e) Yukaridakilerin higbiri. ( Asansor celik halatlar tarafindan {izerine yukar1 dogru etkiyen bir
kuvvetten degil, halatin kisalmasindan dolay1 yukari cikar.)
1)  Halat yukar1 dogru cekilir ve asansor yukari ¢ikar.
2)  Asansor halat tarafindan ¢ekildigi icin bir kuvvet uygulamaz.
3) Halat kisaldikca yukari, halat saldik¢a asag1 iner.
4)  E gsikkini destekliyorum ama tabi ki de yer¢ekimi kuvveti de vardir. Asansorii asagiya

dogru ¢ekmek isteyecektir.

QUESTION 11

(b) 1ve2
1)  Cocuk dengede kalip hareket eder.
2)  Ciinkii agagiya dogru bir yercekimi uygulanir. Bu da hizini etkiler ve ipin de gerilme
kuvveti vardir.
3)  Yergekimi olmak zorunda zaten. A’ dan O’ ya uygulanan kuvvet oldugu igin kisi
diismeden durur.

4)  Yergekimi daima etki eder. Ipin de A’ dan O’ ya dogru bir kuvveti vardr.

(c) 1lve3
1)  Asagi dogru agirliktan dolay1 ¢ekim kuvveti ve cocugun hareketi yoniinde bir kuvvet

2)  Agirhg var
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3)  Yercekimi zaten etkilidir. Cocuk nereye dogru hareket ederse kuvveti de yle etkiler.
4)  Ciinkii cocugu asag1 dogru yercekimi kuvveti uygular. Cocugu ok yoniinde kuvvet

uygulandiginda hizlanir. Cocugu etkiler.

(d) 1,2ve3

1) Kuvvet O’ dan A’ ya degil, A’ dan O’ yadir.

2)  Yergekimi her zaman etki eder. Ip dengeye gelmek icin kuvvet uygular. Cocuk da o yone
gitmek istediginden kuvvet uygular.

3)  Yergekimi cocugun agirhigindan dolay1 O’ ya uygulanan kuvvet, cocugun hareketinden
dolay1 olan kuvvet,

4)  Cocuk yercekimine bagli olarak bir kuvvet uygular. Ip de ¢ocugun kiitlesine bagh
kuvvet uygular.

5)  Cocugun bir kiitlesi oldugu icin ¢cocugun hareketi yoniindeki kuvvet cocugun hareketi
dogrultusunda A’dan O’ ya dogru ip kuvveti ve yercekimi kuvveti etkiler.

6) Agirhigin etkisiyle her tic kuvvete uygulanir.

7)  Cocuk belirli bir kuvvet ile sallanmaya baglayacag1 icin hareket yoniinde kuvvet,
yergekimi, agirhigindan dolayi ipte olusan kuvvet

8) A noktasi merkeze kuvvet uygular. Cocugun agirlig vardir.

(e) 1,3ve4
1)  Biitiin cisimlere yergekimi kuvveti etkir. Ayrica hareket yéniinde bir kuvvet ve
merkezkag kuvveti etkir.
2)  Asagiya dogru cocugun agirhigs, ip gerildigi icin O" dan A’ ya, belli bir a¢1 oldugu igin
¢ocuk hareket eder ve o yone kuvvet uygular.
3)  Yercekimi her zaman etki eder. Cocugun sallanabilmesi i¢in hareket yoniinde kuvvet

gerekir. Cocuk agir yercekimi var

(®
1)  Yalniz 3. Cocuk sallantyor o yonde de kuvvet olur.
2) 1,2,3ve4.Ip gerilmesi sebebiyle A’ da O’ ya, O’ dan A’ ya bir kuvvet uygulanir.
Cocugun agirlig1 ve hareketi sebebiyle yergekimi kuvveti ve hareket yoniinde bir kuvvet
uygulanur.
3) Merkezsel kuvvet etki eder. Yani ¢cocuk dairesel hareket yaptig1 icin kiitlesiyle ve hiziyla

dogru orantili, O” dan A’ ya olan uzakligin karesiyle ters orantilidir.
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QUESTION 12

®) ...
1)

2)
3)
4)
5)
6)
7)
8)

() ...
1)
2)
3)
4)
5)
6)
7)
(d)
1
2)
3)

1)
2)
3)
4)

Motorlar ¢alisinca b’ ye dik olacak sekilde kuvvet olusuyor. Ve bagka kuvvet olmadig:
i¢in dogrusal oluyor.

B yolunu izler. Hizindan dolay1 saga sola saptama yapmaz.

Ciinkii koketi ateslediginde yerden aldig1 kuvvetle dimdik ¢ikar.

B dir Ciinkii filmlerde gérdiiglimiiz gibi hep dik cikiyor.

Sabit bir kuvvet oldugu i¢in diiz gider.

Ayni yonde hareket eder.

Roketin motoru ¢alistirthiyor ve de ab ¢izgisine de dik olacagindan dolay: B sikkidur.

Roket ¢ noktasina varana kadar B sikkindaki yolu izler.

Sabit hareketle uzaya gittiginden dolay1

Kuvvetlerin bilegkesi ¢ sikkidir.

Motoru b noktasinda ¢alistig1 igin ¢ seklini alir.

Dik ¢ikamaz. Ciinkii havanin kuvvet uygulamasiyla capraz olarak yiikselir.
Havanin etkisiyle yamulur.

Sabit hizla gittiginden ve uzaya gittiginden dolay1

Rokete yatay ve dikeyde bir kuvvet uygulandig1 i¢in roket bunlarin bileskesinde gider.

Ciinkii o hizin1 biraz sabitledikten sonra yukar1 dogru ¢ikmaya baslar.
B’ den sonra yuvarlak bir hareket yaparak c noktasina ulasir.

Roket b noktasindan énce sabit gidip sonra hizini artirip sabit gidecektir.

Besinci sorudaki cevabin bir benzeri.
Her iki kuvvetin etkisinde bdyle bir hareket yapar.
Vektorel diistintildiigiinde bileske E deki gibidir.

B’den itibaren motor ¢alisiyor. B’ den ¢ikinca yavas yavas 1sinarak yukari dogru ¢ikar.

(f) 1) Biraz siiriiklenme etkisinden dolay1 egim yapar sonra dik cikar.
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QUESTION 13

(a) Sabittir.

1)  Ciinkii yukariya dogru kuvvetin biiyiikliigii sabittir.

(b) Strekli artar
1)  Ateslenme yapryor siiritklenme hizindan fazla
2)  Siirekli artan bir hiza sahiptir.
3) Ilk hiz1 0 olduguna gore C’ ye gelene kadar artar hizina ulaginca sabit kalir
4)  Motoru calistig1 icin siirekli artar.
5)  Yukariya dogru kuvvet uygulamak zorunda.
6)  Higbir kuvvet etki etmiyor da o yilizden
7)  Siirekli bir itme oldugu icin hizi siirekli artar.

8) Roketin motoru siirekli ¢aligirsa hizi siirekli artar.

(c) Surekli azalir.
1)  Itme kuvveti sabit ve yergekimi kuvveti vardir. Bu yiizden roketin hiz siirekli azalir.
2)  Sabit bir itme oldugu icin belirli bir siire sonra duracaktir. Ve hiz1 azalir.

3)  Ciinki yukari ¢ikarken hizi yergekiminden dolay: azalir.

(d) Bir siire artar ve sonra sabit kalir.
1)  Yercekimi azalana kadar yiikselir. Etki azaldiktan sonra sabit alinir.
2)  Bir siire artar. Havaya ciktik¢a uzaklastik¢a azalir.
3) Motoru galistigindan ve kuvvet uygulandigindan bir siire hizlanur. Sonra yavaslar.
4)  Altina sorudaki cevabin bir benzeri
5)  Kuvvetin etkisiyle belli bir hiza ulasir ve daha sonra sabit kalir.
6) Agirhigindan dolay: bir siire hizi artar sonra sabit kalir
7)  Yercekime kars: hareket ettiginden bir siire hiz1 artar ve uzaya ¢iktiktan sonra hiz
sabitlenir.
8) Havann siirtiinmesinden dolay1 azalir.
9) ivme
10) Motor 1sinana kadar artar ve daha sonra sabit kalir.
11) Roket calistiktan sonra hizi artar sonra sabit kalir.
12) Bir siire artar sonra sabit kalir.
13) Etki azaldiktan sonra sabit olur.
14) Roket gittigi zaman hizi artar bir siire sonra sabit hizla gider.
15) Motorun caligmasiyla hizda bir artma meydana geliyor. Sonra ayn1 hizla gittiginden hiz

sabit kaliyor.
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(e) Bir siire sabit kalir ve sonra azalir.
1) B ve Cnoktalar1 arasinda hizi bir siire sabittir. Daha sonra azalir.
2)  Yercekimi kuvveti yapilan hiz1 yavaglatir.

3)  Yercekimi kuvveti hizini azaltir.

QUESTION 14

(@)
1)  Eski yoniine geri donme ¢abasindadir.
2) Itme hareketinden sonra sifira diisiiyor. Ama sabit hizla gidiyor. Bu degismez.

3)  Sabit kalir. Yercekimi kuvveti olmadigindan.

1)  Ayni ydnde hareket edecektir ¢iinkii higbir kuvvet etki etmiyor.

2)  Uzayda yergekimi olmadigindan hareketine devam eder.

3) Eylemsizlik sebebiyle roket hareketini devam ettirmek ister.

4)  Sabit hizla hareketine devam edecektir.

(d)
1)  Ciinkii itme sifirlandiktan sonra asagiya dogru diisiis gozlenir.
2)  Hiz grafigi azalan bir paraboldiir.
3) Tekrar yavas yavas siiriiklenmeye baglar.
4) Mz disiiriiliince roket yercekimi etkisiyle diisme oluyor.
5)  Motor durdurulunca bir siire daha aldig1 kuvvetle gider sonra diismeye geger.
6) Durduruldugundan dolay1 asagiya dogru bir kuvvet uygulanacak.
7)  Kendisi biraz daha gider ve yavaslayarak durur.
8)  Hiz1 0 olunca yercekimi etkisi ile alcalur.
9) Giderek hizi azalir.
10) Motor durduruldugunda roket siirekli bir azalma meydana geliyor.
@)

1) E’ deki gibi gider. Hiz1 aniden durduruldugu icin asagiya dogru yonelir.
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(0

1)  Yercekiminden dolay1 asag iner.

2)  Yercekiminden dolay1 asag1 iner

QUESTION 15

(b) “a” dgrencisi “b” dgrencisine kuvvet uygular, fakat “b”, “a” {izerine hi¢ kuvvet uygulamaz.
1)  Ciinkii sadece a 6grencisi kuvvet uyguluyor.
2) B dgrencisi sabit duruyor.
3) A dgrencisi B’ den daha agirdir. Daha ¢ok kuvvet uygular.
4) A dgrencisi b 6grencisine kuvvet uyguladig; icin ikisi de hareket eder.
5)  Ciinki ilk kuvveti uygulayan a 6grencisidir. Ayrilirken hala kuvvet uygulamaya devam

eder.

(c) Her iki 6grenci de birbirine kuvvet uygular, fakat “b” daha fazla kuvvet uygular
1) B 6grencisi sabittir.
2) A B yiiterken kendi agirhigim diisiiriir. Bundan dolay1 B A’ ya fazla kuvvet uygular.

3)  Ciinkii a’ nin agirhigi daha biiyiiktiir ve geri gitmesi daha zordur.

(d) Her iki 6grenci de birbirine kuvvet uygular, fakat “a” daha fazla kuvvet uygular.

1) A’ daki 6grenci kuvvet uyguladiginda birbirine kuvvet uygularlar. “a” fazla kuvvet
uygular.

2)  Ciinkii a daha agir. Ve yaptig1 hareketten kendisi de etkilenir. A yere bassaydi sadece b
geri giderdi ama tekerlegin hareketinden dolay a da gidiyor.

3) Ciinkii iten a 6grencisidir. A 6grencisi daha biiyiik kuvvet uygular. B 6grencisinin
ayaklari yere degdiginden daha yavastir.

4) A dgrencisinin kiitlesi daha fazla oldugu igin ve b 6grencisinin sabit oldugu nedeniyle a
daha fazla kuvvet uygular.

5) Kilosu fazla oldugu icin

6) Her ikisi de birbirine kuvvet uyguluyor ¢iinkii her etkiye kars1 bit tepki kuvveti vardir.
Fakat a daha fazla kuvvet uygular.

7) B’ de de belli bir potansiyel kuvvet vardir.

8)  Ciinkii a iter ve bu yiizden b daha fazla gidecektir.

9) A’ daki daha fazla kuvvet uyguluyor. Ciinkii a’ daki ayaklarimi b’ dekine koyuyor.
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10) Ciinkii kendi agirhig: karsidakine a’ ya etki eder.

11) Ciinkii a 6grencisinin agirligi b 6grencisinden hem fazla hem de ilk olarak kuvveti a
uyguluyor.

12) Bir yere kuvvet uygulayinca tepki kuvveti olusur. Kuvvet m’ ye bagl oldugu igin a daha
fazla uygular.

13) B 6grencisinin A’ nin agirligina gore eylemsizligi vardir.

14) Etki-tepki prensibinden a, b” ye belirli bir kuvvet uygular ve daha sonra her ikisi de
geriye gider. Fakat a daha da hareket eder.

15) A daha fazla kiitlelidir. itme teknigi giizel oldugundan daha fazla.

16) Bunun sebebi, a 6grencisi b’ yi iterken b arkaya dogru itilirken itme kuvveti A’ y1 arkaya
iter boylece ikisi birbirine kuvvet uygular.

17) Iten 6grenci kendisine dogru bir tepki kuvveti alir ama a’nin kuvveti daha biiyiiktiir.

18) Agirligi oldugundan.

(e) Her iki 6grenci de birbirine esit biiytiikliikte kuvvet uygular
1)  Etki= Tepki
2)  Ciinkii etki tepki esit.
3) A’ ninyaptigr agirlik kuvvetine tepki olarak b ona esit bir kuvvet uygular.
4) B, A’ nin uyguladig1 kuvvete kars1 tepki uyguluyor. Fakat b daha fazla hareket eder.
Cunki b daha hafiftir

5)  Ayni kuvveti uygularlar. Ama b daha hafif oldugu i¢in daha ¢ok uzaklagir.

QUESTION 16

(c) 1lve3
1)  Ciinkii havada iken yercekiminden dolayi yere dogru yonelecek. Topun i¢indeki
havayla top havadadir. Riizgarin etkisiyle yoniinii etkiler.
2)  Vurmayla olusan kuvvet top ile raketin birlestigi anda olusur.

3)  Yercekimi ve hava siirtiinmesi topa etki eder.

(d) 2ve3
1) Riizgar etkisi
2)  Vurmayla olusan kuvvet. Ciinkii tenis oyuncusu raketiyle beraber bir kuvvet
uygulayarak kars1 rakibin sahasina dogru topa kuvvet uygulayarak atryor. Hava
tarafindan uygulanan kuvvet riizgarin yonii topun gidis yoniinii etkiler.
3) Havakarsiya dogru topa ceker, kuvvet uygular. Vurma zaten en biiyiik kuvvet.
4)  Vurmayla olusan kuvvet ve riizgarin esme yonii etkilidir. Hava tarafindan uygulanan

kuvvet topun yavaslamasini saglar ve yercekimi ise topun diismesini saglar.
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5)  Topun raketten ayrildiktan sonra havanin uyguladig: kuvvet ve kiitlesi nedeniyle
yergekimi kuvveti etkiler.

6) Hava riizgarh oldugu i¢in kuvvet uygular. Vurmayla olusan kuvvet.

(e) 1,2ve3

1) Topun agirhigindan dolay: yercekimi kuvveti vardir. Eger riizgar oyuncunun topa
vurmastyla olusan kuvvete ayni yondedir. Bundan dolay: rakip sahaya diisiiyor. Eger
riizgar zit yonlii olsaydi ve oyuncunun kuvvetine esit olsaydi kendi sahasina diiserdi.

2)  Topa vurunca hepsi etki eder. Riizgar etkisiyle kavis alir. Yercekimi etkisiyle yere
yonelir. Vurulmayla kars: tarafa gider.

3) Topun agirhgindan dolay: yergekimi kuvveti, raketin topa vurus kuvveti, riizgarin topa
uyguladig kuvvet

4) Hava siirtiinme ile hizin1 azaltir. Yercekimi ile de yere diiger.

5)  Ciinkii asagiya dogru bir yercekimi olusur. Vurmayla bir kuvvet olusur ve hava
tarafindan uygulanan kuvvetle topun yonii degisir.

6) Riizgarin bir etkisi vardir yani hava kuvveti etki eder. Diger ikisi kesinlikle etki eder.

7)  Tenis topuna raketin uyguladig1 kuvvet, yercekim kuvveti ve havanin uyguladig:
kuvvet etki etmektedir.

8) Her iicii de tenis topunun iizerinde etki eder.

9)  Yergekimi kuvveti her zaman etki eder. Vuruyoruz bir kuvvet harcryoruz. Hava riizgarh
bir de onun etkisi

10) Vurmak da bir kuvvettir. Yercekimi her zaman etki eder. Hava da kuvvet uygular.

11) Yercekimi etki edecektir. Tenisci raketiyle vurduktan sonra olusacak kuvvet vardir. Ve
riizgar etki ettiginden dolay1 topa etki edecektir.

12) Topun agirlig: ve riizgarin siddeti topun hareketini etkiler.

13) Asag1 dogru yercekimi kuvveti vardir. Yoksa top yere diismez. Vurmayla olusan kuvvet
vardir. Yoksa top ilerlemez. Hava tarafindan uygulanan kuvvet de vardir. Ama
vurmayla olusan kuvvet bunu destekler ya da azaltir.

14) Yergekimi olmak zorunda. Kuvvet olmasaydi top hareket etmezdi. Hava akimimin da

etkisi vardir.
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