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ABSTRACT
In this study, the effect of activity-based mathematics content enriched with virtual

manipulatives on the process of eliminating misconceptions about algebraic expressions Article Type

and equations was examined. The virtual manipulative, developed by the researchers and Research
examined for its effects, was also evaluated in terms of suitability for student needs

regarding algebraic expressions and equations and compatibility with program Ajticle Background
achievements. In this research, a pretest-posttest control group quasi-experimental design  Received:
was used. The study group of the research consisted of a total of 60 students studying at ¢ 15 5104

the 7th grade level in a public school. In the experimental group, virtual manipulatives

Accepted:
developed by the researchers were used, and in the control group, activities in the current 2 05p202 4
secondary school mathematics textbook were used to explain algebraic expressions and e
equations. Testing was used to determine misconceptions, and interview techniques were K d
used to describe the effectiveness of the teaching process. The study results showed that ?ywor S

- . . o . Virtual

activity-based teaching practices applied in both the experimental and control groups were ) )
effective in eliminating initial misconceptions. In the teaching of the experimental group, Mampu?atlve,
the order of operations and the representation of algebraic expressions, it was determined Algebraic

that the teaching in the control group was more useful in terms of eliminating ©Xpression,
misconceptions about the relationships between letters and objects. The results regarding ~Equation,

the post-test scores showed that there was a statistically significant difference in favor of Misconceptions
the experimental group compared to the control group in terms of eliminating

misconceptions. Suggestions for the effective use of virtual manipulatives more in

mathematics teaching are discussed.
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Introduction

Mathematics is seen as one of the courses that students generally fear and sometimes develop
negative attitudes towards because of its abstract language and axiomatic structure. Especially at
the secondary school level, students' perception of mathematics as a set of formulas and operations
and their inability to visualize it in their minds, trigger various difficulties in mathematics (Erbas &
Ersoy, 2003). In this sense, negative attitudes, incorrect concept images and systematic errors cause
mathematical misconceptions. It is known that misconceptions not only cause negative attitudes
towards mathematics, but also negatively affect success (Akin, 2002; Yenilmez & Yasa, 2008). For
this reason, identifying and eliminating misconceptions is considered important and necessary for
the quality of education (Ayyildiz & Altun, 2013). Students experience various misconceptions and
difficulties in the field of learning algebra, where mathematical processes and objects are presented
accompanied by symbolic structures (Kaf, 2007). With the transition from the concrete operational
period to the abstract operational period in secondary school mathematics, misconceptions in the
field of learning algebra become more evident. However, algebraic thinking skills are among the
important skills addressed in mathematics curriculum (National Council of Teachers of
Mathematics [NCTM], 2000). When the primary school mathematics curriculum published by the
Ministry of Education (MoNE, 2018) is examined, students are expected to improve in terms of three
basic skills in the field of learning algebra. These; Making sense of the concept of variable,
performing operations with algebraic expressions, and working on equations and inequalities by
making sense of the concept of variable.

It is frequently stated in the relevant literature that with the integration of technology into learning-
teaching processes, misconceptions that arise in the mathematics learning process can be eliminated
and the skills and achievements predicted by mathematics teaching programs can be supported.
Virtual manipulatives, one of these technologies, can provide interactive environments where
students can create and solve their own problems to create connections between mathematical
concepts and operations and receive instant feedback about their actions (Durmus & Karakirik,
2006). However, there are limited number of studies in the field of algebra learning, which involves
intense abstraction processes and focuses on student practices (Camci, 2018). Nevertheless, it is
thought that virtual manipulatives, which can also be used in online environments and can serve as
supported formation in the concretization process, can be effective in eliminating mathematical
misconceptions and developing positive attitudes (Moyer et al., 2012). In this context, the current
research "What is the role of activity-based teaching contents enriched with virtual manipulatives in
the process of eliminating the misconceptions of first 7. grade students about algebraic expressions
and equations?" is looking for an answer to the question. Thus, first of all, a virtual manipulative
application compatible with the achievements in the field of algebra learning will be designed and
then the potential of this manipulative to eliminate the misconceptions existing in students will be
evaluated. Since the research focuses on the development of a virtual manipulative that has the
potential to eliminate the misconceptions mentioned in the literature, it has the vision of contributing
to mathematics education in theoretical and practical terms.

Conceptional Framework

Using Virtual Manipulatives in Mathematics Teaching

The use of manipulatives in teaching is seen as a widely used strategy to encourage students to
become more actively involved in mathematics. Manipulatives are used to concretize the properties
of objects and concepts. Regarding the use of concrete objects in the classroom, it is stated that
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students' work with concrete objects and models both increases their motivation and makes learning
fun (Clements, 1999). NCTM (2012) endorsed integrating manipulatives into all levels of
mathematics education. It is also suggested that manipulative materials can be used as an
intermediary between the real world and the mathematical world (Lesh, 1990). Because
manipulatives allow students to form mental representations and gain skills in using, modifying,
and synthesizing new ones, they are described by many as the best approach to solving the
challenges inherent in learning arithmetic and algebra concepts in teaching processes. In addition to
the use of concrete manipulatives, virtual manipulatives can also be used by students who are
thought to be at the level of concrete perception, especially by modeling and concretizing some
abstract concepts in the computer environment; It is assumed that it helps students understand
concepts better, interpret concepts and use concepts in problem solving (Durmus & Karakirik, 2006).
While hands-on tangible manipulatives are tactile and visual, virtual manipulatives are purely
visual. However, virtual manipulatives are also interactive; that is, the student is able to manipulate
the same objects and create the same mental representations of the objects using the computer
mouse.

Representing the use of technology in mathematics, virtual manipulatives are defined as interactive,
web-based representations of a dynamic object that provide opportunities to structure mathematical
knowledge (Moyer et al., 2002). Although these manipulatives are not physical, they have the
potential to appeal to different sensory organs together (Clements & McMillen, 1996). Virtual
manipulatives can provide interactive environments in which students can pose and solve their own
problems to make connections between mathematical concepts and operations. Virtual
manipulatives can provide interactive environments in which students can pose and solve their own
problems to make connections between mathematical concepts and operations and provide
immediate feedback on their actions that can lead them to reflect on their conceptualizations. Virtual
manipulatives provide more advantages over physical manipulatives by eliminating some of the
constraints they impose on the task. The ability to be manipulated by virtual manipulatives provides
the student with the opportunity to see the consequences of their own actions, create meaning, and
see relationships (Moyer et al., 2002). Visual representation of concepts and relationships helps
students gain insight in mathematics (Fitzallen, 2015).

It is seen that there are many web-based virtual manipulative (without Turkish language support)
platforms (NLVM, NCTM Illumination, shodor, etc.) developed internationally for free use by
students and teachers. On the other hand, it seems that the number of platforms containing virtual
manipulative and virtual manipulative development studies is not sufficient in our country
(Durmus & Karakirik, 2006; Karakirik & Cakmak, 2009). It seems that virtual manipulative
development studies in the literature are generally narrow in terms of content. For example, Akkan
and Cakiroglu (2011) developed a virtual manipulative with algebra tiles to be used in algebra.
Additionally, as a result of a TUBITAK-supported project study, a set of materials that supports the
primary school mathematics curriculum and contains nearly 80 virtual manipulatives was designed
(Karakirik & Cakmak, 2009). Along with all these studies, it is observed that there is a limited
number of studies on evaluating the effectiveness of virtual manipulatives developed with Turkish
language support in teaching. Additionally, it has been evaluated that there is no virtual
manipulative that corresponds to most of the achievements in algebraic expressions and equations.
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Misconceptions and Difficulties Encountered in Teaching Algebra

With the new developments in the field of mathematics, the perspective on algebra has changed and
algebra has been seen as a method of expressing thought-relationships. Algebra and algebraic
thinking are seen as an integral part of mathematical literacy within our education system. Algebra
opens the doors of abstract thinking and logical inference to students (Stacey & MacGregor, 2000).
The introduction to symbolic representation in algebra is seen as an important part of the
development of basic mathematical concepts. In general, algebra is expressed as a branch of
mathematics that transforms the existing relationship or relationships into generalized equations
using numbers and symbols. Algebraic thinking involves developing mathematical reasoning in line
with the limits of algebraic knowledge existing in the mind, by attributing meaning to algebraic
operations and symbols with an arithmetic language. Algebra and algebraic thinking are the most
important part and unifying element of mathematical literacy in terms of the aims of today's
educational approach (Erbas & Ersoy, 2002).

When the mathematics curriculum is examined, topics related to the field of algebra learning are
given according to patterns. It is seen that students face many difficulties while dealing with algebra.
Because during the transition from arithmetic to algebra, students tend to work with arithmetic logic
and feel uncertain about the new letters and symbols they encounter, which can lead to various
misunderstandings and mistakes. In particular, students' difficulty in understanding algebra causes
their success in mathematics to decrease (Erbas & Ersoy, 2003). According to Tall (2005), this
situation is related to students being weak in manipulation operations at the algebra stage and not
being successful. Perso (1992), who evaluated the difficulties in the algebra learning process in the
context of students, stated that students had difficulties in understanding the place of letters in
algebra, using variables, and using algebraic rules when solving equations. Akkaya & Durmus
(2006) state that students see letters as abbreviations for concrete objects, therefore they ignore the
fact that they may represent different variables. The reasons why algebra cannot be understood by
students were examined under three headings by Kas (2010). These are the structure of algebra,
students' mental development and readiness, and deficiencies in teaching algebra.

When we look at the reasons for the difficulties in the algebra learning process, we usually encounter
deficiencies in the curriculum and the teacher's field knowledge (Dede & Argiin, 2003). In this sense,
the teaching methods to be used in overcoming the difficulties experienced in learning algebra are
of great importance. Kaya (2015) states that the different teaching methods used in the courses enable
students to develop their algebraic thinking skills in a meaningful way throughout their lives. In
studies conducted at the seventh grade level by Cavus-Erdem and Giirbiiz (2017) and Sert Celik and
Masal (2018), discussing the topic of equations; it was determined that students had difficulty in
learning the subject and their conceptual and procedural knowledge was not sufficient. When
studies in the relevant literature were examined, it was determined that virtual manipulatives with
Turkish language support used in the field of algebra learning were limited. No study has been
encountered that addresses the role of virtual manipulatives in the process of eliminating
misconceptions, especially in the subjects of algebraic expressions and equations, where students
have many misconceptions. This research addresses the deficiencies and difficulties expressed in the
above sections in terms of designing a virtual manipulative application and evaluating the impact
of the relevant design.
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Method
Research Model

In the current study, a quasi-experimental design was used among experimental designs because
the processes of eliminating students' misconceptions were evaluated after an intervention in the
existing learning environment. The intervention in this research was carried out through activity-
based teaching contents enriched with virtual manipulatives in courses covering algebraic
expressions and equations. This method was preferred because it is difficult to create equal
experimental and control groups in terms of control variables in existing school structures. With the
quasi-experimental design, which is frequently used in educational research, errors from sources
that may threaten internal validity can be strongly controlled, as they will have the same effect in
the experimental and control groups (Biiyiikoztiirk et al., 2017). Ethical principles and issues were
taken into consideration during the implementation phase of the study, and an Ethics Committee
Decision was taken by the Tokat Gaziosmanpasa University Social and Human Sciences Research
Ethics Committee at its meeting dated 11.03.2021 and numbered 05.18.

Participants

In the process of determining the study group, participant selection was made using the purposeful
sampling method. Biiyiikoztiirk et al. (2017) define the purposeful sampling method as a
probabilistic and non-random method. It is also seen as an ideal sampling method for in-depth
research (Biiylikoztiirk et al., 2017). Considering the current study, quasi-experimental research;
Since it is a detailed and long-term study by nature, the purposeful sampling method was the most
appropriate method. In addition, within the scope of the study, care was taken to ensure that the
gender and number of study groups were equal in order to investigate only the effects of the
intervention and to keep other variables under control. Considering all these criteria and premises,
the participants of the study consisted of a total of 60 students studying in two different branches in
the 7th grade of a public school in the center of Tokat. The application was carried out in the second
semester of the 2020-2021 academic year, via distance education and during 4-week class hours.
Participants took part in the study on a voluntary basis.

Virtual Manipulative Development Process

During the application process, first the virtual manipulative development process was explained.
During the development of the manipulative portal, the stages of needs analysis, content creation
and design evaluation were passed. During the needs analysis process, a pool was created by
accessing all virtual manipulatives that could be used in teaching algebra. In their preliminary
interviews with teachers within the scope of field studies, the researchers encountered need
categories such as tools that provide Turkish language support, tools that are compatible with the
mathematics teaching program achievements of our country, tools that are open to interaction, and
tools that can be useful in the process of eliminating misconceptions. When the relevant literature
was examined, it was observed that more frequent references were made to the NLVM tool, of which
NCTM is the content producer, as a virtual manipulative. However, the fact that the contents of this
tool are in English and are not sufficiently compatible with the program achievements are
considered as a limitation. It has been determined that virtual manipulative activities in the
Education Information Network (EBA), which is widely used in our country, are mostly in the field
of learning numbers and operations. Based on the needs analysis data, it was aimed to develop a
manipulative in accordance with the achievements related to Turkish language support in order to
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contribute to the study and literature.

During the content creation phase, three virtual manipulative resources, namely NLVM, NCTM
[lluminations, WisWeb, and EBA applications, which is the Education Information Network of the
Ministry of National Education of our country, were examined and the distribution and usability of
the manipulatives published on these sites were evaluated according to learning areas. As a result,
virtual manipulatives were created, supported by expert opinions, in accordance with the
achievements of the 7th grade algebra learning field. The created manipulative application was
developed to group virtual manipulatives according to the subject they are related to and provide
access under a single roof.

The user first encounters the username and password interface in the virtual manipulative, which
he accesses via a web-based internet address. Username and password are defined separately for
students and teachers. Figure 1 shows the manipulative activities interface entry screen. Teachers
and students are logged in with separate e-mails and passwords. All virtual manipulatives
developed on the portal are presented to users under the heading of activities classified according
to achievements.

Figure 1

Manipulatives Main Login Screen

< C A modelleme.Jatifbahadiraltun.com/#, ¥ a % @ :

Activities are included on the left side of the screen in Figure 2. Additionally, on the teacher's user
page, there are student answers showing what the students did on their own activity page. The
students' answers are examined by the teacher on the system, and the student's mistakes can be
corrected through feedback by observing which mistakes the students made in which learning
outcomes.

Figure 2
Manipulative Login Screen Interface
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The contents of the events can be accessed by clicking on them. There is such content for each event.
New events can be created, existing ones can be edited, and desired events can be deleted (Figure
3). While these features may only be valid for the teacher interface, there is only the ability to open
and process virtual manipulative activities for students.

Figure 3

Interface for Setting Virtual Manipulative Activities

As expressed in Figure 3, teachers have the opportunity to dynamically edit, delete and create new
virtual manipulative activities through the system. The teacher can create as many manipulative
activities as he wants. Virtual manipulative activities are organized for different outcomes at
different grade levels. For example, it is also effective on the multiplication of algebraic expressions
in the 8th grade achievements. Virtual manipulative activities for each achievement are processed
dynamically.

Figure 4

Virtual Manipulative Activities Screen Interface

<« C A Guvenli degil | modellemelatifbahadiraltun.com/#/etkinkik-bir/etkinlik-bir-game/4 ~ax @ :
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The algebraic virtual materials in Figure 4 are dragged and placed appropriately in the space under
the algebraic expressions. If there is any mistake in the models made, the models can be deleted by
dragging them to the trash bin. At the end of the process, the accuracy of the result is determined by
pressing the check button. If the operation performed is correct, the next activity is carried out; if
there is an error in the result of the operation and the placement of the manipulatives, the operation
is corrected and when the correct result is reached, the next activity is carried out. There is the same
order and system for the virtual manipulative activities included in each learning outcome. Some
examples of achievements are included in Annex 1.
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Expert opinion was used during the evaluation of the manipulative. The portal was developed by
two experts with a doctoral degree in mathematics education and an expert in the field of
educational technology; It was evaluated in terms of the user-friendliness of the interface, the
contents being compatible with the program achievements, and the existing contents being
improvable. Careful efforts have been made to ensure that the activities to be implemented at the
end of the process do not cause any distress to the students. The results of the pilot study also
showed that students' ability to successfully complete the activities on algebraic expressions and
equations differed according to their grade level and mathematics achievement scores.

Application Process

After the development phase of the manipulative portal, experimental and control groups were
determined. In this context, two branches whose mathematics course class averages were close to
each other were selected and randomly defined as the experimental and control groups. Pre-tests
were used to evaluate the changes in the groups' misconceptions within themselves and relative to
each other, and after the teaching application, these tests were applied to the same groups again. In
this context, after the existing misconceptions about algebraic expressions and equations were
determined, the 4-week implementation process started. During the application process in the
experimental group, virtual manipulative support in a portal developed by the researchers within
the scope of their master's thesis was used and an activity-based approach was used.

Since the current research focuses on the effect of an intervention in the teaching content on
misconceptions, care was taken not to change the other components of the classroom environment,
namely students and instructors. In this sense, the current teachers of the course who will conduct
the lessons of the experimental and control groups were informed and trained by the researchers for
two weeks about the application contents and materials. Lessons in both the experimental and
control groups were conducted via distance education due to the impact of the Covid-19 pandemic.
During the application process in the experimental group, the teacher introduced virtual
manipulatives created in the computer environment to the students, conveyed the relevant subject
achievements to the students with the help of manipulatives, and managed the course process on an
activity-based basis. Students completed the teaching process by completing the virtual
manipulative activities added to their portals regarding the learning outcomes after the course. In
some activities, the whole class participated together, while in others the activities were carried out
individually.

In the control group, the lessons were taught via distance education, using EBA contents and
activities in the existing secondary school mathematics textbook as a reference. In this process, the
subject was explained orally by the teacher according to the order in the textbook, and the teacher
shared the necessary explanations on the student screens and ensured that they were transferred to
the students' notebooks. In addition to having e-content suitable for all grade levels, EBA has been
used as a dynamic education platform that creates and develops rich e-content depending on the
process. At the same time, project studies, course assignments and activity studies were sent to the
students by the teacher via EBA. Analyzes of the submitted studies, students' course performances
based on their EBA usage, homework completion percentages, class and student-based success rates,
etc. The data were evaluated by accessing the EBA reports section (EBA, 2021). At the end of the
process, the teacher asked the students to ask questions about the subject, if any. However,
throughout the entire process, some students were able to ask questions about the subject with the
permission of the teacher. One of the researchers participated in the online lessons as a guest to
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observe. According to the observation results, the teacher supported his lessons with video
explanations and question solutions. During this process, it was also observed that the participating
students participated in the lessons online and followed the teacher's instructions. At the end of the
process, the teacher asked the students to ask questions about the subject, if any. However,
throughout the entire process, it was determined that a few students asked their teachers questions
about a subject they did not understand.

In the 2020-2021 academic year, the course was taught by a mathematics teacher in the experimental
group and by another mathematics teacher in the control group, at the time specified in the
curriculum, for 4 weeks. These applications were carried out simultaneously in the experimental
and control groups. During this process, one of the researchers received lesson plans from the
teachers every week regarding the lessons held. After the lesson, the researcher monitored the
virtual manipulative activities completed by the students through the virtual manipulative activities
portal. The implementation process for both study groups is presented in Table 1.

Table 1

Implementation Process for Working Groups

Week Objectives

Experimental Group

Control Group

1. *Performs addition and
Week subtraction operations with
algebraic expressions.

2. *Multiplies a natural number
Week and an algebraic expression.
* Expresses the rule of number
patterns with letters, finds the
desired term of the pattern
whose rule is expressed with
letters.
3. *Understands the principle of
Week conservation of equality.
*Recognizes a first-order
equation with one unknown and
establishes a first-order equation
with one unknown appropriate
to given real-life situations.
4. *Solves first degree equations
Week  with one unknown.
*Solves problems that require
establishing a first order
equation with one unknown.

Lessons were delivered via online
education. The created virtual
manipulative activities were
implemented and assigned. Student
answers were checked through the
system until the next week.

Related virtual manipulative activities:

Activity 1
Activity 2
Activity 3
Activity 4

Related virtual manipulative activities:

Activity 5
Activity 6

Related virtual manipulative activities:

Activity 8

Related virtual manipulative activities:

Activity 9
Activity 10

With online
education, teacher-
centered lecture was
provided through
the textbook.

Activities have been
enriched with
various websites.
EBA

Online Tests
Textbook activities

EBA
Online Tests
Textbook activities

EBA
Online Tests
Textbook activities

EBA
Online Tests
Textbook activities
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Data Collection Tools

During the research process, data was collected using test and interview tools. Testing technique
was used before and after the application. The multiple-choice Algebra Misconception Identification
Test was used as a pre-post test to determine the participating students' misconceptions about
algebraic expressions and equations. This test was prepared by Perso (1992) to determine students'
misconceptions about algebra and was adapted into Turkish by Akkaya (2006). The Cronbach's
alpha reliability coefficient of the Algebra Misconception Identification Test after the adaptation
study was calculated as 0.72. The relevant test was prepared to detect 19 misconceptions
encountered in the field of learning algebra. Some questions measure more than one misconception,
and the distribution of questions according to misconceptions is expressed in Table 2.

Table 2
Distribution of Questions According to Misconceptions
Misconception Related Question
1. Letters have no meaning in mathematics. 1,2,3,7
2. Letters are arranged as in the alphabet. 6
3. It indicates numerical position, as in the alphabetical order of letters. 6,10
4. The value of letters with a coefficient of one is equal to “1”. 4,5,8,9
5. Each letter has only one value. 1,3,6
6. Letters can only be numbers. 4
7. Letters represent objects. 1,2579
8. Letters do not behave like numbers. 2,8
9. “+” or “-” and “=" signs always give results. 11, 12,13, 14, 15
10. The order of the operations is not important. 18

11. Although the "=" sign indicates an algebraic action, students do not interpret 11, 12, 13, 14, 15
algebraic expressions as performing a mathematical operation, as in the

operations 2s+5 or 5-c.

12. Mathematics is always done from left to right. 14

13. Parentheses are not important in algebra. 17,18

14. Instead of doing the reverse operation on the other side of an equation, the 20, 21, 22, 23, 24, 25, 26
same operation is performed.

15. Their numbers, variables and signs are separate from each other. 24,25, 26
16. Subtraction has the property of commutativity. 22,24
17. Reverse operations are unnecessary. 20, 24
18. Matches letters from left to right. 27,29, 30
19. Letters are a label for words. 27,28, 29

In order to support the quantitative data obtained in the research, students in the experimental
group were asked semi-structured interview questions from qualitative data collection tools after
the application process, and their opinions were received regarding the use of virtual manipulatives
in lessons and homework. It was prepared by taking expert opinions in order to support the opinions
of 10 students who participated in the application process regarding the use of virtual manipulatives
in mathematics teaching through interviews and to enrich their feelings and thoughts by reflecting
them on the research findings as much as possible.

The interviews were conducted by the researcher. Necessary explanations were made to the students
by the researcher about the purpose of the research and the interview to be held. Semi-structured
interviews were conducted one-on-one online, questions were asked by the researcher, and in-depth
answers were sought from the participants. The interviews were recorded in writing by the
researcher, with the information and consent of the participants. In open-ended questions,
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information was sought about students' positive and negative thoughts about the use of virtual
manipulatives in lessons, whether they want to use virtual manipulatives in teaching other subjects
in mathematics, and what changes the lessons taught with virtual manipulatives have in their
thoughts about the mistakes they experience in the field of learning algebra.

Analysis of Data

Within the scope of the research, data were collected using the Algebra Misconception Test and
interview form. While analyzing the answers to the Algebra Misconception Test, 1 point was given
for each correct question and 0 point was given for each incorrect question. While the maximum
score a student can get is 30, the minimum score he can get is 0. Normality tests were applied to
determine whether the test results were normally distributed. Since the number of students
observed was more than 50, the Kolmogorov-Smirnov normality test was applied. Normality test
results are presented in Table 3.

Table 3

Normality Test Results for Misconception Scale Scores of Experimental and Control Group Students
Groups Kolmogorov-Smirnov

Statistic df p

Misconception Pretest Scores Experimental Group ,089 30 ,200
Control Group ,126 30 ,200
Misconception Posttest Scores Experimental Group ,126 30 ,200
Control Group ,145 30 ,105

According to the results obtained from the normality test, independent t-test was used to determine
whether there was a significant difference between the pre-test and post-test mean scores of the
groups in the analysis of the data. The obtained scores were analyzed with the help of SPSS 26.0
software and the results were converted into tables. As stated in Table 3, since there were more than
50 data sets, Kolmogorov-Smirnov was used and since the p value was greater than 0.05, it was
accepted that the misconception pretest-posttest scores showed normal distribution for both groups.
Within the scope of the study, it was aimed to evaluate the misconceptions holistically as well as to
examine the effects of teaching practices according to the type of misconception. In this context, the
number of students who had misconceptions in the pre- and post-test applications in the
experimental and control groups for each type of misconception was determined. Then, for each
type of misconception, the percentage of reduction in misconceptions that students in both the

experimental and control groups had was evaluated using the formula (100 — w x 100).

pre

Qualitative data obtained by applying a semi-structured interview form to the students in the
experimental group were analyzed with descriptive methods. The data obtained in descriptive
analysis are evaluated within the framework of codes or frequencies (Yildirim & Simsek, 2013). The
purpose of this analysis is to organize, interpret and present the findings to the reader. In this
context, the answers given to the interview questions were separated by frequency type and each
opinion was reported in the context of cause-effect relationships after coding.

Findings

The findings of the Misconception Identification Test are presented to include predictive and
descriptive statistical findings, respectively. In this context, the application findings regarding the
experimental and control groups were evaluated through constant comparisons and with reference
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to misconception types. In addition, the experimental group students' opinion findings regarding
the activity-based teaching contents enriched with virtual manipulatives were also shared.

T-test Findings Regarding the Misconception Identification Test

After the teaching practices carried out in the experimental and control groups, it was first evaluated
whether the students differed in terms of their Misconception Detection Test scores. The mean and
standard deviations of the pre-post test scores of the experimental and control groups were
calculated, and these data were compared with the difference between the pre and post test of the
experimental and control groups by independent t-test. These data are presented in Table 4 and
Table 5. The relationship between the misconception pre-test and post-test scores of the experimental
and control groups.

Table 4
Experimental Group Pre-Post Test Scores
N X SD p t
Experimental Group Misconception Pretest 30 15,61 5,16
- * -
Pre-Post Test Scores Posttest 30 2545 225 ,000 9,560

As seen in Table 4, the difference between the average of the pretest and posttest scores of the
experimental group was compared with the independent t-test (t=-9.56; p <.05) and a significant
difference was found. Based on these data, it was revealed that there was a significant difference
between the experimental group's pre-test and post-test misconception detection test achievements
in the post-test direction. Based on these data, it can be said that activity-based teaching contents
enriched with virtual manipulatives had a positive effect on the experimental group in eliminating

misconceptions.
Table 5
Control Group Pre-Post Test Scores
N X SD p t
Control Group Pre-Post Test Scores Pretest 30 13,21 3,92
Posttest 30 20,69 3,45 000 7835

As seen in Table 5, the difference between the average of the post-test scores of the control group
was compared with the independent t-test (t=-7.835; p <.05) and a significant difference was found.
Based on these data, it was revealed that there was a significant difference between the pre-test and
post-test achievements of the control group students in favor of the post-test. In line with these data,
it is seen that the teaching practices carried out in the control group have a positive effect on
eliminating misconceptions.

The mean and standard deviations of the pre- and post-test scores of the experimental and control
groups were calculated, and the data were compared with the difference between the pre- and post-
test of the experimental and control groups by independent t-test. In line with the results obtained,
the relationship between the misconception pre-test scores of the experimental and control groups
is given in Table 6.
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Table 6
Pretest Scores of Experimental and Control Groups
N X SD P t
Misconception Pretest Scores Experimental Group 30 1561 5,16
7 2,02
Control Group 30 13,21 3,92 06 /028

In Table 6, the difference between the average of the pre-test scores was compared with the t-test (t
=2.028; p >.05), and no significant difference was seen. In this sense, it can be said that in the absence
of any intervention in both groups, students have similar misconceptions. The relationship between
the misconception posttest scores of the experimental and control groups is given in Table 7.

Table 7
Posttest Scores of Experimental and Control Groups
N X SD p t
Misconception Posttest Scores Experimental Group 30 2545 2,25

,000* 6,310
Control Group 30 20,69 3,45

As seen in Table 7, the difference between the average of the post-test scores of the experimental
group and the average of the post-test scores of the control group was compared with the
independent t-test and a significant difference was found (t = 6.310; p <.05). Based on these data, it
was revealed that there was a significant difference between the post-test scores of the experimental
and control groups in favor of the experimental group. Based on these data, it can be said that the
teaching contents presented in the experimental group compared to the control group had a positive
effect on the process of eliminating misconceptions.

Descriptive Findings Regarding the Misconception Identification Test

Following the application of the algebra misconception determination test, how the misconceptions
of the experimental and control group students changed from pre-test to post-test are presented in
Table 8, accompanied by frequencies and percentages. Thus, the effect of teaching processes on the
misconception elimination process was evaluated according to the relevant misconception types and
with the help of descriptive statistics. When Table 8 is examined, it can be seen that the
misconceptions of students in both the experimental and control groups decreased by at least 20%
and at most 80% after the teaching process. In this sense, it was observed that activity-based teaching
enriched with virtual manipulatives in the experimental group and teaching with activities in the
textbook in the control group were effective at different rates in the process of eliminating
misconceptions.
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Table 8
Change in Misconceptions of Students in the Experimental and Control Groups from Pre-Test to Post-Test

Experimental Control Group
Group

Misconceptions Error reduction Error reduction
Npre Npost percentage (%) Npre Npost percentage (%)

1 9 2 78 17 4 77

2 9 4 55 15 5 67

3 14 5 64 15 6 60

4 16 4 75 13 8 49

5 9 3 67 14 8 43

6 14 5 64 9 6 34

7 8 5 37 17 5 70

8 16 6 62 20 11 45

9 20 9 55 20 9 55

10 23 8 66 12 7 42

11 15 3 80 10 7 30

12 7 3 58 19 15 21

13 21 10 53 17 11 36

14 20 9 55 10 6 40

15 25 9 64 10 8 20

16 26 12 54 13 9 31

17 20 13 35 13 6 53

18 24 12 50 16 11 32

19 18 3 84 15 9 40

Note. Npre: Number of Students with Misconceptions in the Pre-Test, Npost: Number of Students with
Misconceptions in the Post-Test

When the misconception determination data applied before and after the teaching process in Table
8 is examined, it was determined that the activity-based teaching process enriched with virtual
manipulatives in the experimental group was effective in eliminating more than 50% of the
misconceptions in 17 out of 19 misconceptions. It was determined that the activity-based teaching
process based on textbooks carried out in the control group had an effect of over 50% on six
(1,2,3,7,9,17) misconceptions in terms of eliminating misconceptions. Findings above 20% of the
difference between teaching practices according to misconception type are highlighted in Table 8.
Accordingly, the misconception types in which the experimental group is more than 20% effective
in eliminating misconceptions compared to the control group are highlighted in bold and italics, and
the misconception types in which the control group is more than 20% effective in eliminating
misconceptions compared to the experimental group are highlighted in italics only. Misconception
numbers that the experimental group was more than 20% more effective in eliminating
misconceptions compared to the control group; They are 4, 5, 6, 10, 11, 12, 15, 16 and 19. These
findings reveal that the teaching practices in the experimental group were more effective in nine out
of 19 misconceptions compared to the control group. Among the relevant misconceptions, the
misconception type in which the teaching practices in the experimental group are most effective
compared to the control group is misconception number 11, and the difference between the two
teachings is 50%.

Some notable findings among the misconceptions that persisted or were resolved after the teaching
process in the experimental and control groups were interpreted by presenting them with figures.
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The calculations used when interpreting the tables were calculated by taking the difference between
the students who had misconceptions and the students who did not have misconceptions, and the
percentage was determined. Mistake number 11 includes the misconception that "Although the "="
sign indicates an algebraic action, students do not interpret algebraic expressions as performing a
mathematical operation, as in the operations 2s+5 or 5-c." The data as a result of the applications and
analyzes aimed at eliminating misconceptions for the study groups are presented in Figure 5. In this
context, when the misconception elimination rates are examined; It is seen that the rate of
eliminating misconceptions in the experimental group, which was trained with activity-based
teaching contents enriched with virtual manipulatives, was 80%, while it was 30% in the control
group. Based on these results, it can be said that teaching with activity-based virtual manipulatives
has a positive effect on the process of eliminating the students' misconception of "not interpreting
algebraic expressions as performing a mathematical operation".

Figure 5

“_n

Student Data on Misconceptions About the Sign

25 A M Pretest

20 - M Posttest
15

Experimental Group Control Group

Another misconception where the difference between the groups' misconception elimination rates
is high is misconception number 4, which is expressed as “The value of letters with a coefficient of
oneis equal to “1".” As aresult of the applications and analyzes aimed at eliminating misconceptions
for the study groups, the data were converted into graphics and presented in Figure 6. When the
misconception elimination percentages are examined; While the misconception elimination rate was
75% in the experimental group, which was trained with activity-based teaching content enriched
with virtual manipulatives, the effect was 38.4% in the control group. As a result, it seems that
teaching with activity-based virtual manipulatives has a positive effect on eliminating the
misconception that students have: "The value of letters with a coefficient of one is equal to "1".
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Figure 6

“The value of letters with a coefficient of one is equal to 1.” Student Data on Misconceptions
30 -

25 4 M Pretest
20 - E Posttest

15 -

10

Experimental Group Control Group

Similarly, when the data for the second misconception is examined in Figure 7; It was observed that
the rate of correcting misconceptions in the experimental group, which was trained with activity-
based teaching contents enriched with virtual manipulatives, was 55.5%, while the rate in the control
group was 66.6%. As a result of the analyses, it can be said that the training given in the control
group gave more positive results in the process of eliminating the students' misconception that
"letters are ordered as in the alphabet".

Figure 7

“The letters are arranged as in the alphabet.” Student Data on Misconceptions
30 -

25 A M Pretest

20 - #Son Test

157

10 +

Experimental Group Control Group
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Figure 8

“Letters represent objects.” Student Data on Misconceptions
30

25 A M Pretest

20 - @ Son Test

Experimental Group Control Group

Another misconception is that, according to students, letters represent objects. An algebraic
expression such as 2m+3n represents 2 bananas and 3 pomegranates. As a result of the applications
and analyzes aimed at eliminating misconceptions for the study groups, the data was obtained,
converted into graphs and presented in Figure 8. When the data regarding the elimination of the
relevant misconception are examined; It is seen that the rate of correcting misconceptions in the
experimental group, which was trained with activity-based teaching contents enriched with virtual
manipulatives, was 70.5%, while the rate in the control group was 37.5%. Based on these results, it
can be said that teaching with activity-based virtual manipulatives is more effective in eliminating
the misconception that "letters represent objects" among students.

Figure 9

“+ or - and = signs always give results.” Student Data on Misconceptions
30

25 + M Pretest

ESon Test

Experimental Group Control Group

In general, it is seen that students who receive education with activity-based teaching content
enriched with virtual manipulatives are more positively effective in eliminating misconceptions in
the field of algebra learning. It was determined that there was no difference between the groups in
the data regarding the first and ninth misconceptions. For example, as the ninth misconception,
students believe that the signs “+” or “-” always produce results. For example, students say
“2+a=?" It expresses the result of the algebraic operation in 2a way. When the misconception
elimination rates after the teaching experiment are examined; It is seen that while the rate of clearing
misconceptions in the experimental group, which was trained with activity-based teaching contents
enriched with virtual manipulatives was 55%, it was also 55% in the control group (Figure 9). Based

“u_rr

an
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on these results, it can be said that the teaching process carried out in both groups had the same
effect on the misconception that "Mathematical signs always produce results". It is seen that virtual
manipulative activities do not have the expected effect on the misconception that students believe
that "+" or "-" and "=" signs always produce results.

Findings Regarding Interview Questions

Within the scope of the sub-problem of the research; At the end of the application, the opinions of
the experimental group students regarding the activity-based learning processes enriched with
virtual manipulatives were also examined. For this purpose, four open-ended questions about the
teaching process were prepared and students were asked to answer these questions. Opinions
regarding the first interview question are presented in Table 9.

Table 9

Views on Teaching Enriched with Virtual Manipulative Activities-1

Semi-Structured Interview Items Opinions f

The lesson was fun and the way it was 2
taught caught my attention.
1. What are your thoughts on virtual manipulative Step by step progress made it easier for 3
activities designed for algebraic expressions and me to learn the subject.
equations? I found a new way of learning. 2

The topic was explained very simply. It 1
doesn't show up like this in exams.

I don't have any thoughts. 1
I was confused at some parts. 1
Total 10

Table 9 shows that the majority of the answers (f=7) regarding the students' thoughts about the
virtual manipulative activities prepared for algebraic expressions and equations show that the
students have positive opinions about the teaching process. One of the students (S1) stated that, in
general, the students found the teaching enriched with virtual manipulative activities fun and
interesting, that it was different as a new way of learning, and that the step-by-step progress made
it easier for them to learn. He expressed his opinion by saying, "It became a reality and I completed my
activities with pleasure...” Another student (52) said, “I thought it was fun, I was happy.” One of the
students (S3), who was involved in the theme of step by step progress in teaching the subject with
virtual manipulative activities, said, “...the lessons are more gradual in this way and are not based on
memorization, it is an understandable method that requires attention at every stage.” Some students (f=1)
stated that the subject was explained very simply and that it did not show up that way in the exams.
The student's opinion (S7) was "Although the course is easy to explain in this way, the test questions are
very difficult.” stated as follows. As a result of the lessons taught with virtual manipulative activities,
students' thoughts about the misconceptions they experienced in the field of learning algebra are
presented in Table 10.
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Table 10

Views on Teaching Enriched with Virtual Manipulative Activities-2
Semi-Structured Interview Items Opinions

It helped me understand algebraic 2
concepts properly.

My existing mistakes have changed in 2
2. What changes have occurred in your thoughts regarding  the right direction.
the misconceptions you have experienced in the field of I was afraid of algebraic expressions. 3
learning algebra as a result of the lessons taught with Thanks to this method, I learned
virtual manipulative activities? easily and liked it more.

It didn't impress. 2

I don't have any misconceptions. 1
Total 10

In Table 10, students were asked what changes they had regarding the misconceptions they
experienced in the field of learning algebra as a result of the lessons taught with virtual manipulative
activities; In the majority of the answers (f=7), it was concluded that the teaching process with virtual
manipulatives reduced students' misconceptions in algebraic expressions and made them more
enthusiastic about algebra. In some of these opinions (S1), “visual shapes made it easier for me to
understand algebra letters. The activities were fun and helped me understand the subject without distracting
me.” While (S4) said, “mathematical expressions and visuals were clearly understood. Doing the activities
dynamically, without using a pen, helped to eliminate my misconceptions about the subject and correct my
operational confusions.” shared his views. Only three of the 10 students who participated in the
interview stated that teaching contents enriched with virtual manipulative activities had no effect
on eliminating misconceptions or that they did not have any misconceptions.

Discussion, Conclusion and Suggestions

In this study, the effect of teaching contents enriched with virtual manipulative activities on the
process of eliminating misconceptions compared to existing teaching contents was examined. After
the application process carried out in the experimental and control groups, the misconceptions of
the students were first examined with a holistic approach and whether there was a statistically
significant difference, and then the relevant misconceptions were interpreted comparatively with
the help of descriptive statistics. In this sense, it was first determined whether students had
misconceptions about algebraic expressions and equations and how these misconceptions differed
according to application groups. The study results showed that there was no significant difference
between the groups in terms of misconception detection scale pre-test score averages before the
application. This result shows that both groups had similar readiness levels before the teaching
practice. Before the application, it was determined that among the 19 questions on the misconception
detection scale, 7 to 26 students in the experimental group and 9 to 20 students in the control group
had misconceptions about algebraic expressions and equations. Considering that the number of
participants was 30 in each group, it can be said that a significant portion of the participants had
misconceptions about algebraic expressions and equations before the application. For instance, in
one of the studies conducted to determine the current situation, Akkaya (2006) found that secondary
school students had some difficulties under the headings of understanding the place of letters in
algebra, using variables and using algebraic rules when solving equations.
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In this research, which focuses on the contents of the sub-learning area of algebraic expressions and
equations at the secondary school mathematics level, beyond identifying the existing
misconceptions, it is aimed to focus on the extent to which the relevant misconceptions change after
interactive applications. The study results showed that there were statistically significant differences
in the intra-group comparison of pre-post test scores in terms of eliminating misconceptions after
the teaching practices in both the experimental and control groups. In other words, the
misconceptions that existed before the teaching application in both the experimental and control
group students decreased significantly. Conducting both teaching processes on an activity basis may
have contributed to the reduction of students' misconceptions to a certain extent. In this sense,
Erdem and Sarpkaya Aktas (2018), who examined 7th grade students' misconceptions in the field of
learning algebra, stated that activity-based learning environments offer significant advantages in the
process of eliminating misconceptions.

The main focus of this research is to examine the effect of teaching practice with virtual
manipulatives. After the teaching practices in the experimental and control groups, the post-test
conducted to determine misconceptions between the groups showed that there was a statistically
significant difference in terms of mean scores. It was determined that the difference between the
misconception determination post-test score averages of the experimental and control groups was
in favor of the experimental group, in which teaching contents enriched with virtual manipulative
activities were used. In the descriptive findings, it was revealed that the applications in the
experimental group were more effective in 15 of the 19 misconceptions expressed in the relevant
literature. As a matter of fact, pre-post test findings showed that the misconceptions of students in
the experimental group decreased at a higher level compared to the control group in many types of
misconceptions. Students in the experimental group were compared with activities enriched with
virtual manipulatives, and students in the control group were compared with the activities available
in EBA and the textbook. Based on this finding, it can be said that the use of teaching content
enriched with virtual manipulative activities in the field of algebra learning is more effective in terms
of eliminating misconceptions than when existing teaching content is used. In the literature, the use
of virtual manipulatives is related to attitudes towards mathematics (Alshehri, 2017; Lee & Chen,
2015; Olkun & Altun, 2003; Samioglu & Siniksaran, 2016) and academic success (Demir, 2019; Moyer
& Bolyard, 2002; Samioglu & Siniksaran, 2016). Some other studies examining the effect on
components such as; Yenigeri, 2013) have also revealed that students show improvement in terms
of these components after the teaching practice.

The difference of this research from previous studies is that the teaching process takes place entirely
in online environments. In this sense, in a period when all educational processes are online during
the Covid-19 pandemic, students carrying out mathematical activities at their own learning pace
and directly experiencing the tasks in the activity through virtual manipulatives may be effective in
reducing misconceptions. Experimental group students, who study with the support of virtual
manipulative activities in the algebraic expressions and equations sub-learning area, can perform
the activities in the web-supported application developed by the researchers from their own
personal computers and develop new activities. Therefore, it can be said that the activities directed
to the students in the experimental group are interactive, flexible and open to improvement. The
interview results regarding the virtual manipulative-supported mathematics teaching application
also showed that students approached these applications positively because they provided the
opportunity to practice and repeat according to their own learning pace. Students stated that they
felt successful and had fun while using manipulatives, and that their perspectives on algebra
subjects improved positively. Students stated that virtual manipulatives provide a better
understanding of the subject, increase operational skills, affect thinking, increase success and ensure
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permanence. They also mentioned the contribution of manipulatives to affective features such as
fun, curiosity and interest. The fact that almost all students who are introduced to manipulatives
have positive feelings towards mathematics supports the quantitative data on attitude. The activities
in the algebraic expressions and equations sub-learning area in the textbook were generally
presented under the control of the teacher, at this point, the students in the control group made
solutions and discussions through activities that did not have a dynamic structure. In addition, it
was observed that the misconceptions of the students in the control group decreased after the
teaching process. However, despite the difference between the pre-post test, it was determined in
the post-test findings of the control group that approximately half of the class still had various
misconceptions. The reason why misconceptions persist after the teaching practice in the control
group may be related to the fact that students cannot directly experience the activities carried out
during the distance education process. Students who discuss activities with their groupmates in the
classroom environment and make joint efforts to carry out these activities, see these activities as
spectators on the computer screen during the distance education process, and limited interaction
may be the reason for some misconceptions to persist in the control group. There are many studies
supporting the research results (Akkan & Cakiroglu, 2011; Cetin & Giinay, 2011; Giilkilik, 2013). For
example, as a result of Akkan and Cakiroglu's (2011) studies with 8th grade students, students found
concrete/physical manipulatives boring and virtual manipulatives more entertaining and eye-
catching. From the interviews conducted after the experimental process, it can be said that virtual
manipulative activities increased students' interest in the course.

Most students want manipulatives to be used both in mathematics and other courses. It is thought
that students' positive attitudes towards learning algebra in particular and mathematics in general
have a positive effect on increasing their success. Sevimli (2022) describes the features that should
be present in activities prepared with learning tools to be used in online environments; students'
interactive participation, multiple representations of concepts, and the ability to use real-life
problems in the classroom. In this context, considering that the virtual manipulatives used in this
study both enabled students to remain active throughout the lesson and gave them a concrete
experience, it can be said that students had positive attitudes towards the activities. As a matter of
fact, in addition to positive opinions, some of the students stated that computer-assisted activities to
be done with virtual manipulatives were complex and would not have a positive effect on their exam
success. Regarding this finding, Speer (2009), in his study aiming to determine the effects of the use
of virtual manipulatives, stated that students who cannot use computers at an adequate level may
have difficulty in using manipulatives and may encounter problems in transferring the applications
to the lesson, which may cause students to develop negative opinions. Students who find the use of
virtual manipulatives complicated; He/she may have considered virtual manipulatives as a game
and thought that they were used for purposes other than teaching.

The results of this study revealed that the use of virtual manipulatives in teaching the subject of
algebraic expressions and equations can benefit students in the process of eliminating
misconceptions. The teaching experiment in the current research; More comprehensive results can
be achieved if it is carried out again with sample, data collection tools and demographic variable
diversification. In this context, what can be done in the future; (i) the change in attitudes and beliefs
about teaching mathematics after training that will increase the awareness of teachers and teacher
candidates about virtual manipulatives; It is thought that (ii) determining appropriate design
processes to improve attitudes towards virtual manipulatives, (iii) examining the effect of the
manipulative portal developed within the scope of this research on different subjects and
achievements, and research on the subject or headings can contribute to the literature.
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MAKALE BILGISI

Bu ¢alismada, sanal manipiilatifler ile zenginlestirilmis etkinlik temelli matematik
igeriklerinin, cebirsel ifadeler ve denklemler konusundaki kavram yanilgilarin giderme
siirecindeki etkisi incelenmistir. Arastirmacilar tarafindan gelistirilen ve etkisi incelenen
sanal manipulatif, cebirsel ifadeler ve denklemler konusundaki 6grenci ihtiyaclarina
uygunluk ve program kazanimlari ile uyumluluk agisindan da degerlendirilmistir.
Arastirmanin tasariminda, On test-son test kontrol gruplu yari deneysel desen
kullamilmistir. Arastirmanin ¢alisma grubunu bir devlet okulundaki 7.smif diizeyinde
Ogrenim goren toplam 60 Ogrenci olusturmustur. Deney grubunda, arastirmacilar
tarafindan gelistirilen sanal manipulatifler, kontrol grubunda ise mevcut ortaokul
matematik ders kitabindaki etkinlikler, cebirsel ifadeler ve denklem konusunun
anlatiminda kullanilmistir. Kavram yamnilgisi belirlemek igin test, 6gretim siirecindeki
etkililigi betimlemek i¢in goriisme tekniklerinden yararlanilmistir. Calisma sonuglari,
hem deney hem de kontrol grubunda yapilan etkinlik temelli 6gretim uygulamalarimn
baslangicta yer alan kavram yanilgilarini giderme siirecinde etkili oldugunu gostermistir.
Deney grubundaki 6gretimin, islem sirasi ve cebirsel ifadelerin gosteriminde; kontrol
grubundaki 6gretimin ise harf ve nesne arasindaki iligkilerde ortaya c¢ikan yanilgilari
giderme acisindan daha kullanish oldugu belirlenmistir. Son test puanlarina iligskin
sonuglar, kavram yanilgilarinin giderilmesi agisindan kontrol grubuna kiyasla deney
grubu lehine istatistiksel olarak anlamli bir farkliik oldugunu gostermistir. Sanal
manipiilatiflerin matematik dgretiminde daha etkili kullanilabilmesine yonelik oneriler
tartisilmistir.
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Giris

Matematik, igerdigi soyut dil ve aksiyomatik yapidan dolay1 6grencilerin genel olarak korktugu ve
bazen olumsuz tutum geligtirdikleri derslerden biri olarak goriilmektedir. Ozellikle ortaokul
diizeyinde 6grencilerin matematigi bir yigin formdiiller ve islemler biitiinii olarak algilamalar1 ve
zihinlerinde somutlastiramamalar1 matematige yonelik cesitli zorluklar: tetiklemektedir (Erbas ve
Ersoy, 2003). Bu anlamda, olumsuz tutum, yanlis kavram imajlar1 ve sistematik hatalar beraberinde
matematiksel kavram yanilgilarina neden olmaktadir. Kavram yanilgilarinin matematige yonelik
olumsuz tutumlara neden oldugu kadar basariy1 da olumsuz etkiledigi bilinmektedir (Akin, 2002;
Yenilmez ve Yasa, 2008). Bu nedenle kavram yanilgilarinin belirlenmesi ve giderilmesi egitimin
kalitesi igin 6nemli ve gerekli goriilmektedir (Ayyildiz ve Altun, 2013). Matematiksel siire¢ ve
nesnelerin sembolik yapilar esliginde sunuldugu cebir 6grenme alaninda 6grenciler gesitli yanilg:
ve zorluklar yasamaktadir (Kaf, 2007). Ortaokul matematiginde somut islem déneminden soyut
islem donemine gecilmesiyle birlikte cebir 6grenme alanindaki yanilgilar daha belirgin hale
gelmektedir. Oysa cebirsel diisiinme becerisi matematik 6gretim programlarinda ele alinan énemli
beceriler arasinda yer almaktadir (National Council of Teachers of Mathematics [NCTM], 2000).
Milli Egitim Bakanlig1 (MoNE, 2018) tarafindan yayinlanan ilkogretim matematik 6gretim programi
incelendiginde de cebir O6grenme alaninda, Ogrencilerin {i¢ temel beceri agisindan gelisim
gostermeleri beklenmektedir. Bunlar; degisken kavramini anlamlandirma, cebirsel ifadelerle islem
yapma ve degisken kavramini anlamlandirarak denklemler ve esitsizlikler {izerinde ¢alismaktir.

Ogrenme-dgretme siireclerine teknolojinin entegrasyonu ile birlikte matematik grenme siirecinde
ortaya ¢ikan kavram yanilgilarmin giderilebilecegi ve matematik O6gretim programlarmnm on
gordiigii beceri ve kazanimlarin desteklenebilecegi ilgili alan yazinda sik¢a ifade edilmektedir. Bu
teknolojilerden biri olan sanal manipiilatifler, 6grencilerin matematiksel kavramlar ve islemler
arasinda baglantilar olusturmak ve eylemleri hakkinda aninda geri bildirim almak igin kendi
problemlerini olusturup c¢ozebilecekleri etkilesimli ortamlar saglayabilmektedir (Durmus ve
Karakirik, 2006). Bununla birlikte, yogun soyutlama siireglerinin yer aldig1 cebir 6grenme alaninda
yapilan ve 6grenci pratiklerini odaginda bulunduran smirl sayida arastirma mevcuttur (Camci,
2018). Oysa gevrimigi ortamlarda da kullanilabilecek ve somutlagtirma siirecinde destekli olusum
gorevi yiiriitebilecek sanal manipiilatiflerin matematiksel kavram yanilgilarini giderme ve olumlu
tutum gelistirme siirecinde etkili olabilecegi diisiiniilmektedir (Moyer ve digerleri, 2012). Bu
kapsamda, mevcut arastirma “7. smif 6grencilerinin cebirsel ifadeler ve denklem konusuna yonelik
kavram yanilgilarini giderme siirecinde sanal manipiilatif ile zenginlestirilmis etkinlik temelli
ogretim iceriklerinin rolii nedir?” sorusuna cevap aramaktadir. Boylece, oncelikle cebir 6grenme
alanindaki kazanimlar ile uyumlu bir sanal manipiilatif uygulamasi tasarlanacak ve daha sonra bu
manipiilatifin 6grencilerde mevcut olan yanilgilar1 giderme potansiyeli degerlendirilecektir.
Arastirma, alanyazinda belirtilen yanilgilar1 giderme potansiyeline sahip bir sanal manipiilatifin
gelistirilmesini odagina aldigindan, matematik egitimine kuramsal ve pratik agidan katki sunma
vizyonuna sahiptir.

Kavramsal Cerceve
Matematik Ogretiminde Sanal Manipiilatif Kullanimi

Ogretimde manipiilatiflerin kullanimi, 8grencileri matematikte daha aktif bir sekilde yer almaya
tesvik etmek igin yaygin olarak kullanilan bir strateji olarak goriilmektedir. Manipiilatifler,
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nesnelerin ve kavramlarin o6zelliklerini somutlastirmak icin kullanilmaktadir. Sinifta somut
nesnelerin kullanimina iliskin olarak ogrencilerin somut nesne ve modellerle galismalarmin hem
motivasyonlarmi artirdigi hem de 6grenmeyi eglenceli hale getirdigi belirtilmektedir (Clements,
1999). NCIM (2012), manipiilatifleri matematik egitiminin tiim seviyelerine entegre etmeyi
onaylamigtir. Manipiilatif materyallerin gercek diinya ile matematik diinyas: arasinda bir arac
olarak kullanilabilecegi de one siiriilmektedir (Lesh, 1990). Manipiilatifler, 6grencilerin zihinsel
temsiller olusturmasina ve bu temsillerin kullanilmasi, degistirilmesi ve yenilerinin sentezlenmesi
konusunda beceri kazanmasina izin verdigi icin, bir¢ok kisi tarafindan aritmetik ve cebir kavramlar:
O0gretim stireglerinde 6grenmenin dogasinda var olan zorluklar1 ¢6zmek icin en iyi yaklagim olarak
tanimlanmaktadir. Somut manipiilatiflerin kullaniminin yani sira sanal manipiilatifler de somut alg1
diizeyinde oldugu diistiniilen 6grenciler tarafindan &zellikle baz1 soyut kavramlarin bilgisayar
ortaminda modellenerek somutlastirilmas: yoluyla; kavramlar: daha iyi anlamalarina, kavramlar:
yorumlamalarina ve kavramlar1 problem ¢6zmede kullanmalarma yardima oldugu
varsayilmaktadir (Durmus ve Karakirik, 2006). Uygulamali somut manipiilatifler dokunsal ve gorsel
iken, sanal manipiilatifler sadece gorseldir. Bununla birlikte, sanal manipiilatifler de etkilesimlidir:
yani 6grenci ayni nesneleri manipiile edebilmekte ve bilgisayar faresini kullanarak nesnelerin ayni
zihinsel temsillerini olusturabilmektedir.

Matematikte teknolojinin kullanimmi temsil eden sanal manipiilatifler, matematiksel bilgiyi
yapilandirmak igin firsatlar sunan dinamik bir nesnenin etkilesimli, web tabanli temsilleri olarak
tanimlanmaktadir (Moyer ve digerleri, 2002). Bu manipiilatifler, fiziksel olmasalar da farkli duyu
organlarina birlikte hitap edebilme potansiyeline sahiptirler (Clements ve McMillen, 1996). Sanal
manipiilatifler, 0grencilerin matematiksel kavramlar ve islemler arasinda baglanti kurmak igin
kendi problemlerini ortaya koyabilecekleri ve ¢ozebilecekleri etkilesimli ortamlar saglayabilmekte
ve onlarin kavramsallagtirmalari tizerinde diistinmelerine yol agabilecek eylemleri hakkinda aninda
geri bildirim vermektedir. Sanal manipiilatifler, goreve yiikledikleri bazi kisitlamalar1 ortadan
kaldirarak fiziksel manipiilatiflere gore daha fazla avantaj saglamaktadir. Sanal manipiilatifler
tarafindan manipiile edilebilme yetenegi, 6grencinin kendi eylemlerinin sonuglarini gérme, anlam
yaratma ve iligkileri gorme firsati saglamaktadir (Moyer ve digerleri, 2002). Kavramlarin ve
iliskilerin gorsel temsili, 6grencilerin matematikte i¢ gorii kazanmalarmna yardimca olmaktadir
(Fitzallen, 2015).

Uluslararas: alanda 6grenci ve Ogretmenlerin ticretsiz kullanimi igin gelistirilmis pek ¢ok web
tabanli sanal manipiilatif (Tiirkge dil destegi olmayan) platformlarmin (NLVM, NCTM Illumination,
shodor vb.) oldugu goriilmektedir. Ote yandan iilkemizde sanal manipiilatif ve sanal manipiilatif
gelistirme ¢alismalarini igeren platformlarin sayisinin yeterli olmadig1 goriilmektedir (Durmus ve
Karakirik, 2006; Karakirik ve Cakmak, 2009). Literatiirde karsilasilan sanal manipiilatif gelistirme
calismalarmin igerik agisindan genellikle dar kapsamli oldugu goriilmektedir. Ornegin, Akkan ve
Cakiroglu (2011) cebirde kullanilmak iizere cebir karolari ile sanal bir manipiilatif gelistirmislerdir.
Ayrica, TUBITAK destekli bir proje ¢alismasi sonucunda, ilkokul matematik 6gretim programini
destekleyen ve 80'e yakin sanal manipiilatif igeren bir materyal seti tasarlanmistir (Karakirik ve
Cakmak, 2009). Tiim bu ¢alismalar ile birlikte, Tiirkge dil destegine sahip olacak sekilde gelistirilen
sanal manipiilatiflerin 6gretimdeki etkililiginin degerlendirilmesi konusunda smirli sayida
arastirma oldugu gozlemlenmektedir. Ayrica, cebirsel ifadeler ve denklem konularindaki
kazanimlarin ¢oguna karsilik gelen bir sanal manipiilatifin olmadig1 degerlendirilmistir.
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Cebir Ogretiminde Karsilasilan Yanilg: ve Zorluklar

Matematik alanindaki yeni gelismelerle birlikte cebire bakis agis1 degismis ve cebir, diistince-
iligkileri ifade etme yOntemi olarak goriilmiistiir. Cebir ve cebirsel diisiinme, egitim sistemimizde
matematik okuryazarliinin ayrilmaz bir parcas: olarak goriilmektedir. Cebir, 6grencilere soyut
diistinmenin ve mantiksal ¢ikarimin kapilarmi agmaktadir (Stacey ve MacGregor, 2000). Cebirde
sembolik temsile giris, temel matematiksel kavramlarin gelisiminin 6nemli bir pargas1 olarak
goriilmektedir. Genel olarak cebir, eldeki iliski veya iligkileri sayilar ve semboller kullanarak
genellestirilmis denklemlere doniistiiren bir matematik dali seklinde ifade edilmektedir. Cebirsel
diisiinme, cebirsel islemlere ve sembollere aritmetik bir dille anlam yiikleyerek, zihinde var olan
cebirsel bilginin smirlar1 dogrultusunda matematiksel akil yiirtitmenin gelistirilmesini igermektedir.
Cebir ve cebirsel diisiince, glinlimiiz egitim anlayisinin amaglar1 agisindan matematik
okuryazarliginin en 6nemli pargasi ve birlestirici unsurudur (Erbas ve Ersoy, 2002).

Matematik 6gretim programi incelendiginde cebir 6grenme alani ile ilgili konular Oriintiilere bagh
olarak verilmektedir. Cebir ile ugrasirken 6grencilerin bir¢ok zorlukla karsilastiklar: gortilmektedir.
Ciinkii aritmetikten cebire gegis sirasinda, 6grencilerin aritmetik mantikla ¢alismaya yonelmesi ve
karsilastiklar1 yeni harf ve simgelere kars: belirsizlik duygusu, gesitli yanlis anlamalara ve hatalara
neden olabilmektedir. Ozellikle 8grencilerin cebiri anlama giicliigii matematikteki basarilarinin
azalmasina neden olmaktadir (Erbas ve Ersoy, 2003). Tall (2005) gore bu durum 6grencilerin cebir
asamasinda manipiilasyon islemlerinde zayif olmalar1 ve basarili olamamalariyla ilgili oldugunu
belirtmistir. Cebir 6grenme siirecindeki zorluklar1 6grenci baglaminda degerlendiren Perso (1992),
ogrencilerin harflerin cebirdeki yerini anlama, degiskenleri kullanma ve denklemleri ¢ozerken
cebirsel kurallar1 kullanma agisindan giiglitk yasadigini ifade etmistir. Akkaya ve Durmus (2006),
ogrencilerin harfleri somut nesnelerin kisaltmalar1 olarak gordiiklerini, bu nedenle farkl
degiskenleri temsil edebileceklerini goz ardi ettiklerini belirtmektedir. Cebirin 6grenciler tarafindan
anlasilamamasinin nedenleri Kas (2010) tarafindan ii¢ baslik altinda incelenmistir. Bunlar cebirin
yapisi, 6grencilerin zihinsel gelisimleri ve hazir bulunugluklari ile cebir 6gretimindeki eksikliklerdir.

Cebir 6grenme siirecindeki zorluklarin nedenlerine bakildiginda genellikle, 6gretim programinda
ve Ogretmenin alan bilgisinde eksikliklerle karsilasilmaktadir (Dede ve Argiin, 2003). Bu anlamda,
cebir 6grenme alaninda yasanan giigliiklerin asilmasinda kullanilacak ogretim yontemleri biiytik
Onem tasimaktadir. Kaya (2015), derslerde kullanilan farkli 6gretim yontemlerinin 6grencilerin
cebirsel diisiinme becerilerini hayatlar1 boyunca anlamli bir sekilde gelistirmelerini sagladigini
belirtmektedir. Cavus-Erdem ve Giirbiiz (2017) ile Sert Celik ve Masal (2018) tarafindan denklemler
konusunun islendigi yedinci smif diizeyinde yapilan ¢alismalarda; 6grencilerin konuyu 6grenmede
zorlandiklari, kavramsal ve islemsel bilgilerinin yeterli olmadig1 belirlenmistir. Ilgili alanyazindaki
calismalar incelendiginde, cebir 6grenme alaninda kullanilan ve Tiirkce dil destegine sahip sanal
manipiilatiflerin siirli oldugu belirlenmistir. Ozellikle 6grencilerin ¢ok sayida kavram yanilgisina
sahip olduklar1 cebirsel ifadeler ve denklem konularinda sanal manipiilatiflerin kavram
yanilgilarin1 giderme stirecindeki roliinii ele alan bir ¢alisma ile karsilasilmamuistir. Bu arastirma,
yukaridaki boliimlerde ifade edilen eksiklik ve zorluklari, bir sanal manipiilatif uygulamasinin
tasarlanmas ve ilgili tasarimin etkisinin degerlendirilmesi agisindan ele almaktadir.
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Yontem

Arastirmanin Modeli

Mevcut arastirmada, var olan 0grenme ortamma bir miidahale sonrasinda ogrencilerin kavram
yanilgilarin1 giderme siirecleri degerlendirildiginden deneysel desenler arasindan yari deneysel
desen kullanilmistir. Bu arastirmadaki miidahale, cebirsel ifadeler ve denklem konularinin islendigi
derslerde sanal manipiilatifler ile zenginlestirilmis etkinlik temelli 6gretim igerikleri yoluyla
gerceklestirilmistir. Mevcut okul yapilarinda kontrol degiskenleri agisindan esit deney ve kontrol
gruplarinin  olusturulmasinin zor olmasi nedeniyle bu yontem tercih edilmigtir. Egitim
arastirmalarinda siklikla kullanilan yari deneysel desen ile ig¢ gegerliligi tehdit edebilecek
kaynaklardan gelen hatalar, deney ve kontrol gruplarinda ayni etkiye sahip olacagindan giiglii bir
sekilde kontrol edilebilmektedir (Biyiikoztiirk ve digerleri, 2017). Calismanin uygulama
asamasinda etik ilke ve hususlara dikkat edilmis olup, Tokat Gaziosmanpasa Universitesi Sosyal ve
Begeri Bilimler Arastirmalar1 Etik Kurulu'ndan 11.03.2021 tarih ve 05.18 sayili toplantisi ile Etik
Kurul Karar1 alinmistir.

Katilimcilar

Calisma grubunun belirlenmesi siirecinde amaca uygun 6rnekleme yontemi kullanilarak katilimci
se¢imi yapilmistir. Biyiikoztiirk ve digerleri (2017), amagli 6rnekleme yontemini olasilikli ve
rastgele olmayan bir yontem olarak tanimlamaktadir. Derinlemesine arastirmalarda da ideal bir
ornekleme yontemi olarak goriilmektedir (Biiytikoztiirk ve digerleri, 2017). Mevcut ¢alisma dikkate
alindiginda yar1 deneysel arastirma; dogasi geregi ayrintili ve uzun stireli bir calisma oldugundan
amaca uygun ornekleme yontemi en uygun yontem olmustur. Ayrica ¢alisma kapsaminda sadece
yapilan miidahalenin etkilerini aragtirmak ve diger degiskenleri kontrol altinda tutmak tizere
cinsiyet ve ¢alisma grubu sayilarinin esit olmasina 6zen gosterilmistir. Tiim bu 0Olgiitler ve onctiller
dikkate alindiginda, arastirmanin katilimcilarini, Tokat merkezde bulunan bir devlet okulunun 7.
siifindaki iki farkli subede 6grenim goren toplam 60 6grenci olusturmustur. Uygulama 2020-2021
egitim-6gretim yilinin ikinci doneminde, uzaktan egitim yoluyla ve 4 haftalik ders saatleri siirecinde
gerceklestirilmistir. Katiimecilar ¢alismada goniilliiliik esasina gore yer almistir.

Sanal Manipiilatif Gelistirme Siireci

Uygulama siirecinde oncelikle sanal manipiilatif gelistirilmesi siireci agiklanmigtir. Manipiilatif
portalinin gelistirilmesi siirecinde ihtiyag analizi, igerik olusturulmasi ve tasarim degerlendirilmesi
asamalarindan gegilmistir. ihtiyag analizi siirecinde cebir dgretiminde kullanilabilecek tiim sanal
manipiilatiflere ulasilarak bir havuz olusturulmustur. Arastirmacilar saha ¢alismalar1 kapsaminda
ogretmenler ile yaptiklar1 on goriismelerde Tiirkge dil destegi sunan araglar, tilkemiz matematik
Ogretimi program kazanimlari ile uyumlu araglar, etkilesime agik araglar ve kavram yanilgilarimi
giderme siirecinde kullanish olabilecek araclar seklindeki ihtiyac kategorileri ile karsilagmustir. Tlgili
literatiir incelendiginde sanal manipiilatif olarak NCTM'in igerik tireticisi oldugu NLVM aracina
daha sik atif yapildig1 gozlenmistir. Ancak bu aractaki iceriklerin Ingilizce olmasi ve program
kazamimlar ile yeterince uyumlu olmamast smirlilik olarak degerlendirilmistir. Ulkemizde yaygin
kullanima sahip olan Egitim Bilisim Aginda (EBA) bulunan sanal manipiilatif etkinliklerinin
yogunluk olarak sayilar ve islemler 6grenme alaninda yer aldig1 tespit edilmistir. Thtiyag analizi
verilerden yola cikilarak calismaya ve literatiire katki saglamak amaciyla Tiirkce dil destegiyle ilgili
kazanimlara uygun olacak sekilde bir manipiilatifin gelistirilmesi hedeflenmistir.
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Icerik olusturulmasi asamasmnda NLVM, NCTM Illuminations, WisWeb olmak iizere ii¢ sanal
manipiilatif kaynagi ve iilkemiz Milli Egitim Bakanhigmin Egitim Bilisim Ag: olan EBA
uygulamalar1 incelenmis ve bu sitelerde yaymnlanan manipiilatifler, 6grenme alanlarina gore
dagilimi kullanilabilirligi degerlendirilmistir. Bunun sonucunda 7.smif cebir 6grenme alanina ait
kazanimlara uygun bir sekilde uzman goriisleri ile desteklenen sanal manipiilatifler
olusturulmustur. Olusturulan manipiilatif uygulamasi, sanal manipiilatifleri ilgili olduklar1 konuya
gore gruplandirmak ve tek bir ¢at1 altinda erisim saglamak amaciyla gelistirilmistir.

Kullanici, web tabanli bir internet adresi iizerinden erisim sagladi1 sanal manipulatifte once
kullanic adi ve sifre araytizii ile karsilagir. Kullanici ad1 ve sifre 6grenci ve 6gretmenler igin ayr1 ayr
tanimlanmuistir. Sekil 1’de manipiilatif etkinlikleri ara yiizii giris ekrani goriilmektedir. Ogretmenler
ve Ogrenciler igin ayr1 birer E-posta ve sifre ile giris saglanmaktadir. Portalda gelistirilen tiim sanal
manipiilatifler, kazanimlara gore smiflandirilmis etkinlikler bashgr altinda kullanicilara
sunulmaktadir.

Sekil 1
Manipiilatifler Ana Giris Ekran

<« c(a modelleme Jatifbahadiraltun.com/# ¥ a % @ :

Sekil 2'de yer alan ekranin sol kisminda etkinliklere yer verilmistir. Ayrica 6gretmen kullanic
sayfasinda Ogrencilerin kendi etkinlik sayfasinda yaptiklarim1 gosteren Ogrenci cevaplari yer
almaktadir. Sistem tiizerinde 6grencilerin cevaplar1 6gretmen tarafindan incelenerek 6grencilerin
hangi kazanimda, hangi hatalar1 yaptiklar1 gozlemlenerek geri bildirimler ile 6grencinin yanlislar
diizeltilebilmektedir.

Sekil 2
Manipiilatif Giris Ekrani Arayiizii

melatifoshad o * @
teacher@teacher.com "’
. . /%&,:
_ CEBIRSEL iFADELER | \‘7
\ ‘ & L‘\\\\ \/
ESITLIK VE I)ENKI,EM%
2 6 mm 0
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Etkinliklerin iceriklerine, tizerine tiklayarak ulasilabilmektedir. Her etkinlik i¢in boyle bir icerik yer
almaktadir. Yeni etkinlikler tiretilebilir, var olanlar diizenlenebilir, istenilen etkinlikler silinebilir
ozelliktedir (Sekil 3). Bu 6zellikler sadece 6gretmen ara ytizii icin gegerli olabilirken, 6grenciler igin
sadece sanal manipiilatif etkinliklerini agma ve isleme 6zelligi bulunmaktadar.

Sekil 3
Sanal Manipiilatif Etkinlikleri Ayarlama Arayiizii

Sekil 3'te ifade edildigi gibi sanal manipiilatif etkinliklerini sistem iizerinden dinamik bir sekilde
dgretmen diizenleme, silme ve yeni etkinlikler olusturma imkanlarma sahiptir. Ogretmen istedigi
kadar manipiilatif etkinlikleri olusturabilmektedir. Sanal manipiilatif etkinlikleri farkli sinif
diizeyinde farkli kazanimlar icinde diizenlenmektedir. Ornegin 8. Sinif kazanimlarinda yer alan
cebirsel ifadelerin ¢arpimi kazanimi iizerinde de etkililik saglamaktadir. Her bir kazanima ait sanal
manipiilatif etkinlikleri dinamik bir sekilde islemektedir.

Sekil 4
Sanal Manipiilatif Etkinlikleri Ekran Ara Yiizii

Sekil 4'de yer alan cebirsel sanal materyaller siiriiklenerek cebirsel ifadelerin altinda yer alan
bosluga uygun sekilde yerlestirilmektedir. Yapilan modellemelerde her hangi bir yanlis mevcutsa
modellemeler ¢op kutusuna siiriiklenerek silinebilmektedir. Islem bitiminde kontrol et butonuna
basilarak sonucun dogrulugu yanlishgr belirlenmektedir. Yapilan islem dogru ise bir sonraki
etkinlige gecilirken, islem sonucu ve manipiilatiflerin yerlestirmesinde bir yanlislik mevcut ise islem
diizeltilmeye yoneltilir ve dogru sonuca ulasildiginda bir sonraki etkinlige gecilmektedir. Her bir
kazanimda yer alan sanal manipiilatif etkinlikleri i¢in ayni diizen ve sistem yer almaktadir.
Kazanimlara ait baz1 6rnekler Ek 1'de yer almaktadir.
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Manipiilatifin degerlendirilmesi siirecinde uzman goriisiinden yararlanilmistir. Matematik egitimi
alaninda doktora derecesine sahip iki uzman ile birlikte egitim teknolojisi alanindaki bir uzman
gelistirilen portaly; arayiiziin kullanici dostu olmasi, igeriklerin program kazanimlari ile uyumlu
olmasi ve mevcut igeriklerin gelistirilebilir olmas: boyutlar1 agisindan degerlendirmistir. Stireg
sonunda uygulanacak etkinliklerin Ogrencilere sikinti olusturulmamas: konusunda titizlikle
calisilmistir. Pilot calismasi sonuglar1 da cebirsel ifadeler ve denklemler konusundaki etkinliklerin
basariyla tamamlanabilmesi siirecinde 6grencilerin smif seviyesi ve matematik basar1 puanlarina
gore farklilagtigini gostermistir.

Uygulama Siireci

Manipiilatif portalin gelistirilmesi asamasindan sonra deney ve kontrol gruplar belirlenmistir. Bu
kapsamda matematik dersi sinif ortalamalar1 birbirine yakin olan iki sube se¢ilmis ve rastgele deney
ve kontrol grubu olarak tanimlanmigstir. Gruplarin kavram yanilgisi agisindan kendi iginde ve
birbirlerine gore degisimlerini degerlendirmek iizere on testler yararlanilmis ve 6gretim uygulamasi
sonrasinda bu testler tekrar ayni gruplara uygulanmistir. Bu kapsamda, cebirsel ifadeler ve denklem
konularindaki mevcut kavram yamnilgilar1 belirlendikten sonra 4 haftalik uygulama siireci
baslamistir. Deney grubundaki uygulama siirecinde arastirmacilar tarafindan yiiksek lisans tezi
kapsaminda gelistirilen bir portal igerisindeki sanal manipiilatif destegine bagvurulmus ve etkinlik
temelli yaklasim kullanilmistir.

Mevcut arastirma, 0gretim igerigine yapilacak bir miidahalenin kavram yanilgilari iizerindeki
etkisine odaklandigindan dolayi, sinif ortamimin diger bilesenleri olan 6grenciler ve 6greticilerin
degismemesine 0zen gosterilmistir. Bu anlamda deney ve kontrol grubunun derslerini yiiriitecek
olan dersin mevcut 6gretmenleri arastirmacilar tarafindan iki hafta boyunca uygulama igerikleri ve
materyalleri hakkinda bilgilendirilerek egitilmistir. Hem deney hem de kontrol grubundaki dersler,
Covid-19 pandemisinin de etkisiyle uzaktan egitim yoluyla yiriitiilmiistiir. Deney grubundaki
uygulama siirecinde 0gretmen bilgisayar ortamda olusturulan sanal manipiilatifleri 6grencilere
tanitarak ilgili konu kazanimlarin1 manipiilatifler esliginde 6grencilere aktarmis ve ders siirecini
etkinlik temelli olarak yonetmistir. Ogrenciler, ders sonrasinda égrenilen kazanimlar ile ilgili kendi
portallarina eklenmis olan sanal manipiilatif etkinliklerini tamamlayarak Ogretim siirecini
tamamlamiglardir. Bazi etkinliklerde tiim sinufin birlikte katilimi saglanirken, bazilarinda etkinlikler
bireysel olarak ytiriitiilmiistiir.

Kontrol grubunda ise EBA igerikleri ve mevcut ortaokul matematik ders kitabindaki etkinlikler
referans alinarak dersler uzaktan egitim yoluyla islenmistir. Bu siirecte konu, 6gretmen tarafindan
ders kitabindaki siraya gore sozlii olarak anlatilmis ve 6gretmen gerekli aciklamalarr 6grenci
ekranlarinda paylasarak oOgrencilerin defterlerine aktarilmasmi saglamistir. EBA, her smif
seviyesine uygun e-igerikler bulundurmasmnin yaninda siirece bagli olarak zengin e-igerikler
olusturup gelistiren dinamik bir egitim platformu olarak kullanilmistir. Ayni1 zamanda 6gretmen
tarafindan Ogrencilere proje calismalari, ders odevleri ve etkinlik ¢alismalar1 EBA {izerinden
gonderilmistir. Gonderilen calismalarin analizleri, 6grencilerin EBA kullanimlarma bagh ders
performanslari, 0devleri bitirme ytiizdeleri, smif ve 6grenci bazli basar1 oranlar1 vb. veriler EBA
raporlar boliimiinden ulasilarak degerlendirilmistir (EBA, 2021). Siirecin sonunda Ogretmen
Ogrencilerden varsa konu ile ilgili sorular sormalarin: istemistir. Ancak tiim siire¢ boyunca bazi
ogrenciler 6gretmenin izniyle konu ile ilgili soru sorabilmislerdir. Arastirmacilardan biri ¢evrimici
derslere gozlem yapmak tizere misafir olarak dahil olmustur. Gozlem sonuglarina gore 6gretmen
derslerini, videolu anlatimlar ve soru ¢oziimleri ile desteklemistir. Bu siirecte katilimc1 6grencilerin
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derslere cevrimici katilim sagladigl ve 6gretmenin talimatlarini takip ettikleri de gozlenmistir.
Siirecin sonunda 6gretmen ogrencilerden varsa konu ile ilgili sorular sormalarini istemistir. Ancak
tiim siire¢ boyunca birkag¢ 6grencinin anlamadiklar1 konuyla ilgili 6gretmenine soru yonelttikleri
tespit edilmistir.

2020-2021 egitim 6gretim yilinda, deney grubunda ders bir matematik 6gretmeni tarafindan, kontrol
grubunda ise diger bir matematik 6gretmeni tarafindan 6gretim programinda belirtilen saatte 4
hafta olarak islenmistir. Deney ve kontrol gruplarinda bu uygulamalar es zamanli olarak
gerceklestirilmistir. Bu siire¢te arastirmacilardan biri her hafta ogretmenlerden gerceklestirilen
dersler ile ilgili ders planlar1 almistir. Ders sonrasinda arastirmaci tarafindan ogrencilerin
tamamlamis olduklar1 sanal manipiilatif etkinliklerinin kontrolleri sanal manipiilatif etkinlikleri

portali iizerinden takip edilmistir.

sunulmustur.

Tablo 1

Caligma Gruplar: Icin Uygulama Siireci

Her iki ¢aligma grubu igin uygulama stireci Tablo 1'de

Hafta  Kazanimlar Deney Grubu Kontrol Grubu
Online egitim ile ders anlatimi Online egitim ile ders
gerceklesmistir. Olusturulan sanal kitab1 {izerinden 6gretmen
manipiilatif etkinlikleri uygulanp, merkezli konu anlatimi
odevlendirilmistir. Ogrenci cevaplart  gerceklestirilmistir.
sistem iizerinden bir sonraki haftaya  Cesitli web siteleri ile
kadar kontrol edilmistir. etkinlikler
zenginlestirilmistir.
1.Hafta *Cebirsel ifadelerle Igili sanal manipiilatif etkinlikleri: EBA
toplama ve ¢ikarma Etkinlik 1 Online Testler
islemleri yapar. Etkinlik 2 Ders kitabi etkinlikleri
Etkinlik 3
Etkinlik 4
2.Hafta *Bir dogal say1 ile bir EBA
cebirsel ifadeyi ¢arpar. Online Testler
*Say1 Oriintiilerinin ﬂgili sanal manipiilatif etkinlikleri: Ders kitabu etkinlikleri
kuralini harfle ifade eder, Etkinlik 5
kurali harfle ifade edilen Etkinlik 6
Oriintliniin istenilen
terimini bulur.
3.Hafta *Esitligin korunumu flgili sanal manipiilatif etkinlikleri: EBA
ilkesini anlar. Etkinlik 8 Online Testler
*Birinci dereceden bir Ders kitabi etkinlikleri
bilinmeyenli denklemi
tanir ve verilen gercek
hayat durumlarina uygun
birinci dereceden bir
bilinmeyenli denklem
kurar.
4 Hafta *Birinci dereceden bir flgili sanal manipiilatif etkinlikleri: EBA

bilinmeyenli denklemleri
¢ozer.

*Birinci dereceden bir
bilinmeyenli denklem
kurmay1 gerektiren
problemleri ¢ozer.

Etkinlik 9
Etkinlik 10

Online Testler
Ders kitabi etkinlikleri
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Veri Toplama Araglarn

Aragtirma siirecinde test ve goriisme araglari kullanilarak veriler toplanmistir. Uygulama 6ncesi ve
sonrasinda test tekniginden yararlanilmistir. Katilimei 6grencilerin cebirsel ifadeler ve denklemler
ile ilgili kavram yanilgilarini belirlemek amaciyla ¢oktan se¢meli Cebir Kavram Yanilgisi Belirleme
Testi 6n-son test seklinde kullanilmistir. Bu test, 6grencilerin cebirle ilgili kavram yanilgilarin
belirlemek iizere Perso (1992) tarafindan hazirlanmis ve Akkaya (2006) tarafindan Tiirkceye
uyarlamasi yapilmistir. Cebir Kavram Yanilgisi Belirleme Testi'nin uyarlama galismasi sonrasindaki
Cronbach alfa giivenirlik katsayisi 0.72 olarak hesaplanmustir. Tlgili test cebir grenme alaninda
karsilagilan 19 kavram yanilgisini tespit etmek iizere hazirlanmistir. Bazi sorular birden fazla
kavram yamnilgisini 6lgmekte olup Tablo 2'de kavram yanilgilarina gore sorularin dagilimi ifade

edilmistir.
Tablo 2
Kavram Yamlgilarina Gore Sorularin Dagilimi
Kavram Yanilgis: Tgili Soru
1. Harflerin matematikte bir anlami yoktur. 1,2,3,7
2. Harfler alfabedeki gibi siralanr. 6
3. Harflerin alfabetik siralamada oldugu gibi sayisal konum belirtir. 6,10
4. Katsayisi bir olan harflerin degeri “1” e esittir. 4,5,8,9
5. Her harfin sadece bir degeri vardir. 1,36
6. Harfler sadece rakam olabilir. 4
7. Harfler nesneleri gosterir. 1,2,57,9
8. Harfler sayilar gibi davranmazlar. 2,8
9. “+” veya “-” ve “=" isaretleri her zaman sonug verir. 11,12, 13,14, 15
10. Islemlerin sirasi Snemli degildir. 18
11. Cebirsel olarak “=" isareti bir eylemi gosterse de 6grenciler cebirsel ifadeleri 11, 12, 13, 14, 15

2s+5 veya 5-c islemlerinde oldugu gibi matematiksel bir islem yapma
seklinde yorumlamamaktadirlar.

12. Matematik her zaman soldan saga dogru islem yapalir. 14

13. Cebirde parantezlerin 6nemi yoktur. 17,18

14. Bir denklemin diger tarafinda ters islem yapmak yerine ayni islem yapilir. 20, 21, 22, 23, 24, 25, 26
15. Sayilari, degiskenleri ve isaretleri birbirinden ayridir. 24, 25,26

16. Cikarma islemi degisme ozelligine sahiptir. 22,24

17. Ters islemler gereksizdir. 20, 24

18. Harfleri soldan saga eslestirir. 27,29, 30

19. Harfler kelimeler i¢in bir etikettir. 27,28, 29

Aragtirmada elde edilen nicel verileri desteklemek amaciyla deney grubundaki o6grencilere
uygulama siireci sonrasinda nitel veri toplama araglarindan yar1 yapilandirilmis goriisme sorulari
sorulmus, sanal manipiilatiflerin derste ve odevlerde kullanimina iliskin gortisleri almmuisgtir.
Uygulama siirecine katilan 10 6grencinin sanal manipiilatifleri matematik 6gretiminde kullanimina
iliskin gortislerini goriismeler yoluyla desteklemek ve miimkiin oldugunca arastirma bulgularina
yansitarak duygu ve diisiincelerini zenginlestirmek amaciyla uzman goriisleri almarak
hazirlanmistir.

Goriismeler arastirmaci tarafindan yiritiilmiistiir. Aragtirmanin amact ve yapilacak goriisme
hakkinda arastirmaci tarafindan 6grencilere gerekli agiklamalar yapilmistir. Yar: yapilandirilmis
gortismeler cevrim igi ortamda bire bir olarak gergeklestirilmis, sorular arastirmaci tarafindan
sorulmus ve katilimcilardan derinlemesine cevaplar aranmistir. Gortismeler, katilimcilarin bilgisi ve
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onayl alinarak arastirmaci tarafindan yazili olarak kayit altina alinmistir. Ac¢ik uglu sorularda
ogrencilerin sanal manipiilatiflerin derslerde kullanimina iliskin olumlu ve olumsuz diisiinceleri,
matematikte diger konularin 6gretiminde sanal manipiilatifleri kullanmak isteyip istemedikleri,
sanal manipiilatiflerle islenen derslerin cebir 6grenme alaninda yasadigimmiz hatalarla ilgili
diisiincelerinde ne gibi degisiklikler olduguna dair bilgiler arastirilmistir.

Verilerin Analizi

Arastirma kapsaminda Cebir Kavram Yanilgisi Testi ve goriisme formu kullanilarak veriler
toplanmistir. Cebir Kavram Yanilgisi Testine verilen yanitlar analiz edilirken, her dogru soru igin 1
puan, her yanlig soru igin 0 puan verilerek degerlendirme yapilmistir. Ogrencinin alabilecegi
maksimum puan 30 iken, alabilecegi minimum puan 0'dir. Test sonuglarinin normal dagihim
gosterip gostermedigini belirlemek i¢in normallik testleri uygulanmistir. Gozlemlenen &grenci
sayist 50'den fazla oldugu icin Kolmogorov-Smirnov normallik testi uygulandi. Normallik testi
sonugclar1 Tablo 3'de sunulmustur.

Tablo 3

Deney ve Kontrol Grubu Ogrencilerinin Kavram Yamlgist Olcegi Puanlarma Iliskin Normallik Testi
Sonuclart

Calisma Grubu Kolmogorov-Smirnov
Istatistik sd p
Kavram Yanils1 On Test Puanlar1 Deney Grubu ,089 30 ,200
Kontrol Grubu ,126 30 ,200
Kavram Yanilgisi Son Test Puanlar: Deney Grubu ,126 30 ,200
Kontrol Grubu ,145 30 ,105

Normallik testinden elde edilen sonuglara gore verilerin analizinde gruplarin 6n test ve son test
puan ortalamalar1 arasinda anlamli bir fark olup olmadig1 bagimsiz t-testi kullanilarak
belirlenmistir. Elde edilen puanlar SPSS 26.0 yazilim1 yardimi ile analiz edilmis ve sonuglar tablolara
dontstiirtilmiistiir. Tablo 3'te ifade edildigi gibi 50 den fazla veriye sahip olundugundan,
Kolmogorov-Smirnov kullanilmistir ve p degeri 0,05 ten biiyiik oldugu i¢in kavram yanilgis1 6n test-
son test puanlar1 her iki grup icin normal dagilim gosterdigi kabul edilmistir. Calisma kapsaminda
kavram yanilgilarinin biitiinciil olarak degerlendirilmesinin yani sira yanilgi tiiriine gore de yapilan
O0gretim uygulamalarinin etkisinin incelenmesi amaglanmistir. Bu kapsamda her bir yanilg tiirii igin

deney ve kontrol gruplarinda 6n ve son test uygulamalarinda yanilgiya sahip olan 6grenci sayilar1
Npost
Npre
deney hem de kontrol grubundaki 6grencilerin sahip olduklari kavram yanilgilarinin azalma

tespit edilmistir. Daha sonra her bir yarlg tiirii i¢in (100 — x 100) formiilii tizerinden hem

ylizdesi degerlendirilmistir.

Deney grubundaki 6grencilere yar1 yapilandirilmis goriisme formu uygulanarak elde edilen nitel
veriler betimsel yontemler ile analiz edilmistir. Betimsel analizde elde edilen veriler kod veya
frekanslar gercevesinde degerlendirilir (Yildirim ve Simsek, 2013). Bu analizin amaci, elde edilen
bulgular1 diizenleyip yorumlamak ve okuyucuya sunmaktir. Bu kapsamda goriisme sorularina
verilen yanitlar frekans tiiriinden ayrnistirilmis ve her goriis kodlama sonrasinda neden-sonug
iligkileri baglaminda raporlanmstir.
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Bulgular

Kavram Yanilgis1 Belirleme Testi'ne iligkin bulgular sirasiyla kestirimsel ve betimsel istatistik
bulgularin1 kapsayacak sekilde sunulmustur. Bu kapsamda deney ve kontrol grubuna iliskin
uygulama bulgular: siirekli karsilagtirmalar yoluyla ve yanilg: tiirlerini referans alacak bigimde
degerlendirilmistir. Ayrica deney grubu Ogrencilerinin sanal manipiilatif ile zenginlestirilmis
etkinlik temelli 6gretim igeriklerine iliskin goriis bulgular1 da paylasilmistir.

Kavram Yanilgisi Belirleme Testine iliskin T-testi Bulgular

Deney ve kontrol grubunda yiiriitiilen 6gretim uygulamalar1 sonrasinda Ogrencilerin Kavram
Yanulgis1 Belirleme Testi puanlar1 agisindan farklilasip farklilasmadigi oncelikle degerlendirilmistir.
Deney ve kontrol gruplarinin on-son test puanlarinin ortalama ve standart sapmalari
hesaplanmistir, bu veriler deney ve kontrol gruplarinin 6n ve son test arasindaki fark, bagimsiz t-
testi ile karsilagtirllmistir. Bu veriler deney ve kontrol gruplarinin kavram yanilgisi 6n test-son test
puanlar1 arasindaki iliski Tablo 4 ve Tablo 5 de sunulmustur.

Tablo 4
Deney Grubu On-Son Test Puanlar:
N X Ss p t
Deney Grubu Kavram Yanilgist On Test 30 15,61 5,16
. . )
On-Son Test Puanlar: Son Test 30 25,45 225 ,000 9,560

Tablo 4’'te goriildiigli gibi deney grubunun 6n test - son test puanlarina ait ortalamasi arasindaki
fark bagimsiz t-testi ile karsilastirilmis (t=-9,56; p <.05) anlaml bir fark bulunmustur. Bu verilere
dayanarak deney grubu on test - son test kavram yanilgisi belirleme testi bagarilar1 arasinda, son
test yontinde anlaml bir fark oldugu ortaya ¢ikmistir. Bu verilerden yola ¢ikarak sanal manipiilatif
ile zenginlestirilmis etkinlik temelli 6gretim iceriklerinin deney grubu tizerinde kavram yanilgilarini
gidermesinde olumlu bir etkisinin oldugu sdylenebilir.

Tablo 5
Kontrol Grubu On-Son Test Puanlar:
N X Ss p t
Kontrol Grubu Kavram Yanilgisi On-Son On Test 30 13,21 3,92
Test Puanlar Son Test 30 20,69 345 ,000 -7,835

Tablo 5'de goriildiigii gibi kontrol grubunun son test puanlarina ait ortalamas: arasindaki fark
bagimsiz t-testi ile karsilagtirilmis (t=-7,835; p <.05) anlaml bir fark bulunmustur. Bu verilere
dayanarak kontrol grubu 6grencilerinin 6n test-son test basarilar1 arasinda, son test lehine anlaml
bir fark oldugu ortaya cikmustir. Bu veriler dogrultusunda kontrol grubunda gerceklestirilen
O0gretim uygulamalarinin kavram yanilgilarini giderme tizerinde olumlu bir etkisinin oldugu
gortilmektedir.

Deney ve kontrol gruplarinin 6n ve son test puanlarimin ortalama ve standart sapmalar:
hesaplanmistir, veriler deney ve kontrol gruplarinin 6n ve son test arasindaki fark, bagimsiz t-testi
ile karsilagtirilmistir. Elde edilen sonuglar dogrultusunda deney ve kontrol gruplarinin kavram
yanilgisi 6n test puanlar arasindaki iliski Tablo 6" da verilmistir.

Tablo 6
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Deney ve Kontrol Gruplarimin On Test Puanlar:

N X Ss p t
Kavram Yanilgisi Deney Grubu 30 15,61 5,16
On Test Puanl 067 2,028
nlest tuaniart Kontrol Grubu 30 13,21 3,92 ! !

Tablo 6’da 0n test puanlarina ait ortalamasi arasindaki fark, t-testi ile karsilagtirilmis (t=2,028; p >.05)
anlaml bir fark goriilmemistir. Bu anlamda her iki grup icinde bir miidahale olmadig: durumda
ogrencilerin benzer oranlarda kavram yanilgisina sahip oldugu soylenebilir. Deney ve kontrol
gruplarinin kavram yanilgisi son test puanlar arasindaki iliski Tablo 7” de verilmistir.

Tablo 7
Deney ve Kontrol Gruplarinin Son Test Puanlar
N X Ss p t
Kavram Yanilgis: Deney Grubu 30 25,45 2,25
Son Test Puanlari ,000* 6,310
Kontrol Grubu 30 20,69 3,45

Tablo 7'de goriildiigii gibi deney grubunun son test puanlarma ait ortalamasi ile kontrol grubunun
son test puanlarina ait ortalamasi arasindaki fark bagimsiz t-testi ile karsilastirilmis anlamh bir fark
bulunmustur (t=6,310; p <.05). Bu verilere dayanarak deney ve kontrol gruplarmin son test puanlari
arasinda, deney grubunun lehine anlaml bir fark oldugu ortaya c¢ikmistir. Bu verilerden yola
cikarak kontrol grubuna kiyasla deney grubunda sunulan 6gretim igeriklerinin kavram yanilgilarini
giderme siirecinde olumlu bir etkisinin oldugu soylenebilir.

Kavram Yanilgis1 Belirleme Testine iliskin Betimsel Bulgular

Cebir kavram yanilgisi belirleme testinin uygulamasinin ardindan deney ve kontrol grubu
ogrencilerinin sahip oldugu kavram yarnilgilarmin 6n testten son teste nasil degistigi Tablo 8'de
frekans ve ylizdeler esliginde sunulmustur. Boylece d6gretim siireclerinin kavram yanilgisi giderme
siirecindeki etkisi ilgili yanilg: tiirlerine gore ve betimsel istatistik yardimiyla degerlendirilmistir.
Tablo 8 incelendiginde hem deney hem de kontrol grubundaki o6grencilerin Ogretim siireci
sonrasinda kavram yanilgilarinin en az %20 en fazla %80 oraninda azaldig1 goriilmektedir. Bu
anlamda deney grubundaki sanal manipiilatif ile zenginlestirilmis etkinlik temelli 6gretimin ve
kontrol grubundaki ders kitabinda yer alan etkinlikler ile 6gretimin kavram yanilgilarini giderme
siirecinde farkli oranlarda etkili oldugu gozlenmistir.
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Tablo 8
Deney ve Kontrol Grubundaki Ogrencilerin Kavram Yanilgilarinin On Testten Son Teste Degisimi
Deney Grubu Kontrol Grubu

Kavram Yanilgiin azalma yiizdesi Yanilginin azalma
Yanilgilari Non Nson (%) Non Nson ylzdesi (%)
1 9 2 78 17 4 77

2 9 4 55 15 5 67

3 14 5 64 15 6 60

4 16 4 75 13 8 49

5 9 3 67 14 8 43

6 14 5 64 9 6 34

7 8 5 37 17 5 70

8 16 6 62 20 11 45

9 20 9 55 20 9 55

10 23 8 66 12 7 42

11 15 3 80 10 7 30

12 7 3 58 19 15 21

13 21 10 53 17 11 36

14 20 9 55 10 6 40

15 25 9 64 10 8 20

16 26 12 54 13 9 31

17 20 13 35 13 6 53

18 24 12 50 16 11 32

19 18 3 84 15 9 40

Not. N6n: On-Testte Kavram Yanilgis1 Olan Ogrenci Sayisi, Nson: Son-Testte Kavram Yanilgist Olan Ogrenci
Sayisi

Tablo 8'de Ogretim siireci 6ncesi ve sonrasinda uygulanan kavram yanilgisi belirleme verilere
incelendiginde deney grubunda sanal manipiilatif ile zenginlestirilmis etkinlik temelli 6gretim
stirecinin 19 kavram yanilgisindan 17’si iizerinde %50"nin {izerinde kavram yanilgilarini gidermede
acgisindan etkili oldugu tespit edilmistir. Kontrol grubunda gerceklestirilen ders kitaplarina baglh
etkinlik temelli 6gretim siirecinin kavram yanilgilarini giderme agisindan alt1 (1,2,3,7,9,17) kavram
yanilgisi tizerinde %50'nin iizerinde etki gosterdigi belirlenmistir. Kavram yanilgis: tiiriine gore
ogretim uygulamalar: arasindaki farkin %20'nin tizerinde bulgular Tablo 8'de vurgulanmistir. Buna
gore kontrol grubuna kiyasla deney grubunun kavram yanilgilarin1 giderme siirecinde %20’den
daha fazla etkili oldugu yanilg: tiirleri kalin ve italik, deney grubuna kiyasla kontrol grubunun
kavram yanilgilarini giderme siirecinde %20’den daha fazla etkili oldugu yanlg tiirleri ise sadece
italik yazim ile vurgulanmistir. Kontrol grubuna kiyasla deney grubunun kavram yanilgilarim
giderme siirecinde %20’den daha fazla etkili oldugu yanilgisi numaralary; 4, 5, 6, 10, 11, 12, 15, 16 ve
19’dur. Bu bulgular 19 yanilgidan dokuzunda deney grubunda yapilan 6gretim uygulamalarinin
kontrol grubunda kiyasla daha fazla etkili oldugunu ortaya koymaktadur. lgili kavram yamilgilari
arasinda kontrol grubuna kiyasla deney grubundaki 6gretim uygulamalarinin en fazla etkili oldugu
yanilg tiirii 11 nolu yanilgi olup, iki 6gretim arasinda fark %50’dir.

Deney ve kontrol grubunda Ogretim siireci sonrasinda devam eden veya giderilen kavram
yanilgilar arasindan dikkat ¢eken bazi bulgular sekiller ile sunularak yorumlanmistir. Tablolarda
yorumlamalar yapilirken kullanilan hesaplamalar kavram yanilgisina sahip olan dgrenciler ile
kavram yanilgisina sahip olmayan Ogrencilerin farki alinarak yiizdelik dilimdeki orani
belirlenmistir. 11 nolu yanilgida “Cebirsel olarak “=" isareti bir eylemi gosterse de 6grenciler cebirsel

840



Cebirsel Ifadeler ve Denklem Konusuna Yénelik Kavram Yanilgilarim Giderme Siirecinde
Sanal Manipiilatif Kullaniminin Etkisinin Incelenmesi

ifadeleri 2s+5 veya 5-c islemlerinde oldugu gibi matematiksel bir islem yapma seklinde
yorumlamamaktadirlar” yanilgis: yer almaktadir. Calisma gruplari i¢in kavram yanilgisini giderme
yoniindeki uygulama ve analizler sonucunda veriler Sekil 5’de sunulmustur. Bu baglamda kavram
yanilgisi giderilme oranlar1 incelendiginde; sanal manipiilatif ile zenginlestirilmis etkinlik temelli
ogretim igerikleriyle egitim alan deney grubunda kavram yanilgilar: giderme orani %80 iken kontrol
grubunda %30 oldugu goriilmektedir. Bu sonuglardan hareketle etkinlik temelli sanal
manipiilatifler ile 6gretimin 6grencilerin “Cebirsel ifadeleri bir matematiksel islem yapma seklinde
yorumlamama” yanilgisini giderme siirecinde olumlu bir etkisinin oldugu sdylenebilir.

Sekil 5

“=" [saretiyle Tlgili Kavram Yamilgisina Ait Ogrenci Verileri

30

25 1 8 On Test
20 + & Son Test
15

10 7

5

0 -

Deney Grubu Kontrol Grubu

Gruplarin yanlg: giderme oranlar1 arasindaki farkin yiiksek oldugu bir diger yanilg: “Katsayis1 bir
olan harflerin degeri “1” e esittir” seklinde ifade edilen 4 nolu kavram yanilgisidir. Calisma gruplari
i¢in kavram yanilgisini giderme yoniindeki uygulama ve analizler sonucunda veriler grafiklere
doniistiiriilerek Sekil 6’da sunulmustur. Kavram yanilgis: giderilme ytizdeleri incelendiginde; sanal
manipiilatif ile zenginlestirilmis etkinlik temelli 6gretim igerikleriyle egitim alan deney grubunda
kavram yanilgilar1 giderme oram %75 iken kontrol grubunda etkinin %38,4 oldugu gorilmiistiir.
Sonug olarak etkinlik temelli sanal manipiilatifler ile 6gretimin 6grencilerde mevcut olan “Katsayisi
bir olan harflerin degeri “1” e esittir “ yanilgisinin giderilmesi iizerinde olumlu bir etkisi oldugu
gortilmektedir.

Sekil 6

“Katsayist bir olan harflerin degeri “1” e esittir.” Kavram Yamlgisina Ait Ogrenci Verileri

30+
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i Son Test
20+
16
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10+ 8
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0 —
Deney Grubu Kontrol Grubu

Benzer olarak, Sekil 7’de ikinci kavram yanilgisina ait veriler incelendiginde; sanal manipiilatif ile
zenginlestirilmis etkinlik temelli Ogretim igerikleriyle egitim alan deney grubunda kavram
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yanilgilar1 giderme orani %55,5 iken kontrol grubunda oran %66,6 oldugu goriilmiistiir. Analizler
sonucunda, 6grencilerde mevcut olan “Harfler alfabede oldugu gibi siralanir” kavram yanilgisini
giderme siirecinde kontrol grubunda yapilan egitimin daha olumlu sonuglar verdigi soylenebilir.

Sekil 7

“Harfler alfabedeki gibi siralanir.” Kavram Yamilgisina Ait Ogrenci Verileri
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Sekil 8

“Harfler nesneleri gosterir.” Kavram Yamlgisina Ait Ogrenci Verileri
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Deney Grubu Kontrol Grubu

Bir diger yanilg1 6grencilere gore harfler nesneleri gosterir. 2m+3n gibi bir cebirsel ifadesi 2 muz ve
3 nar1 temsil etmektedir. Calisma gruplariicin kavram yanilgisini giderme yoniindeki uygulama ve
analizler sonucunda verilere ulasilarak grafiklere doniistiiriilerek Sekil 8'de sunulmustur. Ilgili
kavram yanilgisinin giderilmesi yoniindeki veriler incelendiginde; sanal manipiilatif ile
zenginlestirilmis etkinlik temelli O6gretim icerikleriyle egitim alan deney grubunda kavram
yanilgilar1 giderme orani %70,5 iken kontrol grubunda oran %37,5 oldugu goriilmektedir. Bu
sonuclardan hareketle etkinlik temelli sanal manipiilatifler ile 6gretimin, 6grencilerde mevcut olan
“Harfler nesneleri gosterir” yanilgisini giderme siirecinde daha etkili oldugu soylenebilir.
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Sekil 9

“+ veya -ve = isaretleri her zaman sonug verir.” Kavram Yamlgisina Ait Ogrenci Verileri
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Genel olarak sanal manipiilatif ile zenginlestirilmis etkinlik temelli 6gretim igerikleriyle egitim alan
ogrencilerin cebir 6grenme alanindaki kavram yanilgilarini gidermede olumlu yonde daha etkili
oldugu goriilmektedir. Birinci ve dokuzuncu kavram yanilgilarina ait verilerde gruplar arasinda bir
farkin olmadig: tespit edilmistir. Ornegin, dokuzuncu kavram yanilgisi olarak 6grenciler “+” veya

“" o “__r

ile isaretlerinin daima sonug iirettiklerine inanmaktadirlar. Ornegin, dgrenciler “2+a=?"
cebirsel islemin sonucunu 2a sekilde ifade etmektedir. Ogretim deneyi sonrasindaki kavram
yanilgis1 giderilme oranlar1 incelendiginde; sanal manipiilatif ile zenginlestirilmis etkinlik temelli
ogretim icerikleriyle egitim alan deney grubunda kavram yanilgilari giderme oran1 %55 iken kontrol
grubunda da %55 oldugu goriilmektedir ($ekil 9). Bu sonuglardan hareketle her iki grupta

gerceklestirilen 6gretim siirecinin “Matematiksel isaretler her zaman sonug iiretir” yanilgisi igin ayn1

“ oy “_rr

diizeyde etkisinin oldugu sdylenebilir. Ogrencilerin “+” veya “-” ile isaretlerinin daima sonug
uirettiklerine inanmakta olduklar1 kavram yanilgisi {izerine sanal manipiilatif etkinliklerinin

beklenen diizeyde bir etki gerceklestirmedigi goriilmektedir.
Goriisme Sorularina iliskin Bulgular

Arastirmanin alt problemi kapsaminda; uygulama sonunda deney grubu &grencilerinin sanal
manipiilatif ile zenginlestirilmis etkinlik temelli 6grenme siireclerine iliskin goriisleri de
incelenmistir. Bu amagla 6gretim siireci ile ilgili dort agik uclu soru hazirlanmis ve 6grencilerden bu
sorular1 yanitlamalari istenmistir. Birinci goriisme sorusuna ait goriisler Tablo 9’da sunulmustur.

Tablo 9
Sanal Manipiilatif Etkinlikleri [le Zenginlestirilmis Ogretim Hakkindaki Goriigleri-1
Yar1 Yapilandirilmis Goriisme Maddeleri Gortligler f
Ders eglenceliydi ve islenisi ilgimi 2
gekti.
1. Cebirsel ifadeler ve denklemlere yonelik hazirlanan sanal =~ Adim adim ilerlemesi konuyu 3
manipiilatif etkinlikleri ile ilgili diisiincelerin nelerdir? ogrenmemi kolaylastirdi.

Yeni bir 6grenme bicimi fakli buldum.
Konu ¢ok basit anlatildi. Sinavlarda bu 1

sekilde ¢cikmiyor.

Herhangi bir diisiincem yok. 1

Baz1 boliimlerde kafam karist. 1
Toplam 10

843



Tugba Temiir * Eyiip Sevimli

Tablo 9'da 6grencilerin cebirsel ifadeler ve denklemlere yonelik hazirlanan sanal manipiilatif
etkinlikleri ile ilgili diistincelerinin neler olduguna dair cevaplarin biiyiik ¢cogunlugunun (f=7)
ogretim siireci hakkinda 6grencilerin olumlu diistinceye sahip oldugunu gostermektedir. Genel
olarak 6grenciler sanal manipiilatif etkinlikleri ile zenginlestirilmis 6gretimi eglenceli ve ilgi gekici
bulduklarini, yeni bir 6grenme bicimi olarak farkli geldigini ve adim adim ilerlemesinin
ogrenmelerini kolaylastirdigini belirten 6grencilerden biri (O1) “...Bu sekilde anlatilan ders merak
uyandrd: ve ilgimi cekti, ilgim arttikca etkinlikler eglenceli hale geldi ve severek etkinliklerimi tamamladim...”
diyerek goriisiinii ifade etmistir. Bir diger dgrenci ise (O2) “Eglenceli oldugunu diisiindiim, mutlu
oldum” demistir. Sanal manipiilatif etkinlikleri ile konunun 6gretiminin adim adim ilerlemesi
temasinda yer alan dgrencilerden biri (O3) “...dersler bu sekilde daha asamali olarak ve ezbere dayali
olmayan her asamada dikkat isteyen anlagilir bir yontemdir” demistir. Baz1 6grenciler (f=1) konunun ¢ok
basit anlatildigini ve sinavlarda bu sekilde ¢itkmadigini belirten 6grenci diistincesini (O7) “dersin bu
sekilde anlatilmas: kolay olmasina ragmen test sorulart ¢ok zor oluyor.” seklinde belirtmistir. Sanal
manipiilatif etkinlikleriyle islenen dersler sonucunda, cebir 6grenme alaninda yasamis oldugun
yanilgilara yonelik 6grenci diigtinceleri Tablo 10’da sunulmustur.

Tablo 10
Sanal Manipiilatif Etkinlikleri [le Zenginlestirilmis Ogretim Hakkindaki Goriigleri-2
Yar1 Yapilandirilmis Goriisme Maddeleri Gortigler f
Cebirsel kavramlar1 dogru bir sekilde 5
anlamama neden oldu.
Var olan hatalarim dogru yonde ’
2. Sanal manipiilatif etkinlikleriyle islenen dersler degisti.
sonucunda, cebir 6grenme alaninda yasamis oldugun Cebirsel ifadelerden korkuyordum.
yanilgilara yonelik diisiincelerinde ne gibi degisiklikler Bu yontem sayesinde kolay 6grendim 3
oldu? ve daha ¢ok sevdim.
Etkilemedi. 2

Herhangi bir yanilgiya sahip degilim. 1
Toplam 10

Tablo 10’da 6grencilerin sanal manipiilatif etkinlikleriyle islenen dersler sonucunda, cebir 6grenme
alaninda yagamus oldugu yanilgilara yonelik diistincelerinde ne gibi degisiklikler oldugu sorulmus;
cevaplarin biiyiik ¢ogunlugunda (f=7) sanal manipiilatifler ile 6gretim siirecinin Ogrencilerin
cebirsel ifadelerde bulunan kavram yanilgilarmni azalltig1 ve cebire karsi daha istekli olduklar:
goriislerine ulagilmistir. Bu goriislerden bazilarinda (O1) “gérsel sekiller cebir harflerini anlamamda
kolaylik sagladi. Etkinlikler eglenceliydi ve dikkatimi dagitmadan konunun anlasilmasini sagladi.” derken,
(O4) “matematiksel ifadeler ve gorseller acik ve net bir sekilde anlasiltyordu. Etkinlikleri kalem kullanmadan
dinamik olarak yapmak konuya dair yanilgilarimi yok etmeye ve islemsel karmagalarim diizeltmeye yarads.”
goriislerini paylagsmistir. Gortismeye katilan 10 Ogrenciden yalnizca {i¢ii sanal manipiilatif
etkinlikleri ile zenginlestirilmis 6gretim igeriklerinin yanilgilar1 giderme agisindan bir etkisinin
olmadigin veya yanilgilarinin bulunmadigini ifade etmistir.

Tartisma, Sonuc ve Oneriler

Bu calismada sanal manipiilatif etkinlikleri ile zenginlestirilmis Ogretim iceriklerinin mevcut
ogretim igeriklerine gore kavram yanilgilarini giderme siirecindeki etkisi incelenmistir. Mevcut
arastirmada deney ve kontrol grubunda gerceklestirilen uygulama siireci sonrasinda 6grencilerin
sahip oldugu kavram yanilgilar1 6nce biitiinciil bir yaklasimla ve istatistiksel agidan anlamli bir
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farkin olup-olmadigina yonelik olarak incelenmis daha sonra ilgili kavram yanilgilar1 betimsel
istatistik yardimiyla karsilastirmali olarak yorumlanmistir. Bu anlamda oncelikle 6grencilerin
cebirsel ifadeler ve denklemler konusunda kavram yanilgisina sahip olup olmadigi ve bu
yanilgilarin uygulama gruplarina gore nasil farklilastig1 tespit edilmistir. Calisma sonuglari,
uygulama Oncesinde gruplar arasinda kavram yanilgisi belirleme 6lgegi on test puan ortalamalar:
acisindan anlamh bir farklilik olmadigmi gostermistir. Bu sonug, her iki grubun da o6gretim
uygulamas: oncesinde benzer hazirbulunusluk seviyelerine sahip oldugunu gostermektedir.
Uygulama 6ncesinde, kavram yanilgisi belirleme 6lgegindeki 19 sorudan deney grubunda 7 ile 26
arasindaki 6grencinin kontrol grubunda ise 9 ile 20 arasindaki 6grencinin cebirsel ifadeler ve
denklemler konusunda kavram yanilgisina sahip oldugu belirlenmistir. Katilimci sayisinin her bir
grupta 30 kisi oldugu goz oniinde bulunduruldugunda uygulama 6ncesinde cebirsel ifadeler ve
denklemler konusunda katilimcilarin 6nemli bir boliimiiniin kavram yanilgisina sahip oldugu
sOylenebilir. Nitekim mevcut durumu belirlemek amacyla yapilan calismalardan birinde
Akkaya’da (2006) ortaokul 6grencilerinin harflerin cebirdeki yerini anlama, degiskenleri kullanma
ve denklemleri ¢ozerken cebirsel kurallar1 kullanma bagliklar1 altinda bazi zorluklar yasadigini
tespit etmistir.

Ortaokul matematigi diizeyinde cebirsel ifadeler ve denklemler alt 6grenme alanindaki igerikleri
odaginda bulunduran bu aragtirmada, mevcut yanilgilari belirlemenin Gtesinde, ilgili kavram
yanilgilarinin etkilesimli uygulamalar sonrasinda ne olglide degistigi {izerinde durulmustur.
Calisma sonuglari, hem deney hem de kontrol grubundaki dgretim uygulamalari sonrasinda
kavram yanilgilarmi giderme acisindan on-son test puanlarinin grup ici karsilastirmasinda
istatistiksel olarak anlamli farkliliklar oldugunu gostermistir. Bir diger ifadeyle hem deney hem de
kontrol grubundaki 6grencilerde 6gretim uygulamasi oncesinde mevcut olan yanilgilar dikkate
deger oranda azalmugtir. Her iki 6gretim siirecinin etkinlik temelli olarak ytiriitiilmesi 6grencilerde
var olan yamnilgilarin belirli oranlarda azalmasma katki saglamis olabilir. Bu anlamda 7.smif
ogrencilerinin cebir 6grenme alanindaki kavram yanilgilarini inceleyen Erdem ve Sarpkaya Aktas
(2018) da etkinliklere dayali 6grenme ortamlarinin kavram yanilgilarini giderme stirecinde énemli
avantajlar sundugunu belirtmistir.

Bu arastirmanin odaklandig1 temel durum sanal manipiilatifler ile yapilan 6gretim uygulamasmin
etkisini incelemektir. Deney ve kontrol grubundaki dgretim uygulamalari sonrasinda gruplar
arasinda kavram yanilgilarini belirlemeye yonelik yapilan son test puan ortalamalar: agisindan
istatistiksel olarak anlamli bir farklihik oldugunu gostermistir. Deney ve kontrol grubu kavram
yanilgilarini belirleme son test puan ortalamalar1 arasindaki farkin sanal manipiilatif etkinlikleri ile
zenginlestirilmis 6gretim igeriklerinin kullanildig1 deney grubu lehine oldugu tespit edilmistir.
Betimsel bulgularda da, ilgili literatiirde ifade edilen 19 kavram yanilgisindan 15'inde deney
grubundaki uygulamalarin daha etkili oldugu ortaya ¢ikmistir. Nitekim 6n-son test bulgular1 birgok
yanilg tiiriinde deney grubundaki 6grencilerin kavram yanilgilarmin kontrol grubuna kiyasla daha
yliksek diizeyde azaldigimi gostermistir. Deney grubundaki Ogrenciler sanal manipiilatif ile
zenginlestirilmis etkinlikler ile kontrol grubundaki 6grenciler ise EBA ve ders kitabinda mevcut olan
etkinlikler ile karsilastirilmistir. Bu bulgudan hareketle, cebir 6grenme alaninda sanal manipiilatif
etkinlikleri ile zenginlestirilmis O6gretim igerigi kullaniminin, kavram yanilgilarimi giderme
acgisindan, mevcut 6gretim igeriklerinin kullanildigi durumlara gore daha etkili oldugu sdylenebilir.
Alanyazinda yapilan sanal manipiilatif kullaniminin matematige yonelik tutum (Alshehri, 2017; Lee
ve Chen, 2015; Olkun ve Altun, 2003; Samioglu ve Siniksaran, 2016) ve akademik basar1 (Demir,
2019; Moyer ve Bolyard, 2002; Samioglu ve Siniksaran, 2016; Yeniceri, 2013) gibi bilesenler
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iizerindeki etkisini inceleyen diger bazi calismalar da dgretim uygulamasi sonrasinda 6grencilerin
bu bilesenler agisindan gelisim gosterdiklerini ortaya koymustur.

Bu arastirmanin onceki ¢alismalardan farki Ogretim siirecinin tamamen g¢evrimigi ortamlarda
gerceklesmesidir. Bu anlamda Covid-19 pandemisinde tiim egitim-06gretim siireglerinin gevrimici
oldugu bir dénemde 6grencilerin matematik etkinliklerini kendi 6grenme hizina gore yiiriitmeleri
ve sanal manipiilatifler araciligiyla etkinlikteki gorevleri dogrudan deneyimlemeleri kavram
yanilgilarinin indirgenmesinde etkili olabilir. Cebirsel ifadeler ve denklemler alt 6grenme alaninda
sanal maniptlatif etkinlikleri destegi ile 6grenim goren deney grubu Ogrencileri, arastirmacilar
tarafindan gelistirilmis olan web destekli uygulama igerisindeki etkinlikleri kendi kisisel
bilgisayarindan gerceklestirebilmekte ve yeni etkinlikler gelistirebilmektedir. Dolayisiyla deney
grubundaki Ogrencilere yoneltilen etkinliklerin etkilesimli, esnek ve gelistirilmeye agik oldugu
sOylenebilir. Sanal manipiilatif destekli matematik 6gretimi uygulamasina iligskin goriisme sonuglari
da 6grencilerin kendi 6grenme hizina gore uygulama ve tekrar yapma imkani sagladigindan dolay1
bu uygulamalara olumlu yaklagtiklarim gdstermistir. Ogrenciler manipiilatifleri kullanirken basarili
hissetme, eglenme duygular1 hissettiklerini ve cebir konularma bakis acilarmin olumlu yonde
gelistigini belirtmistir. Ogrenciler, sanal manipiilatiflerin konunun daha iyi anlagilmasin
sagladigini, islem becerilerini artirdigini, diisiinmeyi etkiledigini, basariy:r artirdigini ve kaliciligi
sagladigini belirtmislerdir. Ayrica manipiilatiflerin eglence, merak ve ilgi gibi duyussal 6zelliklere
katkisindan da bahsetmislerdir. Manipiilatif ile tanisan hemen hemen tiim 6grencilerin matematige
kars1 olumlu duygular beslemesi tutumla ilgili nicel verileri desteklemektedir. Ders kitabindaki
cebirsel ifadeler ve denklemler alt 6grenme alaninda yer alan etkinlikler genellikle 6gretmen
kontroliinde sunulmus, bu noktada kontrol grubundaki 6grenciler dinamik yapiya sahip olmayan
etkinlikler {izerinden ¢6ziim ve tartisma yapmuslardir. Ayrica kontrol grubundaki 6grencilerde
mevcut olan kavram yanilgilarinin 6gretim siireci sonrasinda azaldig1 gézlemlenmistir. Ancak 6n-
son test arasindaki farka ragmen kontrol grubunun son test bulgularinda sinifin yaklasik yarisinin
hala cesitli kavram yanilgisina sahip oldugu tespit edilmistir. Kontrol grubundaki o6gretim
uygulamasi sonrasinda kavram yanilgilarinin devam ediyor olma nedeni, 0grencilerin uzaktan
egitim siirecinde yapilan etkinlikleri dogrudan deneyimleyememesiyle ilgili olabilir. Sinif
ortaminda etkinlikleri grup arkadaslariyla tartisan ve bu etkinlikleri gerceklestirmek igin ortak ¢aba
sarf eden Ogrencilerin uzaktan egitim siirecinde, bu etkinlikleri bilgisayar ekranindan bir izleyici
olarak gormesi ve etkilesim smirlilig1 kontrol grubunda bazi yanilgilarin devam etmesine gerekge
olabilir. Arastirma sonuglarin1 destekleyen bir¢ok calisma bulunmaktadir (Akkan ve Cakiroglu,
2011; Cetin ve Gilinay, 2011; Gilkilik, 2013). Ornegin, Akkan ve Cakiroglunun (2011) 8. smaf
ogrencileri ile yaptiklar1 calismalar sonucunda 6grenciler somut/fiziksel manipiilatifleri sikici, sanal
manipiilatifleri daha eglenceli ve dikkat ¢ekici bulmuslardir. Deneysel siire¢ sonrasinda yapilan
goriismelerden de sanal manipiilatif etkinliklerinin 6grencilerin derse olan ilgilerini de artirdig:
sOylenebilir.

Ogrencilerin cogu manipiilatiflerin hem matematikte hem de diger derslerde kullanilmasini
istemektedir. Ogrencilerin zelde cebir ve genelde matematik &grenmeye yonelik olumlu
tutumlarmin basarilarin1 artirmada olumlu etkisi oldugu diistiniilmektedir. Sevimli (2022),
¢evrimigi ortamlarda kullanilacak 6grenme araglari ile hazirlanmais etkinliklerde bulunmasi gereken
Ozellikleri; Ogrencilerin etkilesimli katilimi, kavramlarin ¢oklu temsili ve gercek yasam
problemlerinin smif igerisinde kullanilabilmesi seklinde siralamistir. Bu baglamda, bu ¢alismada
kullanilan sanal manipiilatiflerin de hem 6grencilerin ders boyunca aktif kalmasini sagladigi hem
de onlara somut bir deneyim yasattig1 diistiniildiiglinde, 6grencilerin etkinliklere yonelik olumlu
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tutumlarmin oldugu sodylenebilir. Nitekim olumlu goriislerin yani sira 6grencilerin bir kismi sanal
maniptiilatifler ile yapilacak bilgisayar destekli etkinliklerin karmasik oldugunu ve sinav
basarilarina olumlu bir etkisi olmayacagini ifade etmistir. Bu bulgu ile ilgili olarak Speer (2009),
sanal manipiilatiflerin kullanimmin etkilerini belirlemeyi amagladig1 ¢alismasinda bilgisayar:
yeterli diizeyde kullanamayan Ogrencilerin manipiilatif kullaniminda zorluk yasayabilecekleri,
yapilan uygulamalarin derse aktariminda sorunlarla kargilasabilecegini bunun da 6grencilerin
olumsuz goriis gelistirmelerine neden olabilecegini belirtmistir. Sanal manipiilatiflerin kullanimini
karmagik goren 6grenciler; sanal manipiilatifleri bir oyun gibi degerlendirip 6gretim amaci disinda
kullanildigin diistinmdis olabilir.

Bu ¢alismanin sonuglari, cebirsel ifadeler ve denklemler konusunun 6gretiminde sanal manipiilatif
kullaniminin, kavram yanilgilarin1 giderme siirecinde 6grencilere fayda saglayabilecegini ortaya
koymustur. Mevcut arastirmadaki Ogretim deneyinin; Orneklem, veri toplama araglar1 ve
demografik degisken cesitlemesi ile tekrar gergeklestirilmesi durumunda daha kapsamli sonuglara
ulagilabilir Bu baglamda gelecekte yapilabilecek; (i) 6gretmen ve ogretmen adaylarmnin sanal
manipiilatiflere yonelik farkindaliklarmi artiracak egitimler sonrasinda matematik 6gretimine
iliskin tutum ve inancglardaki degisimi; (ii) sanal manipiilatiflere yonelik tutumu gelistirmek icin
uygun tasarim siireglerinin belirlenmesi, (iii) bu arastirma kapsaminda gelistirilen manipiilatif
portalinin farkli konu ve kazanimlardaki etkisinin incelenmesi, konu veya basliklarindaki
aragtirmalarin alanyazina katki saglayabilecegi diisiiniilmektedir.

Etik Kurul Onayr: Calismanin uygulama asamasinda etik ilke ve hususlara dikkat edilmis olup, Tokat
Gaziosmanpasa Universitesi Sosyal ve Begeri Bilimler Arastirmalar1 Etik Kurulu'ndan 11.03.2021 tarih ve 01-
19 sayili toplantisi ile Etik Kurul Karar1 alinmustir.

Arastirmacilarin Katki Orani: Calisma siirecinde, arastirmacilarin katki oranlari esit diizeydedir.

Catisma Beyani: Yazarlar arasinda bu ¢alisma kapsaminda potansiyel hicbir ¢ikar ¢atismas: yoktur.
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APPENDIX A

Virtual Manipulative Activity Examples

1) Performs addition and subtraction operations with ~ 2) Multiplies a natural number and an algebraic

algebraic expressions. expression.
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3) Understands the principle of conservation of 4) Solve first degree equations with one unknown.
equality.
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