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Abstract:

This study aims to reveal the 6th-grade students’ ability to write and understand the
verbal expressions (VE) of algebraic expressions (AE) and AE of VE. 238 sixth graders
studying in five middle schools in two provinces of Turkey participated in the study.
Algebraic Expressions Test (AET), consisting of 24 items, was developed and used as a
data collection tool. In the research, quantitative data were analyzed with a t-test and
qualitative data were analyzed with content analysis technique. Evidence was found that
the performance of the participants was above the average (x¥=2,05). There was no
significant difference between the achievements of male students and female students.
On the other hand, it was determined that the students ignored the parenthesis, did not
pay attention to the priority of operation and the priority of the fraction line, couldn’t
comprehend equality, generally wrote the same type of VE, and could not interpret AE.

Keywords: Algebra, algebraic expressions, verbal expressions, 6th-grade students
1. Introduction
While some of the mathematics subjects are basic and easy to learn, some of them are

abstract and difficult to learn and teach. Do students have difficulties in writing and
making sense of Algebraic Expressions (AE) that form the basis of algebra? The present
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study is basically about this problem. It is not difficult to guess that many people will
answer “Yes’ to this question. The reason for this inference can be given that “Algebra” is
one of the abstract subjects of mathematics (Kieran, 1992). Algebra is a unique language
of mathematics that expresses itself with symbols, tables, words, and graphics (Stacey &
MacGregor, 2000). Algebra fully reveals the slogan “mathematics is the science of
abstractions” and can pave the way for moving away from mathematics when it is not
learned meaningfully. For example, a student who can easily perform the 3+4=7
arithmetic operation may have difficulty in performing an algebraic operation in the form
of 3+x=7. This transition from arithmetic to algebra is an extremely important process that
develops the abstract thinking skill required for mathematics. Kieran (2004) pointed out
that students generally focus on calculating rather than comprehending the relational
aspects of operations, and underlined that it is necessary to pay attention to the following
adjustments for successful algebraic thinking (p. 140-141):
1) A focus on relations and not merely on the calculation of a numerical answer;
2) A focus on operations as well as their inverses, and on the related idea of doing /
undoing;
3) A focus on both representing and solving a problem rather than on merely solving
it;
4) A focus on both numbers and letters, rather than on numbers alone. This includes:
a. working with letters that may at times be unknowns, variables, or parameters;
b. accepting unclosed literal expressions as responses;
c. comparing expressions for equivalence based on properties rather than on
numerical evaluation;
5) A refocusing of the meaning of the equal sign.

2. Literature Framework of the Difficulties in Algebra

It is underlined by NCTM (2000) that algebra has a more abstract structure than
arithmetic and therefore students have various difficulties while learning it. Students
may experience various difficulties while learning algebra and may fall into
misconceptions. For example, Booth (1988) grouped the difficulties and misconceptions
that students experienced while using and interpreting AE under four headings. (1)
Focusing on the answer: the students cannot make sense of the algebraic notation process,
they are looking for a numerical solution and cannot even write the correct result as the
correct answer, (2) algebraic notation and the use of rules: the students try to write the
result of the expression 2a+5b as 7ab. (3) meaning of letters and variables: students mostly
think of 3 apples in the AE 3a, not “3 times the number of apples”, (4) types of methods
and relations used in arithmetic: when students’ arithmetic knowledge is incomplete and
incorrect, their learning of algebra is also negatively affected. In addition, students ignore
the use of parentheses and do not pay attention to the order of operations. In another
study (Perso, 1992), students’ misconceptions about AE were combined into three
categories: (1) not understanding the role of letters in algebra, (2) not being able to use
variables, and (3) not using algebraic rules while solving equations.
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Studies (eg, Kieran, 1992; Nathan & Koedinger, 2000) have revealed different
reasons for students’ difficulties in algebra. For example, teacher-induced differences in
the teaching of algebra can affect students’ learning and mental activities. For this reason,
it is a necessity to learn the first concepts well in the transition to algebra, to know the
possible misconceptions of the students, and to carry out activities to remedy them.
Similarly, it is emphasized that teachers should teach algebra to their students in a way
that maximizes their comprehension and retention levels (Leitze & Kitt, 2000). In another
study, it was found that the difficulties experienced by students in algebra stem from the
student’s inability to understand the concept of variable sufficiently, not knowing the
difference between “unknown” and “variable” concepts, lack of knowledge in arithmetic,
and lack of time given for teaching algebra (Simsek & Soylu, 2018). It is important for
teachers to know these difficulties and to teach in this direction in terms of effective
algebra learning.

2.1 Literature Review on Teaching Algebra

In this section, the researches on algebra are presented in detail from the past to the
present, what kind of research has been done in the literature, and what kind of results
have been reached. Thus, both researchers, teachers, and teacher candidates will be
guided on how algebra should be taught and what kind of research is needed. For
example, in the study conducted by Sharp (1995), various materials and activities were
used to teach addition, subtraction, multiplication, and division operations in AE to the
students in the experimental group, while the students in the control group were taught
with traditional methods. The results of the research showed that the use of various
concrete materials and activities in the teaching of AE both increased success and allowed
students to learn conceptually by seeing different representations of the algebra concepts.
Akkan et al. (2012) examined and compared the problem-solving processes of 5th-8th
grade students during their transition from arithmetic to algebra. It was found out that
as the age increased, the transition from arithmetic solutions to algebraic solutions did
not develop at the desired level, and students from different education levels still used
arithmetic solutions instead of algebraic solutions. In their study, Bagdat and Anapa-
Saban (2014) investigated the algebraic thinking skills of 8th-grade students, which are
listed as formulating generalizations, using symbols and algebraic relations, and making
use of multiple representations, using SOLO Taxonomy. They carried out the process
with the participation of 15 8th-grade students. Eight problems were used and clinical
interviews were conducted with the students on these problems. As a result of the
research, it was revealed that the students mostly had difficulties in using symbols and
AE. Susac et al. (2014) conducted a study with 7th and 8th-grade middle school students
and 9th and 10th-grade high school students to examine the development of abstract
mathematical reasoning. To do this, they used equations containing simple AE. In the
study, it was observed that high school students reasoned more abstractly (using letters
instead of numbers, using equation solving strategies, etc.) in their solutions compared
to middle school students. Based on the results of the research, it was emphasized that
better planning is needed for the timing of the students’ transition from arithmetic
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reasoning to abstract algebraic reasoning. In this context, to make the transition from
arithmetic to algebra successful, it is necessary to focus on numbers and letters together
rather than just numbers (Kieran, 2004). Simsek and Soylu (2018) examined the
difficulties experienced by 7th-grade students in AE and the reasons for these difficulties.
The algebra knowledge test created for this purpose was applied to the 7th-grade
students and the reasons for the difficulties experienced were determined through semi-
structured interviews. As a result of the research, it was revealed that the students had
difficulties such as not noticing the variable, converting the AE into an equation, using
“x” mostly as a variable, and incorrectly constructing the equation suitable for the
problem. In the interviews, the reasons for them were stated as the student’s inability to
attribute a meaning to the variable in the operation, not being able to distinguish the
concepts of unknown and variable, identifying the variable with the expression “x”, lack
of knowledge in arithmetic operations, and insufficient time allocated to algebra. Hemmi
etal. (2021) conducted a study to compare the algebra teaching curricula of three different
countries. It was thought that it would be more appropriate to give the similar beneficial
aspects of the three curriculum contexts in this section rather than the advantages and/or
deficiencies of the countries in algebra teaching. In the study, the following common
suggestions have been identified in algebra teaching in three countries: (1) early
introduction of the relationship between the concepts of “unknown number” and
“variable”, (2) the use of the inverse property of arithmetic operations is very important
both in exams and while solving equations, (3) it is extremely necessary to give the
relations between arithmetic operations and arithmetic rules starting from the 1st grade
for generalized arithmetic in the future, (4) proportional reasoning and percentage
concepts are also necessary for successful algebra teaching.

When the studies are examined, it is seen that the studies generally focus on
detecting errors and misconceptions about algebra. More research has been conducted
on students in the 7th and 8th grades of middle school. Various suggestions were
presented by identifying the misconceptions experienced by the students in the research.
In addition, teachers’” views on teaching algebra and the difficulties experienced by
students while learning are also among the topics examined. The current research, unlike
these studies, is important in terms of determining the ability of 6th-grade students to
write and make sense of AE they encounter for the first time and to make a different
contribution to the literature in this respect.

2.2 The Role of Reading Comprehension (RC)

To write VE and their AE, first of all, it is necessary to understand that expression well.
To do this, besides sufficient mathematical reasoning skill, reading comprehension skill
is needed. In this context, it would be useful to briefly mention the researches on RC skill.
RC is a basic skill required for everyone as it enables better thinking (Danaei et al., 2020).
RC is defined as an active process that associates prior knowledge and experience with
new knowledge to construct the meaning in the text read (Kao et al., 2016). Mathematical
operations and RC require similar mental processes (Ural & Ulper, 2013). Similarly,
Knopik and DeFries (1999) stated that reading and mathematics generally affect each
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other and their deficiencies occur together. In mathematics, students’ ability to re-express
an expression with their sentences is one of the basic skills that should be acquired.
Understanding a mathematical expression is a prerequisite for making that expression
and the processes in which this expression is used productive (Erdem, 2016). When
someone’s RC skill is insufficient, related mathematical expressions can be written and
interpreted incorrectly. For example, when writing the AE of VE such as “Two less than
three times one less of the walnuts in the box”, it is important to understand the words
correctly with each other. Otherwise, the student may not fully understand this VE and
write the wrong AE as “[(3x-1)]-2” or “[(x-1)-2].3".

The existence of the relationship between mathematical reasoning and RC shows
itself in the first years of someone’s education life. Giving the foundations of reading and
mathematics together from preschool can be shown as an example of this (Erdem, 2016).
In the literature, it is suggested that early literacy skill is not only a predictor of future
reading skill but also a predictor of future mathematics achievement (Birgisdottir et al.,
2020). Vilenius-Tuohimaa et al. (2008) found a strong relationship between these two
skills as a result of their study to reveal the relationship between mathematical problem-
solving skill and RC. Similarly, in a study conducted with middle school 8th-grade
students, it was determined that there was a positive and significant relationship between
mathematical reasoning skill and RC (Erdem, 2016). Passolunghi and Pazzaglia (2005)
conducted a study to examine and compare the skills of high and low-level problem
solvers. Research results have shown that to be a good problem solver, it is necessary to
be at a good level in RC. Based on these studies, it can be said that RC is necessary for
writing the AE of VE.

3. The Current Study

Learning the concepts that form the basis of algebra well is effective in knowing and
remedying possible misconceptions about algebra. Being able to determine the AE of VE
is the basis for solving problems and establishing equations correctly. As it is known, the
most important step in problem-solving is understanding the problem. In problems
whose solution requires using variables, it is very important to be able to write and
interpret AE to understand the problem. Even if the problem is understood, it may be
difficult to solve if appropriate AE cannot be written or AE cannot be understood
correctly. This difficulty is likely to increase as the grade level increases. In other words,
students” problems in learning algebra will be reflected in their future mathematics
education, and these problems will continue to increase gradually. Making sense of AE
has an important role in the effective realization of high-level mathematics teaching in
the future. As stated earlier, when the literature is examined, it is seen that most of the
studies on algebra were conducted with 7th and 8th-grade students. There are not many
studies examining the ability of 6th-grade students to make sense of AE. In this context,
this study aims to determine the 6th-grade students’ ability to write and make sense of
the VE of AE and AE of VE. It is thought that this study will also provide resources to the
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literature to make sense of AE at the 6th-grade level. In the present study, answers to the
following items were sought.
1) What is the level of 6th-grade students’ ability to write and make sense of the VE
of AE and AE of VE?
2) Does the performance of 6th-grade students differ by gender?
3) What kind of difficulties do 6th-grade students have in this process?

4. Methodology

4.1 Research Design

In the present study, a mixed (quantitative + qualitative) research design was used. It is
quantitative research because the ability of the participants to write and make sense of
AE through a scale is demonstrated by descriptive statistics. The answers given by the
participants to the items in the scale are also subjected to content analysis and categories
are created, so it is qualitative research. Mixed studies allow us to deal with research
problems in more detail and with different aspects compared to the preference of
quantitative and qualitative methods alone (Creswell, 2003). In the research, a more
detailed picture of how the participants think was reached by examining the answers
obtained through quantitative means, as well as qualitative ways.

4.2 Subjects

The research was carried out with the participation of 238 sixth-grade students from five
middle schools in different socio-economic environments in two provinces of Turkey.
These students were selected from a low, medium, and high achievement branch in each
school. Maximum diversity sampling was used to ensure that the research results are as
representative of students in this age group as possible. In this context, it was ensured
that the schools were different in terms of success (2 low, 2 medium, 1 high) by
interviewing the administrators and teachers of the schools where this study would be
conducted. The success status of the selected schools was confirmed by obtaining
information from the Provincial Directorates of National Education. 112 of the
participants are female students and 126 of them are male students. The subject of AE is
taught at the 6th and 7th-grade levels according to the Middle School Mathematics
Course (5, 6,7, 8) Curriculum (MNE, 2018). Since writing the VE of AE is mainly given at
the sixth-grade level, students in this grade were included in the study. To keep their
identities secret, the students were given codes such as S1, S2, S3, ....

4.3 Data Collection

As a data collection tool, the Algebraic Expressions Test (AET) consisting of 24 items,
developed by making use of the MNE (2018) curriculum and middle school mathematics
textbooks, was prepared. Table 1 shows some items regarding the learning outcomes of
“A student writes the VE of AE” and A student writes the AE for which the VE is given”, which
are expected to be achieved by the 6th-grade students in the MNE (2018).
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Table 1: Some items from the AET

Items for Items for
writing the VE of AE writing AE of VE
e 9(c3)+5 *  An algebraic expression that “gives the

perimeter of an equilateral triangle with a
side of k cm”

o §+ 2=21 * An algebraic expression that gives “two less
than three times one less of the walnuts in the
box”

. n;6—8 = An algebraic expression that gives “Ali’s
remaining debt, who pays 3 TL of his debt”

5M—4

= If the price of a 50-kilogram bag of sugar is x
TL, the algebraic expression that gives the

price of 5 kilograms of sugar

The average score that can be obtained from the test is at least 0, and the maximum is 3.
To determine whether the items in the test are items for writing the VE of AE and AE of
VE, the opinions of two experienced mathematics teachers and a mathematics education
specialist were taken. It was also checked whether the items were understandable and
whether there were possible grammatical errors in the items by a researcher Turkish-
language teacher. As a result of the pilot application conducted with three students with
different achievements, it was decided that 40 minutes was appropriate for the test and
it was seen that the students could understand the items. Item analysis was conducted to
finalize the items in the test. The lowest item-total correlation coefficient was found to be
0.391. It is stated that items with an item-total correlation of .30 and higher distinguish
individuals well, items between .20 and .30 can be included in the test or should be
corrected if it is deemed necessary, and items with a lower than .20 should be excluded
from the test (Biiytikoztiirk, 2011). In addition, the Cronbach Alpha coefficient of the AET
was calculated as .924. The results of this analysis show that the test can be applied
reliably for students at this level.

4.4 Data Analysis

The answers given to the items in the AET were scored in four stages, with Completely
True “3”, Partially True “2”, Incorrect “1”, and No Answer “0”. The average of the scores
of all students from the test was calculated separately. The answers to all items in the test
were scored independently by two mathematics education experts. The Pearson
Correlation Coefficient (r) was calculated to reveal the consistency between these two
scores. The consistency between the scores of the two experts independently from each
other was found as 90% (p=.000, r=.897). The Kolmogorov-Smirnov test used to determine
normality showed that the data were not normally distributed (p=.029). For this reason,
the Mann-Whitney U test was used to reveal how achievement varies by gender. In the
analysis of qualitative data, a content analysis technique was used and six categories
agreed upon by the two researchers were reached. To ensure coding reliability, Miles and
Huberman's (1994) reliability formula (reliability=consensus/(consensus+dissensus) was
used. For this study, coding reliability was calculated as 0.87. On the other hand, some
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student answers were directly quoted to increase the reliability of the research. In
addition, after the real application was carried out and all student papers were scored,
interviews were conducted with students whose answers were not well understood, and
they were allowed to explain their answers in more detail. In this context, sample
interviews of three students were directly conveyed as Yin (2011) suggested in qualitative
evaluations.

5. Findings
In this section, it is given whether the performance of the participants varies according to

gender. In addition, the writing and interpretation situations of the students were
presented as categories. The results of the participants’ success by gender are given in

Table 2.

Table 2: Statistical results of success by gender

Gender N Mean Rank Sum of Ranks Sig. (2-tailed) V4
Female 112 125,55 14062,00

Success
Male 126 114,12 14379,00 ,201 -1,279
Total 238

As can be seen from Table 2, there was no significant difference between the success of
male and female students” performance (z=-1.279, p=.201). Considering the mean rank, it
can be seen that gender does not have a significant effect. In other words, it was
determined that the gender factor did not have a significant effect on writing and making
sense of the VE of AE and AE of VE.

Table 3: Success levels and averages of the participants

Test Average / Level N Percent (%) Average
0,00-0,99 / Low 7 3

1,00-1,99 / Medium 104 44 905
2,00-3,00 / High 127 53 ’
Total 238 100

As can be seen in Table 3, it was revealed that the average success of all participants was
2.05. On the other hand, it was determined that most of the participants had a high (53%)
and medium (44%) level of success.

Table 4: Frequency and percentage of participant responses by category

Category N Percent (%)
Ignoring the existence of parentheses 109 46
Ignoring the priority of operation 102 43
Ignoring the priority of the fraction line 76 32
Inability to understand the concept of equality 62 26
Writing the same type of verbal expressions 119 50
Inability to interpret the algebraic expressions 83 35
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As can be seen from Table 4, it was found that half of the participants (50%) used
the same type of VE. It was seen that 46% of the participants ignored the existence of
parentheses. It was determined that 43% of the participants did not consider the priority
of operation. On the other hand, it was seen that the participants had the least difficulty
in making sense of equality (26%). The statements of some students regarding each
category are given below.

a. Ignoring the Existence of Parentheses

o 9(x-3)45

. . 1 o AN ' ' 4 - .
Wb (o i) 4 Agloun S RIS e X0 4
et oY :

Fo2 (¢S ¢

f ' 4 - Ir;|
" .?.{"u-:-;'jl"’f“’?r Yirla 2N e

W\
@A

When the answers of these students were examined, it was seen that they ignored
the parenthesis in writing VE of AE. S103 wrote the VE “5 more than 3 less than 9 times a
number” for the AE 9(x-3)+5. 5117, on the other hand, gave the VE “1 more than twice the
amount of something” as an answer for the AE 2(a+1). Both P103 and P117 could not fully
grasp that parentheses are symbols that need attention while writing AE. In other words,
it can be said that the students do not sufficiently comprehend that the parentheses give
priority and have importance in the differentiation of the expression.

b. Ignoring the Priority of Operation

ccaormih 30 e paleme
L ek Sig L
B — e, W

0%

“Bir torbadaki cevizlerin 9 fozlasinin 4 katini veren cebirsel ifade”
" ‘l'tl :_j F
L €+9.¢

S50 wrote the VE “4 minus of a number divided by 3” for the AE 5M$_4. 528, on the

other hand, gave the AE e+9.4 as an answer for the VE “AE that gives 4 times more than
9 walnuts in a box”. When the answer of S50 is examined, it is understood that he did not
pay attention to the priority of operation and that he did not know that the number 5
must be expressed first because of the priority of operation in the case of multiplication.
When the answer of S28 is examined, it is seen that he wrote the AE incorrectly because
he did not pay attention to the priority of operation. In this case, it can be said that the
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student ignores the priority of operation while reading the VE directly and writing an
AE.

c. Ignoring the Priority of the Fraction Line

OO Te:l QaoPioma 0N i

+ g
04 - 2, \ AT =an

q\oa\us\ A

‘\D""iﬂ' ,?31_3___, 1_]_}..'( A T AT I 4 }fr? LM C 111:-;r1 ho | |‘

2x+1

S 5208, on

the other hand, gave the VE “8 and 4 subtracted from a number” as an answer for the AE %

S105 wrote the VE “1 more than multiplying a number by 2” for the AE

-8=4. When 5105’s writing a VE for a given AE is examined, it can be said that the student
did not pay attention to the fraction line and therefore wrote the VE incorrectly. The
student, who paid attention to the concept of the unknown and its coefficient while
writing, was able to form the expression up to a certain point of the VE but did not pay
attention to the fraction line. When the answer given by 5208 was examined, the student
did not pay attention to the priority of the fraction line and wrote a wrong AE that was
not well understood. It can be said that the student does not know that the fraction line
means division and does not sufficiently comprehend that it should be expressed
primarily.

d. Inability to Understand the Concept of Equality

\ a1l |

4oy olomlocietn Jotidar 2 ketlegiprn L1 fones,
B - o

5
) N
03

. n—6:8 0. _
wy 4 | Lid { 3} \ o ) ag

+ LW v o » J

S29 wrote the VE “21 of 2 more than half of my pencils” for the AE = +2=21. For the
5

AE nT_s =8, 5199 gave the VE “Quarter of a number minus 6” as an answer. When 529’s

answer is examined, it can be said that the student cannot make sense of the concept of
equality. The student used the expression “number of pencils” instead of the variable “a”,
but ignored the concept of equality and expressed it as “21”. When the answer of 5199 is
examined, it can be said that she never used the expression “equals” and could not
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interpret that the given AE could be equal to a numerical value. This student read the AE
correctly, but it was seen that she did not equate this expression to a number.

e. Writing the Same Type of Verbal Expressions

S17 wrote the VE “9 more of a number equals 26” for the AE x+9=26. S13, on the other
hand, gave the VE “2 more than one-fifth of a number equals 21" as an answer for the AE %

+2=21. 551 wrote the VE “Half of 1 more than 2 times a number” for the AE % As seen in

these examples, it was determined that most of the students used the same type of VE
while writing the VE whose AE was given. 517, 513, and S51 also wrote correct VE to AE.
These students generally preferred to write VE in the form of “... a number ...”.

f. Inability to Interpret the Algebraic Expressions
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S179 wrote the AE x- g = § for the VE “AE giving the amount of money falling to each

of the 3 siblings who share some money equally among them”. 5213, on the other hand, gave

the AE 6m2_10 as an answer for the VE “AE giving half the age difference of Ahmet and

Mehmet”. When the answer of S179 was examined, the student was able to understand
that the sharing situation was division, but since he could not interpret the statement, it
was seen that he wrote a wrong statement by making a few statements. When the answer
of 5213 is examined, it is understood that the student interpreted the number 6 as a
coefficient and the number 10 as a difference, thinking that there should be numerical
data in the AE. From the answer she gave, it can be said that the student could not
interpret the AE correctly. The student also used constant numbers such as 6 and 10, even
if incorrectly, in a situation where it was necessary to use variables.
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The interviews with students whose test successes were different were reflected
and their answers to the items in the AET were detailed. Three of the interviews with
students with low, medium, and high test averages are given below.

The interview with 542, whose test average was 0.83 (low level):

Researcher: Can you read the item “Algebraic expression that gives Ali’s remaining
debt, who pays 3 TL of his debt”?

Student: Okay...

Researcher: What’s your answer?

Student: My answer is 10-3x.

Researcher: How did you think of this answer?

Student: I thought in my mind that his money is 10 TL. Then I put an x next to 3 because
the algebraic expression was requested.

Researcher: Okay, let’s look at the other item.

Researcher: What did you think about the item “an algebraic expression that gives
two less than three times one less of the walnuts in the box”?

Student: I said 6x to the walnuts, I wrote 6x-1x because it said 1 minus. I found the result
5x, I found 15x because it was asked for 3 times, I wrote 15x-13 because it said 2 minus.
Aaaa, no, I should have written 13x directly. I did it wrong.

Researcher: You were asked to write the verbal equivalent of the algebraic expression 3c+5.
As an answer, you wrote 7 minus of 8 marbles. What does the “c” mean here?

Student: Algebraic expression.

Researcher: How did you think while writing this verbal expression?

Student: I subtracted 7 marbles, I was going to add 3 and 7 and add 5 again.
Researcher: But there is a parenthesis, how could you sum it up?

Student: You're right, I didn’t think so.

The interview with 551, whose test average was 1.50 (medium level):

Researcher: Can you review your answer to the item “The algebraic expression that
gives five more than four minus half of the chickens on a farm”?

Student: Ah. I did wrong. (He wrote “t-4+5")

Researcher: Where did you go wrong?

Student: Half means dividing something in half.

Researcher: How was it supposed to be?

Student: It should have been “t/2-4+5".

Researcher: Can you look at item 57

Student: [ made a mistake (He wrote “c-1x3-2"). There is a priority of operation here,
how could I not think of it, I needed to use parenthesis.

Researcher: Would anything change?

Student: Yes. It varies. It should be “(c-1)x3-2".

Researcher: What did you write as a verbal response to the item “2.(a+1)"?
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Student: 1 more than the number of pears of 2 friends. (After silence and reflection.) I
thought of “2” as a friend, I was wrong. The unknown is the “a”.

The interview with S15, whose test average was 2.62 (high level):

Researcher: Can you read item 2? (“The algebraic expression that gives five more
than four minus half of the chickens on a farm”) Is your answer correct?

Student: It may be true. If we give a value, for example, if we say 5, 5-4=1, 1+5=6, 6/2=3.
Let’s give the value 5 again. 5/2=2,5, 2,5-4 (confused and leaves the solution like this by
trying to perceive the difference), no result.

Researcher: Why did this happen? What is the difference?

Student: Division will be done first, but when I did the operation, the same result was not
obtained.

Researcher: Could the fraction line have an effect? You drew under all the fraction lines.
Student: Aaaaaaah, now I get it.

Researcher: Can you give another verbal expression for the equation “a/5+2=21"?

(In the test, he answered “2 more than 1/5 of a number is 21”.)

Student: 2 more than one-fifth of my money is 21 TL.

Researcher: Well...

As can be understood from the sample interviews with these students, it has been
observed that students with low test success have lower performance in interpreting both
the items in the test and what they have written as answers. Again, in the interviews with
the students, the students had the opportunity to see and correct their wrong answers.
Based on these interviews, it can be said that it is necessary to examine the answers of the
students in-depth and share them with them.

6. Discussion and Conclusions

This research was carried out to reveal the 6th-grade students” ability to write and make
sense of VE of AE and AE of VE. As a result of the analyzes, the following results were
obtained.

First, it was determined that the average success of the participants was 2.05.
Considering that the average in the test varies between 0.00 and 3.00, it can be said that
the participants’” performance is above the medium level. In a study, it was concluded
that middle school students” success in AE was at a moderate level and the lowest success
was in “Explaining the meaning of simple visual and algebraic expressions” (Birgin &
Demiroren, 2020).

Second, there was no significant difference between the success of female students
and male students in AE. This result shows parallelism with the results of Ma’s (1995)
study on the effect of gender on success in algebra.

Third, as a result of the content analysis, it was revealed that the students ignored
the existence of parentheses, did not pay attention to the priority of operation, could not pay
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attention to the priority of the fraction line, could not make sense of the concept of equality,
including the same type of VE and could not interpret AE. Similar results were obtained in the
studies conducted by Ozdemir-Baki and Isik (2018) on AE with 6th-grade students. In the
studies conducted by Erdem and Sarpkaya-Aktas (2018) and Simsek and Soylu (2018), it
was determined that 7th-grade students had difficulties in similar situations in AE.
Falkner et al. (1999) found that students had misconceptions about the sign of equality. It
is thought that it would be useful to explain these results and why they occur in more
detail below.

It can be said that students’ ignorance of the existence of parentheses is due to their
inability to adequately grasp the concept “AE” (eg, lack of knowledge of “the operations
in parentheses must be done first”) and problems in RC. Since parentheses represent a
priority in AE, it requires students to interpret VE well. In other words, the parentheses
give an idea from which order to start when interpreting the AE. In this context, a student
who cannot comprehend the meaning of consecutive VE is likely to experience this
difficulty. The fact that the concepts of algebra are not learned enough also plays a role
in not paying attention to the priority of operation. It is important for teachers to convey to
students why the priority of operation is necessary and how its basic logic or
mathematical background is. In this context, giving the knowledge that “multiplication
is repeated addition” and “division is repeated subtraction” can be effective. It can be
said that the concept of fraction, which students have difficulty in understanding, is
effective in not paying attention to the priority of the fraction line. Students may experience
deficiencies in terms of both operational knowledge and conceptual knowledge while
passing from natural numbers to fractions, and they may even have various
misconceptions. Fractions, which can be confused due to their different meanings, are
among the subjects that many students have difficulty in learning (Gokkurt et al., 2013;
Moss & Case, 1999; Tirosh, 2000). This difficulty may cause students to avoid fractions,
and therefore the fraction line while writing VE of AE.

The fact that students encounter AE for the first time may affect their inability to
make sense of the concept of equality. Students encounter AE for the first time at this grade
level, and establishing and interpreting the equations in which AE is used is the next
stage (MNE, 2018). Insufficient understanding of AE may affect the learning of this next
stage more negatively. Studies have shown that students generally try to reach the result
in the given equality rather than understanding the meaning of the “equality” sign
(Stephens et al., 2013; Voutsina, 2019). It can be said that both the language used by the
teachers and the language in the textbooks are effective in the writing of the same type of
VE. Teachers can often use expressions that start with “A number ...” when writing or
saying VE of AE. It will help to overcome this difficulty if teachers give plenty of
examples of different problem sentences in which AE is used. In addition, allowing
students to construct different types of problem sentences and share them with their
friends can be considered as another development factor. In the textbooks, the activities
on this subject should be diversified and different examples from daily life should be
presented. As a matter of fact, in a study (Bozkurt, 2018), it was emphasized that the
activities in the textbook were not sufficient to eliminate a possible difficulty or
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misconception. It is important to provide students with experiences that will make them
realize that they are also used in real-life situations so that students do not think about
the VE of AE only abstractly. The study of Dikkartin-Ovez and Cinar (2018), which shows
that 8th-grade students cannot solve algebra problems by associating them with daily
life, also points to this necessity. Similarly, it is underlined that appropriate learning tools
and methods should be used (Kieran, 2004; NCTM, 2000; Taylor-Cox, 2003; Yackel, 1997)
and especially real-life examples should be used (Kieran & Yerushalmy, 2004) in teaching
algebra to students at a young age. Finally, it can be said that one of the factors affecting
the students’ inability to interpret AE is the insufficient development of the mathematical
language. In other words, this difficulty experienced when writing VE of AE and
transferring them to mathematics may be due to the lack of understanding of
mathematical concepts. Another factor may be the inability of students to think as a
whole without considering the order of priority when transferring different judgments
(difference, total, half, one-fourth, etc.) in VE to the language of mathematics. Han and
Ginsburg (2001) also underlined that the language of mathematics is one of the most
important skills that enable establishing correct connections between different
representations, symbols, and expressions and shaping mathematics learning and
thinking.

On the other hand, in the interviews conducted with some students, it was seen
that the students realized their mistakes when it was examined by the researchers why
they gave such answers. It can be said that this result is one of the most important
practical results of the current research (especially for teachers). These interviews pointed
to the importance of questioning why students think the way they think in a constructive
discussion environment, rather than accepting what they wrote about algebra or any
other mathematics. In this context, learning environments that allow students to help
each other by seeing each other’s mistakes can be prepared by teachers. In addition, based
on the answers given by S42, who had a low level of success, it can be said that her
knowledge of arithmetic is quite insufficient, so she could not write correct expressions
while passing algebra. The success of such students can be increased by eliminating their
deficiencies in arithmetic and operation knowledge, especially at lower grade levels. It
was observed that S51, whose success level was at a medium level, was thought to be
inadequate in terms of RC and that he misunderstood the VE realized his mistake thanks
to the effective questions asked by the researcher. This inference supports studies that
reveal the role of RC on learning mathematics and mathematical reasoning (Aiken, 1971;
Erdem, 2016).

7. Concluding Remarks and Implications

It can be said that students’ lack of mathematical language development, inadequacies in
RC, and incomplete knowledge of previous basic mathematics subjects (four operations,
fractions, the priority of operation, etc.) play a role in students’ difficulties in writing and
making sense of VE of AE and AE of VE. If these deficiencies of the students are not
corrected at a young age or when the related subject is taught for the first time, it may
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cause a more complex mathematical adventure to emerge in the future. In other words,
it may be difficult to make up for it in the following years, especially when students do
not understand what the concepts of “unknown” or “variable” are and what they are
used for in the 6th grade when they first meet the subject. As a result, students may have
difficulties in understanding the subjects they will encounter in the future, such as
equations, factorizing, functions, and problem-solving. The first step in solving a problem
is to understand the problem, and the second step is to develop a strategy. Being able to
write problem sentences suitable for AE or, conversely, understanding the problem
sentence and creating an appropriate AE clearly shows the relationship between making
sense of AE and solving problems. In this context, it will be a very useful process for
students at this level to write abundant and different types of AE from daily life, to create
corresponding VE, and to share them with their friends and teachers. The existence of
complex problems, which are popular around the world, whose results cannot be reached
immediately, and which require more mathematical reasoning and different thinking
processes, draws attention to the importance of AE to be sufficiently understood by
students. With a longitudinal study, the relationship between students” ability to make
sense of AE and their problem-solving skills can be investigated. In addition, examples,
exercises, and activities used in the teaching of AE in the textbooks can be diversified,
allowing students to think and interpret differently. Moreover, more time should be
devoted to the teaching of this subject, which is currently tried to be given in only one
learning outcome in the curriculum.

Another important point that must be emphasized in this study is that it is a
limitation to conduct this research without considering or measuring students” RC skills.
If the student does not have this skill yet, it can be said that s/he may have difficulty in
writing and understanding the AE of VE. On the other hand, based on the interviews
with the students about their answers in the test, it should be underlined that the answers
of the students, whether it is the exams held at the school or the exams, should not remain
on paper only, and that it is a necessity to scrutinize their answers. Moreover, it can be
said that it will be beneficial for students to see each other’s answers with the support of
their teachers and discuss them constructively (without knowing whose paper it is so that
they do not get offended) in terms of interpreting AE and writing VE. The fact that such
environments allow students to see and correct each other’s mistakes (Cobb et al., 1992)
makes this suggestion meaningful. As a final emphasis, it cannot be overlooked that
students who interpret and reason AE correctly and who can transfer VE to mathematics
correctly will be more successful in algebra and thus in their future mathematics lives.
The fact that a healthy transition from arithmetic to algebra is indispensable for future
mathematics (Kieran, 2004) is one of the best grounds for this inference.
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