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Abstract

The aim of this study is to determine the symbol errors made by primary school first and second grade students
in four operations content. The model of the research is a case study, one of the qualitative research methods.
Study group, the sample consists of 327 students studying at the first and second grade levels of primary school,
selected through criterion sampling, one of the purposive sampling methods. As a result of the analysis, within

the category of symbol errors; “perceiving the minus (-) sign as a plus (+) sign”, “perceiving the plus (+) sign as

a minus (-) sign”, “mistaking the equal (=) sign”, “writing number symbols incorrectly”, “using the operation

» o« » o«

line in the wrong place”, “not using the operation line”, “not using the operation symbol”, “confusing the places

of the operation symbols”, “perceiving the multiplication (x) sign as a plus (+) sign”, “perceiving the division (+)

sign as a minus (-) sign”, “perceiving the plus (+) sign as a multiplication (x) sign”, “perceiving the multiplication
(x) sign as a division (+) sign”, “perceiving the minus (-) sign as a division (+) sign” error types determined.
Among these symbols errors, it was determined that the error of perceiving the minus (-) sign as plus (+) was
made by the first-grade students at the highest rate. By the second-grade students, it was concluded that the

error of perceiving the multiplication (x) sign as a plus (+) sign was made at the highest rate.

Keywords: Primary school, mathematics teaching, four operations, symbol, error.

Introduction

At an early age, learning mathematics requires children to establish and recreate mathematical
relationships in their own minds. Children need direct and concrete interaction with mathematical
ideas. Continuous interaction is required between the child's mind and concrete experiences in the real
world (Cockburn, 2005; Burns, 2007).

Children have a range of experiences that require them to use mathematical concepts before
they start school. Activities and experiences, such as saying numbers in rhymes, forming patterns with
objects, are clearly mathematical. Some mathematical concepts are more ingenious, such as sorting the
washed laundry and setting the table (Mooney, Briggs, Fletcher, Hansen, & McCulloch, 2009). Children's
early mathematical experiences are very important in terms of presenting images that they will carry
with them as they grow up (Cotton, 2010, p.193). Primary school years are the years in which the
foundations of many mathematical concepts are laid. Mathematical concepts are constructed as
symbolic relational structures and encoded through signs and symbols that can be logically combined
in mathematical operations (Steinbring, 2006). The results of teaching mathematics in the school years
are fundamental and twofold. When using mathematical symbols first, it is important that they become
confident users. Secondly, these symbols must be meaningful and integrated into mathematical
knowledge (Anghileri, 2005).

Symbols have an important place in mathematics and generally provide order and management
(National Council of Teachers of Mathematics [NCTM], 2000; Adams, 2003; Esty, 2011; Bardini & Pierce,
2015). Symbols provide an extremely easy method to deal with quantities in calculation and problem
solving in mathematics and give an opportunity to think about mathematical operations (Tall et al,,
2001). Mathematical concepts are tightly bound to symbols that represent them. Mathematical symbols
(1,2,3, +,-, %, +, <, >, %, etc.) are important tools used to convey mathematical knowledge. Children
cannot begin to use symbols directly when learning math. The first use of the symbol begins after the
discovery of the mathematical concept or relationship represented by this symbol. For example, people

use the "+" symbol to represent addition and the

symbol to represent subtraction (Olkun & Toluk
Ucar, 2012, p.9). Mathematical symbols (+, -, X, +, =, etc.) provide brevity in communication by providing
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a 'shorthand' for written work and then provide a form of representation that provides an algorithmic
(pen and paper calculation) approach to written work (Anghileri, 2005). A symbol can represent a
complex network of many links. Symbols for numbers, the symbol for addition, and the equals symbol
have different meanings depending on the situation and shape in which they are used. To be suitable for
these different contexts, many and extensive language support is needed. Such as; adding, counting,
adding, decreasing (Haylock & Cockburn, 2014, pp.14-15).

The first years of primary school usually consist of natural numbers and four operation
questions with these numbers. Since mathematical concepts encountered in the set of natural numbers
and other numbers are also encountered, teaching natural numbers and four operations with natural
numbers are considered the basis for teaching other number sets (Olkun & Toluk Ucar, 2012, p.66).
There are many children who can count flawlessly to 10, 50 or even 100 at an early age. In adults, for
such a child, “This child is ready to add and subtract.” thought appears. Many studies have shown that
this is wrong and that counting and processing requires more talent and skill (Altun, 2014, p.23).
Understanding a mathematical subject is not a sudden event. It is a constantly evolving process that is
reached at the end of the learning programme. Mathematics is a different process from perception in
thatitis about right and wrong answers. [t is certain that wrong answers are a known difficulty (Barmby,
Harries & Higgins, 2010, p.48).

Student errors indicate “individual difficulties”. Errors: It shows that the student does not
understand certain concepts, techniques, problems, and does not grasp it as "scientific" or "adult".
Students learn erroneous concepts and processes in a similar way. Students look for commonalities
between their first contact with a concept or process. With these they form an abstraction with certain
common properties. They shape concepts and algorithms (Aschlock, 2002, p.9). Errors made by
students are not random, except for basic facts and carelessness. The errors made are extremely
consistent. Teachers see the same errors over and over for years. In most cases, children's errors are the
result of applying an incorrect operation rather than a rule-based, correct algorithm. However, these
wrong actions may make sense to the child, even if the logic is wrong (Burns, 2007, p.10). According to
Leinwand (2009), almost all students make mathematical errors. Frequent logically based errors are
commonly due to misunderstandings. Students may experience confusion in their efforts to understand
new materials and concepts. Teachers should know that errors and confusion are a powerful learning
opportunity. For the most part, teachers tend to focus on the correct answer in their math lessons.
Instead of identifying the reasons that cause errors to occur, wrong answers are simply countered.
Wrong answers are simply crossed out.

In mathematics, there is extensive use of keywords denoting the four operations (addition,
subtraction, multiplication, division, equals) and mathematical symbols (+, -, x, +, =) which are
representations of these words. As a result of this intensive use, the inability to distinguish between
symbols can prevent learning (Baroody & Standifer, 1993; Patkin, 2011; Hansen, 2014). Students often
have difficulties in attributing meaning to mathematical symbols (Adams, 2003; Anghileri, 2005; Powell,
2015; Powell & Driver, 2015). As a result, errors may occur. Errors also negatively affect students' next
learning (Engelhardt, 1977; Ashlock, 2002; Spooner, 2002; Hansen, 2014; Ojose, 2015). When it comes
to student error, knowing the situations that cause and produce that error is very important in terms of
making sense of the error. To examine the errors of children performing mathematical operations;
understanding their thoughts can contribute to teaching problems caused by teachers. If children are to
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understand the relationships that exist between numbers and the operations we use on numbers, it is
essential that they understand what the teacher is saying and how this relates to the symbols they see
on a page and use for calculations. It is important to identify the errors made by children to be able to
overcome such difficulties and to provide appropriate assistance to children. Analysing student errors
gives information about faulty problem-solving process, mathematical understanding and attitudes. If
the errors are determined and the necessary feedback is not given to the students, the students'
understanding of their errors may not emerge within the system and the students may not have the
opportunity to correct their errors. For these reasons, it is thought that it is important to determine the
symbol errors made by students especially in primary schools where the foundation of four operations
is laid. The aim of this research is to determine the symbol errors made by primary school 1st and 2nd
grade students in four operations.

Method
Research Model

The model of the research, in which it is aimed to determine the symbol errors made by primary
school 1st and 2nd grade students in four operations, is a case study from qualitative research
approaches. Qualitative research deals with how and why behaviour occurs. It describes how people
interpret what they experience (Merriam, 2013, p. 14). According to Creswell (2016), case study; it is a
qualitative research approach in which the researcher examines one or more limited cases over time,
using data collection tools containing multiple sources (observations, interviews, audio-visual,
documents, reports) that define situations and themes depending on the situation. According to Yildirim
and Simsek (2021), qualitative research is a type of research in which qualitative data collection
methods such as observation, interview and document analysis are used, perceptions and events are
monitored in the natural environment. Document analysis is also defined as the examination of written
materials containing information about the case or cases that are aimed to be investigated. Document
analysis was used as a data collection method in the research.

Study Group

The study group of the research was selected by criterion sampling, one of the purposeful
sampling methods; in the 2015-2016 academic year, 162 students, 83 girls and 79 boys, are studying at
the primary school first-grade level, and 84 girls and 81 boys are total 165 students studying at the
second-grade level in primary school. According to Yildirim and Simsek (2021), the basic understanding
in criterion sampling method is to study the situations that meet a predetermined set of criteria. As a
criterion in the research, to be able to identify the different errors made by the students and to make an
in-depth analysis, the students who make up the study group are in heterogeneous classes (good,
medium, weak) in terms of mathematics achievement level, and the students are at different socio-
economic (low, medium, high) levels instead of students with similar status. The schools to which the
application will be made have been determined according to these criteria.

Data Collection Tool
In this research, mathematics textbooks of primary school 1st and 2nd grade students were used
as data collection tool and document analysis was carried out. Primary school mathematics curriculum,

teacher's guidebooks, student textbooks, supplementary workbooks, related literature were examined
and the concepts in the four-operation symbols were tried to be determined. A data source has been
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created on how to evaluate student errors. The data source (symbol errors form) was created by
obtaining expert opinions from 3 mathematics education experts and 3 classroom teachers, and the
creation of categories and codes was ensured.

Data Collection Process

The research data were collected after obtaining the necessary permissions from the Istanbul
Governorship Provincial Directorate of National Education. School administrators and teachers working
in the schools where the application will be made by the researcher were informed about the right to
study and process. The notebooks used by the students in the mathematics lesson were collected from
the classes by the researcher in the lessons outside the mathematics lesson, photocopies and
photographs were taken and distributed to the students in the classes again. In addition, the previous
notebooks of the students who started to use the second notebook were requested by the classroom
teachers and the data were collected.

Data Analysis

In the research, the data collected from the student notebook were analysed with the content
analysis technique. Data analysis in qualitative research involves the preparation and organization of
data for analysis, then coding the data and categorizing it by assembling the codes, and finally presenting
the data in figures, tables or discussion (Creswell, 2016, p. 180). Content analysis is defined as a
systematic, repeatable technique in which some words of a text are summarized with smaller content
categories with coding based on certain rules (Biiylikoztiirk et al., 2012, p. 240). Coding and analysing
data is an analytical step. Organizing the coding hierarchically is part of the analysis process (Glesne,
2012). Frequency and percentage are generally used in the interpretation of the data obtained because
of content analysis (Blyiikoztiirk et al., 2012, p. 243). The analysed data were shown and interpreted
by giving frequency and percentage values. While creating the categories and codes, the opinions of
national and international literature, experts in the field of mathematics education and primary school
first and second grade teachers were used. The number of students who made an error and the number
of times the error was made were calculated and the percentage values were found. To ensure reliability,
randomly selected samples from the student notebooks were analysed at different times and the same
results were obtained.

The most useful method to increase reliability in qualitative research is member control
(McMillan, 2000; Glesne, 2012). In this study, a second researcher was provided to encode the data and
examine the encodings to ensure the reliability of the encoder while performing the content analysis.
The data were re-coded by the second researcher independently of the first researcher, and the coding
consistency value was determined as 91.33. As a result of the analysis, categories and codes were
created for the four operation symbol errors, and the analysed data were digitized and tabulated. In
addition, all the data obtained at the end of the research were reviewed by external controllers who
were not familiar with the study and an objective evaluation was tried to be made.

Ethical Permits of Research

In this study, all the rules specified to be followed within the scope of "Higher Education
Institutions Scientific Research and Publication Ethics Directive" were complied with. None of the
actions specified under the heading "Actions Contrary to Scientific Research and Publication Ethics",
which is the second part of the directive, have been taken.
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Ethics Committee Permission Information:

Name of the committee that made the ethical evaluation = Istanbul Governorship Provincial
Directorate of National Education Ethics Commission

Date of ethical review decision=21.05.2015
Ethics assessment document issue number= 5252701
Findings

In this part of the study, in line with the data obtained by examining the student notebooks, the
error types in the four operation symbol errors category of primary school first and second grade
students; the frequency, percentage table and student error examples of how many students made the
errors are presented. The frequency and percentage distribution of symbol errors of primary school
first and second grade students is given in Table 1.

Table 1. Frequency and percentage distribution of primary school 1st and 2nd grade students regarding symbol errors

Symbol Errors f1 % f2 %

Perceiving the minus (-) sign as a plus (+) sign 26 16,05 9 5,45
Perceiving the plus (+) sign as a minus (-) sign 19 11,73 7 4,24
Mistaking the equal (=) sign 15 9,26 7 4,24
Writing number symbols incorrectly 14 8,64 6 3,64
Using the operation line in the wrong place 13 8,02 5 3,03
Not using the operation line 12 7,41 5 3,03
Not using the operation symbol 11 6,79 4 2,42
Confusing the places of the operation symbols 8 4,94 3 1,82
Perceiving the multiplication (x) sign as a plus (+) sign 0 0,00 22 13,33
Perceiving the division (+) sign as a minus (-) sign 0 0,00 17 10,30
Perceiving the plus (+) sign as a multiplication (x) sign 0 0,00 5 3,03
Perceiving the multiplication (x) sign as a division (+) sign 0 0,00 8 4,85
Perceiving the minus (-) sign as a division (<) sign 0 0,00 6 3,64

When Table 1 is examined, there are error types related to the symbol errors made by primary
school first and second grade students in four operations. It is seen that the error type "perceiving the
minus (-) sign as a plus (+) sign", which is included in the category of symbol errors, is the error type
made with the highest rate by 26 first-grade students, 9 second-grade students and 35 students in total.
At the same time, it is seen that the error type "perceiving the minus (-) sign as a plus (+) sign" is the
error type with the highest load value among the first classes. This type of error was "perceiving the
plus (+) sign as a minus (=) sign" by 19 students, "mistaking the equal (=) sign" by 15 students, "writing
number symbols incorrectly” by 14 students, “using the operation line in the wrong place" by 13
students, "not using the operation line" made by 12 students, and "not using the operation symbol" made
by 11 students are followed. Considering the error frequencies made by 2nd grade students; it is seen
that the error type “perceiving the multiplication (x) sign as a plus (+) sign” is the error with the highest
load value made by 22 second-grade students. This error type is respectively; “perceiving the division
(+) sign as a minus (-) sign” made by 17 students, “perceiving the minus (-) sign as a plus (+) sign” made
by 9 students, “perceiving the multiplication (x) sign as a division (+) sign” made by 8 students, made
by 7 students each; “perceiving the plus (+) sign as a minus (-) sign” and “mistaking the equal (=) sign”
were done by 6 students each; “writing number symbols incorrectly” and “perceiving the minus (-) sign
as a division (+) sign”, done by 5 students each; the error of “using the operation line in the wrong place”,
“not using the operation line” and “perceiving the plus (+) sign as a multiplication (x) sign”, “confusing
the places of the operation symbols” made by 3 students and having the lowest load value among the
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second-grade students species are observed. Below, the error types included in the symbol errors

category are explained in detail with examples.

[t is seen that the error type "perceiving the minus (-) sign as a plus (+) sign" in the category of
symbol errors was made by 26 first-grade students, 9 second-grade students and a total of 35 students,
with the highest rate of error in the category of symbol errors. Children perform addition in operations
where the minus (-) sign, which represents subtraction, is used. It can be said that such a
misunderstanding occurred because the teaching of four operations in children started with the
teaching of addition. This type of error is encountered in second-grade students as the addition
operation in subtraction operations that require decimal decay. Examples of errors made by students
and visuals of student answers are given in Figure 1.
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Figure 1. Error examples of student perceiving minus (-) sign as plus (+) sign

[t is seen that the error type "perceiving the plus (+) sign as a minus (-) sign", which is included
in the category of symbol errors, was made by 26 students in total, 19 first-grade and 7 second-grade
students. In addition, operations where the plus sign is used, the child perceives the plus (+) sign as a
(-) sign and performs subtraction. It can be said that one of the reasons why first-grade students make
this error may be that they have just started teaching subtraction. This type of error made by second
grade students is usually encountered in the operations that will occur in the hand and that the child
must carry the hand. The child may have preferred the easier process to lighten the processing load.
Examples of errors made by students and visuals of student answers are given in Figure 2.
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Figure 2. Error examples of student perceiving plus (+) sign as minus (-) sign

It is seen that the error type "perceiving the multiplication (x) sign as a plus (+) sign" in the
category of symbol errors was made by 22 second-grade students. At the same time, it is seen that this
type of error has the highest load value among the second-grade students in the category of symbol
errors. The child performs addition in operations in which the multiplication (x) sign, which represents
multiplication, is used. This error may have been made because of the repeated addition of
multiplication. Students may have made this error because the teachers emphasized the repetitive
addition of multiplication during the lesson. Examples of errors made by students and visuals of student

answers are given in Figure 3.
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Figure 3. Error examples of student perceiving multiplication (x) sign as plus (+) sign

[t is seen that the error code of “mistaking the equal (=) sign” in the category of symbol errors
was made by 15 first-grade and 7 second-grade students. Students have difficulties when they use the
equal sign in horizontal operations. The child who writes the result of the operation under the operation
line in vertical operations cannot understand the equal sign in horizontal operations. Especially not
given in the transaction; students make errors when they are added, subtracted, multiplied or divided.
Examples of errors made by students and visuals of student answers are given in Figure 4.

4+ | 11| =7 4 |[—2=6 2x| 4 |=2 | a|+2=38
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Figure 4. Error examples of student mistaking the equal (=) sign

It was determined that 13 first-grade and 5 second-grade students made the error type "using
the operation line in the wrong place", which is included in the category of symbol errors. While students
should write the process line on the result section in vertical operations; it is placed between the
numbers, below the result. Examples of errors made by students and visuals of student answers are
given in Figure 5.

I
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Figure 5. Error examples of students using the operation line in the wrong place

[tis seen that the error code of "confusing the places of the operation symbols", which is included
in the category of symbol errors, was made by 8 first-grade students and 3 second-grade students. While
students should place the trade symbol in the upper left corner of the action line, they can place the
trade symbol on the top right of the action line or below the action line. Examples of errors made by
students and visuals of student answers are given in Figure 6.
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Figure 6. Error examples of students confusing the places of the operation symbols

Another type of error made by students is "writing number symbols incorrectly”, which is in the
category of symbol errors. It is seen that this type of error was made by 14 first-grade and 6 second-
grade students. Students who make such errors write the number symbols in reverse and confuse the
numbers with each other. In particular, the numbers 2 and 5, 3 and 8, 1 and 7, 6 and 9 are confused with
each other. Examples of errors made by students and visuals of student answers are given in Figure 7.

Figure 7. Error examples of students writing number symbols incorrectly

It was determined that the "not using the operation line" error type in the category of symbol
errors was made by 12 first-grade students. Students who make such errors cannot use the operation
line, but they can only use the operation symbol. Examples of errors made by students and visuals of
student answers are given in Figure 8.
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Figure 8. Error examples of students not using the operation line

It is seen that the error type "not using the operation symbol"” in the category of symbol errors
was made by 11 first-grade and 4 second-grade students. Students perform operations without writing
the operation symbol. In sequential calculations that require the same operation, students may be
ignoring the operation symbol after a certain point in time. Examples of errors made by students and
visuals of student answers are given in Figure 9.
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Figure 9. Error examples of students not using the operation symbol

It is seen that the error type "perceiving the plus (+) sign as a multiplication (x) sign" in the
category of symbol errors was made by 5 second grade students. Children perceive the (+) sign, which
represents addition, as a multiplication sign (x), and perform multiplication. Instead of addition, it
performs multiplication. Examples of errors made by students and visuals of student answers are given
in Figure 10.
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Figure 10. Error examples of students perceiving the plus (+) sign as a multiplication (x) sign

It was determined that the error type "perceiving the multiplication (x) sign as a division (+)
sign" in the category of symbol errors was made by 8 second grade students. Students who made errors
in this code performed division in operations with the multiplication (x) sign representing the
multiplication operation. Examples of errors made by students and visuals of student answers are given
in Figure 11.
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Figure 11. Error examples of students perceiving the multiplication (x) sign as a division (+) sign

[t is seen that the error type "perceiving the minus (-) sign as a division (+) sign" in the category
of symbol errors was made by 6 second grade students. Children perceive the (-) sign as (+) in
operations that represent the subtraction in which the minus (-) sign is used, and they perform division
instead of subtraction. This type of error occurs mostly in horizontal transactions. Examples of errors
made by students and visuals of student answers are given in Figure 12.
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Figure 12. Error examples of students perceiving the minus (-) sign as a division (+) sign

It was determined that the error code of “perceiving the division (+) sign as a minus (-) sign”,
which is included in the category of symbol errors, was made by 13 second grade students. Especially
in horizontal division operations, the student perceives the (+) sign as minus (-) subtraction instead of
division. Examples of errors made by students and visuals of student answers are given in Figure 13.
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Figure 13. Error examples of students perceiving the division (+) sign as a minus (-) sign
Discussion and Conclusion

Unaware of the complexities of early number understanding, it is easy to assume that children
who can count are ready to add and subtract. Considered in this way, since mathematics teaching and
learning is not built on solid foundations, children do not feel safe in their next education and may go
backwards (Williams, 2008). Mathematical concepts are tightly bound to symbols that represent them.
The use and interpretation of mathematical symbols begins very early in school life with mathematical
symbols, which form the basis of mathematics teaching (Anghileri, 2005). Using the symbols and terms
of mathematics effectively and correctly is indispensable for an effective mathematics teaching.
Considering the research results it was determined that the error type "perceiving the minus (-) sign as
a plus (+) sign" in the category of symbol errors was the type of error made with the highest rate by
primary school 1st grade students. At the same time, it was determined that this type of error was also
made at the 2nd grade level. It can be said that such a misunderstanding occurs because the first-grade
children's teaching of four operations begins with the teaching of addition. This type of error is
encountered in second-grade students as the addition operation in subtraction operations that require
decimal decay. Cockburn (2005) stated that the child's addition rather than subtraction, as in the 6-
4=10 operation, is the problem of not knowing the meaning of the sign. At the same time, we can say
that students do not fully understand the concepts of addition and subtraction as the reason for this type
of error.

As a result of the research, it was determined that the error type of perceiving the plus (+) sign
as a minus (-) sign was made by 19 first-grade students and 7 second-grade students. According to
Roberts (1968), the student should first recognize the relevant numbers. Then it must distinguish the
trading symbol (+) from other symbols (-), (x) or (+). After making this distinction, he should reach the
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result by choosing the appropriate steps 8 + 3 =? (11). When it is determined that students have
answered 5 to this question, the ability to distinguish between appropriate and inappropriate answers
should be determined. Some of these errors may be due to the over-generalization process from
previous learning. Here the child may have produced an automatic reaction to the stimulus strong
enough to affect his attention on the whole picture (the stimulus picture) rather than focusing on the
action cue. To overcome the difficulties shown in this subject, more importance should be given to
training on differentiation of answers in distinguishing stimuli and teaching arithmetic operations (8 -
3=5,8+ 3 =11). Another recommendation is to avoid questions based on incomplete and superficial
stimuli in problem solving sets (8 3 =?). According to Bamberger, Oberdorf, and Schultz Ferrell (2010),
students answering 14 = @ +7 as 21 is due to students' misinterpretation of the two numbers in the
process and the plus sign in between. It is a common problem for students who have not seen such a
structured statement. Students have overgeneralized their limited understanding of addition and
subtraction.

According to another result of the research, 13,33% of the second-grade students of the error
type "perceiving the multiplication (x) sign as a plus (+) sign", and the error type of "perceiving the
division (+) sign as a minus (-) sign" error type was the second-grade students. It was concluded that it
was done by 10.3% of the students. Hansen (2014) stated that in (5x4=9, 6+3= 3), children confuse the
x symbol with the + symbol, and the + symbol with the - symbol. Addition and multiplication symbols;
likewise, the subtraction and division symbols are visually similar to each other. It can be difficult for
children to distinguish each pair of symbols, moreover, if the child has a poor conceptual understanding
of multiplication and division, he will turn to the concepts of addition and subtraction that he encounters
more. Kubang (2012) concluded that the students generalized the rules of addition to subtraction,
multiplication and division, the rules of subtraction to addition, multiplication and division, the rules of
multiplication to addition, subtraction and division, and the rules of division to addition, subtraction and
multiplication. reached. According to Devlin (2000), when children are seven years old, they start
making careless errors when multiplication tables are introduced. Children who confidently say 2 + 3 =
5 can answer 2 + 3 = 6, rarely 2 + 3 = 7. The operations of addition and multiplication are confused with
each other. It was determined that at the second-grade level, students also made the type of error
"perceiving the multiplication (x) sign as a division (+) sign". According to Hansen (2014), there may be
several reasons why children make these errors in operations 3x8 = 24, 8x3 = 24,3 + 8 = 24,8 + 3 = 24.
[t can be said that they are trying to create a pattern that they see to create a pattern, and they are trying
to do the operations without considering whether what they wrote is logical or not. They may also not
know what the division sign means, or they may not understand the difference between multiplication
and division.

According to the results of the research, it was concluded that the "mistaking the equal (=) sign"
error type, which is in the category of symbol errors, was made by 9.26% of primary school first grade
students and 4.24% of second grade students. It was concluded that the students focused on the
interpretational symbol instead of the equality symbol. Yaman, Toluk, and Olkun (2003) in their
research examining how primary school 2nd, 3rd, 4th, 5th and 6th grade students perceive the concept
of equality and the equal sign. They concluded that students perceive the equal sign not as a "relational
symbol" but rather as an "operation sign". This result is like the research Carpenter and Levi (2000);
Falkener, Levi, and Carpenter (1999) concluded that students have misconceptions about calculating
the equal sign, the numbers to be processed on the left side of the equal sign and finding the result of
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the operation on the right side. According to Van de Walle, Karp, and Bay-Williams (2014), the equal
sign should be given special attention. The equal sign means “same as ...”. When most students see this
symbol, they think of the message “the answer will come out”. This symbol is treated in the same sense
as the = key in the calculator. It is a key that must be pressed to get the answer. The equation 4+8 = 3+9
has no answer; but it represents the same multiplicity on both sides. The construct “same as ...” can be
used in place of “equals” when dealing with equations with students. According to Ryan and Williams
(2007), children's first understanding of the equal sign is often in the context of instruction to perform
an arithmetic operation. For example, 3 + 5 =? for the most part, how much does this 'operation’ view of
the sign make if we add 5 to 3, or how many more to 3, 5? displayed as read. When this process is then
understood as a number clause, the equality sign acquires an additional meaning, such as 'is the same'
or 'equals’. Total 3 + 5 = 8 would be a sentence that could be read equally as “3 and 5” 8’ or “8” 3 and 5.
This is an important conceptual change. According to Olkun and Toluk Ucar (2012), if the meaning of
the "=" sign is not emphasized at the conceptual level, students develop ideas based on their own
experiences. It should not be attempted to give operational information devoid of conceptual
knowledge.

According to the results of the research, it was determined that students at both grade levels

non

made errors such as "using the operation line in the wrong place”, "not using the operation line",
"confusing the places of the operation symbols”, "not using the operation symbols". According to
Engelhardt (1977), several procedures can be applied to assist children who show mechanical errors.
One of them is lined notebooks, which can be turned sideways and used. Vertical lines and columns can
be provided to help align the number columns. Special applications can be made for separating and
formatting symbols. Pre-made calculations can be given. After the child has calculated on his own
understanding, he can be allowed to use a calculator. Physical examination may be ordered for vision
and neuro-motor function. According to Harris (2000), after the child learns a rule, model or method, he
applies it to inappropriate situations. Therefore, it is important not only to learn the mechanics of a

procedure, but also to make sense of it.
Recommendations

It is necessary to be aware that children need to have a solid understanding of the meanings as
well as recognizing symbols. Teachers need to teach their students accurate definitions of symbols and
provide opportunities for them to practice understanding of symbols in a variety of contexts. Teachers
can explain and model symbols using concrete examples; they can then ask students to give and explain
their own examples. Students can create their own mathematical dictionaries to represent symbols.
Teachers need to know that some children will inevitably make some of these errors.

When teachers detect errors in their students, they should intervene immediately. Otherwise,
errors made by students negatively affect their further learning in mathematics teaching, where
teaching one subject is a prerequisite for teaching another subject. Appropriate teaching methods
should be applied to correct the detected errors. Class discussions can be used to identify potential

errors.

In addition, one-on-one interviews with a certain number of students can be made to further
elaborate the study and help determine the causes of these errors. An extra worksheet can be prepared
to measure the knowledge of students about symbols and thus enrich the data.
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ilkokul Ogrencilerinin Dért Islem Sembol Hatalarinin
Belirlenmesi ve Coziim Onerileri

Giris

Ilkokul yillar1 birgok matematiksel kavramin temelinin atildigi yillardir. Matematiksel
kavramlar, sembolik iliskisel yapilar olarak insa edilir ve matematiksel islemlerde mantiksal olarak
birlestirilebilen isaretler ve semboller araciligiyla kodlanir (Steinbring, 2006). Semboller matematikte
onemli yer tutmakta ve genellikle diizen ve yonetim saglamaktadir (NCTM, 2000; Adams, 2003; Esty,
2011; Bardini & Pierce, 2015). Semboller matematikte hesaplama ve problem ¢ézmede niceliklerle
mesgul olmak a¢isindan son derece kolay bir yontem sunmakta, matematiksel islemler lizerinde
diistinme firsati vermektedir (Tall vd, 2001). Matematiksel kavramlar kendilerinin gosterimi olan
sembollere sikica baghdir. Matematiksel semboller (1,2,3, +, -, %, +, <, >, %, vb.) matematiksel bilginin
iletilmesinde kullanilan 6nemli araglardir (Olkun & Toluk Ucgar, 2012, s. 9). Bir sembol bircok
baglantidan olusan komplike (karmasik) bir ag1 temsil edebilir. Sayilar i¢cin kullanilan semboller,
toplama icin kullanilan sembol ve esittir sembolii kullanildiklar1 durum ve sekle bagh olarak farkli
anlamlara sahiptir (Haylock & Cockburn, 2014, s. 14-15).

Ogrenci hatalar1 “bireysel zorluklar” gésterir. Hatalar; 6grencinin belli kavramlari, teknikleri,
problemleri anlamadigini, “bilimsel” veya “yetiskin” olarak kavramamis oldugunu gosterir. Hatali
kavramlar ve siirecleri 6grenciler benzer sekilde égrenirler. Ogrenciler, bir kavram veya islemle ilgili
ilk temaslar1 arasinda ortak noktalar ararlar. Bunlarla belirli ortak ozelliklere sahip bir soyutlama
olustururlar. Kavramlari ve algoritmalarini sekillendirirler (Aschlock, 2002, s. 9). Ogrencilerin yaptiklar
hatalar, temel gercekler ve dikkatsizlik sonucu kaynaklanan hatalar hari¢ olmak lizere rastgele degildir.
Yapilan hatalar son derece tutarhdir. Ogretmenler yillarca ayni hatalar1 tekrar tekrar goriirler. Cogu
durumda, c¢ocuklarin hatalar1 kurallara bagh, dogru bir algoritma yerine yanlis bir islemin
uygulanmasinin sonucudur. Ancak bu yanlis islemler de mantik yanlis olsa dahi, cocuga mantikh
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gelebilir (Burns, 2007, s.10). Matematikte, dort islemi (toplama, ¢ikarma, ¢carpma, esittir) ifade eden
anahtar kelimelerin ve bu kelimelerin gosterimi olan (+, -, X, +, =) matematiksel sembollerin yogun
kullanim1 vardir. Bu yogun kullanim sonucu, sembollerin aralarinda ayirt edilememesi 6grenmeyi
engelleyebilir (Baroody & Standifer, 1993; Patkin, 2011; Hansen, 2014). Ogrenciler genellikle
matematik sembollerine anlam ytliklemede zorluk yasarlar (Adams, 2003; Anghileri, 2005; Powell,
2015; Powell & Driver, 2015). Bunun sonucunda ise hatalar olusabilir. Hatalar 6grencilerin bir sonraki
o0grenmeleri de olumsuz etkiler (Engelhardt, 1977; Ashlock, 2002; Spooner, 2002; Hansen, 2014; Ojose,
2015).

Ogrenci hatas: sz konusu oldugunda o hatay: ortaya ¢ikaran ve iireten durumlarin bilinmesi
yapilan hatanin anlamlandirilmasi agisindan olduke¢a 6nemlidir. Matematiksel islem yapan ¢ocuklarin
hatalarini incelemek; onlarin diisiincelerini anlama, 6gretmenlerden kaynakl 6gretim problemlerine
katkilar saglayabilir. Cocuklar sayilar arasinda var olan iliskileri ve sayilar iizerinde kullandigimiz
islemleri anlayacaklarsa, 6gretmenin ne dedigini ve bunun bir sayfada gordiikleri ve hesaplamalar i¢in
kullandiklar1 sembollerle nasil iligkili oldugunu anlayabilmeleri ¢ok 6énemlidir. Bu tiir zorluklarin
listesinden gelebilmek ve ¢ocuklara sunulacak yardimin uygun olabilmesi i¢in ¢ocuklar tarafindan
yapilan hatalarin belirlemesi 6nemlidir. Ogrenci hatalarini analiz etmek hatali problem ¢ézme siireci,
matematiksel anlayis ve tutumlar hakkinda bilgi verir. Hatalar belirlenerek 6grencilere gerekli doniitler
verilmezse, 6grencilerin hatalarini anlamalari, sistem icerisinde ortaya ¢cikamayabilir ve 6grenciler de
yanliglarim1 diizeltme firsati bulamayabilir. Bu nedenlerden dolay1 6zellikle dort islemin temelinin
atildig ilkokullarda 6grenciler tarafindan yapilan sembol hatalarini belirlemenin 6nemli oldugu
diistintilmektedir. Bu aragtirmanin amaci ilkokul 1. ve 2. sinif 6grencilerinin dort islemde yaptiklar
sembol hatalarini belirlemeye yoneliktir.

Yontem

Ilkokul 1. ve 2 sinif dgrencilerinin dért islemde yaptiklar1 sembol hatalarinin belirlenmesinin
amaglandigl, arastirmanin modelini, nitel arastirma yaklasimlarindan durum c¢alismasi
olusturmaktadir. Arastirmada veri toplama yontemi olarak dokiiman analizi kullanilmistir. Bu
arastirmanin ¢alisma grubunu amagl 6rnekleme yontemlerinden 6l¢iit 6rnekleme yoluyla segilen 2015-
2016 egitim-6gretim yilinda Istanbul ilindeki ilkokul birinci sinif diizeyinde égrenim goren 83 kiz ve 79
erkek toplam 162 6grenci, ikinci sinif diizeyinde 6grenim goren 84 kiz ve 81 erkek toplam 165 6grenci
olusturmaktadir. Bu arastirmada veri toplama araci olarak ilkokul 1. sinif ve 2. sinif 6grencilerinin
matematik ders defterleri kullanilmis dokiiman analizi yapilmistir. Arastirmaci tarafindan uygulama
yapilacak okullarda gorevli okul yoneticileri ve 6gretmenler ¢alisma ve stire¢ hakkina bilgilendirilmistir.
Ogrencilerin matematik dersinde kullandiklar1 defterler matematik ders saati disindaki derslerde
arastirmaci tarafindan siniflardan toplanarak fotokopileri ve fotograflar: ¢ekilerek tekrar simiflardaki
ogrencilere dagitilmistir. Ayrica ikinci defteri kullanmaya baslayan 6grencilerin dnceki defterleri sinif

O0gretmenleri tarafindan istenerek verilerin toplanmasi saglanmistir.

Arastirmada Ogrenci defterinden toplanan veriler icerik analizi teknigi ile analiz edilmistir.
Analiz edilen veriler frekans ve yiizde degerleri verilerek gosterilmis ve yorumlanmistir. Kategori ve
kodlar olusturulurken ulusal ve uluslararasi literatiir, matematik egitimi alaninda uzman Kkisiler ve
ilkokul birinci ve ikinci sinif 6gretmenlerinin goriislerinden yararlanilmistir. Hata yapan 6grenci sayisi
ile hatanin kag¢ kez yapildig1 hesaplanmis ve ylizde degerleri bulunmustur. Giivenirligi saglamak igin,
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ogrenci defterlerinden rastgele secilen 6rnekler farkli zamanlarda analiz edilerek ayni sonuclar elde
edilmistir.

Bulgular

Ilkokul birinci ve ikinci sinif égrencilerinin dért islemde yaptiklar1 sembol hatalarina iliskin
olarak; “eksi (-) isaretini art1 (+) isareti olarak algilama” hata tiirtiniin 26 birinci sinif 6grencisi, 9 ikinci
siif 6grencisi toplamda ise 35 6g8renci tarafindan en yiliksek oranda yapilan hata tiri oldugu
belirlenmstir. Ayni zamanda “eksi (-) isaretini art1 (+) isareti olarak algilama” hata tiirtintin birinci
siniflar icerisinde yapilan en yiiksek yiik degerine sahip hata tiirii oldugu tespit edilmistir. Bu hata
tiirtinl sirasiyla 19 6grenci tarafindan yapilan “arti (+) isaretini eksi (-) isareti olarak algilama”, 15
Ogrenci tarafindan yapilan “esit (=) isaretini yanhs algilama”, 14 6grenci tarafindan yapilan “sayi
sembollerini yanlis yazma”, 13 6grenci tarafindan yapilan “islem c¢izgisini yanls yerde kullanma”, 12
0grenci tarafindan yapilan “islem cizgisini kullanmama”, 11 6grenci tarafindan yapilan “islem sembolii
kullanmama” hatalarinin izledigi goriilmiistiir. “Carpma (x) isaretini art1 (+) isareti olarak algilama”,

» o«

“b6lme (+) isaretini eksi (-) isareti olarak algilama”, “arti (+) isaretini carpma (x) isareti olarak
algilama”, “carpma (x) isaretini bélme (+) isareti olarak algilama”, “eksi (-) isaretini bolme (+) isareti
olarak algilama” hata tiirlerinin ise hi¢bir birinci sinif 6grencisi tarafindan yapilmadigi belirlenmistir.
ikinci sinif 6grencileri tarafindan yapilan hata frekanslarina bakildiginda ise; “carpma (x) isaretini arti
(+) isareti olarak algillama” hata tiiriiniin 22 ikinci sinif 68rencisi tarafindan yapilan en yiiksek yiik
degerine sahip hata oldugu tespit edilmistir. Bu hata tiiriinii sirasiyla; 17 6grenci tarafindan yapilan
“b6lme (+) isaretini eksi (-) isareti olarak algilama”, 9 6grenci tarafindan yapilan “eksi (-) isaretini arti
(+) isareti olarak algilama” 8 6grenci tarafindan yapilan “carpma (x) isaretini bélme (+) isareti olarak
algilama”, 7’ser 6grenci tarafindan yapilan; “art1 (+) isaretini eksi (-) isareti olarak algilama” ve “esit (=)
isaretini yanlis algilama”, 6’sar 6grenci tarafindan yapilan; “say1 sembollerini yanlis yazma” ve “eksi (-)
isaretini bolme (+) isareti olarak algilama”, 5’er 6grenci tarafindan yapilan; “islem ¢izgisini yanlis yerde
kullanma”, “islem ¢izgisini kullanmama” ve “arti (+) isaretini carpma (x) isareti olarak algilama”, 3
Ogrenci tarafindan yapilan ve ikinci sinmif 6grencileri icerisinde en diisiik yiik degerine sahip “islem
sembollerinin yerlerini karistirma” hata tiirlerinin izledigi belirlenmistir.

Tartisma ve Sonug

Arastirma sonuglarina bakildiginda, sembol hatalari kategorisinde yer alan “eksi (-) isaretini art1
(+) isareti olarak algilama” hata tiriiniin ilkokul 1. sinif 6grencileri tarafindan en yliksek oranda yapilan
hata tiirii oldugu belirlenmistir. Ayni1 zamanda bu hata tiiriiniin 2. sinif seviyesinde de yapildigi tespit
edilmigtir. Birinci sinif seviyesinde cocuklarin dort islem 6gretimine ilk olarak toplama isleminin
ogretilmesinden baslanmasindan dolay1 boyle bir yanlis anlamanin olusmasi séylenebilir. Bu hata tiirti
ikinci sinif 6grencilerinde ise daha cok onluk bozma gerektiren ¢ikarma islemlerinde toplama isleminin
yapilmasi olarak karsimiza ¢ikmaktadir. Cockburn (2005), 6 - 4 = 10 isleminde oldugu gibi ¢cocugun
¢ikarma yerine toplama islemi yapmasini isaretin anlamini bilememe sorunu olarak belirtmistir. Ayni
zamanda bu tir hata nedeni olarak, 6grencilerin toplama ve ¢ikarma kavramlarini tam olarak
anlayamadiklarini séyleyebiliriz. Arastirmanin bir diger sonucunda art1 (+) isaretini eksi (-) isareti
olarak algilama hata tiiriiniin ise 19 birinci sinif 6grencisi, 7 ikinci sinif 6grencisi tarafindan yapildig
tespit edilmistir.
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Arastirmanin bir diger sonucuna gore “carpma (x) isaretini art1 (+) isareti olarak algilama” hata
tliriiniin ikinci siif 6grencilerinin % 13,33'(i, “bdlme (+) isaretini eksi (-) isareti olarak algilama” hata
tiiriiniin ise ikinci sinif 6grencilerinin % 10,3’ tarafindan yapildigl sonucuna ulasilmistir. Hansen
(2014) (7x3=10, 8+4=4) islemlerinde ¢cocuklarin x semboliinii + semboliiyle, + semboliinii - semboliiyle
karistirdiklarini belirtmistir. Toplama ve carpma sembolleri; ayni sekilde ¢ikarma ve bolme sembolleri
gorsel olarak birbirlerine benzemektedir. Cocuklar icin her sembol ciftini ayirt etmek zor olabilir, ayrica
¢ocuk carpma ve bolme konusunda zayif bir kavramsal anlayisa sahipse, daha fazla karsilastig1 toplama
ve ¢cikarma kavramlarina yonelir. Arastirma sonucuna gore sembol hatalari kategorisinde yer alan “esit
(=) isaretini yanhis kullanma” hata tiiriiniin ilkokul birinci simif 6grencilerinin % 9,26’s1, ikinci sinif
ogrencilerinin ise % 4,24'i tarafindan yapildig1 sonucuna ulagilmigtir. Ogrencilerin esitlik sembolii
yerine islemler arasi sembole odaklandiklari sonucuna ulasilmistir. Carpenter ve Levi (2000), Falkener,
Levi ve Carpenter (1999) 68rencilerin esit isaretini islem yapma, esit isaretinin sol tarafinda islem
yapilacak sayilarin olmasi, sag tarafinda ise islem sonucunun bulunmasina yénelik yanlis anlamalara
sahip olduklar1 sonucuna ulasmislardir.

Arastirma sonuglarina gore her iki sinif seviyesinde de 6grencilerin “islem ¢izgisini yanlhs yerde
kullanma”, “islem ¢izgisini kullanmama”, “islem sembollerinin yerlerini karistirma”, “islem sembolii
kullanmama” hata tirlerini yaptiklar1 belirlenmistir. Engelhardt’a (1977) gore, mekanik hatalar
gosteren cocuklara yardimeci olmak i¢in birkag¢ prosediir uygulanabilir. Bunlardan biri ¢izgili defterler
yan c¢evrilip kullanilabilir. Rakam siitunlarinin hizalanmasina yardimci olacak dikey ¢izgiler ve siitunlar
saglanabilir. Sembolleri ayirma ve bicimlenmesine iliskin 6zel uygulamalar yapilabilir. Onceden
yapilmis hesaplamalar verilebilir. Cocuk kendi anlayisiyla hesaplama yaptiktan sonra, hesap makinesi
kullanmasina izin verilebilir. Girme ve néro-motor islev icin fizik muayene istenebilir. Harris’e (2000)
gore, cocuk bir kural, model ya da yontem O6grendikten sonra onu uygun olmayan durumlara
uygulamaktadir. Dolayisiyla bir prosediiriin mekanik 6grenimi degil, ayn1 zamanda anlamlandirilmasi

da Oonemlidir.
Oneriler

Cocuklarin, sembolleri tanimalarinin yani sira anlamlar1 konusunda da saglam bir anlayisa sahip
olmalar1 gerektiginin farkinda olmak gerekmektedir. Ogretmenlerin 6grencilerine sembollerin dogru
tanimlarini 6gretmeleri ve ¢esitli baglamlarda sembol anlayisim1 uygulamalari i¢in firsatlar saglamasi
gerekir. Ogretmenler, somut érnekler kullanarak sembolleri agiklayabilirler ve modelleyebilirler; daha
sonra ogrencilerden kendi orneklerini vermelerini ve aciklamalarim isteyebilirler. Ogrenciler
sembolleri gostermek icin kendi matematiksel sézliiklerini olusturabilirler. Ogretmenler,
ogrencilerinde var olan hatalari tespit ettiginde aninda miidahale etmelidir. Aksi takdirde, 6grencilerin
yaptig1 hatalar, bir konunun 6gretiminin diger konunun 6gretimi icin 6n sart niteligi tasidigi matematik
o0gretimde sonraki 6grenmelerini olumsuz etkiler. Tespit edilen hatalarin diizeltilmesi icin uygun
Ogretim yontemleri uygulanmalidir. Sinif tartismalari olasi hatalari belirlemek icin kullanilabilir.
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