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Abstract

The purpose of the study is to investigate the sixth grade students’ use of unknowns and
variables prior to any formal algebraic instruction. Three students were presented with a
questionnaire including the manipulation of unknowns and variables. The students showed the
ability to interpret algebraic expressions such as solving equations and finding patterns. It is
a crucial point that they defined both of the term of unknown and variable as unknown. In this
study it was examined the grounds of this use.
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CEBIR OGRETIMINE GECISTE BILINMEYEN VE
DEGISKEN KAVRAMLARININ YORUMLANMASI

Ozet

Bu ¢alismamin  amaci, altinci sinif 6grencilerinin  cebir dgretimine  gegis
asamasinda bilinmeyen ve degisken kavram kullanimlarini nasil kullandigin
incelemektir. U¢ Ogrenciye, bilinmeyen ve degisken kavramlarini iceren bir élgek
sunulmugtur. Sonuglar, denklem ¢ézme ve oriintii bulma gibi cebirsel ifadelerde,
agrencilerin bilinmeyen ve degisken kavramlarin bilinmeyen olarak algiladiklarin
gastermektedir.

Anahtar Kelimeler: cebir 6gretimi, aritmetikten cebre gegis, altinci sinif diizeyi

1. Introduction

Taking into account the transition from arithmetic to algebra; variables and unk-
nowns, equations and equation solving, and the algebra word problems have been
research areas from 1977 on the learning and teaching algebra (1). Several researches
have reported that there have been many learning difficulties in algebraic equation
solving (2; 1), the conception of variables (3; 4), and the meaning of unknowns (5;
6). These overall researches show that understanding of algebra relies on generally
students’ experience in arithmetic.
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The cognitive gap between arithmetic and algebra, “the students’ inability to ope-
rate spontaneously with or on the unknown” (p. 59), focuses on students’ arithmetic
background that points to some of the problems in early algebra (2). Even though
students’ prior experience with arithmetic problems enables to understand the mea-
ning of unknown (6); the interpretation of unknown leads to its function. In essence to
understand unknown, the relation with variable should be considered.

(4) intended that purposes of algebra are defined by conceptions of algebra and
uses of variables. According to him, uses of variables are varied in their different con-
ceptions. For instance, when conception of algebra means to solve certain problems;
variables are unknowns and constants. Also, the notion of variable is defined by (7)
as something that can vary. He noticed that the term of variable is used in an equation
when students are first introduced to find the unknown. For example, x is called as
variable in the equation 3x +4=19 where there is only one value of variable (7). It is
important to say that students learn the term of variable when solving the equation
with one unknown that does not vary actually.

(8) defined the variable as a basic tool for representing generalization. They conc-
luded that pattern approach could facilitate introducing the variable. In this way, pat-
tern activities might provide symbolic representation including variables. Therefore,
seeing pattern becomes essential to establish algebra and generalization (9). However,
activities provide students to study with letters as hidden numbers; the generalizati-
on let them use letters as variables (10). At this point, (11) integrated together the
meaning of unknown, variables, equations and pattern approach, “...The algebraic
concepts of unknown and equation appear to be intrinsically bound to the problem-
solving approach, and that the concept of variable and formula appear to be intrinsi-
cally bound to be the pattern generalization approach” (p.111).

1.1. Purpose of the Study

This study is aimed to explore how the sixth graders might respond to the task of
manipulating unknowns and variables before having any formal algebraic instruc-
tion. It is presented equations and patterns that are required to understand the uses
of unknown and variables. In this conception, the following research questions are
investigated:

1. How do the sixth grade students interpret unknowns and variables in an algeb-
raic expression prior to formal algebraic instruction?

2. What kind of prior knowledge do the students have to solve algebraic equations?

3. Are the curriculum and the mathematics textbooks related to the interpretation
of unknowns and variables?

It is assumed that the content of the mathematics textbooks and the curriculum
standards would be related to the students’ definitions and uses of unknowns and
variables.

2. Method
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2.1. Participation and Data Collection

(12) proposed that a particular subgroup could give comprehensive information in
the qualitative study. The interview was conducted with three 6th grade students who
did not have any formal algebraic instruction. They were in the same class which was
thought as the particular group. As their mathematics teacher reported, they were abo-
ve-average students in mathematics course. To sum up, it was expected that it could
be acquired the detailed information about their thinking.

The questionnaire was designed that was to be solved by the students. The questi-
onnaire consisted of equations and patterns that were representative of examples and
problems in the 6th grade mathematics textbook. Mathematics textbook was taken
into the consideration in this study because the textbook is primarily teaching material
to decide the lesson objectives and the instructional activities (13).

2.2. Data Analysis

The verbal data was gathered from video recording and then compared with the
written data in the students’ documents. The students were asked to think aloud while
responding the questions. Also, the interviews gave insights into the students’ thin-
king and explained the underlying the written solutions that were collected from the
documents.

Data analysis consisted of two steps; in the first step of the analysis, it was trans-
cribed the verbal data and discussed the process, that is, to understand how students
gave the information while responding the questions in the questionnaire. Since all
questions were solved by all three students, it was focused on the uses of unknowns
and variables as well as on the content of the textbooks. Next, the codes were deve-
loped that described the content in the interviews. Therefore, the data was analyzed
in three parts which are based on the uses of unknown, the uses of variables, and the
pattern approach in turn.

3. Results
3.1. Part 1: Uses of Unknown

The first example (see Appendix A) describes an equation solving approach that
emphasizes using letters as unknowns. The students were said to “inverse operation”
in the solution of this example. They reviewed their arithmetic facts about solving
the equation while responding. The students’ answers indicated that their arithmetical
background was sufficient to solve this question. The following is the excerpts from
the interview:

Student1

Studentl: Here, we are going to get to 6, by multiplying this number
with 3 and then subtracting it from 30.

Instructor: What are you thinking about?

October 2013 Vol:21 No:4 (Special Issue) Kastamonu Education Journal



1320 Meric OZGELDI ...

Student 1: I am thinking about how I can get to 6 by multiplying and
subtracting from this number.

Student2

Student2: In order to define the square, we need to subtract 4 from 25,
then divide it by four, and the result is 7.

Student2: Here we are going to add 8 to 36. We will subtract 6 from
30. This is the way I followed in all three questions, look for the equa-
nimity. We perform inverse operations. Number 2 is the same, number3
looks a little different. What number do we need to subtract to get to 6?
Actually, it is the same pattern.

Student3

Student3: Square multiplied by three and then 3 added equals to 25.
First, I subtract 4 from 25, which equals to 21. Then, there is the 3, I
divide 21 by 3.

I will add 36 to 8, which equals to 44. Then, there is 4 multiply. That
is why, I divide 44 by 4. The triangle is 11, and the square is 7. Now to
the last one. If I multiply 3 with 2, I get to 6. But there is the subtraction
from 30. Therefore, I will subtract 6 from 30, which equals to 24. Then
I will divide 24 by 3, which equals to 8. That means “a” is 8.

Instructor: What did you use when solving all these?

Student3: I performed inverse operations in all three equations and I
got to the results.

This result does not seem surprising because students’ experience points out the
prior arithmetical knowledge. Essentially, (2) appraised that it can be handled as al-
gebra because the place holder is used as an unknown.

Interviews show that the students have already faced linear equations with one
unknown of the types ax+b=c. However, the solution process seems as arithmetic;
(14) supposed that it is algebra because students have some understanding of unk-
nown and equation. When the students were asked the meaning of some terms such as
square, triangle, and the letters “a and x”, and also they were required to compare the
uses of these shapes and letters; they answered that these were unknown. For examp-
le, Student]1 explained in the first question:

Student1

Instructor: You have used some terms such as square, triangle, and a.
What are they called?
Studentl: They are the term of unknown.

In the second question of finding the value for A=3, Students2 clarified that this
was unknown. Also, when students compared the question 1 and 2, Students3 explai-
ned that unknowns were used in these questions.
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Student2

Student2: Are we going to use 3 in this one? Yes, I think so. Then it is
11.

Instructor: What does it mean? The square equals to 3.

Student2: It means the term of unknown here is 3. When we use 3 in
this one, it equals to 11. If we put 3 next to 3, it is 33.

[T

Instructor: Does it make any difference if it is “x” or square or triangu-
lar?

Student2: It doesn’t make any difference since it is the term of the unk-
nown.

Student3

Instructor: Which of these questions are similar?
Student3: 1 and 2

Instructor: Why?

Student3: In 1 and 2 the term of the unknown is symbolized with sha-
pes such as square or triangle, therefore they may be similar

The students were aware of the uses of shapes and letters because they could rep-
resent that there was no difference between the uses of the letter “x”” and the square or
triangle. However, such kinds of uses are related to the uses of variables; the students
claimed that they were unknowns.

3.2. Part 2: Uses of Variables

During the interview it was not observed that the students used the term of va-
riable; even though they used the term of unknown frequently. They felt the uses of
variable but they could not declare the discrimination of them. They explained in the
following:

Student1

Instructor: In this question (points to question 4), “a” is 5 in one, 15 in
the other, and 24 in the other. What does it mean?

Studentl: It does not use a certain number for “a”, that is, it is different.

Instructor: OK. Which of the above questions do you think question 4
can be considered as similar from the usage point?

Studentl: From the usage point, I think it is question 1.
Student2
Instructor: If we compare the questions which ones look alike?

Student2: Question 1, 2 and 3 look alike. The terms of the unknown are

symbolized with shapes. Questions 2 and 3 look alike, and questions 1
and 4 look alike.
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Instructor: Why do you think questions 1 and 4 are alike?

Student2: In these questions it asks the numbers to be used instead of
the square, triangle and “a”, that is the similarity.

Students3

Instructor: Does it make a difference if we used “a” or square or triangle
to symbolize the term of the unknown? In question 3 we used “x”.

Students3: Well, it is the same. But in comparison, they look more simi-
lar. “x” is used for the term of the unknown. It is the same here. I think
there is a common point in all four questions, because the term of the
unknown is symbolized by different shapes such as “a”, “x” triangle and
square.

Instructor: Good.

When the students compared the question 1 and 4, they might have been allocated
according to the letters’ different value because in the question 2 and 3 there was a
specific value. Student3 pointed out that these all four questions have a general sense;
that is, it might be indicated the uses of variable. These are showed that unknowns and
variables are particularly treated as facets of a single concept of variable without any
explicit representation (3).

When the curriculum is analyzed from this perspective, the term of variable is not
used from first grade through fifth grade. There is often used the expression of “hidden
numbers” (15, p.145, p.146, p.200, p.254). They are indicated to the use of unknown.
For example; in the 3rd grade mathematics program is given: “Symbols 0, A, [] e.g.
are used as hidden numbers” (15, p.145), and the 4th grade program is addressed:
“Different shapes and letters are used as hidden numbers” (15, p.200).

3.3. Part 3: Pattern Approach

When it is analyzed the 5th grade mathematics textbook, there are several examp-
les about pattern finding. Therefore, the students seemed more comfortable while
finding the pattern. (16) suggested that finding pattern and generalizing a rule from
situation has a positive effect on investigating process and thinking algebraically thro-
ughout the middle grades. Therefore, it can be predicted that they would enhance their
algebraic thinking in the following grades. They reflected their generalization with
this example:

Student1

Instructor: There is a, say, 10th or 20th step ahead. I am calling it “step
a” without giving it any number.

Studentl: Let’s skip the in-between numbers. The number of the sha-
pes for the 20th step house is 3 plus 20.

Instructor: What does it mean then to fill the table for “step a”?

Studentl: It means, is the number of shapes that form the house accor-
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ding to the step number, plus filling the number of the clouds and the
total number of shapes in the table.

Student2

Instructor: How can I define it in table? How would I fill it if I said “step
a”?

Student2: Then, I could the draw the shapes on my own. I would draw
the house and the chimney, and put the clouds according to the increase

rate.
Instructor: Which is?
Student2: 7

Instructor: According to what?

Student2: 7 clouds for 7th step, which totals to 10 for total number of
shapes.

Instructor: In accordance with the increase rate, how would you fill the
table for 20th step?

Student2: This is 3, plus 20, which is 23.

Student3

Instructor: Let’s call a step “step a”.

Student3: What it means with “step a” is a step after Sth. Since it is
one step after 5th, it will be the 6th step. The 6th step, or “step a”, it is 6
clouds; total number of shapes is 9.

Instructor: So you say, “step a” means the 6th step?

Student3: I think it does. Any among these could be “step a”.
Instructor: Could Ist or 2nd step, for instance, be “step a”? Or can I call
a step after the 5th “step a”?

Student3: Since it is “a step”, it can be the 1st or 2nd or 4th. I conside-
red “step a” as the 6th step because it comes after the 5th. That is why
it is 9, since we would have 6 clouds plus the house shapes — the body,
roof and the chimney.

Instructor: What would you say if it was the 20th step?

Student3: If it was the 20ts step... There is a correlation between the
step and the cloud numbers since they increase accordingly. That is,
20th step will have 20 clouds, the shapes that form the house are 3,
which totals to 23.

From these excerpts, the students could not display the generalization for any step
whatsoever. They offered specific values for the step. It is suggested that they are not
ready for such generalization. Essentially, they would learn and use this in the follo-
wing semester. In addition, they could verbalize their generalizations easier than write
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them symbolically. (8) observed that it is not surprising because students are more
experienced in such patterning activities.

4. Discussion

This study indicated how the sixth grade students used unknowns and variables
in equations and patterns. It was observed that the students’ prior learning experience
could facilitate the transition from arithmetic to algebra. The students’ arithmetical
background helped them interpret the algebraic expressions, however; the algebraic
expressions were new to them. On the other hand, we should consider that such kind
of experiences could not be always useful for students’ interpretations of algebraic
symbolism because the uses of letters are changed with respect to their context (17).

It is remarkable that the term of unknown is not used in the curriculum from first
grade through fifth grade, however; the students almost used it in all their responses.
The term of unknown could be seen in sixth grades but the first introduction is not so
clear. It is given an explanation about it in the sixth grade mathematics textbook; “a is
defined as unknown or variable in the expression of a+3” (18, p.126). The limitation
of the definition can cause difficulties in learning algebra over the long term. Therefo-
re, to keep from the lapses in attention to its meaning, the transition from arithmetic to
algebra should be coordinated with the arithmetical language (19).

Another point to consider is the uses of variable. The students had knowledge abo-
ut patterns which they have learned at fifth grades. In contrast, they did not mention
the term of variable, however; the concept of variables generally appears in the pattern
approach. In addition, patterns are taken place in the curriculum from first grade thro-
ugh eighth grades but the term of variable is not well characterized in them.

While the students could not manipulate the uses of variable, they could not rep-
resent the generalization of pattern. To support the understanding of the generalizati-
on, different conception of variables might be helpful. (4) considered the variable as
pattern generalizers in the conception of generalized arithmetic and as unknowns in
the conception of solving certain problem. From this way, the uses of different con-
ceptions of variable might facilitate the understanding of unknowns, variables as well
as generalization.
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6. Appendix A

1. Asagidaki ifadelerde , A, a yerine ne gelmesi gerekir?
3.1+4=254. A-8=36
30-3.a=6

2. Asagidaki her bir ifadenin A=3 i¢in degerini bulunuz.
A+9=
3A=
2(A-1)=
A=

3. Asagidaki her bir ifadenin x=2 i¢in degerini bulunuz.
4x=
3(x-1)+Hx+2)=
x} =

4. Asagidaki say1 sisteminde
1,3,a,7,9
3,9,a,21,27
12,a,36,48,60

113 ”

a” yerine gelebilecek sayilar nelerdir?

<>
SUE N e
@@-

BB B

1.adim 2. Adim 3.8dim

Tabloda evi meydana getiren geometrik sekiller ve bacadan ¢ikan bulut sayis1 ve-
rilmektedir.

A(‘,}lm Evi olusturan sekillerin sayisi + bulut sayisi Toplam sekil sayisi

2
3

a) 4. ve 5. adim 1¢1n tabloyu doldurunuz.

b) Herhangi bir adimimiza “a” diyelim. Bu durumda a .adim i¢in tabloyu doldu-
runuz.

¢) Adim ve toplam sekil sayist arasindaki iligkiyi yazarak ifade ediniz.
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