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Abstract

Problem Statement: The number of relationships between important
concepts is higher in physics courses than in other courses. As well as the
definitions of complicated concepts, the feature of concepts should be
learned. Using traditional instructional methods are sometimes not enough
to teach physics concepts like velocity and displacement. Based on
implications in the literature, Computer Simulated Experiment (CSE)
seems to be a satisfactory approach that can be used to promote students’
science achievement, and it is important to test how successful it will be
when compared to Hands on Laboratory (HOL) study.

Purpose of Study: The main purpose of this study was to investigate the
effectiveness of CSE over HOL study on the understanding of velocity and
displacement concepts when both teaching methods were used as a
supplement to regular classroom instruction. The second purpose was to
identify whether logical thinking ability accounted for a significant portion
of variation in achievement related to velocity and displacement concepts.

Methods: In this study, the pretest/ post-test control group design was used.
Each treatment (CSE & HOL) was randomly assigned to the experiment
group and the control group. Both groups were administered a pretest of
Velocity and Displacement Concepts Achievement Test (VDCAT) and a
Logical Thinking Ability Test as dependent variables. Then, both groups
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were post-tested with the same VDCAT. The sample of the present study
consisted of 61 tenth grade students enrolled in two physics classes of the
same teacher in a high school.

Findings and Results: Post-test scores revealed that a significant difference
was obtained between the mean scores attained by the CSE group and
hands-on group with respect to physics achievement. The CSE group
scored significantly higher than the hands-on group with respect to
achievement in physics related to velocity and displacement concepts. On
the other hand, logical thinking ability accounted for a significant portion
of variance in physics achievement.

Conclusions and  Recommendations: ~Computer-simulated laboratory
experiments, together with classroom instruction, appear to be a practical
strategy in implementing a physics program. They can be organized such
that the application of physics concepts is stressed. This approach will
improve understanding of physics subject matter. Well-designed computer
simulations can be used for teaching some concepts without extra effort
and time from the teacher to prepare materials.

Keywords: Computer simulated experiments, computer assisted instruction,
logical thinking ability, physics education
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Physics courses, in comparison to other courses, cover concepts that are more
leading, more significant, and at the same time, are technical (Donald, 1993). The
relationships between the concepts are causal. The number of relationships between
important concepts is higher in physics courses than in other courses. As well as the
definition of complicated concepts, the feature of concepts should be learned. For this
reason, an important goal of physics education is to help students develop an
understanding of concepts and use them when solving a problem in a new situation.
Students frequently find solving science problems difficult (Jimoyiannis & Komis,
2001). The major difficulty in solving physics problems is the lack of understanding
physics concepts (Wilt, 2005).

Many researches indicate that many high school students have some problems in
understanding fundamental concepts and principles in physics (Idar & Ganiel, 1985;
Reif & Larkin, 1991; Andaloro, Bellomonte, Lupo, & Sperandeo—MYneo, 1994). In
order to solve physics problems, students should have mathematical and thinking
skills (Wilt, 2005). Mechanics is a prior condition for most of the rest of physics.
Therefore, the student's knowledge of mechanics is important for his course
performance to understand physics better. Hence, we can restrict our attention to
that domain of physics.
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Kinematics is often treated as a sequence of definitions and operations by giving
examples of motion of objects. Trowbridge and McDertmott (1980) and Cataloglu
(1996) found that students could not discriminate between position and velocity.
Students' alternative conceptions of velocity and acceleration, for example, are
considered to be as not easily affected by traditional instructional methods. Students
often have major difficulties when using graphical representations of motions
(McDertmott, 1987; and Beichner, 1994). One of the difficulties of students in these
concepts is representing such features as speeding up, and speeding down, and also
in recognizing that the velocity versus time graph should be a plot of the position
versus time graph. These concepts require students to function at the level of formal
operations such as hypothetical, proportional, probabilistic reasoning, and
identifying and controlling relevant variables. Researches in science education have
brought to light the importance of formal reasoning influencing achievement in
science courses (Geban, Askar, & Ozkan, 1992). In the present study, the role of
logical thinking ability on achievement was investigated.

On the other hand, the teaching style for teaching physics is very important as a
quality of instruction. This study compared two approaches: HOL experiments and
CSE (both used as a supplement to classroom instruction). Probably one of the
important aspects of the laboratory is the verbal interaction that takes place between
instructor and student. This interaction gives the instructor an opportunity to obtain
feedback from the students on their level of understanding. “Most science educators
agree that the laboratory is a necessary aspect of the learning experience in science
courses” (Kyle, Penick & Shymansky, 1979, p. 545; Tweedy & Hoese, 2005).

Hands-on learning includes the following: (1) learning by doing; (2) involves the
student in a total learning experience, which enhances the student’s ability to think
critically; (3) does not simply manipulating things, but is engaging in in-depth
investigations with objects, ideas, and drawing meaning; and (4) requires students to
become active participants instead of passive learners who listen to lectures or watch
films (Haury & Rillero, 1994). “An investigative science learning environment helps
students not only understand the concepts and gain the knowledge of the
experimental evidence supporting the concepts, but may also enrich their
epistemological development” (Zou, 2003, p.105).

Students are not to be expected to learn science successfully without doing
science. The process of science can only be experienced in the laboratory. A review of
several recent researches (Bryant & Marek, 1987; Renner, Abraham & Burnie, 1985)
reported that students like a lab-centered science. Students prefer laboratory
activities in science courses because those activities help them to remember. They are
less confusing and more concrete than other instructional formats. Laboratory makes
learning an active experience (Ertepinar & Geban, 1996).

On the other hand, a promising alternative to hands-on experiments is computer-
simulated experiments. As a result of technological development, microcomputers
have become important tools in science education. The studies on these topics bring
up that computer usage makes the learning environment wider and forms some
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changes on the quality of education. Computer literacy should be widened at every
level of education by providing students with the opportunity to get acquainted with
the computer and getting them to use computers in the learning and teaching
process.

Ertepinar (1995) stated that, “Several capabilities of computers such as providing
individualized instruction, teaching and problem solving and immediate feedback
make computers as the instructional devices for developing learning outcomes”
(p-21). In a research done by Dobson, Hill and Turner (1995), students received
feedback from the computer program more than they received from a laboratory
supervisor. Well-designed computer programs have the potential to promote more
active, effective and efficient learning, and increased student motivation.

Studies indicated that the use of computers in education in the instructional
process caused significantly higher achievement in science courses (e.g., Geban et al.,
1992; Ertepinar, Demircioglu, Geban, & Yavuz, 1998; Rowe & Gregor, 1999; Chang,
2002; Shim, Park, Kim, Park, & Ryu, 2003; Tsai & Chou, 2002; Powell et al., 2003; Law,
& Lee, 2004; Giirbtiz, 2007). Some researchers showed that physics achievements of
students who are taught by CAI were improved (Gale, 1980; Hewson, 1985; Bennett,
1986). But the study by Miller (1986) did not find a significant increase in
achievement among students using CAI materials in a community college biology
laboratory course. Moreover, Alacapinar (2007) concluded that there is no significant
difference between computer assisted education and traditional education in terms of
total achievement averages.

When computers are used in the science laboratory, they may offer effective lab
activities. Through simulations we can offer learners a laboratory in areas such as the
social science and human relations as well as in areas related to the physical sciences,
where laboratories have long been taken for granted. Computer simulations seem to
be a satisfactory approach that can be used to investigate phenomenon in science
laboratories. With the advent of low-cost, real-time computer power, many
departments have begun to introduce the microcomputers into their laboratory
programs (Feinberg & Knittel, 1985; Hughes, 2002). Because, the real-time
microcomputer-based lab experiments - the use of microcomputers for student direct
data acquisition, display and analysis - allow students to see and feel the connection
between a physical event and its graphical representation (Brasell, 1987; Beichner,
1990).

Many studies have been conducted to investigate the effectiveness of CSE on
achievement. Some research indicated that students who participated in CSE had
higher science achievement than those in conventional laboratory (Lewis, 1984;
Brasell, 1987; Geban et al., 1992; Svec & Anderson, 1995; Redish, Saul, & Steinberg,
1997; Law & Lee, 2004). In another study on achievement in science subjects,
however, Miller (1986) and Choi and Gennaro (1987) found no significant differences
between computer-simulated experiment group and conventional laboratory group.

Based on implications in the literature, CSE seems to be a satisfactory approach
that can be used to promote students” science achievement, and it is important to test
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how successful it will be when compared to HOL study. For this reason, the present
study was planned to compare the effects of CSE and HOL on students’ physics
achievement related to displacement and velocity concepts.

The main purpose of this study was to investigate the effectiveness of CSE over
HOL study on the understanding of velocity and displacement concepts when both
teaching methods were used as a supplement to regular classroom instruction. The
second purpose was to identify whether logical thinking ability accounted for a
significant portion of variation in achievement related to velocity and displacement
concepts.

Method
Research Design

In this study, the pretest/ post-test control group design was used. Each treatment
(CSE & HOL) was randomly assigned to the experiment group and the control
group. Both groups were administered a pretest of Velocity and Displacement
Concepts Achievement Test (VDCAT) and a Logical Thinking Ability Test (LTAT) as
dependent variables. Then, both groups were post-tested with the same VDCAT.

Sample

The sample of the present study consisted of 61 tenth grade students enrolled in
two physics classes of the same teacher in a high school in Turkey. Each of the two
supplementary approaches (CSE and HOL) used in this study was randomly
assigned to one class. While the experiment group (n= 31) was taught with CSE, the
other group (n= 30) continued their laboratory sessions with HOL activities. The
students in the sample were coming from a variety of social-economic backgrounds.
All of them had computer experience. They had taken a Computer Applications
course in ninth grade. To control the students” previous learning in physics related to
velocity and displacement concepts and logical thinking ability before the treatment,
all of the subjects were administered two pretests: VDCAT and LTAT. The results
showed that no significant differences were found between two groups in terms of
physics achievement (t = 0.33, p>0.05) and logical thinking ability (t = 0.30, p>0.05).

Research Instruments

Velocity and Displacement Concepts Achievement Test (VDCAT). To measure
students” velocity and displacement concepts achievement, velocity and
displacement concepts achievement test (VDCAT) was developed by the authors of
this study. Firstly, it was administered to a pilot study group of students at the
eleventh grade in the same school. An 18 item multiple-choice test was developed to
assess students” performance on velocity and displacement concepts from an initial
set of 25 items after item analysis (item difficulty, discrimination indices, and
response to the various distracters). The test was designed from the lecture materials.
It was independent of the experimental treatments. It did not contain questions that
were covered specifically within either the CSE or the HOL. Content validity of the
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test was examined by a group of experts in physics and science education and by the
classroom teachers for the appropriateness of the items related to representativeness
of high school physics. The alpha reliability coefficient was found to be 0.82. Sample
questions are given below.

1. The graph shows the displacement versus time graph of a moving object. The
slope of this graph gives

Displacement

a) distance b) displacement
c) velocity d) acceleration

e) position

0 time(s)

2. The position versus time graph of an
object is given in figure-2. Which one(s)

of the following statements is/are true?

I. In region I, the object slows down
II.In region II, the object speeds up

III. In region I, the object moves in (-x)

direction with constant velocity . ' >
IIl. In region I, the object moves in 0 t t t(s)
(+x) direction with constant velocity Figure-2

AV BILIV ULV  d)LIV e) L, III

Logical Thinking Ability Test (LTAT). Tobin and Copie (1981) originally developed
this test and it was translated and adapted into Turkish by Geban et al. in 1992. It is a
10-item, paper-and-pencil test, which contains questions related to identifying and
controlling variable and to proportional, correlational, probabilistic, and
combinational reasoning. The reliability of the test was found to be 0.74. In this test,
the students were expected to answer multiple choice questions and select a reason
from a list.
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Sample questions are given below:
Sample Questions

Q1. A housepainter used four boxes of dye to paint six identical rooms. How
many rooms can he paint by using eight boxes of dye?

a)7 rooms  b) 8 rooms ¢) 9 rooms d) 10 rooms e) None

Reasons:

1. The ratio between the number of rooms and the number of dyes is always 3/2.
2. The difference can be reduced by using more dye boxes.

3.  The difference between the number of rooms and the number of boxes is two.
4

As the difference was two in four boxes, the difference should be the same as six
boxes was used.

5. Itis impossible to expect how many boxes can be used.

Q2. In order to find a relation between the distance covered after the inclined
plane and the height of the inclined plane, you need to make an experiment. Which
inclined planes would you use?

5kg
100 cm 3kg

50 cm

10 kg
4 kg

75 50
25

cm

Reasons:
The highest and the lowest planes should be compared.
All of them should be compared.
As the height increases, the weight of the ball decreases.
Heights should be the same, but weight should be different.

A

Heights should be different, but weight should be the same.
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[
Procedure

This study was conducted over four weeks during the first semester of the school
year. Each teaching approach was randomly assigned to one class. Each instructional
approach utilized in this study had two components, which are classroom instruction
and hands-on activities and classroom instruction and computer-simulated
experiments. The material was introduced by the researchers to the physics teacher
before the treatment. Both groups were administered a pretest of Velocity and
Displacement Concepts Achievement Test (VDCAT) and a Logical Thinking Ability
Test (LTAT).

The details of simulated experiments, hands-on experiments, and the
microcomputer courseware are given below.

Simulated Experiments versus Hands-on Experiments. As a result of technological
development, microcomputers have become important tools in science education. A
change in the technology has provided an opportunity to compare the academic
performance of students experiencing simulations with those doing traditional hands
on experiments. The hands-on laboratory class did four experiments about position,
displacement, velocity, and acceleration in four class hours and the students set up
and manipulate their own materials. After taking necessary data, they plotted graphs
and calculated the slopes of the graphs. Finally, they answered the questions in given
laboratory sheets. In the simulated experiment however, the student used a
computer simulation of the isolated air-table experiment about the same topics in
which the student typed the variables and observed the changes in the plotted
graphs and answered the question asked by the computer program. The simulation
program gave immediate feedback to answers, and according to the results, the
program directed the student to restudy or change the variables. The schedule
followed by the students also contained some questions designed to test
understanding of the theoretical implications of the measurement that had been
made.

In the teaching process, CSE was presented to students via data-show by the
teacher, and then the students had the opportunity to work on the same program.
Educational activities in CSE were organized around observing figures, graphs,
awarding and providing animation, solving problems rather than reading long,
boring scientific knowledge or oral explanation done by the teacher. The same
teacher who had experience about CSE and laboratory study taught the classroom
instruction, CSE, and hands-on study. The classroom instruction of the groups had
three 45-minute sessions per week. The teacher directed strategy represented the
customary approach used in class hours. The classroom teacher provided instruction
through lectures and discussion in the classroom. The computer-simulated and
hands-on activities were instructed after class hours.

The VDCAT and LTAT were given at the beginning of the treatment to determine
whether there would be a significant difference between the groups in terms of
subject achievement and reasoning ability. A post-test to measure students’
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performance related to velocity and displacement was given to students in both
groups at the end of the treatment.

The Microcomputer Courseware. Students were exposed to CSE for a total of 4 hours
during the 3 weeks. Since the school’s computer laboratory had only 15 personal
computers, two students worked with one computer in the computer laboratory.
Prior to the beginning of the treatment, 30 minutes was devoted to a description of
the courseware. In the design of the courseware, terminal objectives were identified
for major concepts and a proper sequence of material was established to lead to the
students in the realization of the stated objectives. The courseware offers an interface
through a series of interaction objects such as: (1) controls that allow students adjust
simulation parameters before and during a simulation's execution; and (2) meters,
that allow measurement of the relevant physical quantities in digital, graphical or bar
form. The program provided text material that included the basic definitions,
concepts and formulas and graphic displays when necessary, and experiment related
to velocity and displacement. The software also provided immediate feedback,
learner control, and interactivity. The students were allowed to go back and forth
within each section of the program in a learner control strategy. The simulations
were designed to solve problems during the simulated experiments. The feedback
from the computer to the student on the correctness of formulation and computation
was immediate. After the correct answer, the program provided immeditate
feedback verifying that the answer was correct. Whenever the student entered an
incorrect response, she/he was asked to try again, or was provided a hint.

The computer program included theory part in the introduction menu. From this
menu bar, one could move from one window to another, and study some physical
concepts such as displacement, velocity, etc.

The program presented descriptions or representations of one-dimensional
motion (position, displacement, position versus time graphs, and velocity versus
time graphs). The aim of the program was to enable the students to translate from
one representation to another.

In the first part of the program, a help screen about how to use this program was
presented, and then the purpose of the experiment was introduced. In each of the
screens, students were able to receive help from the help menu.

In the second part of the program, a video about straight-line motion with
constant velocity was shown. The video explained the procedure to do the
experiment. Here again, the learner could control the video, go back and forth.

In the third part, there was a stationary car on the left of the screen. The students
were free to move the car any place on the line. By using start and stop buttons, the
student could control the motion of the car. When the student stopped the car, the
displacement and the total distance travelled by the car were asked. The students
were required to calculate and write the response to the empty places. Then,
immediate feedback was provided. After correct answers, the program provided
feedback verifying that the answer was correct. After wrong answers, the program
indicated that the response was incorrect and provided a second chance to do it. If
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the response was again incorrect, the program gave a chance to study the
misunderstood or unknown concept.

After studying it, the learner could go back to the experiment. If the last response
was still incorrect, the correct answer to the question was given.

In the next part, while the car was moving, dots appeared and each dot showed
the position of the car with respect to the initial position of the car. The data were
displaced on the table as they were collected as shown in Figure-3. The students were
required to find out the velocity of a car after responding some multiple-choice type
of questions with three choices. Again immediate feedback was provided. Yet this
time, if the response was incorrect only the correct one was informed and an advice
was given to the student to study the related concept.

M Welcome to SEHERHAN - [Experiment 2/3] | _ [=]x]

— ==l

Purpose
Objectives
Theony »
Exit

2 3 4 5 6 7 8 9 10
@ #of |x t (=) -
o D o
1 1.5871
- 2 3175 2
9 A
D #1) What can you say about the motion ? & 1762 3
" a) Straight line motion with constant acceleration and speeds up. ; g'ggr ;
¢ b) Straight Line motion with constant velocity. g ?fﬁ g
" ¢) Straight line motion with constant acceleration and slows down. g :i';s. g
10 15.87 10 -

Figure-3. Display example of the program on the screen

In the last part, the student could change the velocity of the car and observe its
motion. Then, from the position versus time graph, they would find the velocity of
the car same as they selected.

Hands-on Laboratory. The traditional group participated in the same laboratory
activities related to the velocity and displacement concepts as those used with the
computerized simulations. The laboratory sheet was prepared for the experiment. On
the laboratory sheet, concepts and principles to be studied in the experiment were
introduced. This group was constructed in a deductive format. In the laboratory
sheet there were detailed explanations of the problem, apparatus, and modes of
measurement. The students knew what the procedure was. They followed the
procedure and collected data. Then they compared the results with known results.
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Findings and Results

To examine the effect of the treatment on the dependent variables, and to control
the students’ previous learning in physics related to velocity and displacement
concepts and logical thinking ability before the treatment, all of the subjects were
administered two pretests including VDCAT and LTAT. The results showed that no
significant differences were found between the two groups in terms of physics
achievement (t = 0.33, p>0.05) and logical thinking ability (t = 0.30, p>0.05).

The analysis of covariance was used, with treatment as the independent variable,
logical thinking ability as the covariance, and post-test scores related to physics
achievement as the dependent variable. Statistical results were obtained using the
SPSS/PC (Statistical Package for Social Science for Personal Computer). The means
and standard deviations of the pre- and post-test results of the test utilized in this
study are presented in Table 1.

Table 1

Mean and Standard Deviations of Logical Thinking Ability Test (LTAT), and Pre- and Post-
Velocity-Displacement Concepts Achievement Test (VDCAT)

LTAT Pre - Post - VDCAT
VDCAT
Treatment Number of Mean Standard Mean Standard Mean Standard
Students Deviation Deviation deviation
CSE 31 7.00 1.50 3.65 117 12.16 2.02
Hands-on 30 7.10 1.90 3.77 1.69 10.00 2.80

Post-test of the test scores revealed that a significant difference was obtained
between the mean scores attained by the CSE group and hands-on group with
respect to physics achievement. Table 2 shows a summary table of analysis of
covariance.

Table 2

Summary Table of ANCOVA

Source df SS MS F P
Covariate 1 74.07 74.07 15.56 0.05

(Logical Thinking Ability)

Treatment 1 76.92 76.92 16.16 0.05

Error 58 276.13 4.76
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The CSE group scored significantly higher than the hands-on group with respect
to achievement in physics related to velocity and displacement concepts. On the
other hand, logical-thinking ability accounted for a significant portion of variance in
physics achievement.

The results of the present study are consistent with these studies showing that
computerized activities in teaching and learning science have been found to enhance
understanding of concepts (e.g. Hewson, 1985; Brasell, 1987; Mokros & Tinker, 1987;
Geban et al., 1992; Svec & Anderson, 1995; Redish et al., 1997; Jimoyiannis & Komis,
2001; Hughes, 2002; Chang, 2002; Shim et al., 2003; Law, & Lee, 2004). The CSE was
as effective as hands-on laboratory experiences. Hence, it is possible to use a CSE in
the teaching of some physics concepts such as displacement and velocity.

Also, the results of this study are complementary to the results obtained by
Brasell (1987), Mokros & Tinker (1987), Hewson (1985), Svec & Anderson (1995), and
Redish et. al. (1997). Brasell (1987) revealed that a microcomputer based laboratory
method is sufficient for high school students to improve their comprehension of
distance, and velocity graph when compared with a traditional laboratory method.

Conclusions and Recommendations

This study investigated the relative effectiveness of the CSE approach and hands-
on approach to supplement regular classroom instruction in velocity-displacement
concepts. It indicated that the students exposed to the CSE performed significantly
better than those exposed to the hands-on activities.

Because the computer program provided learner control, and lessons were
designed in such a way that it enabled the learners to re-examine each part of the
lesson, the students who used CSE might have understood the concepts and
problems better.

The attributes of the computer program such as learner control or response
checking and immediate feedback may have developed achievement better (Shim et
al., 2003). When compared with the hands-on activities, the students solved more
problems related to the experiments and re-examined each part of the lesson.
Because the learner-controlled strategy was employed by allowing students to go
back and forth within the program, they were allowed to investigate any part of the
experiment that was not understood. The students were motivated to control their
own learning. The findings of the present study concur with some studies in which
learner control in computerized programs improve student performance (Hannafin
& Sullivan, 1995; Shim et al., 2003).

When simulations are used in education, learners must be evaluated immediately
after their response to the program (Rieber, 1996; Huppert et al., 2002). The program
required the students to be active by encouraging them to answer each question.
Feedback reflects the quality of the instruction and can affect students” achievement.
The students who used CSE got immediate feedback on their responses. Following
their responses to a question, immediate feedback was provided. On the other hand,
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generally students in HOL have no immediate or continues feedback. The immediate
correction of erroneous responses may be the most important function of feedback,
because erroneous information is likely to be preserved and interfere with future
learning unless corrected. Feedback in the simulated experiments was in a linear
sequence, asking the students to give an answer for each step. In this manner, the
students could comprehend the concepts and their interrelationships in the problems
more accurately. Appropriate questions were asked in the program. More
meaningful learning is probable if students are asked to respond to succession of
more appropriate questions, and to explain relationships. Moreover, Evans &
Gibbons (2007) stated that “interactive systems facilitate deep learning by actively
engaging the learner in the learning process” (p. 1147).

It is not necessary to discover everything in the laboratory. Some laboratory
investigations may involve excessive work in setting up equipment and in gathering
data. Moreover, another advantage of computer-simulated experiments was that the
students dealt with data in a controlled setting with respect to the traditional HOL
approach (Huppert et al., 2002). The data obtained under the HOL conditions were
not fully reliable because of uncontrolled variables or measurement errors.

Computer-simulated laboratory experiments, together with classroom
instruction, appear to be a practical strategy to implementing a physics program.
They can be organized such that the application of physics concepts is stressed. This
approach will improve understanding of physics subject matter. Well-designed
computer simulations can be used for the teaching of some concepts without extra
needed effort and time from the teacher to prepare materials. It appears that using
CSE in science education can be effective and cost effective as well.

The CSE can be used for the teaching of some concepts, velocity and
displacement for example, without extra needed effort and time from the teacher to
prepare materials. It is also possible that a computer program could be used to
replace more expensive instrumentations or materials in many traditional hands-on
laboratory experiences if schools already have microcomputers.

Another implication of this study is that when the CSE is used, experiments can
be done in a short period of time compared to the hands-on laboratory experiences.

There is a continuous need for further research seeking to establish the
relationship between the computer simulated experiments (CSE) approach and
different teaching approaches on understanding of physics concepts. Real-time
graphing of data appears to be a key feature for both cognition and motivation. As
Brasell (1987) indicated, “It allows students to process information about a physical
event and its graph simultaneously rather than serially” (p.392). Focusing further
research on this feature of CAI could provide some valuable insights into
information processing and motivation. Further research is also needed to test the
effectiveness of different modes of the CAI on the students” understanding of physics
concepts ( e.g., CSE versus Tutorial, CSE versus Drill-practice, etc.).
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Bilgisayar Benzetimli Deneylerin Lise Ogrencilerinin Yerdegistirme ve
Hiz Kavramlarim1 Anlamadaki Etkisi

(Ozet)

Problem Durumu: Yapilan arastirmalar, lise 6grencilerinin temel fizik
kavramlarmi ve teorilerini anlamada ve uygulamada sikintilar
yasadiklarin1 gostermektedir. Buna bagli olarak, bazi arastirmalarda
ogrencilerin derslere belirli fizik kavramlarin 6grenmelerini engelleyecek
naif yargilarla gelmekte oldugunu gostermistir. Bu tiir yanhs kavramalar
sanildigindan daha genis kapsamlidir ve siif performansi tizerinde etkili
olmaktadir. Aslinda, dgrenciler 6nemli fizik kavramlarmi tam anlamiyla
ogrenmeden  smiflarint  gecmektedirler.  Ogrencilerin  matematik
denklemlerini kullanarak fizik problemlerini ¢6zebilmeleri, fizik
kavramlarmi tam anlamiyla anlamis olduklarii gostermemektedir. Fizik
derslerinde diger disiplinlere gore ana konular arasindaki iliski sayica daha
fazladir. Ogrenilmesi gereken karmasik konu sayisi oldukca fazladir ve bu
konularin 6grenilmesinde yalniz tanmmlarimn bilinmesi yeterli degildir.
Ayrica genel 6zellikleri de anlasilmalidir.

Laboratuar c¢alismast ogrencilerin fizik dersindeki basarismi artirmakta
onemli bir rol oynamaktadir. Laboratuar ¢alismasi; 1) yaparak 6grenmedir,
2) ogrencinin kritik diistinme yetenegini gelistirir, 3) 6grencilerin aktif
olmasim saglayan bir 6grenmedir. Ogrencilerin bilim yapmadan bilimi
ogrenmeleri beklenemez ve bu sadece laboratuar da gerceklesir. Yapilan
bazi arastrmalar, Ogrencilerin laboratuar ¢alismasmi sevdiklerini
gostermektedir.

Bilgisayarin egitimde kullanilmasi, 6grenme alanmi genisletmekte ve
egitim kalitesini olumlu yonde etkilemektedir. Bundan dolayi, her diizeyde
ogrencinin bilgisayar okuryazarligi becerilerini gelistirmesi saglanarak
onlarn egitim ve ogretim siirecinde bilgisayar1 kullanmalar1 tesvik
edilmelidir. Ctinkii bilgisayarlarin farkli egitim araclarin1 ayn1 anda
kullanma ve kontrol etme ¢zellikleri vardir. Bilgisayar Destekli Egitimin
cesitli tanimlar1 verilmektedir. Bu tanimlardan ilkine gore Bilgisayar
Destekli ~ Egitim  bilgisayar  teknolojisinin ~ 6gretim  stirecindeki
uygulamalarmin  her biridir. Bu uygulamalar bilgi sunmak, 6zel
ogretmenlik yapmak, bir becerinin gelismesine katkida bulunmak,
benzesim gerceklestirmek ve sorun ¢oziicti veri saglamak olabilir. Baska
bir tanima gore ise, Bilgisayar Destekli Egitim, 6grencilerinin bilgisayar
sistemine programlanmis olan dersleri etkilesimde programlanmis olan
dersleri etkilesimde bulunarak, dogrudan alabilmeleridir. BDE de
ogrenciler egitsel materyalleri sunan ve gosteren bilgisayar ile direk temas
i¢indedir. Bu galismanin asil amaci, fizik dersi ile birlikte verilen bilgisayar
benzetisimli deneylerin yerdegistirme ve hiz kavramlarimi anlamadaki
etkisini yine dersle birlikte verilen geleneksel laboratuar calismasi ile
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karsilastirmaktir. Benzesim bazi gercek yasam olay ve uygulamalarinin
soyutlanmas1 ve basitlestirilmesidir. Benzesimde katilmcilar diger kisi
ve/veya taklit edilmis ortam ile devaml olarak bir iliski i¢indedir. Bir¢ok
benzesimin amaci, sirali olay ve bilgileri anlatabilmektir. Ogrenciyi bir
sonraki basamaga atlatabilmek icin 6grencinin verecegi cevaplara gore,
bilgisayar ya bilgi sunacak ya da geri iletimde bulunacaktir. Her bir
basamak yeni bir bilgi sunacaktir. Bu sekilde hedeflenen amaca
ulasilacaktir.

Ogrencilerin klasik ders anlatim metotlar1 ile hiz ve ivme gibi konulart
kavramalart her zaman miimkiin olmayabilir. Laboratuar c¢alismasi,
bilgisayar destekli egitim gibi farkli metotlarin kullamlmas1 uygun olabilir.
Yapilan arastirmalara gore, Bilgisayar Benzetimli Deneylerin (BBD)
ogrencilerin basarisin1  yiikseltmek i¢in uygun bir metot oldugu
distintilmektedir. Dolayist ile BBD'nin etkililigi Geleneksel Laboratuar
(GL) calismalari ile karsilastirarak aragtirilmalidar.

Arastirmanin Amact: Bu c¢alismanin sorunlu amaci fizik dersi ile birlikte
verilen bilgisayar benzetimli deneylerin yerdegistirme ve hiz kavramlarim
anlamadaki etkisini yine dersle birlikte verilen geleneksel laboratuar
calismast ile karsilastrmaktir. Calismanin diger amaci ise uygulanan
ogretim yontemi, mantiksal diisiinme yetenegi ve aralarindaki etkilesimin
birlikte hiz ve yer degistirme konularinda 6grenci basarisma anlamli bir
katkida bulunup bulunmadig saptamaktir.

Arastirmanin Yontemi: Calismada, on-test-son-test kontrol gruplu deneme
modeli kullanilmistir. Her bir yontem (BBD ve GL) kontrol ve deney
gruplarma rastgele atanmustir. Ogrencilerin  Yerdegistirme ve Hiz
kavramlarindaki bilgilerini 6lgmek icin Yerdegistirme ve Hiz Konular
Basar1 Testi (YHKBT) ontest ve sontest olarak uygulanmistir. Hazirlanan
bu test Bloomun ilk dort taxonomisini (bilgi, kavrama, uygulama ve analiz
etme) icermektedir. Test hazirlanirken ders notlar1 ve bazi fizik ders
kitaplarmdan yararlanilmistr. i1k asamada 25 adet bes secenekli test olarak
hazirlanan test uzmanlar, egitim bilimciler ve ders 6gretmeni tarafindan
incelenmistir. Sorularin zorluk seviyesi ve ayirt ediciliginin 6l¢tilmesi icin
75 kisilik 11. Smuf o6grencilerine YHKBT uygulanmistir. Soru analizi
sonucunda 18 soru segilmistir ve sorularin aym degiskeni 6l¢ttigtine dair
guvenilirlik katsayist (Cronbach alfa) 0.82 olarak hesaplanmustir.
Ogrencilerin muhakeme yeteneklerini kontrol etmek igin Mantikl
Diistinme Testi (MDT) uygulama baslamadan 6nce uygulanmistir. MDT
degiskenleri anlayabilme ve hakim olabilme, oranti kurarak korelasyon
saglayabilme, ihtimalleri degerlendirerek mantik ytirtitmeye dayal sorular
icermektedir. Bu calismanin evrenini onuncu smif Fizik dersini alan
ogrenciler, orneklemini ise aym Ogretmenin ders verdigi iki fizik
sinifindaki 61 onuncu simf 6grencisi olusturmaktadir. Verileri analiz etmek
i¢in t-test ve ¢oklu regresyon metotlar1 kullanilmaistir.
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Bilgisayar Benzetimli Deney Programi: Bilgisayar Benzetimli Deney
Programi Microsoft Visual Basic programi kullanilarak Bilgisayar Destekli
Egitim ve Bilgisayar Benzetimli Deney Programlarindan yararlanilarak
gelistirilmistir. Istenilen amaclara ulasabilmek icin konular belirli bir
siralamada ve kullaniciyr aktif tutabilecek sekilde hazirlanmustir.
Ogrencinin her an aktif oldugu, gerekli zamanlarda bilgilerin sunuldugu
ve Ogrenciye geri dontstiimlerin sikhikla yapildigit bu program MS-
Windows uygulamalarini kullanabilen herkes tarafindan oldukga kolay bir
sekilde kullarnlabilir.

Laboratuar Deney Kagidi: Kontrol grubu 6grencileri i¢in konu 6zetini,
deney amacini, kullanilacak malzemeleri ve deney siralamasmi igeren
laboratuar deney kagidi hazirlanmistir. Deney basamaklar1 yapildikca
veriler elde edilmekte ve sonuglar: bilinen degerlerle kiyaslanmaktadr.
Arastrmanin Bulgular:: On-test sonuglarma gore yerdegistirme ve hiz
kavramlarmi 8grenme ve mantiksal diistinme yetenegi agisindan iki grup
arasinda anlamli bir fark gozlenmemistir. Son-test sonuclarina gore,
bilgisayar benzetimli deneylerden faydalanan 6grenci grubunun hiz ve
yerdegistirme kavramlarmmi anlamada istatistiksel olarak daha iyi
olduklarini ortaya koymustur. BBD grubunun KL grubuna gore daha
yiiksek bir fizik basar1 ortalamasina sahip oldugu tespit edilmistir. Diger
yandan uygulanan 6gretim yontemi, mantiksal diistinme yetenegi ve
aralarindaki etkilesimin birlikte hiz ve yer degistirme konularindaki
basariya anlamli bir katkida bulundugu saptanmistir. Ogretim yontemi ve
mantiksal diistinme yeteneginin basartya katkist ayri anlamliyken,
aralarindaki etkilesimin tek basina basartya katkisi anlaml1 ¢gtkmamustir.
Arastirmanin Sonuclar1 ve Oneriler: Smif ici ders anlatimlari ile beraber
Bilgisayar Benzetimli Deneylerin kullanilmasi fizik dersi programinin
uygulamasinda pratiklik kazandirmistir. Bu yaklasim ile derslerin
islenmesi fizik konularmin anlasilmasini kolaylastirmstir. 1yi tasarlanmig
bilgisayar simiilasyonlar1 kullanarak yerdegistirme, hiz, ivme gibi konular,
materyal hazirlamak icin fazla enerji ve zaman harcamadan &gretilebilir.
(1) Uygulama, (2) mantiksal diistinme yetenegi ve (3) mantiksal distinme
yetenegi ile uygulama arasindaki iliski istatiksel olarak yerdegistirme ve
hiz kavramlarindaki basaridaki farkliliklara katki saglamistir. Uygulama
ve mantiksal diistinme yeteneginin her ikisi de yerdegistirme ve hiz
kavramlarmi algilamadaki basarry1 tahmin edici kuvvetli faktorlerdir.

Bu calismaya ek olarak asagida belirtilen konular tizerinde calismalar
yapilabilir: Bilgisayar benzetimli deney uygulamas: ile baska ogretme
metotlar1 arasindaki iliskinin incelenmesine ihtiya¢ vardir. Bilgisayar
oyunlarinin ve problem ¢6zmenin lise Ogrencilerinin fizik konularim
algilamalarma olan etkisini inceleyen arastirmalar yapilabilir. Diger
bilgisayar destekli egitim metotlarinin fizik konularmi anlamaya etkisini
arastiran calismalar yapilabilir. Ayrica, 6grencinin sosyo-ekonomik
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durumu, kisiligi, ilgi alanlarinin bilgisayar destekli egitim ile fizik basarisi
arasindaki iliskisi incelenebilir.

Anahtar Sozciikler: Bilgisayar Benzetimli Deneyler, Bilgisayar Destekli
Egitim, Mantiksal Duistinme Yetenegi, Fizik Egitimi
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