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ABSTRACT

DEVELOPMENT AND EVALUATION OF A PROGRAMMABLE

SIMULATION TOOL FOR LEARNING PHYSICS

Tunca, Erkin

M.S., Department of Secondary Science and Mathermatics Education

Supervisor: Assist. Prof. Dr. Ali Eryilmaz

December 2003, 252 Pages

This study developed the software named as “Physical World” which is a
virtual laboratory program focusing on Newtonian Physics, which supports two
modes called the “studying by observation” and “studying by programming”. In
“studying by observation” mode, the motion is calculated due to equations known by

the computer. And in “studying by programming” mode, students write equations of

il



motion and the computer calculates motion due to those equations. A total of six
high school second grade students studied force and motion concepts, using Physical
World with assistance of one instructor, six hours each. Two of the students studied
with “studying by observation”, two of the students studied with “studying by
programming”, and two of the students studied with use of both of the modes. All
students received a test with 10 items chosen from FCI as a pretest and received the
same test as a posttest. Students’ test results were examined to find effects of
Physical World’s two modes and use of both of the modes over misconceptions
about physics. Their actions and responds were examined to find Physical World’s
effects on scientific thinking for each of the three groups. Four specialists from
related fields examined the software and filled evaluation forms and stated
feedbacks.

From the responds of students during the studies, evidence of positive effect
of using the “studying by programming” mode on scientific thinking was found. And

evidence of positive effect of using both modes on misconceptions was found.

Keywords: Programming, Physics education, Java, Programmable simulation,

Modelling, Misconceptions, Physical World
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FiZziK OGRENIMI ICIN PROGRAMLANABILIR SIMULASYON ARACI

GELISTIRILMESI VE DEGERLENDIRILMESI

Tunca, Erkin

Yiiksek Lisans, Orta Ogretim Fen ve Matematik Alanlari Egitimi Béliimii

Tez Yoneticisi: Yrd. Dog. Dr. Ali Ery1lmaz

Aralik 2003, 252 Sayfa

Bu calisma Newton fizigine odaklanan, “g6zlemleyerek calisma™ ve
“programlayarak calisma” adli iki modu destekleyen “Fiziksel Diinya” adl1 sanal
laboratuar programim gelistirdi. “Gozlemleyerek calisma” modunda hareket,

bilgisayarin bildigi denklemlere gore hesaplanmaktadir. “Programlayarak ¢alisma’

modunda ise 6grenciler hareket denklemlerini yazmakta ve hesaplamalar bu
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denklemlere gore yapilmaktadir. Toplam alt1 lise iki 6grencisi altisar saat Fiziksel
Diinya’y1 kullanarak, bir egitmen yardimi ile, kuvvet ve hareket kavramlarini
calistilar. Iki 6grenci “gdzlemleyerek ¢aligma” modu, iki 6grenci “programlayarak
calisma” modu ve iki 6grenci her iki modun karisimi ile ¢alistilar. Tiim 6grenciler
FCI’dan segilmis 10 soruluk bir kuvvet kavram testini 6n test ve son test olarak
aldilar. Ogrencilerin test sonuglari, Fiziksel Diinya’nim iki modunun ve iki modun
birlikte kullaniminin, kavram yanilgilari {izerinde etkilerinin bulunmas i¢in
incelendi. Ogrencilerin calismalar sirasindaki faaliyetleri, her grup icin, Fiziksel
Diinya’nin bilimsel diisiinme iizerindeki etkisinin bulunmast i¢in incelendi. flgili
alanlardan dort uzman, yazilimi inceledi, degerlendirme formlar1 doldurdu ve geri
bildirimlerde bulundu.

Ogrencilerin calismalar sirasindaki faaliyetlerinden, “programlayarak
calisma” modunun bilimsel diisiinmeye pozitif etkisi i¢in kanitlar bulundu. Ve iki

modun birlikte kullaniminin kavram yanilgilarina pozitif etkisi i¢in kanitlar bulundu.

Anabhter kelimeler: Programlama, Fizik egitimi, Java, Programlanabilir simiilasyon,

Modelleme, Kavram yanilgilari, Fiziksel Diinya
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CHAPTER 1

INTRODUCTION

Watching The Eiffel Tower of Paris is a delightful feeling. Nevertheless, this
feeling cannot teach us how the wonderful 300 meters high tower resists 7175 tons
since 1889. To learn how, one should investigate the principles that lie underneath
the consequence. And to learn the best, one should build a tower like The Eiffel. At
schools and in many other environments, students are treated mostly like tourists
watching The Eiffel Tower, rather than engineers and scientists. Benefiting from
students’ curiosity, they should be given the opportunity to discover any principle
that lies underneath a mechanism. Without knowing the principles of a mechanism,
no scientist can find a certain solution. Every educational system should examine
how much a student is given the opportunity to discover principles and how much it
is expected from her/him to find certain solutions to problems. Generally students are
not given adequate opportunity of discovery to satisfy their curiosity, but solving
difficult problems is always expected. This contradictory approach is a common

situation in education.



Educational computer applications are a part of the contradiction as well.
Many educational computer applications do not support enough interactivity. Many
of them have no advantage over written material. Computers are cost effective
resources for science education when used properly. This study focuses on a proper
way of computer usage in physics education, which is the development and
evaluation of an educational computer application, which enables students to
manipulate the motion of particles in a virtual laboratory by “programming”. The
purpose of the application is to present opportunities for students to watch,
investigate and build The Eiffel Tower.

Educational simulations are designed to teach someone about a system by
observing the result of actions or decisions through feedback generated by the
simulation in real — time, accelerated time, or slowed time. There are three major
design components to an educational simulation: the underlying model, the
simulation’s scenario, and the instructional overlay. The underlying model refers to
the mathematical relationships. The scenario presents the simulation in either a real
or an imaginary situation. The instructional overlay includes any features, options, or
information embedded in the simulation to help the user (Rieber, 1996).

Simulation systems offer a simple route to the study of possible models, of
varying degrees of complexity, for a physical problem. By using microcomputers,
two alternatives are possible: to use simulation software, where the models are
produced by a programmer and the students can only change the input parameters; or

to teach students the rudiments of some programming language in order to simulate a



fairly simple system on any microcomputer. The first alternative is concerned with
model analysis rather than with modeling, the second has shown good results at
university level with students who were already familiar with one computer language
(Andaloro, Donzelli and Sperando-Mineo, 1991). The approach here points at an
important condition that programming shows good results at university level with
students who were already familiar with one computer language. In this study,
Physical World aims to overcome that condition. First, Physical World aims to
address at high school students with simplified usage. Second, Physical World aims
to address at students who may not know a computer language. Physical World
offers a simple script language which requires only simple calculus knowledge and
simple typing skills. This script language is designed to provide scientific concepts
by use of certain descriptors. These descriptors are taken from Hestenes’s (1986)
theoretical approach to modeling; “There are three types of descriptors: object
variables, state variables, and interaction variables. Object variables represent
intrinsic properties of the object. For example, mass and charge are object variables
for an electron, while moment of intertia and specifications of size and shape are
object variables for a rigid body... State variables represent intrinsic properties with
values which may vary with time. For example, position and velocity are state
variables for a particle... An interaction variable represents the interaction of some
external object (called an agent) with the object being model. The basic interaction
variable in mechanics is the force vector...” Physical World follows exactly the

same approach, providing variables for each of the descriptor types.



Flick (1990) points at an important consideration. The interaction of intuitive
physics with computer simulated physics results a limited level of learning. When
students are not aware of Newtonian Physics, they tend to learn physics intuitively.
This intuition is directed by their conceptions about motion. When a computer
simulated physics case is presented to a student, they make use of their conceptions
to understand the case. Therefore computer simulations do not help changing
intuitive conceptions. A study conducted by Flick (1990) shows evidence for this
consequence. In the study students with an average age of 12 years used a computer
application where the keyboard inputs were meant to be force. By using keyboard,
students were allowed to apply forces in any direction and observe motion through
the simulation. When this application is compared with common virtual physics
laboratories, it is even more interactive, though its results show limited effect on
understanding physics concepts. The same case is true for simulation tools that do
not guide students through mathematical representations of motion. Students can
achieve certain goals when they represent motion mathematically.

“What is the reason underneath this event?” is a common question what
makes a scientist. Newton asks for the reason underneath the elliptical path of the
earth around the sun. In general, physicists ask for the reason underneath “motion”.
Newtonian Physics offers key solutions to the problem of “motion”; time is the
independent variable of the universe, change in position is dependent on velocity and
time, change in velocity is dependent on force, mass and time, and force is dependent

on the states of the universe. The Newtonian Physics offers solutions to understand



the concept of motion with use of the logic of this dependency relation. When
written mathematically, this dependency relation is simply in the form of a second
order differential equation. This equation represents the force between two bodies
and when integrated twice, motion is obtained in the form of position dependent on
time. The theory is so strong that it is used for mechanisms at many complexity
levels. Motion of a mass tied to another with a spring, or motion of a Formula One
racing car, or motion of a space ship to go to Mars, or motion of our galaxy... Until
scales of time, mass, and displacement that play significant role in “Quantum
Physics” and “Relativity” are reached, Newtonian Physics solves the motion of every
case put forward.

In the development of physical simulation tools for educational purposes, the
Newtonian logic and theory is well known by the developers since a physical
simulation tool must operate exactly with right implementation of Newtonian
Physics. When a physically valid simulation tool is developed, it is sure that the tool
applies the rules of physics so that the output is realistic. In a manner, when such a
tool is developed, it is the computer who knows the rules the best. What about the
students? Can a student learn the logic of Newtonian Physics from a physically valid
simulation tool, which presents the right motion without any presentation of the
underneath principles? Imagine a simulation tool that presents a virtual laboratory,
where it is possible to construct and observe different experimental settings, but the
secrets of motion is only known by the computer. The computer gives information

on what the forces on the bodies of the experiment are, but it does not tell what



would happen if the forces were different. Recently, many of the physical simulation
tools fall in the category as described above. This study purposes to develop and
evaluate an alternative tool, letting high school students manipulate any variable in
an experiment by programming, and presenting the opportunity to learn the concept

of motion with a high order of thinking.

1.1 The Main Problem and Sub-problems

1.1.1 The Main Problem

The main problem of the study is the development and evaluation of a
programmable physical simulation tool, which is less computer oriented and more
science oriented, which provides a medium for high school students to study the
concept of motion with the use of their scientific thinking and creative skills.

The main problem has 2 major dimensions as (1) development and (2)
evaluation. These dimensions are subdivided in “1.1.2 The Sub-problems Related to

Development” and “1.1.3 The Sub-problems Related to Evaluation”.

1.1.2 The Sub-problems Related to Development
The following sub-problems related to development (SPD) will be put
forward to extend the software development problems of this study:

SPD1: Analysis of “why to develop a new application”.



SPD2: Analysis of “how to develop a programmable simulation tool, appropriate for
high school students, which is less computer oriented and more science oriented, for
learning physics”.

SPD3: Design of the simulation tool.

SPD4: Software implementation of the simulation tool.

1.1.3 The Sub-problems Related to Evaluation

The following sub-problems related to evaluation (SPE) will be put forward
to extend the evaluation problems of this study:
SPE1: Evaluation of the simulation tool as a teaching material for physics.
SPE2: Evaluation of the differences between “studying by programming” and
“studying by observation”.
SPE3: Evaluation of the simulation tool’s effects on reducing misconceptions of
students about force.

SPE4: Revision of the simulation tool according to the evaluation results.

1.2 Solutions of the Sub-problems of the Study
The general objective of the study is to develop and evaluate a programmable
simulation tool for learning physics, appropriate for high school students. The

general objective is attained by eight solutions for the sub-problem as seen below.



Solution of SPD1:

For answering the question “why to develop a new application”, an analysis
is conducted to prove that a new application is necessary to meet the needs of the
study, and no other existing application is cost-effective to use for the purpose of the
study. To do, the analysis examines three key points as (1) disadvantages of
development of a new application, (2) advantages of development of a new
application, and (3) requirements of the simulation tool. The analysis (as will be
mentioned in detail in Chapter 3) for this solution is a prerequisite for the next
solution stated below.

Solution of SPD2:

For answering the question “how to develop a programmable simulation tool,
appropriate for high school students, which is less computer oriented and more
science oriented, for learning physics”, an analysis is conducted to enlighten the key
points stated below:
¢ Choosing the computer programming language for development.
¢ Creating a simple programming language, which concentrates on physics concepts

and minimizes the computationally technical requirements, to be used by students.
¢ Designing the simulation tool to be compatible with the curriculum.
¢ Adding features to the simulation tool to compare the difference between “studying
by programming” and “studying by observation”.

Solution of SPD3:

The design of the simulation tool should attain the goals stated below:



¢ A simulation tool, which can be learned quickly by students.

¢ A simulation tool, as a virtual physics laboratory, which fosters students’ scientific
and creative skills.

¢ A simulation tool, which is able to spread over www (world-wide-web) and can be
widely used on different platforms (operating systems such as Windows or Linux).

¢ A simulation tool, which is extensible for various settings of virtual physics
experiments.

Solution of SPD4:

Software implementation of the simulation tool should attain the goals stated
below:

e Clearly written computer code to be easily maintained by software developers.

e Well-defined and reusable software modules (Modules such as “graphics package”,
“physical simulation package”, “mathematics package”, and “programming
language package”).

¢ Right use of Newtonian Physics.

e Appropriate teaching material for high school students to learn physics.

Solution of SPEL:

For the evaluation of the simulation tool as a teaching material for physics,
the goal is to collect comments and responds from high school students and
specialists. There are 3 types of specialists to evaluate the tool; (1) teaching material

designers, (2) subject matter specialists, and (3) teachers. The objective is to figure



10

out what the strengths and the weaknesses of the simulation tool are, from the
perspective of specialists and students.

Solution of SPE2:

For the evaluation of the differences between “studying by programming”
and “studying by observation”, the goal is to compare the two learning methods. The
goal is to find what advantages and disadvantages do each learning method has. To
do, specialist comments and responds must be collected and students must be
observed while using the simulation tool.

Solution of SPE3:

For the evaluation of the simulation tool’s effects on reducing
misconceptions of students about force, the two learning methods (as stated in
“Solution of SPE2”), must be held separately. Specialist comments and responds
must be collected and students must receive “Force Concept” tests. The goal is to
find which method has how much effect on reducing misconceptions of students
about force, and what the various reasons behind this probable reduction are.

Solution of SPE4:

The solution in revising the simulation tool is to reflect the evaluation results
to the tool as efficient as it can be in terms of the factors stated below:
e The simulation tool as an efficient physics teaching material.
¢ The simulation tool to foster scientific and creative skills of high school students.
e Increasing the simulation tool’s effect on reducing the misconceptions of students

about force.
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1.3 Definition of Important Terms
The following definitions are the definitions of the important terms related to
this study.
Simulation: Imitation or representation of an experimental setting.

Physical simulation: Type of simulation, which is calculated due to physical rules.

Simulation tool: A computer application, which presents a simulation or simulations.

Virtual laboratory: A simulation tool, which simulates interactive laboratory, where

multiple sets of experiments can be held.
Programming: A set of coded instructions that enable a machine, especially a
computer, to perform a desired sequence of operations.

Programming language: An artificial language used to write instructions for

programming a computer.

Java: A trademark used for a programming language designed to develop
applications, especially ones for the Internet, which can operate on different
platforms.

World-wide-web: The complete set of documents residing on all Internet servers that

use the HTTP protocol, accessible to users via a simple point-and-click system
(Abbreviation: www).

Java Applet: A Java application; an application program that uses the client's web
browser to provide a user interface.

Software implementation: Production of instructional lines by programming to form

software applications.
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Software module: A portion of a program that carries out a specific function and may

be used alone or combined with other modules of the same program.

Object oriented design: A software design method in which a system is modeled as a

collection of cooperating modules.

Extensibility of software: A program that can be modified by changing or adding

features.

Misconceptions about force: All ideas about force, which are inconsistent with

Newtonian Physics.

Equation of motion: Either an explicit or implicit equation that describes the motion

of a physical setting. In physical simulations, equations of motion are mostly written
in the form of a second order differential equation, which represents acceleration of a
mass.

Variable manipulation via programming: Setting intended values to the variables in a

simulation, using either constants or functions, via a programming language.

Programmable simulation tool: A computer application, which runs a simulation,
that is capable of compiling a specific programming language, and performing the

commands given in the programming code.

1.4 Significance of the Study
Generally, use of learning by programming for science education has been
understood as a challenging and risky method. The reason behind this understanding

is meaningful, since programming is not a science education topic. It is related more
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about computers. This study brings an extended meaning for programming, which is
“more science oriented programming for learning science”. Specifically, the study
focuses on physics and the meaning turns out to be “more science oriented
programming for learning physics”. Explaining more fully, programming for
learning physics shall minimize computer terms, and maximize mathematical and
physical terms. Programming shall only be a tool to learn and understand physics in
a higher order of thinking. To do, this study developed and evaluated a simulation
tool named as Physical World, which supports science oriented programming. With
this tool, physical concepts such as force, acceleration, velocity, displacement etc.
are emphasized. While programming in Physical World, students can use the
variables representing the physical concepts, without dealing with computational
issues. For instance, when simulating simple harmonic motion, the student has only
got to write a single line of code, which is actually the equation of motion. The
computational integration process (integration of the equation of motion with time),
animating on the screen, recording the motion in time, rewinding back the simulation
and gathering of observable quantities are all under the responsibility of Physical
World. The study extends the meaning of programming and presents an alternative
learning method of programming by letting the students deal the least with
computation and most with physics.

While a science oriented programming is presented, the study is investigating
the reasons underneath how learning by programming is different from learning by

observation. What would happen if we had let the students to determine the motion
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of particles instead of the computer determines? Many simulation tools use the
equations of motion that are not presented or partially presented. In partially
presented equations, students manipulate only constants. How would it work for
learning physics if we had let the students to formulate the equations freely, with use
of any variable they wish? The study is looking for evidence that students prefer to
formulate freely. Physical World offers two options as (1) partially presented
equations (studying by observation mode) and freely formulated equations (studying
by programming mode). These options are separately used and evaluated by students
and specialists for answering the questions above.

Recovery of misconceptions about force is accepted as a powerful property
for simulation tools. This study takes misconceptions under consideration. Essential
misconceptions about force are investigated by use of the students’ point of view and
specialists’ point of view. Recovery of misconceptions are investigated separately for
the “studying by observation” and “studying by programming” modes of Physical
World.

The alternative learning method of programming, the concern about
misconceptions, and development of a simulation tool in Turkish are the main
reasons, making it worthwhile to conduct the study. The knowledge produced by the
study has value to support the development of computer-based education in the

aspect of students’ scientific thinking and creative skills.
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CHAPTER 2

REVIEW OF LITERATURE

2.1 Instructional Design and Technology

It was the seventies when computers were starting to be considered seriously
by educators. Tinker and Stringer (1978) said, “We are now entering the computer
age... Computers will challenge established ideas in education while offering unique
opportunities particularly in science” (p. 436), and Bork (1978) said, “We are at the
onset of a major revolution in education... By the year 2000 the major way of
learning at all levels, and in almost all subject areas, will be through the interactive
use of computers”. By the 2000s, opinions of Tinker and Stringer, and Bork seem
verified with the level that technology has reached. For sure, it is not only the
technology verifying educators’ opinions. Instructional design and technology have
developed parallel, making computers an important part of modern education.

Reiser (2001) stated “The field of instructional design and technology
encompasses the analysis of learning and performance problems, and the design,

development, implementation, evaluation and management of instructional and non-
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instructional processes and resources intended to improve learning and performance
in a variety of settings, particularly educational institutions and the workplace.
Professionals in the field of instructional design and technology often use systematic
instructional design procedures and employ a variety of instructional media to
accomplish their goals.” (p. 53). In the aspect of instructional design and technology,
development and evaluation of Physical World is similar to what Reiser (2001)
stated. Physical World is the instructional media to accomplish the goal of enhancing
creativity and critical thinking of physics students. Its development and evaluation is
planned using systematic design procedures to improve physics learning.

Instructional design and technology grew together influencing each other. In
the early 1900s, school museums came into existence in the United States. School
museums served as the central administrative unit(s) for visual instruction by (their)
distribution of portable museum exhibits, stereographs (three-dimensional
photographs), slides, films, study prints, charts, and other instructional materials. The
increasing interest in using media in the school was referred to as the "visual
instruction" or "visual education" movement. Though, as stated by Reiser (2001), the
movement did not turn into an educational revolution, as was expected by
intellectuals such as Edison. The developments were followed by the audiovisual
instruction movement (1930s), instructional radio (1930s), and instructional
television (1950s).

After the interest in instructional television faded, the next technological

innovation to catch the attention of a large number of educators was the computer.
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Although wide-spread interest in the computer as an instructional tool did not occur
until the 1980s, computers were first used in education and training at a much earlier
date. Much of the early work in computer-assisted instruction (CAI) was done in the
1950s by researchers at IBM, who developed the first CAI author language and
designed one of the first CAI programs to be used in the public schools. By the early
1980s, a few years after microcomputers became available to the general public, the
enthusiasm surrounding this tool led to increasing interest in using computers for
instructional purposes. By January 1983, computers were being used for instructional
purposes in more than 40% of all elementary schools and more than 75% of all
secondary schools in the United States (Reiser, 2001).

Reiser (2001) stated “Although computers may eventually have a major
impact on instructional practices in schools, by the mid-1990s that impact had been
rather small. Surveys revealed that by 1995, although schools in the United States
possessed, on average, one computer for every nine students, the impact of
computers on instructional practices was minimal, with a substantial number of
teachers reporting little or no use of computers for instructional purposes.
Computers’ revolutionary impact on education was not as expected, similar to what
Edison expected from visual instruction. As the data from schools reveal, by the mid-
1990s that revolution had not occurred. However, data from the second half of the
decade indicate a growing presence, and perhaps instructional use, of computers and

the Internet in schools. Moreover, during the past five years, these media have taken



18

on an increasingly larger instructional and performance support role in other settings
such as business and industry and higher education.” (p. 59)

Instructional design is influenced by recent technologies. Internet is probably
the most effective technology in shaping new methods of instruction. Software
technologies also have considerable effects. For instance Java is a software
technology, which has support for internet applications called Applets. The Applet
module of Java is an infrastructure for software developers. When developers
develop applications over Applet modules, their applications become accessible over
the internet. Applet is an extension of Java technology therefore Applets are able to
use all features of Java, where Java is considered to be the modern software
technology of 2000s. A physics education based extension of the Applet module is
called Physlet (See Figure 2.1) which is originally developed by Davidson College.
Physlets are simple to use and develop, flexible and freely distributable for
noncommercial use.

Titus and Dancy (2000) wrote a Physlet version of Force Concept Inventory
(FCI). They conducted the physics education research (PER) to investigate
effectiveness of animation and to compare students’ problem solving in traditional
learning and Physlet learning. They developed six Physlet problems corresponding to
six items from FCI. As a conclusion from PER, Titus and Dancy (2000) states the
following; “Based on our results, we do believe that Physlets can be a valuable tool
for conceptual diagnostics as long as they are designed around the needs of the

students. We have investigated using Physlets to alter existing conceptual questions.
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However, the greatest potential of Physlets will probably come from using Physlets

to ask questions about things and in ways that cannot be done on paper.” (Christian

& Belloni, 2000, p. 37)
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Figure 2.1 Doppler Physlet viewed by internet browsers (Maintained by Wolfgang

Christian at http://webphysics.davidson.edu/Applets/Applets.html)

Though instructional use of technology is beneficial as stated by researchers,

they have some negative effects on student attitudes. Christian (1999) stated “There

is ample evidence to support the conclusion that conceptual media-focused problems

require higher order reasoning and are every bit as difficult as problems requiring
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numerical calculations. Students accustomed to solving traditional problems simply

may not apply the same resources to multimedia-focused problems.” (p. 571)

2.2 Computers and Simulations in Physics Education

“Physics is one of the first areas where the possibilities that computers may
offer for the employment of new teaching methods.” (Jimoyiannis & Komis, 2001,
p.184). Computers take roles in simulating physical environments, displaying them
in colorful graphics, presenting virtual mediums to make observations and
measurements accurately, enabling students to manipulate and test complex
dynamical situations, and letting people communicate and share physics knowledge
(Esquembre, 2002). When investigated deeper, advances of use of computers in
physics education are well seen. Spreadsheets, computer — based laboratories,
multimedia applications, simulations and intelligent tutors are examples to show how
a variety of computer applications can be used in physics education (Jimoyiannis &
Komis, 2001). Today it is well known that in physics education, there are a variety of
opportunities for new computer technology use. As listed by Esquembre (2002), new
technologies can be used to:
¢ “bring exciting curricula based on real-world problems into the classroom,
e provide scaffolds and tools to enhance learning,
e give students and teachers more opportunities for feedback, reflection and revision,
e build local and global communities that include teachers, administrators, students,

parents, practicing scientists,
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¢ expand opportunities for teacher learning.” (p. 3)
Esquembre (2002) classifies educational physics software according to its

principles of use. This classification of software types is as follows;

e tools for the acquisition and manipulation of data (i.e. spreadsheets,
microcomputer-based laboratories, video analysis tools etc.),

¢ multimedia software (based on the concept of hypermedia, and presents
information in a structured, usually graphical way),

e microworlds and simulations (implement simulation of a wide range of physical
process and laws),

e modeling tools (allow students to build their own computer simulations),

e telematics and Internet tools (exploit the capability of computer
intercommunication making use of all of the previous types of software).

The simulation tool of this study, Physical World, falls in “microworlds and
simulations” and “modeling tools” types. For microworlds and simulations,
Esquembre (2002) states four provided opportunities for students;

“I. develop their understanding about the phenomena and physical laws through a
process of hypothesis-making and idea-testing,

2. isolate and manipulate parameters and therefore help students to develop an
understanding of the relationships between physical concepts, variables and
phenomena,

3. employ a variety of representations (images, animations, graphs, numerical data)

that are helpful in understanding the underlying concepts, relations and processes,
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4. investigate phenomena that would not be possible to experience in a classroom or
laboratory.” (p. 4)

And for modeling tools, Esquembre (2002) states “The students are given a set of
tools (from pure programming to high-level building blocks) that help them describe
relationships among concepts, run the resulting models and compare their results
with the accepted wisdom or with laboratory experiments... Modeling tools can also
help students understand equations as physical relationships among quantities, make
sense of translation among representations, give students engaging, hands-on
learning experiences and serve as sketchpads on each other and to instructors, thus
helping visualize students’ thinking.” (p. 4). The understanding and approach of
Esquembre is similar to what Physical World aims.

Use of computers in physics education calls attention to the graphical abilities
of the computers. One of primary goals of computer use in physics education is to
visualize physical environments. Physical environments mostly involve motion
therefore visualization is constituted of two main parts as simulation and animation.
Simulation is responsible for motion and animation is responsible for graphical
representation. Today simulation and animation are used together in education. Most
of the simulations are represented by animations with graphical effects such as
shading and three dimensional perspectives, and most animations are supported by
simulations. Although they are integrated, the way they approach to their purpose
differs. Animation aims to represent something as good as it can, in artistic and

perceptional aspects. On the other hand, simulation aims to represent something in a
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scientific way no matter what the perception is. Since the artistic, perceptional and
scientific aspects are all important for education, animations and simulations make a
good blend for physics education. Though, most applications are called as
simulations while they involve animations.

Animations and simulations are generally used to teach concepts that are
practically hard to express. Graphical animation has been effectively used to teach
abstract and dynamic concepts in physics such as Newton’s Law. “Visualizing an
object’s movement using animation is helpful for the understanding of dynamic
concepts such as velocity because direct observation of those concepts in the
movement of actual objects is practically impossible.” (Park, 1998, p. 38).
Simulation goes one step further and supports active engagement. Computer
simulations are of special importance in Physics teaching and learning. They offer
new educational environments, which aim to enhance teachers’ instructional
potentialities and to facilitate students’ active engagement (Jimoyiannis & Komis,
2001).

There are psychological and cognitive factors about animations and
simulations. Crosby and Iding (1997) state that, illustrations with both verbal and
visual offerings are highly memorable. This is supported theoretically in a very deep
approach concerning hemispheric preferences of subjects (either right — hemispheric
preference, left — hemispheric preference, or both). Similarly the dual coding theory

of Paivio indicates that pictures are superior to words for remembering concrete
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concepts and use of both verbal and visual codes produce additive effects (Rieber,
1996).

Some studies found little or no effect for computer simulations. Christian
(1999) claims that there is efficient evidence to support that media — focused
problems are as hard as problems requiring intensive numerical calculations. And
Titus (2000) found Physlet problems to be more difficult than traditional textbook

problems.

2.3 Programming and Physics Education

Programming in the aspect of science education is a modeling process. While
programming, students are building models using quantitative formulas to represent
experiments. Before inculcating the formal representations that scientists use, these
models can develop learners' abilities to intuitively understand how the natural world
functions. Fostering in students the capability to qualitatively predict the behavior of
phenomena under investigation is a valuable foundation for teaching them to
manipulate quantitative formulas. Also, students are not empty vessels to be filled
with theories; they have firmly held, often erroneous beliefs about how reality
operates. Model based instruction can help learners evolve their existing mental
models to more accurate conceptions of reality (Dede, Salzman, Lotfin & Sprague,
1999). Physical World is a modeling tool, which is programmable, which enables

quantitative manipulation of formulas.
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Microcomputers can easily run complex dynamical models, but their
pedagogical validity is strictly related to the student understanding of the model
structure. When students contribute as programmers they are responsible for the
model as a whole. Programming allows more complex systems to be modeled. The
shapes of classical geometry, lines and planes, circles and spheres, triangles and
cones, represent a powerful abstraction of reality but they are not sufficient for
understanding complexity. Programming allows use of non — linear dynamics, which
is important for understanding modern physics concepts such as uncertainty, chaos
and complex systems (Andaloro, Donzelli & Mineo, 1991). Redish and Wilson
(1992) points to the same concepts; “Current developments in Newtonian mechanics
are evolving into a theory of nonlinear systems and chaotic behavior that may
produce profound changes in the way we think about physics.” The solutions of
nonlinear differential equations are hardly done via traditional problem solving. Most
of these equations can only be solved by computers, and they are useful to explain
most physical phenomena. For instance simple harmonic motion can be solved
without a computer but when a third mass interacts with the system, the problem turn
out to be much more complex. Such cases widen physical experiments’ boundaries,
which provide more samples for students. Solutions of these cases get simplified by
use of programming, by the use of numerical methods such as the Euler Simulation
Method. Physical World simplifies even more, and presents an option to write acting

forces on masses, and the rest is calculated automatically.
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The nonlinear approach is applied in the Maryland University Project in
Physics and Educational Technology (M.U.P.P.E.T.). When tools developed in the
project are added to the traditional calculus — based introductory physics course, the
students’ power to solve problems expands enormously. This opens many
possibilities for changing the curriculum. Elements may be rearranged in a more
natural order; professional skills may be introduced at an earlier stage than is
traditional; contemporary topics such as chaos and quantum theory may be
introduced; and students may begin research immediately (Redish & Wilson, 1992).
By Redish and Wilson it is stated that M.U.P.P.E.T. works well for majors in small
classes which is parallel to Andaloro, Donzelli and Sperando-Mineo (1991)
approach.

Rucinski (1991) investigated student programming. Rucinski presented
conflicting results. Logo or BASIC did not enhance the problem solving abilities of
ten year old students in solving non-computer problems. On the other hand a study of
middle school students who received instruction in BASIC, Logo, or no computer
instruction indicated that the combinations of being at the concrete operational level
and being a member of either the BASIC or Logo computer group led to a positive
statically significant effect upon the ability to analyze mathematical worded

problems (Rucinski, 1991).
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2.4 Existing Simulation Tools

Physical World is one representative in its genre. Some widely used
simulation tools which are similar to Physical World are;
e STELLA,

e Interactive Physics,

e Working Model (An extension of Interactive Physics),
e Physlets,

e Alice.

The above software has common properties. They all support animation,
simulation and graphical user interface. There are properties like support for
modeling, programming, two dimensional view, three dimensional view, internet
capability, commerciality, open-source, file size, and platform dependency that they
differ in. The commercial ones are STELLA (Copyright High Performance Systems,
Inc.) and Interactive Physics and Working Model (Copyright MSC Software). The
others have originated non-commercial, though all have commercial extensions. All
software except Physlets has the modeling property. There is programming support
in STELLA, Alice and Working Model. Alice and Physlets are open-source, and the
others have open-source extensions. Physlets are most capable of internet usage and
are platform independent. Physlets have the smallest file size which enables easier
distribution over the internet. Alice has advanced support for three dimensional view,
the other software have limited or no support. Among these software, Interactive

Physics is the only one to focus on physics concepts. The others all are general
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purpose. (www.hps-inc.com, www.alice.org, www.workingmodel.com,

http://webphysics.davidson.edu & www.interactivephysics.com) Physical World has

some common properties as support for animation, simulation and graphical user
interface. It has small file size. It is capable to be used over the internet and is
platform independent. It is noncommercial and open-source. It supports modeling,
programming and two dimensional view only.

STELLA is a general purpose modeling tool, which focuses on defining
mechanisms. STELLA is suitable and used for physics education with its
programming features. The model structure can be defined in terms of equations and
icons.

In STELLA the model structure is not only represented in a set of equations
but primarily depicted in an iconic form. The computer translates this iconic model
representation into the corresponding set of difference and functional equations
(Niedderer, Schecker & Bethge, 1995). STELLA has a property called “the level of
equations” which permits programming. In this study a similar approach is adopted
in Physical World as “programming lines”.

Interactive Physics is a modeling tool, specialized for Newtonian physics. Its
user interface is simple and it supports programming. According to Jimoyiannis and
Komis (2001), “Interactive Physics can be used in Physics teaching and learning as:
1. a virtual Physics laboratory for modeling and presenting phenomena and process,

and
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2. an expressive environment where students can demonstrate their ideas and mental
models, make predictions, derive physical laws and solve problems.” (p. 187)
Jimoyiannis and Komis (2001) state that “simulating physical concepts and
phenomena through Interactive Physics may be effective in teaching high school
students because;

1. its powerful environment supports stroboscopic studies of physical phenomena,
2. it has a friendly and flexible user interface, and

3. it is an easily accessed and maintained computer environment.” (p. 188)

Working Model carries the same concepts of Interactive Physics, but it is
more specialized on mechanics. Working Model is a conceptual design tool that
allows you to create simulations that replace vague, time consuming, inaccurate
“back of the envelope” calculations (www.workingmodel.com).

Physlets are separate applications, which extend the same root, the Physlet
module. Therefore all Physlets carry common features. They are all about science
concepts.

Physlets—“Physics applets”—are small, flexible Java applets that can be
used in a wide variety of WWW applications. Many other Physics-related Java
applets are being produced around the world—some of them very useful for
education. However, the class of applets we call “Physlets” has some attributes that
make it valuable for the educational enterprise.

e Physlets are simple. The graphics are simple; each Physlet is designed to deal

with only one facet of physical phenomena, and does not incorporate very much
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in the way of data analysis. This keeps Physlets relatively small—easing
downloading problems over slow network connections—and removes details that
could be more distracting than helpful.

e Physlet-based pedagogy is agnostic. Physlets can be used as an element of
almost any curriculum with almost any teaching style. Although we believe that
interactive engagement methods such as Just-in-Time Teaching, Peer Instruction,
or Tutorials can improve pedagogy, Physlets can be used as traditional lecture
demonstrations and can be given as end-of-chapter homework.

e Physlet technology is flexible. All Physlets can be set up and controlled with
JavaScript, meaning Animator can be used for almost any subject in mechanics
and EField for almost any topic in electrostatics with small changes in the
JavaScript—and not the Java—associated with each exercise. Data taking and
data analysis can be added when needed using inter-applet communication.

e Physlets are written for the Web. They can run on (almost) any platform and be
embedded in almost any type of html document, whether it be a homework
assignment, a personal website, or an extensive science out-reach site.

e Physlets are freely distributable for noncommercial use. Physlet archives, that is,
compressed archives containing compiled Java programs, can be downloaded
from the Davidson College WebPhysics server.
(http://webphysics.davidson.edu/Applets/about-physlets.html)

Alice is developed by Carnegie Mellon University. The focus of the Alice

project is to provide the best possible first exposure to programming for students
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ranging from middle scholars to college students (www.alice.org). Although Alice’s

focus is not directly science education, its flexible and generic structure provides a
medium for science education.

According to Andaloro, Donzelli and Mineo, educational software dealing
with models can be classified as: demonstrations / simulations, modeling toolkits,
and the student as programmer. Demonstration / simulation contains different levels
of interactivity but usually few opportunities to change the models with which it is
concerned. Software, which stimulates student abilities to develop mathematical
models in physics are usually modeling toolkits and the student as the programmer
(Andaloro, Donzelli & Mineo, 1991). Physical World aims to support mathematical

models in physics and falls in the student as the programmer category.

2.5 Evaluation of Simulation Tools

An important part of any instruction, from both a problem solving and
instructional design point of view, is the evaluation phase. “While it is usually
considered at the end of an instructional development process, the evaluation phase
actually encompasses the entire project, aimed from beginning to end at improving
the quality of the instruction. It is important, therefore, to understand how both
formative evaluation, i.e., efforts to improve the multimedia instruction; and
summative evaluation, i.e., efforts to assess the worth of the multimedia instruction,

can be undertaken effectively.” (Falk & Carlson, 1995, p. 123).
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A model is presented named as ASSURE (Heinich, Molenda, Russell, &
Smaldino, 1999), which intends to assure effective instruction. Each letter in
ASSURE stands for a defined stage; A; analyze learners, S; state objectives, S; select
methods, media, and materials, U; utilize media and materials, R; required learner
participation, E; evaluate and revise. Evaluating and revising is the last step in
assuring an instruction, which is taken as a model for this study.

For the E stage, Heinich, Molenda, Russell, & Smaldino (1999) states “After
instruction, it is necessary to evaluate its impact and effectiveness and to assess
student learning. To get the total picture, you must evaluate the entire instructional
process. Did the learners meet the objectives? Did the methods, media, and
technology assist the trainees in reaching the objectives? Could all students use the
materials properly?” (p. 55)

Evaluation of educational software requires instructional settings that can
contribute to further development of the software. McDermott (1990) guided and
evaluated an instructional software called Graphs and Tracks. The researcher states
“Research and software development are more likely to yield useful results when
carried out concurrently in an instructional setting. We have found that development
in a research and teaching environment encourages further research, generates ideas
for new instructional approaches, and facilities repeated testing.” The evaluation of
Physical World is designed to obtain feedback from students, teachers, and material
developers. Through the evaluation it is intended to get ideas generated by these

people to approach the best instructional use of the software.
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2.6 Misconceptions about Force and Motion

The conceptual structure behind Newton physics is the relation between
force, acceleration, mass, velocity, position, and time. These concepts and their
relations are used to explain motion. Misconceptions about force and motion are
opinions that are in contradiction with the Newtonian logic. This logic can be
described best in terms of differential equations; therefore it would be unfair to
expect from high students to have no misconceptions.

Each student entering a first course in physics possesses a system of beliefs
and intuitions about physical phenomena derived from extensive personal
experience. This system functions as a common sense theory of the physical world,
which the student uses to interpret his experience including what he uses and hears in
the physics course. Surely it must be the major determinant of what the student
learns in the course. Yet conventional physics instruction fails almost completely to
take this into account (Halloun & Hestenes, 1985). Simulations can be used as an
alternative to conventional teaching methods. Studies show recovery of
misconceptions in computer-aided instructions.

A study by Laws, Sokoloff, and Thornton (1999) shows positively significant
figures for students in understanding physics concepts after students receive
interactive lecture demonstrations. Laws, Sokoloff, and Thornton (1999) states;
“After traditional instruction, only 30% of a sample of over 1200 students in
calculus-based physics courses at five different universities, understood fundamental

acceleration concepts. When, for the first time, two Tools for Scientific Thinking
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active-learning kinematics laboratories were offered at these universities, more than
75% of the students understood these concepts. At universities where the complete
set of RealTime Physics Mechanics laboratories have been implemented, such as the
University of Oregon and Tufts University, 93% of students understand these
concepts, even in non-calculus introductory courses. At such universities, less than
15% of students held a Newtonian point of view after traditional instruction in
dynamics, while 90% did so after RealTime Physics laboratories. There is good
evidence that this conceptual understanding is retained.”

Simulations offer new educational environments, which aim to enhance
teachers’ instructional potentialities and to facilitate students’ active engagement.
Computer simulations offer a variety of opportunities for modeling concepts and
processes. Simulations provide a bridge between students’ prior knowledge and the
learning of new physical concepts, helping students develop scientific understanding
through an active formulation of their misconceptions. (Jimoyiannis & Komis, 2001)

Following the findings, Physical World aims to support conceptual
understanding. The tool aims to do this by use of real-time simulation and
uninterrupted user interaction. Real-time simulation provides dynamically solved
physical cases, which means, for every different case, the tool is able to solve it
correctly. The uninterrupted user interaction means that while a simulation runs, the
user is able to manipulate variables and they are immediately reflected to the
simulation. This way the tool provides a faster feedback medium for hypothesis

testing, which is beneficial for understanding concepts.
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Taxonomy of common sense concepts which conflict with Newtonian theory
is developed as a guide to instruction by Halloun and Hestenes (1985). And these
researchers designed and discussed the validity of an instrument for assessing the
knowledge state of beginning physics students, including mathematical knowledge
as well as beliefs about physical phenomena. The instrument is a specific test about
force concepts, and the researchers recommend it for identifying and classifying
specific misconceptions.

The taxonomy of Halloun and Hestenes (1985) covers the logical titles as
listed below;

e kinematics,

e impetus,

e active force,

e action/reaction pairs,

e concentration of influences,

e other influences on motion,

e resistance,

e gravity.

The instrument developed by Halloun and Hestenes focuses on these
misconceptions. Ogretme, Cigek, Duran, Giinneg, Koksal, and Tiirkay (2000)
translated the instrument to Turkish and Ogretme (2003) revised it, producing a 30
item multiple choice test. In this study 10 items from the test were selected to make a

test that focuses on “active force”.



36

Finegold and Gorsky (1988) mentions about the Aristotelian active force
misconception: “The velocity of objects moving along the surface of the earth is
proportional to the moving force. Motion can be maintained only as long as the force
acts on the body. If the force vanishes, velocity will vanish too and the object will
come to rest.” (p. 253). This misconception is common for students. Features of
Physical World, especially the “study by programming mode” is apt to simulate
experiments to change students’ Aristotelian misconceptions. Students try to match
daily life experiences and constructs formed by the physics courses. When learning
force, a sample experience is considered; while the engine of a car works, the car
accelerates, but after sometime, the car remains at a constant speed. Therefore
students match force with velocity, thinking they are similar concepts. The right way
should be matching force with acceleration. This is because students do not consider
additional existing factors such as friction force. Simulation tools help students to

consider these factors to find relationships between concepts.

2.7 Summary of the Findings of the Reviewed Studies

1. Instructional design and technology grew together influencing each other. (Reiser,
2001; Titus & Dancy, 2000; Christian & Belloni, 2000; Christian 1999)
2. Variety of computer applications can be used in physics education. (Jimoyiannis

& Komis, 2001; Esquembre, 2002; Park, 1998)
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3. There are psychological and cognitive factors about animations and simulations.
(Crosby & Iding, 1997; Rieber, 1996)
4. Programming in the aspect of science education is a modeling process. (Dede,
Salzman, Lotfin & Sprague, 1999)
5. Programming allows more complex systems to be modeled. (Andaloro, Donzelli
& Mineo, 1991; Redish & Wilson, 1992; )

6. Existing simulation tools (www.hps-inc.com, www.alice.org,

www.workingmodel.com, http://webphysics.davidson.edu &

www.interactivephysics.com)

7. Evaluation of simulation tools (Falk & Carlson, 1995; McDermott, 1990)

8. Simulation tools foster scientific thinking. (Laws, Sokoloff, and Thornton, 1999)

9. Simulation tools help to change misconceptions. (Jimoyiannis & Komis, 2001;
Halloun and Hestenes, 1985)

Based on the findings from the literature, this study aims to develop a
programmable simulation tool that can reduce misconceptions and foster scientific
thinking. There are a few simulation tools that nearly meet the needs of this study
and there is no found programmable simulation tool in Turkish for high school
physics. The findings show that development and evaluation of the tool aimed in this

study is meaningful and is a significant contribution to the science of education.


http://www.hps.com/
http://www.alice.org/
http://www.workingmodel.com/
http://www.interactivephysics.com/
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CHAPTER 3

METHODS

In the previous chapters, problems, and objectives of the study were
stated, and related literature was reviewed. The problems of the study are
separated into two as (1) problems related to development and (2) problems
related to evaluation. The method is also separated as Method of Development
and Method of Evaluation. Additional to those, a method is defined as Method of

Revision. This chapter will be explaining the methods and the procedure.

3.1 Method of Development

The goal of development in this study is to create a programmable
simulation tool, for high school students, for learning physics. The simulation
tool is named as “Physical World”. The method of development defines four
stages; (1) requirement determination, (2) analysis, (3) design, and (4)
implementation of Physical World. Requirement determination states the major

features of the tool, which is vital for all stages of the study.
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3.1.1 Requirement Determination of Physical World

Requirements of a computer application define the objectives and
limitations of the application. When determining Physical World’s requirements,
the general idea was “what the target of the tool is”. Any requirement should
serve the target. The target is to foster scientific thinking and creative skills of
high school students, while learning physics. Students shall feel comfort, warmth
and interest at the first use of the simulation tool. The tool shall present a clear
user-interface with necessary controller units only. Physical World shall use
Turkish as well as English, and shall be able to run on a wide range of computers.
Preferably the tool shall be capable of easy distribution over the Internet. The tool
shall support a freely manipulated virtual laboratory, with simple mouse-clicks.
Graphical representation of a laboratory setting shall be supported in two or
three-dimensional views. The tool shall be able to show any physical quantity in
an experimental setting to the user. When the user forms an experimental setting,
the user shall be able to start the simulation and observe motion on the computer
screen. Interaction of the user with the objects in the virtual laboratory shall
sustain while the simulation runs. This uninterrupted interaction is important
because the user shall feel free to interact at any time, just as if she/he was in a
real laboratory. Physical World shall support a programming language that can be
easily used by students, and that requires no preliminary programming experience
for students. The programming lines shall support arbitrary equations to be
written freely by users. The computer shall precisely solve the equations when
the simulation runs. By use of programming lines, variables correspondent to

physical terms shall be formulated by users and the formulated variables shall
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have physically right effect (right use of Newtonian Physics) to the experimental
setting. Besides programming, the tool should support a non-programmable
mode. In the non-programmable mode, any experimental setting shall work
automatically, by the equations known by the computer. In this mode, the tool
shall support user manipulation over defined constants of the equations, but shall
not support user defined arbitrary equations. The above statements are required
for Physical World, and they define the objectives and the limitations of the

simulation tool.

3.1.2 Analysis for Physical World
The analysis for Physical World aims to answer two questions as (1) “why

to develop a new application” and (2) “how to develop the application”.

3.1.2.1 Analysis of Why to Develop a New Application

When planning a new project, software developers analyze if the outcome
is worthwhile to spend the effort for the project. There is always a possibility that
some other applications might be equivalent to the project outcome. For Physical
World, an analysis is made on concerning disadvantages, advantages and
requirements of the tool for making a decision of “to develop or not to develop”.

Disadvantages of developing Physical World:

e Risk of development failure
e Risk of development of redundant copy of an already existing application
In relation with the disadvantages, analysis and design is made for

Physical World, which is a commonly used solution for reducing software
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development failure risks. Also literature review is conducted to find if existing
applications meets the determined requirements.

Advantages of developing Physical World:

e Focusing on intended targets
e Discovery of new expansions
e Good base for long-term projects

Developing a home product is advantageous in approaching the intended
target. The purpose of the study is a specific one. The simulation tool has to be
focused precisely. Discovery of new expansions is an advantage for new ideas for
further development. An existing application would probably hinder creativity of
a developer when compared with developing a new application. Another
advantage appears when future extensions are planned for long-term projects. A
new application can be extended intentionally in the long term.

Summary of Major Requirements of Physical World:

e Simple programming language emphasizing physics concepts
e Support for non-programmable mode in order to compare with programmable
mode
e Able to become widespread by the use of the Internet
e Freely manipulative virtual laboratory
e Language support for Turkish
Among the requirements above, the “language support for Turkish” is the
strongest in support for the development of a new application. Other
requirements are met by some applications already. The most significant among

them is STELLA. STELLA supports a simple programming language and also a
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non-programmable mode. But its file size (total digital size of STELLA files on
computer) is about 10 megabytes and also the application is not freely distributed.
In spite of this, Physical World is a free simulation tool aiming a file size less
than 1 megabyte for faster file transfer over the Internet.

The analysis shows that problems with the disadvantages can be overcame
by certain solutions as stated above. And advantages and requirements make it
worthwhile to develop a new application. After the analysis of “why”, next, the

question is “how”.

3.1.2.2 Analysis of How to Develop the Application

In answering “how to develop the application”, the analysis is divided in
two as (1) pre-design analysis and (2) design analysis. In the pre-design analysis,
a comparison of available technologies is made for their use in development, and
in the design analysis, solutions for the major expected problems, in the aspect of
requirements of Physical World, are examined.

In the pre-design analysis, a question arises as “what the development
platform is”. The development platform is the programming language and the
operating system used while development. There are four possible programming

languages to be used. These are:

e (C
o (C++
e Java

e Flash Script

Properties of these languages are as follows in Table 3.1.
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Table 3.1 Properties of alternative programming languages for Physical World

Object Mathematical UNIX Windows Capability of
Oriented Performance Compatible Compatible Internet Usage
Features
Programming Language
C Low High Yes Yes Low
C++ Moderate High Yes Yes Low
Java High High Yes Yes High
Flash Script Low Moderate No Yes High

Among the alternative programming languages for Physical World, Java
is the strongest. Object oriented features of Java enable reliable object oriented
design, which is beneficial for extensible applications, to be developed and
maintained easily. Java is compatible with UNIX and Windows. Its use of math
modules is fast enough for complicated particle systems. Java applications are
capable of easy distribution over the Internet. Java Applets enable browsers to
run Java applications over the Internet.

Because of its strengths, Java is chosen to be the programming language
for Physical World. Among alternative operating systems (UNIX and Windows),
Windows is chosen for development, which does not hinder Physical World to
work on UNIX. The pre-design analysis shows that Java programming language
and Windows operating system are efficient to meet the requirements of Physical

World.
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After the pre-design analysis, the design analysis was held. In the design
analysis, the major expected problems that could arise during the design were
pointed. These problems are as follows:

P1: Precise and fast physical simulation to be calculated by the computer

P2: A science oriented programming language for students

P3: Visualization of virtual laboratory experiments

P4: Long term support for the revision of Physical World and for the next
versions

Each of the problems above was analyzed and solutions were put forward to be
used in the design. For the solution of P1, “Euler Simulation Method” is chose to
be used. “Euler Simulation Method” is a method used in computational physics to
integrate differential equations precisely and fast. For the solution of P2, a
programming language is planned which uses variables relevant to physics
concepts such as force and velocity. For the programming language, it is decided
to be adaptive to the simulation environment, which means the programming
language updates itself every time the user interacts with the simulation tool. For
instance, when the user changes a variable or the equation of motion, the
programming language should be able to reflect those changes to the calculations.
For the solution of P3, a two-dimensional and three-dimensional computer
graphics library is planned as an infrastructure for development. For the solution
of P4, object oriented design method is chosen to be used. Object oriented design
allows easy extensibility and maintenance for computer applications. In revision
of Physical World, new additions and changes were expected to arise. And in the

next version, the software infrastructure shall be reused. Therefore object
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oriented design was chosen. The solutions for the problems of the analysis of
design were used in the design stage of Physical World, for solving the problem
of “how to develop a programmable simulation tool, appropriate for high school
students, which is less computer oriented and more science oriented, for learning

physics”.

3.1.3 Design of Physical World

Design of Physical World, is an object oriented software design, where
the infrastructural modules and application specific modules are defined in
relation with each other. There are three major types of modules in object-
oriented design as (1) method, (2) class, and (3) package. A method is a defined
process that takes an input and results an output. For instance calculation of the
square root of a number can be represented as a method. A class is a set of
methods and other classes. A package is a set of classes and other packages. Set
relationships between method, class, and package are shown in Figure 3.1.

In design, firstly packages of an application are considered without
considering classes and methods, to plan the general responsibilities of modules.
For Physical World’s infrastructure, four fundamental packages are planned.
These infrastructural packages are as follows:

1. Mathematics package: Responsible for representing variables in relation with

scientific concepts.

2. Physical simulation package: Responsible for calculating motion of physical

objects.



46

3. Graphics package: Responsible for rendering two and three-dimensional
representations of virtual laboratory objects.

4. Window toolkit package: Responsible for supplying modules to be used in user

interfaces.

Packages’ set Classes’ set Methods’ set

Figure 3.1 Set relationships between method, class, and package

The infrastructural packages form a basis for the application specific
packages. Application specific packages are the packages that are designed only
for the specific requirements of an application. All the packages stated above can
serve other simulation tools, but the specific packages are designed only for
Physical World. These specific packages are as follows:

1. Application package: Responsible for visualizing the user interfaces and letting

users to control virtual laboratories through the application.
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2. Integration package: Responsible for integrating the physical simulation

package with the graphics package to represent physical objects as visual

components.

3. Programming language package: Responsible for a science oriented
programming language which updates itself at every user input, reflecting the
changes into the simulation instantly, without interrupting the simulation while it
runs.

4. Language support package: Responsible for supplying a basis for Turkish,

English and other languages that are supported by Java.

The application specific packages and the infrastructural packages are
mentioned in a general aspect. In this chapter, classes of the packages and
methods of the classes will not be mentioned in detail (For the details of classes
and methods, see the source code of Physical World in Appendix J).

After the package design, appearance of the virtual laboratory is designed.
In Figure 3.2, first sketch of the virtual laboratory is seen.

In the first sketch (Figure 3.2), the idea was apparent that various objects
could take place in the virtual laboratory. At the right top corner, there is a button
called the properties button, which allows the user to explore the details of an
experiment. At the left bottom corner, the time management box allows the user
to control the simulation time by stopping and pausing. The packages and the
virtual laboratory appearance were designed for the software implementation

stage of Physical World to get started.
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Properties
Air button

Hanging rigid rod |

Time management =7

Figure 3.2 First sketch of the virtual laboratory in the design stage of Physical

World

3.1.4 Software Implementation of Physical World

Software implementation means creation of software modules dependent
on the responsibilities defined in the design stage. For Physical World, first of all,
the infrastructural packages are implemented. Among the infrastructural
packages, the mathematics package was the most fundamental. For this package,
modules to represent three dimensional vectors and points are implemented. Also
modules to represent variables, mathematical operations (addition, subtraction,
multiplication, division etc.), and equation simplification algorithms were

implemented. The modules for equation simplification are used by the computer
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to simplify parenthesis and the redundant calculations. The mathematics package
was planned and implemented for the use of all other infrastructural packages.
For instance the physical simulation package includes modules like mass, rigid-
body, time, spring, and air friction, where each of these objects use modules
provided by the mathematics package. For example the constant representing the
intensity for the air friction is represented as a variable that is defined in the
mathematics package.

The physical simulation package uses Euler Simulation Method. This
method is used for integrating differential equations. In equation 3.1, the
acceleration of a mass is written as a differential equation, which physically is the

equation of motion.

d2x /di2 = f/m 3.1)

Above in equation 3.1, x is the position of a particle with mass m, and f'is
the force acting on the mass at time ¢. This equation is actually the same with the

famous force equation (See equation 3.2).

f=mxa (3.2)

In equation 3.2, a stands for the acceleration of the mass and f'and m are

the same with equation 3.1. Therefore a is the twice derivation of x by # (See

equation 3.3).
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a=d’x/di? (3.3)

In the physical simulation package in class “Mass”, a method named as
“simulate”, integrates the equation of motion of the mass represented by class
“Mass”, to obtain its position in the three dimensional space, dependent on time.
Every time the “simulate” method operates, the position is integrated for a time
period of dt. When the computer continuously operates the “simulate” method,
motion is obtained by iterative integration of the acceleration. The Euler
Simulation Method uses the logic as described above.

A special type of class provided by the physical simulation package
determines the forces on masses. This class is called “Interaction”. Just as the
“simulation” method of class “Mass”, there is a method of class “Interaction”
called the “solve” method, operated by the computer, which solves the force
applied to two masses at an instance of time in the virtual laboratory, and notifies
the equation of motion, by the force obtained. The logic is simple; forces are
solved and equation of motion is integrated twice to obtain position dependent on
time. This is the entire logic behind the implementation of the physical simulation
package.

In the graphics package, modules for rendering shapes are implemented.
These shapes can be any kind like circles, rectangles, ellipses etc. Shapes are
used to represent components that take place in the virtual laboratory. The
package provides modules to calculate the vision when viewed from various

positions. For instance, when the position of the eye point that is viewing the



51

virtual laboratory changes, the vision changes due to calculations made by the
graphics package.

In the window toolkit package, modules to be used in user interfaces are
implemented. These modules are components such as buttons, images, scrollable
panels, windows etc.

After the implementation of the infrastructural packages, the packages
specific to Physical World were held. The programming language package that is
a backbone structure for this study was implemented first. The programming
language enables users to write arbitrary equations with using the variables
provided. The programming language presents programming lines as seen in
Figure 3.3. When the computer recognizes a variable, the programming lines
color that variable in red. For instance when a variable g is defined as the
gravitational acceleration constant, it is possible to use it in the programming

lines (See Figure 3.3).

E%Deney Bilesenleri

Figure 3.3 Programming lines of Physical World

The programming language package is implemented to calculate the result

of an expression and to appoint that result to a variable. In equation 3.4, a
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variable “mfy” meaning the force on a mass in y direction is equated to the result

of “-gx m”.

“mfy” =-gxm (3.4)

Variables as in equation 3.4, are in relation with the components in the
virtual laboratory. Physical objects from the physical simulation package possess
variables and they are used in the programming lines. “mfy”, g and m are all
variables with physical meanings that are used by the simulation. Any physical
object such as a mass, a rigid-body or a spring possesses variables that can be
used in the programming lines. With the use of the variables, users are able to
manipulate the entire system in the virtual laboratory. The variables in the
programming lines are not constants; therefore users can form dynamic functions.
Moreover, multiple programming lines can be used to write complex series of
equations. For instance, a function can be defined at the first line, and another
function in the second line can be defined in terms of the first one. The
programming language supports uninterrupted interaction, which means that
when a user changes the equations in the programming lines or adds new ones,
the programming lines are updated without stopping the simulation. This
approach lets users get instant feedback to the changes they make.

Having the programming language as a manipulating tool over the
physical simulation, the next package to implement was the integration package.
The package integrates the physical simulation package with the graphics

package to represent physical objects as visual components. For instance the
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position of a mass is known by the physical simulation package and its shape is
known by the graphics package. The integration package matches the position
and the shape of the mass to represent it visually at right place on the computer
screen. The integration package represents all components to take place in the
virtual laboratory.

After the implementation of the integration package, the software was
able to visualize physical objects on a window without any user interactions. For
presenting the virtual laboratory to the user, with all controls to manipulate the
environment, the implementation of the application package got started. The
application package lets users control the virtual laboratory by the use of buttons,
scrollable panels, programming lines, and the interactive environment
components in the virtual laboratory. The application package provides the user
to run, stop, record or rewind the simulation, to add objects in the virtual
laboratory and design an experimental setting, to form interactions between
physical objects, to explore details of the objects, to manipulate constants and
variables, to write arbitrary equations in the programming lines, and to collect
data to make measurements.

Physical World supports two modes as (1) “study by programming” and
(2) “study by observation”. In Table 3.2, a comparison is shown between the two
modes. In the “study by programming” mode, the application package uses the
programming lines when the simulation is running. Simulation running means
that time is passing in the virtual laboratory. When the simulation is stopped by
the “stop button”, all motion calculations are stopped, therefore no motion is

observed. The simulation is started by the “play button” to get the time pass.
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While the simulation runs in the “study by programming” mode, interactions
between physical objects are omitted by Physical World, which means that the
forces solved by the interactions are excluded. Instead of the interactions, it is
expected from the users to define forces in the programming lines. In the “study
by observation” mode, the vise versa is true. The interactions are included and no
programming lines are presented to the user. The interactions define the right
forces with the right use of Newtonian Physics. Therefore in the “study by
observation” mode, the user is able to observe the right motion without having

written any equation of motion.

Table 3.2 Properties of the two modes of Physical World

Properties of the two modes of Physical World

Allows observation Simulation runs Simulation runs
according to the according to the
The two modes . . .
equations known by equations written by
the computer the student
Study by observation Yes Yes No
Study by programming Yes No Yes

The application package supports switching between the two modes. The
support for the two modes is an essential requirement for the tool and another
essential requirement is the support for Turkish. The last package implemented
during development was the language support package. The implementation
defines a table of statements in English with Turkish equivalents of each. When
the tool is set to Turkish, the table is used for the required Turkish statements.

The package supports additional languages to be added in the future.
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The software implementation of Physical World is held with an object-
oriented approach. In the user interfaces of the tool, every object is a separate
module. Under many modules, sub-modules are defined in terms of classes and
methods. As seen at the right side of the main window of Physical World (See
Figure 3.4), there are objects (spring, mass, air, etc.) listed which can be added to
the experimental setting. These objects are separate modules with sub-modules.
With the object-oriented approach, it is possible to extend the properties of the

objects and to create new objects as the tool gets developed further.

Eg_;gPhysical World
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Figure 3.4 Main window of Physical World

The software implementation results with a simulation tool in Turkish that

is able to become widespread over the internet (with a file size of 400 kilo bytes,
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as a Java Applet), with a physics oriented programming language, a
programmable mode (study by programming mode) and a non-programmable
mode (study by observation) to be compared, and a freely manipulative virtual
laboratory. Applying the method of development, Physical World meets the
requirements as it is planned. In the next section, the method of evaluation is

explained.

3.2 Method of Evaluation

In the evaluation of Physical World, three types of studies were held; (1)
working with specialist, (2) working with students, and (3) revising the
simulation tool according to responds collected from specialists and students. The
evaluation is held to consider the major points as stated below.

e The simulation tool as a teaching material for physics.

e The differences between “studying by programming” and “studying by
observation”.

e The simulation tool’s effects on reducing misconceptions of students about
force.

Evaluating the simulation tool as a teaching material for physics means a
general evaluation of Physical World apart from its original features. For
instance, questions like “how usable” and “physically how true” are used for the
general evaluation. Besides that, the simulation tool is evaluated for the
differences between the two modes. Specialists and students stated responds for
that, and three groups of students received treatments (see 3.2.1 Evaluation with

Students) using the two modes. Also the evaluation searches for Physical World’s
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effects on reducing misconceptions. The details of the method of evaluation is

explained in detail in the following parts of this chapter.

3.2.1 Evaluation with Students
In the evaluation with students, a study is defined. This definition is stated
below.

Study of evaluation with students: A six hours of study with the participation of

one researcher and one student, in a room with a computer running Physical
World. The six hours of study is divided in three sessions of two hours each. All
sessions are held in different days, and duration between two consecutive
sessions is no longer than seven days. The first session and the last session had at
least two week in between. Before the first session starts, students receive a
“student profile form” (See 3.2.1.1 Measuring Tools) and a “force concept
inventory test” (See 3.2.1.1 Measuring Tools) focusing on misconceptions about
force. The test is a three-tire multiple-choice test, asking (1) the problem, (2) why
the selected choice, and (3) how sure of the choice. After the last session,
students receive the same test with a different order of the same items. During the
sessions, a video camera placed in the study room, records the study
environment. Statements and responds of students are listed according to the
video camera recordings. During the sessions, topics determined by the
researcher are studied. These topics are related to Newtonian Physics. The
researcher is responsible for leading the study by guiding students through the

topics (for details of the studies, see Appendix A).
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Target population of Physical World is all high school students in Turkey.
Though, the study focuses mostly on force and velocity concepts, therefore the
target population of the study is tenth and eleventh grade students (due to
curriculum, the force concept is taught in the tenth grade). As the sample, six
students were chosen with use of convenience sampling. This is because the
study takes place in a study room, with researcher and student, and therefore few
students feel comfortable with the settings. Additionally, stratified sampling is
used to select equal numbers in the male and female gender. Three male and three
female students were chosen. Each group had one male and one female student.
Additional to the six students, one other student was chosen for a pilot study.

Three groups are formed from the six students of the sample, having two
students in each group. All groups study the same topics that are determined by
the researcher. The tasks of groups are defined as stated below.

Group A: Each student studies for six hours, using only the “study by
observation” mode of Physical World.

Group B: Each student studies for six hours, using only the “study by
programming” mode of Physical World.

Group C: Each student studies for six hours, using both the “study by
observation” and the “study by programming” mode of Physical World. The
study includes the same topics as the other two groups. Students use the two
modes consecutively, 30 minutes each, in a cycle completing the six hours. For
instance when 30 minutes of study is completed using “study by observation”, the

same topic is studied for 30 minutes using “study by programming”.
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The following topics are chosen for the studies with students (for details
of the topics including specific objectives of each, see Appendix A).
Topic 1: Keyboard, mouse and window controls.
Topic 2: Introduction to Physical World.
Topic 3: Introduction to Newtonian Physics concepts.
Topic 4: Applications of the velocity concept.
Topic 5: Applications of the force concept.
Topic 6: Applications of the gravity concept.
Topic 7: Applications of the friction concept.
In the following tables (Table 3.3, Table 3.4, and Table 3.5), the study programs

for the three groups are shown.

Table 3.3 Study program for group A

Topics covered during sessions and the mode of learning method

Time of study (minutes) Session 1 Session 2 Session 3
0-30 Topic 1, “study by
observation” Topic 4, “study by Topic 6, “study by
- observation” observation”
30-60 Topic 2, “study by
observation”

60-90

90 -120

Topic 3, “study by
observation”

Topic 5, “study by
observation”

Topic 7, “study by
observation”




Table 3.4 Study program for group B

60

Time of study (minutes)

Topics covered during sessions and the mode of learning method

Session 1

Session 2

Session 3

0-30 Topic 1, “study by
programming” Topic 4, “study by Topic 6, “study by
programming” programming”
30-60 Topic 2, “study by
programming”
60 —90
Topic 3, “study by Topic 5, “study by Topic 7, “study by
programming” programming” programming”
90 - 120

Table 3.5 Study program for group C

Time of study (minutes)

Topics covered during sessions and the mode of learning method

Session 1

Session 2

Session 3

Topic 1, “study by
programming”

Topic 4, “study by
observation”

Topic 6, “study by
observation”

30-60

Topic 2, “study by
programming”

Topic 4, “study by
programming”

Topic 6, “study by
programming”

60 —-90

Topic 3, “study by
observation”

Topic 5, “study by
observation”

Topic 7, “study by
observation”

90 —-120

Topic 3, “study by
programming”

Topic 5, “study by
programming”

Topic 7, “study by
programming”

When students fulfill the objectives of each topic (see objectives of the

topics in Appendix A), the study may finish before it is stated as in the tables

above. For students finishing the total program in less than five hours, there is an

additional topic as stated below.

Topic 8: Finding the constant of stiffness of a spring experimentally.

In Appendix A, the topics above to be studied are mentioned in more

detail. Behavioral objectives of each topic are listed. During the study, researcher



61

is in charge of maintaining accordance of the study with the objectives. When an
objective is realized by student, researcher is in charge of keeping on the study,
skipping to the next objective. When students are not able to reach an objective,
they are assisted by researcher gradually with clues, not at once directly. Below,
Table 3.6 shows mapping of the topics on Appendix A. Each topic’s objectives

can be seen from Appendix A.

Table 3.6 Mapping of the topics on Appendix A

Topic Corresponding part of Appendix A for the topic

Topic 1 3.1.1 (both for study by observation and study by

programming modes)

Topic 2 3.1.2 (both for study by observation and study by

programming modes)

Topic 3 3.1.3 (study by observation mode),
3.1.4 (study by programming mode)

Topic 4 3.1.5 (study by observation mode),
3.1.6 (study by programming mode)

Topic 5 3.1.7 (study by observation mode),
3.1.8 (study by programming mode)

Topic 6 3.1.9 (study by observation mode),
3.1.10 (study by programming mode)

Topic 7 3.1.11 (study by observation mode),
3.1.12 (study by programming mode)

Topic 8 3.1.13 (study by observation mode),
3.1.14 (study by programming mode)

For each of Topic 4 and Topic 7, a procedure is applied and observed in
more detail. These procedures are explained below.

Procedure for Topic 4: Directing a Mass in Real-time

This procedure is an experiment about the velocity concept. The

experiment includes one mass only. The goal is to direct the mass without
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stopping the simulation, with use of velocity variables and complete a rectangular

track as seen in Figure 3.5.
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Figure 3.5 Rectangular track of a mass to be completed in experiment in Topic 4

The steps of the procedure are as follows:
Step 1: Student is asked to add a mass.
Step 2: Student is asked to make the mass move in +x direction by use of velocity
attributes of the mass if “study by observation mode” is used or by use of
programming lines if “study by programming mode” is used.
Step 3: While the simulation runs, student is asked to make the mass move in —x
direction without stopping the simulation by use of velocity attributes or the

programming lines.
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Step 4: Student is asked to stop the simulation, and place the mass at the origin.
Step 5: Student is asked to make the mass complete a rectangular track as in
Figure 3.5 without stopping the simulation.
Step 6: Student’s comments about what she/he understood and learned about
velocity are asked.

All students received this procedure. During this procedure, student’s

actions are observed. The results are mentioned in Chapter 4.

Procedure for Topic 7: Air Friction Experiment

In this procedure an experiment is prepared and observed. A constant
force is applied to a mass where there is no other force. The velocity of the mass
is observed. Then, air friction is applied to the mass and the velocity of the mass
is observed again. Procedures of the experiment for the two modes are different.
The two procedures for the two modes are as follows.

Procedure for “studying by observation”:

The questions below will be referred in the procedure steps.
Q1: Assume that a constant force is always acting on a box. Should the box
always accelerate or should it stay at a constant speed after a while?
Q2: Assume that a constant force is always acting on a box, and when the box
speeds up, there is an air-friction opposing the constant force. Should the box
always accelerate or should it stay at a constant speed after a while?

The information below will be referred in the procedure steps.
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I1: Assume that air friction is caused by collision of the molecules in the air and
the molecules on surface of the box. The more they collide, more the air friction
force applied on the box.

Step 1: Ask Q1 to student.

Step 2: Ask student to add a mass and apply gravity to that mass. Notify student
that gravitational force is a constant force as in Q1.

Step 3: Observe the mass’s velocity and discuss Q1.

Step 4: State I1 and discuss to make sure student understands the concept.

Step 5: Ask Q2 to student.

Step 6: Ask student to add air friction applying on the mass.

Step 7: Observe the mass’s velocity and discuss Q2. Notify student that the
gravitational force is opposed by the air-friction when the mass got faster.

Procedure for “studying by programming””:

Step 1: Ask QI to student.

Step 2: Ask student to add a mass and apply a constant force of 100 N using the
programming lines. (Correct code in programming line 1: “mfx=100", mfx: force
on m in x direction, 100: constant force of 100 N)

Step 3: Observe the mass’s velocity and discuss Q1.

Step 4: State 11 and discuss to make sure student understands the concept.

Step 5: Ask Q2 to student.

Step 6: State the following “Now, we will apply air friction as in Q2. To do, we
will drive a force law. Scientists investigate the factors which influence certain

forces to drive force laws. We will consider mass, position and velocity.”
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Step 6: Ask the following “Do you think mass of a box might influence the air
friction force applied on it?” If the answer is “yes”, ask the following “The air
friction is due to molecules colliding. How can this collision be influenced by the
mass of the box? Think in terms of molecules.”
Step 7: Discuss the influence of mass on air friction force.
Step 8: Ask the following “Do you think position of a box might influence the air
friction force applied on it?” If the answer is “yes”, ask the following “Would
you observe different consequences of Q2 if the experiment was held in this room
or in another room?”
Step 9: Discuss the influence of position on air friction force.
Step 10: Ask the following “Do you think velocity of a box might influence the
air friction force applied on it?” If the answer is “yes”, ask the following “Is the
direction of the air friction force in the direction of the velocity or in the opposite
direction of the velocity?”
Step 11: Discuss the influence of velocity on air friction force.
Step 12: Ask the following “What other factors might influence the air friction
force?”
Step 13: Assist student in adding the air friction in the programming lines. Let
student take the constant of friction as 10 kg*(m/s). (Correct code in
programming line 1: “mfx=100-10*mvx”, mfx: force on m in x direction, mvx:
velocity of m in x direction, 10: constant of friction as 10 kg*(m/s))
Step 14: Observe the mass’s velocity and discuss Q2.

The procedures above are followed in Topic 4 and Topic 7. As seen for

the procedure of Topic 7, the nature of the study while programming let’s



66

students get more involved in underneath principles. The results for these
procedures are mentioned in Chapter 4 and are discussed in Chapter 5.

While students study with Physical World, a video camera that is placed
in the room records the lecture. The recordings are examined to spot significant
responds of students. The responds are considered as significant if they are found
to be related to the points listed below:

e The usability of the simulation tool

e The simulation tool as a teaching material for physics
e Misconceptions

e C(Creative and scientific thinking skills

e Differences between the two modes of Physical World

The responds of students are used for revising Physical World. Also
relevant comments are used as evidence in comparison of the “study by
observation” and the “study by programming” modes in the results.

The evaluation with students, as described above, is influenced from the
pilot study which is held with one student. In the pilot study, a pretest is given, a
six hours of study same as group C is made, and a posttest is given. During the
pilot study, the actual circumstances that a researcher faces are experienced. A
video camera recorded the study and the recordings are used for revising the
study flow. Also the pilot study helped in revision of the tests. More relevant
items are placed in the test after the pilot study. The pilot study showed that
Physical World is most effective on the inductive approach because it needs
analytic and critical thinking, which led to changing test items. After the pilot

study, the tests took their final form.
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3.2.2 Evaluation with Specialists

When a teaching material is evaluated, literally specialists from three
disciplines take role. Specialists from these disciplines are (1) material designers,
(2) subject matter specialists, and (3) teachers. For this study, four specialists
took role. These specialists are chose to cover the disciplines above.

In the evaluation with specialists, Physical World is introduced one by
one, and feedback is requested both verbally and by the use of evaluation form
(See Appendix B for the evaluation form). Evaluation with a specialist takes
about 120 minutes. In the first 60 minutes of the evaluation, a general
introduction relevant to the study is given and Physical World’s features are
shown with examples. In the second 60 minutes, the evaluation form is filled by
the specialist. The steps of the evaluation with the specialist are as follows:
Step 1: Introducing the outline of the evaluation.

Step 2: Introducing the background of the study.

Step 3: Introducing the problems of the study.

Step 4: Introducing the features of Physical World.

Step 5: Introducing the two modes of Physical World.

Step 6: Introducing the misconceptions and Physical World as a recovery tool.
Step 7: Assisting the specialist in filling the evaluation form.

Step 8: Getting specialists’ general comments about Physical World.

Step 9: On specialist demand, install Physical World on the specialist’s computer
and leave the evaluation form to be taken back after specialist’s notification.

In step 7, the evaluation form requires help from researcher in order for

the specialist to answer some questions because those questions are related to
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practical use of the simulation tool. The evaluation data and comments of
specialists are used for the revision of Physical World (For more information
about the evaluation form, see 3.4.2)
3.3 Method of Revision

Revision of the simulation tool depends on the evaluation. Information is
gathered from the evaluation to revise the software. Before the revision started,
this information is classified as described below. This classification is used to
identify information, to bring solutions in while revising the software.

Classification of gathered information:

1. The simulation tool as a teaching material for physics

1.1 Correctness of scientific information

1.2 Motivation

1.3 Usability

1.4 Technical quality

1.5 Colors and graphics

1.6 Effectiveness of the feedback support and the helper documents of the
simulation tool

1.7 Attitude towards computers

1.8 Attitude towards physics

2. Differences between the two modes of the simulation tool
2.1 Creativity

2.2 Achievement

2.3 Motivation

2.4 Behavioral objectives
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2.5 Strengths and weaknesses
2.6 Advantages and disadvantages
3. Simulation tool’s effects on reducing misconceptions about force
3.1 Studying by observation mode
3.2 Studying by observation mode

The information gathered and classified in the evaluation stage is
systematically used to revise the software in technical and educational aspects.
For all classified information, a solution is derived. These solutions are classified
as described below.

Classification of solutions derived:

1. Technical solution

1.1 Not applicable

1.2 Applicable in short term

1.3 Applicable in short term, but will be applied after more numbers of
constructive feedbacks

1.4 Applicable in upcoming versions

2. Non-technical solution

2.1 Not applicable

2.2 Applicable in short term

2.3 Applicable in short term, but will be applied after more numbers of
constructive feedbacks

2.4 Applicable in upcoming versions
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The Method of Revision ends with implementation of applicable solutions
in short term. The non-implemented solutions will either be implemented in the

next versions or be left to be discussed or be discarded.

3.4 Measuring Tools

In this study, three measuring tools are used. Two of these are filled by
students and one is filled by specialists. The two measuring tools for students are
(1) the “student profile form” (See Appendix C) and (2) the “force concept
inventory test” (See Appendix D and Appendix E). The measuring tool for
specialists is the evaluation form. These measuring tools are explained in more

detail in the next parts.

3.4.1 Measuring Tools for Evaluation with Students
A “force concept inventory test” and a “student profile form” were used in

the study as the measuring tools.

3.4.1.1 Student Profile Form

Before a student receives the first session she/he fills out a “student
profile” form (see Appendix C). The form includes questions about the points
stated below:
o Age
e Gender
e Socio-economic status (Mother’s and father’s education and occupation)

e Attitude towards physics and computers
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e Achievement in physics and computers

e Prior experience about computers

e Computer use preferences (programming, gaming, studying etc.)
e Accessibility to computers

e Time spent with computers

Learning by programming
The form includes an information part asking age, gender and socio-economic

status and 17 items.

3.4.1.2 Force Concept Test Items from FCI

Force Concept Test was used to assess students’ misconceptions about
force. The test includes 10 items that are taken from “Kuvvet Kavrami Olgegi”
which is a Turkish translation (Ogretme, 2003) from the originally English
“Force Concept Inventory” test (Hestenes, Wells & Swackhamer, 1992). The
original test includes 30 multiple choice items which are related to the
misconceptions about kinematics, impetus, active force, action-reaction pairs,
influences on motion, resistance, and gravity. This study chose ten items from the
test that concentrate on active force. This is because the active force concept is
the essential of motion in the inductive approach and the simulation tool of the
study is an inductive tool. Therefore the tool shall be dealing with active force the

most. The active force misconceptions of the items in the test are as follows:

e Only active agents exert forces: Non-moving agents do not exert force. For

example a table does not apply force to a weight placed on it.

e Motion implies active force: If a body is moving there must be a force.
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e No motion implies active force: If a body is not-moving there must be a force.

e Velocity proportional to applied force: A body moves with a velocity that is

proportional to the applied force.

e Acceleration implies increasing force: If a body is accelerating, force must be

increasing.

e Force causes acceleration to terminal velocity: If a constant force is applied

on a body, it will reach a certain velocity, and will not exceed that.

e Active force wears out: Forces have a lifetime. For example when a tennis

ball is hit by a racket, the force on the ball wears out after sometime the ball

leaves the racket.

Each item in the test deals with one or more misconceptions. One alternate of
an item can deal with one misconception at most. A student’s choosing of an
alternative to deal with a misconception is accepted as an evidence of the
misconception true for that student.

The test was prepared as a three-tier test. After each item a multiple
choice question is given asking “how sure of the selected alternative” and an
open ended question is given asking “why the selected alternative”. These
questions were used to ensure the reasons behind student’s preferences.

The test was given to each student before the first study started and the
same test with a different order of items was given after all studies were finished.
The pretest results were compared with the posttest to see changes in
misconceptions of students. (See Appendix D and Appendix E for pretest,

posttest and misconceptions in items.)
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3.4.2 Evaluation Form for Specialists

An evaluation form was prepared to evaluate Physical World by
specialists. The form includes two parts as (1) information about the specialist
and (2) evaluation items and opinions. The information about the specialist part
includes questions about the specialist’s experience. The information was
gathered to ensure the validity of specialists’ evaluations. The specialists were
informed that no personal information will be published or announced to third
persons.

In the Evaluation Items and Opinions part, there is one table to be filled
by specialists, and ten open ended questions. The table is aimed to evaluate
Physical World in general. Items of the table require a scale with five
alternatives; (1) very bad, (2) bad, (3) moderate, (4) good, and (5) very good. The
items are about scientifically how true Physical World is, motivation, usability,
appropriateness of colors and graphics, active engagement, effectiveness of
feedback support of the tool, technical quality, containment of relevant document,
effect on students’ attitude towards physics-computers, and the effect of the two
modes of Physical World on students’ creative thinking and physics achievement.
The table is originally prepared by Yalin (2000), and relevant items are added.
These are the four items which are about the two modes of Physical World.

Nine of the ten questions of the form are prepared to compare the two
modes of Physical World, in the aspect of misconceptions, physics achievement,
behavioral objectives, advantages-disadvantages, and strengths-weaknesses. The

question other then the nine is prepared to find problems of Physical World that
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can be fixed in short and long term. (See Appendix B for the Evaluation Form for

Specialists)

3.4.3 Validity and Reliability of Measuring Tools

For ensuring the content validity of the Force Concept Inventory Test, a
well prepared test from literature is used (Hestenes, Wells & Swackhamer, 1992).
The Turkish translation is also taken from literature (Ogretme, 2003). After
selecting which test to use, items that are most closely related to the study are
chosen. The simulation tool of this study concentrates most on force. Therefore
only the items dealing with active force are chosen.

Before the studies with students started, a pilot study with one student is
held. A pretest is given, six hours of study is made, and a posttest is given.
According to the observations in the pilot study, more relevant items are included
in the tests. The decision of concentrating on active force is made which
contributed to the validity of the tests.

For ensuring the content validity of the Evaluation Form for Specialists,
the items of the form are revised for many times. A cyclic procedure is held as
item preparation-revision-item preparation-revision order. The revision is held
three times with one instructor from the department of Secondary School Science
and Mathematics Education at METU. After the last revision, the form is applied
with the same instructor, filling all items as if the form took place in practice. For
the validity of the form, a well prepared table from the literature (Yalin, 2000) is

added which is used to evaluate Physical World in general.
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For ensuring the content validity of the Student Profile Form, relevant
items are chosen and the form is revised by an instructor from the department of
Secondary School Science and Mathematics Education at METU.

The pretest and posttest were administered to six high school 10" grade
students. The internal reliability coefficients of the pretest and posttest were
found 0.35 and 0.27 respectively by using Cronbach alpha coefficient. The
internal reliability showed low values. This is due to small sample size and the

item characteristics in the tests.

3.5 Procedure

The study procedure can be summarized with the steps as stated below:
1. Review of literature
2. Development of the intended simulation tool
3. Development of evaluation forms and tests
4. Evaluation of the simulation tool (with students and specialists)
5. Revision of the simulation tool
6. Analysis of results and conclusion resolving

In review of literature, Educational Resources Information Center (ERIC),
International Dissertation Abstracts, Social Science Citation Index (SSCI),
Ebscohost, science direct, and google.com were searched systematically with
keywords as, physics, education, computer, CAI (computer aided instruction),
CBI (computer based instruction), simulation, tool, programming, programmable,
creativity, virtual laboratory, and animation. Documents found were read and

used in designing, evaluating, applying, and revising the simulation tool. Other
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than the documents, relevant simulation tools were analyzed to make inferences
about Physical World in the design, implementation and revision stages.

In development of the intended simulation tool (Physical World) the
method described in 3.1 (Method of Development) is realized.

In development of evaluation forms and tests, Student Profile Form, Force
Concept Inventory Pretest, Force Concept Inventory Posttest, and Evaluation
Form for Specialists were prepared as described in 3.5.1 and 3.5.2.

After the development of Physical World, and the required measuring
tools, evaluation of the simulation tool is held with students and specialists.
Student and specialist evaluation took place parallel; the order has not importance
hence they are independent.

In evaluation with the specialists, first, appropriate specialists were chosen
(See 3.2.2). Each specialist was informed about the general issues of the study
and the evaluation stage, and was asked for contribution to evaluation. An
evaluation takes about 120 minutes with 60 minutes of researcher’s
representation of the study and Physical World and 60 minutes of filling the form
with researcher’s assistance. Appointments were taken from the specialists who
accepted to contribute to the evaluation stage. During the evaluation, procedure
steps are followed as described in 3.2.2.

In evaluation with students, student to contribute shall be able to spend six
hours as a guest in the study room. Therefore student’s confidence shall be
maintained. For this, one of her/his physics teacher was met, and student and
her/his parents were convinced with that reference. Student’s teacher was asked

for student’s achievement in physics, where this information was used to
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distribute the six contributing students in Groups A, B and C. The distribution in
groups does not aim to get an exact distribution, but it is used to hinder drastic
differences between groups.

A permission paper (see Appendix F) was given to student’s parents,
which briefly explains the content of the study, content of the evaluation, and the
contribution of student. Two meetings with the parents were held. In the first, a
brief explanation is made and the permission paper is given. In the second
meeting, parents’ decision is asked politely and student is asked for her/his will to
contribute. For students’ who are allowed by parents and willing to contribute, a
study time plan is made due to students’ schedule.

In evaluation with students, firstly a pilot study with one student took
place. All tests and forms were ready before the evaluation started. An 11™ grader
science student from a high school is found and the Group C procedure is applied
as in 3.2.1. After the pilot study, six students were found, they were evenly
distributed in the groups according to physics achievement and the procedure is
applied as in 3.2.1. In distributing students to groups, information gathered from
their teachers were used. The estimated three high achievement students were
firstly placed in Groups A, B, and C. And the other three students were placed
balancing groups in the aspect of physics achievement.

In revision of the simulation tool, feedback from students and specialists
were used. Specialists stated comments and filled the evaluation form. Students’
reactions and usage of Physical World were observed and their comments were
listed due to recordings. All obtained information was used systematically to

revise the software as in 3.3.
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In analysis of results, scores of the pretest and posttest were analyzed. No
inferential statistics were used since only six students took role. The test results
were used to indicate misconceptions. Items in the Student Profile Form were
used to investigate student characteristics, attitudes towards computers, attitudes
towards physics, computer usage, programming skills and preference of
“studying by observation” and “studying by programming”. Responds and
comments of students during the studies were analyzed for to use them in the
revision stage. Similarly specialists’ responds and comments were used to revise

the software.

3.6 Assumptions

1. All students in the study had an idea of the essential physics concepts; position,
time, velocity, mass, weight, force, and acceleration.

2. All students in the study responded sincerely to the Student Profile Form and
the pretest and the posttest.

3. All students in the study responded and stated comments sincerely during the
studies.

4. All specialists in the study responded sincerely to the Evaluation Form for
Specialists.

5. All specialists in the study responded and stated comments sincerely during the
evaluation.

6. Each time and for every student, the study environment showed standard

conditions.



7. Each time and for every specialist, the study environment showed standard

conditions.

79
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CHAPTER 4

RESULTS

The results of this study will be explained in four parts as (1) development,
(2) evaluation, (3) revision, and (4) summary. The results will be explained in

relation with the objectives of the study.

4.1 Results of Development

As described in Method of Development, stages of requirement
determination, analysis, design and implementation are applied with object oriented
software development methodology. In accordance with the Method of
Development, results are explained in four parts as (1) Results of Requirement
Determination, (2) Results of Analysis, (3) Results of Design of Physical World, and

(4) Results of Implementation of Physical World.
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4.1.1 Results of Requirement Determination

Below, requirements of Physical World are listed as the results of

requirement determination. These requirements are met by the software

implementation and revision.

A simulation tool that can foster scientific thinking and creative skills of high
school students, while learning physics.

Students shall feel comfort, warmth and interest at the first use of the simulation
tool.

The simulation tool shall present a clear user-interface with necessary controller
units only.

The simulation tool shall use Turkish as well as English

The simulation tool shall be able to run on a wide range of computers.

The simulation tool shall be capable of easy distribution over the Internet.

The simulation tool shall support a freely manipulated virtual laboratory

The simulation tool’s use shall be simple.

Graphical representation of a laboratory setting shall be supported in two or
three-dimensional views.

The simulation tool shall be able to show any physical quantity in an
experimental setting to the user.

When the user forms an experimental setting, the user shall be able to start the

simulation and observe motion on the computer screen.
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Interaction of the user with the objects in the virtual laboratory shall sustain
uninterrupted while the simulation runs.

The simulation tool shall support a programming language that can be easily
used by students

The simulation tool’s programming language shall not require preliminary
programming experience for students.

The programming lines of the programming language shall support arbitrary
equations to be written freely by users.

The computer shall precisely solve the equations when the simulation runs.

By use of programming lines, variables correspondent to physical terms shall be
formulated by users and the formulated variables shall have physically right
effect (right use of Newtonian Physics) to the experimental setting.

The simulation tool should support a non-programmable mode, besides the
programmable mode.

In the non-programmable mode, any experimental setting shall work
automatically, by the equations known by the computer.

In the non-programmable mode, the simulation tool shall support user
manipulation over defined constants of the equations, but shall not support user

defined arbitrary equations.
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4.1.2 Results of Analysis
In the analysis stage, two parts are planned as described in 3.1.2.1 and
3.1.2.2. First, why to develop a new application, and second, how to develop a new

application is analyzed.

4.1.2.1 Results of Analysis of Why to Develop a New Application

A qualitative comparison of advantages and disadvantages is made as
described in 3.1.2.1. Major requirements of Physical World are investigated in
contrast with the advantages and disadvantages. Respectively, as a result, decision is
made to develop a new application.

As a result of this part, a problem of the study is answered. As stated in 1.1.2
this problem is;
SPDI1: Analysis of “why to develop a new application”.
The reasons of this can be pointed out as;
e Need of language support for Turkish
e Applicable solutions to disadvantages as stated in 3.1.2.1

e Advantages of developing a home product as stated in 3.1.2.1

4.1.2.2 Results of Analysis of How to Develop a New Application
Physical World’s requirements indicate strong need of object oriented design,
since the tool shall support a variety of features, and shall be maintained and

extended easily. Therefore in the comparison of available technologies, as a result,



Java is chosen as the programming language for development (See 3.1.2.2).
Conventionally, MS Windows is chosen as the operating system.
Additional to Java and MS Windows, it is investigated and found that

JCreator IDE (Interface Development Environment) is appropriate to meet

development features of Physical World. Therefore JCreator is chosen to be used.

JCreator is a tool for managing software modules in development. A free version
(version 2.5 LE) of the tool is used (See Figure 4.1) for writing codes of needed

classes and managing packages of the project.

About ICreator 2.5 LE x|

JCreator

Copyright © 2000-2002 #inox Software - Wendel de Witke

hikkp i joreakor . com

Thiz program ig protected by copyright law and intemational treaties az
dezcribed in the ELILA. Parts of code by Andrei Stcherbatchenko,
Ferdinand Prantl and Staz Lewvin.

Al Rights Reserved.

The product iz freeware, before using it read the enclozed ELILA file.

verzion 2.5 buld B

Figure 4.1 JCreator 2.5 LE “about window”

&4
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Following the development environment decision, the problems that could
arise during the design were pointed, to analyze how to develop Physical World. As
listed in 3.1.2.2, these problems are:

P1: Precise and fast physical simulation to be calculated by the computer
P2: A science oriented programming language for students
P3: Visualization of virtual laboratory experiments

P4: Long term support for the revision of Physical World and for the next versions

For P1, Euler Simulation Method is analyzed in performance and precision.

For this, an assumption is made for testing the performance. The assumption requires

the listed points below:

¢ In an educational simulation tool for Newtonian physics, the tool shall be able
simulate at least 10 masses in real-time on 200 MHZ (mega hertz) CPU (Real-
time means simulation calculation is as fast to simulate in parallel time with real
world with precision).

e When 10 masses are all bound to each other with springs in combination with use
of Hooke’s Law of motion (force of spring is proportional to spring constant and
amplitude of tension), and spring constant is chosen as 100000 N/m, and each
mass as 1 kg, the simulation shall remain stable.

A test is conducted to analyze efficiency of Euler Simulation Method, in the
case described above. It is found that the case can be met by more than 100 masses.

The analysis results as a decision to use Euler Simulation Method in Physical World.
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For P2, how to develop a science oriented programming language is
analyzed. It is assumed that Object Oriented Design fulfills the technical problems.
Besides the technical problems, curricular problems arise. Derivation and integral are
not included in the high school curriculum. Euler Simulation and equations of
motion require these topics. To solve this problem, the process of Euler Simulation
integration of equations of motion is investigated. The integration process is done via
in three steps;

1. Setting forces
2. Integrating acceleration
3. Integrating velocity

It is found that the first state suits the curriculum. Therefore it is decided that
the programming language shall let the users set forces, and the other two steps shall
be done automatically by the computer (The implementation of this decision and
further technical details are explained in 4.3).

For P3, performance of Java in displaying virtual laboratory settings in two
and three dimensions is analyzed. It is assumed that at least 10 masses bound with
spring in combination shall be rendered at 10 frames per second, on 200 MHZ CPU,
at 800x600 pixels of screen area. Tests indicated that over those specifications, 15
frames per second can be obtained. As a result, a two-dimensional and three-
dimensional computer graphics library is planned as an infrastructure for

development.
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For P4, a qualitative analysis of Physical World’s reqirements shows Object
Oriented Design is required to maintain, revise and extend the application (Results of
use of Object Oriented Design in Physical World is explained in 4.3).

As a result of this part, the second problem of the study is answered. As
stated in 1.1.2, this problem is;

SPD2: Analysis of “how to develop a programmable simulation tool, appropriate for

high school students, which is less computer oriented and more science oriented, for

learning physics”.

The answer can be summarized with points listed below;

e Choosing the appropriate computer language as Java, the operating system as
Windows, and the development environment as JCreator 2.5 LE.

e Showing efficiency of Euler Simulation Method.

e Orienting the programming language used by students with respect to
curriculum.

e Showing efficiency of Java’s rendering of virtual laboratory settings for
Newtonian physics.

e Using Object Oriented Design to maintain, revise and extend the application.

4.1.3 Results of Design of Physical World
In 3.1.3, an object oriented design methodology is described in terms of
packages, classes and methods. The methodology is applied for the design of

Physical World. In this part, the results of the design will be mentioned.
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The design simply divided main packages into two groups as (1)
infrastructural packages and (2) application specific packages. This decision results
an isolated group of modules in the infrastructural packages, which is used for long
term maintenance of the system. This means that when structural changes are made
on the application packages, because of isolation, the infrastructural packages remain
unchanged, and that is beneficial for maintenance. This isolation strategy is the first
step in design.

In the second step, the infrastructural packages defined in 3.1.3 are named in
accordance to Java convention. Below, Java conventional name of these packages
are stated in quotations.

1. Mathematics Package: “infrastructure.pwmath”

2. Physical Simulation Package: “infrastructure.pwengine”

3. Graphics Package: “infrastructure.pwgraphics”

4. Window Toolkit Package: “infrastructure.pwwindowtoolkit”

After naming the packages, their dependencies are defined. Mathematics
Package is placed under the other three packages. This means that the Mathematics
Package is independent of all other packages and all other packages depend on the
Mathematics Package. In the mathematics package, three and two dimensional
vectors, mathematical operators and mathematical variables are defined. These
modules are accepted to be generic too all other modules.

The Physical Simulation Package is based on the Mathematics Package. It is

designed to solve differential equations using vector, operator, and variable modules
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of the Mathematics Package. The design defines three stages of mass simulation to
obtain motion. These stages are named as (1) initialize, (2) solve, and (3) simulate. In
the initialize stage, net force on a mass is set to null. In the solve stage, forces are
applied to the mass. In the simulate stage, second order differential equation of
motion is integrated dependent on time by Euler Simulation Method. The design
offers simulation container modules which are capable of running these three stages
in a parallel order. This means that these stages are involved by every mass in the
system, and simulation container is responsible for managing all initialization stages
of all masses first, than managing all solve stages of all masses, and last managing all
simulation stages of all masses. This procedure is offered to guarantee the validity of
Euler Simulation Method’s software application.

The Graphics Package is designed for two and three dimensional rendering.
Various shapes to be rendered are decided to be implemented in this package. These
shapes are planned to be used to represent elements taking place in the virtual
laboratory.

The Window Toolkit Package is designed for rendering user interfaces.
Modules such as buttons, text fields (fields to type), and scrolling fields are decided
to be implemented in this package.

The packages mentioned above results a set of infrastructural packages
generic to any physical simulation tool. Following the infrastructural packages, the
application specific packages are designed. Below, Java conventional name of these

packages are stated in quotations.
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1. Application Package: “pwapplication”

2. Integration Package: “pwapplication.environment”

3. Programming Language Package: “pwapplication.lang”

4. Language Support Package: “pwapplication.titles”

After naming the packages, their dependencies are defined. The Application
Package and the Integration Package are dependent on each other. These packages
are dependent on the Programming Language Package and the Language Support
Package, but the Programming Language Package and the Language Support
Package are both dependent on them.

The design of Physical World results a set of depency releations and module
definitions as stated above and in 3.1.3. The dependency relations are represented by
arrows in Figure 4.2. Arrow pointing from package A to package B means A is

dependent on B. All packages in the system are shown in the table.

4.1.4 Results of Software Implementation of Physical World
Software implementation of Physical World is done by the implementation
method defined in 3.1.4 over the design method in 3.1.3. This part will be explaining
the results of implementation in a top down approach, which means the explanation,
will start from a user’s point of view and will go down to underneath mechanisms.
This part will explain implementation results of “User Interfaces of Physical
World”, “Physical Simulation Package”, and “Programming Language Package”.

These topics are most closely related to the purpose of the study. For further
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investigation of the implementation, see and analyze source code of Physical World

(See Appendix J).

Integration Package Language Support Package Programming Language
Package

A l A A

Application Package

\ 4 \ 4 \ 4
Physical Simulation Graphics Package Window Toolkit Package

= l |

Mathematics Package

Figure 4.2 Package dependency relations of Physical World

4.1.4.1 User Interfaces of Physical World

For the user interfaces of Physical World, a minimalist strategy is
implemented. In the window called “The Main Window” a virtual laboratory
observing environment is presented (See Figure 4.3). The Main Window includes

minimal number of buttons to build experiments.
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Figure 4.3 The Main Window

In the Main Window, the laboratory environment is rendered on a Cartesian
coordinate system. Figure 4.3 shows a sample experiment on the coordinate system.
On right hand side of the window, available types of components that can take place
in a laboratory are provided. Users are able to add one or more of those types by
clicking on them. In the extent of this study a few components are implemented. The
implementation is object oriented. Therefore further development is supported by the
existing packages.

When an experiment is set by the user, the simulation can be started and

stopped by use of “Play” and “Stop” buttons seen in Figure 4.3. When the user starts
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the simulation, motion is calculated and animations take place in the Main Window.
The calculation of motion is dependent on “study by observation mode” or “study by
programming mode”. These two modes are set from JCreator’s project settings menu

before the application is started (See Figure 4.4).

Project Settings ﬂ

B : I StudpByObzerving j
StuduByObzerving
Cutput path [ StudpBvObserving htm - D:5javadey etprojectsetproject’,

StudyBvProgramming =

JDK Profiles | JDK Tools | Required Libraries |

JOK, version 1.3.0_02 e
Edlit...

[elete

]

HAAN

[

ClazzPath : |D:'xiavau:lev"-.etpru:-ieu:t'xetpru:uie-:t;lz:"-.iu:lk'l 2.0 02redhibtt jarC:h

| k. I Cancel | Help

:

Figure 4.4 JCreator’s Project Setting Menu: Used to set either “study by observation

mode” or “study by programming mode”.

If the application is set to “study by observation mode” and the simulation is
started, the calculation of motion is done automatically due to equations of motion

known by the application. If the application is set to “study by programming mode”
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and the simulation is started, the calculation of motion is done due to equations
written in programming lines. The programming lines are placed under another
window called “Experiment Components Window”. The Experiment Components
Window is used to list all components that take place in the current experiment
created by the user. In “study by programming mode” this window additionally
includes the programming lines. In figure 4.5, Experiment Components Window is

seen in “study by observation mode” without programming lines.

E%Experiment Componenkts

I

I m
I Stilakject 5

I - JEarths sueh

|
-

Figure 4.5 Experiment Components Window
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The Experiment Components Window includes programming lines in “study
by programming mode” as seen in Figure 4.6. The programming lines are empty
when the application is first started. The user is able to write equations with use of
variables provided by Physical World. These variables are used in the simulation.
Therefore setting these variables through the programming lines will reflect to the

simulation when it is started by the “Play” button.

E%Experiment Componenkts

Figure 4.6 Experiment Components Window in “study by programming mode”
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The programming lines are processed continuously when the simulation runs.
Therefore dynamical changes in the variables will be effectively reflected to
simulation to obtain motion (See user manuals of Physical World from Appendix G,
Appendix H, and Appendix I for detailed information and applications of
experimental settings in the “study by programming mode”). The variables provided
for programming lines can be found under “Component Info Windows”. For each
component listed in Experiment Components Window, there exists a Component
Info Window that gives details of the component. When a component on Experiment
Components Window is clicked, Component Info Window will appear. In the
window, attributes of the component will be seen (See Figure 4.7).

In Figure 4.7, Component Info Window of mass m, placed in the virtual
laboratory is seen. The mass includes attributes as position, velocity and mass. Under
the attributes, variables are listed. These variables are provided for the programming
lines. All components provide attributes and variables. For instance time component
provides a variable t. As an example, when mx variable (means x position of m) is
written as mx=t in the programming lines, m will be change position when the
simulation is started, since the simulation time is passing. Any physical effect will be
observed for arbitrary equations written in the programming lines. For example mfx
variable (net force on m in x direction) can be manipulated to apply force on m (See
user manuals of Physical World from Appendix G, Appendix H, and Appendix I for

sample applications).
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Figure 4.7 Component Info Window of mass m

Mainly there are three types of windows provided by the use interfaces of
Physical World; (1) the Main Window, (2) the Experiment Components Window,
and (3) the Component Info Windows. All windows are similar to the descriptions
above. For all details of components, their uses and all windows, see user manuals of

Physical World (Appendix G, Appendix H, and Appendix I).
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4.1.4.2 Results of Implementation of Physical Simulation Package

The Physical Simulation Package contains classes which implement mass,
physical interaction and the manager containers. As described in 4.3, there are three
stages of the simulation process for a mass; (1) initialization, (2) solve, and (3)
simulation. These stages are implemented in Java methods of class PWMass. Class
PWMass is a member of the Physical Simulation Package.

Implementation of the initialization stage sets net force and acceleration of a

mass to null. Below, Java code of this stage is seen:

public void init()
{
force.set(0, 0, 0);

accel.set(0, 0, 0);

The code above is the initialization stage named as the “init” method. The
method is coded in class PWMass. Above, “public” means that this method is
accessible from outside of class PWMass, and “void” means there is no output from
this method. “force” and “accel” are variables declared by PWMass. They are
actually represent three dimensional vectors in space. “.set” method sets “force” and

“accel” by “(0, 0, 0)” value, which is x, y, and z coordinates in space. When this
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stage is processed for a mass it is ready to step next to stage solve, where solve is the
stage for external forces to be applied.

Solve stage is not implemented for PWMass because solve stage is the stage
where forces are applied, and in Newtonian physics a mass does not apply force to
itself. Implementation of this stage will be shown for springs.

For the simulation stage, class PWMass implements a method named as

“simulate”. The Java code of this method is seen below:

public void simulate()

{
vel.set(vel.add(accel.multiply(dt)));
vel.set(vel.add(force.multiply(dtDivMass)));
pos.set(pos.add(vel.multiply(dt)));

}

The code above is Java implementation of Euler Simulation Method for a
mass. “vel” is the velocity of mass, “pos” is the position of mass, and “dt” is the time
to be iterated in the integration process. After this method is processed, the mass’s
velocity and position states are iterated by dt time. Above, velocity is incremented by
the product of acceleration and dt, and position is incremented by the product of

velocity and dt.
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Masses can be created and added to manager containers called class
PWSimulationContainer. This container type holds a list of added masses and
manage their simulation stages. Class PWSimulationContainer implements a method
named as “operate” which is a process to pack the three stages. The implementation

of this method is as follows:

public void operate()

{
init();
solve();
if (time != null)
time.iterate t();
simulate();
}

The above code processes the init, solve and simulate methods one after the
other. Once “operate” is processed, all masses and interactions are handled to get
iterated states of the virtual experimental setting. This iteration means the one
process of “operate” integrates the motion for some time that is defined under class

PWTime, which is declared as “time” in the code above. In this case, the processed
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init, solve, and simulate methods above are not the methods of class PWMass. These
methods are specifically implemented for PWSimulationContainer to manage all
masses and interactions under the container. The specific implementation is as

follows:

public void init()
{
for (int a = 0; a < initChildren.size(); ++a)

((PWInit)initChildren.elementAt(a)).init();

public void solve()

{

for (int a = 0; a < solveChildren.size(); ++a)

((PWSolve)solveChildren.elementAt(a)).solve();

public void simulate()

{

for (int a = 0; a < simulateChildren.size(); ++a)

((PWSimulate)simulateChildren.elementAt(a)).simulate();
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Methods above are implemented in class PWSimulationContainer.
“initChildren”, “solveChildren”, and “simulateChildren” are the components that
take place in the container. Physically these components are the masses and
interactions. By the “for loops” the components are managed through the three
stages. These methods are called by the “operate” method. Therefore the “operate”
method processes all components’ stages of simulation to get the motion of the
virtual experiment.

Probably the most important part of simulation is the stage where forces are
applied. Below, the force applied by a spring will be explained.

The Physical Simulation Package includes a class called PWSpring, which
represents a spring that implements Hooke’s Law. As the design of Physical World
defines, forces must be implemented in the solve stage. PWSpring applies force to
two masses as implemented in the code below. This code is the solve stage

implemented by PWSpring.

public void solve()

{

Vector3D f = deltaMasses.multiply(displacement * kHardness);
if (_deltaMasses != 0)

f = f.divide(_deltaMasses);

force.set(f);
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mass]1.applyForce(f);

mass2.applyForce(f.negate());

In the code above, first the force between two masses caused by the spring
between them is calculated. “deltaMasses” is the displacement vector between the
two masses. Force “f” is found and applied to “mass1” and “mass2”. When applied
to “mass2”, the force is negated by the “negate” method. This negation is the
implementation of action-reaction of force of an interaction. As well as the masses,
interactions such as the spring interaction are managed by PWSimulationContainer.
Therefore when two masses are added to the container and a spring between them is
also added, calling the “operate” method processes the simulation. When the
“operate” method is continuously called by the Application Package, the virtual

experiment is simulated.

4.1.4.3 Results of Implementation of Programming Language Package

As a result of Programming Language Package’s implementation, modules
that can solve equations are obtained. These modules are capable to work
collaboratively with the Mathematics Package and Physical Simulation Package. The
package does several operations on written equations on the programming lines.

These operations are listed orderly below:
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1. Read an equation from the programming lines
2. Recognize variables, brackets and mathematical operations
3. Do error checking
4. Compile brackets
5. Compile mathematical operations
6. Set variable values
7. Get equation result

The process above is implemented in the Programming Language Package
with use of specific classes and methods (For further investigation of the
implementation, see and analyze source code of Programming Language Package).
The process is managed by the Application Package. Every time the equations
written in the programming lines are changed, the Programming Language Package
is notified and it automatically recompiles the equation. By this, the user is able to
change the equations while the simulation runs, which results an uninterrupted user
interaction reflected quickly into the simulation. For instance when variable mvx that
represents velocity in x direction of mass m is manipulated as “mvx=1" in the
programming lines, mass m moves with 1 m/s in the +x direction. And when the
equation is adapted to be “mvx=-1”, the mass immediately starts moving in the —x
direction. The uninterrupted user interaction is effectively used in the evaluation

stage of this study.
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4.2 Results of Evaluation
In this part of the study, results obtained from evaluation of Physical World
will be presented. The evaluation is made with contribution of seven students and

four specialists.

4.2.1 Results of Evaluation with Students

Seven students contributed to the evaluation of Physical World. One of these
students took place in the pilot study, and six of them took place in the actual study.
The evaluation results will be investigated for the actual study under the titles stated
below.

e Information about Students Related to Computers and Physics

Students’ Attitudes Towards Physics
e Students’ Computer Usage
e Students’ Preference of “studying by observation” or “studying by
programming”’
e Pretest and Posttest Results and Misconceptions
e Students’ Attainment of Procedures for Topic 4 and Topic 7
In the actual study, six students took place. These students are placed in three
groups (group A, B, and C) each containing two students. Students’ gender, age,
school type, grade, and group are seen in Table 4.1. Students’ parents’ education
status and occupation are seen in Table 4.2 (the information is given due to students’

responds).



Table 4.1 Students in the actual study
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Student Gender Age School type Grade Group
ST1 Male 15 High School 10™ A
ST2 Female 15 High School 10™ A
ST3 Male 16 Private 10" B

Science High
School
ST4 Female 15 High School 10" B
STS Male 16 Private 10" C
High School
ST6 Female 15 High School 10™ C
Table 4.2 Students’ parents’ education status and occupation
Student Mother’s Mother’s Father’s education Father’s
education status occupation occupation
ST1 Elementary school House wife High school Technician
ST2 High school House wife University Teacher
ST3 High school House wife High school Technician
ST4 University Teacher High school Merchant
STS University Human resource University Merchant
management
ST6 High school House wife High school Turner

4.2.1.1 Information about Students Related to Computers and Physics

The information concerning computers and physics for students is obtained

from students’ responses to certain items in the Student Profile Form. These items

are numbered in the form as 2., 3., 4., 6. and 7. These items are prepared to rate

certain characteristics of students. The items are originally written in Turkish in the
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Student Profile Form. The items are translated to English and they are listed below in

Figure 4.8 and each student’s response for the items is seen in Table 4.3.

Very much

Moderate
Little
None

2. 1 am successful in physics subjects.

3. I have knowledge of computer usage.

4. | have knowledge of computer programming.

6. | think using computers in classroom is useful

7. 1 can understand physics while studying with the computer.

Figure 4.8 Items for the information concerning computers and physics for students

Table 4.3 Responses of students to items for the information concerning computers

and physics
Student Item 2. Item 3. Item 4. Item 6. Item 7.
ST1 Very much Very much Moderate Moderate Very much
ST2 Moderate Moderate Little Little Moderate
ST3 Moderate Moderate Moderate Moderate Moderate
ST4 Very much Little Little Little Moderate
STS Moderate Very much Moderate Little Moderate
ST6 Moderate Moderate Little Moderate Moderate
Sum of Very much (2) Very much (2) Verymuch(0)  Verymuch  Very much (1)
Responses Moderate (4) Moderate (3) Moderate (3) (0) Moderate (5)
Little (0) Little (1) Little (3) Moderate (3) Little (0)
None (0) None (0) None (0) Little (3) None (0)

None (0)




4.2.1.2 Students’ Attitudes towards Physics
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Students’ attitudes towards physics are measured by three items from the

Student Profile Form. These items are numbered in the form as 1., 8., and 9. The

items are translated to English and they are listed below in Figure 4.9 and each

students’ response for the items are seen in Table 4.4.

Very much

Moderate
Little
None

1. I have interest in physics subjects

8. | like learning physics subjects

9. | am eager to learn physics subjects

Figure 4.9 Items for students’ attitudes towards physics

Table 4.4 Responses of students to items for students’ attitudes towards physics

Student Item 1. Item 8. Item 9.
ST1 Very much Very much Very much
ST2 Moderate Moderate Very much
ST3 Little Little Moderate
ST4 Very much Very much Very much
STS Moderate Moderate Moderate
ST6 Moderate Moderate Moderate

Sum of Responses Very much (2) Very much (2) Very much (3)
Moderate (3) Moderate (3) Moderate (3)
Little (1) Little (1) Little (0)
None (0) None (0) None (0)
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4.2.1.3 Students’ Computer Usage
The information for students’ computer usage is obtained by eight items in
the Student Profile Form. These items are numbered as 5., 10., 11., 12., 14., 15., 16.,

and 17. The items and responses from students are stated below, as in Table 4.5.

Very much
Moderate
Little

None

5. We use computers in the classroom

Figure 4.10 Item 5 in the Student Profile Form

Responses to item 5.:

Table 4.5 Responses of students to item 5 in the Student Profile Form

Student Response to Item 5.

ST1 Little
ST2 None
ST3 Little
ST4 None
ST5 None
ST6 None

All responses Very much (0)

Moderate (0)

Little (2)

None (4)
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Item 10.: (Open ended question)
e Please write the educational software you used before, if any exists (If you don’t

remember their names, please state how many).

Responses to item 10.:

ST4 stated two educational software. The other students stated none.

Item 11.: (Open ended question)

e Please write the programming languages you used before, if any exists.

Responses to item 11.:

All students responded no use of programming languages.

Item 12.: (Open ended question)

e If you have written computer programs, please give brief information about

them.

Responses to item 12.:

STS5 stated that he attempted to write a small computer game, which failed to
finish. This response is in contradiction with response to item 11. The other students

have stated none.
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Item 14.:

e Through what way do you reach a computer, when you want to use? (You may

mark more than one box below)

[a] I do no have the chance to reach a computer.

[b] At home there is a computer that I use with my family.
[c] I have my own computer in my room.

[d] I reach computers from the internet-cafes.

[e] I use my school’s possibilities.

[f] Other (Please state)

Responses to item 14.:

From the responses it is found that two students have a computer they use
with their family two students have a computer their room, and two students use

internet-cafes or school computers. All responses are seen in Table 4.6.

Table 4.6 Responses of students to item 14 in the Student Profile Form,

Student Response to item 14
ST1 C
ST2 B
ST3 C
ST4 B
ST5 D,E

ST6 E
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Item 15.:
e How much do you use the computer daily?
a. None
b. 0-30 minutes
c. 30-60 minutes
d. 60-90 minutes
e. 90-120 minutes

f. More than 120 minutes

Responses to item 15.:

According to responses of students, it is found that the average computer use
per day is 45 minutes with a standard deviation of 41.3 minutes. Female subjects
spend less time with computers than male subjects. The average value for female
subjects is 15 minutes per day with a standard deviation of 25.9 minutes. The
average value for male subjects is 75 minutes per day with a standard deviation of 30
minutes. In Table 4.7, all responses are seen. Each response is assumed as an exact
time for calculating the average time spent. This assumption is done via taking the
average of the time stated in each item. For instance, 30-60 minutes is assumed as 45

minutes.



Table 4.7 Responses of students to item 15 in the Student Profile Form
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Student Response to item 14 Assumed time for calculating the
average time spent

ST1 60-90 minutes 75 minutes
ST2 30-60 minutes 45 minutes
ST3 60-90 minutes 45 minutes
ST4 None 0 minutes
STS 90-120 minutes 105 minutes
ST6 None 0 minutes

Purpose Letter coded for the purpose

Playing games A

Programming B

Chatting C

Researching through the internet D

Studying by educational software E

Figure 4.11 Item 16 in the Student Profile Form; Purposes table

With what order do you prefer the usage of computers listed above. Please fill in the

table below using the letters coded for the purposes.

Letter coded for the purpose

The purpose I prefer the most

The purpose I prefer second

The purpose I prefer third

The purpose I prefer fourth

The purpose I prefer last

Figure 4.12 Item 16 in the Student Profile Form; Student’s preference table
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Responses to item 16.:

According to the responses to item 16, four students prefer to use the
computer mostly for researching through the internet, and two prefer for playing
games. Three students prefer to use computer the least for programming, two prefer
the least for studying by educational software and one prefers the least for chatting.

All responses are seen in Table 4.8.

Table 4.8 Responses of students to item 16 in the Student Profile Form

Student Ordered response to item 16 (Ordered as responded)
STI1 A,D,C,B,E
ST2 D,E,A,C,B
ST3 D,C,E,A,B
ST4 D,E,B,A,C
STS A,D,B,C,E
ST6 D,E,A,C B

Item 17.:
e Please write in what subjects of courses you used educational software before, if

any exists.

Responses to item 17.:

According to responses to item 17, two students did not use educational
software for subjects of courses. Four students used educational software for math.

Two of these four used educational software for chemistry, and one of that two used
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for biology. No response shows usage of educational software for physics. All

responses are summarized in Table 4.9.

Table 4.9 Responses of students to item 17 in the Student Profile Form

Student Summary of response to item 17
ST1 Math, chemistry
ST2 None
ST3 None
ST4 Math, chemistry, biology
ST5 Math
ST6 Math

4.2.1.4 Students’ Preference of “Studying by Observation” or “Studying by
Programming”

Students’ Preference of “studying by observation” or “studying by
programming” is measured via one item in the Student Profile Form. This item is

numbered as 13. The item is as stated below.

Item 13.:

¢ Below, two learning methods are defined for physics education.

First method: Educational software showing animations of physics subjects,
calculating motion by itself. (For example a projectile motion takes place. A mass is

thrown upwards. After sometime the mass has fallen by the effect of the gravity. The
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computer has calculated the motion and has shown the projectile motion with

animations.)

Second method: Educational software showing animations of physics subjects,
calculating motion by due to laws determined by the student. (For example, for a
projectile motion experiment, the student has set the initial velocity of the mass and
has entered the force acting on the mass as an equation to the computer. The
software has calculated the motion according to the values and equations that the

student has entered, and has shown the projectile motion with animations.)

If you were to prefer one of the above methods, which one would you prefer? Why?

Responses to item 13.:

Above, English translation of item 13 is seen. As can be resolved from the
second method, programming is described in terms of Physical World approach.
Programming is not presented as a computer oriented and technical concept. It is
meant to be consistent with the understanding of this study.

All of six students preferred the second method. Their responses are
candidates to be strong evidence of student preference. Below, students’ responses

are listed with their original Turkish statements and their English translations.
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Response of ST1:

“2. yontemi tercih ederdim. Bilgisayar kendisi hesaplarsa 6grenci bir sey yapmaz. 2.
yontemde ise 6grenci kendisi yaptig1 i¢in daha iyi anlar ve ezbere olmaz.”

“I would prefer the second method. If the computer calculates by itself, the student
does not do anything. In the second method, because the student does it by her/him

self, she/he understands better and it is not memorization then.”

Response of ST2:

“2. yontem c¢linkii 2. yontemde 6grenci daha fazla diistinliyor. Boylece kendi merak
ettigi sonuclar1 bulabilir ve daha akilda kalic1 olur.”
“The second method because the student thinks more. This way the student can find

the results she/he is curious of, and that would be more permanent to keep in mind.”

Response of ST3:

“2. yontem. Ciinkii deneyerek 6grenmenin her zaman en iyisi oldugunu
diisiiniiyorum.”

“Second method. Because I think that learning by trial is always the best.”

Response of ST4:

“2. yontemi daha uygun buldum. Ciinkii 6grenci 2. yontemde uygulayarak 6greniyor.

Boylece 0grenci nerelerde hata yaptigini anlar ve konuyu daha ¢abuk kavrar.”
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“I found the second method more suitable. Because in the second method, the
student is learning by applying. This way the students understand where she/he has

made a mistake and grabs the subject faster.”

Response of ST5:

“2. yontemi tercih ederdim ¢iinkii bilgisayarin kendi tercih ettigi sayilar1 6grenci
ezbere 6grenmeye c¢alisir ama kendi (6grenci) say1 verir bilgisayar hesaplarsa onu
ogrenmeye ve anlamaya ¢aligir.”

“I would prefer the second method because the student tries to learn by memorizing
the numbers given by the computer, but if the student sets the numbers and the

computer calculates them, then the student tries to learn and understand.”

Response of ST6:

“2. yontem c¢linkii bilgisayar 6grencinin kurallarina gore hesaplarsa 6grenci daha az
hata yapar ve daha ¢ok akilda kalir.”
“The second method, because if the computer calculates due to student’s rules, the

student makes less mistakes and it is kept more in mind.”

4.2.1.5 Pretest and Posttest Results and Misconceptions
At the beginning of the studies, all students received the pretest and after the

last study, they received the posttest. All groups A, B, and C did better in the
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posttest. Table 4.10 shows the results of the pretest and the posttest for students, and

Table 4.11 shows the results for the groups.

Table 4.10 Results of the pretest and the posttest for students

Student Number of right answers ~ Number of right answers Difference
in pretest in posttest (Posttest — pretest)
ST1 3 4 1
ST2 0 1 1
ST3 2 2 0
ST4 0 1 1
ST5 2 3 1
ST6 1 4 3

Table 4.11 Results of the pretest and the posttest for groups

Group Number of right answers ~ Number of right answers Difference
in pretest in posttest (Posttest — pretest)
A 3 5 2
B 2 3 1
3 7 4

Group A used only “studying by observation mode”. After the studies, the
group scored two additional items correct.

Group B used only “studying by programming mode”. After the studies, the
group scored one additional item correct. In this group ST3 scored equal in the tests.
ST3 gave the correct answer to item 1 in pretest and gave wrong answer to the
corresponding item in the posttest, though recovered his wrong answer in item 9 and

got the same scores in as a sum.
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Group C used both “studying by observation mode” and “studying by
programming mode”. After the studies, the group scored four additional items right.
The most recovering item was item 9 in the pretest. All six students had failed
to answer this item correctly, all choosing the same alternative. In the posttest, five
students gave the correct answer and ST4 conserved the previous answer. The item is
directly related with Newton’s second law of motion. During the studies, the
simulations demonstrate the applications of this law very clearly, no matter what
study mode is used. This will be explained in more detail in 4.2.1.6.
Below, the misconceptions considered in this study are listed. They are
named as M1, M2, M3, M4, M5, M6, and M7.
M1: Only active agents exert forces
M2: Motion implies active force
M3: No motion implies active force
M4: Velocity proportional to applied force
M5: Acceleration implies increasing force
M6: Force causes acceleration to terminal velocity
M7: Active force wears out
In Table 4.12, items in the pretest, the correct alternative and the alternatives

showing evidence of misconceptions is shown.
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Table 4.12 Pretest items and items’ alternatives showing evidence of misconceptions

Item number Correct Evidence of misconception for alternative (misconceptions are referred
alternative and alternative showing evidence of that alternative is stated in
parenthesis)
1 5 MI1(2)
2 1 MI1(4)
3 1 MI1(4)
4 2 MI(5)
5 3 MI(1)
6 2 MI(1,3,5), M2(3,4,5)
7 2 MI(1), M2(1,3,4,5)
8 2 M3(5)
9 2 M4(1), M6(4), M7(3,5)
10 3 M5(2), M6(1)

A table similar to Table 4.12 is prepared for the posttest items and
misconceptions’ evidences, which is Table 4.13. Posttest includes the same items
with mixed order of items and alternatives of the pretest, and Table 4.13 indicates

those as well.
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Table 4.13 Posttest items and items’ alternatives showing evidence of

misconceptions, and corresponding items in the pretest

Item number Corresponding Correct Evidence of misconception for alternative
in the posttest  item number in the alternative (misconceptions are referred and alternative showing
pretest evidence of that alternative is stated in parenthesis)
1 4 4 MI(5)
2 4 MI(1), M2(1,5,3,2)
3 6 5 MI1(3,4,1), M2(4,2,1)
4 5 3 MI(5)
5 10 2 M5(4), M6(5)
6 9 4 M4(5), M6(2), M7(3,1)
7 8 3 M3(5)
8 2 4 M1(2)
9 3 5 MI(1)
10 1 3 MI1(2)

Tests were evaluated to find misconceptions of students and groups in the

pretest and the posttest. The results are seen in Table 4.14 and Table 4.15.

Table 4.14 Misconception results of the pretest and the posttest for students

Student Number of Number of Difference
misconceptions in pretest  misconceptions in posttest (pretest — posttest)
ST1 4 3 1
ST2 5 3 2
ST3 3 2 1
ST4 4 8 -4
STS 5 5 0
ST6 5 3 2
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Table 4.15 Misconception results of the pretest and the posttest for groups

Group Number of Number of Difference
misconceptions in pretest ~ misconceptions in posttest (Pretest — posttest)
A 9 6 3
B 7 10 -3
C 10 8 2

Among the misconceptions, for M6 there was a constructive change in the
posttest. This is due to clear demonstrations in the simulations which will be
explained in the next part. Number of misconceptions of Group B has increased by
three in the posttest. All given answers to pretest and posttest is seen in Table 4.16

and 4.17.

Table 4.16 Students’ detailed responses and misconceptions in the pretest. (Notice:
“*” means correctly answered, “***” means correctly answered in the pretest but
changed to a wrong alternative in the posttest. After the response written,

misconceptions are listed if any exists.)

Responses to items in the pretest

Item1 Item2 Item3 Item4 Item5 Item 6 Item 7 Item8 Item9 Item

Student 10
ST1 5% 3 1* 1 5 4M2 3,M2 2% 4, M6 1,M6
ST2 2.M1 3 5 1 5 4M2 5,M2 1 4, M6 2,M5

ST3 SHw* 3 1* 4 5 4M2 3,M2 4 4,M6 5
ST4 4 3 3 1 2 4,M2 3.M2 1 4,M6 2.M5
STS 4 3 5 4 3* 5.M1,M2 3,M2 2% 4, M6 2.M5
ST6 4 3 3 1 2 4M2 LM1,M2 2% 4,M6 2,M5
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Table 4.17 Students’ detailed responses and misconceptions in the posttest. (Notice:
“*” means correctly answered, “**” means correctly answered in both the pretest and

the posttest. After the response written, misconceptions are listed if any exists.)

Responses to items in the posttest

Item 1 Item 2 Item 3 Item4 Item5 Item 6 Item 7 Item8 Item9 Item
Student 10

ST1 3 3.M2 2,M2 1 5,M6 4% Jx* 1 5** 3**
ST2 3 5.M2 2,M2 4 5,M6 4% 1 1 2 4
ST3 1 3.M2 2,M2 1 1 4% 2 1 5¥* 4
ST4 5M1 I ,M1I,M2 5* 1 5,M6 5,M4 5,M3 2M1 1,M1 4
ST5 1 5.M2 4M1,M2 Rl 5,M6 4% JH* 1 1M1 4
ST6 3 1,M1,M2 2,M2 4 2% 4% 3x* 1 5* 4

Each test item is three-tier, asking (1) the problem, (2) how sure of the
choice, and (3) why the selected choice. Table 4.18 and Table 4.19 show how sure

the students are of their selected choices in the pretest and the posttest.

Table 4.18 Students’ responds to how sure of the selected choice in the pretest

Responses (Four alternatives: (1) Very sure, (2) sure, (3) not very sure, (4) not sure at all)

Item 1 Item 2 Item 3 Item4 ItemS5 Item 6 Item 7 Item8  Item 9 Item
Student 10
ST1 3 3 3 2 2 3 3 2 3 4
ST2 2 2 3 3 3 2 3 3 3 3
ST3 3 2 3 2 3 4 4 3 3 4
ST4 - 1 - 2 2 2 3 - - -
ST5 1 2 3 2 2 3 3 2 3 4
ST6 3 1 3 2 3 3 4 3 4 4
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Table 4.19 Students’ responds to how sure of the selected choice in the posttest

Responses (Four alternatives: (1) Very sure, (2) sure, (3) not very sure, (4) not sure at all)

Item 1 Item 2 Item 3 Item4 Item5 Item 6 Item 7 Item8 Item9 Item
Student 10
ST1 2 3 2 2 2 3 2 2 2 3
ST2 2 2 2 2 3 2 3 2 3 2
ST3 2 3 3 2 3 3 2 3 2 3
ST4 2 - 2 2 1 1 2 1 2 2
STS 2 2 3 1 3 1 2 1 2 1
ST6 3 2 2 2 3 2 3 3 3 3

The students’ responds to “why did you select the alternative in the previous
item?” helped examining the reasons behind improvements and unexpected changes
in the misconceptions. Hence, responds to Item 1, Item 2, Item 5, Item 6, Item 7, and
Item 10 of the pretest and their corresponding items in the posttest were investigated.

In Item 1 of the pretest, it was seen that ST3 selected right but changed to a
wrong alternative in the posttest. The responds of ST3 is as follows.

Pretest:

How sure are you about the alternative you chose?

Not very sure

Why did you select the alternative in the previous item?

“Bir cisme ne kadar kuvvet uygularsak o da bize o kadar tepki verir (etkiye tepki)”
“An object reacts as much as we apply force on it (action reaction)”

Posttest:

How sure are you about the alternative you chose?

Not very sure
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Why did you select the alternative in the previous item?

“Eger ikisinin de kuvveti esit olsaydi hareket etmezlerdi, fakat A’nin kuvveti daha
biiyiik oldugu zaman ikisi de geri giderler.”

“If both forces were equal, they wouldn’t move, but if A’s force is more they can
both go backwards.”

In the pretest, ST3 mentioned about action-reaction, which is the right theory
behind the phenomenon in Item 1. In the posttest, ST3 does not think of action-
reaction, but deals with motion. In the pretest a knowledge level respond was
observed, but in the posttest an intuitive approach was observed.

In Item 2 of the pretest and its corresponding item in the posttest, ST4 did not
select the right alternative. Although no misconception was found in the pretest, ST4
showed M1 misconception (only active agents exert forces) in the posttest. The
responds of ST4 is as follows.

Pretest:

How sure are you about the alternative you chose?

Very sure

Why did you select the alternative in the previous item?

“Otomobilin kiitlesi ile kamyonun kiitlesi birbirine esit degildir. Bu ancak otomobilin
motorunu ¢alistirmasi ile esitlenir. Bu sirada kamyon da ona geri itme kuvveti
uyguladigi i¢in otomobilin itme kuvvetinin kamyonunkinden daha fazla olmasi

gerekir.”
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“Mass of the car and the lorry are not equal. This can only be eqauted if the car had
started its engine. At moment, since the lorry applies back push force on the car,
car’s push force must be greater than the lorry’s.”

Posttest:

How sure are you about the alternative you chose?

Very sure

Why did you select the alternative in the previous item?

“Otomobilin motoru ¢alistig1 icin kamyonu iter. Ama sdyle diistinelim; bir dolab1
itmek i¢in mi ona daha ¢ok kuvvet uygularsiniz yoksa masay1 itmek i¢in mi?
Otomobil tabi ki kamyonu itecektir. Ciinkii onun yolundadir.”

“The car pushes the lorry because its engine works. But let’s think this way; do you
apply more force to push a cupboard or to push a table? Of course the car will push
the lorry. Because it is on its way.”

Response of ST4 in the posttest showed M1 misconception (only active
agents exert forces). Though, from the student’s statements, it was understood that
the student thinks about motion, not force. Therefore, it is controversial to say that
the student had a misconception about force.

In Item 5 of the pretest, only STS succeeded, and in the corresponding item in
the posttest, again only STS succeeded. From the student’s statements, it was
observed that the student responded right by chance in the pretest. In the posttest,

again a right respond is obtained with fully right explanation.
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Pretest:

How sure are you about the alternative you chose?

Sure

Why did you select the alternative in the previous item?

“Vurus giicii belli bir siire sonra havanin ve yercekiminin etkisiyle yok olur ve top
diser.”

“The hitting force diminishes after some time with the effect of the air and the
gravity and the ball falls down.”

Posttest:

How sure are you about the alternative you chose?

Very sure

Why did you select the alternative in the previous item?

“Kuvvet, vuruldugu anda etki eder. Topun gitmesi hizidir. Hava ve yer¢ekimi de
stirekli etki eder.”

“The force applies at the instance of the hitting. The motion of the ball is its velocity.
Air and gravity always affects.”

STS used both “studying by programming mode” and “studying by
observation mode”. Although it was observed right answer in both the pretest and
posttest, only for the posttest it can be deduced that the student reasoned with the
right theory. In the posttest ST5 was very sure. The student told that the force apllies

the ball during the hit. Also the students related motion with velocity and stated that
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air (air friction) and gravity always act on the ball. The statement is a right
expression of theoretical Newtonian physics.

In Item 6 and Item 7 and in their corresponding items in the posttest, M1 and
M2 misconceptions were observed. All students except ST4 failed to answer
correctly to these items in both tests. ST4 failed both items in the pretest and
recovered Item 6 in the posttest. Although ST4 failed Item 6 and 7 in the pretest, ST4
only missed the corresponding item of Item 7 in the posttest. It was observed that the
student used to consider a force in the direction of the motion, but does not consider
that in the posttest, which is the correct Newtonian case. In Item 6 of the pretest, ST4
selected “alternative 4” which shows M2. In the posttest, ST4 remediate the
misconception. In Item 7 of the posttest, ST4 selected “alternative 3”, which again
shows M2. Although the corresponding item in the posttest was not answered
correctly by ST4, it was observed that by selecting “alternative 17, ST4 omitted a
force in the direction of motion. The parallelism between these items shows that ST4
does not consider a force in the direction of motion in the posttest.

In Item 10 of the pretest, all students failed to select the correct answer. In the
corresponding item in the posttest, four of the students (ST1, ST2, ST4, and ST5)
selected “alternative 5, which was different from their selection in the pretest and
which was wrong once more. Though, from the students’ statements, it was found
that the students did not neglect air friction. When air friction is not neglected, the
right alternative may become “alternative 5, depending on how high the building is

in the problem. The problem states that the building has single floor which clearly
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omits “alternative 5”. It is found that the concept is well understood by the students,

but the problem is not read clearly, or the height of the building is not considered.

4.2.1.6 Students’ Attainment of Procedures for Topic 4 and Topic 7

The method for following the objectives of the topics is applied during study
sessions. All objectives listed on Appendix X is reached by students, directly or
gradually with given clues. Additional to the objectives, procedures for Topic 4 and

Topic 7 are applied as described in 3.2.1.

4.2.1.6.1 Results of Procedure for Topic 4: Directing a Mass in Real-time
Procedure for Topic 4 involves an experiment about the velocity concept.
Students direct a mass without stopping the simulation. The goal is to complete a
rectangular track. The procedure is almost the same for the two modes of Physical
World. In the “studying by observation” mode students direct the mass with use of
velocity attributes, and in the “studying by programming” mode students direct the
mass with use of programming lines. Uses of the two modes are similar because in
the “studying by programming” mode, student only enters a constant value to
variables in the programming lines, which is similar to setting the velocity attributes

in mass details window.
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Figure 4.13 Rectangular track of the mass in Topic 4

All students achieved to complete the rectangular track (See Figure 4.13).
None of students achieved the goal directly, but they achieved with assistance of
researcher. All students succeeded to complete the “side 17 (See Figure 4.13) of the
rectangle without assistance. When turning towards “corner 2” was asked, no student
achieved this without stopping the simulation. In turning towards “corner 2”, instead
of manipulating the velocity, ST1, ST2, and ST6 attempted to position the mass with
use of mouse towards “corner 2”. With assistance, all students achieved to pass
“corner 17, “corner 2” and “corner 3” after trials. During the trials, students
commonly made direction and magnitude mistakes. Trials were repeated for each
student until they completed the track without any assistance. All students achieved

the goal with use of the uninterrupted interaction feature of Physical World.
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The general responds of students show that the uninterrupted interaction is
beneficial for quick feedback. In general, students stated that getting quick feedback

shows them their mistakes and helps to understand.

4.2.1.6.2 Results of Procedure for Topic 7 in “Studying by Observation Mode”: Air
Friction Experiment

As stated in 3.2.1 two questions are used in the procedure. These questions
are restated below.
Q1: Assume that a constant force is always acting on a box. Should the box always
accelerate or should it stay at a constant speed after a while?
Q2: Assume that a constant force is always acting on a box, and when the box speeds
up, there is an air-friction opposing the constant force. Should the box always
accelerate or should it stay at a constant speed after a while?

As stated in 3.2.1 an information is used in the procedure. This information is
restated below.
I1: Assume that air friction is caused by collision of the molecules in the air and the
molecules on surface of the box. The more they collide, more the air friction force
applied on the box.

The procedure for the Air Friction Experiment is applied for “studying by
observation mode”. Firstly Q1 is asked. All students failed to answer the question
correctly. This consequence is consistent with the M6 misconception. All students

had failed to answer item 9 in the pretest, which is directly related to M6 and Q1. In
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the experimental setting when there is no friction, all students observed and orally
approved that a mass under net constant force always accelerates and does not reach
a terminal velocity. And when friction was applied to the mass, all students observed
and orally approved that the mass reaches a terminal velocity. As the simulation took
place, students observed the net force reaching to null, as the mass approaches the
terminal velocity. With this all students orally approved that the constant force in the
experiment is opposed by the air friction force as the mass speeds up.

In general, this procedural study with students shows a straightforward
approach to physical facts. The effect of this study is apparent in item 6 of the
posttest. This item is the correspondent of item 9 in the pretest which was failed by
all six students. All students (ST1, ST2, ST5, and ST6) receiving this procedure
succeeded on item 6 in the posttest. Among these students, STS and ST6 received
both this procedure and the procedure for “studying by programming” which will be

mentioned in the next part.

4.2.1.6.3 Results of Procedure for Topic 7 in “Studying by Programming Mode”: Air
Friction Experiment

Air friction experiment is applied by four students (ST3, ST4, ST5, and ST6)
in the “studying by programming mode”. ST5 and ST6 had also received the
procedure for the “studying by observation mode” just before they received this
procedure. Firstly Q1 is asked. ST3 and ST4 (Group B, only programming) failed to

answer Q1 correctly which is in consistency with their wrong answers to item 9 in
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the pretest. STS and ST6 answered correctly since they had seen the experiment.
After Q1, students were asked to apply a force of 100 N in +x direction on a mass,
by using the programming lines. All four students achieved to write the correct
equation in the programming line (“mfx=100"") without any help. In the experimental
setting when there is no friction, all students observed and orally approved that a
mass under net constant force always accelerates and does not reach a terminal
velocity.

For air friction force, programming requires deriving a force law and writing
in that in the programming lines. In the air friction stage of the procedure, firstly,
students were given the information 11, and they were asked what factors could be
affecting the force law of air friction. Students were given a set of variables as mass,
position of the mass, and velocity of the mass to be considered as factors. Students’

responses are investigated for each of these factors as stated below.

Mass as a Factor Affecting the Air Friction Force

ST3, ST4, and ST firstly responded mass as factor a affecting the air friction
force, and ST6 stated unsure. A common belief was held by student that air friction

is more for heavier objects. ST5 explains the situation as stated below.

“When we think of a volleyball and a fitness ball, the volleyball is lighter. Therefore
when we hit, it moves faster. The fitness ball is heavy and is not as fast. Therefore it

means that it is slowed down by the air.”
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A common understanding is true for other students as well. During the study,

researcher uses the following two thought experiments and discusses the situation.

“More the mass, harder to accelerate. Is that caused by the air friction? Think of a
volleyball and fitness ball experiment in space where there is no air, therefore no air
friction force exists. In this case, is accelerating the fitness ball as easy as

accelerating the volleyball?”

“Think in terms of colliding molecules of the air and the surface of the box. How do
they know the mass of the box? Think of putting heavy objects in the box. How will

the molecules know that?”

The thought experiments above are put forward to make students understand

that there is no relation between mass and air friction force. While the discussions,

students show they understand the thought experiments.

Position as a Factor Affecting the Air Friction Force

ST3, STS and ST6 stated that there is no relation between position and air
friction force, and ST4 stated unsure. During the study, researcher used the following

thought experiment and discussed the situation.
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“Think of a falling object in this room. Do the same experiment in another room with

the same conditions. Does changing the rooms make a difference?”

The above thought experiment is used to discuss the effect of position on air

friction force.

Velocity as a Factor Affecting the Air Friction Force

All students accepted velocity as a factor affecting the air friction force
without any help. ST4 and ST5 made use of molecules information in I1 to explain
how. ST4 additionally stated the cross-section of the box as a factor affecting the air
friction force. ST3 stated the medium as a factor; “Friction in water is different than
the air, density of the medium shall play a role.”

Students’ responds for the “velocity as a factor affecting the air friction
force” shows evidence of critical thinking and scientific thinking skills. Physical
World does not teach critical thinking and scientific thinking. It does not present any
instructional method for that. Though, “studying by programming” indirectly allows
these skills to be used. Specialists pointed that Physical World would be much more
effective if an instruction system was provided by the software. This would make
“studying by programming” even better.

After the factors affecting the air friction force were discussed, the procedure
forTopic 7 is followed by writing the friction force in the programming lines. The

constant force was written as;
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“mfx=1007,

and the new form of the force should be;

“mfx=100-10*mvx”.

Students were informed that a all factors except the velocity such as the
cross-section and the density could be represented in a constant value. They were
assisted to accept that value as 10 N/(m/s). With the information ST4 and ST5 wrote

the correct force equation as seen above. ST3 made a mistake and wrote the line as;

“mfx=100+10*mvx”,

with a mistake in sign. And ST6 was assisted to write the equation.

All students receiving the procedure stated that they were more involved with
the factors affecting the air friction force. STS and ST6 compared this procedure
with the corresponding procedure they received in the “studying by observation
mode”. Both stated that in the previous study, they hadn’t understood the factors

behind the air friction force.
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4.2.2 Results of Evaluation with Specialists

For the evaluation of Physical World, four specialists contributed this study.
They filled an evaluation form, stated comments and gave feedbacks. The gathered
information was used to revise the software and to draw conclusions. The evaluation
has two parts. In the first part, there are questions about specialists’ experience
concerning this study. These questions are prepared to ensure the validity of the
responses. In the second part, items about Physical World are involved. The second
part starts with a table to evaluate Physical World in general. Specialists’ general
evaluation by use of that table is shown in Table 4.20.

According to specialists’ responses, Physical World draws positive figures
for the following points. These points are decided according to the condition that all
evaluations for the criteria is above normal.

e Correctness of information (Correct use and implementation of Newtonian

Physics)

e Interest arousing / Motivation increasing

e Support of active engagement

e Technical quality

e Effect on student’s attitude towards physics

e Effect on student’s attitude towards computers

e Effect of “studying by programming mode” on student’s creative thinking skills

e Effect of “studying by programming mode” on student’s physics achievement
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Evaluation alternatives:

1: very bad,
2: bad,
3: normal,
4: good,
5: very good
Criterion for Physical World to be evaluated by X: Not evaluated (omitted by specialist)
specialists SP1 SP2 SP3 Sp4
Correctness of information (Correct use and 5 X 5 5
implementation of Newtonian Physics)
Interest arousing / Motivation increasing 4 5 5 5
Easiness of usage 4 3 3 5
Appropriateness of colors and graphics 5 colors 2, 4 5
graphics 3
Support of active engagement 4 5 X 5
Effectiveness of feedback 4 5 2 4
Technical quality (use and implementation of X 5 5 5
technology)
Containment of related / meaningful documents 5 2 2 4
Effect on student’s attitude towards physics 4 5 X 5
Effect on student’s attitude towards computers 4 5 4 5
Effect of “studying by observation mode™ on 3 5 3 4
student’s creative thinking skills
Effect of “studying by programming mode” on 5 5 5 5
student’s creative thinking skills
Effect of “studying by observation mode” on 3 5 X 4
student’s physics achievement
Effect of “studying by programming mode” on 5 5 X 5

student’s physics achievement

The weaknesses of Physical World are seen from Table 4.19 as well.

Although there are variances between responds, relatively negative responds shall be

considered under attention. The weak points are as follows.

e [ts easiness of usage is lacking.
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e Colors and graphics are found inappropriate.

¢ Related and meaningful documents are missing or hard to reach. Documents are
prepared in separate files and there is no way to reach them directly from
Physical World. At this point it is apparent that Physical World has to be
supported by documents and by an automated instruction system for teachers and
students. Related to that, “support of active engagement” which is rated as a
positive point is criticized by SP3. SP3 states that without an automated
instruction system, active engagement is meaningless, no matter how interactive
the software is, and this is especially true for the programming mode.

After the general evaluation, Item 1 in the Evaluation Form for Specialists is
investigated for specialists’ views related to effects of two defined studies on
misconceptions. The item describes two studies, which are similar to the procedures
for Topic 7; first one for the “studying by observation mode” and the second one for
the “studying by programming mode” (See 3.2.1 and 4.2.1.6.2). Table 4.21 shows
how much effect each of these studies has on misconceptions, according to
specialists’ views. The following three misconceptions were taken under
consideration. These misconceptions are referred as KY1, KY2, and KY3 in the

evaluation form.

M4 (KY1): Velocity proportional to applied force
M5 (KY2): Acceleration implies increasing force

M6 (KY3): Force causes acceleration to terminal velocity
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Table 4.21 Effect of first study and second study on misconceptions, according to

specialists’ views

Alternatives for the effect of first study (by  Alternatives for the effect of second study

observation) on misconceptions: (by observation) on misconceptions:
1: Very negative 1: Very negative
2: Negative 2: Negative
3: None 3: None
4: Positive 4: Positive
5: Very positive 5: Very positive
SP1 SP2 SP3 SP4 SP1 SP2 SP3 SP4
Misconception
M4 3 4 4 3 5 3 5 5
M5 3 4 4 2 5 3 5 5
M6 3 4 4 4 5 3 5 5

Three specialists hypothesized positive effect for the second study for all
three misconceptions. One of specialists states that the “studying by programming
mode” is harder to use, therefore more misconceptions might arise. In contrast with
the results of studies with students, it was found that only M6 was recovered. As will
be discussed in Chapter 5, studies showed limited effect on misconceptions and no
difference was observed between the two modes. It is observed that the teaching
method used in this study does not change the intuitive habits of students in
understanding Newtonian Physics.

In Item 9 of the evaluation form, specialists were asked which method,
“studying by observation” or “studying by programming”, would be better for the
use of Physical World in education. There three alternatives as;

1. just studying by observation,
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2. just studying by programming,
3. both.
All specialists answered as both. All specialists stated that students shall start with
observation and then skip to programming.
Items as in the form of open ended questions were presented in the rest of the
evaluation form. Specialists’ responds to some of these items are summarized below.
e For the strengths and weaknesses of the two modes, specialists emphasize
flexibility of programming. Though, they point that this flexibility reduces
usability and makes it more complicated. Two specialists state that skillful
students have more advantage in using the programming lines, which might
cause a bias. And two specialists point that while programming, students get
involved with mathematics of physics.

e Advantages of “studying by programming” compared to “studying by
observation” are;
1. student is more engaged cognitively,
2. manipulation of variables the influence the experimental environment,
3. more control on the experimental environment,
4. application of limitless laws of physical interaction,
5. additive effect on critical thinking skills,
6. grabbing principles underneath the Newtonian physics.

e Disadvantages of “studying by programming” compared to “studying by

observation” are;
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1. more difficult,

2. need of higher skills,

3. much more difficult for unmotivated students,
4. need of a good instruction system,

5. risk of non-working or wrong models’ to mislead students.

The responds and comments of specialists other than the above are mentioned

and used in the revision of the software as will be shown in the next part of the study.

4.3 Results of Revision

As described in the Method of Revision, information gathered via the
evaluation by students and specialists are listed. The information is classified under
the titles of “Classification of gathered information” (See 3.3 Method of Revision).
One solution is derived for each distinct information classified. The solutions are
classified under the titles of “Classification of solutions derived” (See 3.3 Method of
Revision). In this part of the study, the information gathered and the corresponding
solutions will be listed.

The listing below starts with 17 information and corresponding solutions,

which are not applied yet, or can be applied in the upcoming versions.

Information 1:

e Description: Access from Physical World to its manuals and tutorials is needed.
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e C(lassification: “1.4 Technical quality”, and “1.6 Effectiveness of the feedback

support and the helper documents of the simulation tool”

e Source: SP1, SP2, SP3, and SP4

Solution 1:

e Description: Manuals and tutorials for Physical World are written in MS Word.
An interactive system supported by Physical World must be developed to view
them.

e (lassification: “1.4 Applicable in upcoming versions”

e Result/ Explanation: Will be applied in the upcoming versions.

Information 2:

e Description: Initial value spaces for masses under the “Mass Details Window”
shall be clearly shown in the Main Window.

e C(lassification: “1.3 Usability”

e Source: SP1

Solution 2:
e Description: Window layout shall be redesigned.
e C(lassification: “1.3 Applicable in short term, but will be applied after more

numbers of constructive feedbacks”
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e Result/ Explanation: Window layout shall be redesigned for a better solution in

the long term.

Information 3:

e Description: An automated instruction system is needed for the software to be
easily used by students.

e C(lassification: “1.3 Usability”, “1.4 Technical Quality”, “1.6 Effectiveness of the
feedback support and the helper documents of the simulation tool”

e Source: SP1, SP2, SP3, and SP4,

Solution 3:
e Description: An automated instruction system must be developed.
e (lassification: “1.4 Applicable in upcoming versions”

e Result / Explanation: Will be applied in the upcoming versions.

Information 4:

e Description: Arrows indicating net force on masses are misleading when the
simulation is stopped; because, when the simulation is stopped, and the
experimental setting is changed by repositioning the masses, the net force arrows
stay the same. Assume a mass tied to another mass with spring. The arrows show
a direction same as the spring, which is physically correct, but when the

simulation is stopped and the masses are repositioned, the direction of the spring
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will change which will be different and the direction of force, and that could
mislead students.

e (lassification: “1.1 Correctness of scientific information”

e Source: SP1

Solution 4:

e Description: The solution can be realized by an instruction system. The
instruction system shall take the responsibility to cover the misleading by
notifying how the simulation is represented by the software. For instance, the
instruction system shall inform student that the force arrow shows the last state of
the system just before the simulation is stopped.

e C(lassification: “1.4 Applicable in upcoming versions”, and “2.4 Applicable in
upcoming versions” (1.4 is technical and 2.4 is non-technical; See 3.3 Method of
revision)

e Result / Explanation: An automated instruction system must be developed.

Information 5:

e Description: Studying by programming can motivate interested students, but
cannot motivate others as much.

e C(lassification: “1.2 Motivation”, “2.4 Motivation” (See 3.3 Method of revision)

e Source: SP1 and SP4



Solution 5: Same as Solution 3.

Information 6:

e Description: Misconceptions can only be recovered by students whose
achievement in physics is high.

e C(lassification: “3.1 Studying by observation mode” and “3.2 Studying by
programming mode” (See 3.3 Method of revision)

e Source: SP1

Solution 6: Same as Solution 3.

Information 7:
e Description: User interfaces are not designed properly.
e (lassification: “1.3 Usability”

e Source: SP1, and SP2

Solution 7:

e Description: User interfaces shall be designed better.

e (lassification: “1.4 Applicable in upcoming versions”, “2.4 Applicable in
upcoming versions” (See 3.3 Method of revision)

e Result / Explanation: Will be held in the upcoming versions.
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Information 8:
e Description: The software shall be evaluated with more students.

e (lassification: All classifications

e Source: SP1, SP2, SP3, and SP4

Solution 8:

e Description: A usability test with students and an experimental study shall be
prepared.

e (lassification: “2.4 Applicable in upcoming versions”

e Result / Explanation: Will be held in the upcoming versions.

Information 9:

e Description: Support for active engagement is only possible with an automated
instruction system.

e (lassification: “1.3 Usability”, “1.4 Technical quality”

e Source: SP3

Solution 9: Same as Solution 3

Information 10:

e Description: Air component can be displayed all over the experiment area,
instead of one small region.

e (lassification: “1.1 Correctness of scientific information”
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e Source: SP2

Solution 10:

e Description: For the current system, air does not have any effect unless air
friction is established for a mass. The probable misleading shall be solved by an
instruction system.

e C(lassification: “1.4 Applicable in upcoming versions”, “2.4 Applicable in
upcoming versions” (See 3.3 Method of revision)

e Result / Explanation: An automated instruction system must be developed.

Information 11:

e Description: The component representing the air friction is misleading. It looks
as if the friction force was in the horizontal direction, because its figure is
rendered horizontally.

e C(lassification: “1.1 Correctness of scientific information”

e Source: SP3

Solution 11:
e Description: The air friction figure must be replaced.
e C(lassification: “1.2 Applicable in the short term”

e Result/ Explanation: Not applied. Will be applied in the next version.
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Information 12:

e Description: Mass and earth’s surface does not collide which might mislead
students.
e (lassification: “1.1 Correctness of scientific information”

e Source: SP1, SP2, SP3, and SP4

Solution 12:

e Description: Due to the current logic of the software, interactions are not
calculated unless they are set by the user. The solution can be realized by an
instruction system. The instruction system shall take the responsibility to cover
the misleading by notifying how the simulation is represented by the software.

e (lassification: “1.4 Applicable in upcoming versions”, and “2.4 Applicable in
upcoming versions” (See 3.3 Method of revision)

e Result / Explanation: An automated instruction system must be developed.

Information 13:

e Description: In the “studying by programming mode”, variables and equations
shall be clearly presented to students with use of help systems.

e (lassification: “1.3 Usability”, “1.4 Technical quality”, “1.6 Effectiveness of the
feedback support and the helper documents of the simulation tool”, and “2.5
Strengths and weaknesses”

e Source: SP1, SP2, SP3, and SP4



Solution 13: Same as Solution 3

Information 14:

e Description: Windows shall be resizable.
e C(lassification: “1.3 Usability”, and “1.4 Technical quality”

e Source: SP1, and SP3

Solution 14:
e Description: Development must be made.

e (lassification: “1.2 Applicable in the short term.”

e Result / Explanation: Not applied. Will be applied in the next version.

Information 15:

e Description: All components shall be able to be deleted at once.
e C(lassification: “1.3 Usability”, and “1.4 Technical quality”

e Source: SP1, and SP3

Solution 15:
e Description: Development must be made.

e C(lassification: “1.2 Applicable in the short term.”

e Result/ Explanation: Not applied. Will be applied in the next version.
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Information 16:

e Description: Experimental settings from real life shall take place as well.
e C(lassification: “1.4 Technical quality”

e Source: SP3

Solution 16:

e Description: The tool is designed with object oriented design. Implementation
must be made to do.

e (lassification: “1.4 Applicable in the long term.”

e Result / Explanation: Will be held in the upcoming versions.

Information 17:

e Description: All Newtonian Physics must be covered.
e (lassification: “1.4 Technical quality”

e Source: SP4

Solution 17:

e Description: The tool is designed with object oriented design. Implementation
must be made to do.

e C(lassification: “1.4 Applicable in the long term.”

e Result / Explanation: Will be held in the upcoming versions.
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The solutions above are the unapplied ones. Most of the findings show a need
for long term development. The following five information and their corresponding

solutions are the ones that are applied.

Information 18:

e Description: Zoom button and some other buttons on the Main Window are not
clear.
e C(lassification: “1.5 Colors and graphics”

e Source: SP1, and SP2

Solution 18:
e Description: An artist’s help is needed to replace images of the buttons.
e (lassification: “1.2 Applicable in short term”

e Result / Explanation: Applied with the help of an artist.

Information 19:

e Description: Scrolling windows cannot be perceived. The scroll bar shall be on
the right and shall display arrows.
e (lassification: “1.3 Usability”

e Source: SP1, and SP2
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Solution 19:
e Description: Arrows shall be displayed on the scrolling bar and the scrolling bar
shall be placed to the right of the window.
e C(lassification: “1.2 Applicable in the short term”

e Result / Explanation: Applied.

Information 20:

e Description: Scrolling windows goes infinitely up and down without limitation.
e (lassification: “1.3 Usability”

e Source: SP1

Solution 20:

e Description: Scrolling shall be limited. The scrolling places shall only show the
area that the components are taking place.

e C(lassification: “1.2 Applicable in the short term”

e Result / Explanation: Applied.

Information 21:

e Description: Mouse click on the text entry fields shall locate the text cursor on
the clicked position.
e C(lassification: “1.3 Usability”, and “1.4 Technical quality”

e Source: SP1, ST1, ST3, ST5
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Solution 21:
e Description: Development shall be made to fix the mouse click problem on the
text entry fields.
e C(lassification: “1.2 Applicable in the short term”

e Result / Explanation: Applied.

Information 22:

e Description: Number of digits displayed in the variables list of components is too
much. Two or three digits are enough.
e (lassification: “1.4 Technical quality”

e Source: SP3

Solution 22:
e Description: Development must be made.
e (lassification: “1.2 Applicable in the short term.”

e Result / Explanation: Applied

In the revision stage, Solution 18, 19, 20, 21, and 22 were applied. The revision
turned Physical World to look better, to be more usable, and to be technically better.
The most significant missing point was left as development of an automated

instruction system.
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4.4 Summary of Results
In this part of the study, summary of results will be mentioned under two
titles; (1) Summary of Results of Development, and (2) Summary of Results of

Evaluation and Revision.

4.4.1 Summary of Results of Development

With the development of Physical World, the first four solutions of the study
are met (Solution of SPD1, Solution of SPD2, Solution of SPD3, and Solution of
SPD4 as defined in 1.2). First, why to develop a new application is analyzed.
Second, how to develop the application is analyzed. Third, a design is prepared to
meet the needs listed under Solution of SPD3 (See Solution of SPD3 in 1.2). These
needs were met by the simple user interface, the manipulative environment by use of
the two modes, small downloadable file size and no platform dependency, and object
oriented design to support extensions. Fourth, the software implementation is made
to meet the needs listed under Solution of SPD4 (See Solution of SPD4 in 1.2).
These needs were met by clearly written code, well defined packages, classes and
methods, right use of Newtonian physics, and support for topics that are related with

high school physics curriculum in Turkey.
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4.4.2 Summary of Results of Evaluation and Revision

With the evaluation and revision of Physical World, four solutions (Solution
of SPE1, Solution of SPE2, Solution of SPE3, and Solution of SPE4 as defined in
1.2) of the study are met either totally or partially.

For attaining Solution of SPE1, Physical World is evaluated as a teaching
material for physics by the contribution of students and specialists. Students have
easily used the simulation tool in both of the modes, but it was observed that it
wouldn’t be as easy without assistance of researcher. The uninterrupted interaction
feature is found to be an effective way to study physics by students. Besides
students, specialists stated positive comments in general. Though, the usability and
easiness of usage was rated relatively low by specialists, and they pointed at the
absence of related and meaningful documents and an instruction system embedded in
the software.

For attaining Objective 6, differences between “studying by programming”
and “studying by observation” were investigated via evaluations by the contribution
of students and specialists. While “studying by programming”, students spent more
time to understand the concepts because there was more opportunity for discussion.
While “studying by programming”, some students achieved to derive and contribute
physical laws, which shows strong evidence of critical thinking and scientific think.
Besides students, specialists stated both positive and negative comments for the each

of the modes. They evaluated the “studying by programming mode” as a cognitively
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engaging method, but they found it to be difficult and they pointed to the bias of the
mode favoring the relatively skillful and motivated students.

For attaining Objective 7, Physical World’s effects on reducing
misconceptions were investigated via evaluations by the contribution of students and
specialists. According to the pretest and posttest results, only one type of
misconception was clearly recovered by students (For further discussion, see Chapter
5). In general, specialists rated Physical World as a good tool for recovery of
misconceptions. Three specialists hypothesized better effect for the “studying by
programming mode”. Though, they all pointed at the risks of flexibility and
complexity of the mode which could increase misconceptions. And one specialist
directly stated worse effect for the mode, reasoning with the similar risks as the other
three specialists stated.

For attaining Solution of SPE4, the results of the evaluations are used to
revise the software in terms of;

e The simulation tool as an efficient physics teaching material,

e The simulation tool to foster scientific and creative skills of high school students,

e Increasing the simulation tool’s effect on reducing the misconceptions of
students about force.

Solution of SPE4 is attained partially, since revisions requiring the terms above

needed development in the long term. The short-term revisions turned Physical

World to look better, to be more usable, and to be technically better. It is found that
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the majority of the long-term revisions require the development of an instruction

system embedded in the tool, which could replace the human instructor.
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CHAPTER 5

CONCLUSIONS, DISCUSSION AND IMPLICATIONS

This chapter includes four sections as (1) Conclusions, (2) Discussion, (3)

Implications, and (4) Recommendations for Further Studies.

5.1 Conclusions

In this study, a programmable simulation tool, Physical World, is developed
for high school students, to be used in Newtonian Physics concepts. The tool was
evaluated and revised with the contribution of specialists and students.

Development of the simulation tool was successfully completed. The tool is
strong with its small file size, non-dependency on platforms, capability to be
distributed over the internet, object oriented design for extensions, and its two modes
as “studying by observation” and “studying by programming”.

After the development, Physical World was evaluated in the aspect of general
features, misconceptions and differences between its two modes. The general

features were rated both positively and negatively. The positive responds were
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slightly more and results show even better opportunities after long term revisions.
The “studying by programming” was found as a cognitively engaging method, while
it was also difficult, as stated by specialists and observed in the studies with students.
Physical World showed little or no effect on reducing misconceptions for both of the
modes.

The revision of the software was done due to the findings in the evaluation
stage. The findings show that the software has much more potential if long termed
developments are realized such as an embedded instruction system in the simulation
tool.

With applications of the methods of the study, solutions were met either
totally or partially. Solution of SPE4 required many long termed developments,

which hindered the study to attain this solution.

5.2 Discussion

Physical World had limited or no effect on misconceptions about force. One
of the objectives of the study was about reducing misconceptions. The two modes of
the software were examined if they had different effects. Although “studying by
programming mode” was expected to be a more cognitively engaging method, the
only student who hadn’t done better in the posttest was in Group B, who received the
“studying by programming mode”. Additional to that, second student in Group B,
also drew a negative figure in the posttest. Student was the only one to fail M6 (force

causes acceleration to terminal velocity), which was recovered by all other students.
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Therefore there are two distinct points showing relatively negative effects of using
the “studying by programming mode”. Despite of the findings, the negative effect
seen is not certain. Because it is known that misconceptions are reduced by use of
higher order thinking. Observations show that students who used the “studying by
programming mode” gave the most evident comments for critical thinking and
scientific thinking. One of these students stated the cross-section of a box as a factor
affecting the air friction force. The other student stated the medium (air, water etc.)
as a factor affecting the friction force. Other students who even received both study
modes (Group C) did not state any factors as clear as the ones above. The cognitive
level of students shall be discussed to enlighten the uncertain findings about this
consequence. Probably, for solving questions of the force concept test (pretest and
posttest in the study), students need to use analysis and synthesis. Unless students’
cognitive level is high or they know the answer straightforwardly, students will
probably use their intuitive habits in solving the questions. It shall be investigated if
the reduction for M6 was caused by a high cognitive level or by knowing
straightforwardly. The results of “Procedure for Topic 7 show a straightforward
approach in reduction of M6. M6 was accepted to be the only reduced misconception
common for students, though with the discussion above, it turns out to be a relative
consequence.

At the beginning, students found “studying by programming” hard to
understand. But after a while they learned the logic and they started using it as easy

as the “studying by observation mode”. Though, they rarely achieved to complete
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certain experiments without assistance. At the first glance, this consequence shows
the difficulty of usage. Despite of that, when examined deeper, it can be said that the
difficulty is not caused by the nature of programming of Physical World. It is
probably caused by students’ lack of scientific thinking. Students showed little
success in describing and discussing force laws. In general, they used hypothesizing,
but they did not test their hypothesizes with use of their own thought experiments,
which led them to accept their first hypothesizes as correct. After they received
assistance with the thought experiments, which were prepared by researcher, they
resolved the forces and reflected them onto the programming lines. Programming is
just a tool to test the arbitrary laws created. Students generally lacked in creating
laws, and rarely lacked in using the programming lines.

Before the studies started, students showed clues that they would prefer
“studying by programming” by their answers in the Student Profile Form. The
programming concept is presented as a non-computer oriented, but science oriented
method to learn physics. Physical World successfully implemented this presentation.
This can be validated by students’ attitudes towards the “studying by programming
mode”. Students of Group C, who received both modes, stated that they got more
involved in the concepts of physics and they would prefer this method. Findings
show that students like to take more control of the system. The findings must be
considered to explore “what students can create when they are given the

opportunities”.
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Probably one of the most successful features of the software was the
uninterrupted interaction. The uninterrupted interaction allowed students to get
instant feedback. This was true for both of the modes. As was observed, probably
this feature had positive effect on students’ motivation to learn physics and on quick
testing of hypothesis.

Physical World attained the developmental objectives of the study. After
development, the tool is evaluated and the evaluation results were used to revise the
software. The most important missing feature of the tool, as all specialists stated, was
the lack of an automated instruction system. In the studies with students, researcher
assisted students in fulfilling the objectives. This shows a risk for the use of the tool
in real educational settings such as the classroom. The conclusion driven was that an
embedded system which could systematically help, direct and inform students could
make the tool much stronger. The instruction system shall take action at the right
time to make students reach objectives without hindering their creativity. The system
shall be developed in the next versions with use of the object oriented design of
Physical World.

In this study one student in the pilot study and six students in the actual study
were involved. Though, six subjects are not sufficient to draw generalizations. To
study by means of inferential statistics and make generalizations, an experimental
study must be designed involving much more subjects. To do, firstly the simulation
tool must be supported at least by a primitive instruction system. Only then, the tool

can be used effectively by a wide range of students.
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Despite the free medium of Physical World enables creativity, probable
continual mistakes can mislead students, and they may never find the solutions
without a teacher. This could arise more misconceptions. This problem could also be
solved by the instruction system to be developed, which could handle specific cases
that students may face while studying alone.

Physical World misses various experiments that are found in the casual
curriculum. More experiments should be developed. An additional tool or an
embedded module could be used to design and store experiments created by users.
The experiment setting data could be stored in files and be reused. Taking advantage
of the Applet technology, the tool could be served via a webpage and the users could
use this webpage as portal to share their experiment settings.

For forming the groups, male and female students were distributed equally.
Then, these students were fitted into groups to hinder drastic differences between the
groups. This decision was made via qualitative methods. Instead of this decision,
qualitative methods should be used; such as an achievement test before the studies

start.

5.3 Implications

The study has extended the meaning of programming for physics education.
Findings show that programming can be simplified to be used easily by students.
When students find opportunity for direct manipulation of physical variables, rather

than dealing with computational concepts, they tend to use the programming lines for
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testing hypothesis, scientific thinking and creativity. The study shows that certain
risks about using programming in teaching physics can be overcame by alternative
software design such as the design of Physical World. Therefore science oriented
programming shall be considered as a beneficial and cost-effective method for
teaching physics.

The study’s results about misconceptions have led to a discussion that
students shall get involved with higher levels of thinking to overcome
misconceptions about physics. The study has a contribution that the higher levels of
thinking, for Newtonian Physics, can be realized with use of mathematical
formulations. These formulations shall require the relationships between the physical
states of masses (position and velocity), force, and time. The study has resolved that
unless the students analyze these relationships mathematically, they may not
overcome certain misconceptions about force.

The study has produced the software called Physical World. With its features
of virtual laboratory, programmable mode, small file size, and use of Turkish, the
simulation tool shows value to support the development of computer-based

education in the aspect of students’ scientific thinking and creative skills.

5.4 Recommendations for Further Studies
Further studies are apt to show very interesting results, since there are
worthwhile discussions to be held about the concerns of this study. There is need for

investigations about the effects of the two modes on misconceptions. The
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investigations shall require both qualitative and quantitative studies. Various cases
may be used to enlighten the details of misconceptions and may help to see
differences between “studying by observation” and “studying by programming”. The
cases can be explored by qualitative studies. Additional to those, quantitative
evidence shall be brought to prove the qualitative findings.

A useful recommendation for researchers could be conducting a similar study
with university students. Especially physics students could make better use of
programming because they would naturally be more interested. While working with
university students, scientific thinking can be emphasized better.

Another recommendation is to leave students alone with the simulation tool
to study physics. This should also require the instruction system. Leaving students
alone would help in two ways. Firstly, it would let the student be more free and
creative. Secondly, such a study would be a better way to criticize the software
objectively, because that would be a more challenging test, which involves no
instructor assistance.

Due to curriculum, integration process of equations of motion was omitted
and the process was done by the computer in both of the modes. Actually, the
relationships of Newtonian states of the masses can be grabbed better with use of
iterative integration methods. Letting students deal with the integration process
would be a useful approach. Because the best mathematical explanation for
Newtonian Physics is via second order differential equations. The Euler Simulation

Method can be used to integrate the equations. The iterative steps of the Euler
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Simulation Method are very useful to show how the states of masses influence each

other as the equations are integrated over time.
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APPENDIX A

Purposes of the Study and Objectives of the Applications with Students

Arastirmanin Amaci ve Uygulama Hedefleri
1. Arastirmanin Amaci:

“Fizik Ogrenimi Icin Programlanabilir Ogretim Araci Gelistirilmesi ve Degerlendiriimesi”
arastirmasi, Turkiye'de ve diinyada mekanik konularinin égretimine iliskin problemlerin
¢oziimlinde katki saglamayi amaglamaktadir. Bu dogrultuda 6grencilerin “yaratici
disiinme” becerilerinden yararlanan bir bilgisayar destekli egitim araci gelistirilmesi
planlanmistir. Bu egitim araci, “programlanabilir” olma 6zelligi ile bir deney ortaminda
hareket denklemlerinin 6grenci tarafindan yazilabilmesine olanak saglamaktadir.
Arastirma, programlayarak calismanin, gozlemleyerek calismadan daha etkili egitim
saglayacadini 6n gdérmektedir. “Fiziksel Diinya” adll bilgisayar destekli egitim araci,
“Programlayarak Calisma” ve “Gdzlemleyerek Calisma” adli iki segenek sunmaktadir. Bu
iki yontem alti 6grenci ile altisar saatlik birebir calisma ile uygulanarak karsilastirilacaktir.
“Fiziksel Diinya” bilgisayar destekli editim aracinin dederlendirmesi uzmanlarin gorisleri
alinarak yapilacaktir.

2. Fiziksel Diinya:

Fiziksel Dlinya, etkilesimli bir simtlasyon aracidir. Java teknolojisine dayanan sistem,
kisisel bilgisayarlar lizerinde calistirilir. Fiziksel Diinya, similasyonlari gérsel bir ortamda
gerceklestirir ve ortamda yer alan nesnelerin animasyonlarini ekrana getirir. Bu ortamda
sistemin sagladigi 6lgim araglar kullanilarak 6lglimler yapilir. Sistem, gok pargacikl
sistemlerin hareketlerini ¢bzer ve milisaniye 6lcedinde gercede yakin sonuglar verir.
Fiziksel Diinya, hareket denklemlerini ¢gozebilir. Bu denklemlerin kullanic tarafindan
yazilmasi durumunda kullanicinin yazdigi denklemleri ¢ozer.

Fiziksel Diinya, mekanik konularinda, kullanimi kolay, ilgi gekici, yaratici diistinmeyi
destekleyen ve programlanabilir bir egitim araci olmayi amaglar. Program,
programlayarak 6grenme yontemi ile gézlemleyerek 6grenme ydnteminin karsilastiriimasi
amaciyla iki farkl secenek sunar:

1. Gozlemleyerek Calisma: Gozlemleyerek Calisma’da 6grenci, fiziksel deney
dizeneginde, parcaciklarin hareket denklemlerini kendisi belirleyemez.
Gozlemleyerek Calisma’da deney bilesenlerinin istendigi gibi deney ortamina
eklenmesi ve iligkilendirilmesi desteklenmistir. Gdzlemleyerek Calisma durumunda
ogrenci deney bilesenlerine iliskin tiim dediskenleri degdistirebilir ve buna badli
degisimleri simiilasyonu calistirarak gozlemleyebilir. G6zlemleyerek Calisma
durumunda tiim hareket denklemleri program tarafindan ¢ozilir.

2. Programlayarak Calisma: Programlayarak Calisma’da 6grenci, fiziksel deney
diizeneginde pargaciklarin hareket denklemlerini programlayarak belirler.
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Programlayarak Calisma’da Gozlemleyerek Calisma’dan farkli olarak program
satirlari sunulmustur. Bu satirlara hareket denklemleri yazilmadigi siirece 6grenci
simlilasyonda hareketi gdzlemleyemez. Hareket denklemleri program satirlarina,
kuvvet kontrolli, ivme kontrol{, hiz kontrolii, konum kontrolii veya diger tim
cebirsel formlarda yazilabilir. Programlayarak Calisma’da deney bilesenlerinin
degiskenleri istendigi gibi kontrol edilerek 6grencinin kendi disiindigu
yontemlerle istedigi hareketleri elde etmesi desteklenmistir.

Programlayarak galisma yontemine yakin tglncl bir yéntem daha tanimlanmistir. Bu,
uygulamada Onerilen bir yontemdir ancak programin sundugu Ugiinci bir secenek
degildir:

3. Gorsel Destekli Programlayarak Calisma: Gdérsel Destekli Programlayarak Calisma,
Programlayarak Calisma’ nin tasidigi tim kullanimi dzelliklerini kapsar. Ancak
buna ek olarak, hareket denklemlerinin yazilmasinin yani sira, sistemin gorsel
bilesenleri de kullanilarak denklemlerin kavramsal karsiliklari pekistirilir. Ornegin
basit harmonik hareketin denklemi yazildiktan sonra deney ortamina yay
eklenerek hareketin yay animasyonuyla gosterimi yapilir. Programlayarak
Calisma, en az sayida gorsel bileseni kullanarak hareketin cebirsel
tanimlanmasina agirlik verir. Gorsel Destekli Programlayarak Calisma ise hareketi
hem cebirsel olarak tanimlar hem de gorsel olarak katki saglayabilecek deney
bilesenlerini kullanir.

Fiziksel Dinya'nin g kullanim kilavuzu vardir. Birincisi genel kullanim kilavuzudur (Bkz.
Fiziksel Diinya Kullanim Kilavuzu). Bu kilavuz sistemde bulunan tim fonksiyonlari
tanimlar ve drnekler ile aciklar. ikinci ve ticlincii kilavuzlar ise uygulamaya yéneliktir.
Birinci kilavuzu okumus 6gretmenler veya birinci kilavuzu okumus bir 6gretmeni ile
calisan 6grenciler bu kilavuzlar kullanarak fizik deneylerini adim adim uygulayarak
programin herbir fonsiyonunu en az bir kere kullanirlar. Ikinci ve tglincii kilavuzlar
Gozlemleyerek Calisma ve Programlayarak Calisma durumlari igin hazirlanmistir (Bkz.
Fiziksel Dlinya Gozlemleyerek Calisma Kilavuzu ve Fiziksel Dlinya Programlayarak
Calisma Kilavuzu).

3. Fiziksel Diinya’nin Uygulanisi:
Fiziksel Diinya Ug farkl ydontem kullanilarak uygulanir:

1. Goézlemleyerek: Alti saat sadece gdzlemleyerek calisma.

2. Programlayarak: Alti saat sadece programlayarak calisma.

3. Gozlemleyerek ve Programlayarak: Bir saat gdzlemleyerek ve bir saat
programlayarak calisma dongustini U¢ kere tekrar ederek toplam alti saat
calisma.

Bu yontemler 6drenci ve egitmenin bulundugu bilgisayar laboratuvarinda uygulanir.
Uygulama 6ncesinde 6grenci kavram yanilgisi testini 6n test olarak alir. Alt saatlik
calisma sonrasinda ayni test son test olarak verilir.



GOzlemleyerek Calisma Programi:

175

1. Giin 2. Giin 3. Giin
Dk.0-30 Klavye ve mouse GoOzlemleyerek GOzlemleyerek
alistirmasi Calisma’da 1. CGalisma‘da 3.
Konu Konu
Dk. 30 - 60 Fiziksel Dinya
kontrolleri
alistirmasi
Dk. 60 — 90 GOzlemleyerek Gozlemleyerek Gozlemleyerek
Calisma’da On Calisma’da 2. Calisma’da 4.
calisma Konu Konu
Dk. 90 — 120
Programlayarak Calisma Programi:
1. Giin 2. Glin 3. Giin
Dk. 0 - 30 Klavye ve mouse Programlayarak Programlayarak
alistirmasi Calisma’da 1. Calisma’da 3.
Konu Konu
Dk. 30 - 60 Fiziksel Diinya
kontrolleri
alistirmasi
Dk. 60 — 90 Programlayarak Programlayarak Programlayarak
Calisma’da On Calisma‘da 2. Calisma‘da 4.
galisma Konu Konu
Dk. 90 — 120
Gozlemleyerek ve Programlayarak Calisma Programi:
1. Giin 2. Giin 3. Giin
Dk. 0 - 30 Klavye ve mouse | Gozlemleyerek Gozlemleyerek
alistirmasi Calisma’da 1. Calisma’da 3.
Konu Konu
Dk. 30 — 60 Fiziksel Diinya Programlayarak Programlayarak
kontrolleri Calisma’da 1. Calisma’da 3.
alistirmasi Konu Konu
Dk. 60 — 90 Gozlemleyerek Gozlemleyerek Gozlemleyerek
Calisma’da On Calisma’da 2. Calisma’da 4.
calisma Konu Konu
Dk.90-120 Programlayarak Programlayarak Programlayarak
Calisma’da On Calisma’da 2. Calisma’da 4.
calisma Konu Konu
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Yukaridaki calismalari zamanindan 6nce bitiren 6grenciler ek olarak “Gozlemleyerek
Calisma’da 5. Konu” ve “Programlayarak Calisma’da 5. Konu” calismalarini yaparlar.

3.1. Uygulama Programinda Yapilacak Calismalar ve Detayli Agiklamalari:
3.1.1. Klavye ve mouse alistirmasi:

Fiziksel Diinya gbzlem penceresini kullanarak klavye ve mouse kullanimi yapilir. Mouse
ile imlec hareketi, “tiklama” ve siriikleme davraniglari gelistirilir. Klavye ile yazi imlecini
kullanarak istenen harf ve rakamlarin yazilmasi davranislarini gelistirilir.

Gelistiriimesi hedeflenen davraniglar:

Mouse ile mouse imlecini konumlandirmak
Mouse ile diigme tiklamak

Mouse ile bilesen slriklemek

Klavye ile yazi imlecini konumlandirmak
Klavye ile harf ve rakam yazmak

3.1.2. Fiziksel Diinya kontrolleri alistirmasi:

Fiziksel Diinya pencerelerinde yer alan fonksiyonlar ve kontroller galigilir. Deney
bilesenleri ile istenen deney dizeneklerinin olusturulmasi gosterilir.

Gelistiriimesi hedeflenen davraniglar:

Deney ortamina bilesen eklemek

Bilesen listesinden bilesen detaylarina ulasmak
Deney ortaminda bilesenleri konumlandirmak
Bilesen detaylarn pencerelerinden bilesenleri konumlandirmak
Deney ortaminda bilesenleri baglamak
SimUlasyonu baslatmak

Similasyonu durdurmak

Deney bilesenleri mentsini sirtklemek
Deney ortami gorintlisini sirtklemek

Kayit diigmesi ile kayit almak

Son kayit diigmesi ile son kayda donmek
Deney ortaminda bilesen segcmek

Deney ortaminda bilesen silmek

“#" diigmesi ile bilesenleri konumlandirmak
“###" digmesi ile bilesenleri konumlandirmak
"1” diigmesi ile similasyonu calistirmak
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3.1.3. Gozlemleyerek Calisma’da On calisma:

GOzlemleyerek Calisma durumunda deney ortamina bir kiitle eklenir ve bunun Uzerinde
su uygulamalar gerceklestirilir:

e Simulasyon calismiyorken bilesen detaylar penceresinden kiitleyi
konumlandirmak
e Simulasyon calismiyorken bilesen detaylar penceresinden kitlenin hizini kontrol

etmek

e Simdilasyon calisiyorken bilesen detaylari penceresinden kiitlenin hizini kontrol
etmek

e Yaylarla istenen sayida sabit cismi ve kitleyi birlestirmek ve bu deneyi
gozlemlemek

Gelistirilmesi hedeflenen davranislar:
o Iki boyutta kiitlenin konumunu degerlendirmek ve analiz etmek
o Kiitle konumunu bilesen detay penceresine bakarak teshis etmek
o Kitle konumunu koordinat diizlemi tzerindeki gri gizgilere gére ayarlamak
o Kitle konumunun yaklasik degerlerini koordinat diizlemi (izerindeki gri
cGizgilere gore s6zlli olarak belirtmek
 Iki boyutta kiitlenin konumunu hiza ve zamana gdre dederlendirmek ve analiz
etmek
o Kitle hizini bilesen detay penceresine bakarak teshis etmek
o Similasyon calisirken siirekli degisen zaman degiskenini teshis etmek
o Similasyon caligirken kiitlenin hizi ile birim zamanda aldidi yol arasindaki
artis ve azalis oranlarini yaklasik olarak tahmin etmek
o Kitlenin hizini bilesen detay penceresini kullanarak degistirmek
e Yaylarin nasil baglandigini anlamak
o Yaylarin uglarini striiklemek
o Yaylarin uglarini kiitlelere ve sabit cisimlere baglamak
e Yay degiskenlerini degiskenlerini anlamak
o Bilesen detay penceresinden yay degiskenlerini tanimak
o Yay degiskenlerinin fiziksel anlamlarini 6zetlemek

3.1.4. Programlayarak Calisma’da On calisma:

Programlayarak Calisma durumunda deney ortamina bir kitle eklenir ve bunun Uzerinde
su uygulamalar gerceklestirilir:

e Similasyon galismiyorken program satirlarinda kiitle degiskenlerini kullanarak
kitleyi konumlandirmak

e Similasyon calisiyorken program satirlarinda kiitle degiskenlerini kullanarak
kitleyi konumlandirmak

e Similasyon calisiyorken program satirlarinda kiitle ve zaman degiskenlerini
kullanarak kitlenin hareket denklemini konum kontoli cinsinden yazmak
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e Similasyon calisiyorken program satirlarinda kiitle degiskenlerini kullanarak
kitlenin hareket denklemini hiz kontoll cinsinden yazmak

¢ Similasyon calisiyorken program satirlarinda kiitle ve zaman degiskenlerini
kullanarak kitlenin hareket denklemini hiz kontoll cinsinden yazmak

e Similasyon calistyorken program satirlarinda kiitle degiskenlerini kullanarak
kitlenin hareket denklemini kuvvet kontolli cinsinden yazmak

Geligtirilmesi hedeflenen davraniglar:
e Fiziksel Diinya’nin program satirlarini kullanis mantigini degerlendirmek ve analiz
etmek
o Program satirlarinin galisma mantigini anlatmak
o Program satirlarinda yazi yazmak
e Kiitle degiskenlerini programlama satirlarinda kullanarak hareket denklemlerini
yazmay! anlamak
o Kiitle konum degiskenlerini program satirlarinda istenen degerlere
esitlemek
o Similasyon calistifinda program satirlarinda yazilan ile simiilasyonda
gerceklesenin benzerligini belirtmek
e Programlama satirlarinda kiitle degiskenlerini zaman degiskenleri ile kullanarak
hareket denklemlerini yazmayi anlamak
o Kiitle konum degiskenlerini program satirlarinda zaman degiskeni
kullanarak birinci dereceden polinom denklemi yazmak
o Similasyon calistiginda program satirlarinda yazilan ile simiilasyonda
gerceklesenin benzerligini belirtmek
e Programlama satirlarinda hareket denklemlerinin serbestce yazilabilmesini
anlamak
o Program satirlarina ikinci ve Uglincli dereceden polinomlar cinsinden
denklemler yazmak
o Similasyon calistiginda program satirlarinda yazilan hareket denklemleri
ile simiilasyonda gerceklesen hareketin benzerligini belirtmek

3.1.5. Gozlemleyerek Calisma’da 1. Konu:

Fiziksel Diinya Kontrolleri kisaca tekrar edilir. Bilesen detaylari penceresinde konum ve
hiz kontrolu yapilarak similasyonda kitlenin hareketi gdzlemlenir. Konum — hiz — zaman
kavramlari iligkilendirilir.

Gelistirilmesi hedeflenen davranislar:

o GOzlemleyerek Calisma durumunda kitlelerin konumlandiriimasini anlamak
o Kutleleri mouse ile konumlandirmak
o Kitleleri bilesen detaylarn penceresinde klavye ile konumlandirmak

e Konum degerlerini analiz etmek
o Kitlenin konum degerleri ile koordinat diizlemi lizerindeki yeri arasindaki

uyumu belirtmek

e Gozlemleyerek Calisma durumunda kdtlelere hiz verilmesini anlamak

o Kutlelerin hizini bilesen detaylari penceresini kullanarak ayarlamak
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o "“V=0"digmesi ile kiitlenin hizini sifira ayarlamak

o Similasyon calistiriidifinda ayarlanan hiz ile hareketin uyumunu belirtmek
e Hiz dederleri ile hareket yoniini iliskilendirmek

o Kitlenin hiz dederleri ile hareket yoni arasindaki uyumu belirtmek
e Hiz ve zaman ile hareketi iligkilendirmek

o “1” dligmesini kullanarak tam bir saniye duraklatarak similasyonu
calistirmak

o Bir saniyelik araliklarda alinan yolun hiz ve zaman ¢arpimi ile uyumunu
belirtmek

o “1”digmesini kullanarak tam iki saniye duraklatarak simiilasyonu
calistirmak

o ki saniyelik araliklarda alinan yolun hiz ve zaman carpimi ile uyumunu
belirtmek

e Hareket rotasi izlerini yorumlamak
o Kdtlelerin hareket sirasinda biraktiklari noktalarin 0,1 saniye aralikla
birakildigini anlamak
o 2 nokta arasinda gegen zamanin kag saniye oldugunu belirtmek
o 5 nokta arasinda gecen zamanin kag saniye oldugunu belirtmek
o Yirmi nokta arasinda gegen zamanin kag saniye oldugunu belirtmek

3.1.6. Programlayarak Calisma‘da 1. Konu:

Fiziksel Diinya'nin program satirlarini kullanis mantigi tekrar edilir. Program satirlarinda
konum ve hiz kontrolli yapilarak simiilasyonda kiitlenin hareketi gézlemlenir. Konum ve
hiz degiskenleri zaman degiskenine bagli olarak yazilir ve hareket yorumlanir. Konum -
hiz — zaman kavramlari iligkilendirilir.

Gelistiriimesi hedeflenen davraniglar:
e Programlayarak Calisma durumunda kutlelerin konumlandiriimasini anlamak
o Kdtleleri mouse ile konumlandirmak
o Kdtleleri program satirlarinda klavye ile konumlandirmak
e Konum degerlerini analiz etmek
o Kitlenin konum degerleri ile koordinat diizlemi lizerindeki yeri arasindaki
uyumu belirtmek
e Programlayarak Calisma durumunda ktlelere hiz verilmesini anlamak
o Kiutlelerin hizini program satirlarini kullanarak ayarlamak
o "“V=0"digmesi ile kiitlenin hizini sifira ayarlamak
o Similasyon calistirildiginda ayarlanan hiz ile hareketin uyumunu belirtmek
e Hiz dederleri ile hareket yoniini iliskilendirmek
o Kditlenin hiz degerleri ile hareket yoni arasindaki uyumu belirtmek
e Hiz ve zaman ile hareketi iligkilendirmek
o “1” dligmesini kullanarak tam bir saniye duraklatarak similasyonu
calistirmak
o Bir saniyelik araliklarda alinan yolun hiz ve zaman ¢arpimi ile uyumunu
belirtmek
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o “1” dligmesini kullanarak tam iki saniye duraklatarak simiilasyonu
calistirmak

o Iki saniyelik araliklarda alinan yolun hiz ve zaman carpimi ile uyumunu
belirtmek

Hareket rotasi izlerini yorumlamak

o Kitlelerin hareket sirasinda biraktiklari noktalarin 0,1 saniye aralikla
anlamak

o 2 nokta arasinda gegen zamanin kag saniye oldugunu belirtmek

o 5 nokta arasinda gegen zamanin kag saniye oldugunu belirtmek

o Yirmi nokta arasinda gegen zamanin kag saniye oldugunu belirtmek

3.1.7. Gozlemleyerek Calisma’da 2. Konu:

Iki sabit cisim bir yay ile badlanarak bu cisimlere uygulanan kuvvetler gdzlemlenir ve
yorumlanir. Ugiincii bir sabit cisim ikinci bir yay ile diger iki sabit cisimden birine baglanir
ve olusan kuvvetler tekrar gézlemlenir. Bir kiitle sabit bir cisme bir yay ile baglanir ve
hareketi kuvvete gére yorumlanir. Bir yercekimi bileseni bir kiitle ve bir yer bileseni ile
iliskilendirilir ve kltlenin hareketi gézlemlenir ve yorumlanir.

Gelistiriimesi hedeflenen davraniglar:

Sabit cisimlerin yaylar ile baglanmasini anlamak
o Yayin uglarini sabit cisimlerin stiine getirmek ve ucu baglamak
Yayin 6zelliklerinin bilesen detay penceresinden degistiriimesini anlamak
o Yay sertligini ayarlamak
o Yay sertliginin kuvvete etkisini belirtmek
o Yayin serbest uzunlugunun anlamini kavramak
Sabit cisimlere uygulanan kuvvetleri iki boyutta analiz etmek
o Kuvvet oklari ile yay dogrultular arasindaki iliskiyi belirtmek
o Kuvvet oklarinin blyukliginin yay sertligiyle iliskisini belirtmek
o Kuvvet oklarinin biiyikliginin yayin serbest uzunluguyla iliskisini
belirtmek
Yayin sabit cisimlere uyguladigi kuvvetlerde etki/tepki kavramini gézlemlemek
o Bir yayin iki sabit cisme uyguladigi kuvvetlerin yon ve biiyiiklik iligkisini
belirtmek
Kuvvetlerin vektorel toplamini yorumlamak
o Iki ayr yaya baglanmis bir sabit cisim tizerindeki net kuvvetin yaylarin
uyguladigi kuvvetlerle iliskisini belirtmek
o Net kuvvetin x ve y bilegenlerini buylklik ve yon karsilastirmak
Yergekimi bilegenini bir kiitle ve bir yer bileseni ile etkilesime sokmak.
o Yergekimi bileseninin ug noktalarini kiitle ve yer bilesenlerine baglamak
o Yercgekimi bileseninin degiskenlerini anlamak
Yercekimi 6zelliklerini degistirmek
o Yercgekimi bilesen detay penceresinden yergekimi ivmesini degistirmek
Kiitle 6zelliklerini degistirmek
o Kiitle bilesen detay penceresinden kiitleyi degistirmek
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e Yercekiminin kiitle tizerinde olusturdugu kuvveti yorumlamak
o Yergekiminin kitle tizerinde olusturdugu kuvvetin yoniini belirtmek
o Yergekimi ivmesi ve kitlenin kuvvet lizerindeki etkisini belirtmek
e Kuvvet ve ivme kavramlarini iliskilendirmek
o Ivmeyi tanimlak
o Kuvvetin bir kitlenin ivmesine etkisini belirtmek
o Kitlenin ivmeye etkisini belirtmek
e Hareket rotasi izlerini yorumlamak
o Hareket rotasi izlerinin, belirli bir andaki yontinin, hizla iligkisini belirtmek.
o Iki rota izi arasinda gecen siireyi ve belirtmek.
o Iki rota izi arasinda alinan yolu ve belirtmek.
¢ Similasyonda ivmeyi analiz etmek
o Hizlanan bir kutlenin rota izleri arasindaki acilmayi aciklamak
o Yavaglayan bir kitlenin rota izleri arasindaki daralmayi agiklamak
o Hizlanan bir kitle igin her bir rota izi birakildigindaki hizin bir 6nceki
noktadaki hiza gére durumunu belirtmek
o Yavaslayan bir kiitle igin her bir rota izi birakildigindaki hizin bir dnceki
noktadaki hiza gére durumunu belirtmek

3.1.8. Programlayarak Calisma‘da 2. Konu:

Bir sabit cismin kuvvet degiskenleri program satirlarinda kontrol edilir ve olusan kuvvet
gozlemlenir. Kuvvet degiskenleri tek ve iki boyutta kontrol edilerek kuvvetin x ve y
bilesenleri kavramlar yorumlanir. Yedek degiskenler kullanilarak program satirlarinda ek
kuvvetler olusturulur ve gézlemlenir. Program satirlari kullanilarak bir kitleye sabit
kuvvet uygulanir ve hareketi gdzlemlenir ve yorumlanir. Bir kiitleye harmonik salinim icin
kuvvet kontroli ile hareket denklemi yazilir ve hareket gézlemlenir ve yorumlanir.

Geligtirilmesi hedeflenen davraniglar:
e Programlayarak Calisma durumunda kuvvet degiskenlerinin kullanilisini anlamak
o Programlama satirlarinda kuvvet degiskenlerini istenen degerlere
esitlemek
o Similasyon calistiriidiinda program satirlarinda yazilan kuvvetlerin
harekete etkisini belirtmek
e Sabit cisme uygulanan kuvveti iki boyutta analiz etmek
o Kuvvet oklari ile kuvvet degiskenleri arasindaki iligkiyi belirtmek
o Kuvvet oklarinin blytkliginin kuvvet degiskenleri ile iligkisini belirtmek
e Programlayarak Galisma durumunda yedek degiskenlerin kullaniligini anlamak
o Programlama satirlarinda yedek degiskenleri istenen degerlere esitlemek
o Programlama satirlarinda kuvvet degiskenlerini yedek degiskenlere
esitlemek
e Programlayarak Calisma durumunda uygulanan kuvvet ve ivme kavramlarini
iliskilendirmek
o Ivmeyi tanimlak
o Kuvvetin bir kitlenin ivmesine etkisini belirtmek
o Kitlenin ivmeye etkisini belirtmek
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e Similasyonda ivmeyi analiz etmek
o Hizlanan bir kitlenin rota izleri arasindaki acilmayi aciklamak
o Yavaslayan bir kitlenin rota izleri arasindaki daralmayi agiklamak
o Hizlanan bir kitle icin her bir rota izi birakildigindaki hizin bir 6nceki
noktadaki hiza gére durumunu belirtmek
o Yavaslayan bir kiitle icin her bir rota izi birakildigindaki hizin bir énceki
noktadaki hiza gére durumunu belirtmek
e Hareket rotasi izlerini yorumlamak
o Hareket rotasi izlerinin, belirli bir andaki yontnin, hizla iliskisini belirtmek.
o Iki rota izi arasinda gegen siireyi ve belirtmek.
o Iki rota izi arasinda alinan yolu ve belirtmek.
e Harmonik salinimin hareket denklemini hareketi gdzlemlemeden yorumlamak
o Harmonik salinim igin hareket denklemini yazmak
o Harmonik salinimin hareket denkleminini, degiskenler bazinda agiklamak
e Harmonik salinimin hareket denklemini hareketi gézlemleyerek yorumlamak
o Harmonik salinimin hareket denkleminde kullanilan degerlerin harekete
etkisini belirtmek
e Harmonik salinimin hareketini analiz etmek
o Hareketin hizli ve yavas oldugu bdélimleri belirtmek
o Hareketin hizlandigi ve yavasladigi boliimleri belirtmek
o Kuvvetin arttigi ve azaldigi bélimleri belirtmek

3.1.9. Gozlemleyerek Calisma’da 3. Konu:

Yercekimi konulari gézlemleyerek calsilir. Bir kitlenin yercekimi bileseni ve yer bileseni
araciligiyla serbest diisme hareketi yapmasi saglanir. ikinci bir kiitlenin digeri gibi
yercekim etkisiyle hareket etmesi saglanir. Ayni durumda iki kiitleye serbest diisme
yaptirilir. Kiitlelerin agirliklari degistirilerek hareketleri gézlemlenir ve yorumlanir.
Kiitlelere x yoniinde hiz verilerek egik atis yapmalari saglanir.

Gelistiriimesi hedeflenen davraniglar:
e Yercekimi ozelliklerini degistirmek
e Deney ortaminda iki kitlenin hareketini ayni slirecte gézlemlemek ve
karsilastirmak
e Yercekimi ivmesi, kiitle, kuvvet ve ivme kavramlarini iliskilendirmek
e Egik atista gozlem yapmak
e Egik atis hareketini analiz etmek

3.1.10. Programlayarak Calisma’da 3. Konu:

Yercekimi konulari programlayarak calisilir. Bir kiitlenin kuvvet degiskeni kontrol edilerek
yercekimi icin hareket denklemi yazilir. ikinci bir kiitle daha eklenerek kuvvet kontrolii
yapilir ve iki kiitlenin hareketi karsilastirilir. Kitlelerin agirliklar degistirlerek hareketleri
gozlemlenir ve yorumlanir. Kiitlelere x yoniinde hiz verilerek egik atis yapmalari saglanir.
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Geligtirilmesi hedeflenen davraniglar:

e Programlayarak Galisma durumunda yergekimi ivmesini degisken olarak
tanimlamak

e Programlayarak Galisma durumunda yergekimi ivmesini degistirmek

e Deney ortaminda iki kitlenin hareketini ayni slirecte gézlemlemek ve
karsilastirmak

e Yercekimi ivmesi, kiitle, kuvvet ve ivme kavramlarini iliskilendirmek
Programlayarak Calisma durumunda yercekimi igin hareket denklemini hareketi
gozlemeden yorumlamak

e Programlayarak Calisma durumunda yergekimi igin hareket denklemini hareketi
gozlemleyerek yorumlamak
Egik atista gbzlem yapmak

e Egik atis hareketini analiz etmek

3.1.11. Gozlemleyerek Calisma’da 4. Konu:

Bir kiitle sabit bir cisme yayla baglanarak hareketi gézlemlenir. Yayin ve kiitlenin
degiskenleri kontrol edilerek kiitlenin farkli davraniglari yorumlanir. Hava siirtiinmesi
kullanilarak kiitlenin yavaglamasi saglanir. Hava sirtiinmesi katsayisi ve kiitle
degdiskenleri degistirilerek kiitlenin farkli davraniglari yorumlanir.

Gelistirilmesi hedeflenen davranislar:
¢ Bir kiitle ve bir sabit cismi yay ile baglamak
e Kiitle ve yay 6zelliklerinin kitlenin hareketine etkisini yorumlamak
e Hava sirtinmesini kitle ve hava bilegeni ile iligkilendirmek
e Hava surtiinmesininin harmonik salinim hareketi tizerindeki etkisini yorumlamak

3.1.12. Programlayarak Calisma’da 4. Konu:

Bir kiitlenin kuvvet degiskenleri kullanilarak harmonik hareket yapmasi saglanir. Hareket
denkleminde yayin serbest uzunlugu ve sertlik katsayisi icin yedek degiskenler kullanilir.
Bu degiskenler kontrol edilerek kiitlenin farkli davraniglari yorumlanir. Hava stirtiinmesi
hareket denklemine eklenir. Hava stirtlinmesi katsayisi yedek degiskenler kullanilarak
belirlenir. Hava stirtlinmesi katsayisi ve kiitle degiskenleri degistirilerek kiitlenin farkl
davraniglari yorumlanir.

Gelistiriimesi hedeflenen davraniglar:

e Programlayarak Calisma durumunda harmonik salinimin igin salinim sabitini
degdisken olarak tanimlamak

e Programlayarak Calisma durumunda kitle icin harmonik salinimin hareket
denklemini yazmak
Kitle ve salinim katsayisinin kitlenin hareketine etkisini yorumlamak

e Programlayarak Calisma durumunda hiza bagh siirtiinme kuvvetini hareket
denklemine eklemek

e Hava sirtlinmesininin harmonik salinim hareketi tizerindeki etkisini yorumlamak
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3.1.13. Gozlemleyerek Calisma’da 5. Konu:

Deneysel olarak bir yayin sertlik katsayisi bulunur. Bunun igin bir kitle, yayla bir sabit
cisme badlanir. Yayin sertlik katsayisi yay degiskenlerinden bakilarak kontrol degeri
olarak belirlenir. Kltleye yercekimi ve hava surtiinmesi uygulanarak sistem denge
durumuna gelene kadar beklenir. Sistem denge durumuna geldikten sonra yay uzunlugu,
kiitle ve sabit cisim konumundan gidilerek veya cetvel ile dlcllerek bulunur. Yayin
serbest uzunlugu, yergekimi ivmesi ve kiitle degiskenlerine bagl olarak yayin sertlik
katsayisi hesaplanir ve kontrol degeri ile karsilagtirilir.

3.1.14. Programlayarak Calisma’da 5. Konu:

Deneysel olarak bir yayin sertlik katsayisi bulunur. Bunun igin bir kitlenin kuvvet
degdiskenleri kullanilarak hareket denklemi yazilir. Hareket denkleminde kiitlenin
yergekimi etkisi altinda yayla bir noktaya bagli olmasi ve ayni zamanda hava
surtlinmesinden etkilenmesi saglanir. Hava siirtinmesi katsayisi, yercekimi ivmesi, yay
sertlik katsayisi ve yayin serbest uzunlugu yedek degiskenler olarak belirlenir ve yay
sertlik katsayisi, kontrol degeri olarak tutulur. Sistem denge durumuna gelene kadar
beklenir. Sistem denge durumuna geldikten sonra yay uzunlugu, kiitle ve sabit cisim
konumundan gidilerek veya cetvel ile dlglilerek bulunur. Yayin serbest uzunlugu,
yergekimi ivmesi ve kitle degiskenlerine bagl olarak yayin sertlik katsayisi hesaplanir ve
kontrol degeri ile karsilastirilir.
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APPENDIX B

Specialist’s Evaluation Form for Physical World

Fiziksel Diinya Icin Uzman Degerlendirmesi Formu

Bu form ODTU Egitim Fakiiltesi, Ortadgretim Fen ve Matematik Alanlari Egitimi
Boliimii'nde yiiksek lisans tez calismasi olarak yiiriitiilen “Fizik Ogrenimi Igin
Programlanabilir Ogretim Araci Gelistirilmesi ve Degerlendirilmesi” adli arastirma projesi
icin hazirlanmistir. Proje, Tirkiye'de ve diinyada fizik egitiminin etkinliginin ve
kalitesininin artirlmasina katki saglamayi amaglamaktadir. Bu dogrultuda uzmanlarin
arastirmalara katilimi biyik 6nem tasimaktadir.

Asadidaki bilgiler arastirma ydrdticileri tarafindan gizli tutulacak, uzmana iliskin kisisel
bilgiler hicbir yayin yoluyla veya s6zlli olarak duyrulmayacaktir.

Formun Igerigi:
1. Formu Dolduran Uzmana iliskin Bilgiler

2. Degerlendirme Maddeleri ve Gorsler

1. Formu Dolduran Uzmana Iliskin Bilgiler

(075 1 T P
Galistign iste deneyimi (YI1): covveeeieee e ceerreees rrrereee e

EGItim dUMUMU: coeeei e s e s e e e er e e e e e e renes sreeeeees oo
(0400 F=T 1111 1= 1=

Liitfen asagidaki tabloyu herbir uzmanlik alani igin bir uzmanlik derecesi isaretleyerek
doldurunuz.

Uzmanhk derecesi

Uzmanhk alani Az Orta Yuksek

Bilgisayar destekli egitim

Mekanik konulari egitimi

Materyal gelistirme

Fen veya matematik egitimi

e-posta (istede bagl olarak doldurabilirsiniz): ........ceeees veveviiiiiinins e crvreeees e,
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Varsa daha 6nce degerlendirmesini yaptiginiz 6grenim materyallerinin veya bilgisayar
destekli egitim araclarinin kapsami hakkinda kisa bilgi veriniz.

Varsa Uizerinde arastirma galismasi yurittiigtiniz 6grenim materyallerinin ve bilgisayar
destekli egitim araclarinin kapsami hakkinda kisa bilgi veriniz.

Varsa fen egitimi, matematik egitimi veya mekanik konular egitimi ile ilgili ylrittigiiniz
arastirma calismalarinin kapsami hakkinda kisa bilgi veriniz.

Varsa materyal gelistime veya bilgisayar destekli egitim araglari (izerine yayinlarinizi
kisaca yaziniz. (Ornek: 2 yurtdisi yayin, 1 yurtici yayin)

Varsa fen editimi, matematik egitimi veya mekanik konulari egitimi (izerine yayinlarinizi
kisaca yaziniz. (Ornek: 2 yurtdisi yayin, 1 yurtici yayin)

3. Degerlendirme Maddeleri ve Goriisler

Bu kisimda Fiziksel Diinya programinin dederlendirmesi igin sorular ve tablolar yer
almaktadir.

Asadidaki degerlendirme maddeleri arasinda, uzmanlik alaninizin disinda kaldigini
distndukleriniz varsa bunlara garpi (X) isareti koyunuz.

Liitfen asagidaki tabloyu Fiziksel Diinya programi igin belirlenen olgiitlere gore
doldurunuz.
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Olgiit

Degerlendirme
dereceleri:

1: Cok kotii, 2:
Kotii, 3: Orta, 4:
iyi, 5: Cok iyi
(Daire igine aliniz)

Aciklama

Bilgilerin dogrulugu 1-2-3-4-5
Tigi cekme / 1-2-3-4-5
motivasyon artirma

Kullanim kolayligi 1-2-3-4-5
Renk ve grafiklerin 1-2-3-4-5
uygunlugu

Aktif katiimi saglamasi | 1-2-3-4-5
Geri bildirimin etkinligi | 1-2-3-4-5
Teknik kalite 1-2-3-4-5
Tigili / anlasilir 1-2-3-4-5
dokiiman igerme

Ogrencinin fizije karsi | 1-2-3-4-5
tutumuna olumlu etkisi

Ogrencinin bilgisayara | 1-2-3-4-5
karsi tutumuna olumlu

etkisi

Gozlemleyerek Galisma | 1-2-3-4-5
Durumunun yaratici

diisinme becerisine

etkisi

Programlayarak 1-2-3-4-5

Calisma Durumunun
yaratici diisinme
becerisine etkisi
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Olgiit Degerlendirme Aciklama
dereceleri:

1: Cok kotii, 2:
Kotii, 3: Orta, 4:
iyi, 5: Cok iyi
(Daire igine aliniz)

Gozlemleyerek Calisma | 1-2-3-4-5
Durumunun fizik
basarisina etkisi

Programlarak Calisma 1-2-3-4-5
Durumunun fizik
basarisina etkisi

Liitfen asagidaki sorular yanitlayiniz.
1. Asagida (ic kavram yanilgisi listelenmistir.

e KY1: Hiz, uygulanan kuvvetle orantilidir
e KY2: Ivme varsa artan bir kuvvet var demektir
e KY3: Kuvvet uygulanan bir cismin hizi bir stire sonra sabitlenir

Bu kavram yanilgilarini gidermek igin iki calisma tanimlanmistir.
e Calisma 1:

GOzlemleyerek calisma durumunda, hava sirtiinmesi uygulanan bir kitleye bir ilk hiz
verilerek gbzlem yapilir. Ayni islemler farkli ilk hiz, kiitle ve hava strtlinmeleri igin yapilir.
Daha sonra ilk hiz sifir verilir ancak kitleye yercekimi uygulanir. Farkl kitle, hava
sirtinmesi ve yercekimi ivmeleri ile deney tekrar edilerek gézlem yapilir.

e (Calisma 2:

Programlayarak galisma durumunda, ilk hiz verilir ve programlama satirlarinda hava
siirtiinmesi kuvveti icin hareket denklemi yazilir (Ornek: mfx=-10*mvx) ve gézlem
yapilir. Ayni islemler farkl ilk hiz, kiitle ve hava surtiinmeleri igin yapilir. Daha sonra ilk
hiz sifir verilir ancak kitleye program satirlari kullanilarak yeni bir sabit kuvvet uygulanir
(Ornek: mfx=mfx+10). Farkli kiitle, hava siirtiinmesi ve kuvvetler ile deney tekrar
edilerek gézlem yapllir.
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Litfen asadidaki tabloyu yukaridaki bilgilere gore doldurunuz. Tabloda 1. Calismanin ve
2. Calismanin Ug kavram yanilgisi Uzerine ayri ayr etkileri sorulmaktadir.

1. Calismanin
etkisi:

1: Cok olumsuz,
2: Olumsuz,

3: Etkisiz,

4: Olumlu,

5: Cok olumlu
(Daire igine aliniz)

2. Cahismanin
etkisi:

1: Cok olumsuz,
2: Olumsuz,

3: Etkisiz,

4: Olumlu,

5: Cok olumlu
(Daire igine aliniz)

Aciklama

KY1 1-2-3-4-5 1-2-3-4-5
KY2 1-2-3-4-5 1-2-3-4-5
KY3 1-2-3-4-5 1-2-3-4-5

2. Uygulamada tanimlanan calismalarin (bkz. Arastirmanin Amaci ve Uygulama),
gelistirmeyi hedefledikleri beceriler konusunda etkili oldugunu diistiniyor musunuz?
Kisaca aciklayiniz.

3. Uygulamada tanimlanan calismalarin (bkz. Arastirmanin Amaci ve Uygulama),
GOzlemleyerek Calisma ve Programlayarak Calisma durumlarinin yukaridaki kavram
yanilgilari Gzerinde farkli etkileri olacagini diistiniiyor musunuz? Kisaca agiklayiniz.
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4. Programda Gozlemleyerek Calisma durumu igin gordiigiiniiz en zayif yon nedir?

8. Programin sundugu programlayarak calisma durumunun, gézlemleyerek calismaya
gdre avantajlari ve dezavantajlar size gore nelerdir?

Avantajlar

9. Asagidaki yontemlerden hangisi Fiziksel Diinya programinin 6gretimde kullaniimasinda
en etkili olurdu?
(Latfen yanitinizi kisaca agiklayiniz)

a. Sadece gozlemleyerek calisma

b. Sadece programlayarak calisma

¢. Hem goézlemleyerek hem de programlayarak galisma

d. Dider (LUtfen BElIrtiNIZ ===>) wuuuiiiiiiiieiiiiiiiiiie e s e rersnrss e s e s e e eraasr s e e s e e e e e ns e e e s e eeens

Aciklama:
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10. Programda kisa ve uzun vadede giderilmesi gereken sorunlar sizce nelerdir?

Kisa vade
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APPENDIX C

Student Profile Form

Ogrenci Bilgileri Formu

Bu form, ODTU Egitim Fakdltesi, Ortadgretim Fen ve Matematik Alanlari Egitimi BSlimi'nde
yiiksek lisans tez galismasi olarak yiiriitiilen “Fizik Ogrenimi igin Programlanabilir Ogretim Araci
Gelistirilmesi, Uygulanmasi ve Degerlendiriimesi” adli arastirma projesi igin hazirlanmistir. Proje,
Turkiye’'de ve diinyada fizik egitiminin etkinliginin ve kalitesininin artirlmasina katki saglamayi
amaglamaktadir. Bu dogrultuda katihminiz biyik dnem tasimaktadir.

YaS: i
Cinsiyet: Bay / Bayan (Daire icine aliniz)
Sinif: Lise 1/ Lise 2 / Lise 3 (Daire igine aliniz)

Annenizin GFrenim dUrUMUL .....ooiiiiie e
ANNENIZIN MESIEFI: ...
Babanizin 6grenim durumu: ...
Babanizin meslegi: ...

Litfen asagidaki sorulari yanitlayiniz.

Asagidaki 1 — 9 sorularini isaretleyerek yanitlayiniz.

Orta derecede

Cok
Az
Hic

. Fizik konularina ilgim vardir.

. Fizik konularinda basariliyimdir.

. Bilgisayar kullanma bilgim vardir.

. Bilgisayar programlama bilgim vardir.

. Okulda derslerde bilgisayar kullaniyoruz.

. Derslerde bilgisayar kullanmanin yararl oldugunu disunuram.

. Bilgisayar ile fizik calistigimda anlayabilirim.

. Fizik konularini 6grenmek hosuma gider.

OO (N[O |WIN[(—~

. Fizik konularini 6grenmeye istekliyimdir.
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10. Varsa daha 6nce kullandiginiz egitim amach bilgisayar programlarini yaziniz. (Programlarin
isimlerini hatirlamiyorsaniz kag tane oldugunu yaziniz.)

12. Bilgisayar programlari yaziyorsaniz veya yazdiysaniz, yazdiginiz programlar hakkinda kisa
bilgi veriniz?

13. Asagida fizik egitimi icin hazirlanmis iki 8grenme yéntemi tanimlanmigtir.

1. Yontem: Fizik konularini animasyonlarla gésteren ve hareketleri tamamen kendisi hesaplayan
program. (Ornegin yatay atisg yapilmistir. Yukari dogru firlatilan bir kitle atildiktan bir siire sonra
yercekimi etkisiyle yere dismustir. Bilgisayar programi hareketleri hesaplamis ve animasyonlar
ile yatay atis1 gostermistir.)

2. Yéntem: Fizik konularini animasyonlarla gosteren ve hareketleri hesaplarken 6grencinin
belirledigi kurallara uyan program. (Ornegin yatay atis yapiimasi igin égrenci bir kitlenin ilk hizini
ve kutleye uygulanmasini istedigi kuvvetleri denklem olarak bilgisayara girmistir. Bilgisayar
programi 6grencinin belirledigi degerlere ve denklemlere bagl olarak hareketi hesaplamis ve
animasyonlar ile yatay atigi gostermistir.)

Yukaridaki programlardan birini tercih etmeniz istenseydi hangisini tercih ederdiniz? Neden?

14. Bilgisayar kullanmak istediginiz zaman bilgisayara hangi yollardan ulasabiliyorsunuz? (Birden
fazla kutuyu isaretleyebilirsiniz)

[ Ulasma imkanim yok

[ Evde ailemle ortak kullandigim bilgisayar var

[] Odamda bana ait bilgisayarim var

[ Internet kafelerden ulaglyorum

[ Okuldaki bilgisayar imkanlarini kullaniyorum

[ Diger (Litfen belirtiniz) -==> ....ccvvviiiiiiiiiii i



15. Glinde ortalama ne kadar sure bilgisayar kullaniyorsunuz?

Hig

0 - 30 dakika arasi
30 - 60 dakika arasi
60 — 90 dakika arasi
90 — 120 dakika arasi
120 dakikadan fazla

~0 o0 oT®

16. Asagida bilgisayarin 5 farkh kullanim amaci yazilmistir.
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Amag

Amag kodu harfi

Oyun oynamak:

Program yazmak:

Chat yapmak:

internette arastirma yapmak:

Egitim programlariyla ders ¢aligmak:

mo0|w >

Siz bilgisayar kullanirken yukaridaki amaglari hangi sirayla tercih edersiniz? Lutfen asagidaki

tabloyu amag kod harflerini kullanarak doldurunuz.

Amacin kod harfi

En cok tercih ettigim amag:

En cok tercih ettigim ikinci amag:

En cok tercih ettigim G¢lncl amag:

En cok tercih ettigim dérdinci amag:

En az tercih ettigim amac:

17. Varsa, daha 6nce kullandiginiz bilgisayar destekli egitim programlarini hangi ders konularinda

kullandiniz?
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APPENDIX D

Force Concept Pretest Items from FCI

Kuvvet Kavram Testi

Liitfen okuyunuz:
. Her bir soru igin sadece bir cevap isaretleyiniz.

. Hi¢ bir soruyu okumadan ve cevaplamadan gegmeyiniz.

e Tahmin etmekten kacininiz. Cevaplariniz kisisel olarak sizin ne disiindigunizi yansitmahdir.

1. Asagidaki sekilde A 6grencisi 75 kg ve B 6drencisi ise 57 kg kutlelidir. Birbirinin ayni ofis sandalyelerinde karsi kargiya
oturmaktadirlar.
A 6grencisi, sekildeki gibi, ¢ciplak ayaklarini B 6grencisinin dizlerine koymustur. Sonra A 6grencisi birden ayaklariyla

disariya dogru iterek, her iki sandalyenin de hareket etmesine neden olur.

itme sirasinda ve A’'nin ayaklari B'nin dizine hala dokunmaktayken,

1. 6grenciler birbirlerine higbir kuvvet uygulamamaktadirlar.
A 6grencisi B 6grencisi lizerine bir kuvvet uygulamakta, fakat B A’ya bir kuvvet uygulamamaktadir.
her iki 6grenci de birbirlerine kuvvet uygulamaktadir, fakat B daha biyiik bir kuvvet uygular.

her iki 6grenci de birbirlerine kuvvet uygulamaktadir, fakat A daha buyuk bir kuvvet uygular.

o A~ D

her iki 6grenci de birbirleri Gizerine esit buylklikte kuvvet uygulamaktadirlar.

e Yanit olarak sectiginiz siktan ne kadar eminsiniz?

1. Cok eminim 2. Eminim 3. Pek emin degilim 4. Hi¢c emin degilim

o Yanit olarak segctiginiz sikki neden segtiniz?
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Sonraki iki soruyu (2 ve 3) cevaplarken, asagidaki sekil ve agciklamayi kullanin.

Sekildeki gibi, buylk bir kamyon yolda bozulur ve kiiglik bir otomobil tarafindan itilir.

;:E@/\EE@ ), @

2. Hizini arttirarak, istenen yol hizina ulasincaya kadar otomobil kamyonu iterken,

1.

otomobilin kamyona uyguladigdi itme kuvvetinin buyuklugl, kamyonun otomobile uyguladidi geri itme kuvvetinin
buylkliglne esittir.

otomobilin kamyona uyguladidi itme kuvvetinin buyuklugl, kamyonun otomobile uyguladidi geri itme kuvvetinin
buylkliglinden azdir.

otomobilin kamyona uyguladidi itme kuvvetinin buyuklugl, kamyonun otomobile uyguladidi geri itme kuvvetinin
buylkliglnden fazladir.

otomobilin motoru ¢alismakta oldugu igin kamyonu itmektedir, kamyonun motoru ¢alismadigi igin arabayi geri
itememektedir. Kamyon ise elbette ileriye itilecektir, glinkii otomobilin yolu tizerindedir.

kamyon da otomobil de birbirlerine kuvvet uygulamamaktadir. Kamyon ise elbette ileriye itilecektir, cinku

otomobilin yolu tzerindedir.

e Yanit olarak sectiginiz siktan ne kadar eminsiniz?
1. Cok eminim 2. Eminim 3. Pek emin degilim 4. Hi¢ emin degilim

e Yanit olarak segctiginiz sikki neden sectiniz?

3. Otomobil sirlcisunln istedigi sabit yol hizina ulastiginda,

1.

otomobilin kamyona uyguladidi itme kuvvetinin buyuklugl, kamyonun otomobile uyguladidi geri itme kuvvetinin
blyukligine esittir.

otomobilin kamyona uyguladigdi itme kuvvetinin buyuklugl, kamyonun otomobile uyguladidi geri itme kuvvetinin
blyukliginden azdir.

otomobilin kamyona uyguladidi itme kuvvetinin buyuklugl, kamyonun otomobile uyguladidi geri itme kuvvetinin
blyukliginden fazladir.

otomobilin motoru ¢alismakta oldugu igin kamyonu itmektedir, kamyonun motoru ¢alismadigi igin arabayi geri
itememektedir. Kamyon ise elbette ileriye itilecektir, glinkii otomobilin yolu Gizerindedir.

kamyon da otomobil de birbirlerine kuvvet uygulamamaktadir. Kamyon ise elbette ileriye itilecektir, clinku

otomobilin yolu tzerindedir.

e Yanit olarak sectiginiz siktan ne kadar eminsiniz?

1. Cok eminim 2. Eminim 3. Pek emin degilim 4. Hi¢ emin degilim

e Yanit olarak segctiginiz sikki neden sectiniz?
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4. Sekilde goruldigu gibi; bir asansor, gelik bir kablo ile asansor boslugunda sabit bir hizla yukari ¢ikariliyor. Bitiin
surtinmeler ihmal edilebilir. Bu durumda, asansdre etkiyen kuvvetler igin denebilir ki;
1. kablonun uyguladigi yukari yénde kuvvet asagi yonde yergekimi kuvvetinden buyuktur.
2. kablonun uyguladig! yukari ydonde kuvvet agagdi yonde yergekimi kuvvetine esittir.
3. kablonun uyguladigi yukari ydonde kuvvet asagdi yonde yergekimi kuvvetinden kiguktur.
4. kablonun uyguladigi yukari yénde kuvvet, havadan kaynaklanan asagi yondeki kuvvet ile yergekimi kuvvetinin
toplamindan buyuktur.
5. yukandakilerden higbiri. (Asansér kablonun uyguladigi kuvvet nedeniyle degil kablo kisaldidi igin yukari
ctkmaktadir).

Celik kablo
»
sabit hizla yukari
¢ikan asansor

e Yanit olarak segctiginiz siktan ne kadar eminsiniz?

1. Cok eminim 2. Eminim 3. Pek emin degilim 4. Hic emin degilim

e Yanit olarak sectiginiz sikki neden sectiniz?
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5. Cok gliclu bir riizgara ragmen, bir tenis oyuncusu raketiyle bir tenis topuna vurur, ve top agi gegip rakip sahaya

ulasir.

Su kuvvetleri dikkate aldiginizda:

A. asagi yonde bir yercekimi kuvveti.

B. ‘“vurustan” kaynaklanan bir kuvvet.

C. havanin uyguladigi bir kuvvet.

Raketle temasini kesmesinden yere garpmasina kadar, topa yukaridaki kuvvetlerden hangisi/hangileri etkimektedir?

1.

2
3.
4.
5

sadece A
AveB
AveC
BveC
A B,veC

e Yanit olarak segtiginiz siktan ne kadar eminsiniz?

1. Cok eminim 2. Eminim 3. Pek emin degilim 4. Hi¢c emin degilim

e Yanit olarak segctiginiz sikki neden sectiniz?

6. Asagidaki sekilde goriildigu gibi, bir gocuk P noktasindan daha yukaridaki bir noktadan sallanmaya baglamistir.

Dislinulebilecek birbirinden farkl su kuvvetleri dikkate alin:

A. asagi yonde bir yercekimi kuvveti.

ip tarafindan P’'dan O’ya dogru uygulanan bir kuvvet.

B
C. ¢ocugun hareketi yoniinde bir kuvvet.
D

O’dan Pya dogru bir kuvvet.

Cocuk P noktasindayken ona etkiyen kuvvet(ler) ne(ler)dir?

1.

2
3.
4.
5

sadece A
AveB
AveC
A, B,veC
A C,veD

e Yanit olarak sectiginiz siktan ne kadar eminsiniz?

1. Cok eminim 2. Eminim 3. Pek emin degilim 4. Hi¢ emin degilim

e Yanit olarak sectiginiz sikki neden segtiniz?
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Sonraki soruyu (7. soru) cevaplarken, asagidaki sekil ve agiklamayi kullanin.

Sekil, O merkezli bir gemberin pargasi bigimindeki, surtiinmesiz bir kanali géstermektedir. Kanal surtiinmesiz yatay bir

masanin Ust ylzeyine sabitlenmistir. Masaya kusbakisi bakmaktasiniz. Hava tarafindan uygulanan kuvvetler 6nemsizdir.

P noktasindan bir top yliksek bir hizla kanalin igine firlatiliyor ve R noktasindan disari ¢ikiyor.

£

.P

R

o

7. Distinulebilecek birbirinden farkh su kuvvetleri dikkate aldiginizda;

A. asagiya dogru bir yercekimi kuvveti.

B. kanal tarafindan Q'dan O’ya dogru uygulanan bir kuvvet.

C. hareket yoniunde bir kuvvet.

D. Odan Qya dogru bir kuvvet.

hangisi ya da hangileri, top surtlinmesiz kanalin Q noktasindayken ona etki etmektedir?

1.

2
3.
4.
5

Yalniz A.
AveB.
AveC.

A, B, veC.
A, C,veD.

e Yanit olarak segctiginiz siktan ne kadar eminsiniz?

1. Cok eminim 2. Eminim 3. Pek emin degilim 4. Hi¢c emin degilim

o Yanit olarak segctiginiz sikki neden segtiniz?
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8. Bos bir ofis sandalyesi hareketsizdir. Diistinllebilecek su kuvvetleri dikkate aldiginizda:

A. asagi yonde bir yergekimi kuvveti

B. zemin tarafindan uygulanan yukari yénde bir kuvvet.

C. hava tarafindan uygulanan asagi yonde net bir kuvvet.

Hangi kuvvet(ler) ofis sandalyesi tizerine etkimektedir(ler)?

1.

2
3.
4.
5

sadece A

AveB

BveC

A B,veC

Higbiri. (Sandalye hareketsiz oldugu igin ona etkiyen higbir kuvvet yoktur.)

e Yanit olarak segctiginiz siktan ne kadar eminsiniz?

1. Cok eminim 2. Eminim 3. Pek emin degilim 4. Hic emin degilim

e Yanit olarak segctiginiz sikki neden segctiniz?
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Sonraki soruyu (9.) cevaplarken, asagidaki sekil ve agiklamayi kullanin.

Uzayin derinliklerinde bir uzay gemisi P noktasindan Q noktasina, sekilde gosterildidi gibi, yan olarak suriiklenmektedir.
Gemiye disaridan higbir kuvvet etkimemektedir. Q noktasinda itibaren, geminin motorlar galisiyor ve PQ ¢izgisine dik
acida bir sabit itme kuvveti gemiye etkimeye bagliyor. Bu sabit itme kuvveti gemi uzayda bir R noktasina ulagincaya kadar

ona etkiyor.

F i

e Y e e e LT -

9. Gemi Q noktasindan R noktasina ilerlerken hizi,
sabittir.
surekli artar.

1

2

3.  surekli azalir.
4.  bir sUre artar ve sonra sabit kalir.
5

bir slire sabittir ve sonra azalir.

e Yanit olarak segctiginiz siktan ne kadar eminsiniz?

1. Cok eminim 2. Eminim 3. Pek emin degilim 4. Hic emin degilim

e Yanit olarak segctiginiz sikki neden segctiniz?

10. Tek kath bir binanin ¢atisindan yere birakilan bir tas,

1. birakildiktan kisa bir slire sonra en yiiksek hizina ulasir ve sonra bu sabit hizla digmeye devam eder.
distikee hizlanir, ¢iinkl tas dinyaya yaklastikga yercekimi kuvveti belirgin bir sekilde artar.
hizlanir, ¢linkii neredeyse sabit olan yergekimi kuvvetinin etkisindedir.

battin cisimlerde var olan, diinya ytzeyinde durma dogal egilimi nedeniyle diger.

o A~ D

yercekimi ve havanin tagl asagiya dogru iten kuvvetlerinin birlesik etkisi nedeniyle duser.

e Yanit olarak segtiginiz siktan ne kadar eminsiniz?

1. Cok eminim 2. Eminim3. Pek emin degilim 4. Hic emin degilim

e Yanit olarak segctiginiz sikki neden segtiniz?



Misconceptions and Correct Alternative of Items:

Mi1:
M2:
M3:

Only active agents exert forces
Motion implies active force
No motion implies active force

M4: Velocity proportional to applied force

MS5: Acceleration implies increasing force

Mo6: Force causes acceleration to terminal velocity

M7: Active force wears out

Itemno | Correct Misconception (alternative that indicates a
Alternative misconception is shown in parenthesis)

1 5 M1(2)

2 1 M1(4)

3 1 M1(4)

4 2 MI1(5)

5 3 MI1(1)

6 2 M1(1,3,5), M2(3,4,5)

7 2 M1(1), M2(1,3,4,5)

8 2 M3(5)

9 2 M4(1), M6(4), M7(3,5)

10 3 M5(2), M6(1)
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APPENDIX E

Force Concept Posttest Items from FCI

Kuvvet Kavram Testi

Liitfen okuyunuz:
e  Her bir soru icin sadece bir cevap isaretleyiniz.

. Hi¢ bir soruyu okumadan ve cevaplamadan gegmeyiniz.

e  Tahmin etmekten kacininiz. Cevaplariniz kisisel olarak sizin ne diisiindiiguiniizii yansitmalidir.

1 Sekilde goruldugu gibi; bir asansor, gelik bir kablo ile asansér boslugunda sabit bir hizla yukari ¢ikariliyor. Bitin
surtinmeler ihmal edilebilir. Bu durumda, asansore etkiyen kuvvetler icin denebilir ki;

1.  kablonun uyguladigi yukari yoénde kuvvet, havadan kaynaklanan asagi yondeki kuvvet ile yergekimi kuvvetinin
toplamindan buyuktur.
kablonun uyguladidi yukari ydnde kuvvet asagi ydonde yergekimi kuvvetinden kuguktur.
kablonun uyguladigi yukari yénde kuvvet asagi yonde yercekimi kuvvetinden buyuktur.

kablonun uyguladidi yukari ydnde kuvvet asagi yonde yercekimi kuvvetine esittir.

o~ Db

yukaridakilerden higbiri. (Asansor kablonun uyguladigr kuvvet nedeniyle degil kablo kisaldidi igin yukari

cikmaktadir).

Celik kablo
»
sabit hizla yukari
¢ikan asansor

e Yanit olarak segctiginiz siktan ne kadar eminsiniz?

1. Cok eminim 2. Eminim 3. Pek emin degilim 4. Hic emin degilim

o Yanit olarak sectiginiz sikki neden segtiniz?
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Sonraki soruyu (2. soru) cevaplarken, asagidaki sekil ve agiklamayi kullanin.

Sekil, O merkezli bir gemberin pargasi bigimindeki, surtiinmesiz bir kanali géstermektedir. Kanal surtiinmesiz yatay bir
masanin Ust ylzeyine sabitlenmistir. Masaya kusbakisi bakmaktasiniz. Hava tarafindan uygulanan kuvvetler 6nemsizdir.

P noktasindan bir top yliksek bir hizla kanalin igine firlatiliyor ve R noktasindan disari ¢ikiyor.

£

.P

R

o

2. Distinulebilecek birbirinden farkh su kuvvetleri dikkate aldiginizda;
A. asagiya dogru bir yercekimi kuvveti.
B. kanal tarafindan Q'dan O’ya dogru uygulanan bir kuvvet.
C. hareket yonunde bir kuvvet.
D. Odan Qya dogru bir kuvvet.

hangisi ya da hangileri, top surtlinmesiz kanalin Q noktasindayken ona etki etmektedir?

Yalniz A.
A C,veD.
A, B, veC.
AveB.
AveC.

o b~ DN =

e Yanit olarak sectiginiz siktan ne kadar eminsiniz?

1. Cok eminim 2. Eminim 3. Pek emin degilim 4. Hig emin degilim

e Yanit olarak segctiginiz sikki neden sectiniz?
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3. Asagidaki sekilde goruldigu gibi, bir gocuk P noktasindan daha yukaridaki bir noktadan sallanmaya baslamistir.

Dusulnulebilecek birbirinden farkl su kuvvetleri dikkate alin:

A

B.
C.
D

asag! yonde bir yergcekimi kuvveti.

ip tarafindan P'dan O’ya dogru uygulanan bir kuvvet.

gocugun hareketi yoniinde bir kuvvet.

O’dan P’ya dogru bir kuvvet.

Cocuk P noktasindayken ona etkiyen kuvvet(ler) ne(ler)dir?

1.

o~ v

A C,veD
A B,veC
sadece A
AveC
AveB

e Yanit olarak sectiginiz siktan ne kadar eminsiniz?

1. Cok eminim 2. Eminim 3. Pek emin degilim 4. Hig emin degilim

o Yanit olarak segctiginiz sikki neden segtiniz?

4. Cok guglu bir rizgara ragmen, bir tenis oyuncusu raketiyle bir tenis topuna vurur, ve top agdi gegip rakip sahaya ulasir.

Su kuvvetleri dikkate aldiginizda:

A
B.
C.

asagl yonde bir yergekimi kuvveti.

“vurustan” kaynaklanan bir kuvvet.

havanin uyguladigdi bir kuvvet.

Raketle temasini kesmesinden yere carpmasina kadar, topa yukaridaki kuvvetlerden hangisi’hangileri etkimektedir?

1.

2
3.
4.
5

A B, veC
BveC
AveC
AveB

sadece A

e Yanit olarak sectiginiz siktan ne kadar eminsiniz?

1. Cok eminim 2. Eminim 3. Pek emin degilim 4. Hi¢ emin degilim

e Yanit olarak segctiginiz sikki neden segctiniz?
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5. Tek katli bir binanin catisindan yere birakilan bir tag,

1.

2
3.
4.
5

yercekimi ve havanin tagi asagiya dogru iten kuvvetlerinin birlesik etkisi nedeniyle duser.
hizlanir, glinkii neredeyse sabit olan yergekimi kuvvetinin etkisindedir.

butin cisimlerde var olan, diinya yizeyinde durma dogal egilimi nedeniyle diser.

dustiikce hizlanir, glinku tas diinyaya yaklastikga yercekimi kuvveti belirgin bir sekilde artar.

birakildiktan kisa bir suire sonra en ylksek hizina ulasir ve sonra bu sabit hizla digsmeye devam eder.

e Yanit olarak segctiginiz siktan ne kadar eminsiniz?

1. Cok eminim 2. Eminim 3. Pek emin degilim 4. Hig emin degilim

e Yanit olarak segctiginiz sikki neden sectiniz?

Sonraki soruyu (6.) cevaplarken, asagidaki sekil ve agiklamayi kullanin.

Uzayin derinliklerinde bir uzay gemisi P noktasindan Q noktasina, sekilde gosterildigi gibi, yan olarak suriklenmektedir.

Gemiye disaridan higbir kuvvet etkimemektedir. Q noktasinda itibaren, geminin motorlari galisiyor ve PQ cizgisine dik

acida bir sabit itme kuvveti gemiye etkimeye basliyor. Bu sabit itme kuvveti gemi uzayda bir R noktasina ulagincaya kadar

ona etkiyor.

P 0

L 4 1 L oo -

6. Gemi Q noktasindan R noktasina ilerlerken hizi,

o M D=

bir slire sabittir ve sonra azalir.
bir slire artar ve sonra sabit kalir.
sirekli azalir.

surekli artar.

sabittir.

e Yanit olarak sectiginiz siktan ne kadar eminsiniz?

1. Cok eminim 2. Eminim 3. Pek emin degilim 4. Hi¢ emin degilim

e Yanit olarak segctiginiz sikki neden sectiniz?
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7. Bos bir ofis sandalyesi hareketsizdir. DistinUlebilecek su kuvvetleri dikkate aldiginizda:
A. asagi yonde bir yergekimi kuvveti
B. zemin tarafindan uygulanan yukari yénde bir kuvvet.
C. hava tarafindan uygulanan asagi yonde net bir kuvvet.

Hangi kuvvet(ler) ofis sandalyesi tizerine etkimektedir(ler)?

sadece A

A, B,veC

AveB

BveC

Hicbiri. (Sandalye hareketsiz oldugu igin ona etkiyen higbir kuvvet yoktur.)

o M D=

e Yanit olarak segtiginiz siktan ne kadar eminsiniz?

1. Gok eminim 2. Eminim 3. Pek emin degilim 4. Hi¢ emin degilim

e Yanit olarak sectiginiz sikki neden segtiniz?

Sonraki iki soruyu (8 ve 9) cevaplarken, asagidaki sekil ve agiklamayi kullanin.

Sekildeki gibi, buylk bir kamyon yolda bozulur ve kiigik bir otomobil tarafindan itilir.

=Y @

8. Hizini arttirarak, istenen yol hizina ulasincaya kadar otomobil kamyonu iterken,

1. otomobilin kamyona uyguladigi itme kuvvetinin buyUkligl, kamyonun otomobile uyguladigi geri itme kuvvetinin
buyUkliglnden fazladir.

2. otomobilin motoru galigsmakta oldugu igin kamyonu itmektedir, kamyonun motoru ¢alismadigi icin arabayi geri
itememektedir. Kamyon ise elbette ileriye itilecektir, ¢clinkli otomobilin yolu Uzerindedir.

3. kamyon da otomobil de birbirlerine kuvvet uygulamamaktadir. Kamyon ise elbette ileriye itilecektir, glinku
otomobilin yolu tzerindedir.

4. otomobilin kamyona uyguladigi itme kuvvetinin blyukligui, kamyonun otomobile uyguladigi geri itme kuvvetinin
buylkliglne esittir.

5. otomobilin kamyona uyguladidi itme kuvvetinin biyuklugu, kamyonun otomobile uyguladigi geri itme kuvvetinin

buylkliglinden azdir.

e Yanit olarak sectiginiz siktan ne kadar eminsiniz?

1. Cok eminim 2. Eminim 3. Pek emin degilim 4. Hig emin degilim

e Yanit olarak segctiginiz sikki neden segtiniz?
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9. Otomobil siirlicisiiniin istedigi sabit yol hizina ulastiginda,

1. otomobilin motoru galismakta oldugu i¢in kamyonu itmektedir, kamyonun motoru ¢alismadigi igin arabayi geri
itememektedir. Kamyon ise elbette ileriye itilecektir, glinkii otomobilin yolu tizerindedir.

2. kamyon da otomobil de birbirlerine kuvvet uygulamamaktadir. Kamyon ise elbette ileriye itilecektir, ginku
otomobilin yolu tzerindedir.

3. otomobilin kamyona uyguladigi itme kuvvetinin buylkligu, kamyonun otomobile uyguladigi geri itme kuvvetinin
buylkliglinden fazladir.

4. otomobilin kamyona uyguladigi itme kuvvetinin blyukligu, kamyonun otomobile uyguladigi geri itme kuvvetinin
buylkliginden azdir.

5. otomobilin kamyona uyguladidi itme kuvvetinin biyuklugu, kamyonun otomobile uyguladigi geri itme kuvvetinin

buylkliglne esittir.

e Yanit olarak sectiginiz siktan ne kadar eminsiniz?

1. Cok eminim 2. Eminim 3. Pek emin degilim 4. Hig emin degilim

e Yanit olarak segctiginiz sikki neden sectiniz?

10. Asagidaki sekilde A 6grencisi 75 kg ve B 6grencisi ise 57 kg kutlelidir. Birbirinin ayni ofis sandalyelerinde karsi karsiya
oturmaktadirlar.
A 6grencisi, sekildeki gibi, ¢ciplak ayaklarini B 6grencisinin dizlerine koymustur. Sonra A 6grencisi birden ayaklariyla

disariya dogru iterek, her iki sandalyenin de hareket etmesine neden olur.

itme sirasinda ve A’'nin ayaklari B'nin dizine hala dokunmaktayken,

1. 6grenciler birbirlerine higbir kuvvet uygulamamaktadirlar.
A 6grencisi B 6grencisi lizerine bir kuvvet uygulamakta, fakat B A’ya bir kuvvet uygulamamaktadir.
her iki 6grenci de birbirleri Gizerine esit buylklikte kuvvet uygulamaktadirlar.

her iki 6grenci de birbirlerine kuvvet uygulamaktadir, fakat A daha biyik bir kuvvet uygular.

o A~ D

her iki 6grenci de birbirlerine kuvvet uygulamaktadir, fakat B daha biyiik bir kuvvet uygular.
e Yanit olarak segctiginiz siktan ne kadar eminsiniz?
1. Cok eminim 2. Eminim 3. Pek emin degilim 4. Hic emin degilim
e Yanit olarak segctiginiz sikki neden sectiniz?



Misconceptions and Correct Alternative of Items:

MI1:
M2:
M3:
M4:

Only active agents exert forces
Motion implies active force
No motion implies active force

Velocity proportional to applied force

MS5: Acceleration implies increasing force

M6: Force causes acceleration to terminal velocity

M7: Active force wears out

Item Corresponding Correct Misconception (alternative that indicates a

no Item no in Pretest | Alternative | misconception is shown in parenthesis)
(APPENDIX D)

1 4 4 MI1(5)

2 7 4 MI1(1), M2(1,5,3,2)

3 6 5 M1(3.,4,1), M2(4,2,1)

4 5 3 MI1(5)

5 10 2 M5(4), M6(5)

6 9 4 M4(5), M6(2), M7(3,1)

7 8 3 M3(5)

8 2 4 M1(2)

9 3 5 MI1(1)

10 1 3 M1(2)
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APPENDIX F

Parents’ Permission Form for the Student

] Tarih: ... [/ e [ s
Veli Izni Formu

Bu izin formu ODTU Egitim Fakiiltesi, Ortadgretim Fen ve Matematik Alanlar Egitimi B&limii’'nde
yiiksek lisans tez calismasi olarak yiiriitiilen “Fizik Ogrenimi Icin Programlanabilir Ogretim Araci Geligtirilmesi,
Uygulanmasi ve Degerlendirilmesi” adli arastirma projesi icin hazirlanmistir. Proje, Turkiye'de ve diinyada
fizik editiminin etkinliginin ve kalitesininin artirimasina katki saglamayi amaclamaktadir. Bu dogrultuda
ogrencilerin arastirmalara katilimi bliytik dnem tagimaktadir.

Bu form arastirma ydrdtlcllerinin Caligma Tanimi’'na bagl kalmasi sartiyla 6grenci velisinin
onayini ve iznini belgeler.

Calisma Tanimu:

Calisma, arastirma ydirdticilerinin hazirladidi calisma odasinda 6grenci ve bir arastirma
yiritiicisiiniin katilimiyla yapilir. Ogrenci isterse calisma odasina izleyici olmak tizere bir refakatgi getirebilir.
Calisma odasinda bu arastirma igin gelistirilen “Fiziksel Diinya” adli programin yiiklii oldugu bilgisayar
bulunmaktadir. Calismalarda “Fiziksel Diinya” programi 6grenci tarafindan kullanilir.

Fiziksel Diinya programinin kullanimi sirasinda okul mifredatina uygun lise 2 fizik konulari galisilir.
Calismalar arastirma yirittctstnin verdigi yonergeler dogrultusunda yapilir. Calisma odasinda bulunan
kamera ile goriintii ve sesler kasete kaydedilir. Kayitlar ve 6grenci ile ilgili kisisel bilgiler arastirma siiresince
ve arastirma sonrasinda gizli tutulur.

Galisma her biri iki saat stiren Ug toplanti ile tamamlanir. Toplantilarin glinii ve saati veli, 6grenci ve
arastirma yiriticileri ile kararlastirilir. Ogrencinin toplantilar 6ncesi ve sonrasi ulasimi, arastirma
ylriticileri tarafindan saglanir.

) Calismalarda higbir sekilde 6grenciye fiziksel veya zihinsel yénden zararl etki gelmeyecektir.
Odrenci istedidi anda arastirmadan gekilebilecektir. Veli ve 6grenci arastirma siiresince ve aragtirma
sonrasinda aragtirma ydriiticuleri ile iletisim kurabilecektir.

Arastirma yUruticisu Arastirmaci

Yrd. Dog. Dr. Ali ERYILMAZ Erkin TUNCA

Tel: 210 40 55 Tel: 241 68 43, 297 90 86 - 504
e-mail: eryilmaz@metu.edu.tr e-mail: erkin.tunca@mobilsoft.com.tr
BeN e, , Velisi oldugum ...eeeeveeiiiciiiiieeeee e nin / nin

ODTU Egitim Fakiiltesi Ortadgretim Fen ve Matematik Alanlari Egitimi Bolimi'nde yiksek lisans tez caligmasi
olarak yuritilen “Fizik Ogrenimi Igin Programlanabilir Ogretim Araci Gelistirilmesi, Uygulanmasi ve
Dederlendiriimesi” adli arastirma projesine katilmasina izin veriyorum.

Veli Imzasi


mailto:eryilmaz@metu.edu.tr
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APPENDIX G

Physical World User Manual

Fiziksel Diinya Kullanim Kilavuzu

icindekiler:
1. Fiziksel Dinya Nedir?
2. Fiziksel Dunya Igin Gereken Donanim
3. Fiziksel Dinya SimuUlasyonu
4. Fiziksel Dunya’daki Gorsel Bilesenler

e GoOzlem Penceresi

e Deney Bilesenleri Penceresi

e Deney Bileseni Detaylari Pencereleri
5. Fiziksel Dunya Gdzlem Penceresi

e Deney Ortami ve Koordinat Eksenleri

Deney Bilesenleri Degiskenleri
Deney Ortami Yedek Degiskenleri

e Deney Bilesenleri Menusu

i. Kitle

ii. Sabit Cisim
ii. Yay

iv. Top

V. Yuzey

vi. Yergekimi
vii. Yeryuzu
viii. Hava

ix. Hava Surtinmesi
X. Zaman

xi. Cetvel

xii. Hiz Olguimi
xiii. ivme Olgimii
xiv. Grafik

e Deney Ortamina Deney Bilesenlerinin Eklenmesi
e Deney Bilesenlerinin Konumlandiriimasi

i.
ii.
iii.
iv.
V.
Vi.
Vii.

Kutleler ve Sabit Cisimlerin Konumlandiriimasi
Yaylarin Konumlandiriimasi

Yerylzunun Konumlandiriimasi

Yergekiminin Konumlandiriimasi

Havanin Konumlandiriimasi

Hava Surtinmesinin Konumlandirilmasi
Cetvelin Konumlandiriimasi
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viii. Hiz Olglimii ve ivme Olgimiinin Konumlandiriimasi
ix. Grafigin Konumlandirilmasi
x. Diger Nesnelerin Konumlandiriimasi
e Deney Bilesenleri Listesi
i. Bilegen Detay Bilgilerine Ulagim
ii. Denklem Satirlari ve Programlama
iii. Kutle Detay Bilgileri
iv. Yay Detay Bilgileri
v. Yercekimi Detay Bilgileri
vi. Cetvel Detay Bilgileri
vii. Hiz Olgtimii Detay Bilgileri
viii. ivme Olgimi Detay Bilgileri
ix. Grafik Detay Bilgileri
1. Grafik Eksenlerinin Denklem Olarak Yazilmasi
2. Grafik Gorunta Dagmeleri
3. Grafik Uzerine isaret Koyma
e Cizim Detaylarinin Degigtirilmesi
e Nesne Segme ve Silme
e Deney Hazirlamada Yardimci Araclar
i. Hiza Araglari
ii. Kutle Durdurma Araglari
e Simulasyon Calistirma Dugmeleri
i. Bagla Dugmesi
ii. Dur DUgmesi
iii. Kayit Dugmesi
iv. Son Kayit Diugmesi
e Simulasyonun Calistiriimasi ve Gozlem Yapilmasi
i. Kitle izleri
ii. Katlelerin Kuvvet Oklari
iii. Kayit Alma
iv. Son Kayda Dénme
v. Olglim Araglarinin Kullanimi
1. Cetvelin Kullanimi
2. Hiz ve ivme Olgiimleri’nin Kullanimi
3. Grafik Olusturma
4. Grafik Karsilastirma

1. Fiziksel Diunya Nedir?

Fiziksel Dunya, etkilesimli bir simulasyon aracidir. Java teknolojisine
dayanan sistem, kigisel bilgisayarlar tzerinde ¢alistirilir. Fiziksel Dlnya,
simulasyonlari gorsel bir ortamda gergeklestirir ve ortamda yer alan nesnelerin
animasyonlarini ekrana getirir. Bu ortamda sistemin sagladigi 6l¢um araclari
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kullanilarak olgumler yapilir. Sistem, ¢ok pargacikli sistemlerin hareketlerini ¢ozer
ve milisaniye Olgeginde gercege yakin sonuglar verir. Fiziksel Dlnya, hareket
denklemlerini ¢cozebilir. Bu denklemlerin kullanici tarafindan yazilmasi
durumunda kullanicinin yazdigi denklemleri ¢ozer.

2. Fiziksel Dunya’daki Gorsel Bilegenler
e Gozlem Penceresi (Figlr 1)

*1: Simulasyon zamani

*2: Deney ortami ve koordinat eksenleri
*3: Deney bilesenleri menusu
: Bagla dugmesi

: Dur digmesi

: Kayit dugmesi

: Son kayit digmesi

: Deney bilesenleri dugmesi
. isimler diigmesi

: Sil dugmesi

: v =0 duagmesi

:v1 =v2 =v3 =0 duigmesi

. # dugmesi

 # # # dugmesi

EE I R R R N R N N N
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Figur 1: Gozlem Penceresi

e Deney Bilesenleri Penceresi (Figur 2)

*1: Gozlem penceresine donus digmesi

*2: Deney bilesenleri listesi

*3: Deney bileseni detaylari penceresini agma digmesi
*4: Denklem satirlari listesi

*5: Denklem satiri
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Figur 2: Deney Bilesenleri Penceresi
¢ Deney Bileseni Detaylari Pencereleri (Figur 3)
Ornek 1: Kiitle Detaylari Penceresi

*1: Deney bilesenleri penceresine dénus dugmesi

*2: Deney bileseninin grafik figurl ve adi

*3: Konum ayarlama alani

*4: Hiz ayarlama alani

*5: Kiutle ayarlama alani

*6: Bilesenin sahip oldugu degiskenler listesi

*7: Bilesenin sahip oldugu bir degiskenin adi, degeri, birimi ve
aclklamasi
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Figur 3: Katle Detaylari Penceresi
Ornek 2: Yay Detaylari Penceresi (Figir 4)

*1: Deney bilesenleri penceresine donus dugmesi

*2: Deney bileseninin grafik figurl ve adi

*3: Yay etkilesmesinin baglandigi bilesenlerin grafik figurleri ve isimleri
(Bu figlrler ayni zamanda bilesen detay bilgilerine giden digmelerdir)
*4: Yay sabiti ayarlama alani

*5: Yay uzunlugu ayarlama alani

*6: Bilesenin sahip oldugu degiskenler listesi

*7: Bilesenin sahip oldugu bir dediskenin adi, degeri, birimi ve
acliklamasi
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if.i Etkilesim bilgileri

NiEn el
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Figur 4: Yay Detaylari Penceresi

3. Fiziksel Diinya igin Gereken Donanim

Fiziksel DUnya, en az 266 mhz hizinda ve 32 MB RAM hafizasi olan
kisisel bilgisayarlarda calisir. Fiziksel Dunya, fare ve klavye araciligi ile kontrol
edilir.

4. Fiziksel Dinya Simulasyonu

Fiziksel Dinya Simulasyonu, klasik mekanik sistemleri tek, iki ve gok
parcacikli olarak ¢ozer. CozUm yaparken sistem tarafindan bilinen hareket
denklemleri kullanilir. Ornegin yay sistemleri, hava sirtinmesi ve yergekimi gibi
etkilesmelerin hareket denklemleri sistem tarafindan bilinmektedir. Ayrica sistem,
kullanicinin belirledigi hareket denklemlerini de ¢ozer. Bu denklemler ivmeye
veya kuvvete esit olarak yazilabilecegi gibi istenen diger formlar da kullanilabilir.

Fiziksel Dinya Simulasyonu’nda tum degiskenlerin birimleri belirlidir.
Konum metre (m), agirlik kilogram (kg), zaman saniye (s) ve buna bagh olarak
kuvvet Newton (N), hizm /s ve ivme m/ (s * s) olarak gecer.
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5. Fiziksel Diinya Gozlem Penceresi

Fiziksel Dunya Gozlem Penceresi, deney ortamindaki animasyonlarin
izlendigi ve deney ortaminin tasarlandigi penceredir. Deney ortaminda yer
alacak nesneler (deney bilesenleri) bu pencere Uzerinden kontrol edilir.
Simulasyonun baslatiimasi ve durdurulmasi iglemleri bu pencere iginden yapilir.

e Deney Ortami ve Koordinat Eksenleri

Deney ortami, animasyonlarin goruldugu kisimdir. Deney bilesenlerinin
konumlari ve iligkileri deney ortaminda dizenlenir. Deney ortami koordinat
eksenleri Uzerine gizilmigtir. Koordinat eksenleri deney bilesenlerinin daha rahat
dizenlenmesine ve gdzlenmesine yardimci olur. Koordinat eksenlerine dik ve
paralel gizgilerin arasinda bir birim (1 metre) aralik bulunur.

i. Deney Bilesenleri Degiskenleri

Fiziksel Dunya, deneylerin tasarlanabilmesi icin cok sayida deney bileseni
sunar. Bu bilesenler fiziksel nesneleri, etkilesmeleri ve 6lgim araglarini kapsar.
Fiziksel Dunya, deney ortaminda yer alan her bilesene ayri isim verir. Bilesenler
turlerine gore farkl degiskenler igerir. Bu degiskenlerin her birinin ayri bir ismi
vardir ve bu ismin ilk harfleri bilesenin ismi ile aynidir. Ornedin m3 isminde bir
kitlenin konumu m3x ve m3y degiskenlerinde tutulur. Bu degiskenler kullanicinin
doldurabildigi denklem satirlarinda kullanilirlar.

ii. Deney Ortami Yedek Degiskenleri

Fiziksel Dunya, deney bilesenlerinin igerdigi degiskenlere ek olarak 30
degisken daha tutar. Bu degiskenler x0, x1, x2, ... x9, y0, y1,y2, ... y9, z1, z2, z3,
... ve z9'dur. Bu degigkenler istenen hesaplamalarda kullanilirlar ve denklemlerin
yazilmasinda kolayliklar saglarlar.

e Deney Bilesenleri Menusu
Deney bilesenleri menusu, gézlem penceresinin sag tarafinda bulunur. Bu
menu farenin tusu basih tutulup surikleme kosulu ile yukari ve asagi kaydirilir.
Yukari ve asagi kaydirarak menundn gordnen kisminin disinda bulunan
bilesenler, gérinen kisma tasinir. Istenen bilesen farenin tusu (fare imleci bilesen
figrandn Gstlindeyken) tiklanarak deney ortamina eklenir.
i. Kitle

Deney bilegsenleri arasinda kutle bileseni vardir. Kutle bileseni, konum,
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hiz, ve agirhk o6zelliklerini igerir. Kutlelerin ismi her zaman “m” ile baslar. Deney
ortamina eklenen ilk kitle “m”, daha sonrakiler ise “m2”, “m3”, “m4” ... isimlerini
alirlar. Katlelerin agirhiklari katlenin ismiyle ayni isimdeki degiskenlerde tutulur; m,
m2, m3, m4 ... Kutlelerin konumlari mx, my, m2x, m2y, m3x, m3y ...
degigkenlerinde tutulur. Katlelerin hizlari mvx, mvy, m2vx, m2vy, m3vx, m3vy ...
degiskenlerinde tutulur. Kutle bileseni, yay, yercekimi, hava surtunmesi, cetvel,
hiz 6lgimu, ivme dlgumu gibi bilesenlerle iligkilendirilebilir. Kitleler animasyon
surecinde gectikleri yol Uzerinde renkli ¢izgi ile iz birakirlar. Bu gizgiler Uzerine
100 milisaniye araliklarla belirgin noktalar koyulur. Kitlelere uygulanan kuvvetler
oklar ile animasyon surecinde ekrana getirilir. Bir kuvvet okunun buyuklugu diger
bir kuvvet okuyla orantisal olarak karsilastirilabilir ancak oklarin uzunlugu
Newton birimini simgeledigi icin metre birimini simgeleyen koordinat eksenleri ile
orantisal iligkisi fiziksel olarak dogru kabul edilmemelidir. Bir baska deyisle 1
metre uzunlukta gorunen bir kuvvet oku 1 Newton sayillamaz.

ii. Sabit Cisim
Sabit cisim kutle ile benzer ozellikler gosterir. Simulasyon surecinde
hareket etmez. Ivmesi her zaman sifir 6lgulur ancak Uzerine uygulanan kuvvet
degiskendir. Sabit cisimler s, s2, s3, s4... isimlerini alirlar.
ii. Yay
Yayin iki ucu vardir. Bu uglar kitlelere ve sabit cisimlere takilir. Yaylar y,
y2,y3, y4 ... isimlerini alirlar. Yaylar, yay sabiti degiskenine sahiptirler. Bu
degigkenler, yk, y2k, y3k, y4k ... isimlerini alirlar. Yaylarin sahip oldugu bir baska
degigken ise yayin serbest uzunlugudur. Bu degiskenler yl, y2I, y3l, y4l ...
isimlerini alirlar. Yaylar, Uzerlerindeki gerilim kuvvetinin degerlerini yfx, yfy, y2fx,
y2fy, y3fx, y3fy, y4fx, y4fy ... degiskenlerinde tutarlar. Denklem satirlarinda bu
degigkenlere degerler atanarak yayin uyguladigi kuvvet istendigi bicimde
yazilabilir.
iv. Top
Top, kutle ile ayni 6zellikleri gosterir.
v. Yulzey
Yuzeyler, kutleler ile etkilegsime girebilirler.
vi. Yercekimi

Yergekimi, yerylizi ile kiitle bilesenlerini iligkilendirir. iki ucu vardir. Uglari
baglandigi taktirde similasyonda kutleye ve yeryuziine y yonunde kuvvet
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uygular. Yercekimleri, g, g2, g3, g4 .. isimlerini alirlar. Yercekimi bilegeni,
yercekimi ivmesini degisken olarak tutar. Bu degisken bilesen adiyla ayni isimde
tutulur; g, 92, g3, g4 ... Yercekimi, uyguladigi kuvveti degiskenlerde tutar; gfx,
afy, g2fx, g2fy, g3fx, g3fy, g4fx, g4fy ... Denklem satirlarinda bu degiskenlere
degerler atanarak yercekiminin uyguladigi kuvvet istendigi bigimde yazilabilir. Bir
tane yercekimi iligkisinin kurulmasi tum kutlelere yergekimi etkisini saglamaz.
Yercgekiminin etkide bulunmasi istenen her kutle igin ayri bir yergekimi eklenmeli
ve yeryuzu ile iligkilendirilmelidir.

vii. Yeryuzu

Yeryuzu, yuzey ozelliklerine sahiptir. Yercekimi, yeryUzunu kutle ile
iligkilendirebilir. Yeryuzu, yer, yer2, yer3, yer4 ... isimlerini alabilir.

viii. Hava

Hava bilesenleri, h, h2, h3, h4 ... isimlerini alabilirler. Hava surtinmesi,
hava ile kutleleri iligkilendirebilir.

ix. Hava Siurttinmesi

Hava surtinmesi, hava ile kutleyi iliskilendirebilir. Hava surtunmeleri, hs,
hs2, hs3, hs4 ... isimlerini alirlar. Hava surtinmesi kutleye kutlenin hizi ile dogru
orantili ve bu hiza ters yonde kuvvet uygular. Bu kuvveti surtinme katsayisi ile
elde eder. Bu katsayi bilesen ile ayni ismi tasir; hs, hs2, hs3, hs4 ... Hava
surtinmesi, uyguladigi kuvveti degiskenlerde tutar; hsfx, hsfy, hs2fx, hs2fy,
hs3fx, hs3fy, hs4fx, hs4fy ... Denklem satirlarinda bu degiskenlere degerler
atanarak hava surtiinmesinin uyguladigi kuvvet istendigi bigimde yazilabilir.

X. Zaman

Zaman, simulasyon surecindeki zamani ifade eder. Zaman bilesenleri, t,
t2, t3, t4 ... isimlerini alirlar. Zaman bileseni zamanin degerini bilegenin ismi ile
ayni isimde bir degiskende tutar; t, t2, t3, t4 ... Deney ortamina eklenen tim
zaman bilegenlerinin tuttugu bu degiskenlerin degerleri simulasyondan alindigi
icin hepsi aynidir. Ancak, denklem satirlarinda bu degerlerin kullanici tarafindan
degistiriimesi mumkuanddar.

xi. Cetvel

Cetvel, deney bilesenleri arasindaki uzakliklari 6lgmekte kullanilir. Cetvelin
iki ucu vardir. Bu uclar acik birakilirsa iki nokta arasindaki mesafe olgulmus olur.
Cetveller, c, c2, c3, c4... isimlerini alirlar. Aldiklar1 dlgimler cr, c2r, c3r, c4r ...
degiskenlerinde saklanir. Bu dlgimlerin x ve y bilesenleri cx, cy, c2x, c2y, c3X,
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c3y, c4x, cdy ... isimli degiskenlerde tutulur. Bu degiskenlerin degerleri surekli
olarak guncellenir. Cetvelin bir ucu kitleye baglanir ve diger ug acik birakilirsa,
simulasyon surecinde cetvelin bagli ucu surekli olarak kutleyi takip eder. Bu
sekilde kutlenin bir noktaya uzakligi surekli olarak cetvel tarafindan olculebilir.
Cetvelin iki ucu da ayri iki kutleye baglanirsa cetvel surekli olarak iki kitle
arasindaki mesafeyi dlger.

xii. Hiz Olgimi

Hiz dlgumu, cetvele ¢ok yakin 6zellikler tagir. Hiz dlgimunin cetvel gibi iki
ucu vardir. Bu uglardan biri isaretli degeri isaretsizdir. Sadece isaretli olan ug bir
kutleye baglandigi taktirde hiz 6lgimu o kutlenin hizini surekli olarak olger.
Sadece isaretsiz ug kitleye baglandidi takdirde ise hiz dlgimu ters isaretli olarak
yapilir. Hizin buyukligu ayni ancak x ve y bilegenleri ters igaretli olarak olgulur.
Uclarin ikisi de birer kutleye baglandiginda iki kttle arasindaki hiz farki ol¢alur.
Bu fark isaretli uctaki katlenin hizindan isaretsiz ugtaki kitlenin hizinin
cikartilmasi ile elde edilir. Hiz dlgtimleri, v, v2, v3, v4 ... isimlerini alirlar. Olgctiikleri
hizlarin deg@erleri vr, v2r, v3r, v4r ... degiskenlerinde tutulurlar. Bu dlgumlerin x ve
y bilesenleri vx, vy, v2x, v2y, v3x, v3y, v4x, v4y ... degiskenlerinde tutulur.

xiii. ivme Olguimii

ivme 6lgimd, hiz olgimu ile benzerdir. ilvme dlglimleri a, a2, a3, a4 ...
isimlerini alirlar. OlgUimleri ar, a2r, a3r, a4r, ax, ay, a2x, a2y, a3x, a3y, a4x, ady ...
adli degiskenlerde tutarlar.

xiv. Grafik

Grafik bilegeni simulasyonda varolan degiskenlerden yaralanarak grafik
cizmekte kullanilir. Grafikler, gr, gr2, gr3, gr4 ... isimlerini alirlar. Grafik bileseni iki
degiskene sahiptir. Bu degiskenlerin olusturdugu konum bilgisi ekrana bir nokta
olarak igaretlenir. Bu degiskenler grx, gry, gr2x, gr2y, g2x, gr3y, grdx, grdy ...
adlarini alirlar. Degiskenlerin de@erlerine gore olusturulan [x, y] noktasi iki eksenli
grafik Gzerine isaretlenir. Grafik bilesenleri simllasyon slreci boyunca 6l¢gim
alirlar ve ¢izim yaparlar. Grafik bileseninin iki degiskeninin degerleri denklem
alanlarinda kullanilarak istenen degerlere esitlenebilir. Bu yolla istenen tim
olctimler grafik olarak gorilebilir. Ornedin zaman bileseninin t degiskeni grx
Uzerine ve kutle bileseninin mvx degiskeni gry Uzerine atanirsa kitlenin x
yonundeki hizina kargi zaman grafigi elde edilir.

e Deney Ortamina Deney Bilesenlerinin Eklenmesi

Deney bilesenlerini deney ortamina eklerken Fiziksel Dinya Gdzlem
Penceresi’'nin sag tarafinda bulunan Deney Bilegsenleri Menusu kullanilir. Deney
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Bilesenleri MenUsu’nde tum deney bilesenleri yer almaktadir. Menu, farenin tusu
basil tutularak kaydirilabilir ve bu yolla MenU’'nun goérunur kisminda yer almayan
bilesenler gorinur kisma tasinabilir. Eklenmesi istenen bilesenin resimli ve yazili
figlra Gzerine fare ile tiklanarak o bilesen deney ortamina eklenir.

e Deney Bilesenlerinin Konumlandiriimasi

Bir deney bileseni deney ortamina eklendiginde Gozlem Penceresi'nde
koordinat eksenlerinin bulundugu kisimda goértntulenir. Bilesenin konumu bu
goruntl Uzerinden degistirilebilir. Bilegeni ifade eden ¢izim Uzerine farenin tusu
basili tutularak ve surikleme hareketi yaparak bilesenin konumu degistirilir.
Gozlem Penceresi’'nin sag alt kisminda bulanan ve # isaretli dugmeler
araciligiyla bilesenlerin konumlari tam sayi degerlere getirilebilir. Ornegin mx =
1.423, mx = 1.0 olarak duzenlenir.

i. Kdutleler ve Sabit Cisimlerin Konumlandiriimasi

Kutleler ve sabit cisimler, kendilerini ifade eden ¢izimler Uzerinden fare
araciligiyla konumlandirilabilir. Ayrica # isaretli dugmeler araciligiyla konumlari
tam sayi degerlere cekilebilir. Bunlarin yani sira kutle detay ve sabit cisim detay
pencereleri Uzerinden klavye aracihigiyla konumlar sayi olarak girilebilir ve
istenen degerlere esitlenebilir.

ii. Yaylarin Konumlandiriimasi

Yayin konumlandiriimasi yayi ifade eden gizimin Uzerindeki ¢ nokta
Uzerinden yapilir. Bu noktalarin ilk ikisi yayin u¢ noktalari Gg¢lncusu ise ug
noktalarin tam orta noktasidir. Orta noktadan fare tusu basil tutularak surikleme
yapilarak yayin butund hareket ettirilir. Ug¢ noktalarin biri strtklendigi taktirde
sadece o ug¢ hareket edecektir. Uglara baglh kutleler oldugu taktirde bu kutleler
uclarla birlikte hareket ederler.

ii. Yeryuzinin Konumlandiriimasi

Yeryuzinu konumlandiriimasi katle ve sabit cisimlerin
konumlandiriimasina benzer. Yeryuzu uzun bir ¢izgi ile ifade edilir. Bu ¢izginin
tam orta noktasindan kontrol ederek yerylzini konumlandirmak mamkunddr.
Ayrica bilesen detaylari penceresinden de konumlandirma klavye araciligiyla
yapilabilir.
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iv. Yercekiminin Konumlandiriimasi

Yercgekiminin konumlandiriimasi yaylarin konumlandirilmasina benzer.
Yercekimi etkisi, denklem satirlarinda degistiriimedigi strece yeryluzunun
konumundan etkilenmez.

v. Havanin Konumlandiriimasi

Havanin konumlandiriimasi, yeryazinun konumlandiriimasi ile ayni
Ozellikleri gosterir.

vi. Hava Sirtinmesinin Konumlandirilmasi

Hava surtinmesinin konumlandiriimasi, yaylarin konumlandiriimasina
benzer. Hava surtinmesi etkisi, denklem satirlarinda degistiriimedigi strece
havanin konumundan etkilenmez ve deney ortaminin timutnde hava varmig gibi
davranir.

vii. Cetvelin Konumlandiriimasi

Cetvelin konumlandiriimasi yaylarin konumlandirilmasina benzer. Cetvel,
uclari arasindaki dogru boyunca bir birimlik araliklarla isaretler gizer. Cetvel,
uclarinin her hareketinde bu isaretleri duzenli olarak yeniler.

¢ Deney Bilegenleri Penceresi

Deney Bilesenleri Penceresi, Gozlem Penceresinde bulunan deney
bilesenleri dugmesi ile agilir. Deney Bilesenleri Penceresi ayni zamanda grafik
ara-yuzu olan isletim sistemlerinde ara¢ gubugu Uzerinden de agilabilir.
Pencerede deney ortaminda yer alan tum bilesenler listelenmistir. Bilesenlerin
isimleri ve bunlara ait grafik figurleri listede gosterilir. Bu figtrler bilesenlerin
detay bilgileri pencerelerine gitmek igin kullanilan digmelerdir. Deney Bilesenleri
Penceresi’'nde Gozlem Penceresini agan bir digme bulunur. Deney Bilesenleri
Penceresi’'nin altinda denklem satirlari yer almaktadir. Bu satirlara deney
ortaminin sahip oldugu degdiskenlerden faydalanarak istenen denklemler
yazilarak programlama ve hesaplama yapilir.

Deney Bilesenleri Penceresi farenin tusu basil tutularak yukari ve agsagi
surUkleme yoluyla hareket ettirilir. Bu yolla gértntiye girmeyen kisimlar gérinen
bdlgelere tasinir.

i. Bilesen Detay Bilgilerine Ulagsim

Deney Bilesenleri Penceresi’'nde yer alan bilesen figurlerine fare ile
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basilarak bir bilesenin detay penceresini agmak mumkundur. Bilesen detay
penceresinden geri donus Deney Bilesenleri Penceresi dugmesi ile
yapilabilmektedir.

ii. Denklem Satirlari ve Programlama

Denklem satirlari, Deney Bilesenleri Penceresi’nde ve bazi bilesenlerin
detay pencerelerinde yer alir. Denklem satirlari, tim simulasyon sureci boyunca
yukaridan agag! dogru hesaplanir. Bu hesaplama surekli bir dongu seklinde
simulasyon durdurulana kadar devam eder. Dongu bir saniye i¢inde bilgisayarin
hizina bagl olarak onlarca defa doner. Her donuste sistem, bir denklem satiri
Uzerinden bir defa geger. Bu dongu ile degiskenlerin degerleri slrekli olarak
degistirilerek programlama yapilabilir.

Denklemlerde deney ortaminin sahip oldugu degiskenler ve sabit sayilar
kullanilir. Deney ortami, barindirdigi tim bilesenlerin tasidigi degiskenlere
sahiptir. Bunun yani sira 30 yedek degigken, satirlarda kullaniimak tzere
ayrilmistir. Yedek degiskenler sunlardir: x0, x1, x2, x3, x4, x5, x6, x7, x8, x9, y0,
y1,v¥2,y3, v4,y5,y6,y7,y8,y9, z0, z1, z2, z3, z4, z5, z6, z7, z8 ve z9.

*Ornek denklem satiri:

x0=1.5

Yukaridaki ornekte, sistemde yer alan yedek degiskenlerden x0, 1.5
degerine esitlenmistir. Simulasyon sureci akis durumundayken denklem satiri
¢6zUlur. Bunun sonucu olarak x0 degiskeni 1.5 degerini alir.

*Ornek denklem satiri:

1.5

Yukaridaki ornekte, denklem satirina sadece 1.5 degeri yaziimistir. Bu
durumda denklem satiri ihmal edilir.

*Ornek denklem satiri:

Yukaridaki 6rnekte, denklem satirina higbir sey yazilmamistir. Bu durumda
denklem satiri ihmal edilir.
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*Ornek denklem satiri:

x12=1.5

Yukaridaki 6rnekte, denklem satirinda sistemde yer almayan bir degigken
kullaniimistir. Bu durumda denklem satiri ihmal edilir.

*Ornek denklem satiri:

x0?1.5

Yukaridaki 6rnekte, denklem satirinda noktalama hatasi yapiimigtir. Bu
durumda denklem satiri ihmal edilir.

*Ornek denklem satiri:

1.5=x0

Yukaridaki ornekte, denklem satirinda sabit bir sayinin degeri bir
degiskene esitlenmistir. Bu durumda denklem satiri inmal edilir.

*Ornek denklem satiri:

x0=x0+1

Yukaridaki ornekte, denklem satirinda x0 degigkeninin degeri x0+1
isleminin sonucuna esitlenmistir. Programlama olarak bu satir gecerlidir. Ornegin
x0’in degeri 2 ise denklem satiri ¢ozuldukten sonra x0'in degeri 3 olur. Bu
denklem satiri simulasyon sureci iginde surekli olarak ¢ozullr ve x0'in degeri her
¢6zUmde 1 artar.

*Ornek program:

Katlelerin hiz degiskenlerine denklem satirlarinda degerler atandiginda,
Fiziksel Diinya, bu degerleri simiilasyon icinde kullanir. Ornegdin m kitlesinin bir
hiz degiskeni olan mvx, mvx=1 seklinde yazilirsa simulasyon baslatildiginda m
kitlesi mvx yonlnde sabit hizla hareket eder.
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Deney ortamina m kitlesi ve t zaman bileseni eklenmistir. m kutlesi m
(agirlik), mx (konum), my (konum), mvx (hiz) ve mvy (hiz) degiskenlerine sahiptir.
t zaman bileseni ise t isimli degiskende simulasyon suUrecindeki zamani saniye
cinsinden tutmaktadir. m kutlesinin hareketi agagidaki gibi programlandigi
taktirde m kutlesi hareket edecektir.

mvx=2%t

mvy=3

Yukaridaki programa gore m kuitlesi simulasyon baglatildigindan itibaren x
yoniinde hizlanacaktir. Ornegin t=0 anina mvx=0, t=1 aninda mvx=2, t=2 aninda
mvx=4 olacaktir. mvy her zaman 3 olacaktir ve bu hareket Gozlem Penceresinde
izlenebilecektir.

*Ornek program:

Fiziksel Dunya, yukaridaki érnekte gectigi gibi kutlelerin programlanan
hiz degigkenlerini simulasyona yansitir. Ayni sekilde etkilesmelerin uyguladigi
kuvvetler de programlandigdi taktirde bu degerler simiilasyona yansitilir. Ornegin
y adli bir yay bileseninin kuvvet degiskenleri olan yfx ve yfy programlandigi
taktirde yay, bagl oldugu bilesenlere bu degerlere esit [fx, fy] kuvveti uygular.

Deney ortamina m kutlesi, s sabit cismi ve y yayl eklenmistir. y, m ve s'ye
baglanmistir. y bilegeninin kuvvet degiskenleri programlanarak m’nin basit
harmonik hareket yapmasi istenmektedir. Bunun yapilabilmesi icin m ve s
arasindaki uzaklik x ve y bilesenleri olarak bilinmelidir. Bu amagla c cetvel
bileseni deney ortamina eklenmis ve uglari s ve m’ye baglanmistir. Artik ¢’nin cx
ve cy bilesenleri s ve m arasindaki uzakligi x ve y bilesenleri olarak dlgmektedir.
Buna gore y’nin uygulayacagi kuvvet yay sabiti degiskeni olan yk da kullanilarak
programlanabilir.

yix= -yk*cx

yfy= -yk*cy

Yukaridaki programda y’nin uyguladigi kuvvet x ve y bileseni olarak
yazilmigtir. Bunun sonucu olarak simulasyon baslatilinca m, iki boyutta harmonik
hareket yapar. Ayni kuvvet ters ydnde s’ye de uygulanir ancak s sabit cisim
oldugu igin hareket etmez.
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y yay!i yl degiskeninde yay uzunlugunu tutar. Bu uzunluk yayin serbest
birakildigi zamanki uzunlugu anlamina gelir. Bu degisken de goz 6nunde
bulundurularak hareket denklemleri yazilabilir. Bunun i¢in c’'nin tasidigi cr
(cetvelin uglar arasindaki uzaklik) degiskeninden yararlanilir.

ytx= -yk*(cr-yl)*cx/cr

yfy=-yk*(cr-yl)*cy/cr

Yukaridaki programa gore m, yayin serbest uzunlugundan etkilenecektir.
Bu program fiziksel olarak basit harmonik hareket icin yazilmistir. Denklemler
farkli yazildiginda sonuglari da farkli hareketler ve gézlemler doguracaktir.
Ornegin yukaridaki denklemlerin basinda — yerine + olsaydi yay cekme degil itme
kuvveti uygulayacakti. Yaylar ve diger tum kuvvet uygulama 6zelligine sahip
etkilesim bilesenleri, tasidiklari kavramsal anlamdan farkli davranmaya
programlanabilirler. Ornegin y, kiitle gekim kanununa gére programlanirsa m
kitlesi, s etrafinda iki odakli eliptik yoriinge cizecektir ve s, odaklardan birinde
yer alacaktir. m’nin hareketi Kepler yasalarina uyumlu olacaktir.

yfx= -yk/(cr*cr)*cx/cr

yfy= -yk/(cr*cr)*cy/cr

Yukaridaki programda kltle ¢gekim yasasinin, yayin uyguladidi kuvvetler
icin programi yazilmistir. [yk/(cr*cr)] ile kuvvetin, uzakhgin karesi ile ters orantili
olmasi saglanmisgtir.

iii. Kutle Detay Bilgileri

Tum bilesen detay pencereleri farenin tusu basih tutularak yukari ve asagi
surukleme yoluyla hareket ettirilir. Bu yolla goruntuye girmeyen kisimlar gorinen
bdlgelere tasinir.

Kltle detay bilgileri katlenin konumunu, hizini ve agirhgini igerir. Konum
ve hiz x ve y olarak iki bilesene ayriimistir ve agirlik da dahil bu degerler ayri ayri
klavye ve fare araciligiyla degistirilebilmektedir. Kitle detay bilgileri bu degerlerin
yani sira kutleye ait degiskenleri de listeler. Listede degiskenlerin isimleri,
degerleri, birimleri ve agiklamalari bulunur. Kitle bileseni konum, hiz, agirlik ve
kendisine uygulanan kuvvetleri bu degiskenlerde tutar. Bu degiskenler m kutlesi
icin mx, my, mvx, mvy, m, mfx ve mfy’dir.
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iv. Yay Detay Bilgileri

Tum etkilesim detay bilgileri gibi yay detay bilgileri, etkilesimin hangi iki
bilesen arasinda oldugunu gosterir. Bu gosterim, bilesenleri ifade eden grafik
figUrlerini icerir. Bu figUrlere fare tusu ile basilarak ilgili bilesenin detay bilgilerine
ulasihr.

Yay detay bilgileri, yayin sertlik katsayisi ve yayin serbest uzunlugunun
degistiriimesine olanak saglar. Yay detay bilgileri, yaya ait degiskenleri listeler. y
yay! icin bu degiskenler yl (serbest uzunluk), yk (sertlik katsayisi), yfx (gerilim
kuvveti x bileseni) ve yfy'dir (gerilim kuvveti y bileseni).

v. Yercekimi Detay Bilgileri

Yergekimi detay bilgileri, yergekimi ivmesinin degistirilebilmesi i¢in bir yazi
alani sunar. Yazi alani tzerine fare ile bir kere basildiginda klavye araciligiyla
yercekimi ivmesi degistirilebilir. Ayrica yergekimi detaylari bu bilesenin sahip
oldugu degiskenlerin tablosunu sunar. g yercekimi bileseni g, gfx ve gfy
degiskenlerine sahiptir.

vi. Cetvel Detay Bilgileri

Cetvel detay bilgileri ayni etkilesim detay bilgileri gibi bagli oldugu
uclarindaki bilegenlerin figurlerini gosterir. Bu figurlere fare ile basilarak figuran
temsil ettigi bilesenlerin detay bilgilerine ulasilir. Cetvelin uglarinin ikisi de bos ise
higbir figur gosterilmezken tek ucu bagl oldugunda bagl oldugu bilesen figuru
gosterilir. Cetvel, sahip oldugu degiskenleri tabloda gosterir. ¢ cetveli cx, cy ve cr
degiskenlerine sahiptir. cr, cx ve cy’nin hipotenusune esittir. Bu degerlere
bakilarak istenen uzaklik élgimleri yapilabilir, programlamada ve grafik gizmede
kullanilabilir.

vii. Hiz Olgim( Detay Bilgileri

Hiz 6lcuimu detay bilgileri cetvel detay bilgileri ile benzer 6zellikler gosterir.
Uclardan biri bos birakilmig ve diger ug bir kitleye bagl ise bilesenin tabloda
sundugu degerlerden kutlenin uzaydaki mutlak hizi okunur. Bu kutle hiz
OlcimUnln isaretsiz ucuna bagli ise hizin x ve y bilesenleri ters isaretli okunur.
Uglarin ikisi de birer kutleye bagli ise isaretli ugtaki kutlenin diger kiutleye goreceli
hizi okunur.
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viii. lvme Olglimi Detay Bilgileri

lvme 6lgiimii detay bilgileri, hiz lgiimii detay bilgileri ile ayni 6zellikleri
gOsterir.

ix. Grafik Detay Bilgileri

Grafik detay bilgileri, grafik bileseninin topladigi verileri iki eksenli grafik
Uzerine ¢izilmis olarak gosterir. Ayni ¢izim deney ortaminda koordinat eksenleri
uzerine de simulasyon esnasinda yansitilir.

1. Grafik Eksenlerinin Denklem Olarak Yazilmasi

Grafik detay bilgileri, cizilecek grafigin noktalarinin x ve y bilesenlerinin
neler olacaginin belirlenmesi icin iki denklem satiri sunar.

Ornek:

Asagida gr isimli bir grafik bileseninin sundugu iki denklem satir
gOsterilmektedir. Bu satirlarda gr grafik bileseninin [grx, gry] adli noktasi
belirtiimigtir. Bu noktanin x ve y bilegenleri similasyonun her dongusunde grafik
icine veri olarak kayit edilir ve simllasyon slreci boyunca olusan verilerden grafik
¢izimi olusturulur. Asagidaki durumda orijine ([0, 0] noktasina) kayit alinir ve
sadece bir nokta cizilir.

grx=0

gry=0

Yukaridaki denklem satirlarina istenen denklemler yazilarak istenen
grafikler elde edilebilir. Ornegin deney ortaminda t zaman bileseni ve m kiitlesi
varsa ve denklemler agagidaki gibi yazilirsa m’nin x yonundeki hiz — zaman
grafigi elde edilir.

grx=t

gry=mvx

Dikkat edilecek olursa t dediskeni zaman bilesenine olan ve similasyon
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zamanina kargilik gelen degisken, mvx ise m’nin x yonundeki hizidir. Eger hiz —
zaman grafigi sadece x yonu igin degil, m’nin uzaydaki mutlak hizina karsi
zaman olarak alinmak istenseydi, deney ortamina hiz 6lgimu eklenmeliydi.
Ornegin v hiz dlgiim bileseninin bir ucu m’ye baglanirsa v vileseni vr
degiskeninde m’nin hizini tutar ve denklemler asagidaki gibi yazilirdi.

grx=t

gry=vr

2. Grafik Gorunta Dagmeleri

Grafik detaylari bilgileri, grafiklerin ekrana sigmadigi durumlar ve detayli
incelemeler icin birka¢ ara¢ sunar. Bunlar, grafik kaydirma dugmeleri, goruntu
buyutme ve kugultme dugmeleri, cergevele dugmesi ve temizle dugmesidir.
Grafik kaydirma dugmesi tUm koordinat eksenini Uzerinde gizilmis olan grafikle
birlikte saga, sola, yukari ve agagi hareket ettirir. Buyutme ve kugultme dugmeleri
grafigin daha detayli incelenmesi igin grafik ¢izimini géruntude buyutur veya
kugulturler. Cercevele digmesi cgizilen grafigi gériinen alan icine yerlestirir.
Temizle dugmesi grafik bileseninin tuttugu tum verileri siler.

3. Grafik Uzerine Isaret Koyma

Grafikler Uzerine isaret koyularak inceleme yapilabilir. Bu isaretler fare ile
istenen noktaya basilarak yapilir. isaretler bulunduklari noktanin koordinatlarini x
ve y bilesenleri olarak ekrana yazar. Ayni anda Ug¢ isaret koyulabilir. Bunlardan
ikisi mavi biri kirmizi renktedir. Sistem, isaret sayisi Ugu gegtiginde kirmizi renkli
isareti siler ve toplam isaret sayisini Ugle sinirlar.

e Cizim Detaylarinin Degistiriimesi

G6zlem Penceresi lizerindeki “isimler” diigmesi, deney ortamindaki
bilesenlerin isimlerinin ekrana yazilmasini kapatmak ve agmak igin kullanilir. Ayni
zamanda bu digme ile kitlelere uygulanan kuvvetlerin gizimleri ve deney
ortamindaki grafiklerin koordinat eksenlerine cizilip ¢izilmeyecegdi de ayarlanabilir.
Karmasik dizeneklerde goruntinin kalabalik gérinmemesi i¢in ya da iki grafigin
Ust Uste kargilastiriimasinda “isimler” diigmesinden yararlanilir.

e Nesne Segme ve Silme

Deney ortamindaki bir nesnenin Gzerine fare ile basildiginda bir nesne
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secilmis olur. Segilen nesne Gozlem Penceresi Uzerindeki “Sil” dugmesi
kullanilarak deney ortamindan atilir. Hiza ve katle durdurma araglari olan, “#”
isaretli ve “v=0" yazili digmeler, segili bilesene etki ederler. Ornegdin m kitlesi
secilmis ise “v=0" digmesine basilinca hizi sifira esitlenir. Bilesenleri segcmenin
bir diger yolu ise Deney Bilesenleri Penceresi’nde bilesen figlrine basiimasidir.
Bilesen figurtine basildiktan sonra Gézlem Penceresi’ne donuldiginde, basilan
bilesen secilmis olacaktir. Bu iglem, goruntide Ust Uste gelen bilesenlerden birisi
secilmekte zorluk ¢ekiliyorsa veya istenen bilegsen gozlem alaninin disina
cikmigsa kullantlir.

e Deney Hazirlamada Yardimci Araclar
i. Hiza Araclari

Go6zlem Penceresi'nde “#” ve “###” isaretli dugmeler vardir. Bu isaretler
bilesenlerin konumlarini tam degerlere donusturur. #, secili olan bilesene, ### ise
ortamdaki tim bilesenlere etki eder. Bu digmeler ile konumlari daha kolay akilda
kalacak deney duzenekleri hazirlanabilir.

ii. Katle Durdurma Araglari

Gozlem Penceresi'nde “v=0" ve “v1=v2=v3=0" yazili dugmeler vardir. Bu
dugmeler katlelerin hizlarini sifira esitlemekte kullanilirlar. “v=07, segili olan
kutlenin, “v1=v2=v3=0" ise ortamdaki tUm kutlelerin hizlarinin sifira esitler. Bu
digmeler hem simulasyon sureci icinde hem de simulasyon durduruldugunda
kullanilabilirler.

e Simulasyon Calistirma Dugmeleri
i. Bagla Dugmesi

Go6zlem Penceresi’'nde Bagla dugmesi bulunur. Bagla dugmesi,
simulasyon surecinin baslatiimasi i¢in kullanilir. Similasyon sirecinin
baslatiimasi ile birlikte sistem bir dongu yaratir ve bu dongu icinde deney
ortaminda yer alan bilegsenlerin hareket denklemelerini ¢ozer. Bunun sonucu
olarak animasyonlar gergeklesir. Simulasyon surecinin galismakta oldugu, deney
ortaminin sol Ust kdgesinde bulunan zaman gostergesinden anlasilir.

ii. Dur Dugmesi
Dur dugmesi, Basla dugmesinin yaninda bulunur ve simulasyonun

durdurulmasi i¢in kullanilir. Simulasyon durduruldugunda zaman gostergesi
simulasyonun durduruldugu ani saniye olarak gosterir.
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iii. 100 Milisaniye DUgmesi
100 Milisaniye dugmesi, Dur digmesinin yaninda bulunur ve tGzerinde “!”
isareti vardir. Dugme, simulasyonun 100 milisaniye boyunca ¢alistirilip daha
sonra otomatik olarak durdurulmasi igin kullanilir. Bu dugme ile daha net

gozlemler yapilabilir ve ¢ok parcacikli sistemler daha anlasilir bicimde
incelenebilir.

iv. Kayit Dugmesi
Kayit dugmesi, 100 Milisaniye digmesinin yaninda bulunur. Bu dugmeye
basildiginda simulasyon sureci durdurulur, similasyon zamani sifira esitlenir ve
durdurulan anda deney ortami kaydedilir. “Son Kayit” dugmesine basildiginda
deney ortami kayit edildigi ana donduralir. Bu yolla ayni hareketler defalarca
izlenebilir.
v. Son Kayit Dugmesi
Son Kayit dugmesi, Kayit digmesinin yaninda bulunur ve bu digmeye
basildiginda deney ortami son kayit edildigi duruma geri doner. Eger hi¢ kayit
yapillmamigssa Son Kayit dugmesi bir islem yapmaz.

e Simulasyonun Calistiriimasi ve Gozlem Yapilmasi

Fiziksel Dunya, deney ortaminda gbzlem yapilmasi igin animasyonlar,
cizimler ve grafikler sunar.

i. Kitle izleri
Kutleler deney ortaminda gegtikleri yollar Gzerine izler birakirlar. Bu izler
cizgi seklindedir ve tzerlerinde 100 milisaniye araliklarla birakilmis belirgin
noktalar vardir.
ii. Katlelerin Kuvvet Oklari
Her kutleye belli bir anda uygulanan net kuvvet vektor olarak gizilir. Bu
vektor uygulandigi katlenin hemen yanina gizilir. Kuvvet vektorlerinin timu ayni
oranla garpilarak ekrana getirilir. Bu buyukluk koordinat eksenlerinde bir birim
gorundyorsa bu, kuvvetin 1 N oldugu anlamina gelmez.

iii. Kayit Alma

Gozlem yaparken Kayit dugmesinin sik¢a kullaniimasi gerekir. Belli bir
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deney duzenegi olusturuldugunda simulasyon baslatiimadan dnce Kayit
digmesine basilarak ayni gézlemlerin tekrar yapilmasina imkan saglanir. Son
Kayit dugmesi kullanilarak gézlemler tekrarlanabilir ya da deney dizeneginde
unutulan ve ancak simulasyon basladiktan sonra fark edilen eksikler
tamamlanabilir.

iv. Olglim Araglarinin Kullanimi
1. Cetvelin Kullanimi

Gozlemler yapilirken sayisal degerler, 6lcim aragclari vasitasiyla izlenir.
Cetvel, iki nokta veya iki bilesen arasindaki uzakligin gézlenmesinde kullanilir.
Simulasyon sureci durduruldugunda cetvel detaylari bilgilerinden cetvelin uglari
arasindaki uzakhk ogrenilebilir.

2. Hiz ve ivme Olgiimleri’nin Kullanimi

Hiz ve ivme olgumleri, cetvel gibi ¢aligirlar. Bilesen detaylari
pencerelerinden ilgili hizlar ve ivmeler x ve y bilesenleri olarak veya mutlak
buyuklukler cinsinden ogrenilebilir.

3. Grafik Olusturma

Gozlem yapilirken, grafikler detayli incelemeler i¢in uygun araglardir.
Grafik olusturulmasi igin deney ortamina grafik bilesenleri yerlegtirilir. Her grafik
bileseni simulasyon sureci boyunca belirlenen [x, y] verilerini kaydeder ve bu
verileri gizime donusturar. [x, y] noktasi grafik detay bilgilerinde denklem olarak
yazilabilir ve deney ortaminda yer alan tum degiskenlerden istendigi sekilde
yararlanilarak istenen grafikler olusturulur.

4. Grafik Karsilastirma
Deney ortaminda yer alan grafikler koordinat eksenleri Uzerine gizilirler.

Gdzlem penceresinde bulunan “isimler” digmesi kullanilarak ayni gériintiide iki
grafigin gizilmesi saglanir ve karsilastirma yapilabilir.
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APPENDIX H

Physical World User Manual for Studying by Observation

Fiziksel Dunya Gozlemleyerek Calisma Kilavuzu

Baslamadan Once: Fiziksel Diinya Gézlemleyerek Calisma Kilavuzu'ndan
yararlanilmasi igin Fiziksel Dinya Gorsel Bilesenleri Kilavuzu’nun okunmus
olmasi gerekmektedir.

Gozlemleyerek Calisma Kilavuzu'nda asagidaki deney dizeneklerinin kurulmasi
ve gozlemlenmesi anlatiimaktadir.

Deney Dluzenekleri:

1. iki Sabit Cisme Bagh Yayin Sabit Cisimlere Uyguladigi Kuvvetler
2. Sabit Hizla Giden Kitle
3. Basit Harmonik Hareket ve Grafiklerin Olusturulmasi

Yukaridaki duzenekler kuruldugunda, kullanici, sistemde yer alan temel
fonksiyonlarin tamamini kullanmis olacaktir.

Deney Dluzenekleri:
1. iki Sabit Cisme Bagh Yayin Sabit Cisimlere Uyguladigi Kuvvetler

Kazanilacak Beceriler:
e Fiziksel Dunya Programr’ni ¢aligtirmak

Deney ortamina deney bilesenleri eklemek

Sabit cisimleri konumlandirmak

Yaylarin uclarini baglamak

Deney Bilesenleri Penceresi ile Gozlem Penceresi arasinda

gegcigler yapmak

e Deney Bilesenleri Penceresi’nden istenen bilegenin detay
penceresine ulagsmak

e Bilesen detay penceresinden Deney Bilesenleri Penceresi’ne
gitmek

e Simulasyonu baslatmak, durdurmak, duraksatarak calistirmak

e Simulasyonda kayit almak ve son kayda donmek

e Simdulasyon sureci iginde sabit cisimleri konumlandirmak
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Simulasyon sureci icinde sabit cisimlere uygulanan kuvvetleri
gozlemlemek

Yay detay penceresinden yay ozelliklerini degigtirmek

Sabit cisim detay penceresinden sabit cismi konumlandirmak
Yayin sabit cisimlere uyguladigi kuvvetlerin tam degerini yay
detaylari penceresi ve sabit cisim detaylari pencerelerinden
okumak

Uclarina sabit cisimler bagl bir yayin, sabit cisimlere uyguladigi
kuvvetlerin gozlemlenmesi ve Fiziksel Dunya’daki temel fonksiyonlarin

ogrenilmesi.

Prosedur:

1.
2.

10.
11.

12.

13.

Fiziksel Dunya Gozlemleyerek Calis Programi’ni galistir.

Deney bilegenleri menusu uzerinde farenin tusunu basih tut ve
fareyi yukari asagi kaydir. Bu hareket ile Deney bilesenleri menusu
kaydiriimis olur.

Deney bilesenleri menusu Uzerindeki “Sabit cisim” bilesenine fare
ile tikla. Bu hareket ile deney ortamina bir sabit cisim eklenmis olur.
Deney ortaminda beliren sabit cisim Uzerine fare imlecini getir.
Farenin tusunu basili tutarak fareyi hareket ettir. Bu hareket ile sabit
cisim istenen yere konumlandiriimig olur.

Deney bilesenleri menusu Uzerindeki “Yay” bilesenine fare ile tikla.
Bu hareket ile deney ortamina bir yay eklenmis olur.

Yayin uglarindan biri Gzerine fare imlecini getir. Farenin tusunu
basili tutarak ucu sabit cismin Uzerine tasi ve farenin tusunu birak.
Bu hareket ile yayin bir ucu sabit cisime baglanmis olur.

Deney ortamina (bkz. 3.) bir sabit cisim daha ekle ve yayin
baglanmamis ucunu buna bagla (bkz. 6).

Basla diugmesine bas. Bu hareket ile simulasyon baslatiimis olur.
Simulasyon zamaninin aktigini gozlemle.

Dur digmesine bas ve simulasyon zamaninin durdugunu gézlemle.
“I” Dugmesine bas ve simulasyon zamaninin 0.1’in tam katlarinda
kendiliginden durdugunu gbézlemle. Bu hareket ile simulasyon
surekli durdurularak gozlemlenir. Bu hareketi 5 — 10 defa tekrarla ve
simllasyon zamaninin nasil baslayip durdugunu gozlemle.
Simulasyonu baslat (bkz. 8.) ve sabit cisimlerden bir tanesini deney
ortaminda surekli olarak hareket ettir (bkz. 4.). Bu hareket
esnasinda cisimlere uygulanan kuvvetleri ifade eden kalin oklari
g6zlemle. Yayin dogrultusu ile kuvvetlerin dogrultusunu karsilastir.
Simulasyonu durdur (bkz. 10.).
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Sabit cisimlerden birini orijine yakin ¢ok bir yere tasi. “#” dugmesine
bas. Bu hareket ile sabit cisim tam orijin Uzerine konumlandiriimis
olur.

Sabit cisimlerden digerini (tam orijinde bulunmayani), orijinde
bulunanin bir birim (1 metre) sag tarafina dogru ayni yatay hizada
yerlestir (x = 1, y = 0 noktasina yakin bir yere yerlestir). “#”
dugmesine bas. Bu hareket ile sabit cisim tam x = 1, y = 0 noktasi
uzerine konumlandiriimig olur.

Simulasyonu baglat ve kuvvet oklarinin gizilmedigini gdzlemle.
Bunun sebebi burada kullanilan yayin serbest uzunlugunun tam 1
metre olmasidir. Yaylar tam serbest uzunluktayken hi¢ kuvvet
uygulamazlar.

Deney Bilesenleri digmesine bas. Bu hareket ile Deney Bilesenleri
Penceresi'ne gegilir.

Deney Bilesenleri Penceresi’ndeki oklu digmeye bas. Bu hareket
ile G6zlem Penceresine gegilir.

Deney Bilesenleri Penceresi’ne ge¢ (bkz. 17.).

Deney Bilesenleri Penceresi’nde “Yay” bilesenine bas. Bu hareket
ile yay detaylari penceresi agilmis olur. Bu pencerenin basliginda
“Etkilesim Bilgileri” yazmaktadir.

Yay detay penceresinde oklu dugmeye bas. Bu hareket ile Deney
Bilesenleri Penceresi’'ne gegilir.

Yay detaylari penceresini a¢ (bkz. 20.).

Yay uzunlugu degerini degistirmek igin bu degerin Gzerine fare ile
tikla. Klavyenin “Delete” ve rakam tuslari ve ok tuslarini kullanarak
2 degerini yaz. Bu islem ile yayin serbest uzunlugu 2 metre olarak
ayarlanmig olur.

Go6zlem Penceresi'ne don (bkz. 21. ve 18.).

Simulasyonu baglat ve kuvvet oklarinin belirdigini gozlemle.
Simulasyonu durdur. x = 1, y = 0 noktasinda bulunan sabit cismi
tam x = 2, y = 0 noktasina getir (bkz. 15.).

Simulasyonu baslat ve kuvvet oklarinin ¢izilmedigini gézlemle.
Kayit dugmesine bas. Bu hareket ile deney ortaminin o anki
durumu kaydedilmis olur. Ayrica bu hareket sonucunda simulasyon
zamani sifirlanir ve simulasyon sureci durdurulur.

Sabit cisimlerden birini bagka bir noktaya tasi.

“Son kayit” dugmesine bas ve deney ortaminin kayit yapilan andaki
durumuna déndigunu goézlemle.

Deney Bilesenleri Penceresi'ne ge¢ (bkz. 17.) ve buradaki sabit
cisim digmelerinden bir tanesine bas. Bu hareket ile sabit cismin
detay penceresi agilmig olur. Bu pencerenin baglhgdinda “Bilesen
Bilgileri” yazmaktadir.

Sabit cisim detay penceresinde konum degerlerini degistir (bkz.
23.).
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33. Gozlem Penceresine don (bkz. 21. ve 18.) ve sabit cisimlerden
32."de konumu degistirilenin tam bu konuma yerlestigini gozlemle.

34.  Simulasyonu baslat ve sabit cisimlere uygulanan kuvvetler sifir
olmayacak sekilde sabit cisimleri konumlandir.

35.  Simulasyonu durdur.

36. Yay detaylari penceresini ag.

37.  Farenin tusunu yay detaylari penceresi Uzerinde basili tutarak fareyi
yukari asagi hareket ettir. Bu hareket pencerenin gorantusunin
kaydiriimasi icin kullanilir.

38.  Yay detaylari penceresini kaydirarak “Degiskenler” listesini pencere
icine tasl.

39. Listedeki iki kuvvet degiskenini bul, degerlerini oku. Bu degerler
yayin uyguladigi kuvvetin x ve y bilesenleridir ve birimi Newton’dur.

40. Sabit cisimlerden bir tanesinin detay penceresini a¢ ve
“‘Degiskenler” listesinden iki kuvvet degiskenini bul. Bu iki degisken
bu sabit cisme uygulanan net kuvvetin x ve y degiskenleridir. Bu
degerleri yaydaki kuvvetle karsilastir. Diger sabit cisim igin de
kuvvet degiskenlerine bak. Bunlarin degerlerini ilk bakilan sabit
cisme uygulanan kuvvet de@erleriyle karsilastir.

2. Sabit Hizla Giden Kiitle

Kazanilacak Beceriler:
e Deney ortamina kitle eklemek
e Kutlenin hizini kitle detaylari penceresinden ayarlamak
e Simulasyonda hareketli kitleleri gézlemlemek ve biraktiklari izleri
yorumlamak
e Kautlelerin hizlarini sifirlamak
“I” dugmesini kullanarak kutlelerin hareketlerini detayli olarak
g6zlemlemek
e Simulasyon zamanini, katle hizini ve koordinat diizleminde gizili
olan bir birim aralikh gizgileri kullanarak hareketi yorumlamak
e Hareketli bir duzenegi kaydetmek ve ayni hareketi tekrar izleme
islemini gergeklestirmek
o Kutle degiskenlerini kutle detaylari penceresinden okumak
e Deney Ortaminin kiiguk ya da buyuk goruntulenmesi islemini
yapmak
e Deney Ortamini goruntl alani iginde kaydirmak

Amag:

Sabit hizla hareket eden bir kutlenin gézlemlenmesi ve Fiziksel Dunya’daki
temel fonksiyonlarin 6grenilmesi.
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Prosedur:

Fiziksel Dunya Gozlemleyerek Calis Programi’ni galistir.

Deney ortamina bir kutle ekle.

Deney Bilesenleri Penceresi’nden kltle detaylari penceresini ag.

Katlenin hizini x yéniinde 1 m/s olarak ayarla.

Go6zlem Penceresi'ne don.

Simulasyonu baslat. Kitlenin hareketini gdzlemle. Kitle gorintuden

¢lkmadan simulasyonu durdur.

Kutlenin gegtigi yolda biraktigi izleri incele. Bu izler Gzerinde 0.1

saniye araliklarla belirgin noktalar birakilmistir.

8. Kutle detaylari penceresini a¢ ve “Degiskenler” listesinden hiz
degiskenlerini oku. Bunlardan x bileseninin 1 m/s oldugunu ve
bunun bizim ayarladigimiz degere esit oldugunu gozlemle.

9. Katle detaylari penceresinde “Degiskeler” listesinde konum
degiskenlerini oku. Bu degiskenlerin degerlerinin, kutlenin
konumuna esit oldugunu gozlemle.

10.  Kutle detaylari penceresinde “Degigkeler” listesinde kutle
degiskenini oku. Bu degiskenin degerinin bu kiutlenin agirligina esit
oldugunu gozlemle.

11.  Gozlem Penceresi’ni ac.

12.  “v =0" dugmesine bas. Bu hareket ile kitlenin hizi sifirlanmigs olur.

13.  Kutle detaylari penceresinden katlenin hiz degiskenlerinin
sifirlandigini gézlemle.

14.  Godzlem Penceresi’ni a¢ ve simulasyonu baglat. Kitlenin hareket
etmedigini gozlemle.

15.  Simulasyonu durdur.

16.  Kutle detaylari penceresinden katlenin hizini x =0,y =2 m/s
degerlerine ve kiutlenin konumunu x = 0, y = 0 degerlerine ayarla.

17.  Godzlem Penceresi’ni a¢ ve Kayit digmesine bas. Simulasyon
zamaninin sifirlandigini gozlemle. Bu hareket ile kutlenin o anki
konumu ve hizi kaydedilmis olur. “Son kayit” digmesine basilarak
bu duruma tekrar gelinebilir.

OORWON =~
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18.  “I” digmesine bas. Simulasyon zamani 0.1 oldugunda simulasyon
kendiliginden duracaktir.
19.  “I” digmesine bas ve simullasyonun 0.1 saniye sonra durmasini

bekle. Bu islemi simulasyon zamani 1 saniye olana kadar surdur.
Bu sureg icinde kutlenin hareketini gézlemle.

20. Deney ortamindaki koordinat duzleminde yer alan gizgilerin
aralarinda 1 metre bosluk vardir. 19.’daki sureg, similasyonda 1
saniye surmastur. y yonunde 2 m/s ile hareket eden kutlenin bu
suregte tam 2 metre yol almis oldugunu gozlemle.

21.  19.daki suregte kutlenin izledigi yolda biraktigi izler Gzerindeki
noktalarin esit araliklarla birakiimis oldugunu gdézlemle.
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“Son kayit” dugmesine bas ve deneyin bir dnceki kayit durumuna
geldigini gozlemle.

Simulasyonu baslat. Bir stre gbzlemle ve “Son kayit” digmesine
bas.

Simulasyonu tekrar baslat. Bir stre gézlemle ve kitle géruntuden
cikmadan Kayit dugmesine bas. Bu hareket ile simulasyonun
durduruldugunu goézlemle. Bu hareket ile hem simulasyonunun o
anki durumu kaydedilmis olur hem de simulasyon durdurulur.
Simulasyonu tekrar baslat. Bir stre sonra “Son kayit” digmesine
bas ve simulasyonun bir dnceki kayit durumuna geldigini ve
durduruldugunu gozlemle.

Simulasyonu baslat ve kutle goérintiden ¢ikana kadar bekle. Kiitle
goruntuden ¢ikinca simulasyonu durdur.

“+ -“ dugmesine bas. Deney ortaminin kuguk olgekte
goruntilendigini gozlemle.

“+ -“ digmesine birkag defa bas ve goruntlyl gozlemle. Bu islem ile
gOruntinin kiaguk ve buyulk olgek arasinda degismesi saglanir.
Goruntuyua kuguk olcege ayarla ve kitleyi hareket ettir.

Farenin tusunu Deney Ortami’nda kitlenin Uzeri haricinde bir yerde
basili tutarak fareyi hareket ettir. Bu hareket ile Deney Ortaminin
goruntu alani iginde kaydiriimasi saglanir. Ayni islemi goruntuyu
buyuk dlgege ayarladiktan sonra tekrar et.

Basit Harmonik Hareket ve Grafiklerin Olusturulmasi

Kazanilacak Beceriler:

Yaylari kutlelere baglamak

Deney Ortamr’na Zaman ve Grafik bilesenlerini eklemek

Kuatleler icin konum — zaman, hiz — zaman ve kuvvet zaman
grafiklerini olusturmak

Grafik bileseninin denklem satirlarini kullanmak

Grafikleri, G6zlem Penceresinde incelemek

Grafikleri, Grafik detaylari penceresinde incelemek

Grafik detaylari penceresinde, grafikleri, buyUk ve kiguk dlgekler
kullanarak incelemek

Grafik detaylari penceresinde, grafikleri konumlandirmak

Grafik detaylari penceresinde, grafikler Gzerine yardimci noktalar
koymak

Grafik detaylari penceresinde, grafikleri cergceveye sigdirmak
Grafik detaylari penceresinde, basit harmonik hareket igin konum —
zaman grafiginden periyodu bulmak

Grafik detaylari penceresinde, basit harmonik hareket igin kuvvet —
zaman grafiginden kuvvetin en yuksek oldugu dederi bulmak
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Bir kUtleye yay baglayarak basit harmonik hareket yaptirmak, konum —
zaman, hiz zaman ve kuvvet — zaman grafiklerini olusturmak, hareketin
periyodunu bulmak ve kuvvetin en yuksek oldugu noktalari bulmak.

Prosedur:

1.
2.

> W

N

10.

11.

12.
13.

14.

Fiziksel Dunya Gozlemleyerek Calis Programi’ni galistir.

Deney ortamina bir kitle ekle ve kutleyi tam x = 3, y = 0 noktasina
tasi.

Deney ortamina bir sabit cisim ekle.

Deney ortamina bir yay ekle ve bir ucunu kutleye diger ucunu sabit
cisme bagla.

Yay detaylari penceresinden yayin serbest uzunlugunu sifirla ve
yay sabitinin 100 N/m oldugunu gozlemle.

Deney ortamini Kayit dugmesi ile kaydet.

Simulasyonu baslat ve bir sire gdzlem yap. Katlenin konumunu ve
hizini gozlemle. Kutleye uygulanan kuvveti gozlemle.

“Son kayit” dugmesine bas. Bu hareket ile simulasyon durdurulacak
ve Deney ortami kayit durumuna donecektir.

Deney ortamina Zaman bileseni ekle. Bu hareket ile Zaman bilegeni
orijinde, sabit cismin Uzerinde ¢ikacaktir. Zaman bilesenini
konumlandirmak igin 6nce sabit cismi kenara tagsimak gerekebilir.
Zaman bilesenini herhangi bir yere tagimaya calig. Zaman bileseni
yerine sabit cisim hareket ettiyse dnce sabit cismi kenarda bir yere
tasl, sonra Zaman bilesenini x = 5, y = 5 noktasina tasi.

Deney ortamina ug¢ Grafik bileseni ekle ve bunlari sirayla x = -3,y =
4 noktasina, x = -2, y = 4 noktasina ve x = 0, y = 4 noktasina tasi.
Bu dg grafigin Ug farkli renkte (mor, sari ve yesil) oldugunu
g6zlemle.

Sabit cisim tam orijinde degilse onu tam orijine tag!.

Zaman detaylar1 penceresini a¢g ve Zaman bileseninin, “t” adini
aldigini gozlemle. “Degdiskenler” listesinde t degiskenini bul. Bu
degisken bilesenle ayni isimdedir ve degeri simulasyon zamanina
esittir. Bu degiskeni grafiklerde kullanmak mumkunddr.

“ ”

Kltle detaylari penceresini a¢ ve kutlenin adinin “m” oldugunu
gOzlemle. “Degiskenler” listesinde “mx”, “my”, “mvx”, “mvy”, “mfx”,

“ ”

“‘mfy” ve “m” degiskenlerini incele. Bu degiskenler “m” kitlesinin
konum, hiz, net kuvvet, ve kutle degerlerini tasirlar. Bu degiskenleri
grafiklerde kullanmak mimkuanddar.
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Deney Bilesenleri Penceresinde bilesenler listesi, deney
ortamindaki tim bilesenleri icerir. Bu bilesenlerin her birine farkli
isimler verilmis oldugunu goézlemle. Bunlardan “gr” adli grafik
bileseninin, detaylar penceresini ag.

Grafik detaylari penceresinde, “grx=0" ve “gry=0" yazil iki satir
oldugunu gozlemle. Bu satirlar, “gr” bilesenine ait olan “grx” ve “gry”
degiskenlerinin istenen degerlere esitlenmesi igin kullanilirlar. Bu iki
degisken esitlendikleri degerleri, simllasyon ¢alistigi suirece, (X, y)
noktasi olarak kaydeder ve grafik bileseni bu degerleri goruntiler.
Bdylece istenen grafikler elde edilir.

Grafik detaylari penceresinde, satirlara “grx=t” ve “gry=mx” yaz.
Bunlarin yazilmasiyla “t” zaman degeri grafigin x dederine atanmis
olur. “m” kutlesinin x konumu olan “mx” ise grafigin y degerine
atanmis olur. Simulasyon calistirildiginda bu degerler degistikce
konum — zaman grafigi olusur.

“gr2” adli grafik bileseninin detaylar penceresini a¢. Grafik detaylari
penceresindeki satirlarda “gr2x=0" ve “gr2y=0" yazili oldugunu
gozlemle. Bu satirlara “gr2x=t” ve “gr2zy=mvx” yaz. Bunlarin
yazilmasiyla, “m” kutlesinin hiz — zaman grafigi elde edilecektir.
“gr3” adli grafik bileseninin detaylar penceresini a¢. Grafik detaylari
penceresindeki satirlarda “gr3x=0" ve “gr3y=0" yazili oldugunu
g6zlemle. Bu satirlara “gr3x=t" ve “gr3y=mfx/100” yaz. Bunlarin
yazilmasiyla, “m” kutlesinin kuvvet — zaman grafigi elde edilecektir.
“gr3y=mfx/100” satirindaki “/100” ifadesinin kullanilis sebebi, bu
grafigin, “konum — zaman” grafigi ile kargilastiriimasini
kolaylagstirmaktir. Bu deneydeki kosullarda kuvvet 300 N'luk
degerlere ulasacak fakat konum en ¢ok 3 metre olacaktir. Grafik,
“/100” ifadesi sonucunda, kayitlari 100 kat daha kiguk alacak ve
Oyle goruntuleyecektir.

Go6zlem Penceresi’'ni ag. Deney ortaminda her bir grafik bilesenine
sirayla fare ile tiklayarak, grafiklerin her birini renklerini ve isimlerini
g6zlemle. Grafikler soldan saga dogru “gr”, gr2” ve “gr3” sirasiyla
dizilmemislerse bunlari siraya koy. Boylece “konum — zaman”, “hiz
— zaman” ve “kuvvet — zaman” grafik sirasi elde edilmis olur (bkz.
17.,18. ve 19.).

Simulasyonu baslat. Similasyon zamani akmaya bagladiktan sonra
“Isimler” digmesine arka arkaya iki kere bas. Bu hareket
sonucunda tum grafiklerin ayni anda ekrana cizildigini gdzlemle.
“Isimler” digmesine tekrar bas. Grafiklerin gizilmedigini gézlemle.
“isimler” diigmesine tekrar basarak grafiklerin gizilmesini sagla.
Grafikleri ve simulasyonu, simulasyon zamani olarak 20 saniye
boyunca g6zlemle ve sonra durdur.

Grafiklerin renklerinden ve soldan saga dizilig sirasindan
yararlanarak “konum — zaman” grafigi ile “hiz — zaman” grafigini
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karsilastir. Su anki kosulda x yoni zamani temsil etmektedir.
Konumun en disik ve yuksek degerleri aldigi anlarda hizin sifir
degerinde oldugunu goézlemle. Ayni sekilde “konum — zaman”
grafigi ile “kuvvet — zaman” grafigini karsilastir. Konumun kuvvet ile
ters isaretli oldugunu gozlemle. Bu gozlemi “F = -k * x” formalu ile
iligkilendir.

“gr” adli grafik bileseninin detaylar penceresini a¢. Pencere igindeki
gOruntlyu farenin tusunu basili tutarak yukari kaydir. Pencere
icinde ¢izilmis olan grafigin “konum — zaman” grafigi oldugunu
g6zlemle. Bu grafigi, altinda yer alan digmeler de goruntiye
girecek sekilde pencere iginde kaydirarak konumlandir.

Grafik detaylari penceresinde, grafigin altindaki digmelerden
“Cergevele” dugmesine basarak grafigin ¢cerceveye alinmasini
sagla. “+”, “-“, “Sola”, “Saga
kullanarak grafigi incele.
“Cergevele” digmesine bas. “konum — zaman” grafigi Uzerinde
farkli noktalara fare ile birkag kere tikla. Her tiklamada konum yazisi
ile birlikte bir noktanin cizildigini gdézlemle. Bu noktalar, grafik
incelemesinde, yardimci arag olarak kullanilirlar. Bu noktalardan bir
grafik Gzerinde en fazla tg¢ tane bulunur. Dérdincl bir tanesi
koyulursa noktalardan kirmizi renkte olan silinir.

“konum — zaman” grafigi Uzerine yardimci noktalar koyarak
periyodu hesapla. Bunun igin grafikteki “cosintis”un sifiri kestigi ilk
noktaya ve Uglncu noktaya (periyodun tamamlandigi noktaya)
yardimci noktalar koy. Bu iki yardimci noktanin x deg@erlerinin farki
periyodu verecektir.

“gr3” grafik bileseni detaylar penceresini a¢. Bu pencerede “kuvvet
— zaman” grafigi yer almahdir. Yardimci noktalar kullanarak grafikte
y yonundeki en yuksek degeri bul. Bu deger kuvvetle dogru
orantilidir. Satirlarda “g3y=mfx/100” olarak yazildigi igin yardimci
noktalarin verdigi degeri 100 ile garp ve en yuksek kuvvet degerini
bul. Bu deger 300 N’a ¢ok yakin olmalidir. Clnku yayin uyguladigi
kuvvet “F = -k * x” tir. k, 100 N/m, x ise kutlenin ilk yerlestirildigi
konum olan 3 metredir.

, “Yukari” ve “Asagi” dugmelerini
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APPENDIX I

Physical World User Manual for Studying by Programming

Fiziksel Dunya Programlayarak Calisma Kilavuzu
Baglamadan Once: Fiziksel Diinya Gézlemleyerek Calisma Kilavuzu’ndan
yararlanilmasi i¢in Fiziksel Dinya Goérsel Bilesenleri Kilavuzu’nun okunmus
olmasi gerekmektedir.

Programlayarak Calisma Kilavuzu’'nda asagidaki deney duzeneklerinin kurulmasi
ve gozlemlenmesi anlatiimaktadir.

Deney Duzenekleri:

1. iki Sabit Cisme Bagh Yayin Sabit Cisimlere Uyguladigi Kuvvetler
2. Sabit Hizla Giden Kutle
3. Basit Harmonik Hareket ve Grafiklerin Olusturulmasi

Yukaridaki duzenekler kuruldugunda, kullanici, sistemde yer alan temel
fonksiyonlarin tamamini kullanmis olacaktir.

Deney Duzenekleri:
1. iki Sabit Cisme Bagh Yayin Sabit Cisimlere Uyguladigi Kuvvetler

Kazanilacak Beceriler:
e Fiziksel Dunya Programi’ni galistirmak

Deney ortamina deney bilegsenleri eklemek

Sabit cisimleri konumlandirmak

Yaylarin uglarini baglamak

Deney Bilesenleri Penceresi ile Gozlem Penceresi arasinda

gecisler yapmak

e Deney Bilesenleri Penceresi’nden istenen bilesenin detay
penceresine ulagmak

¢ Bilesen detay penceresinden Deney Bilesenleri Penceresi'ne
gitmek

e Simulasyonu baslatmak, durdurmak, duraksatarak calistirmak

e Simulasyonda kayit almak ve son kayda donmek

e Simulasyon sureci iginde sabit cisimleri konumlandirmak
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Simulasyon sureci icinde sabit cisimlere uygulanan kuvvetleri
gozlemlemek

Yay detay penceresinden yay ozelliklerini degigtirmek

Sabit cisim detay penceresinden sabit cismi konumlandirmak
Yayin sabit cisimlere uyguladigi kuvvetlerin tam degerini yay
detaylari penceresi ve sabit cisim detaylari pencerelerinden
okumak

Uclarina sabit cisimler bagl bir yayin, sabit cisimlere uyguladigi
kuvvetlerin gozlemlenmesi ve Fiziksel Dunya’daki temel fonksiyonlarin

ogrenilmesi.

Prosedur:

1.
2.

10.
11.

12.

13.

Fiziksel Dinya Programlayarak Calis Programi’ni ¢alistir.

Deney bilegenleri menusu uzerinde farenin tusunu basih tut ve
fareyi yukari asagi kaydir. Bu hareket ile Deney bilesenleri menusu
kaydiriimis olur.

Deney bilesenleri menusu Uzerindeki “Sabit cisim” bilesenine fare
ile tikla. Bu hareket ile deney ortamina bir sabit cisim eklenmis olur.
Deney ortaminda beliren sabit cisim Uzerine fare imlecini getir.
Farenin tusunu basili tutarak fareyi hareket ettir. Bu hareket ile sabit
cisim istenen yere konumlandiriimig olur.

Deney bilesenleri menusu Uzerindeki “Yay” bilesenine fare ile tikla.
Bu hareket ile deney ortamina bir yay eklenmis olur.

Yayin uglarindan biri Gzerine fare imlecini getir. Farenin tusunu
basili tutarak ucu sabit cismin Uzerine tasi ve farenin tusunu birak.
Bu hareket ile yayin bir ucu sabit cisime baglanmis olur.

Deney ortamina (bkz. 3.) bir sabit cisim daha ekle ve yayin
baglanmamis ucunu buna bagla (bkz. 6).

Basla diugmesine bas. Bu hareket ile simulasyon baslatiimis olur.
Simulasyon zamaninin aktigini gozlemle.

Dur digmesine bas ve simulasyon zamaninin durdugunu gézlemle.
“I” Dugmesine bas ve simulasyon zamaninin 0.1’in tam katlarinda
kendiliginden durdugunu gbézlemle. Bu hareket ile simulasyon
surekli durdurularak gozlemlenir. Bu hareketi 5 — 10 defa tekrarla ve
simllasyon zamaninin nasil baslayip durdugunu gozlemle.
Simulasyonu baslat (bkz. 8.) ve sabit cisimlerden bir tanesini deney
ortaminda surekli olarak hareket ettir (bkz. 4.). Bu hareket
esnasinda cisimlere uygulanan kuvvetleri ifade eden kalin oklari
g6zlemle. Yayin dogrultusu ile kuvvetlerin dogrultusunu karsilastir.
Simulasyonu durdur (bkz. 10.).
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Sabit cisimlerden birini orijine yakin ¢ok bir yere tasi. “#” dugmesine
bas. Bu hareket ile sabit cisim tam orijin Uzerine konumlandiriimis
olur.

Sabit cisimlerden digerini (tam orijinde bulunmayani), orijinde
bulunanin bir birim (1 metre) sag tarafina dogru ayni yatay hizada
yerlestir (x = 1, y = 0 noktasina yakin bir yere yerlestir). “#”
dugmesine bas. Bu hareket ile sabit cisim tam x = 1, y = 0 noktasi
uzerine konumlandiriimig olur.

Simulasyonu baglat ve kuvvet oklarinin gizilmedigini gdzlemle.
Bunun sebebi burada kullanilan yayin serbest uzunlugunun tam 1
metre olmasidir. Yaylar tam serbest uzunluktayken hi¢ kuvvet
uygulamazlar.

Deney Bilesenleri digmesine bas. Bu hareket ile Deney Bilesenleri
Penceresi'ne gegilir.

Deney Bilesenleri Penceresi’ndeki oklu digmeye bas. Bu hareket
ile G6zlem Penceresine gegilir.

Deney Bilesenleri Penceresi’ne ge¢ (bkz. 17.).

Deney Bilesenleri Penceresi’nde “Yay” bilesenine bas. Bu hareket
ile yay detaylari penceresi agilmis olur. Bu pencerenin basliginda
“Etkilesim Bilgileri” yazmaktadir.

Yay detay penceresinde oklu dugmeye bas. Bu hareket ile Deney
Bilesenleri Penceresi’'ne gegilir.

Yay detaylari penceresini a¢ (bkz. 20.).

Yay uzunlugu degerini degistirmek igin bu degerin Gzerine fare ile
tikla. Klavyenin “Delete” ve rakam tuslari ve ok tuslarini kullanarak
2 degerini yaz. Bu islem ile yayin serbest uzunlugu 2 metre olarak
ayarlanmig olur.

Go6zlem Penceresi'ne don (bkz. 21. ve 18.).

Simulasyonu baglat ve kuvvet oklarinin belirdigini gozlemle.
Simulasyonu durdur. x = 1, y = 0 noktasinda bulunan sabit cismi
tam x = 2, y = 0 noktasina getir (bkz. 15.).

Simulasyonu baslat ve kuvvet oklarinin ¢izilmedigini gézlemle.
Kayit dugmesine bas. Bu hareket ile deney ortaminin o anki
durumu kaydedilmis olur. Ayrica bu hareket sonucunda simulasyon
zamani sifirlanir ve simulasyon sureci durdurulur.

Sabit cisimlerden birini bagka bir noktaya tasi.

“Son kayit” dugmesine bas ve deney ortaminin kayit yapilan andaki
durumuna déndigunu goézlemle.

Deney Bilesenleri Penceresi'ne ge¢ (bkz. 17.) ve buradaki sabit
cisim digmelerinden bir tanesine bas. Bu hareket ile sabit cismin
detay penceresi agilmig olur. Bu pencerenin baglhgdinda “Bilesen
Bilgileri” yazmaktadir.

Sabit cisim detay penceresinde konum degerlerini degistir (bkz.
23.).
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33. Gozlem Penceresine don (bkz. 21. ve 18.) ve sabit cisimlerden
32."de konumu degistirilenin tam bu konuma yerlestigini gozlemle.

34.  Simulasyonu baslat ve sabit cisimlere uygulanan kuvvetler sifir
olmayacak sekilde sabit cisimleri konumlandir.

35.  Simulasyonu durdur.

36. Yay detaylari penceresini ag.

37.  Farenin tusunu yay detaylari penceresi Uzerinde basili tutarak fareyi
yukari asagi hareket ettir. Bu hareket pencerenin gorantusunin
kaydiriimasi icin kullanilir.

38.  Yay detaylari penceresini kaydirarak “Degiskenler” listesini pencere
icine tasl.

39. Listedeki iki kuvvet degiskenini bul, degerlerini oku. Bu degerler
yayin uyguladigi kuvvetin x ve y bilesenleridir ve birimi Newton’dur.

40. Sabit cisimlerden bir tanesinin detay penceresini a¢ ve
“‘Degiskenler” listesinden iki kuvvet degiskenini bul. Bu iki degisken
bu sabit cisme uygulanan net kuvvetin x ve y degiskenleridir. Bu
degerleri yaydaki kuvvetle karsilastir. Diger sabit cisim igin de
kuvvet degiskenlerine bak. Bunlarin degerlerini ilk bakilan sabit
cisme uygulanan kuvvet de@erleriyle karsilastir.

Sabit Hizla Giden Kiitle

Kazanilacak Beceriler:
e Deney ortamina kitle eklemek

Katle degigkenlerini kutle detaylari penceresinden okumak

Kutleye ait degiskenler ile kutlenin ismi arasinda iligki kurmak

Program satirlarini kullanarak katlenin hizini belirlemek

Simulasyonda hareketli kitleleri gdézlemlemek ve biraktiklari izleri

yorumlamak

Deney ortamina Zaman bileseni eklemek

e Program satirlarinda yedek degiskenleri kullanmak

e Zaman bileseni detaylar penceresinden simulasyon zamanini
temsil eden degiskeni bulmak ve degdistirmek

e Program satirlarini kullanarak kutlenin konumunu hiz ve zamana

gore yazmak

“I” dugmesini kullanarak kutlelerin hareketlerini detayl olarak

gozlemlemek

e Simulasyon zamanini, kitle hizini ve koordinat diizleminde cizili
olan bir birim aralikli gizgileri kullanarak hareketi yorumlamak

e Hareketli bir dizenegi kaydetmek ve ayni hareketi tekrar izleme
islemini gergeklestirmek

e Deney Ortaminin kiiglk ya da buyuk goérintilenmesi islemini
yapmak

e Deney Ortamini gorinta alani icinde kaydirmak
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Sabit hizla hareket eden bir kitlenin gézlemlenmesi ve Fiziksel Dinya’daki
temel fonksiyonlarin 6grenilmesi.

Prosedur:

a5

o

10.
11.

12.
13.
14.

15.

Fiziksel Dinya Programlayarak Calis Programi’ni ¢alistir.

Deney ortamina bir kitle ekle.

Deney Bilesenleri Penceresi’nden kutle detaylari penceresini ag.
Kutle detaylari penceresinde kutlenin adinin “m” olarak yazildigini
gbzlemle. Kitlenin, konum, hiz ve kutle ozelliklerini incele.

Katle detay penceresi Uzerinde farenin tusunu basili tutarak fareyi
yukari asagi hareket ettir. Bu hareket ile pencerenin igerigi
kaydirilr.

Kltle detay penceresi icerigini yukari kaydirarak (bkz. 5.)
“‘Degigkenler” listesini gorunur konuma getir.

Kutle detay penceresinde “Degiskenler” listesinde kutlenin konumu,
hizini, kitlesini ve kutleye uygulanan kuvveti ifade eden degiskenler
oldugunu gdézlemle. Bu degiskelerin hepsinin isimlerinin “m” harfi
yani kutlenin adi ile bagladigini gozlemle. Bu degiskenler program
satirlarinda kullanilarak istenen hesaplamalar yapilir.

Deney Bilesenleri Penceresi’ne don ve programlama satirlarindan
ilkine “mx=-3" yaz. “mx”, “m” kutlesinin x konumu degigkenidir.
Simulasyon baglatildiginda program satirlarindaki iglemler sirayla
yapllir.

Gozlem Penceresi’ne don ve kutleye dikkatlice bakarak
simullasyonu basglat. Kitlenin x konumunun -3 degerine geldigini
gozlemle. Simulasyon sureci iginde “mx=-3" iglemi surekli olarak
yapilmaktadir ve bu, kitlenin konumunun degismesi anlamina gelir.
Simulasyonu durdur.

Deney Bilesenleri Penceresinde “mx=-3" yazili program satirini sil
ve bunun yerine “mx=mx+0.0002" yaz. Bu islem, mx degerini
kendisinin 0.0002 fazlasina egitler. Simulasyon sureci iginde bu
islem surekli yapilacagi i¢cin mx surekli olarak artar. Kutlenin
konumu surekli degistigi icin hareket ettigi gdzlenir.

GoOzlem Penceresine don ve simulasyonu baslat.

Katlenin hareketini bir sire gdzlemle ve simulasyonu durdur.
Deney ortamina bir Zaman bileseni ekle ve bunu x =3,y =3
noktasina tasi. Zaman bileseni, simulasyon zamanini bir
degiskende tutar.

Deney Bilesenleri Penceresi’nden Zaman bileseni detaylari
penceresini ag.
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Zaman bileseni detaylari penceresinde olan t degiskenini, klavyede
delete tusu, rakam tuslari ve oklu tuslari kullanarak sifira esitle.
Zaman bileseni detaylari penceresinde, “Degiskenler” listesini
incele ve “t” adl degigkeni listede bul. Bu degiskende simulasyonun
bulundugu an tutulmaktadir.

Deney Bilesenleri Penceresi'nde “mx=mx+0.0002" yazili program
satirini sil ve “x0=1" yaz. “x0”, sistemde yer alan yedek
degiskenlerden biridir. Bu degiskene burada 1 degeri atanmigtir ve
bir sonraki adimda hiz olarak kullanilacaktir. Sistemde “x0” ile
birlikte toplam 30 yedek degisken vardir; x0, x1, x2... x9, yO0, y1,
y2...y9, 20, z1, z2... ve 29.

Deney Bilesenleri Penceresi’'nde “x0=2" yazil satir altina “mx=x0*t”
yaz. “t”, zaman bilesenine ait olan ve simulasyon zamaninin
tutuldugu degigkendir. “t” simulasyon sureci boyunca artacaktir
cunki simiilasyon zamani akacaktir. Ornek olarak “t”, 1 oldugunda
“‘mx”, 2 olacaktir. Yani 1 saniyede “m” kutlesi, 2 birim yol almig
olacaktir. Buna gore “x0”, kitlenin hizi olarak kabul edilebilir.
Go6zlem Penceresi'ne don. Kayit digmesine bas. Bu hareket ile
deney ortami kaydedilir ve simulasyon zamani sifirlanir.
Simulasyonu baslat ve bir sure kitlenin hareketini gdzlemle.

“Son kayit” dugmesine bas. Simulasyon zamaninin sifirlandigini ve
durdugunu gozlemle.

Simulasyonu tekrar baslat ve bir sure gdzlem yaptiktan sonra “Son
kayit” dugmesi ile son kayda don.

Deney Bilesenleri Penceresi’nde program satirlarini sil ve “mvx=1"
yaz. “mvx”, m kutlesinin x yonundeki hizidir. Bu islem ile kitlenin x
yonundeki hizi 1 m/s olarak atanir.

Simulasyonu baslat. Kiatlenin hareketini gdzlemle. Kitle gorintuden
cilkmadan simulasyonu durdur.

Katlenin gegtigi yolda biraktigi izleri incele. Bu izler Gzerinde 0.1
saniye araliklarla belirgin noktalar birakilmistir.

Kltle detaylari penceresini a¢ ve “Degiskenler” listesinden hiz
degiskenlerini oku. Bunlardan x bileseninin 1 m/s oldugunu ve
bunun bizim ayarladigimiz degere esit oldugunu goézlemle.

Katle detaylari penceresinde “Degiskeler” listesinde konum
degiskenlerini oku. Bu degdiskenlerin degerlerinin, kitlenin
konumuna esit oldugunu gozlemle.

Kltle detaylari penceresinde “Degiskeler” listesinde kutle
degiskenini oku. Bu degigskenin degerinin bu kiutlenin agirligina esit
oldugunu gozlemle.

Deney Bilesenleri Penceresi’nde “mvx=1" yazili program satirini sil
ve “‘mvy=2" yaz.

Gozlem Penceresi'ni ag, kutleyi orijine tagi ve Kayit dugmesine bas.
Simulasyon zamaninin sifirlandigini gézlemle. Bu hareket ile
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katlenin o anki konumu ve hizi kaydedilmig olur. “Son kayit”
dugmesine basilarak bu duruma tekrar gelinebilir.

“I” digmesine bas. Simulasyon zamani 0.1 oldugunda simulasyon
kendiliginden duracaktir.

“I” dugmesine bas ve simulasyonun 0.1 saniye sonra durmasini
bekle. Bu iglemi simllasyon zamani 1 saniye olana kadar surdur.
Bu sureg iginde kutlenin hareketini gozlemle.

Deney ortamindaki koordinat duzleminde yer alan gizgilerin
aralarinda 1 metre bosluk vardir. 33.’deki sureg, simulasyonda 1
saniye sturmustir. y yoninde 2 m/s ile hareket eden kutlenin bu
surecte tam 2 metre yol almig oldugunu gozlemle.

33.’deki surecte kutlenin izledigi yolda biraktigi izler Gzerindeki
noktalarin esit araliklarla birakiimis oldugunu gozlemle.

“Son kayit” dugmesine bas ve deneyin bir dnceki kayit durumuna
geldigini goézlemle.

Simulasyonu baslat. Bir stire gézlemle ve “Son kayit” digmesine
bas.

Simulasyonu tekrar baslat. Bir stire gozlemle ve kutle gérintiden
cilkmadan Kayit dugmesine bas. Bu hareket ile simulasyonun
durduruldugunu gozlemle. Bu hareket ile hem simulasyonunun o
anki durumu kaydedilmis olur hem de simulasyon durdurulur.
Simulasyonu tekrar baslat. Bir stire sonra “Son kayit” digmesine
bas ve simllasyonun bir 6nceki kayit durumuna geldigini ve
durduruldugunu gozlemile.

Simulasyonu baslat ve kutle goérintiden ¢ikana kadar bekle. Kitle
goéruntuden ¢ikinca simulasyonu durdur.

“+ -“ dugmesine bas. Deney ortaminin kuiguk olcekte
goruntilendigini gozlemle.

“+ -“ dugmesine birka¢ defa bas ve goruntiylu gozlemle. Bu islem ile
goruntinin kiaguk ve buylk olgek arasinda degismesi saglanir.
Goruntuyu kuguk Olgege ayarla ve kutleyi hareket ettir.

Farenin tusunu Deney Ortami’nda kutlenin Uzeri haricinde bir yerde
basili tutarak fareyi hareket ettir. Bu hareket ile Deney Ortaminin
gOruntl alani iginde kaydirilmasi saglanir. Ayni islemi gorantiyu
blyuk dlgcege ayarladiktan sonra tekrar et.

Basit Harmonik Hareket ve Grafiklerin Olugsturulmasi

Kazanilacak Beceriler:

Deney Ortami’na Zaman ve Grafik bilesenlerini eklemek
Katleye uygulanan kuvvetleri program satirlarinda yazmak
Kuatleler icin konum — zaman, hiz — zaman ve kuvvet zaman
grafiklerini olugturmak

Grafik bileseninin denklem satirlarini kullanmak



Amag:

250

Grafikleri, Gozlem Penceresinde incelemek

Grafikleri, Grafik detaylari penceresinde incelemek

Grafik detaylari penceresinde, grafikleri, blyUk ve kiguk dlgekler
kullanarak incelemek

Grafik detaylari penceresinde, grafikleri konumlandirmak

Grafik detaylari penceresinde, grafikler Gzerine yardimci noktalar
koymak

Grafik detaylari penceresinde, grafikleri cergceveye sigdirmak
Grafik detaylari penceresinde, basit harmonik hareket igin konum —
zaman grafiginden periyodu bulmak

Grafik detaylari penceresinde, basit harmonik hareket igin kuvvet —
zaman grafiginden kuvvetin en yuksek oldugu degeri bulmak

Bir kUtleye yay baglayarak basit harmonik hareket yaptirmak, konum —
zaman, hiz zaman ve kuvvet — zaman grafiklerini olusturmak, hareketin
periyodunu bulmak ve kuvvetin en ylksek oldugu noktalari bulmak.

Proseddr:

N —

o0k wW

©

10.

Fiziksel Dunya Programlayarak Calis Programi’ni ¢alistir.

Deney ortamina bir kitle ekle ve kutleyi tam x = 3, y = 0 noktasina
tasi.

Deney ortamini Kayit dugmesi ile kaydet.

Simulasyonu baslat ve kutlenin hareket etmedigini gézlemle.
Simulasyonu durdur.

Deney Bilesenleri Penceresi’nde program satirlarindan ilkine “mfx=-
100*mx” yaz. “mfx”, m kutlesine x yonunde uygulanan net kuvvettir.
Bu satir ile kutleye, konumunun tersi yonde ve 100 kati kadar
kuvvet etki edecektir. Bu formul ile “F=-k*x” formulu (harmonik
salinim formalU) arasidaki iligkiyi incele.

Simulasyonu baglat ve bir sure gozlem yap. Kutlenin konumunu ve
hizini gézlemle. Kitleye uygulanan kuvveti gézlemle.

Deney ortamina Zaman bilegeni ekle.

Deney ortamina Ug¢ Grafik bileseni ekle ve bunlari siraylax = -4,y =
4 noktasina, x = -2, y = 4 noktasina ve x = 0, y = 4 noktasina tasi.
Bu Ug grafigin Ug farkli renkte (mor, sari ve yesil) oldugunu
gOzlemle.

Zaman detaylar1 penceresini a¢g ve Zaman bileseninin, “t” adini
aldigini gozlemle. “Degiskenler” listesinde t degiskenini bul. Bu
degisken bilesenle ayni isimdedir ve degeri simulasyon zamanina
esittir. Bu degigkeni grafiklerde ve program satirlarinda kullanmak
mumkuanddar.
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Deney Bilesenleri Penceresinde bilesenler listesi, deney
ortamindaki tim bilesenleri icerir. Bu bilesenlerin her birine farkli
isimler verilmis oldugunu goézlemle. Bunlardan “gr” adli grafik
bileseninin, detaylar penceresini ag.

Grafik detaylari penceresinde, “grx=0" ve “gry=0" yazil iki satir
oldugunu gozlemle. Bu satirlar, “gr” bilesenine ait olan “grx” ve “gry”
degiskenlerinin istenen degerlere esitlenmesi igin kullanilirlar. Bu iki
degisken esitlendikleri degerleri, simllasyon ¢alistigi suirece, (X, y)
noktasi olarak kaydeder ve grafik bileseni bu degerleri goruntiler.
Bdylece istenen grafikler elde edilir.

Grafik detaylari penceresinde, satirlara “grx=t” ve “gry=mx” yaz.
Bunlarin yazilmasiyla “t” zaman degeri grafigin x dederine atanmis
olur. “m” kutlesinin x konumu olan “mx” ise grafigin y degerine
atanmis olur. Simulasyon calistirildiginda bu degerler degistikce
konum — zaman grafigi olusur.

“gr2” adli grafik bileseninin detaylar penceresini a¢. Grafik detaylari
penceresindeki satirlarda “gr2x=0" ve “gr2y=0" yazili oldugunu
gozlemle. Bu satirlara “gr2x=t” ve “gr2zy=mvx” yaz. Bunlarin
yazilmasiyla, “m” kutlesinin hiz — zaman grafigi elde edilecektir.
“gr3” adli grafik bileseninin detaylar penceresini a¢. Grafik detaylari
penceresindeki satirlarda “gr3x=0" ve “gr3y=0" yazili oldugunu
g6zlemle. Bu satirlara “gr3x=t" ve “gr3y=mfx/100” yaz. Bunlarin
yazilmasiyla, “m” kutlesinin kuvvet — zaman grafigi elde edilecektir.
“gr3y=mfx/100” satirindaki “/100” ifadesinin kullanilis sebebi, bu
grafigin, “konum — zaman” grafigi ile kargilastiriimasini
kolaylagstirmaktir. Bu deneydeki kosullarda kuvvet 300 N'luk
degerlere ulasacak fakat konum en ¢ok 3 metre olacaktir. Grafik,
“/100” ifadesi sonucunda, kayitlari 100 kat daha kiguk alacak ve
Oyle goruntuleyecektir.

Go6zlem Penceresi’'ni ag. Deney ortaminda her bir grafik bilesenine
sirayla fare ile tiklayarak, grafiklerin her birini renklerini ve isimlerini
g6zlemle. Grafikler soldan saga dogru “gr”, gr2” ve “gr3” sirasiyla
dizilmemislerse bunlari siraya koy. Boylece “konum — zaman”, “hiz
— zaman” ve “kuvvet — zaman” grafik sirasi elde edilmis olur (bkz.
13., 14. ve 15.).

Simulasyonu baslat. Similasyon zamani akmaya bagladiktan sonra
“Isimler” digmesine arka arkaya iki kere bas. Bu hareket
sonucunda tum grafiklerin ayni anda ekrana cizildigini gdzlemle.
“Isimler” digmesine tekrar bas. Grafiklerin gizilmedigini gézlemle.
“isimler” diigmesine tekrar basarak grafiklerin gizilmesini sagla.
Grafikleri ve simulasyonu, simulasyon zamani olarak 20 saniye
boyunca g6zlemle ve sonra durdur.

Grafiklerin renklerinden ve soldan saga dizilig sirasindan
yararlanarak “konum — zaman” grafigi ile “hiz — zaman” grafigini



20.

21.

22.

23.

24.

252

karsilastir. Su anki kosulda x yoni zamani temsil etmektedir.
Konumun en disik ve yuksek degerleri aldigi anlarda hizin sifir
degerinde oldugunu goézlemle. Ayni sekilde “konum — zaman”
grafigi ile “kuvvet — zaman” grafigini karsilastir. Konumun kuvvet ile
ters isaretli oldugunu gozlemle. Bu gozlemi “F = -k * x” formalu ile
iligkilendir.

“gr” adli grafik bileseninin detaylar penceresini a¢. Pencere igindeki
gOruntlyu farenin tusunu basili tutarak yukari kaydir. Pencere
icinde ¢izilmis olan grafigin “konum — zaman” grafigi oldugunu
g6zlemle. Bu grafigi, altinda yer alan digmeler de goruntiye
girecek sekilde pencere iginde kaydirarak konumlandir.

Grafik detaylari penceresinde, grafigin altindaki digmelerden
“Cergevele” dugmesine basarak grafigin ¢cerceveye alinmasini
sagla. “+”, “-“, “Sola”, “Saga
kullanarak grafigi incele.
“Cergevele” digmesine bas. “konum — zaman” grafigi Uzerinde
farkli noktalara fare ile birkag kere tikla. Her tiklamada konum yazisi
ile birlikte bir noktanin cizildigini gdézlemle. Bu noktalar, grafik
incelemesinde, yardimci arag olarak kullanilirlar. Bu noktalardan bir
grafik Gzerinde en fazla tg¢ tane bulunur. Dérdincl bir tanesi
koyulursa noktalardan kirmizi renkte olan silinir.

“konum — zaman” grafigi Uzerine yardimci noktalar koyarak
periyodu hesapla. Bunun igin grafikteki “cosintis”un sifiri kestigi ilk
noktaya ve Uglncu noktaya (periyodun tamamlandigi noktaya)
yardimci noktalar koy. Bu iki yardimci noktanin x deg@erlerinin farki
periyodu verecektir.

“gr3” grafik bileseni detaylar penceresini a¢. Bu pencerede “kuvvet
— zaman” grafigi yer almahdir. Yardimci noktalar kullanarak grafikte
y yonundeki en yuksek degeri bul. Bu deger kuvvetle dogru
orantilidir. Satirlarda “g3y=mfx/100” olarak yazildigi igin yardimci
noktalarin verdigi degeri 100 ile garp ve en yuksek kuvvet degerini
bul. Bu deger 300 N’a ¢ok yakin olmalidir. Clnku yayin uyguladigi
kuvvet “F = -k * x” tir. k, 100 N/m (bkz. 6.), x ise kutlenin ilk
yerlestirildigi konum olan 3 metredir.

, “Yukari” ve “Asagi” dugmelerini
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