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Introduction

The traditional approach, in which students meet only arithmetic at the elementary school level and
start learning algebra for the first time at the middle school level, causes students to encounter difficulties
learning algebra (Stephens, Ellis, et al., 2017). When recent mathematics programs such as the Common
Core State Standards Initiative (2010) are examined, we see that algebraic thinking has been included
since kindergarten. When the 2018 Mathematics Curriculum (Ministry of National Education, 2018) is
examined, it is seen that there are algebra-related objectives in Grades 1-5 to some extent (e.g.,
M.1.1.2.3,,M.2.1.3.5,, M.4.1.5.7., M.5.1.1.3.), but algebra learning area takes place in Grade 6 for the first
time.

Blanton et al. (2007) defined early algebra as “a way of thinking that brings meaning, depth, and
coherence to children’s mathematical understanding by delving more deeply into concepts already being
taught so that there is an opportunity to generalize relationships and properties in mathematics” (p. 7).
Early algebra is to build algebraic thinking on students' arithmetic knowledge (Carraher et al., 2008).
According to Kieran (2004), “algebraic thinking in the early grades involves the development of ways of
thinking within activities for which letter-symbolic algebra can be used as a tool but which are not
exclusive to algebra and which could be engaged in without using any letter-symbolic algebra at all, such
as, analyzing relationships between quantities, noticing structure, studying change, generalizing, problem
solving, modeling, justifying, proving, and predicting.” (p. 149).

When the relevant literature is examined, studies show that students involved in an early algebra
intervention can develop algebraic thinking starting from kindergarten (e.g., Blanton et al., 2015, Carraher
et al., 2008; Stephens, Veltri Torres, et al., 2021). For example, Blanton et al. (2015)'s comprehensive early
algebra intervention results with 3rd-grade students showed that although no significant difference was
observed between the intervention and nonintervention groups in the pre-test, the intervention students
in the post-test were significantly more successful than the nonintervention students. At the same time,
intervention students’ strategies (such as developing a relational conception of the equal sign, being able
to solve equations, and expressing the rule of the function verbally and with symbols) showed great
differences compared to the pre-test and the nonintervention group. Studies conducted in recent years
have shown that students who have experienced early algebra in elementary school are also more
successful in middle school (e.g., Stephens, Stroud, et al., 2021).

When the literature on the studies conducted in Turkey is examined, it is seen that the studies on early
algebra are quite limited. When related studies are examined, it is seen that students understand the
equal sign as "operational" rather than "relational" sign (Baran Bulut et al., 2018; Yaman et al., 2003),
early algebra teaching activities increase students' academic success (Turgut & Dogan Temur, 2017), they
exhibit functional thinking skills at different levels (Tlirkmen & Tanisli, 2019). However, there is a need for
more studies that comprehensively examine elementary school students' algebraic thinking skills in the
context of Turkey. This study was carried out for this purpose.

In this study, Blanton et al. (2018)’s framework for early algebra was used. This framework outlines (1)
equivalence, expressions, equations, and inequalities, (2) generalized arithmetic, and (3) functional
thinking. Equivalence, expressions, equations, and inequalities “includes developing a relational
understanding of the equal sign, representing and reasoning with expressions and equations in their
symbolic form, and describing relationships between and among generalized quantities that may or may
not be equivalent” (Blanton et al., 2015, p. 43).

Generalized arithmetic involves “generalizing arithmetic relationships, including fundamental
properties of number and operation (e.g., the Commutative Property of Addition), and reasoning about
the structure of arithmetic expressions rather than their computational value” (Blanton et al., 2015, p.
43). Lastly, functional thinking “involves generalizing relationships between covarying quantities and
representing and reasoning with those relationships through natural language, algebraic (symbolic)
notation, tables, and graphs” (Blanton et al., 2015, p. 43).
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The intervention was conducted under these three big ideas, and the results were examined under
them. The research questions of this study are as follows:

1) Are there any significant differences between the pre-test and post-test achievement scores of
the 3rd-grade students who were part of an early algebra intervention (intervention group) and
the 3rd-grade students who were not part of an intervention (control group)?

2) Are there any differences in terms of the strategies used in the pre-test and post-test between

the 3rd-grade students who were part of an early algebra intervention (intervention group) and
the 3rd-grade students who were not part of an intervention (control group)?

Method

In this section, information about the research method, sample, data collection tool, data collection
process and data analysis will be presented.

Research Design

The quasi-experimental design was used as the research design. Studies in which participants are not
randomly assigned to research groups are called quasi-experimental studies (Fraenkel et al., 2011). In the
study, a pre-test was applied to the 3rd-grade intervention and control groups at the same time. In the
study, the written responses given by the students to the open-ended questions were analyzed in detail
to reveal the strategies.

Sample

After obtaining the necessary permissions from the Ethics Committee, Ministry of National Education,
and parents, the study was conducted with 3rd-grade students in two separate public schools in the
Cankaya district of Ankara. Ethical permission was obtained for the research from the METU Human
Subjects Ethics Committee with protocol number 032 METU-2019. While a third-grade class of 20 students
in a public school formed the intervention group, two 3"-grade classes in another public school, 39
students, formed the control group. The schools were chosen by way of convenient sampling in terms of
being close to the researchers in terms of distance. The intervention class was chosen in line with the
volunteerism of the classroom teacher, with the guidance of the vice principal of the school; the classes
forming the control group were similarly formed with the classes directed by the vice principal of that
school.

Data Collection Tool and Intervention

In the first phase of the study, student activity sheets and algebra tests were adapted into Turkish with
the permission of the Learning through an Early Algebra Progression (LEAP)" project. In the adaptation
process, first, the translations were done by the researchers, and then the controls were made with the
researcher who took part in the LEAP project, considering the Turkish literature.

In the study, an early algebra intervention was carried out with the students in the intervention group
for eight weeks, with an average of 5 lesson hours per week. Table 1 shows the topics that make up the
early algebra intervention's content and their weekly distribution. Lesson plans used in the intervention
lessons generally started with a problem situation related to real life and contained questions that would
lead students to discuss these problem situations. Each lesson started with questions to remind students
of the topics covered in previous lessons. Afterward, it progressed with the problems related to the new
topics, with the students working on them in groups of 4-5, and finally, the whole class discussion. Lessons
were conducted as a team, and a researcher other than the researcher implementing the lesson guided
and observed the students' work. Their classroom teachers continued the existing curriculum in the
control group.

*Learning through an Early Algebra Progression (LEAP) project page: http://algebra.wceruw.org
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Before and after the early algebra intervention, the algebra test consisting of 10 open-ended
questions, 22 questions in total with sub-items, was applied to the 3rd-grade intervention and control
group students as a pre-test and post-test within one class hour. In order to determine the reliability of
the algebra test, Cronbach Alpha analysis was performed, and for the pre-test data, a= 0.759, recorded
as a=0.833 for post-test data. Therefore, the algebra test is accepted as a reliable data collection tool.

Table 1.
Weekly Distribution of Topics in Early Algebra Intervention
Big Ideas Weeks Topics

e Relational understanding of equal sign
1,5 e Linear algebraic expressions and solutions
e Inequalities

Equivalence, Expressions,
Equations, and Inequalities

e Additive identity and additive inverse
e Commutative property
Generalized Arithmetic 2-4 e Sums of evens and odds
e Multiplicative identity and zero property of
multiplication

e Functional relationships in the form of y= mx and y=

Functional Thinki 6-8
tnctional Thinking x + b and drawing the graphs of these relations

Data Analysis

For the first research question, the difference between the pre-test and post-test scores of the control
and intervention groups was examined with the Mann-Whitney U and independent sample t-test. Since
the data consisting of pre-test scores did not show normal distribution, the difference between the pre-
test and post-tests of the two groups was examined with the non-parametric Mann-Whitney U test. An
independent sample t-test was performed with the post-test data in which the normal distribution was
achieved. However, since the homogeneity of variances from the independent sample t-test assumptions
was not ensured in the post-test data, the statistics regarding the situation where the assumption was
not met were evaluated.

In order to find an answer to the second research question, the responses to the open-ended
questions were analyzed with the existing codes in the literature. In the analysis of equality, true/false
and equation solving questions, which were asked regarding the equality, expressions, equations, and
inequalities big idea, and the commutative property question asked regarding the big idea of generalized
arithmetic, the strategy codes in the coding manual of Blanton et al. (2015) were used. The birthday
question asked about the big idea of functional thinking was coded with the strategy codes in Stephens
et al. (2017). The codes taken from the literature were used as they were. Since the strategy codes used
differ from question to question, they will be presented before the questions in the findings section, and
examples will be provided.

Intercoder reliability is one of the methods recommended to increase the reliability of the analysis in
qualitative studies and is generally used between 10-25% of the data (O'Connor & Joffe, 2020). For this
purpose, a randomly selected 20% of the data was coded by a second researcher. The codes obtained
were compared, and a consensus was reached by discussing the responses coded differently by the
researchers. When necessary, coding and comparison were made again, and the similarity score was
achieved to reach 80%.

Findings
Research findings will be presented in order according to the research questions. In the first part, the

results of the tests conducted for the statistical differences between the pre-test and post-test scores of
the 3rd-grade intervention and control group students will be shared. In the second part, there are
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findings regarding the differences between the strategies used by the students in the intervention and
control groups in the pre-and post-test questions.

Statistical Differences Between Third-Grade Intervention and Control Group’s Performances

The correct responses given by the 3rd-grade control and intervention group students to the questions
in the pre-and post-tests were scored as 1 and the wrong responses and where they left the item blank
were scored as 0, and the total scores in the tests were calculated. The highest score that students can
get from 10 questions with sub-questions is 22. Descriptive statistics for these total scores are presented
in Table 2.

Table 2.
Descriptive Statistics Regarding Students' Total Scores in Pre and Post Tests
N X SD Maximum Minimum
Pre-Test Intervention 20 4.2 2.93 9 0
Control 34 5.2 3.00 12 1
Post-Test  Intervention 18 9.5 4.8 18 1
Control 37 6.2 2.8 12 0

*The difference between the number of students in the pre-test and post-test is due to student
absences when the tests were administered.

The results of the Mann-Whitney U test, which was conducted to examine the difference between the
intervention and control group pre-tests, are presented in Table 3.

Table 3.
Mann-Whitney U Test Results Regarding Pre-Test Scores of the Groups

Mean Rank Sum of Rank u z p
Intervention 24.48 489.5 279.5 1.09 575+
Control 29.28 995.5 : o '

*p>.05

As seen in Table 3, as a result of the Mann-Whitney U test, it was found that there was no statistically
significant difference between the pre-test scores of the students in the intervention group and the pre-
test scores of the students in the control group (U= 279.5, p=.275).

The results of the independent sample t-test performed to examine the difference between the
intervention and control group post-tests are presented in Table 4.

-Il;va;e{::r;dent Sample T-test Results Regarding Post-Test Scores of the Groups
N X SD t p
Intervention 18 9.5 4.8 265 014
Control 37 6.2 2.8
*p> .05

According to the independent sample t-test performed with the post-test scores, there was
statistically significant difference between the intervention group post-test scores (X = 9.5, SD=4.8, N=18)
and the control group post-test scores (X = 6.2, SD= 2.8 N= 37); t (22.9) = 2.65, p= .014. The mean of
achievement scores of the students in the intervention group is higher than the students in the control
group.
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Third-Grade Intervention and Control Groups’ Strategies

For the second research question of the study, the strategies of the intervention and control groups
were analyzed in detail. The problems selected from three big ideas of early algebra (equivalence,
expressions, equations, and inequalities; generalized arithmetic; and functional thinking) and their
detailed strategy analysis will be presented in this section as pre-test and post-test results for control and
intervention groups. Except for the main strategy codes presented, if the answers given in the items with
the strategy code are outside the determined strategies or if the answer was not discernible, the code
“other,” if the question is left blank, “no response” codes are used. In addition, numerical answers given
without explanation received the "answer only" code. These strategies are not shown in the graphs as
they are intended to be readable and help important strategies stand out.

Missing Value Question

In the algebra test question under the big idea of equality, expressions, equations, and inequalities,
students were asked to find the missing value in an equation and explain their answers. In another
question (True/False Question), they were asked to evaluate the three given equations as true or false
and to explain their answers. Both questions and the common strategy codes used are presented in Table
5.

Table 5.

The Missing Value Question and Strategy Codes
1. Find the missing value in the equation below. Explain how you found the answer.
7+3=___ +4

2. Examine the equations below and circle "True" if true, "False" if false. Explain how you found the
answer.

23.12+3=10+5 True False

2b.57+22=58+21 True False

2c.39+121=121+39 True False

Strategy Code Description Example

Structural The student realizes the structure in  1: 7 + 3 = 6 + 4 because if you subtract one

Computational

Operational

the equation and determines or
solves the equation  without
calculating.

The student perform calculation to
find the unknown value or to
determine whether both sides of the
equation have the same value.
Student adds the numbers to the left
of the equal sign or all the numbers in
the equation to find the solution.

from 7 and add it to 3, you will have 6.
2b: That is true because you add one to 57,
subtract one from 22.

1:7+3=6+4since7+3=10and 6 +4 =
10

2a: That is true because 12 + 3 =15 and 10
+5=15

1:7+3=10+4since7+3=10
1:7+3=14+4since7+3+4=14

2b: That is false because 57 + 22 =79, not 58
2b: That is false because 57 + 22 + 58 + 21 =
158

Note: The table adapted from Blanton et al., 2015, p. 51.

The graph regarding the percentage of correct answers for the missing value question (see Table 5) in
the algebra test administered before and after the early algebra intervention of the 3"-grade intervention
and control groups is shown in Figure 1.
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Figure 1. The Percentage of Students Answering the Equality Question Containing Unknown Correctly
Note. While the percentage of no-response for the first question was 2.94% in the control group and 5% in the pre-
test, it was 5.41% in the control group and 0% in the intervention group in the post-test.

According to Figure 1, although the percentage of correct answers increased in the post-test in both
groups, there was an increase of approximately 30% in the percentage of correct answers in the
intervention group, while an increase of approximately 3% was observed in the control group. The
strategy percentages used by the students in the missing value question are shown in Figure 2.
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Figure 2. The Percentages of Strategies Used by Students in Missing Value Question

According to Figure 2, the intervention and control group students at approximately the same rate in
the pre-test used the operational strategy as the misconception for the equal sign. While no significant
change was observed in the control group in the post-test (from about 62% to 59%), the percentage of
students using operational strategy in the intervention group decreased (from 60% to about 33%). It was
found that the correct computational and structural strategies were used more by the intervention group
in the post-test. While the use of computational strategy increased from 25% to about 44% in the
intervention group, it was recorded as approximately 27% in the pre-test and post-test in the control
group. Structural strategy, on the other hand, was not observed in the intervention group in the pre-test,
while it was found to be around 11% in the post-test. In the control group, it was recorded as
approximately 3% in the pre-test and post-test.
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True/False Questions

In another question of the algebra test under the big idea of equality, expressions, equations, and
inequalities, students were asked to evaluate the three equations as true or false and to explain their
answers in order to examine their conceptions of the equal sign. The items of the question and the
strategy codes used are presented in Table 5.

Figure 3 shows the percentage of students in the intervention and control groups correctly answering
the True/False question items in the algebra test applied before and after the early algebra application.
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Figure 3. The Percentages of The Students Answering the True/False Question Items Correctly
Note. While the percentage of no-response for item 2a was 0% in both groups in the pre-test, it was 2.7% in the
control group and 0% in the intervention group in the post-test. The percentage of no-response for item 2b was 2.94%
in the control group and 0% in the pre-test, while it was 2.7% in the control group and 0% in the intervention group
in the post-test. While the percentage of no-response for item 2c was 8.82% in the control group and 10% in the
intervention group in the pre-test, it was 2.7% in the control group and 0% in the intervention group in the post-test.

As seen in Figure 3, while the control group students recorded approximately the same correctness
percentage (pre-test about 62%, post-test about 59%) in both tests in item 2a, in the intervention group
students, the correctness percentage from 65% in the pre-test increased to about 89% in the post-test. A
similar situation was observed in item 2c. In item 2c, the percentage of correct answers in the control
group was 50% in the pre-test and about 54% in the post-test. In the intervention group, the correctness
rate of 50% in the pre-test is about 89% in the post-test. In item 2b of the question, an increase was
observed in the correctness percentage of both groups in the post-test, being more in the intervention
group. There was an increase from about 44% to 59% in the control group and from 45% to about 72% in
the intervention group.

The strategies used by third-grade intervention and control group students in answering true/false
questions in the pre and post-tests will be presented sequentially.
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Figure 4. The Percentages of Strategies Used by The Students in Item 2a

In item a of the question, while the percentage of control group students using computational
strategies was at approximately the same level (50% in the pre-test, about 46% in the post-test), it
increased from 40% to about 72% in the intervention group (see Figure 4). A similar finding was observed
in item b, as presented in Figure 5. In the post-test, the percentage of students who examined the
correctness of the 57 + 22 = 58 + 21 equation by finding the same values by performing the operations on
both sides of the equation (computational strategy) increased by about 31% compared to the pre-test.
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Figure 5. The Percentages of Strategies Used by Students in Item 2b

The percentage of strategies used in item c of the problem is shown in Figure 6. Different from the
other items of the question, an increase in the percentage of using structural strategy was observed in
item c as a finding for the transition from operational conception to relational conception. Although there
was an increase in the use of structural strategies in both groups in the post-test, it was recorded more in
the intervention group. The percentage of using structural strategy, which was not observed in the control
group pre-test, is about 27% in the post-test. In the intervention group, the rate of using this strategy was
20% in the pre-test and about 72% in the post-test.
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Figure 6. The Percentages of Strategies Used by The Students in Item 2c

Equation-Solving Question

Another question of the algebra test under the big idea of equivalence, expressions, equations, and

inequalities is the question of equation-solving. The question and the strategy codes used are presented
in Table 6.

Table 6.
Equation-Solving Question and Strategy Codes

3. Find the value of n in the following equation. Show or explain how you got your answer.
5xn +2 =42

Strategy Code Description Example

Unwind The student performs the reverse
operation by considering the constant 42—2=40, 40/5 =8
values in the equation and uses the
reverse of the operations.

One Value Student works through the equationin 5x8+2=42
a forward manner, substituting only one
value in for the variable

Note: The table adapted from Blanton et al., 2015, p. 57.

The graph of the percentages of correct answers to the Equation-Solving Question in the algebra test
administered before and after the early algebra intervention of the third-grade intervention and control
group students is shown in Figure 7.
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Figure 7. The Percentages of The Students Answering the Equation Question Items Correctly
Note. While the percentage of no-response for the third question was 47.06% in the control group and 65% in the

intervention group in the pre-test, it was 62.16% in the control group and 44.44% in the intervention group in the
post-test.

According to Figure 7, while the performance of the students in the intervention group increased from
the pre-test to the post-test, the percentage of correct answers of the students in the control group
decreased. The percentage of students in the intervention group giving correct answers in the pre-test
was recorded as 10%, and about 44% in the post-test. In the control group students, the correctness rate
was about 44% in the pre-test and about 27% in the post-test.
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Figure 8. The Percentages of Strategies Used by Students in Equation-Solving Question

As seen in Figure 8, the percentage of students in the intervention group using the unwind strategy
increased (pre-test 10%; post-test approximately 28%), and one value strategy use of approximately 11%
was observed in the post-test. In the control group, there was a decrease in the percentages of both
strategies in the pre-test and post-test. The rate of the unwind strategy from about 12% decreased to
about 8%, and the rate of the one value strategy decreased from about 24% to about 19%.

768



isler-Baykal, Oztiirk-Tavsan, Giizeller & Saygili — Cukurova Universitesi Egitim Fakiiltesi Dergisi, 52(3), 2023, 758-799
Commutative Property Question

Another question of the algebra test is chosen from the area of generalized arithmetic. By using this
question, it was aimed to measure whether the students noticed the commutative property of the
addition. The question items and the strategy codes used are presented in Table 7.

Table 7.

Commutative Property Question and Strategy Codes
4. Deniz’s teacher asks her to solve “23 + 15.” She adds the two numbers and gets 38. The teacher then
asks her to solve “15 + 23.” Deniz already knows the answer is 38 because the numbers are just “turned
around.”

4a. Do you think Deniz’s idea will work for any two numbers? Why or why not?

Strategy Code Description Example

Structural The student calls it the "commutative Sheknowsit'sthe sameas23
property (addition)" or describes this + 15 because she just turned
relationship in words. around the numbers.

Computational The student calculates each operation 23+ 15=38and15+23=38
separately.

4b. Write an equation using variables (letters) to represent the idea that you can add two numbers in
any order and get the same result.

Commutative The student writes one or more correct a+b=b+a

Property equations which represents commutative a+b=candb+a=c
property by using variables.

Commutative The student demonstrates an understanding m+candc+m

Property — Incomplete of how to represent the commutative 4+3=3+4
property of addition by variables, numbers,
or a combination of numbers and variables,
but the final notation is not equivalent to a +
b=b+a.
Note: The table adapted from Blanton et al., 2015, p. 64.

The graph of the percentages of correct answers from 3™-grade students in the intervention and
control groups to the Commutative Property question in the algebra test administered before and after
the early algebra intervention is shown in Figure 9.
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Figure 9. The Percentages of The Students Answering the Commutative Property Question Items
Correctly
Note. While the percentage of no-response for item 4a was 11.76% in the control group and 10.53% in the
intervention group in the pre-test, it was 8.11% in the control group and 0% in the intervention group in the post-
test. While the percentage of no-response for item 4b was 26.47% in the control group and 60% in the pre-test, it was
29.73% in the control group and 11.11% in the intervention group in the post-test.

As seen in Figure 9, when the results of the pre-test and post-test are examined in item a of the
Commutative Property question, it is seen that there is an increase in the post-test, but this increase is
more in the intervention group. While about 63% of the students in the intervention group gave correct
answers in the pre-test for item a, about 83% of them gave correct answers in the post-test. While this
rate was about 74% in the pre-test in the control group, it was observed as about 81% in the post-test. In
item b of the problem, about 12% of the control group students answered correctly in the pre-test, while
no student in the control group answered the question correctly in the post-test. While no student in the
intervention group answered item b correctly in the pre-test, it was seen that approximately 44% of the
students in the intervention group answered the question correctly in the post-test.
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Figure 10. The Percentages of Strategies Used by The Students in Item 4a of the Commutative Property
Question

According to Figure 10, in the pre-test, the percentage of the structural strategy was found as about
63% in the intervention group and about 74% in the control group. The percentage of this strategy in the
post-test increased in both the intervention and control groups (about 83% in the intervention group,
about 81% in the control group in the post-test). It is seen that none of the students used the
computational strategy in the post-test. In the pre-test, while the students using the computational
strategy were about 3% in the control group, it was about 11% in the intervention group.
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In item b of the question, the percentages of strategies used by the students for an equation using
variables (letters) showing that turning around the numbers while adding any two numbers will not
change the result is shown in Figure 11.
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Figure 11. The Percentages of Strategies Used by The Students in Item 4b of the Commutative Property
Question

In item b of the Commutative Property question, in the pre-test, students using the commutative
property-incomplete strategy were found as about 47% in the control group and 30% in the intervention
group. While about 62% of the control group students used this strategy in the post-test, it was about
17% in the intervention group. It is seen that no students used the commutative property strategy in the
pre-test in the intervention group, and nearly half (44%) of them could express the commutative property
with an equation in the post-test. In the control group, while no student used this strategy in the post-
test, this rate was about 12% in the pre-test.

The Birthday Problem

By using the Birthday Problem, which deals with functional thinking in the algebra test, students' ability
to generalize and represent functional relationships was aimed to be measured. While only the
correctness was examined in item a of the problem, strategy analysis was also performed in items b, c1,
c2, and d. The items of the problem and the strategy codes used are presented in Table 8.
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Table 8.
The Birthday Problem and Strategy Codes

5. Nehir is celebrating her birthday. She wants to make sure she has a seat for everyone. She has square
desks.
2 people can sit as follows:

[ ]

If it adds another table to the first table, 4 people can sit:

If she adds another table to the second table, 6 people can sit:

5a. Fill in the table below to show how many people Nehir can seat at different numbers of desks.

Number of Number of
desks people
1 2
2 4
3
4
5
6
7

5b. Do you see any patterns in the table from part a? If so, describe them.

Think about the relationship between the number of desks and the number of people
5cl. Use words to write the rule that describes this relationship.
5c2. Use variables (letters) to write the rule that describes this relationship.
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Table 8. (continued)

Strategy Code Description Example
Variational Recursive The student defines the recursive pattern The number of
Thinking Pattern - only to certain numbers. The number of people goes
Particular tables, number of people or both can be 2,4,6,8...
defined in the pattern
Recursive The student defines a correct recursive The number of
Pattern - pattern. In the pattern, the number of people goes by two
General tables, number of people or both can be

defined.

Covariational Thinking

The student defines a correct covariational
relationship. The two variables (number of
tables and number of people) need to be
associated rather than specified separately.

When the number of
desks goes up by 1,
the number of
people goes up by 2

Correspondence

Thinking

Functional-
Particular

Functional-
Basic

Functional-
Emergent
in words

in variables

The student defines a  functional
relationship using certain numbers but does
not give a general explanation of the
variables. (Must provide more than one
sample)

The student describes the general
relationship between two variables but
does not describe the transformation
between variables.

The student defines an incomplete function
rule. Usually describes the transformation
in one variable but does not explicitly relate
it to another.

The student defines an incomplete function
rule in variables. Usually describes the
transformation in one variable but does not
explicitly relate it to another.

1x2=2,
3x2=6, ...

2x2=4,

1+1=2, 2+2=4, 3+3=6

There are twice as
many people as
tables

x 2

It is double of the
number of tables
Number of desks x 2

2xm
m+m
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Table 8. (continued)

Strategy Code Description Example
Correspondence Functional-
Thinking Condensed

inwords The student expresses in words a The number of people

function rule that defines a general is 2 times the number
relationship between two of desks
variables and includes the
transformation between each
other.

in variables The student expresses a function mx2=k
rule with variables that defines a
general relationship between two m+ m=k
variables and includes the
transformation between each
other.

5d. If Nehir has 100 desks, how many people can she seat? Show how you got your answer.

Function Rule Student uses the function rule to 100 x 2 =200
find the solution. 100 + 100 =200

Note: The strategies were adapted from Stephens et al., 2017, p.153.

The graph regarding the percentage of correct answers for the Birthday Problem questions in the
algebra test administered before and after the early algebra intervention of the 3™-grade intervention
and control groups is shown in Figure 12.
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Figure 12. The Percentages of The Students Answering the Birthday Problem Questions Correctly
Note. While the percentage of no-response for item 5a was 14.71% in the control group and 10% in the pre-test, it
was 13.51% in the control group and 0% in the intervention group in the post-test. While the percentage of no-
response for item 5b was 47.06% in the control group and 25% in the pre-test, it was 18.92% in the control group and
11.11% in the intervention group in the post-test. While the percentage of no-response for item 5c1 was 64.71% in
the control group and 50% in the intervention group in the pre-test, it was 37.84% in the control group and 22.22%
inthe intervention group in the post-test. While the percentage of no-response for item 5¢2 was 82.35% in the control
group and 65% in the intervention group in the pre-test, it was 70.27% in the control group and 38.89% in the
intervention group in the post-test. While the percentage of no-response for item 5d was 32.35% in the control group
and 25% in the pre-test, it was 24.32% in the control group and 27.78% in the intervention group in the post-test.
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According to Figure 12, the percentage of correct answers in the post-tests increased in both groups
(except for c2, the pre-test and post-test 0% in the control group). In each item, the intervention group
students showed higher success in the post-test compared to the control group students. When the
strategies were examined, it was observed that the students in the intervention group used more
advanced strategies in generalizing and representing functional relationships in the post-test.

In item 5b, students were asked to explain the patterns they saw in the table they created in item 5a.
Any responses that the students used that focused on variational thinking, covariational thinking, or
correspondence thinking strategies were accepted as correct. The percentages of strategies used by 37-
grade students who answered item 5b correctly in the pre-test and post-test are shown in Figure 13.
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Figure 13. The Percentages of Strategies Used by The Students in Item 5b of the Birthday Problem

As seen in the graph, the students who answered the question correctly in the pre-test in both the
intervention and control groups only used the variational thinking strategy (e.g., "the number of people
increases by two" or "the number of tables increases one by one") (about 24% in the control group; 30%
in the intervention group). In the post-test, while the control group students used the variational thinking
(54%) and low rate of covariational thinking (about 8%) strategies, the intervention group students also
used the correspondence thinking strategy. Besides the variational thinking (about 44%) and covariational
thinking (about 11%), the correspondence thinking strategy was observed at the rate of about 17% in the
intervention group.

The graph regarding the strategy percentages observed in the student responses in item c1, where the
responses given as "the number of people is twice the number of tables" by using condensed functional
relationship strategy, is shown in Figure 14.

775



isler-Baykal, Oztiirk-Tavsan, Giizeller & Saygili — Cukurova Universitesi Egitim Fakiiltesi Dergisi, 52(3), 2023, 758-799

100%
80%
i
60% 2
- ] =
o &~ oM m
40% % . o o~ = M Pre-test
S = ﬁ ] w2 - w=oo £ 9
2y, S A = 2 e = 2 - g
20% - 2 b = 2 r~ j T B Post-test
= c o o ‘“
0% e —. — -
Intervention Control Intervention Control Intervention Control
Variational Thinking Covariational Thinking Functional Condensed -
in Words

Figure 14. The Percentages of Strategies Used by The Students in Item 5c1 of the Birthday Problem

As seen in Figure 14, the percentage of students who can express the relationship between the
number of tables and the number of people in words with functional condensed strategy was low in the
pre-test for both groups. In the post-test, this percentage increased to about 22% in the intervention
group and found as about 8% in the control group. Besides, although it was not the strategy accepted as
correct, the rate of covariational thinking strategy, which was not observed in the pre-test in both groups,
was recorded as approximately 39% in the intervention group post-test. This rate remained at about 3%
in the control group post-test.

In item c2 of the birthday problem, students were asked to express the relationship between the
number of tables and the number of people using letters as variables. The student who wrote the function
rule using a variable between the number of tables and the number of people was not observed in the
control group students both in the pre-test and the post-test. On the other hand, the percentage, which
was zero, in the intervention group pre-test was found to be about 17% in the post-test (see Figure 15).
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Figure 15. The Percentages of Strategies Used by The Students in Item 5c2 of the Birthday Problem

In item 5d of the birthday problem, the students were asked to find how many people could sit at 100
tables. The percentage of students in the control group who gave the answer of 200 with functional
relationship strategy increased from about 24% in the pre-test to about 51% in the post-test. In the
intervention group, this percentage increased from 35% in the pre-test to about 67% in the post-test.
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Discussion, Conclusion and Recommendations

Statistical results for the 3rd-grade intervention and control groups showed that while there was no
significant difference in the pre-test scores of the groups, the post-test scores were significantly different.
These results are consistent with Blanton et al. (2015) in that the provided early algebra intervention
made a significant difference for the 3rd-grade students in the intervention group.

In addition, the strategies used by the 3rd-grade intervention and control groups in the pre-test and
post-test were analyzed in detail. The results showed that the students in the intervention group exhibited
more algebraic strategies in the post-test than in the pre-test. These results will be discussed in three big
ideas (1) equality, expressions, equations, and inequalities, (2) generalized arithmetic, and (3) functional
thinking) according to the framework (Blanton et al., 2018) on which the study is based.

In the first item, (7 + 3 = ___ + 4), under the big idea of equality, expressions, equations, and
inequalities, it was found that approximately 60% of the students in the intervention and control groups
in the pre-test had an "operational" conception of the equal sign, while in the post-test, this rate was
remained almost the same in the control group but decreased to approximately 30% in the intervention
group. In the second question (true/false equality questions), the students in the intervention group
performed better than the control group in each item in the post-test. In this question, especially in item
¢, (39 + 121 = 121 + 39), 72% of the students were observed to use the structural strategy; that is, they
stated that 39 + 121 =121 + 39 is correct, based on the fact that the numbers on both sides of the equation
are the same, without adding the numbers. Stephens et al. (2013) found a similar result in their study and
showed that such equations could lead students to structural thinking.

Studies conducted abroad (e.g., Carpenter et al., 2003; Matthews et al., 2012; Stephens et al., 2013)
and studies conducted in Turkey (e.g., Baran Bulut et al., 2018; Yaman et al., 2003) provided evidence
regarding the misconception ("operational" conception) of the equal sign. This study found that the
students in the early algebra intervention used the computational and structural strategies more
frequently in the post-test. Knuth et al. (2006) found a significant association between middle school
students' conceptions of the equal sign and their success in solving equations.

In the equation-solving question (5xn + 2 = 42), 10% of the intervention group answered this question
correctly in the pre-test, while this rate increased to 44% in the post-test. In the control group, 44%
answered correctly in the pre-test, while this rate decreased to 27% in the post-test. When the strategies
were examined, it was seen that the students who answered the question correctly mostly solved the
equation by giving a value in the pre-test. In the post-test, especially the intervention group students were
observed to use the "unwind" strategy. This strategy is closely related to algebraic thinking (Carraher &
Schliemann, 2007).

The item under the big idea of generalized arithmetic was the commutative property of the addition
task. In part a, students were asked to provide justification for the given situation; in item b, they were
asked to express the property using an equation. In part a, the students in the intervention group
increased their use of structural strategy to 83%, with a 20% increase from the pre-test to the post-test;
the control group increased by 7% to 81%. These results show that although there was a larger increase
in the intervention group, the 3rd-grade students were able to justify that this property was always true
by referring to the name of the property or by writing this relationship in words rather than using
computational examples. The objectives in the 1st and 3rd grades in the program are related to the
commutative property of addition (M.1.1.2.3. and M.3.1.2.2; MoNE, 2018). This may explain why neither
group found it difficult to justify this relationship structurally in item a. When the results of part b were
examined, while none of the intervention students could write this property using an equation in the pre-
test, about 44% of them did in the post-test. While about 10% of the control group could write it with an
equation in the pre-test, no control student did this in the post-test. This shows that after the early algebra
intervention, students were able to use letter variables to make generalizations. Findings similar to the
results of this study in that students can use letter variables to generalize in arithmetic properties after
early algebra intervention were observed in other studies as well (e.g., Ucles et al. [2022, kindergarten
and 1st grades], Blanton et al. [2015, 3rd grades]).
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Finally, in the Birthday problem, which addresses functional thinking, students' abilities to generalize
and represent functional relationships were assessed. Approximately 20% of the intervention group
students were able to write the function rule in words (c1) and letter variables (c2). While no one wrote
the rule using letter variables in the control group, approximately 8% wrote it with words. Another
important result was that although it was not observed in the pre-test, in item c1, where the function rule
was asked in words, approximately 40% of the intervention group were found to use covariational thinking
strategy in the post-test; in the control group, this rate was approximately 3%. Covariational thinking is
an important part of mathematical thinking (Thompson & Carlson, 2017).

Functional thinking can be focused on through the objectives regarding patterns in our program (e.g.,
M.1.2.3.1.,, M.2.1.1.6, M.3.1.1.7, M.5.1.1.3, M.7.2.1.3; MoNE, 2018). What is important here is to focus
on a variety of functional relationships, including covariational and correspondence relationships, rather
than focusing on the change in a single variable (Blanton & Kaput, 2004).

These results support other studies that had an early algebra intervention in the literature (e.g.,
Blanton et al., 2015; Blanton et al., 2019). The results show that the early algebra intervention improved
the algebraic thinking skills of the students. In other words, 3rd-grade students could use algebraic
strategies across three big ideas. When all these results are considered, we think that the algebra learning
area should take place in the elementary mathematics curriculum. It is important to be able to provide
appropriate early algebra experiences to students to prevent algebra-related difficulties in middle school.
In this regard, it is necessary to conduct comprehensive research in early algebra and increase teachers’
awareness in this direction by providing in-service training. Classroom teachers especially have a great
role in teaching early algebra (Blanton & Kaput, 2003). In this respect, classroom teachers should be
supported with in-service training, especially in terms of content and pedagogical content knowledge.

It is recommended that early algebra studies similar to this study be conducted with students before
and after 3™ grade. In addition, there is a need for research on preschool and classroom teachers and
candidates. Early algebra studies can also be designed to address different areas of early algebra (e.g.,
equality, expressions, equations and inequalities, generalized arithmetic, and functional thinking). At the
same time, it is thought that longitudinal studies will make important contributions to research in the field
of early algebra.
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Tiirkge Siirimui

Giris

Ogrencilerin ilkokul diizeyinde sadece aritmetik ile tanistigl, cebir 6grenmeye ilk olarak ortadgretim
dizeyinde basladiklari geleneksel yaklagim 6grencilerin cebir konusunu 6grenmelerinde zorluklarla
karsilasmalarina sebep olmaktadir (Stephens, Ellis, vd., 2017). Son yillarda gelistiriimis olan Matematik
Ortak Cekirdek Eyalet Standartlari (Common Core State Standards Initiative, 2010) gibi matematik
programlari incelendiginde cebirsel diistinmenin okul dncesinden itibaren matematik dersi iceriginde yer
aldigini gérmekteyiz. Tirkiye’de uygulanmakta olan 2018 Matematik Ogretim Programi (Millt Egitim
Bakanligi [MEB], 2018) incelendiginde de 1-5. siniflarda cebir ile ilgili olan kazanimlara kisith da olsa yer
verildigi (6rn. M.1.1.2.3., M.2.1.3.5., M.4.1.5.7., M.5.1.1.3.), ancak cebir 6grenme alaninin ilk olarak 6.
sinifta ele alindig1 gérilmektedir.

Erken cebir, Blanton ve digerleri (2007) tarafindan “6grencilerin daha 6nceden 6grendikleri kavramlari
derinlemesine inceleyerek matematiksel iliskileri ve 6zellikleri genellemelerine firsat veren, matematik
anlayislarina anlam, derinlik ve tutarhlik getiren bir disinme bi¢imi” (s. 7) olarak tanimlanmaktadir. Erken
cebir, 6grencilerin aritmetik bilgileri Gzerine cebirsel disiinmeyi insa etmektir (Carraher vd., 2008).
Kieran’a (2004) gore “erken siniflarda cebirsel distinme, harf-sembolik cebirin bir ara¢ olarak
kullanilabilecegi ayni zamanda cebire 6zel olmayan ve harf-sembolik cebir hi¢ kullanilmadan
gerceklestirilebilecek etkinliklerle diisinme yollarinin gelistirilmesini igerir; érnegin, nicelikler arasindaki
iliskileri analiz etme, yapiyr fark etme, degisimi inceleme, genelleme, problem ¢6zme, modelleme,
gerekgelendirme, kanitlama ve tahmin etme” (s. 149).

ilgili alan yazini incelendiginde, yapilan arastirmalar bir erken cebir uygulamasina dahil olan
ogrencilerin cebirsel diisinmeyi ana sinifindan itibaren gelistirebildiklerini gostermektedir (6rn. Blanton
vd., 2015; Carraher vd., 2008; Stephens, Veltri Torres, vd., 2021). Ornegin, Blanton ve digerlerinin (2015)
3. sinif 6grencileriyle yaptiklari kapsamli bir erken cebir uygulamasi sonuglari géstermistir ki 6n testte
uygulamaya dahil olan ve olmayan gruplar arasinda anlamh bir fark gézlemlenmemesine ragmen son
testte uygulamaya dahil olan 6grenciler uygulamaya dahil olmayan 6grencilere kiyasla anlamli bir sekilde
daha basarilh olmuslardir. Ayni zamanda uygulama grubu 6grencilerinin kullandiklari stratejiler (esit
isaretine yonelik iliskisel algi gelistirme, denklem ¢o6zebilme, fonksiyonun kuralini sézel olarak ve
sembollerle ifade edebilme vb.) 6n teste ve uygulama yapilmayan gruba kiyasla biyuk farklar géstermistir.
Son yillarda yapilan ¢alismalar ise ilkokulda erken cebir uygulamasina tabi olan 6grencilerin ortaokulda da
daha basarili olduklarini gostermistir (6rn. Stephens, Stroud, vd., 2021).

Tiurkiye’de yapilan g¢alismalar ile ilgili alan yazini incelendiginde ise erken cebir 6gretimine yonelik
calismalarin oldukga kisith oldugu gériilmektedir. ilgili galismalar incelendiginde, dgrencilerin esit isaretini
“iliskisel” bir algidan ziyade “islemsel” olarak anladiklarini (Baran Bulut vd., 2018; Yaman vd., 2003), erken
cebir 6gretim etkinliklerinin 6grencilerin akademik basarilarini artirdigini (Turgut & Dogan Temur, 2017),
ogrencilerin farkli dizeylerde fonksiyonel diisinme becerilerini sergilediklerini (Tlirkmen & Tanisli, 2019)
gostermektedir. Ancak Turkiye baglaminda ilkokul 6grencilerinin cebirsel diisinme becerilerini kapsamli
bir sekilde inceleyen daha ¢ok calismaya ihtiyag vardir. Bu ¢calisma bu amag dogrultusunda yapilmistir.

Bu calismada Blanton ve digerlerinin (2018) erken cebire yonelik ortaya koydugu teorik cerceve temel
alinmistir. Bu cergevenin genel hatlarini (1) esitlik, cebirsel ifadeler, denklemler ve esitsizlikler; (2)
genellestirilmis aritmetik ve (3) fonksiyonel diisinme olusturmaktadir. Esitlik, cebirsel ifadeler,
denklemler ve esitsizlikler, “esit isaretine yonelik iliskisel bir algilayis gelistirme, cebirsel ifadeler ve
denklemlerin sembolik formlarini temsil etme ve onlarla akil yiritme ve denk olan ya da olmayan
genellestirilmis nicelikler arasindaki iliskileri tanimlamay1” icerir (Blanton vd., 2015, s. 43).
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Genellestirilmis aritmetik ise “Aritmetik iliskileri genellemeyi (buna islemlerin ve sayilarin 6zellikleri de
dahil olmak lizere, 6rnegin toplama isleminde degisme 6zelligi) ve aritmetik ifadeleri hesaplamadan ote
yapisina odaklanmayi igerir” (Blanton vd., 2015, s. 43) seklinde tanimlanir. Son olarak fonksiyonel
disinme, “Birlikte degisen nicelikler arasindaki iligkilerin genellestirilmesini ve soézciikler, cebirsel
(sembolik) gosterim, tablo ve grafiklerle bu iliskilerin temsil edilmesini ve iliskiler hakkinda akil
yurutilmesini kapsar” (Blanton vd., 2015, s. 43) olarak ele alinir.

Arastirmada yer alan uygulama bu li¢ ana alan altinda yer almis ve sonuglar da bu (g alt bashkta
incelenmistir. Bu ¢calismanin arastirma sorulari su sekildedir:

1) Bir erken cebir uygulamasina dahil olan 3. sinif 6grencileri ile (uygulama grubu) ve bu uygulamaya
dahil olmayan (kontrol grubu) 3. sinif 6grencilerinin 6n test ve son test performans puanlari arasinda
anlaml farkhhklar var midir?

2) Bir erken cebir uygulamasina dahil olan 3. sinif 6grencileri ile (uygulama grubu) ve bu uygulamaya
dahil olmayan (kontrol grubu) 3. sinif 6grencilerinde 6n ve son testte kullanilan stratejiler agisindan
farkhhklar var midir?

Yontem

Bu bolimde arastirmanin yéntemine iliskin arastirma deseni, érneklem, veri toplama araci, veri
toplama siireci ve verilerin analizi konularinda bilgiler sunulacaktir.

Aragstirma Deseni

Arastirma deseni olarak yari deneysel desen kullaniimistir. Katilimcilarin, arastirma gruplarina rastgele
atanmadigi calismalar yari deneysel galisma olarak adlandiriimaktadir (Fraenkel vd., 2011). Calismada 3.
siniflarda uygulama ve kontrol grubu yer almis ve her iki gruba da ayni zamanlarda 6n test ve son test
uygulanmistir. Calismada 6grencilerin acik uglu sorulara verdikleri yazili cevaplar, stratejileri ortaya
cikarmak i¢in detayli olarak analiz edilmistir.

Orneklem

Gerekli Etik Kurulu, MEB ve veli izinleri alindiktan sonra arastirma Ankara’nin Cankaya ilgesinde
bulunan iki ayri devlet okulunda &grenim géren 3. sinif 8grencileri ile yiiriitiilmistiir. Arastirma icin ODTU
insan Arastirmalari Etik Kurulu’ndan 032-ODTU-2019 protokol numarasi ile etik izni alinmistir. Bir devlet
okulundaki 20 6grenciden olusan bir Gglinct sinif uygulama grubunu olustururken, baska bir devlet
okulundaki 39 6grenciden olusan iki tGglincii sinif kontrol grubunu olusturmustur. Okullar, arastirmacilara
mesafe olarak yakin olmasi agisindan uygun érnekleme yolu ile segilmistir. Uygulama grubu olusturan sinif
midir yardimcisinin yénlendirmesiyle sinif 6gretmenin génilltligi dogrultusunda segilmis olup; kontrol
grubunu olusturan siniflar da benzer sekilde o okuldaki midir yardimcisinin yénlendirdigi siniflarla
olusturulmustur.

Veri Toplama Araci ve Uygulama

Calismanin ilk asamasinda Learning through an Early Algebra Progression (LEAP)' projesinden izin
alinarak o6grenci etkinlik kagitlari ve cebir testleri Tiurkgeye uyarlanmistir. Uyarlama sirecinde,
arastirmacilar tarafindan Once ceviriler yapilmis olup sonrasinda LEAP projesinde yer almis olan
arastirmaciyla birlikte Tirkge alan yazini da géz 6nilinde bulundurarak kontroller yapiimistir.

Arastirmada, uygulama grubu 6grencileriyle haftada ortalama 5 ders saati olacak sekilde 8 hafta
boyunca erken cebir uygulamasi yapilmistir. Erken cebir uygulamasinin igerigini olusturan konular ve
haftalik dagilimlari Tablo 1’de sunulmustur. Uygulama derslerinde kullanilan ders planlari genellikle gercek
yasam durumlariyla iliskili bir problem durumu ile baslayip 6grencileri bu problem durumlari Gizerinde
tartismaya yonlendirecek sorular icermektedir. Her derse 6grencilere dnceki derslerde ele alinan konulari
hatirlatma amacli sorularla baslanmistir. Sonrasinda 6grencilerin 4-5 kisilik gruplar halinde yeni konularla

*Learning through an Early Algebra Progression (LEAP) proje web sitesi: http://algebra.wceruw.org
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ilgili problemler Gzerinde galismasi ve en son tim sinif tartismasi yer alacak sekilde ilerlemistir. Dersler
arastirmacilar tarafindan yirutiilmis ve her derste dersi yiriten arastirmaci disinda bir arastirmaci,
0grenci calismalarina rehberlik edip onlari gézlemlemistir. Kontrol grubunda var olan 6gretim programi
kendi sinif 6gretmenleri tarafindan devam ettirilmistir.

Erken cebir uygulamasinin dncesi ve sonrasinda ise 3. sinif uygulama ve kontrol grubu 6grencilerine
Tiirkgeye uyarlanan 10 agik uglu sorudan olusan cebir testi, alt maddeleriyle birlikte toplam 22 soru, 6n
test ve son test olarak bir ders saati icerisinde uygulanmistir. Cebir testinin glivenilirligini tespit etmek
amaciyla Cronbach Alpha analizi yapilmis ve 6n test verileri igin a = 0,759; son test verileri icin a=0,833
olarak kaydedilmistir. Bu nedenle cebir testinin glvenilir bir veri toplama araci oldugu kabul edilmistir.

Tablo 2.
Erken Cebir Uygulamasindaki Alanlarin Haftalik Dagilimi

Alanlar Haftalar Konular

e Esitisaretinin iliskisel anlami
1,5 e Dogrusal denklemlerin ifadesi ve ¢ozimii
e  Esitsizlikler

Esitlik, Cebirsel ifadeler,
Denklemler ve Esitsizlikler

e Toplama isleminin etkisiz elemani ve bir sayinin
toplamaya gore tersi
e Toplama isleminin degisme 6zelligi

Genellestirilmis Aritmetik 2-4
: : e  Tek ve cift sayi toplamlari
e Carpma isleminin etkisiz elemani ve sifir ile
garpma
Fonksiyonel Diisiinme 6-8 o y= mx.v.e Y= mx +b ?ekllr}Qekl'ffml.(snyoneI iliskiler
ve bu iliskilerin grafiklerinin gizimi
Veri Analizi

Birinci arastirma sorusuna yonelik olarak kontrol ve uygulama gruplarinin 6n ve son test puanlari
arasindaki farklarin anlamh olup olmadigina Mann-Whitney U ve bagimsiz 6rneklem t testi ile bakilmistir.
On test puanlarindan olusan veriler normal dagilim gostermediginden iki grubun 6n ve son testleri
arasindaki fark parametrik olmayan Mann-Whitney U testi ile incelenmistir. Normal dagihmin saglandig
son test verileri ile bagimsiz 6rneklem t testi yapiimistir. Ancak, son test verilerinde bagimsiz 6rneklem t
testi varsayimlarindan varyanslarin homojenligi saglanmadigindan, varsayimin saglanmadigi duruma
iliskin istatistikler degerlendirilmistir.

ikinci arastirma sorusuna yanit bulabilmek icin acik uglu sorulara verilen yanitlar alan yazinda var olan
kodlar ile analiz edilmistir. Esitlik, cebirsel ifadeler, denklemler ve esitsizlikler alanina yoénelik sorulan
bilinmeyen iceren esitlik, dogru/yanhs ve denklem ¢ézme sorulari ile genellestiriimis aritmetik alanina
yonelik sorulan degisme 6zelligi sorusunun analizinde Blanton ve digerlerinde (2015) verilen kodlama
rehberlerindeki strateji kodlari kullaniimistir. Fonksiyonel diisinme alanindan sorulan dogum giinii sorusu
ise Stephens vd. (2017)’'de yer alan strateji kodlari ile kodlanmistir. Alan yazindan alinan kodlar birebir
kullaniimigtir. Kullanilan strateji kodlari sorudan soruya farkhhk gosterdiginden bulgular bélimiinde
sorulardan 6nce sunulacak ve drnekler verilecektir.

Kodlayicilar arasi glivenirlik nitel calismalarda analizin glivenirligini arttirmak icin dnerilen metotlardan
biridir ve genelde verilerin %10-25’i arasi kullanilir (O’Connor & Joffe, 2020). Bu amagla verilerin rastgele
segilen %20'lik bolimu ikinci bir arastirmaci tarafindan kodlanmistir. Elde edilen kodlar karsilastiriimis,
arastirmacilarin farkh kodladigi cevaplar tartisilarak uzlasmaya varilmistir. Gerekli olan durumlarda
kodlama ve karsilastirma yeniden yapilmis ve benzerlik skorunun %80’e ulagsmasi saglanmistir.
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Bulgular

Arastirma bulgulari arastirma sorularina gére sirayla sunulacaktir. ilk béliimde tglinci sinif uygulama
ve kontrol grubu 6grencilerinin 6n test ve son test puanlari arasindaki istatistiksel farklara yonelik yapilan
testlerin sonucu paylasilacaktir. ikinci béliimde ise uygulama ve kontrol grubu 6grencilerinin &n ve son
test sorularinda kullandiklari stratejiler arasindaki farklara iliskin bulgular yer almaktadir.

3. Sinif Uygulama ve Kontrol Gruplari Performanslar Arasindaki istatistiksel Farklar

Arastirma katihmcilari 3. sinif kontrol ve uygulama grubu 6grencilerinin 6n ve son testlerdeki sorulara
verdikleri dogru cevaplar 1, yanlis ve bos birakilan cevaplar 0 olarak puanlanmis ve testlerdeki toplam
puanlari hesaplanmistir. Alt soru maddeleriyle 10 sorudan 6grencilerin alabilecegi en yiiksek puan 22’dir.
Bu toplam puanlara iliskin betimleyici istatistikler Tablo 2’de sunulmustur.

gzezzgi.lerin On ve Son Testlerdeki Toplam Puanlarina iliskin Betimleyici istatistikler
N R S En yiiksek En disiik
puan puan
On Test Uygulama 20 4,2 2,93 9 0
Kontrol 34 5,2 3,00 12 1
Son Test Uygulama 18 9,5 4,8 18 1
Kontrol 37 6,2 2,8 12 0

*On test ve son test dgrenci sayilar arasindaki fark, testlerin uygulanma zamanlarindaki 6grenci
devamsizliklarindan kaynaklanmaktadir.

Uygulama ve kontrol grubu 6n testleri arasindaki farkin incelenmesine yonelik yapilan Mann-Whitney
U testi sonuglari Tablo 3’te sunulmustur.

Tablo 3.
Gruplarin On Test Puanlarina lliskin Mann-Whitney U Testi Sonuclari
Siralama Siralama U degeri ; o
Ortalamasi Toplami
Uygulama 24,48 489,5 579 109 -
Kontrol 29,28 995,5 79,5 - 273
*p> .05

Tablo 3’te goruldiglu gibi Mann-Whitney U testi sonucunda uygulama grubu 6grencileri 6n test
puanlariile kontrol grubu 6grencileri 6n test puanlari arasinda istatistiksel olarak anlamli bir fark olmadigi
bulunmustur (U= 279,5, p=,275).

Uygulama ve kontrol grubu son testleri arasindaki farkin incelenmesine yonelik yapilan bagimsiz
orneklem t- testi sonuglari Tablo 4’te sunulmustur.

Zar:;sa‘:';n Son Test Puanlarina fliskin Bagimsiz Orneklem t- Testi Sonuclari
N X S t p
Uygulama 18 9,5 4,8 5 65 014
Kontrol 37 6,2 2,8 ’ ’
*p> .05

Son test puanlari ile yapilan bagimsiz 6rneklem t testine gére uygulama grubu son test puanlari (X =
9,5, S= 4,8 N= 18) ile kontrol grubu son test puanlari (X = 6,2, S= 2,8 N= 37) arasinda istatistiksel olarak
anlaml bir fark bulunmustur t (22,9) = 2,65, p=,014. Uygulama grubu 6grencilerinin performans puanlari
ortalamasi kontrol grubu 6grencilerinden yiiksektir.
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3. Sinif Uygulama ve Kontrol Gruplarinin Stratejileri

Calismanin ikinci arastirma sorusu igin uygulama ve kontrol gruplarinin stratejileri detayl olarak analiz
edilmistir. Erken cebirin (¢ 6nemli alanindan (esitlik, cebirsel ifadeler, denklemler ve esitsizlikler ve
fonksiyonel diistinme) segilen sorular ve analizleri bu bélimde kontrol ve uygulama gruplarina yoénelik 6n
ve son test sonuglari olarak sunulacaktir. Sunulan ana strateji kodlari disinda, strateji kodu bulunan
maddelerde verilen cevaplar belirlenen stratejilerin disinda ise veya cevap anlasilabilir degil ise "diger,"
soru bos birakilmigsa "cevap yok" kodlari kullanilmistir. Ayrica agiklama yapilmadan verilen sayisal
cevaplara "sadece cevap" kodu verilmistir. Bu stratejiler, grafiklerin okunabilir olmasi ve 6nemli
stratejilerin 6n plana ¢ikmasi amaglandigindan dolayi gésterilmemistir.

Bilinmeyen igeren Esitlik Sorusu

Esitlik, cebirsel ifadeler, denklemler ve esitsizlikler alanindaki cebir testi sorusunda, 6grencilerden bir
denklemdeki eksik degeri bulmalari ve cevaplarini agiklamalari istenmistir. Diger bir soruda da
(Dogru/Yanhs Esitlik Sorusu) verilen Ug esitligi dogru ya da yanhs olarak degerlendirmeleri ve cevaplarini
aciklamalari istenmistir. Her iki soru ve kullanilan ortak strateji kodlari Tablo 5'te sunulmustur.

Tablo 5.
Bilinmeyen Igeren Esitlik Sorusu ve Dodru/Yanhs Esitlik Sorusu Strateji Kodlari
1. Asagidaki esitlikte verilmeyen degeri bulunuz. Cevabi nasil buldugunuzu agiklayiniz.
7+3=___ +4
2. Asagidaki esitlikleri inceleyip dogru ise “Dogru”, yanhs ise “Yanlis” ifadelerini daire igine aliniz. Cevabi
nasil buldugunuzu agiklayiniz.

23.12+3=10+5 Dogru Yanls
2b.57 +22=58+21 Dogru Yanls
2c.39+121=121+39 Dogru Yanlis
Strateji "
Kodu Tanim Ornek
Yapisal Ogrenci, denklemdeki yapiyi fark eder ve 1.7 +3 =6 + 4 ¢linkii 7’den bir cikarirsan
esitligi hesaplama yapmadan belirler veya ve onu 3’e eklersen elinde 6 kalir.
¢cOzer. 2b: Dogru ¢lnkl 57‘ye bir ekliyorsun,
22‘den de 1 gikariyorsun.
Hesaba Ogrena,.blll.n.meyen degeri bulmak \feya 1.7+3=6+4cinki7+3=10ve 6+4=
Dayalh denklemin iki tarafinin da ayni degere 10
sahip olup olmadigini belirlemek igin 2a: Dogru ciinkii 12 +3 = 15 ve 10 + 5 = 15
hesaplama yapar.
islemsel Ogrenci, ¢6zimi bulmak icin esit _ L ~
isaretinin  solundaki  sayillari  veya 1.7+3=10+4clnki7+3=10

denklemdeki tim sayilari toplar.

7+3=14+4¢linki7+3+4=14

2b: Yanlis ¢linkli 57 + 22 = 79, 58 degil
2b: Yanlig ¢link(i 57 + 22 + 58 + 21 = 158

Not: Tablo Blanton ve digerlerinden (2015, s. 51) uyarlanmistir.

3. sinif uygulama ve kontrol gruplari 6grencilerinin erken cebir uygulamasi 6ncesi ve sonrasinda
uygulanan cebir testinde bilinmeyen iceren esitlik sorusunu (bakiniz Tablo 5) dogru cevaplama ytizdelerine
iliskin grafik Sekil 1'de gosterilmistir.
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100%
80%
60% 53,56%
40% 25,00% 32,35% 35,14%
20% - - -
0%
Uygulama Kontrol

B OnTest WSonTest

Sekil 1. Ogrencilerinin Bilinmeyen Iceren Esitlik Sorusunu Dogru Cevaplama Yiizdeleri
Not. Birinci soru i¢in cevap vermeme yizdesi 6n testte kontrol grubunda %2,94 ve uygulama grubunda %5 iken, son
testte kontrol grubunda %5,41 ve uygulama grubunda %0’dir.

Sekil 1’e gore, her iki grupta da son testlerde dogru cevaplarin yiizdesi artmis olmasina ragmen,
uygulama grubunda dogru cevaplarin yiizdesinde yaklasik %30 artis olurken, kontrol grubunda %3’lik bir
artis gézlemlenmistir. Ogrencilerin bilinmeyen iceren esitlik sorusunda kullandiklari strateji yiizdeleri Sekil
2’de yer almaktadir.

100% Y o
o o g
=] ™~ = S
80% = 4 @ B
° % © o0 2 3 2 %
60% ™ s 3 ~ m
3 2 : g2 %
40% = N = :" -
o — = o
20% g = o
i iR HE - "
0% | —_—
Uygulama Kontrol Uygulama Kontrol Uygulama Kontrol
islemsel Hesaba Dayal Yapisal

mOnTest ®WS5onTest

Sekil 2. Ogrencilerinin Bilinmeyen Igeren Esitlik Sorusunda Kullandiklari Strateji Yiizdeleri

Sekil 2'ye gore On testte yaklasik ayni oranda uygulama ve kontrol grubu 6grencisi esit isaretine yonelik
kavram yanilgisi olan islemsel stratejiyi kullanirken, son testte kontrol grubunda g¢ok belirgin bir degisim
gozlemlenmezken (yaklasik %62’den %59’a), uygulama grubunda bu stratejiyi kullanan 6grencilerin
yuzdesinde azalma olmustur (%60’tan yaklasik %33’e). Dogru olan hesaba dayali ve yapisal stratejilerini
son testte daha ¢ok uygulama grubunun kullandigi bulunmustur. Hesaba dayali strateji kullanimi
uygulama grubunda %25’ten yaklasik %44’e ¢ikarken, kontrol grubunda ise 6n testte ve son testte yaklasik
%27 olarak kaydedilmistir. Yapisal strateji ise 6n testte uygulama grubunda hi¢ gézlemlenmezken, son
testte %11 civarinda bulunmustur, kontrol grubunda ise 0n testte ve son testte yaklasik %3 olarak
kaydedilmistir.

Dogru/Yanhs Esitlik Sorusu

Cebir testinin esitlik, cebirsel ifadeler, denklemler ve esitsizlikler alanindaki bir diger sorusunda
o6grencilerin esit isaretine yonelik algilarini incelemek igin verilen Ug¢ esitligi dogru ya da yanlis olarak
degerlendirmeleri ve cevaplarini agiklamalari istenmistir. Sorunun maddeleri ve kullanilan strateji kodlari
Tablo 5’te sunulmustur.
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Uygulama ve kontrol gruplari 6grencilerinin erken cebir uygulamasi dncesi ve sonrasinda uygulanan
cebir testinde Dogru/Yanlis sorusu maddelerini dogru cevaplama yizdelerine iliskin grafik Sekil 3’te
gosterilmistir.

R &
3 R )
100% — o o~ o
[=] [>'4] % = o~ = [+5]
=1 2w o ] - e =
80% ") ;% P B S = 5 n
o T @ S N a a <=2
n 2 - o S &
B60% w -;F I} s
< <
40%
20%
0%
Uygulama Kontrol Uygulama Kontrol Uygulama Kontrol
2a 2b 2c

m On Test W Son Test

Sekil 3. Ogrencilerinin Dogru/Yanlis Sorusunu Dogru Cevaplama Yiizdeleri
Not. 2a maddesi igin cevap vermeme yiizdesi 6n testte her iki grupta %0 iken, son testte kontrol grubunda %2,7 ve
uygulama grubunda %0’dir. 2b maddesi igin cevap vermeme ylizdesi 6n testte kontrol grubunda %2,94 ve uygulama
grubunda %0 iken, son testte kontrol grubunda %2,7 ve uygulama grubunda %0’dir. 2c maddesi igin cevap vermeme
ylzdesi 6n testte kontrol grubunda %8,82 ve uygulama grubunda %10 iken, son testte kontrol grubunda %2,7 ve
uygulama grubunda %0’dr.

Sekil 3’te gorildugi gibi 2a maddesinde kontrol grubu 6grencilerinde her iki testte de yaklasik ayni
dogruluk yizdesi (6n test yaklasik %62, son test yaklasik %59) kaydedilirken, uygulama grubu
Ogrencilerinde 6n testte %65 olan dogruluk ylizdesi son testte yaklasik %89’a yiikselmistir. Benzer durum
sorunun 2c maddesinde de gozlemlenmistir. Sorunun 2c maddesinde kontrol grubu dogru cevaplama
ylizdeleri 6n testte %50, son testte yaklasik %54 olarak kaydedilmistir. Uygulama grubunda ise 6n testte
%50 olan dogruluk orani, son testte yaklasik %89’dur. Sorunun 2b maddesinde ise uygulama grubunda
daha fazla olmak Gzere her iki grubun da dogruluk ylizdesinde son testte artis gézlemlenmistir. Kontrol
grubunda yaklasik %44’ten %59’a, uygulama grubunda ise %45’ten yaklasik %72'ye artis saptanmistir.

Ugiincii sinif uygulama ve kontrol grubu &grencilerinin 6n ve son testlerde, Dogru/Yanls sorusu
maddelerini cevaplarken kullandigi stratejiler sirayla sunulacaktir.

100% S
{1_ -3
80% . ™ 5 ¥
2 S g @
60% '-fm‘l‘ & = 8
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Sekil 4. Ogrencilerin 2a Maddesinde Kullandiklari Strateji Yiizdeleri
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Sorunun a maddesinde, kontrol grubu 6grencilerinin hesaba dayali strateji kullanma ylzdeleri yaklasik
olarak ayni diizeydeyken (6n testte %50, son testte yaklasik %46) uygulama grubunda %40’tan yaklasik
%72'ye yikselmistir (bakiniz Sekil 4). Sekil 5'te sunuldugu gibi benzer bir bulgu sorunun b maddesinde de
gozlemlenmistir. Son testte uygulama grubu 6grencilerinde, 57 + 22 = 58 + 21 esitliginin dogrulugunu
esitligin her iki tarafindaki islemleri yapip ayni degerleri bularak kontrol eden 6grenci ylzdesi (hesaba
dayali stratejiyi kullanma), 6n teste gore yaklasik %31 artmistir.
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Sekil 5. Ogrencilerin 2b Maddesinde Kullandiklari Strateji Yiizdeleri

Sorunun ¢ maddesinde kullanilan stratejilerin yiizdesi ise Sekil 6’da yer almaktadir. Sorunun diger
maddelerinden farkl olarak c maddesinde, islemsel algidan iliskisel algiya gegcise yonelik bir bulgu olarak,
yapisal strateji kullanma ylzdesinde artis gézlemlenmistir. Son testte her iki grupta da yapisal strateji
kullaniminda artis olsa da uygulama grubunda daha fazla olarak kaydedilmistir. Kontrol grubu 6n testinde
gbzlemlenmeyen yapisal strateji kullanma yizdesi son testte yaklasik %27’dir. Uygulama grubunda ise bu
stratejinin kullanim orani 6n testte %20 iken son testte yaklasik %72 olarak bulunmustur.
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Sekil 6. Ogrencilerin 2c Maddesinde Kullandiklari Strateji Yiizdeleri
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Denklem Cézme Sorusu

Cebir testinin esitlik, cebirsel ifadeler, denklemler ve esitsizlikler alanindaki bir diger sorusu da
denklem ¢dzme sorusudur. Soru ve kullanilan strateji kodlari Tablo 6’da sunulmustur.

Tablo 6.
Denklem ¢C6zme Sorusu ve Strateji Kodlari

3. Asagidaki esitlikte/denklemde yer alan n degerini bulunuz. Cevabinizi nasil buldugunuzu goésteriniz.
5xn+2=42

Strateji Kodu Tanim Ornek

Ters islem Ogrenci denklemdeki sabit degerleri gbzeterek ters 42 —2 =40, 40/5 =8
islem yapar, islemlerin tersini kullanir.

Bir Deger Verme Ogrenci, degisken yerine yalnizca bir deger vererek 5x 8+ 2 =42

islemleri sirasi ile yapar.

Not: Tablo Blanton ve digerlerinden (2015, s. 57) uyarlanmigtir.

Ugiinci sinif uygulama ve kontrol gruplar égrencilerinin erken cebir uygulamasi éncesi ve sonrasinda
uygulanan cebir testinde Denklem sorusunu dogru cevaplama yizdelerine iliskin grafik Sekil 7'de
gosterilmistir.
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Sekil 7. Ogrencilerinin Denklem Cézme Sorusunu Dodru Cevaplama Yiizdeleri
Not. Ugiincii soru igin cevap vermeme yiizdesi 6n testte kontrol grubunda %47,06 ve uygulama grubunda %65 iken,
son testte kontrol grubunda %62,16 ve uygulama grubunda %44,44tir.

Sekil 7’ye gore, 6n testten son teste uygulama grubu 6grencilerinin performansi artarken kontrol grubu
ogrencilerinin dogru cevap verme ylizdesinde dislis gozlemlenmistir. Uygulama grubu 6grencilerinin 6n
testte dogru cevap verme ylizdesi %10, son testte yaklasik %44 olarak kaydedilmistir. Kontrol grubunda
ise On testte yaklasik yaklasik %44 olan dogruluk yiizdesi, son testte yaklasik %27 olarak bulunmustur.
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Sekil 8. Ogrencilerinin Denklem Cézme Sorusunda Kullandiklari Strateji Yiizdeleri
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Sekil 8’de goruldigi tzere, uygulama grubu 6grencilerinin ters islem stratejisi kullanma yiizdesi artmis
(6n test %10; son test yaklasik %28) ve son testte yaklasik %11 oraninda bir deger verme stratejisi
kullanimi gézlemlenmistir. Kontrol grubunda ise 6n testten son testte her iki strateji ylizdesinde diisis
saptanmistir. Yaklasik %12 olan ters islem stratejisi orani yaklasik %8’e, yaklasik %24 olan bir deger verme
stratejisi orani ise yaklasik %19’a diismustur.

Degisme Ozelligi Sorusu

Cebir testinin bir diger sorusu genellestirilmis aritmetik alanindan segilen bir sorudur. Bu soru ile
Ogrencilerin toplama isleminin degisme Ozelligini fark edip etmediklerini 6lgmek amaglanmistir. Soru
maddeleri ve kullanilan strateji kodlari Tablo 7°de sunulmustur.

Tablo 7.

Degisme Ozelligi Sorusu ve Strateji Kodlari
Deniz’in 6gretmeni ondan “23 + 15” sorusunu ¢ézmesini ister, Deniz bu iki sayiy1 toplayip cevabi 38
olarak bulur. Daha sonra 6gretmeni Deniz’den “15 + 23” sorusunun cevabini bulmasini ister. Bunun
Uzerine Deniz, cevabin yine 38 oldugunu, ¢linki sayilarin sadece yer degistirdigini soyler.

4a. Sizce Deniz’in bu fikri herhangi iki say1 i¢in dogru mudur? Neden?

Strateji Kodu Tanim Ornek

Yapisal Ogrenci, "degisme 6zelligi (toplama)" 23 + 15 ile ayni oldugunu biliyor
olarak adlandirir veya bu iligkiyi sézciiklerle ¢linkii o sadece sayilar ye
tanimlar. degistirdi.

Hesaba dayali Ogrenci, her toplami ayri ayri hesaplar. 23+15=38ve 15+23=38

4b. Degiskenleri (harfleri) kullanarak, herhangi iki sayiyi toplarken sayilarin yerlerini degistirmenin
sonucu degistirmeyecegini gdsteren bir denklem yaziniz.

Degisme Ozelligi Ogrenci, degiskenleri kullanarak bir veya a+b=b+a
birden fazla, 06zelligi belirten dogru

a+b=cveb+a=c
denklem yazar.

Degisme Ozelligi Ogrenci, toplamanin degisme 6zelliginin, m+cvec+m

- degiskenler, sayllar veya sayr ve

Tamamlanmamig  degiskenlerden olusan bir kombinasyonla
nasil temsil edilecegine dair bir anlayis
gosterir, ancak son gésterima+b=b +a'ya
es degildir.

4+3=3+4

Not: Tablo Blanton ve digerlerinden (2015, s. 64) uyarlanmistir.

Uciinci sinif uygulama ve kontrol gruplari 6grencilerinin erken cebir uygulamasi éncesi ve sonrasinda
uygulanan cebir testinde Degisme Ozelligi sorusunu dogru cevaplama yiizdelerine iliskin grafik Sekil 9’da
gosterilmistir.
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Sekil 9. Ogrencilerinin Degisme Ozelligi Sorusunu Dodru Cevaplama Yiizdeleri
Not. 4a maddesi igin cevap vermeme yiizdesi 6n testte kontrol grubunda %11,76 ve uygulama grubunda %10,53 iken,
son testte kontrol grubunda %8,11 ve uygulama grubunda %0’dir. 4b maddesi igin cevap vermeme yiizdesi 6n testte
kontrol grubunda %26,47 ve uygulama grubunda %60 iken, son testte kontrol grubunda %29,73 ve uygulama
grubunda %11,11’dir.

Sekil 9’da gorildigi gibi Degisme Ozelligi Problemi 4a maddesinde son testte her iki grupta bir artis
oldugu gorilmekte fakat bu artisin uygulama grubunda daha fazla oldugu goriilmektedir. Uygulama grubu
Ogrencileri 4a maddesinde 6n testte yaklasik %63 oraninda dogru cevap verirken, son testte bu oran
yaklasik %83 olmustur. Kontrol grubunda ise bu oran 0n testte yaklasik %74 iken, son testte yaklasik %81
olarak goézlemlenmistir. Problemin 4b maddesinde ise kontrol grubu 6n testinde 6grencilerinin yaklasik
%12’si dogru cevap verirken, son testte kontrol grubunda soruyu dogru cevaplayan 0Ogrenci
bulunmamaktadir. Uygulama grubunda ise 6n testte 4b maddesini dogru cevaplayan 6grenci yer
almazken, son testte uygulama grubu oOgrencilerinin yaklasik %44’Unin soruyu dogru bir sekilde
cevapladiklari gérilmektedir.
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Sekil 10. Ogrencilerin Dedisme Ozelligi Sorusunun 4a Maddesinde Kullandiklari Strateji Yiizdeleri

Sekil 10’a gore, yapisal strateji ylizdesi on testte uygulama grubunda yaklasik %63, kontrol grubunda
ise yaklasik %74 olarak bulunmustur. Bu stratejinin son testteki ylizdesinde uygulama ve kontrol grubunda
artis kaydedilmistir (son testte uygulama grubu yaklasik %83, kontrol grubu yaklasik %81). Son testte hicbir
dgrencinin hesaba dayall strateji kullanmadigi gériilmektedir. On testte ise kontrol grubunda hesaba
dayali stratejiyi kullanan 6grenci yaklasik %3 iken, uygulama grubunda yaklasik %11 olarak bulunmustur.
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Problemin b maddesinde, degiskenleri (harfleri) kullanarak, herhangi iki saylyi toplarken sayilarin
yerlerini degistirmenin sonucu degistirmeyecegini gbésteren bir denklem igin 6grencilerin kullandiklari
strateji ylizdeleri Sekil 11'de gosterilmektedir.
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Sekil 11. Ogrencilerin Dedisme Ozelligi Sorusunun 4b Maddesinde Kullandiklari Strateji Yiizdeleri

Degisme Ozelligi sorusunun b maddesinde, degisme &zelligi- tamamlanmamis stratejisini kullanan
ogrenciler 6n test kontrol grubunda yaklasik %47 iken, uygulama grubunda %30 olarak bulunmustur. Son
test kontrol grubunda bu stratejiyi kullanan 6grenciler yaklasik %62 iken, uygulama grubunda yaklasik %17
olarak goriulmektedir. Degisme Ozelligi stratejisini 6n testte uygulama grubunda kullanan hi¢ 6grenci
olmadigl, son testte uygulama grubunun yarisina yakininin (yaklasik %44) degisme o6zelligini denklemle
ifade edebildigi goriilmektedir. Kontrol grubunda ise bu stratejiyi son testte kullanan 6grenci olmazken 6n
testte bu oran yaklasik %12 olarak bulunmustur.

Dogum Giinii Sorusu

Cebir testinde fonksiyonel diisinmeyi ele alan Dogum Guinl sorusu ile 6grencilerin fonksiyonel iliskileri
genelleme ve temsil etme becerilerini 6lgmek amaglanmistir. Problemin a maddesinde yalnizca dogruluk
incelenirken, b, c1, c2 ve d maddelerinde strateji analizi de yapilmistir. Sorunun maddeleri ve kullanilan
strateji kodlari Tablo 8'de sunulmustur.
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Tablo 8.
Dogum Giinii Sorusu ve Strateji Kodlari

5. Nehir dogum giinli partisine arkadaslarini davet ediyor. Kare seklindeki masalarin etrafinda her
arkadasl icin oturacak bir yerin oldugundan emin olmak istiyor.

Asagidaki sekilde 2 kisi oturabiliyor:

ilk masaya bir masa daha eklerse 4 kisi oturabiliyor:

Eger ikinci masaya bir masa daha eklerse, 6 kisi oturabiliyor

5a. Asagidaki tabloyu Nehir’in farkli sayidaki masalara kagar kisi oturabilecegini diisiinerek doldurunuz.

Masa sayisi Kisi Sayisi
1 2
2 4
3
4
5
6
7

5b. Yukaridaki tabloda herhangi bir oriintli gériyor musunuz? Agiklayiniz.
Masa sayisi ile kisi sayisi arasindaki iliskiyi inceleyiniz.
5c1. Bu iliskiyi tanimlayan kurali s6zclklerle yaziniz.

5c2. Bu iliskiyi tanimlayan kurali degiskenlerle (harflerle) yaziniz.
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Tablo 8. (devami)

Strateji Kodu

Tanim

Ornek

Varyasyonel Yinelemeli Ogrenci yinelemeli érintlyi yalnizca  Kisi sayisi 2,4,6,8...

Diigiinme Oriintii - Ozel belirli sayilarla tamimlar. Oriintiide seklinde devam
masa, kisi veya her ikisi de ediyor
tanimlanabilir.

Yinelemeli Ogrenci dogru bir yinelemeli &riintli  Kisi  sayisi  ikiser
Oriintii - Genel tanimlar. Oriintiide masa, kisi veya her ikiser gidiyor.
ikisinde de tanimlanabilir.
Kovaryasyonel Diisiinme Ogrenci dogru bir kovaryasyonel iliski Masa sayisi birer
tanimlar. iki degiskenin (masa sayisive arttikca kisi sayis
kisi sayisi) ayri olarak belirtilmek yerine  ikiser artar.
iliskilendirilmesi gerekir.
Bire Bir Esleyerek Tek Ornek Ogrenci, fonksiyon kuralinin bir 6rnegi  2x2=4
Diisiinme olan ancak genellikle iki degiskeni
iliskilendirmeyen  sayillar  ve/veya
bilinmeyenler igeren tek bir ifade veya
denklem yazar.
Fonksiyonel - Ogrenci, belirli sayilar  kullanarak 1x2=2, 2x2=4,
Ozel fonksiyonel bir iliski tanimlar, ancak 3x2=6, ...

degiskenlerle ilgili genel bir agiklama

yapmaz. (Birden fazla 6rnek sunmasi

gerekir) 1+1=2, 2+2=4,

3+3=6

Fonksiyonel - Ogrenci, iki degisken arasindaki genel Masalarin iki kat
Temel iliskiyi tanimlar, ancak degiskenler kadar insan var

Gelismekte olan
Fonksiyonel

Kelimelerle

Degiskenlerle

arasindaki donisimi tanimlamaz.

Ogrenci, eksik bir fonksiyon kurali
tanimlar. Genellikle bir degiskendeki
donldsimi  tanimlar, ancak onu
digeriyle acikga iliskilendirmez.

Ogrenci, degiskenleri kullanarak eksik
bir  fonksiyon kurali  tanimlar.
Genellikle bir degiskendeki donlisim
tanimlar, ancak bunu agikca digeriyle
iliskilendirmez.

x2

Masa sayisinin ki
katidir

masa sayisl x 2

2xm

m+ m
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Tablo 8. (devami)

Strateji Kodu Tanim Ornek
Bire Bir Esleyerek Gelismis
Diisiinme Fonksiyonel

Kelimelerle Ogrenci, iki degisken arasinda Masa sayisinin ki
genel bir iligki tanimlayan ve kati kisi sayisina
birbirleri arasindaki donusimiu  egsittir
iceren bir fonksiyon  kuralni
kelimelerle ifade eder.

Degiskenlerle Ogrenci, iki degisken arasinda mx2=k
genel bir iliski tanimlayan ve
birbirleri arasindaki donisimi  m+m=k
iceren bir fonksiyon kuralini
degiskenlerle ifade eder.

5d. Nehir 100 masayi yan yana koyarsa kag kisi oturabilir? Cevabinizi nasil buldugunuzu gosteriniz.

Fonksiyon Kurali Ogrenci, ¢ozimi bulmak icin 100 x 2 =200
fonksiyon kuralini kullanir. 100 + 100 = 200
Not: Stratejiler, Stephens ve digerlerinden (2017, s. 153) uyarlanmistir.

3. sinif uygulama ve kontrol gruplari 6grencilerinin erken cebir uygulamasi 6ncesi ve sonrasinda
uygulanan cebir testinde Dogum Giinli sorusu maddelerini dogru cevaplama yiizdelerine iliskin grafik Sekil
12’de gosterilmistir.
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Sekil 12. Ogrencilerinin Dogum Giinii Sorusunu Dodgru Cevaplama Yiizdeleri

Not. 5a maddesi icin cevap vermeme yiizdesi 6n testte kontrol grubunda %14,71 ve uygulama grubunda %10 iken,
son testte kontrol grubunda %13,51 ve uygulama grubunda %0’dir. 5b maddesi icin cevap vermeme ylizdesi 6n testte
kontrol grubunda %47,06 ve uygulama grubunda %25 iken, son testte kontrol grubunda %18,92 ve uygulama
grubunda %11,11’dir. 5c1 maddesi igin cevap vermeme yiizdesi 6n testte kontrol grubunda %64,71 ve uygulama
grubunda %50 iken, son testte kontrol grubunda %37,84 ve uygulama grubunda %22,22’dir. 5¢c2 maddesi icin cevap
vermeme yizdesi 6n testte kontrol grubunda %82,35 ve uygulama grubunda %65 iken, son testte kontrol grubunda
%70,27 ve uygulama grubunda %38,89’dur. 5d maddesi icin cevap vermeme ylzdesi 6n testte kontrol grubunda
%32,35 ve uygulama grubunda %25 iken, son testte kontrol grubunda %24,32 ve uygulama grubunda %27,78dir.
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Sekil 12’ye gore, her iki grupta da son testlerde dogru cevaplarin ylzdesi artmistir (5c¢2 harig, kontrol
grubunda 6n ve son test %0). Her maddede uygulama grubu 6grencileri kontrol grubu 6grencilerine kiyasla
son testte daha vyiksek basari sergilemislerdir. Stratejiler incelendiginde uygulama grubundaki
ogrencilerin son testte fonksiyonel iliskileri genelleme ve temsil etmede daha ileri diizeyde stratejiler
kullandiklari gézlemlenmistir.

Sorunun 5b maddesinde 6grencilerden 5a maddesindeki tabloda gordukleri 6riintileri agiklamalari
istenmistir. Ogrencilerin, varyasyonel diisiinme, kovaryasyonel diisiinme ya da bire bir esleyerek diisiinme
stratejilerinden herhangi birini kullandiklari cevaplar dogru kabul edilmistir. On test ve son testte 5b

maddesini dogru cevaplayan 3. sinif 6grencilerinin kullandiklar stratejilerin ylizdeleri Sekil 13’te yer
almaktadir.
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Sekil 13. Ogrencilerin Dogum Giinii Sorusunun 5b Maddesinde Kullandiklari Strateji Yiizdeleri

Grafikte gorildugi gibi hem uygulama hem de kontrol grubunda 6n testte soruyu dogru cevaplayan
ogrenciler sadece varyasyonel disiinme stratejisini kullanmisladir (6rn., “kisi sayisi ikiser artiyor” ya da
“masa sayisl birer birer artiyor”) (kontrol grubu yaklasik %24; uygulama grubu %30). Son testte ise kontrol
grubu 6grencilerinde varyasyonel disinme (%54) ile birlikte dusik oranda kovaryasyonel disiinme
(yaklasik %8) gozlemlenirken, uygulama grubu 6grencilerinde varyasyonel disiinme (yaklasik %44) ve

kovaryasyonel diistinme (yaklasik %11) disinda yaklasik %17 oraninda bire bir esleyerek diistinme stratejisi
gozlemlenmistir.

Gelismis fonksiyonel iliski stratejisi kullanarak “kisi sayisi masa sayisinin iki katidir” seklinde verilen
cevaplarin dogru kabul edildigi 5c1 maddesindeki 6grenci cevaplarinda gézlemlenen strateji ylizdelerine
iliskin grafik Sekil 14’te yer almaktadir.
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Sekil 14. Ogrencilerin Do§um Giinii Sorusunun 5c1 Maddesinde Kullandiklari Strateji Yiizdeleri

794



isler-Baykal, Oztiirk-Tavsan, Giizeller & Saygili — Cukurova Universitesi Egitim Fakiiltesi Dergisi, 52(3), 2023, 758-799

Sekil 14’te goruldugi Uzere her iki grupta da masa sayisi ve kisi sayisi arasindaki iliskiyi gelismis
fonksiyonel iliski stratejisi ile kelimelerle ifade edebilen 6grenci ylzdesi 6n testte diisiikken, son testte bu
yuzde uygulama grubunda yaklasik %22’ye yukselmis, kontrol grubunda ise yaklasik %8 olarak
saptanmistir. Bununla birlikte, dogru kabul edilen bir strateji olmamasina ragmen, her iki grupta da 6n
testte gozlemlenmeyen kovaryasyonel diislinme stratejisi orani uygulama grubu son testinde yaklasik %39
olarak kaydedilmistir. Bu oran kontrol grubu son testinde yaklagik %3’te kalmistir.

Dogum glni sorusunun 5c2 maddesinde ise 6grencilerin masa sayisi ve kisi sayisi arasindaki iliskiyi
harf degiskenlerle ifade etmeleri istenmistir. Kontrol grubu 6grencilerinde hem 6n testte hem de son
testte masa sayisi ve kisi sayisi arasinda bir degisken kullanarak fonksiyon kurali yazan Ogrenci
gozlemlenmemistir. Buna karsilik, uygulama grubu 6n testinde de sifir olan yiizde son testte yaklasik %17
olarak bulunmustur (bakiniz Sekil 15).
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Sekil 15. Ogrencilerin Dogum Giinii Sorusunun 5c2 Maddesinde Kullandiklari Strateji Yiizdeleri

Dogum giini sorusunun 5d maddesinde 6grencilere 100 masaya kag kisinin oturabilecegi sorulmustur.
Kontrol grubu 6grencilerinde fonksiyonel iliski ile 200 cevabini veren 6grenci yiizdesi 6n testte yaklasik
%24 iken son testte yaklasik %51’e yiikselmistir. Uygulama grubunda ise bu yiizde 6n testte %35’ten son
testte yaklasik %67’ye yikselmistir.

Tartisma, Sonug ve Oneriler

3. sinif uygulama ve kontrol grubuna yonelik istatiksel sonuglar gruplarin 6n test puanlarinda anlamli
bir fark yokken son test puanlarinin anlaml olarak farkh oldugunu géstermistir. Bu sonuglar, Blanton ve
digerlerinin (2015) 3. siniflarla yaptiklarn ¢alismada bulduklari sonuglara paralel bulunmustur. Verilen
erken cebir uygulamasi uygulama grubunda olan 3. sinif 6grencileri icin anlamli bir fark yaratmstir.

istatiksel sonuglarin yani sira 3. sinif uygulama ve kontrol gruplarinin 6n ve son testte kullandiklari
stratejiler detayli olarak analiz edilmistir. Sonuglar, uygulama grubu 6grencilerinin son testte 6n teste gore
cebirsel stratejileri daha gok sergilediklerini gostermistir. Calismanin temel aldigi cerceveye gore belirtilen
lic alanda (esitlik, cebirsel ifadeler, denklemler ve esitsizlikler, genellestirilmis aritmetik ve fonksiyonel
diisinme) bu sonuglar tartisilacaktir.

Esitlik, cebirsel ifadeler, denklemler ve esitsizlikler alanindaki 1. soruda (7 + 3 = ___ + 4), 0n testte
yaklasik %60 uygulama ve kontrol grubu 6grencilerinin esit isaretine yonelik “islemsel” algiya sahip
olduklari bulunurken, son testte kontrol grubunda bu oran hemen hemen ayni kalirken, uygulama
grubunda yaklasik %30’a dismustir. 2. soruda (dogru/yanlis esitlik sorular), uygulama grubu 6grencileri
son testte her maddede kontrol grubundan daha iyi bir performans sergilemislerdir. Bu soruda 6zellikle ¢
maddesinde (39 + 121 = 121 + 39) 6grencilerin %72’sinin yapisal stratejiyi kullandigi, yani 39 + 121 = 121
+ 39’un dogru oldugunu sayilari toplamadan denklemin her iki yanindaki sayilarin ayni olmasindan yola
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cikarak ifade ettikleri gérilmustir. Stephens ve digerleri (2013) ¢alismalarinda benzer bir sonug bularak
bu tiirde denklemlerin 6grencileri yapisal disiinmeye yonlendirebilecegini gostermislerdir.

Gerek yurt disinda (6rn. Carpenter vd., 2003; Matthews vd., 2012; Stephens vd., 2013) gerek
Turkiye’de yapilan ¢alismalar (6rn. Baran Bulut vd., 2018; Yaman et al., 2003) 6grencilerin esit isaretine
yonelik sahip oldugu kavram yanilgisini (“islemsel” algiy1) destekler niteliktedir. Bu ¢alismada erken cebir
uygulamasina dahil olan 6grencilerin son testte iliskisel algiyla iliskili olan hesaplamaya dayali ve yapisal
stratejileri daha ¢ok kullandiklarini gérebilmekteyiz. Knuth ve digerleri (2006) ortaokul 6grencileriyle
yaptiklari ¢calismada 6grencilerin esit isaretini algilama ile denklem ¢6zme basarilari arasinda anlamh bir
iliski bulmuslardir.

Denklem ¢6zme sorusunda, (5xn + 2 = 42), 6n testte uygulama grubunun %10’u bu soruyu dogru
cevaplarken son testte bu oran %44’e ¢ikmistir. Kontrol grubunda ise 6n testte %44 dogru cevaplarken
son testte bu oran %27’ye dlismustir. Stratejiler incelendiginde soruyu dogru cevaplayan 6grencilerin 6n
testte cogunlukla bir deger vererek denklemi ¢ézdikleri gorilmustir. Son testte ise 6zellikle uygulama
grubu 6grencilerinin “ters islem” stratejisini kullandiklari goriilmistlr. Bu strateji cebirsel dislinme ile
yakindan iliskilidir (Carraher & Schliemann, 2007).

Genellestirilmis aritmetik alaniyla ilgili ele alinan soru toplamada degisme 6zelligi sorusudur. Bu
sorunun a maddesinde 6grencilerin verilen durum igin gerekge sunmalari; b maddesinde de degisme
ozelligini denklemle ifade etmeleri istenmistir. Degisme 6zelligi sorusunun a maddesinde 6n testten son
teste uygulama grubu 6grencileri yapisal strateji kullanimlarini %20 atisla %83’e ¢ikarmiglardir; kontrol
grubu da %7 artisla %81’e ¢ikarmiglardir. Bu sonuglar géstermektedir ki uygulama grubunda daha biiyik
bir artis olmakla birlikte 3. sinif 6grencileri bu 6zelligin her zaman dogru oldugunu hesaba dayali
orneklerden c¢ok degisme Ozelligine atif yaparak ya da bu iliskiyi sozclklerle yazarak
gerekgelendirebilmislerdir. Matematik programinin 1. ve 3. siniflarinda yer alan kazanimlar toplamanin
degisme 6zelligine yoneliktir (M.1.1.2.3. ve M.3.1.2.2; MEB, 2018). Bu da her iki grubun da a maddesinde
bu iliskiyi yapisal olarak gerekgelendirmede neden zorlanmadiklarini agiklayabilir. Sorunun b maddesi
sonuglari incelendiginde, uygulama grubunda hi¢bir 6grencinin 6n testte degisme 06zelligini denklemle
ifade edemedigi gozlemlenirken son testte yaklasik %44’(i ifade edebilmistir. Kontrol grubunun ise yaklasik
%10’u 6n testte denklemle ifade edebilirken, son testte bunu yapan higbir 6grenci yoktur. Bu da
gostermektedir ki verilen erken cebir uygulamasi sonrasinda 6grenciler harf degiskenleri genelleme
yapabilmek icin kullanabilmislerdir. Bu g¢alismanin sonucuna benzer bulgular, erken cebir uygulamasi
sonrasinda 6grencilerin aritmetik 6zelliklerde harf degiskenleri genelleme yapabilmek i¢in kullanabilmesi,
baska calismalarda da gdzlemlenmistir (Ornegin, Ucles vd. [2022, okul éncesi ve 1. siniflar], Blanton vd.
[2015, 3. siniflar]).

Son olarak fonksiyonel diisinmeyi ele alan Dogum Giini sorusunda 6grencilerin fonksiyonel iliskileri
genelleme ve temsil etme becerileri ele alinmistir. Uygulama grubu 6grencilerinin yaklasik %20’si son
testte fonksiyon kuralini kelimelerle (c1) ve harf degiskenlerle (c2) ifade edebilmislerdir. Kontrol grubunda
ise kurali harf degiskenlerle ifade eden bulunamazken kelimelerle ifade eden yaklasik %8’dir. Onemli bir
diger sonug ise fonksiyon kuralinin kelimelerle istendigi c1 maddesinde 6n testte hi¢ gézlemlenmemis
olmasina ragmen son testte uygulama grubunun yaklasik %40’inin kovaryasyonel dislinme stratejisi
sergilemis olmasidir; kontrol grubunda bu oran yaklasik %3’tiir. Kovaryasyonel diisinme matematiksel
diisinmenin 6nemli bir pargasidir (Thompson & Carlson, 2017).

Fonksiyonel distinme, programdaki orintilere yonelik kazanimlarla birlikte ele alinabilir (6rn.
M.1.2.3.1,, M.2.1.1.6, M.3.1.1.7, M.5.1.1.3, M.7.2.1.3; MEB, 2018). Burada 6nemli olan tek degiskendeki
degisime odaklanmak yerine, kovaryasyonel (birlikte degisim) ve bire bir esleyerek diisiinme gibi
(correspondence) gesitli fonksiyonel iliskilere odaklanmaktir (Blanton & Kaput, 2004).

Bu sonuglar alan yazinda erken cebir uygulamasi yapan diger calismalari desteklemektedir (6rn.
Blanton vd., 2015, 2019). Sonuglar, erken cebir uygulamasinin 6grencilerin cebirsel diislinme becerilerini
gelistirdigini gostermektedir. Baska bir deyisle, 3. sinif 6grencileri cebirsel stratejileri U¢ alanda
kullanabilmislerdir. Tum bu sonuglar géz 6niine alindiginda, erken cebir 6grenme alaninin ilkokul
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matematik programinda yer almasi gerektigi disliniilmektedir. Ortaokulda cebirle ilgili yasanabilecek
zorluklari dnlemek icin 6grencilere uygun erken cebir deneyimleri saglayabilmek 6nemlidir. Bu baglamda
erken cebir konusunda kapsamli arastirmalar yapilmasi ve hizmet igi egitimler verilerek 6gretmenlerin bu
yénde farkindaliklarinin artirilmasi gerekmektedir. Ozellikle sinif 6gretmenlerinin erken cebir 6gretiminde
buyik rolt vardir (Blanton & Kaput, 2003). Bu agidan sinif 6gretmenleri 6zellikle alan ve pedagojik alan
bilgisi agisindan hizmet igi egitimlerle desteklenmelidir.

Bu calismaya benzer erken cebir ¢alismalarinin 3. sinif 6ncesi ve sonrasi 6grencilerle de yapilmasi
onerilmektedir. Ayrica okul oncesi ve sinif 6gretmenleri ve adaylarina yonelik yapilacak arastirmalara
ihtiyac vardir. Erken cebir ¢alismalari, erken cebirin farkli alanlarina (6rnegin, esitlik, cebirsel ifadeler,
denklemler ve esitsizlikler, genellestirilmis aritmetik ve fonksiyonel diisinme) yonelik olarak da
tasarlanabilir. Ayni zamanda yapilacak boylamsal ¢alismalarin da erken cebir alanindaki arastirmalara
onemli katkilar saglayacagi diistinilmektedir.

Yazar Katki Orani

Makalenin tamamlanmasina 1. yazar %30 oraninda, 2. yazar %30 oraninda, 3. yazar %20 oraninda ve
4. yazar %20 oraninda katki sunmustur. Tiim yazarlar ¢alismanin son halini gézden gecirip gerekli revize
islemlerini gerceklestirmistir.

Etik Beyan

“Yiksekogretim Kurumlari Bilimsel Arastirma ve Yayin Etigi Yonergesinde’ yer alan tiim kurallara
uyulmus ve ydnergenin ikinci bolimiinde yer alan “Bilimsel Aragtirma ve Yayin Etigine Aykiri Eylemlerden”
higbiri gergeklestirilmemistir.

Catisma Beyani

Yazarlar calisma kapsaminda herhangi bir kurum veya kisi ile ¢ikar ¢atismasi bulunmadigini beyan
etmektedirler.
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