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The Effect of A Virtual Laboratory Application on Students’ Conceptual Understanding of
“Geometric Optics”*
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Abstract: The aim of this research is to examine the effect of a simulation-based virtual laboratory application on geometric optics on students'
conceptual understanding. The research was carried out on 59 students from two different sections of the same grade who took the General
Physics | course in the Department of Computer and Instructional Technologies. One of the sections was objectively determined as the
experimental group and the other as the control group. The subject of Geometric Optics was taught in a simulation-based virtual laboratory
environment with 29 students in the experimental group, and in a traditional laboratory environment with 30 students in the control group. After
the experimental application, focus group interview technique, one of the qualitative data collection methods, was used to reveal the conceptual
understanding of the students in detail. A total of 24 students, 12 from the experimental group and 12 from the control group participated in the
focus group interview. Four focus groups were formed with these students and approximately 90 minutes of interviews were held with each focus
group. In focus group discussions, students were asked about the law of reflection, image formation in plane mirror, properties of images created
using concave mirror and convex mirror, and properties of images created using convergent and divergent lenses. The data obtained from the
interviews were subjected to content analysis. The answers given by the students were classified according to their common opinions and
presented in charts. According to the results of the focus group meeting, it was concluded that the conceptual meanings of the control group
students about some geometric optics subjects such as image formation in plane mirrors, the law of reflection, image formation in spherical
mirrors and thin lenses, compared to the students in the experimental group, were not at the desired level.
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1. Introduction

Physics is a science that helps us to understand the fundamental principles of nature. Physics gives us not only the
opportunity to learn a lot about the world but also forms the basis of other sciences. However, students often
encounter difficulties when learning physics subjects, which causes them to find the physics course difficult. Physics is a
course that contains abstract concepts and mathematical operations are used frequently. Abstract concepts that are
difficult to understand and the use of mathematical operations may cause students to find the physics course difficult
(Bozkurt, 2008; Duit and von Rhoneck, 1998).

One of the most accepted ideas in physics education is that students need to understand physics. For this, it is necessary
to create conceptual knowledge along with procedural knowledge. Procedural knowledge is concerned with
mathematical calculations, formulas, and equations and is often used to solve problems. For instance, when a student
needs to find the magnitude of the acceleration of an object, he must first know the formula for the magnitude of the
average acceleration and then do the necessary mathematical operations to find the unknown variables in this formula.
Conceptual knowledge is the core knowledge required to understand the principles and subjects of physics. By
understanding fundamental concepts and relationships in physics, students can better understand the causes,
consequences, and effects of physical phenomena. For example, when students understand the principle of
conservation of energy, they can understand the relationship between the potential energy and kinetic energy of a
system and how these energies are transformed. Conceptual knowledge is also important in terms of developing
students' physical thinking powers.

Being able to teach in accordance with the structure of physics is directly related to students' understanding of physical
concepts. For this, while learning a new concept correctly, students should know the concepts related to this concept in
accordance with its scientific definition and structure the new concept accordingly. Teaching without conceptual
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understanding can lead to mistakes and perception of physics as difficult. In this case, there can be misconceptions,
which is an undesirable situation. Misconceptions are incorrect meanings based on misunderstandings and
misinterpretations. In other words, they are concepts that students have accepted as true for a long time and appear in
more than one situation but do not change easily and contradict physical realities. Students often attribute different
meanings to concepts that are far from being scientific, and in this case, misconceptions occur. In addition, since the
new information that students are asked to gain is generally related to students' prior knowledge, if students have
misconceptions in their prior knowledge, they can prevent accurate learning and lead to new misconceptions (Chi, 1992;
Koray and Bal, 2002; Onen, 2005). Therefore, during the teaching processes, students should be provided with the
accurate learning of the concepts and studies should be carried out to eliminate the misconceptions if any.

Another reason why students find the physics course difficult is the lack of experience in physics. Physics is a science
that can be verified by experiments, and students' lack of physical experience can make it difficult to understand the
subjects. Therefore, students need to be provided with more opportunities to conduct experiments and work with
physical examples. In this sense, the use of laboratories for physics lessons is very essential (Cepni, Kaya, and Kigik,
2005; Ergin, Akglin, Kiiclikbzer, and Yakal, 2000; Sonmez et al., 2005). Laboratory work allows students to understand
concepts with concrete examples and apply them to real-world problems while reinforcing their learning. However, due
to reasons such as the lack of consistency between the experimental activities carried out in laboratory environments
and the questions asked in the university entrance exam in our country, the lack of tools and equipment in the
laboratories, and the lack of experimental activities in the curriculum, it is seen that the necessary importance is not
given to laboratory practices (Alkan, Cilenti, and Ozdemir, 1991; Cepni, Akdeniz and Ayas, 1995; Ekici, 2015). Alternative
teaching methods are needed in physics education to solve such problems.

Nowadays, developments in technology have greatly affected physics teaching as in every field. Computer-assisted
learning, virtual experiments, audio-visual tools, robotics and automation, etc. can be an alternative to traditional
teaching approaches in physics teaching. Technologies like these can help students to obtain a better understanding of
complex physics issues by providing interactive experiences, and can offer more students the opportunity to experiment
by reducing laboratory costs. Various studies have shown that students can better understand the subjects supported
by animations, simulations, videos and visuals (Ciloglu, et al., 2021; Tatli and Ayas, 2011; Ugur, 2001).

Recently, there has been an increase in studies comparing real and virtual laboratory applications in physics teaching. It
is a fact that the reasons such as the fact that learners can observe more clearly in real physics laboratories, their
interaction with the teacher is higher and the communication is dynamic affect learning positively. However, factors
such as the high cost of some experiments, the need for larger areas, safety problems and the inability to observe with
the naked eye are also considered among the limitations of real laboratories (Cooper, 2009; Grbber et al., 2007). At this
point, virtual laboratories are considered. It has been demonstrated by some studies that the use of virtual laboratories
or simulation programs contributes positively to achieving the goals of learning and teaching processes by eliminating
some of the problems encountered in the real laboratory environment and enabling students to develop positive
attitudes towards physics (Bozkurt and Sarikog, 2008; Cinici et al., 2013; Karagdz and Ozdener-Dénmez, 2007; Kog-Unal
and Seker, 2020).

When the relevant literature is examined, it is seen that students have misconceptions and learning difficulties in
geometric optics as in many other subjects of physics (Aydin and Oztekin, 2018; Galili and Hazan, 2000; Heywood, 2005;
Kocakulah and Demirci, 2010; Taslidere, 2013; Yildiz, 2012). For example, whereas Aydin and Oztekin (2018) stated that
students had misconceptions about the propagation, refraction and reflection of light, Kocakilah and Demirci (2010)
stated that students had difficulty in drawing the image of an object placed in front of a plane mirror and determining
its location, and stated that they could not determine whether the image was real or virtual. Galili and Lavrik (1998)
mentioned that the reason why students have difficulty in learning optics is due to teaching methods and lack of
materials. Akdeniz, Yildiz, and Yigit (2001) also emphasized that science subjects should be studied in depth in the
laboratory environment.

In this study carried out in this context, to indicate that virtual laboratory environments in which simulations are used
can be an alternative to the traditional laboratory method in geometric optics course in physics, and at the same time
for researchers, it is crucial to take virtual laboratory applications one step further in future studies. In addition, this
study is important in order to see whether virtual laboratory applications in physics education are beneficial for
students' conceptual understanding. The aim of this research is to examine the effect of teaching with a virtual
laboratory application based on constructivist thinking and prepared by using simulations on the conceptual
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understanding of students compared to teaching with traditional laboratory method. In accordance with this purpose,
the problem statement of the research is “How is the effect of teaching with a virtual laboratory application prepared
on Geometric Optics on students' conceptual understanding compared to teaching with traditional laboratory method?”

2. Method
2.1.Research Model

In this research, which was designed as a case study from qualitative research approaches, it was aimed to examine the
effect of a virtual laboratory application on geometric optics on students' conceptual understanding. Case study involves
collecting and examining data about an event or situation through participant observations and in-depth interviews
(Bogdan and Biklen, 1998).

2.2.Study Group

The study group of the research consists of 59 students studying in the 2" grade of the Department of Computer
Education and Instructional Technologies (CEIT). The research was carried out in the Physics Il course taught in the spring
term of 2013-2014, and a pre-test on Geometric Optics was applied to two different sections of the class at the same
level. As a result of the independent sample t-test applied to the scores obtained from the pre-tests, it was seen that
there was no significant difference between the sections. Accordingly, one of the sections was randomly determined as
the experimental group and the other as control group. After the experimental application, focus groups were formed to
examine the students' conceptual understanding of geometric optics. A total of 24 students, 12 from the experimental
group and 12 from the control group, participated in the focus group interview. While the students were selected for the
focus groups, it was considered that there were students with different levels of success who could represent each
group. The structures of the focus formed from both groups are as in Table 1.

Table 1. The structure of the focus groups

Groups Focus Groups Female Male Total
Evoert . 1 2 4 6
xperimental Group

2" 3 3 6
3 2 4 6

Control Group th
4 4 2 6
Total 11 13 24

2.3.Data Instruments

After the experimental application, focus group interviews were conducted with the students in order to reveal the
conceptual understanding of the students in detail. Before the interview, the students were informed about the purpose
of the interview and they were asked to freely express their opinions and thoughts, and it was ensured that the
interview recording would not be shared with anyone. An average of 90 minutes was interviewed with each focus group.
No direction or pressure was made regarding the answers given by the students. The purpose of focus group interviews
is to obtain in-depth, detailed and multidimensional qualitative information about the perspectives, lives, interests,
experiences, tendencies, thoughts, perceptions, feelings, attitudes and habits of the participants about a determined
subject. The answers given to the questions in the focus group interviews are formed as a result of the interaction of the
individuals in the group with each other. Therefore, hearing the answer given by one member of the group to the
question asked by other individuals gives them the opportunity to form their own thoughts.

In the focus group discussions, the following questions were asked to the students:

1. What is the law of reflection?

2. Explain briefly how image formation occurs in a plane mirror.
e |t has been questioned how the image of a real object is formed according to where it is in front of the
plane mirror and what the image properties will be.

3. What are the characteristics of images created using concave mirrors?
» The special rays used for image formation in the concave mirror were questioned.
e It has been questioned where and how the image of a real object will be formed according to where it
is in front of the concave mirror.

4. What are the characteristics of images created using convex mirrors?
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® The special rays used to find images in a convex mirror were questioned.
® The properties of the image of a real object in front of the convex mirror were questioned.
5. What are the characteristics of images created using a converging lens?
® The special rays used to find images in the converging lens were questioned.
® The properties of the image that will be formed according to the position of a real object in front of
the converging lens have been questioned.
6. What are the characteristics of images created using a diverging lens?
® The special rays used to find images in the diverging lens were questioned.
e The properties of the image that will be formed according to the position of a real object in front of the
diverging lens have been questioned.

2.4.Data Analysis

Focus group interviews were recorded with a video camera to reveal students' conceptual understanding of geometric
optics, and notes were taken about the interview. Then, the recording of the interview and the notes taken by the
moderator were converted into written documents in the computer environment. The obtained data were subjected to
content analysis, the data obtained as a result of the analysis were coded and the coded data were re-examined and the
categorization of the related ones was made. While analyzing the data, the students were given representative codes
such as “Student 1, 2, 3, ...”, and the findings were supported by quoting directly from the students' views.

2.5.Experimental Procedures

During the five-week practice, Geometric Optics subjects were covered in the experimental group in a simulation-based
virtual laboratory environment. Basically, two different simulations were used in virtual laboratory applications. These
simulations are compiled simulations based on Java, and both simulations have been translated into Turkish and
rearranged in a way that students can understand. The first simulation, called "Tin Lens", was used to reinforce the
student's attention with repetitions and at the beginning of the lesson, in order to attract the attention of the student
quickly but not in depth, how the image formation occurs in mirrors and thin lenses. The second simulation called
“Optics Applet” offers more opportunities to the user. This simulation was especially used in the activities carried out
under the guidance of the teacher in the discovery step of the 5E model, which is suitable for the constructivist
approach, in the stage of making the students comprehend the subject.

| 12 | el
L
| Applet

‘ p 71 fg 244 5 j 100 [ [344 [ynaar ~|| Sifiiz | |Paraksiyal o || = Kamak || hepsinitemizle

‘ 7.73,1

mercekler | Yna\ar aralikagkik | segli ofanisil |
Java Applet Window Applet started. - o .
Figure 1. “Thin Lens” simulation Figure 2. “Optics Applet” simulation
(Hwang, 2004). (Christian and Lee, 2011).

On the other hand, the subjects in the control group were taught by the lecturer in the same teaching process with the
lecture method and questions and answers, discussion, etc., and the participation of the students in the lesson was
ensured with the help of these techniques.

3. Findings

The students’ answers in focus group interviews were classified according to the common views and used in tables.
Although their remarks were different in saying from different students’ perspectives, their thoughts were gathered
under the same roof. Some of their remarks were given under the classifications. In the interviews, it was emphasized
that real objects were used in the image formation. The objects were linear on the optic axis and students answered the
questions over the real objects.
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3.1.Law of Reflection

Firstly, reflection law was asked to the students. Their answers about the reflection of the light were determined from
their common attitude and views, and they were given in Table 2. In the table, the answers were lined from the highest
repetitions to the lowest.

Table 2. The law of reflection

Experiment Group Control Group
What is reflection law?
Female Male Female Male
The angles of incident and reflection are equal. 5 5 4 3
The incident ray is on the same plane with the reflection ray. 4 3 3 3
For the incident angle and reflection angle to be equal, the plane should be flat. 1 2 2 3

Although most of the students gave correct answers to the questions posed for the law of reflection, it was observed
that some students had a lack of knowledge. In reflection, some students stipulated in the sentence that the angles of
incidence and reflection of the incident and reflected rays with the normal should be equal to each other. Accordingly,
the students said that the reflection surface must be flat so that the angles of incidence and reflection are equal. This
statement was expressed by 8 students in total, 3 in the experimental group and 5 in the control group. When these
students were asked what kind of law would work if the surface was rough, there have been discussions in the groups
that there should not be a different law of reflection and students were indecisive on this issue. The statements of one
student from the experimental and control group on this subject are as follows:

Student 9: For the reflected ray and incident ray to be the same, the surface should be flat.

Student 17: ...if the reflection surface is rough, incident ray and reflected ray cannot be the same. For this to
happen, the surface should be flat.

3.2.Image Formation in Flat Mirror

In the focus group interviews, the students were asked how the image formation of a real object is in a flat mirror and
about the characteristics of the image. The answers determined according to the common attitudes and thoughts of the
students are given in Table 3. The answers given in the table are lined from the highest to the lowest according to the
number of repetitions.

Table 3. Image formation in flat mirror

Experiment Control
Image formation in flat mirror
Female Male Female Male

The image formed in a flat mirror is flat and virtual in the same size as the object. 5 7 6 6
The distance of the object and image to the mirror are the same.

In a flat mirror, the image is rotated symmetrically from right to left. There is a right-left reversal. 2 3 4 5
Flat mirror has front and rear reversal. 3 4 2 1
The resulting image is formed on the mirror surface. - - - 2

One of the situations in which students are mistaken is when the image in a flat mirror is inverted to the right and left.
There were different attitudes and discussions on this issue in focus groups. Students who generally make the mistake
of perspective said that an object whose back is not visible in the mirror cannot undergo front-to-back reverse. It was
observed that a total of 14 students, 5 from the experimental group and 9 from the control group, made mistakes in this
regard. In addition, two students in the control group and in two different focus groups emphasized that the formed
image was formed on the mirror surface even it is virtual. The statements of some students about these thoughts are as
follows:

Student 18: The image, even it is virtual, is formed on the mirror surface. The image is on the mirror surface.

Student 21: How does the flat mirror reverse the back of the object? In my opinion, there is no such thing like
front-back reverse.
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3.3.Concave Mirror and Image Formation in the Concave Mirror

In this section, students' knowledge of where the real object's image will be according to the place of the object in front
of the concave mirror. For this, the students were asked questions about how the image formation occurs and about the
special rays used. It has been said that the spherical defects of the concave mirror used are neglected.

When the students were asked about the special rays used for image formation in the concave mirror, all of the
experiment and control groups mentioned 4 special rays. These are given below respectively.

e The ray coming to the concave mirror parallel to the optic axis is reflected to pass through the focus.

e The ray coming through the focus to the concave mirror is reflected parallel to the optic axis.

e The ray coming to the apex of the mirror is reflected in a way that is equiangular with the optic axis.

e The rays coming to the concave mirror passing through the center point return by reflecting on themselves.

However, some issues were only expressed by 6 students in the second focus group in the experimental group. The
statements of these students are as in the following.

e The rays coming to the concave mirror in a way that their extension passes through the center point in front of
the concave mirror return by reflecting on themselves.

® Rays coming to the concave mirror in a way that their extension passes through the focus in front of the
concave mirror are reflected in such a way that they are parallel to the optic axis.

Students in other focus groups emphasized that the light only comes through the focal point. They could not mention
the other situations told by the students in the 2™ focus group above.

After these questions about special rays, the students were asked how many special rays they can use simultaneously
for image formation. There were a variety of answers to this question. In this case, only the students in the 2nd focus
group said that all of them could be used. However, they said that it cannot be used in some cases and the reason for
this is that the object is on the focus or center points. Except for the 2nd focus group, which included students from the
experimental group, 18 students in other groups emphasized that if the object is not located at the center point or at a
point before the focal point, special rays cannot be sent from these points. Some of the answers given by the students
to the question about how many special rays can be used simultaneously for image formation are as follows:

Student 6: If the object is between the focus and the center, we cannot draw the ray coming from the center.

Student 19: Teacher, we can use all but one of them. We send as parallel, we send from the focus, and we send
to the vertex. In order for us to send from the center, the object must be off-center. In order to send it from the
focus, the object must be out of focus.

Student 14: We can create images using all of them. But we cannot create images using all of them at the same
time.

The students were asked questions about the properties of the images formed in the concave mirror. The answers given
by the students according to the location of the object are as in Table 4.

Table 4. Concave mirror and image formation on the concave mirror

Place of the Object Properties and place of the image Experiment Control
Female Male Female Male
It is reverse between M-F, smaller than the object and real. 5 7 5 4
oo-M It is reverse between M-F and smaller than the object. | am _ B 1 )
indecisive about whether it is real or virtual.
M It is reverse at M, the same size with the object and real. 5 7 6 6
It is reverse between =-M, bigger than the object and real. 5 7 4 3

It is reverse between =-M, the size is bigger. | am indecisive about
whether it is real or virtual.

It is reverse between M-F, the size is the same and real. -- - 1 1

F The image is on the infinity. 5 7 6 6
T The image is virtual, bigger than the object and flat. 5 7 5 4
1 2

It is reverse between =o-M, bigger than the object and real. - --
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According to the table created regarding the interviews, it is seen that especially the control group students has lack of
knowledge and are in error. For cases where the object is between o=-M on the optic axis of the concave mirror, 3
control group students were indecisive about whether the image was virtual or real.

Likewise, if the object was between M and F, 3 students from the control group were indecisive about whether the
image was virtual or real. In addition, 2 students are mistaken about the location and size of the image. They argued
that the size of the image would remain the same and the image would still be formed between M-F.

In the case where the object is between F and T, 3 students in the control groups are mistaken about the location of the
image, its being reverse and virtual or real. The fact that the students said that the image should be off-center, reverse
and real indicates that they are mistaken.

3.4.Convex Mirror and The Image Formation in the Convex Mirror

In this section, the students' knowledge about where the image of the real object will be formed according to its place in
front of the convex mirror was questioned. The students were told that the spherical aberrations in the convex mirror
are not considered. The students were asked questions about how the image is formed and about the special rays used.

First, the students were asked about the special rays used for image formation in the convex mirror. All of the
experimental and control groups mentioned 4 special rays. These are given respectively below.

® The ray that comes to the convex mirror parallel to the optic axis is reflected in such a way that its extension passes
through the virtual focus.

e The ray coming to the convex mirror with its extension passing through the virtual focal point is reflected parallel
to the optic axis.

e The ray arriving at the apex of the mirror is reflected in a way that is equiangular with the optic axis.

e The rays that come to the convex mirror so that their extension passes through the virtual center point return by
reflecting on themselves.

After these questions about special rays, the students were asked how many special rays can be used simultaneously for
image formation. All groups said that all special rays in a convex mirror can be used in this question, unlike a concave
mirror. Students who think that all special rays cannot be used in a concave mirror stated that they do not think that
there is any obstacle in a convex mirror, since the rays do not have to cut a point on the optic axis.

Student 6: We do not send a ray from the focus or center point on the optic axis in this mirror. So we can use all
of them.

Student 19: If we send one of the rays emanating from an object on the optic axis to the vertex, one to its
extension passing through the virtual focus, one from the virtual center point and the other parallel to the optic
axis, there is no obstacle in front of them. Thus, we use all special rays.

When the students were asked questions about the properties of the images formed in the convex mirror, the answers
given by the students according to the position of the object are as in Table 5. It is shown as the virtual focal point (F)
and the virtual center point (M) and the distance intervals and distances in front of the mirror are arranged according
to the remarks of the students.

Table 5. Convex mirror and image formation in the convex mirror

Experiment Control
Place of the Object Place and Properties of the Image
Female Male Female Male
oo-T It is between T-F, smaller than the flat object and virtual. 5 7 4 1

oo F It is bigger than the flat object and virtual. (There is no information _ _ 5 4
about the place of the image.)

The size of the image is the same with the object. It is flat and
virtual. (There is no information about the place of the image.)

The image is virtual, smaller than the object and flat. (There is no
information about the place of the image.)

oo-T It is between T-F,, bigger than the flat object and virtual. - - - 1
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The students were asked what they could say about the convex mirror image and properties of a real object on the optic
axis without giving any space or distance. Although there were different opinions in the experimental groups, the
students in the groups adopted a common attitude and agreed on a single answer. Except for one student in the 4"
focus group in the control group, the other students showed a common attitude. 4. A student in the focus group said
that unlike his groupmates, the size of the image would be large and he was undecided about the location of the image.
In the third focus group, common decisions were made, but it was observed that there were lack of information and
misconceptions in the answers given by the students. The students thought that the convex mirror has different image
properties at different distances as in the concave mirror. Accordingly, they said that if the real object is o=-F, the size of
the image will be larger than the object. They were also undecided about the range in which the image would be
located. They stated that when the object is at a distance of F, its image will be virtual, flat and the same size as the
object. They did not express an opinion about the place where the image will be located. They said that the image of the
object in the F-T interval will be virtual, flat and smaller than the object's size. They did not express an opinion about the
place where the image will be located. Accordingly, the sentences of some students regarding these thoughts are as
follows:

Student 23: In a convex mirror, the image gets larger as the object gets closer to the mirror. The size of the image
cannot exceed the size of the object.

Student 15: In a convex mirror, the image gets larger as the object moves away from the mirror. The focus is its
own size. It gets shorter as it gets closer. It gets bigger as it gets farther away.

Student 22: Teacher, in a convex mirror, the image of the object is formed between the apex of the mirror and
the virtual focal point. It becomes larger and flatter than the object. The image is virtual.

3.5.Converging Lens and Image Formation in Converging Lens

The students were asked about the special rays used for image formation in the convergent lens. The side where the
rays come from is considered as the front of the lens, and the side where the rays go by being refracted is accepted as
the back of the lens. The situation we call the front and back of the lens was described by the students in the
experimental and control groups. The aforementioned converging lenses are accepted as ideal thin lenses. Lens
imperfections are not taken into account. The students were told that the rays used were monochromatic. All of the
experimental and control groups mentioned 4 special rays. These are given below in order.

e |f we converge parallel to the optic axis, the ray coming into the lens is refracted so that it passes through the
focus behind the lens.

e The ray coming to the converging lens through the focus is refracted to be parallel to the optic axis behind the
lens.

e The ray that reaches the apex of the converging lens continues on its way without being refracted.

e If we converge through the center point, the ray coming into the lens is refracted to pass through the center
point behind the lens.

However, some issues were expressed by 6 students in the 2™ focus group (in the experimental group), as in the
concave mirror. The statements of these students are as follows:

e Rays coming into the lens converging so that its extension passes through the center point in front of the lens
are refracted so that they pass through the center point behind the lens.

e [f the extension passes through the focus in front of the lens, the rays coming to the lens are refracted parallel
to the optic axis.

Students in other focus groups emphasized that the light only comes through the focal point or the center point. The
students in the 2" focus group could not tell about the other situations expressed.

After these questions about special rays, the students were asked how many special rays can be used simultaneously for
image formation. A variety of answers were given by the students. In this case, only the students in the 2™ focus group
said that all of them could be used. However, they stated that it cannot be used in some cases and the reason for this is
that the object is on the focus or center points. Except for the 2" focus group, where the students from the
experimental group were, 18 students in other groups emphasized that if the object is not located at the center point or
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at a point before the focal point, special rays cannot be sent from these points. Some of the answers given by the
students to the question about how many special rays can be used simultaneously for image formation are as follows:

Student 6: We cannot draw the ray coming from the center if the object is between the focus and the center in a
convergent lens as in a concave mirror.

Student 17: Teacher, in order to find the image, | choose the easiest rays | can send at that moment. | don't think
I can use them all. | send it from the focus, send it parallel and one to the vertex. | send from the center too, but if
it's in front of the center, it's fine.

Student 22: To send from the focus, it must be in front of the focus, to send from the center, it must be in front of
the center. If the object is placed behind these points, we cannot send rays from these points. If it is above these
points, we cannot send it.

When the students are asked questions about the properties of the images formed in the convergent lens, the answers
given by the students according to the position of the object are as in Table 6.

Table 6. Converging lens and image formation in converging lens

. i Experiment Control
Place of the Object The place and Properties of the Image
Female Male Female Male
Iti he | M ller than th
co-M t is between the lens and between M, reverse, smaller than the 5 7 6 6

object and real.

M It is behind M, the same size with the object and real. 5 7 6 6

It is behind the lens, between ==-M, reverse, bigger than the

M-F object and real.

F Image is on the infinity. 5 7 6 6

It is in front of the lens, the same side with the object, image is

. . . 5 7 4 4
virtual, bigger than the object and flat.
F-T It is behind the lens, between =-M, reverse bigger than the
object and real. The image cannot be virtual in the converging -- - 2 2

lens.

According to the table created regarding the interviews, the answers given by the students about the image formation
in the convergent lens are generally more accurate than the other optical instruments. However, some statements of
the control group students show that some situations are not fully understood. 3 students in the control group said that
when the object is between F-T, its image should be real and larger than the object. Despite the fact that the same
students' groupmates emphasized by drawing that the image should be virtual, these students repeated that the image
should be real. When these students were asked why they thought differently from their groupmates, they replied as "A
virtual image cannot be formed in a convergent lens."

Apart from these situations, some opinions regarding the convergent lens in the 3™ focus group may change with the
shape of the lens. After the explanation given below by student number 16, another friend of his also gave his approval
and thought that it should be so.

Student 16: Teacher, if we converge, if we look at the lens from the bump side, we can converge, if we look from
the concave side, it can be divergent. So it can change depending on the direction we look at.

3.6.Divergent Lens and Image Formation in Divergent Lens

In this section, the students' knowledge about where the image of the real object will be formed according to the
situation in front of the divergent lens was questioned. The students were asked questions about how the image forms
and about the special rays used. As in the convergent lens, the side where the rays come from is accepted as the front of
the lens, and the side where they are refracted is accepted as the back of the lens. It is stated that the divergent lens
used is an ideal thin lens, lens defects are neglected and the rays used are monochromatic.

First, the students were asked about the special rays used for image formation in the divergent lens. All of the
experimental and control groups mentioned 4 special rays. These are given below respectively.

e The ray that comes to the divergent lens parallel to the optic axis is refracted and goes so that its extension
passes through the focal point in front of the lens.
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e The ray coming into the lens so that its extension passes through the focal point behind the divergent lens is
refracted so that it is parallel to the optic axis.

e The ray that reaches the apex of the divergent lens continues on its way without being broken.

e The rays coming to the lens, passing through the center point behind the divergent lens, are refracted so that
their extension passes through the center point in front of the lens.

After these questions about special rays, the students were asked how many special rays can be used simultaneously for
image formation. All groups said that all special rays in the divergent lens can be used, unlike the convergent lens, in this
question. Students who think that all special rays cannot be used in the convergent lens stated that they do not think
that there is any obstacle in the divergent lens, since the rays do not have to cut a point on the optic axis.

Student 6: We do not send a ray from the center point or focal point in front of the divergent lens, as in a convex
mirror. So | think we can use them all.

Student 21: In the divergent lens, we do not have to pass the rays that we will send from the object through a
special point on the optic axis. We have no barriers, so we can take advantage of all the special rays.

When the students are asked questions about the properties of the images formed in the divergent lens, the answers
given by the students according to the position of the object are as in Table 7.

Table 7. Divergent lens and image formation in divergent lens

) . Experiment Control
Place of the Object The Place and Properties of Image
Female Male Female Male
oo T It is the same side with the object, virtual and occurs in front of the 5 7 4 1

lens between the focus and apex.

In front of the lens, it is flat, larger than the object, and virtual (no
information about image location).

It occurs in front of the lens. The image becomes the same size as

F the object, flat and virtual (no information about the location of -- - 2 4
the image).
T In front of the lens, it is virtual, smaller than the object, and flat _ B ) 4

(no information about the location of the image).

In front of the lens, it is between the focus and the apex, larger
than the subject.

The students were asked what they could say about the image and properties of a real object on the optic axis in the
divergent lens without giving any spacing or distance. Although there were different opinions similar to those in the
convex mirror in the experimental groups, the students in the groups adopted a common attitude and agreed on a
single answer. Attitudes in the convex mirror were similarly preserved in the control groups. Except for one student in
the 4™ focus group in the control groups, the other students showed a common attitude. A student in focus group 4 said
that unlike his groupmates, the image would be larger. In the third focus group, common decision was reached, but it
was observed that there were lack of information and misconceptions in the answers given by the students. The
students made similar mistakes that they made in the convex mirror. They thought that there are different image
properties at different distances, as in a converging lens. Accordingly, they said that if the real object is e=-F, the size of
the image will be larger than the object. They were also undecided about the range in which the image would be
located. They stated that when the object is at a distance of F, its image will be virtual, flat and the same size as the
object. They did not express an opinion about the place where the image will be located. They said that the image of the
object in the F-T interval will be virtual, flat and smaller than the object's height. They did not express an opinion on
where the image could be found. The sentences of some students regarding these discourses are as follows:

Student 14: In a divergent lens, if the object is at the focal length of the lens, its image will be on the same side as
the object. Its size will be the same as the object, but it will be virtual.

Student 17: The image properties of the convex mirror and the divergent lens are similar. Therefore, the images
formed on the convex must be similar.

4. Discussion and Conclusion

From the interviews on the law of reflection, it was seen that some of the experimental and control group students had
a lack of knowledge. It is seen that this situation is more frequently seen in the control group than in the experimental
group. The law of reflection operates independently of whether the surface is rough or flat. But some students in the
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experimental and control group said that the law would apply only if the reflection surface was flat. This is in line with
the work of Yildiz (2012). In the related study, it was found that some prospective teachers made drawings in their
answers that the light reflected from the rough surface was reflected from the surface in a curved way rather than in a
linear way. Again, many studies have shown that students have difficulty in determining the behavior of light on different
surfaces (Akdeniz, Yildiz and Yigit, 2001; Saxena, 1991; Yildirrm-Benli, 2010). While the law of reflection was explained
with figures and pictures in the control group, it was explained with animated and applied simulations in the
experimental group. It is thought that the fact that this information described is more permanent in the experimental
group students stems from this distinction. Accordingly, while 2 students from the experimental group had a lack of
information, 5 students in the control group had lack of information.

In the interviews about the special rays in the concave mirror, all the students in the experimental and control groups
gave completely correct answers. However, in the second focus group, students made other explanations by making
different inferences other than memorization. These discourses are as follows:

e The rays coming to the concave mirror so that their extension passes through the center point in front of the
concave mirror, and return by reflecting on themselves.

e Rays coming to the concave mirror with its extension passing through the focus in front of the concave mirror
are reflected parallel to the optic axis.

The above deductions lead to the use of more specialized rays in drawings related to image formation. It is believed that
students' ability to make these deductions stems from the use of this method in simulations. A drawing supporting
students' statements about image formation is shown in Figure 3.
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Figure 3. A diagram of image formation created by sending rays to a concave mirror that pass through the extension of its center and focus points.

In focal group discussions about the image of a real object in a concave mirror, the experimental group students
provided accurate information about the position and characteristics of the image depending on the location of the
object. However, differences were observed in the answers given in the control group, where some students provided
incorrect or incomplete answers. These differences appeared in cases where the real object was located between infinity
and the focus, between the center and focus, and between the focus and vertex. It is believed that the correct answers
provided by the experimental group students regarding the image characteristics depending on the location of the real
object were due to the simulations and applications they used. The experimental group students changed the location
and size of the real object as they wished while observing the position, size, and type of the resulting image firsthand. It
is believed that their ability to observe the changes in the image as they moved the object around increased the
permanence of the information.

As for questions about the special rays in a convex mirror, all groups provided correct answers. They were also asked
how many special rays can be used simultaneously in a drawing for image formation. Some students who thought that
not all special rays would be used in a concave mirror said that all special rays could be used because they do not have to
intersect the optic axis to reach the convex mirror. However, the answers of both the experimental and control groups
did not differ regarding the special rays and their use in a convex mirror.

During discussions about the image of a real object in a convex mirror, the experimental group students explained the
image characteristics correctly. However, in the control group, 6 students made different statements by determining the
intervals in front of the convex mirror. Additionally, one student in the control group stated that an object in front of the
convex mirror would be flat, virtual, and larger than the original between the vertex and the virtual focus of the mirror.
Therefore, it was observed that 7 students in the control group were in error. It is thought that the difference between
the experimental and control groups came from the simulations and applications they did. The experimental group
students, through the simulations they have conducted, have observed that the image of an object in front of a convex
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mirror forms behind the mirror, between the virtual focus and the top point, as a small, virtual, and straight image,
regardless of the location of the object. Similar findings have been reached in some studies on image formation in
concave mirrors, and it has been observed that students have similar misconceptions about the subject in similar points
(Aydin, 2007; Epik et al., 2002; Galili and Hazan, 2000; Kocakdlah, 2006; Yildirim-Benli, 2010; Yildiz, 2012; Yilmaz, 2010).
In addition, it is observed that as the object is moved away from the lens, the image becomes smaller and approaches
the focal point. The active participation of the experimental group students in the simulations is thought to have
increased their retention of this knowledge.

In discussions about special rays in a converging lens, all groups correctly identified the special rays. Similar to the
concave mirror question, the experimental group in the second focal point demonstrated more effective use of special
rays with different statements. Thus, the students in the second focal point emphasized that it is not necessary for the
object to be in front of these points to send a ray from the focus or center, as seen in Figure 4. It is believed that this
inference was made by one of the focus groups due to the simulations used, where this method is applied.

Figure 4. Image drawing in the lens whose extension is sent through the center with special rays.

When the formation and properties of an image for a real object in front of a converging lens were questioned, all of the
experimental group students gave correct answers. However, in the control group, some students gave wrong answers
about the image of an object located between the focus and lens of a converging lens. Specifically, 4 students in the
control group gave wrong answers. The reason for this is thought to be the lack of examples in the textbooks on the
location of the object between the focus and the vertex of a converging lens. It is believed that the use of simulations
contributed to the experimental group students' better retention of this information.

When asked about the special rays in a diverging lens, all focus groups gave correct answers. When asked about the
maximum number of special rays that can be used for the image formation drawings in a diverging lens, all focus groups
stated that all special rays can be used. There was no differentiation between the groups.

In discussions about image formation through a diverging lens, the answers of the experimental and control groups
differed. The focus groups composed of the experimental group provided correct answers about the properties of the
image that would form in a diverging lens for a real object. However, it was observed that 7 students in the control group
had misconceptions about the properties and location of the image.

It was observed that 6 students in the control group had the misconception that the image of a real object located at
different positions and with different characteristics would form at the specified intervals in front of a diverging lens.
Moreover, one student in the control group stated that the image of a real object located at any position in front of the
lens would be larger than the object and would form between the focus and vertex of the lens. In studies conducted on
image formation in lenses, it has been observed that students generally make mistakes regarding the position, size, and
virtual-real nature of the images of objects placed at different points on the optic axis of the lens (Aydin, 2007,
Kocakiilah, 2006; Singh and Butter, 1990; Yildiz, 2012).

The experimental group students observed, through their simulations, that regardless of where they moved an object in
front of a converging lens, its image formed on the same side of the lens as the object, between the lens' virtual focus
and its vertex, was virtual, smaller than the object, and upright. During these observations, they also noted that as the
object moved further away from the lens, its virtual image moved closer toward the lens' virtual focus and became
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more and more point-like. It is believed that these observations made through simulations resulted in more lasting
knowledge for the experimental group students compared to the control group students.
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