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ABSTRACT

Generalization is a very important element of mathematics. It is the basic building block of
mathematical thinking, starting from counting to functional thinking. It is important for the
development of mathematical thinking that the students understand why and how the task is
performed instead of mechanically performing the generalization process. In this study, the
generalization processes of patterns and the strategies preferred by seventh-grade middle school
students in the process of generalizing patterns were examined. The qualitative research design
was taken as a basis for collecting, analyzing, and interpreting the data. The study group
consisted of 152 seventh-grade students selected by a simple random sampling method. The
Pattern Test developed by the researchers was used as a data collection tool. According to the
results of the study, it was observed that most of the students could not make algebraic
generalizations and remained at the level of arithmetic generalization or immature induction.
Students have been determined to prefer iterative and modelling for finding terms close to the
pattern, iterative multiplication with a difference as the most favoured strategy in the middle
step, and iterative multiplication with a difference and functional strategies for determining
terms far from the pattern. The study showed that the participants were successful in identifying
the components of the pattern, one of the steps of pattern generalization process, but the
number of students who recognized the common feature. The results showed that students
generally used different strategies in solving the same problem and did not stick to a single
strategy.
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INTRODUCTION

One answer to the question "What is mathematics?" is given as "the science of patterns and order" (Van De
Walle, Bay-Williams, Lovin and Karp, 2013). Generalization is one of the main goals of mathematics learning.
While solving problems, students look for a pattern and reach a generalization by analyzing the pattern (Tanisl,
Kose & Camci, 2017). The underlying basis of the patterns that children encounter in their daily lives and
preschool education is to enable them to understand mathematics. To help them develop their intuitive
knowledge, teachers need to master these basic mathematical concepts (Ersoy, 2006). Patterns are the key
concept for students to develop the ability to create their patterns (Tanigh, 2008). To succeed in algebra, the
algebraic language must be spoken fluently. Therefore, students need to internalize the concepts and symbols
used in algebra (Kieran, 1992). Instead of giving direct information about rules and formulas, students should

be guided to make generalizations and formulate rules and formulas by giving hints (Toluk, 2003).

Patterns are a key concept in the development of number sense, mathematical exploration, and algebraic
thinking. Recognizing, maintaining, and creating patterns is important for exploring the order of mathematics
and making mathematical generalizations (Burns, 2000; as cited in ispir & Palabiyik, 2011). Many math
concepts are based on patterns. Important topics of mathematics such as the concept of numbers, rhythmic
counting, numerical operations, and understanding the equal sign, variable, and function concepts develop in
students' minds with the concept of patterns (Kaput, 1999). Algebra is the language of mathematics. Algebra is
based on generalization and generalization is based on patterns. Mathematics teaching aims to construct
algebraic thinking in students' minds and the concept of pattern plays a role in this construction process (ispir
& Palabiyik, 2011). Mason (1996) stated that generalization plays an important role in mathematical
achievement and learning and that generalization is the "heartbeat of mathematics". Generalization is the
ability to apply a pattern to more than one context. The key concepts of generalization are copying, extending,
and creating. Algebra is a process in which generalization activities are highly effective (Lee, 1996). Radford
(2006) examined the process of generalization under two headings: arithmetic and algebraic generalization.
Identifying some common aspects of the pattern and specifying some relationships without writing an
expression valid for all terms is referred to as arithmetic generalization, whereas writing an expression valid for
each term is referred to as algebraic generalization. Radford's algebraic generalization process can be
expressed in detail as follows: In the first place, the generalization process starts with the recognition of the
common feature between the components of the pattern. Once the common feature is recognized, it is
translated into a hypothesis. The expression pn is written to be valid for all terms from the common property.

Figure 1 summarizes Radford's (2008) generalization process.

Components of a Recognizing the Translating a Writing the Pn
—_— common feature | =

pattern p;,p,,P3.... common feature into a hypothesis expression

Figure 1. The structure of Pattern Generalization (Radford, 2008).
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In addition, Radford (2008) has termed the identification of pattern components and the direct formulation of
the general expression for each term as immature induction. In dealing with pattern generalization problems,
students use a variety of strategies (Chua & Hoyles, 2010). There are many studies examining pattern
generalization strategies (Akkan & Cakiroglu, 2012; Amit & Neria, 2008; Cayir & Akyliz, 2015; Durmaz & Altun,
2014; Hargreaves, Shorrocks-Taylor & Threlfall, 1998; Lanin, Barker & Townsend, 2006; Ozdemir, Dikici, &
Kiltiir, 2015; Sasman, Linchevski & Olivier, 1999; Tanish & Ozdas, 2009; Tanish & Yavuzsoy-Kése, 2011;
Turkoglu & Yalin, 2020). There are various attempts to improve the strategies that students at different grade
levels use when generalizing patterns in the learning process. It is of great importance the strategy the student
chooses when starting to generalize (Lannin, 2005). Considering the literature, the strategies used in changing
patterns are divided into two recursive relations and functional relations. Utilizing the previous term to find the
next term of the pattern is the use of an iterative strategy (Van De Walle, 2004). An iterative strategy is a
sequential relationship between output values (Lannin, Barker & Townsend, 2006). Using this strategy, the
difference between two consecutive terms is found and this difference is added to the previous term to find
the next term of the pattern. In the iterative strategy, attention is not focused on the relationship between
input and output values, but only on the relationship between output values or only input values. It is therefore
difficult to establish the functional rule of the pattern (Warren, 2005). By using the iterative strategy, the
student can reach the close terms of the pattern (Ley, 2005). It can also find the terms in the far step using the
iterative strategy, but this is very time-consuming. To find the term at the one-hundred-and-fiftieth step of the
pattern, for example, it can be found directly by writing the general rule of the pattern for the far step without
finding the terms before this step. The general rule of the pattern is the functional relationship between input
and output values (Warren & Cooper, 2006). The functional relationship makes it easy to find the output value
corresponding to any input value (Lannin, Barker & Townsend, 2006). The functional relationship allows the
general rule of the pattern to be written. In this way, the terms in the close and far steps of the pattern can be
easily found. Since equations and formulas are used in this strategy, this process also forms the basis of the

subject of function, which is very important for mathematics (Ley, 2005).

The process of generalization in mathematics involves extending reasoning beyond specific situations and
identifying commonalities that are essential for problem-solving and academic arithmetic. Patterns have always
been used by intuitive mathematicians to solve problems. Such a process not only develops problem-solving
skills but also allows them to identify the basic types of reasoning that are used repeatedly to solve
mathematical problems (Winn & Keuskamp, 2007). Models, an important aspect of generalization, are
fundamental to mathematical thinking and learning. Therefore, the generalization process, which involves
recognizing, identifying, and constructing patterns, is an important component of mathematics education.

( Vogel, 2005).

The ability to generalize patterns encourages students to think critically and analytically. It involves identifying
regularities or trends and then formulating a general rule or principle. The process of pattern generalization

also helps students understand the concept of function, a fundamental idea in algebra and analysis. Students
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can predict and understand more complex relationships by recognizing the relationship between dependent
and independent variables. Besides, the generalization of patterns forms the basis of algebraic thinking (Elbir &
Ozmen, 2023). Students learn to use symbols and formulas as they move from concrete examples to abstract
representations. This move is necessary to understand algebra, which is an important component of higher-
level mathematics. Recognizing and applying patterns is a highly valuable skill in the real world. Students can
apply mathematical concepts to real-life situations by learning to generalize patterns. Within this scope,
patterns, and pattern generalization, which have an important role in promoting algebraic thinking, have been
included in the scope of algebra in Turkey as in many countries (MoNE, 2018; NCTM, 2000; Mason, 1996;
Warren & Cooper, 2008; Wilkie & Clarke, 2016). In summary, the generalization of patterns in mathematics
education is fundamental for developing abstract and algebraic thinking, critical problem-solving skills, an
understanding of mathematical relationships, and the ability to apply mathematics in practical and real-world
contexts. That is why the focus of mathematics teaching should be on developing the basic skills of
generalizing, expressing, and systematically justifying generalizations (Blanton and Kaput 2011). It is important
to understand patterns, which have an important role in the formation of the foundations of algebra, and to
examine students' generalization processes and the strategies they prefer. Accordingly, this study aims to
examine the generalization of patterns and the strategies preferred by 7th-grade middle school students in the

process of generalizing patterns.

Within the scope of this purpose, the research problem is stated as “How is the process of generalization of
patterns and related strategies preferred by 7th-grade middle school students?” and following sub-questions
were sought to be answered.

e How is the process of generalization of patterns for 7th-grade middle school students?

e What are the strategies preferred by 7th-grade middle school students in the process of generalizing

patterns?

METHOD

Study Model

In the research model, the qualitative research design was adopted for collecting, analyzing, and interpreting
the data. Qualitative research aims to collect detailed and in-depth information by focusing on understanding
behaviours and content (McMillan, 2004). In this study, since it aimed to describe the process of generalization

of patterns and the strategies preferred by the students in-depth, qualitative research design was preferred.
Study Group

The study was conducted in two stages. The study was conducted with 152 volunteer students (61.18% female,
38.81% male) who were selected by simple random sampling method among 1296 seventh-grade students
studying in the Ercis district of Van province in the east of Turkey to determine the generalization processes

and preferred strategies of seventh-grade students.
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Data Collection Tool

To examine the pattern generalization processes of seventh-grade middle school students and to determine
the strategies they prefer in the process of generalizing patterns, data were collected with the Pattern Test.
Within this scope, an item pool was created by examining the seventh-grade mathematics curriculum,
textbooks implemented by the Ministry of National Education, achievement comprehension tests prepared by
the General Directorate of Measurement, Evaluation and Testing Services, Education Information Network
(EBA) study fascicles, sample questions, and various studies on patterns. The scale developed was aimed to
include pattern types and different forms of representation, making appropriate transformations between
shape and number patterns, recognizing patterns, discovering the relationship between terms, expressing the
pattern rule and writing the general term of the pattern, and pattern formation skills. The 18 items in the
pretest scale were presented to two mathematics education experts for their suitability to the student level,
comprehensibility, clarity, clarity, clarity, suitability for the purpose, and appropriateness of the questions to be
identified. In line with the expert opinion, various arrangements were made on the 18 items eleven items were
removed from the scale, and a seven-item pre-test scale was formed. After the expert approval was obtained,
the pilot application of the scale was applied to 36 seventh-grade students outside the study group, and the
comprehensibility, clarity, and application time of the items in the scale were evaluated. As a result of the pilot
study, the scale was finalized after no problems were detected in its comprehensibility. Table 1 shows the

explanations regarding the questions in the scale.

Table 1. Content of The Pattern Test Questions

Questions Expected Response from the Student to the Question

Students are expected to find the close step of the pattern in
option a of the first question, find the middle step of the
pattern in option b, consider the relationship between the
1 components of the pattern in option c, realize that the number
of small triangles increases by four in each way, develop a
hypothesis about the general rule of the pattern and form the
expression pn.

L5ed 2.5ekil 3.5k 4.5ekil

Students are expected to find the term in the close step of the
pattern in option a of the third question, find the term in the
middle step of the pattern in option b, find the term in the far

A bacterium multiplies by dividing into 2 at the

step of the pattern in option c, recognize the common feature

2 end of each hour. A jar is observed after by considering the relationship between the input-output
dropping one of these bacteria into a jar. values in option d, form a hypothesis about writing the
expression pn and find the general rule of the pattern.
WHITE WHITE WHITE Students are expected to find the desired terms in the close,
WHITE WHITE middle, and far steps of thfe pat.tern by exa.mlnmg the 3x3 array
3 and completing the table given in the question.
WHITE WHITE WHITE
Students are expected to use the model effectively and find the
COL Lyl — e close step of the pattern in option a, the middle step of the
DDDDDDDDDD . pattern in option b, the far step of the pattern.m qptlon ¢, and
4 express the general rule of the pattern by taking into account
DDDDDD —— [t | the relationship between the components of the pattern in

option d and realizing that the number of seats increases by
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four in each row.

Ladim 2adim Jadim
— — —f) ) —)

AR A A

— == ==

The number of steps, the number of matchsticks used, and the
relationship between the number of steps and the number of
matchsticks is given in a blank table in this question. Students
are expected to find the close step of the pattern in option a by
drawing it, find the middle step of the pattern in option b, find
the far step of the pattern in option c, transform the
relationships in the shape pattern into a pattern in option d and
express it verbally in option e, and express the general rule of
the pattern algebraically by taking into account the relationship
between the components of the pattern and realizing that the
number of matchsticks increases by three at each step.

The first 4 steps of the pattern are modelled. Students are first
expected to find the number of cubes in the first four steps
correctly using the model given. Students are expected to
complete the table given for the close steps of the pattern in
option a, find the middle step of the pattern in option b, find
the far step of the pattern in option c, make algebraic
generalizations using the shape pattern in option d and
express the general rule of the pattern.

5
s o dfis s
6
1L.Adim 2.Adim 3.Adim 4.Adim
Number 1 2 3 4
of Jerseys
Price (S) 2 5 8 11
7

In the ninth question, an arithmetic pattern represented by a
table is given. Students are expected to identify the
components of the pattern and correctly interpret the
relationship between the common feature, finding the middle
distance step of the pattern in option a, finding the far step of
the pattern in option b, taking into account the relationship
between the components of the pattern in option c, realizing
that the price increases by three for each uniform number,
developing a hypothesis from the common feature and
expressing the general rule of the pattern algebraically.

Data Analysis

The data were collected from seventh grade students studying in Ercis district of Van province with the

research permission obtained from the Directorate of National Education and the ethics committee decision

obtained from Balikesir University. A descriptive analysis of the data obtained regarding the process of

generalizing patterns and the strategies used by students was conducted. Students' responses to the Pattern

Test were examined based on Radford's (2006;2008) theory of algebraic generalization to examine students'

pattern generalization process. Table 2 shows the examination criteria of the data obtained from the Pattern

Test in line with algebraic generalization theory.

Table 2. Algebraic Generalization Steps

Steps Description
Components of a Identify the terms of the pattern
Pattern pl, p2, p3, ..., pn
Commo.n' Feature Distinguish similarities and differences in the terms of the pattern
Recognition
Hypothesizing Generalizing and hypothesizing for all terms by distinguishing the common feature
Pn Creation Formal or informal expression of the relationship between pattern components
Arithmetic Identifying some common aspects of the pattern and specifying some relationships without

Generalization

writing a statement that applies to all terms

Algebraic Generalization ~ Writing an expression that applies to each term

Immature Induction
Irrelevant response

Identifying the components of the pattern and writing the pn expression directly
Unrelated response or left blank
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If the steps of the pattern and the sequence of shapes or numbers are correctly identified in the answers, it
was evaluated that the student correctly identified the component of the pattern, the student who verbally
explained the relationship between the shape or number order and the pattern component informally by
noticing the similarities and differences in the terms of the pattern correctly identified the relationship
between the components of the pattern, and that the student who applied the relationship determined by the
student to the far step, that is, the student who generalized and tested the hypothesis for all terms by
distinguishing the common feature, and the student who presented the relationship between the components
of the pattern algebraically by correctly determining the variable, was able to write the expression pn. Besides,
students' algebraic generalization levels were classified within the framework of arithmetic generalization,
algebraic generalization, and immature induction. In this direction, it was interpreted that the students who
were successful in the first three steps (components of the pattern, recognizing common features, converting
to hypothesis) were at the level of arithmetic generalization; the students who were successful in four steps
(components of the pattern, recognizing common features, converting to hypothesis, forming pn) were at the
level of algebraic generalization; and the students who directly formed the expression pn from the components
of the pattern had an immature inductive tendency. The data obtained are presented in the form of descriptive
statistics with direct quotations with frequency and percentage values. The data obtained for the reliability of
the study were evaluated separately by the researchers and the agreement rate was found to be 94%. Since
the reliability rate was above 70%, the result was considered reliable (Miles & Huberman, 1994; Yildirm &
Simsek, 2006). The strategies preferred by the students in the generalization process of patterns were analyzed
by considering the literature. Strategies and explanations in the literature are presented in Table 3.

Table 3. Pattern generalization strategies

Strategy Description
Counting or A representative model is created to find the desired step of the pattern or a calculation is made by
Modelling drawing a shape. This strategy is mostly used when finding close terms of a pattern (Akkan & Cakiroglu,
Parts 2012; Cayir & Akylz, 2015; Lanin, Barker & Townsend, 2006).

To find the next term of the pattern, they use the previous term, i.e., they focus on the difference
between the two terms of the pattern and continue the pattern by adding the difference between the
Iterative or two terms to the last term to find the next step (Amit & Neria, 2008; Cayir & Akyliz, 2015; Hargreaves,
Additive Shorrocks-Taylor & Threlfall, 1998; Lannin, Barker & Townsend, 2006; Ozdemir, Dikici, & Kiiltiir, 2015;

Tanish & Ozdag, 2009; Tanigh & Yavuzsoy-Kose, 2011; Tirkoglu & Yalin, 2020).
A constant difference between two consecutive terms is found to obtain the desired step of the pattern
Multiplication  and the result is obtained by multiplying the constant difference by the desired step. This strategy is

by Difference

valid for the general rule (5n) of the pattern 5,10,15,20,25..., but invalid for the general rule (3n) of the
pattern 8,11,14,17,20,23... (Akkan & Cakiroglu, 2012; Cayir & Akyliz, 2015; Tirkoglu & Yalin, 2020).

Proportion

Taking a term of the pattern as a unit and using it to find the desired multiple of that desired unit. The
use of the proportion strategy is based on proportional reasoning. Using this strategy, the student thinks
that if 4 pencils are 8 TRY, then 8 pencils are 16 TRY (Akkan ve Cakiroglu, 2012; Amit & Neria, 2008; Cayir
ve Akyiiz, 2015; Stacey, 1989; Lannin, 2005).

Prediction
Control

Although the general rule of the pattern is presented algebraically, the validity and functionality of the
general rule are not considered (Durmaz & Altun, 2014; Healy & Hoyles, 2000; Lannin, 2005; Ozdemir,
Dikici, & Kultur, 2015; Tanish & Yavuzsoy-Kése, 2011).

Functional or
Precise

It allows us to find the term at any step of the pattern, the general rule is to formulate the relationship
between the input and output values of the pattern using the unknown. According to this formula, it is
easy to find both close and far terms of the pattern (Akkan and Cakiroglu, 2012; Cayir and Akyuz, 2015;
Tanigh and Yavuzsoy-Kése, 2011)

Decomposition
of Input Value

Let n be the input value of the pattern, and if n = a+ b+ c, the output value is found by considering f(n) =
f(a) + f(b) + f(c) (Sasman, Linchevski & Olivier, 1999).
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The strategies used by the students in the process of generalizing the patterns were evaluated separately by
the researchers and the agreement rate was found to be 89%. Since the reliability rate was above 70%, the

result was considered reliable (Miles & Huberman, 1994; Yildirim & Simsek, 2006).

FINDINGS

In the light of the data obtained by applying the Pattern Test scale to the study group within the scope of the
first sub-problem of the study, "How is the generalization process of patterns for 7th-grade middle school
students?", the responses of the students to the seven questions in the scale were examined by considering
the steps of Radford (2008) model (identifying the components of the pattern, identifying the common feature
between the components of the pattern, turning the common feature into a hypothesis and writing the

expression pn, immature induction, arithmetic and algebraic generalization) and presented in Table 4.

Table 4. Percentage and Frequency Values of Seventh-Grade Middle School Students' Generalization Processes
of Patterns

Generalization Ql Q2 Q3 Q4 Q5 Q6 Q7
processes f % f % f % f % f % f % f %

Finding the

components of 141 92.76 140 92.10 39 25.65 135 88.81 124 8157 34 22.36 110 72.36
patterns

Common

feature 113 7434 21 13.81 13 8.55 107 70.39 82 53.94 29 19.07 106 69.73
recognition

Hypothesizing

a common 88 57.89 14 9.21 13 8.55 52 34.21 53 34.86 22 14.47 60 39.47
feature
Generating the
expression Pn
Arithmetic
generalization 46 30.26 10 6.57 12 7.89 34 22.36 43 28.28 22 14.47 27 17.76

73 48.02 103 67.76 1 0.65 59 38.81 52 3421 10 6.57 30 19.73

Algebraic

- 42 2763 4 263 1 065 18 1184 10 657 0 O 25 16.44
generalization
Immature 31 2039 99 6513 0 O 41 2697 42 2763 10 657 5 328
Induction
Irrelevant 11 723 12 789 113 7434 17 1118 28 1842 118 77.63 42  27.63
Response

Table 4 shows that the highest success in finding pattern components, recognizing common features, and
turning them into hypotheses was in the first question, while the highest success in forming the expression pn
was in the second question. Students reached arithmetic generalization in the first question (30.26%), algebraic

generalization in the first question (27.63%), and immature inductive behavior in the second question (65.13%).

In general, it was determined that the success in finding the components of the pattern in Question 6, which
includes the 3D model, was quite low. Students are first expected to find the number of cubes in the first four
steps correctly using the model given in the sixth question. In this process, it was observed that students could

not benefit from the 3D model correctly and had difficulty in finding the components of the pattern. Thus, it
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was determined that none of the students reached algebraic generalization for the sixth question, and the 10

students who could write the expression Pn obtained this result through immature induction.

When the second question containing a geometric pattern and the third question containing a quadratic
number pattern were examined, it was found that the failure in recognizing the common feature and turning it
into a hypothesis was in the 2nd and 3rd questions compared to the other questions. In the second question, a
bacterium multiplies by dividing into 2 at the end of each hour. After one of these bacteria was placed in a jar,
it was stated that it was observed and students were expected to establish a relationship between the elapsed
time and the number of bacteria formed. Generally, students have leaned towards a numerical expression and
responded with "divisible by two," failing to express the characteristic between the dependent and
independent variables. Therefore, they were not able to recognize the feature and failed to translate it into a
hypothesis. It is thought that this situation stems from the students' inadequate understanding of the pattern
presented as context. A similar situation is observed in the third question. In these two questions, in which the
pattern and its steps were presented without using a model, students could not understand the context, and as
a result, their level of algebraic generalization and arithmetic generalization was low. Figure 2 shows the

response of Szs, who made the arithmetic generalization for the fourth question.

ENENEREEEN L s— G
. 000000000 -
o LT ot et | = e

o Tiyatroda 4.sirada kag koltuk vardir? Cevabinizs agiklayiniz.
L-sirada (g kolduk olur.
CEAD Ly sebilda 4ter Wer  efhyer

b Tiyatroda 8. siada ka koltuk vardie? Cevabinizs agilayniz.

% sicada B4 lkothl aluc-

GCnkc a9 sebilde Uer Ller achine 34 baldel olugen

« Tiyatroda 100. sirada kag koltuk vardr? Cevabiniz: agiklayinz.
too- Sirals Lo2 Loliyl werdir.

100-4U=4oo+2 =402

4 gibir Koltuk say wyacak bir kural bulunuz. Nasil buldugunuzu
agklayinz

40 surala WO Pl S
Prhrarak.  bulucugp |

[S38:There are 18 seats in the fourth row. Because it has increased four by four. The eighth row has 34 seats. Because it
increases four by four in the same way. There are 402 seats in the hundredth row. (100.4=400+2=402)Tenth place would be
42 seats. We find the result by incrementing.]

Figure 2. Sss's Example of Arithmetic Generalization For The Fourth Question.
In S3s's response, it is seen that he correctly identified the components of the pattern, realized the common
feature as the number of seats increasing four by four, and developed his hypothesis as "multiply the desired
order by 4 and add by 2", but the student could not form the expression pn. Therefore, arithmetic is at the level
of generalization. Figure 3 shows the response of Si13 who showed immature inductive behaviour for the
second question, and Figure 4 shows the response of Si21 who reached algebraic generalization for the fifth

question.
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[S113:We write 2n cause it increases by two] [S121: The rule is 3n+1. n is the number of
steps. When n is replaced by the number of
steps, 1 is missing. For this we add 1.]
Figure 3. S113's Example of Immature Induction Figure 4. S121's Algebraic Generalization
To The Second Question. Example For The Fifth Question.

Considering S113's answer to the second question, it was determined that he could not correctly recognize the
common feature between the terms of the pattern and could not develop a hypothesis. Although the general
rule of the pattern is presented algebraically in the form of 2n, it does not test the accuracy of this rule. Si13
could not express the general rule of the pattern correctly. Therefore, the student shows immature inductive
behaviours. Si21's response to the fifth question shows that he found the components of the pattern correctly.
He/she realized that the common feature is that the number of matchsticks increases by three at each step and
correctly translated the common feature into a hypothesis. He/she expressed the general rule of the pattern as
3n +1. Considering the relationship between the input and output values of the pattern, the student formed
the expression pn by understanding the relationship between the dependent and independent variables. Since
the general rule allows us to find the correct number of matchsticks in any step of the pattern, it completes the

algebraic generalization steps.

Within the scope of the second sub-problem of the study, "What are the strategies preferred by 7th-grade
middle school students in the process of generalizing patterns?", in the light of the data obtained by applying
the Pattern Test scale to the study group, the responses of the students to the seven questions in the scale

were examined to determine the strategies they preferred in the pattern generalization process.
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Table 5. Percentage and Frequency Values of Seventh-Grade Middle School Students' Generalization Strategies Of Patterns

Questions Q1 Q2 Q3 Q4
Strategies cs MS FS CS MS FS (& MS FS (& Mms FS

f % f % f % f % f % f % f % f % f % f % f % f %
Iterative or 23 15.13 54 3552 90 5921 6 3.94 4 2.63 - - 48 31.57 57 37.50 42 27.63 104 68.41 82 5394 14 9.21
Additive
Counting or 94 61.84 7 4.60 57 37.5 12 7.89 8 5.26 - - 51 33.55 38 25 12 7.89 5 3.28 1 0.65 - -
Modelling Parts
Multiplication 1 0.65 9 5.92 - - 97 63.81 104 68.42 68 44,73 - - - - - - 2 131 22 14.47 67 44,07
by Difference
Proportion - - 8 5.26 - - - - - - - - - - - - 1 0.65 - - 4 2.63 3 1.97
Prediction - - 2 131 - - 2 131 2 131 2 131 - - - - - - - - - - 1 0.65
Control
Functional or 32 21.05 42 27.63 - - 10 6.57 10 6.57 10 6.57 1 0.65 1 0.65 1 0.65 29 19.07 34 2236 34 22.36
Precise
Decomposition - - 1 0.65 - - - - - - 1 0.65 - - - - - - - - - - 2 1.31
of Input Value
Others - - 5 3.28 - - 11 7.23 19 1250 19 1250 14 9.21 13 8.55 14 9.21 - - - - 3 1.97
Blank 2 1.31 24 1578 5 3.28 14 9.21 43 28.28 52 3421 38 25 43 28.28 82 53.94 12 7.89 9 5.92 28 18.42
Total 152 100 152 100 152 100 152 100 152 100 152 100 152 100 152 100 152 100 152 100 152 100 152 100
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Table 5. Continued

Questions Qs Q6 Q7
Strategies CS MS FS cs MS FS MS FS
f % f % f % f % f % f % f % f %
Iterative or Additive 9 5.92 38 25 26 17.10 32 21.05 54 35.52 41 26.97 47 30.92 1 0.65
Counting or Modelling Parts 118 77.63 24 15.78 2 1.31 54 35.52 2 1.31 2 1.31 - - - -
Multiplication by Difference 1 0.65 29 19.07 39 25.65 1 0.65 10 6.57 11 7.23 23 15.13 64 42.10
Proportion - - - - 1 0.65 - - - - - - 12 7.89 16 10.52
Prediction Control 1 0.65 1 0.65 1 0.65 1 0.65 13 8.55 12 7.89 1 0.65 1 0.65
Functional or Precise 17 11.18 40 26.31 43 28.28 - - - - - - 25 16.44 25 16.44
Decomposition of Input Value - - 1 0.65 6 3.94 - - - - - - 2 1.31 - -
Others - - 1 0.65 1 0.65 6 3.94 5 3.28 5 3.28 - - - -
Blank 6 3.94 18 11.84 33 21.71 58 38.15 68 44.73 81 53.28 42 27.63 45 29.60
Total 152 100 152 100 152 100 152 100 152 100 152 100 152 100 152 100

(CS: Close Step, MS: Middle Step, FS: Far Step)
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Table 5 shows that the strategies used by the students in the process of generalizing patterns were examined in
terms of the close step, intermediate step, and far step. In the same question, students used different
strategies for the close, middle, and far steps. The close step is a warm-up step, in which students are expected
to generalize to the close step by examining the pattern. In the middle step, students are expected to
temporarily generalize the pattern and simply extend it. In the far step, the student is expected to generalize
the pattern by establishing the relationship or using the unknown and to find the far step by applying the rule
he/she created (Stacey, 1989; Warren, 1996).

The most preferred strategies in the first question, which is a 2D pattern type, were found to be counting the
pieces in the close step and iterative strategies in the middle step. The students mostly used iterative (additive)
strategies in 61.84% of the close step, 35.53% in the middle step, and 59.21% in the far step. It was observed
that in the second question, which was of the geometric pattern type, students mostly used the strategy of
multiplication by a difference in the close, middle, and far steps of the pattern. It was determined that 63.81%,
68.42%, 68.42%, and 44.73% of the students used the multiplication by difference strategy in the close, middle,
and far steps, respectively. In the third question, which was of the special number pattern type, the most
frequently used strategies were counting the pieces in the close step of the pattern (modelling ), the middle
step of the pattern, and the iterative (additive) strategies in the far step of the pattern. It was observed that
33.55% of the students preferred iterative (modelling ) strategies in the close step of the pattern, 37.50% of the
students preferred iterative (additive) strategies in the middle step of the pattern, and 27.63% of the students
preferred iterative (additive) strategies in the far step of the pattern. It was observed that the iterative strategy
was the most preferred strategy in the close step of the pattern and the middle step of the pattern, and
multiplication by difference strategy was the most preferred strategy in the far step of the pattern in the fourth
question, which was a 2D pattern type. Of the students, 68.41% used the iterative strategy in the close step
53.94% used the iterative strategy in the middle step, and 44.07% used the multiplication by difference
strategy in the far step. It was observed that in the fifth question, which was of the 2D pattern type, counting
the pieces in the close step of the pattern and functional strategies in the middle step and the far step of the
pattern were the most preferred strategies. Of the students, 77.63% used counting parts in the close step,
26.31% used functional strategies in the middle step and 28.28% used functional strategies in the far step. The
most frequently used strategies in the sixth question, which is of the 3D pattern type, were counting the pieces
in the close step and iterative in the middle and far steps. Of the students, 35.52% preferred the strategy of
counting the pieces in the close step, 35.52% preferred the iterative strategy in the middle step and 26.97%
preferred the iterative strategy in the far step. The most preferred strategies in the seventh question, which is
of the arithmetic pattern type represented by the table, were determined as iterative in the middle step and
multiplication by a difference in the far step. Of the students, 30.92% preferred iterative multiplication
strategies in the middle step, and 42.10% preferred multiplication by difference strategies in the far step. Since
pattern components were presented in a table for the seventh question, the close-step question was not asked

to the students.
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Figure 5 shows the response of S133 who preferred the modelling strategy in the close step of the pattern and

the middle step of the pattern for the first question.
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Figure 5. S133's Modelling Strategy Example.
The response of S133 who preferred the modelling strategy in the close step of the pattern and the middle step
of the pattern for the first question is presented. In the first question, S133 reached the correct answers with
the help of the shapes he drew to calculate the number of small triangles by using the modelling strategy in

the close step and middle step of the pattern.

Figure 6 shows the response of Sis, who used the strategy of multiplication by a difference in the close, middle,

and far steps of the pattern for the second question.
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Figure 6. S1s's Example of Multiplication by Difference Strategy.

The response of Sis, who used the strategy of multiplication by a difference in the close, middle, and far steps
of the pattern for the second question is presented. Considering Sis's answer to the second question, it is seen
that the student used the strategy of multiplication by a difference in the close, middle, and far steps of the
pattern. It was observed that it determined the common difference between the terms as two and
miscalculated the number of bacteria in the close, middle, and far steps of the pattern by multiplying the
common difference by the desired terms. Figure7 shows the response of Si30, who used the iterative strategy in

the close step and middle step of the pattern and multiplication by difference strategy in the far step of the

pattern.
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Figure 7. Decomposition Of Si30's input Value And iterative Strategy Example.

The response of Siz, who used iterative strategy in the close step and middle step of the pattern and
multiplication by difference strategy in the far step of the pattern is presented. Considering S130's answer to
the fourth question, it was determined that he preferred the iterative strategy in the close step and middle
step of the pattern. S130 found 4 as the constant difference between the two terms of the pattern and
continued by adding 4 to the previous term to find the next term. He/she used the input value decomposition
strategy to find the far step of the pattern. He/she found the number of seats in the tenth row as 42, to find
the number of seats in the hundredth row, he/she decomposed the input value as "100 =10+ 10+ 10 + 10 + 10
+10+10+10+10+10+10+ 10+ 10+ 10+ 10+ 10 + 10 + 10" and found the output value as "42 + 42 + 42 +
42 +42 +42+42 +42 +42 + 42 =420".

Figure 8 shows the response of Siz1, who used modelling strategy in the close step of the pattern and

functional strategy in the middle and far steps of the pattern.
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Figure 8. S131's Modelling and Functional Strategy Example.
The response of S131, who used modelling strategy in the close step of the pattern and functional strategy in
the middle and far steps of the pattern is presented. Considering Si131's answer to the fifth question, it is seen

that he used the modelling strategy in the close step. In the middle and far steps, he/she examined the
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relationship between input and output and obtained the rule of the pattern. Considering the common point in
the pattern that the number of matchsticks increases by three at each step, Si3: generalized this common
feature to all terms and created the 3n+1 rule that will enable him to find the number of matchsticks at any
step. He/she easily found the number of matchsticks in steps 10 and 50 of the patterns using the functional

strategy.

Figure 9 shows the response of S31, who used the proportion strategy in the middle step of the pattern and the

far step of the pattern for the seventh question.
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Figure 9. S31's Example of Proportion Strategy.
The response of S31, who used the proportion strategy in the middle step of the pattern and the far step of the
pattern for the seventh question is presented. Considering Szi's response to the seventh question, it is seen
that he found the price of 20 jerseys wrong by using the proportion strategy in the middle step. If 5 jerseys cost
$14, then 20 jerseys cost 20:5=4, 14x4 = $56. S3 used the predictive control strategy in the far step. He/she
could not express the general rule of the pattern algebraically. He/she estimated the general rule of the
pattern as 3n -1. The price of 20 jerseys was 56 using the proportion strategy and 96 using the predictive

control strategy. It is seen here that the student did not check the correctness of his/her calculations.

CONCLUSION and DISCUSSION

In the first sub-problem of the study, seventh-grade middle school students' generalization processes of
patterns were examined within the framework of Radford's (2008) algebraic generalization theory. Considering
the results obtained, it was seen that most of the students could not make algebraic generalizations and
remained at the level of arithmetic generalization or immature induction. It was observed that the number of
students at the immature induction level was higher than at the arithmetic generalization level. These results
are similar to the results obtained in various studies examining the pattern generalization processes of students
at different grade levels in the literature regarding the difficulty in algebraic generalization of patterns (Cayir &

Akyiiz, 2015; Gokce & Yesildere-imre, 2017; Hargreaves, Shorrocks-Taylor & Threlfall 1998; Yesildere-imre,
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Akkog, & Bastiirk-Sahin, 2017; Lannin, 2005; Orton, 2009; MacGregor & Stacey, 1996; Radford, 2008; Rivera &
Becker, 2008; Yesildere & Akkog, 2010; Tanish & Yavuzsoy-Kose, 2011).

The study showed that the participants were successful in identifying the components of the pattern, one of
the steps of Radford's (2008) pattern generalization process, but the number of students who recognized the
common feature, which is the next step, decreased in all seven questions. Gékce and Yesildere-imre (2017)
examined the pattern generalization processes of seventh-grade middle school students. The reason why the
students showed a tendency at the level of immature induction is thought to be that they could not recognize
the common feature between the components of the pattern in the pattern generalization process, and
therefore, they put forward a rule by trial and error without forming a hypothesis for writing the expression pn

that will enable the general rule of the pattern to be found.

Students who reached the level of arithmetic generalization but could not pass to the level of algebraic
generalization could not comprehend the notation n and therefore had difficulties in expressing the general
rule of patterns algebraically. Most students did not focus on the relationship between the input and output
values of the pattern but instead focused on using the common difference between the terms of the pattern to
continue the pattern by starting from the previous term to find the next term. Hargreaves, Shorrocks-Taylor,
and Threlfall (1998), Orton & Orton (1999), Stacey (1989), Girit-Yildiz, and Glindogdu-Alayh (2019), who
reached similar research results, concluded that students tended to focus on the difference between the
desired term and the term immediately following it in the pattern, using only the amount of increase and
specifying a general rule. Similarly, Warren and Cooper (2008) found that when students were asked to write
down their generalizations, they often returned to low-level answers, for example, "add to 2" instead of "the
number of tiles is twice the number of steps". According to this result, the role of mathematical language and
mathematical understanding in the actions that take place in the generalization process of patterns should be

further investigated in the classroom.

It was concluded that only one student could not reach the level of algebraic generalization in question 3,
which contained a quadratic number pattern, and none of the students could reach the level of algebraic
generalization in question 6, which contained a 3D pattern, and they were more successful in writing algebraic
expressions in the process of generalizing 2D and arithmetic patterns. However, this result is in line with the
results of Schreiber (2020), Yesildere and Akkog (2010), and Tiirkoglu and Yalin (2020) who found that students
were more unsuccessful in writing the general rule of quadratic patterns than linear patterns. The reason for
this is that students determine whether the difference between the terms of the pattern is constant or not and

then try to continue the pattern by using this constant difference.

Within the scope of the second sub-problem of the study, the strategies used by students in the process of
generalizing patterns were examined. It is seen that students used eight types of strategies. The results
obtained from the Pattern Test showed that students mostly preferred the iterative strategy and the modelling

strategy to find the terms in the next step of the pattern. A review of the literature shows that the results are
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partially similar to the results of the studies in which students preferred the iterative strategy in the next step
(Akkan & Cakiroglu, 2012; Orton & Orton, 1999; Ozdemir, Dikici, & Kiiltiir, 2015; Tiirkoglu & Yalin, 2020). Akkan
and Cakiroglu (2012) concluded that 6th-8th grade students used the iterative strategy close step more in the
process of generalizing patterns. Orton and Orton (1999) found that students focus on the difference between
consecutive terms when generalizing linear patterns and that the iterative strategy is a preferred strategy.
Ozdemir, Dikici, and Kiiltiir (2015) stated that students generally preferred the iterative strategy when finding
the close step of the pattern, and the functional strategy when finding the middle step, the far step, and the
general rule of the pattern. It was observed in Tiirkoglu and Yalin (2020) that in the quadratic pattern problem,
many students found the terms of the pattern using the iterative strategy and expressed the general rule of the

pattern iteratively.

Utami, Prabawanto, and Suryadi (2023) found that students' functional thinking approaches to problem-solving
tended to use recursive strategies as the pattern became more complex and that these students gradually

became unable to detect existing or more complex patterns.

Similar to the studies conducted by Utami, Prabawanto, and Suryadi (2023), the findings of this study provided
important information about the behavior of establishing the relationship between the dependent and
independent variables expected from the students as well as revealing the different strategies preferred by the
students. For example, it was observed that students using the iterative strategy focused on the change of the
dependent variable in only one quantity and could not form the general expression Pn. This result reveals that

the concept of variable is not fully understood in students with such behaviours.

It was observed that the most preferred strategies of the students in the middle step were iterative strategy
and multiplication by difference strategy. To find the far step of the pattern, it was determined that they
mostly preferred the multiplication by difference strategy and the functional strategy. It was determined that
the least used strategies among the eight types of strategies were proportion and decomposition of the input
value. In addition, it was concluded that the number of students who answered the close steps of the pattern
correctly in the Pattern Test was higher than the number of students who answered the middle and far steps
correctly. Rivera and Becker (2008) and Zazkis and Liljedahl (2002) found that students reached the close step
more easily, but had more difficulty in finding the middle step and the far step of the pattern. The reason for
this may be that students calculate the terms in the near step using an iterative strategy or various arithmetic

operations and reach the result easily, but the iterative strategy is insufficient to reach the term in the far step.

It was determined that students generally used different strategies in the middle, close, and far steps in solving
the same problem and did not stick to a single strategy. For example, they tend to start with the modelling
strategy in the close step of the pattern, then use the iterative strategy in the middle step and the functional
strategy in the far step to solve the problem. Amit and Neria (2008) and Tirkoglu and Yalin (2020) reported

that students started solving the same pattern question with the iterative strategy and realized the common
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feature between the terms, and then successfully switched to the functional strategy and were able to identify

the general rule of the pattern.

SUGGESTIONS

Generalization is a very important element of mathematics. It is the basic building block of mathematical
thinking, starting from counting to functional thinking. It is important for the development of mathematical
thinking that the students understand why and how the task is performed instead of mechanically performing
the generalization process. The generalization process of the pattern is important in terms of revealing how
algebraic thinking develops and what mathematical elements are important in pattern generalization. Similarly,
Radford (2008) argues that the connection of spatial and numerical structures is an important part of the
development of algebraic thinking and states that this process is important in revealing how students establish
relationships between known and unknown entities by decomposing the shapes and numbers in the pattern.
Pattern generalization is a multifaceted and comprehensive process ranging from rhythmic counting to algebra
and algebraic thinking. Within this scope, the results of the study revealed that although the students learned
the concept of variable, especially in the algebra learning domain, in the 6th and 7th grades, they had difficulty
in establishing a relationship between the known and the unknown in the process of generalizing patterns and

many students could not reach algebraic generalization.

The study examined the generalization processes of 7th-grade students within the framework of selected
pattern types. In this direction, in future studies, it is recommended to conduct more detailed studies on
different types of patterns such as quadratic number patterns or 3D/2D patterns, which were found to be very
difficult for students in the generalization process and to reveal the reasons for this difficulty. Besides, the
generalization process of patterns can be examined in detail in terms of mathematical thinking or algebraic
thinking levels and the meaning of the concept of variable in students' mental structure can be revealed in
detail. By examining why the strategies preferred by the students in the generalization process are focused on
certain strategies and whether the students have knowledge about different strategies, their awareness of
strategies can be increased and their effect on the generalization process can be evaluated. Additionally, the
patterns presented as context in the study were found to be difficult for students to understand and to
complete the generalization process. One of the sources of this situation may be mathematics communication
skills. Various studies can be conducted in this direction by examining the relationship between students'
mathematical communication skills and the generalization process of patterns. Thus, the results to be obtained
in terms of communication skills and pattern context in understanding the concept of variables can be

associated with the results of this study.
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YEDINCi SINIF OGRENCILERININ ORUNTULERi GENELLEME SUREGLERI VE
TERCiH ETTIiKLERi STRATEJILERIN iINCELENMESi3

0z

Genelleme matematigin ¢ok 6nemli bir unsurudur. Saymadan baslayarak islevsel distinmeye
kadar matematiksel diisinmenin temel yapi tasidir. Ogrencilerin genelleme islemini mekanik
olarak yapmak yerine goérevin neden ve nasil yapildigini anlamalari matematiksel disiincenin
gelisimi icin 6nemlidir. Bu galismada ortaokul yedinci sinif 6grencilerinin oriintlleri genelleme
siregleri ve orlintlleri genelleme siirecinde tercih ettikleri stratejiler incelenmistir. Arastirmada
verilerin toplanmasi, ¢éziimlenmesi ve yorumlanmasinda nitel arastirma deseni temel alinmistir.
Calisma grubu basit seckisiz 6rnekleme yontemi ile segilen 152 yedinci sinif 6grencisinden
olusmaktadir. Veri toplama araci olarak arastirmacilar tarafindan gelistirilen Oriintii Testi
kullanilmigtir. Arastirmanin sonucunda 6grencilerin ¢ogunun cebirsel genelleme yapamadiklari
aritmetik genelleme veya olgunlasmamis timevarim dlzeyinde kaldiklari gorilmustar.
Ogrencilerin 6riintiiniin yakin adimindaki terimleri bulmak icin en ¢ok yinelemeli ve modelleme,
orta adimda en ¢ok tercih ettikleri stratejinin yinelemeli ve fark ile garpma, uzak adimini bulmak
icin en cok fark ile carpma ve fonksiyonel stratejileri tercih ettikleri belirlenmistir. Calisma,
katihmcilarin  6riintli  genelleme siirecinin adimlarindan biri olan 6runtinin bilesenlerini
belirlemede basarili olduklarini, ancak ortak Ozelligi taniyan 6grenci sayisinin az oldugunu
gostermistir. Ogrencilerin genellikle ayni sorunun ¢éziimde farkli stratejiler kullandiklari, tek bir
stratejiye bagh kalmadiklari sonucuna ulagilmistir.

Anahtar kelimeler : Oriintii genelleme siireci, 6riintii genelleme stratejileri, cebir 6gretimi.

3 Bu calisma, ilayda ince'nin Dr. Filiz Tuba Dikkartin Ovez danismanhiginda yuriittugii yiksek lisans tez calismasinin bir
bolimun icermektedir.
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GiRiS

Matematik nedir? sorusunun bir yaniti da “oriintii ve dizen bilimi” olarak cevaplanmaktadir (Walle, Karp &
Bay- Williams, 2013). Matematik &greniminin temel amaglarindan biri de genellemeye varmaktir. Ogrenciler
problem ¢bzerken bir 6rinti ararlar ve 6riintiiyl analiz ederek bir genellemeye ulasirlar (Tanisl, Kése & Camci,
2017). Cocuklarin giinlik yasamlarinda ve okul 6ncesi egitimde karsilastiklari 6riintiilerin altinda yatan temel,
matematigi anlamalarini saglamaktir. Onlarin sezgisel bilgilerini gelistirmelerine yardimci olmak igin
dgretmenlerin bu temel matematik kavramlara hakim olmalari gerekmektedir (Ersoy, 2006). Ogrencilerin kendi
oruntilerini olusturabilme becerisinin gelismesi icin anahtar kavram orintllerdir (Tanisli, 2008). Cebirde
basarinin saglanmasi igin cebir dili akici bir sekilde konusulmalidir. Bu nedenle cebirde kullanilan kavram ve
sembollerin dgrenciler tarafindan éziimsenmesi gerekmektedir (Kieran, 1992). Ogrencilere kural ve formiilleri
dogrudan bilgi aktarma yerine ipuglari vererek kendilerinin genellemelere varmalarini, kural ve formiilleri
olusturmalarina rehberlik edilmelidir (Toluk, 2003). Oriintiiler sayi hissinin, matematiksel kesiflerin, cebirsel
disinmenin gelismesinde anahtar kavramdir. Matematigin diizenini kesfetmek ve matematiksel genellemeler
yapmak igin, értintlleri tanima, devam ettirme ve olusturma 6nemlidir (Burns, 2000; akt. Palabiyik ve Akkus -
ispir, 2011). Matematik kavramlarinin birgogu &riintiiler iizerine kuruludur. Sayi kavrami, ritmik sayma, sayisal
islemler, esit isaretini anlama, degisken ve fonksiyon kavramlari gibi matematigin 6nemli konulari 6grencilerin
zihninde 6rintt kavramiyla gelisir (Kaput, 1999). Cebir matematigin dilidir. Cebir genellemeye, genellemede
orlintilere dayanmaktadir. Matematik 6gretiminde cebirsel disiinmenin 6grenci zihninde yapilandiriimasi
hedeflenmekte ve bu yapilandirma siirecinde ériintii kavrami rol almaktadir (Palabiyik ve Akkus - ispir, 2011).
Mason (1996), genellemenin matematiksel basari ve 6grenme icin 6nemli roli oldugunu belirtmis genellemeyi
“matematigin kalp atisi” olarak ifade etmistir. Genelleme bir 6rintiylu birden fazla baglama uygulama
yetenegidir. Genellemenin 6nemli kavramlari kopyalama, genisletme ve olusturmadir. Cebir, genelleme
faaliyetlerinin son derece etkili oldugu bir siirectir (Lee, 1996). Radford (2006) genelleme siirecini aritmetik ve
cebirsel genelleme olmak tizere iki baslkta incelemistir. Tim terimler igin gecerli bir ifade yazmaksizin oriintiye
iliskin bir takim ortak yonlerin belirlenmesi ve bazi iligkilerin belirtilmesi aritmetik genelleme, her terim igin
gecerli olacak bir ifadenin yazilmasi ise cebirsel genelleme olarak ifade edilmistir. Radford’” un cebirsel
genelleme siireci ayrintili olarak su sekilde ifade edilebilir: Genelleme sireci ilk olarak orlintinin bilesenleri
arasindaki ortak ozelligin fark edilmesiyle baslamaktadir. Ortak 6zelligin fark edilmesinin ardindan bu 6zellik
hipoteze cevrilmektedir. Ortak 6zellikten tim terimler igin gecerli olacak pn ifadesi yazilmaktadir. Sekil 1’ de

Radford (2008) genelleme sireci 6zetlenmistir.

Oriintiiniin Ortak Ortak
Bilesenleri —— Ozelligi R Ozelligi Py .
Fark Hipo[cze Ifadcsn
P1sP2-ees Pa Ayirt Etme Etme Ceviritie Ortak Ozellikten Olugturma
P, Ifadesi Yazma

Sekil 1. Oriintii Genellemenin Yapisi (Radford, 2008).
Ayrica Radford (2008) 6riintiiniin bilesenlerinin belirlenip dogrudan pn ifadesinin yazilmasini ise olgunlasmamis

tiimevarim olarak adlandirmistir.
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Ogrenciler 6riintii genelleme problemleriyle ugrasirken cesitli stratejileri kullanmaktadirlar (Chua & Hoyles,
2010). Oriintii genelleme stratejilerini inceleyen cok sayida arastirma vardir (Akkan ve Cakiroglu, 2012; Amit &
Neria, 2008; Cayir ve Akylz, 2015; Durmaz ve Altun, 2014; Hargreaves, Shorrocks-Taylor & Threlfall, 1998;
Lanin, Barker & Townsend, 2006; Ozdemir, Dikici ve Kiiltiir, 2015; Sasman, Linchevski & Olivier, 1999; Tanisl ve
Ozdas, 2009; Tanish ve Yavuzsoy-Kése, 2011; Tirkoglu ve Yalin, 2020). Ogrenim siirecinde farkh sinif
seviyelerinde 6grencilerin orintileri genellerken kullandiklari stratejileri gelistirmek igin ¢esitli girisimler vardir.
Ogrencinin genelleme yapmaya baslarken sectigi strateji biiylik 6nem tagimaktadir (Lannin, 2005). Literatiir
incelendiginde degisen orintilerde kullanilan stratejiler yinelemeli iliski ve fonksiyonel iliski olarak ikiye
ayrilmaktadir. Oriintiiniin bir sonraki terimini bulmak icin bir énceki terimden yararlaniimasi yinelemeli
stratejinin kullaniimasidir (Van De Walle, 2004). Yinelemeli strateji, ¢ikti degerleri arasindaki ardisik iliskidir
(Lannin, Barker & Townsend, 2006). Bu stratejide ardisik iki terim arasindaki fark bulunur ve bu fark ériintiiniin
gelecek terimini bulmak icin onceki terime eklenmektedir. Yinelemeli stratejide girdi-¢ikti degerleri arasindaki
iliskiye degil sadece ¢ikti ya da sadece girdi degerleri arasindaki iliskiye odaklaniimaktadir. Bu sebeple
ériintiiniin fonksiyonel kuralini ortaya koymak zorlasmaktadir (Warren, 2005). Ogrenci ériintiiniin yakin
terimlerine yinelemeli stratejiyi kullanarak ulasabilir (Ley, 2005). Uzak adimdaki terimleri de yinelemeli stratejiyi
kullanarak bulabilir ancak bu ¢cok zaman alicidir. Ornegin ériintiiniin yiiz ellinci adimdaki terimi bulmak icin bu
adimdan 6nceki terimleri bulmadan dogrudan daha uzak adim igin drlintiiniin genel kurali yazilarak bulunabilir.
Oriintiiniin genel kurali girdi ¢ikti degerleri arasindaki fonksiyonel iliskidir (Warren & Cooper, 2006).
Fonksiyonel iliski sayesinde herhangi bir girdi degerine karsilik gelen c¢ikti degeri kolaylikla bulunmaktadir
(Lannin, Barker & Townsend, 2006). Fonksiyonel iliski 6riintliniin genel kuralinin yazilmasini saglar. Bu sayede
ortnttnin yakin ve uzak adimindaki terimleri kolaylikla bulanabilir. Bu stratejide denklem ve formiiller
kullanildigi igin ilgili sire¢c matematik icin cok 6nemli olan fonksiyon konusunun temelini de olusturmaktadir
(Ley, 2005). Matematikte genelleme siireci, akil yurtitmeyi belirli durumlarin 6tesine genisletmeyi ve problem
¢dzme ve akademik aritmetik icin gerekli olan ortak noktalari belirlemeyi igerir. Oriintiiler her zaman sezgisel
matematikgiler tarafindan problemleri ¢ézmek icin kullanilmistir. Bu silireg, problem c¢6zme becerilerini
gelistirirken ayni zamanda matematik problemlerini ¢ozmek igin tekrar tekrar kullanilan temel muhakeme
trlerini tanimlamasina da olanak saglar (Winn & Keuskamp,2007). Genellemenin 6nemli bir yoni olan
modeller, matematiksel disiinme ve 6grenme igin temeldir. Bu nedenle o6rintileri tanimayi, tanimlamayi ve
olusturmay! iceren genelleme siireci matematik egitiminin dnemli bilesenidir. (Vogel, 2005). Oriintileri
genellemek, o6grencileri elestirel ve analitik dusinmeye tesvik eder. Duzenliliklerin veya egilimlerin
belirlenmesini ve ardindan genel bir kural veya ilkenin formiile edilmesini icerir. Oriinti genelleme siireci,
ogrencilerin cebir ve analizde temel bir fikir olan fonksiyon kavraminin anlasiimasina da yardimci olur.
Ogrenciler bagimh bagimsiz degiskenler arasindaki iliskiyi fark ederek daha karmasik iliskileri tahmin edebilir ve
anlayabilir. Ayrica ériintiilerin genellestirilmesi cebirsel diisinmenin temelini olusturur (Elbir ve Ozmen, 2023).
Ogrenciler somut 6rneklerden soyut temsillere gegtikce sembol ve formiilleri kullanmayi 8grenirler. Bu gegis,
st diizey matematigin &nemli bir bileseni olan cebiri anlamak igin gereklidir. Oriintileri tanimak ve uygulamak,

gercek diinyada oldukca degerli bir beceridir. Ogrenciler kaliplari genellestirmeyi 6grenerek matematiksel
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kavramlari gercek hayattaki durumlara uygulayabilirler. Bu kapsamda cebirsel diistinmeyi tesvik etmede 6nemli
bir yeri olan o6rintiler ve orinti genellemesi pek ¢ok Ulkede oldugu gibi Tiirkiye’de de cebir kapsamina
alinmistir (MEB, 2018; NCTM, 2000; Mason, 1996; Warren ve Cooper, 2008; Wilkie & Clarke, 2016). Ozetle,
matematik egitimindeki kaliplarin genellestirilmesi, soyut ve cebirsel dislinmeyi, elestirel problem ¢d6zme
becerilerini, matematiksel iliskilerin anlasiimasini ve matematigi pratik ve gercek diinya baglamlarinda
uygulama yetenegini gelistirmek icin temeldir. Bu nedenle matematik 6gretiminin odak noktasi, genelleme
yapma, genellemeleri ifade etme ve sistematik olarak gerekgelendirme konusunda temel becerileri gelistirmeye
yonlendirilmelidir (Blanton ve Kaput, 2011). Cebirin temellerinin olusmasinda énemli bir rolii olan oriintilerin
anlasilmasi ve genelleme yolculugundaki yeri géz 6niine alindiginda 6grencilerin érintileri genelleme siiregleri
ve tercih ettikleri stratejilerin incelenmesi 6nemli gérilmektedir. Bu dogrultuda ¢alismanin amaci ortaokul 7.
sinif 6grencilerinin orintileri genelleme siireglerini ve ériintlleri genelleme strecinde tercih ettikleri stratejileri
incelemektir. Bu amag kapsaminda yanit aranan arastirma problemi “ortaokul 7. sinif 6grencilerinin ériintileri
genelleme sireci ve bu slirecte tercih ettikleri stratejiler nelerdir?” seklinde olup, alt problemler asagidaki
gibidir:

e Ortaokul 7. sinif 6grencilerinin ériintileri genelleme sireci nasildir?

e Ortaokul 7. sinif 6grencilerinin 6riintileri genelleme slrecinde tercih ettikleri stratejiler nelerdir?

YONTEM

Arastirmanin Modeli

Arastirmanin modelinde verilerin toplanmasi, ¢6ziimlenmesi ve yorumlanmasinda nitel arastirma deseni
benimsenmistir. Nitel arastirmalarda davranislarin ve icerigin anlasilmasina odaklanilarak ayrintih ve
derinlemesine bilgi toplamak hedeflenmektedir (McMillan, 2004). Bu ¢alismada orintilerin genellenme siireci,
ogrenciler tarafindan tercih edilen stratejilerin neler oldugu derinlemesine betimlemek amaclandigindan nitel

arastirma deseni tercih edilmistir.
Calisma Grubu

Arastirma iki asamada gerceklestirilmistir. Ortaokul yedinci sinif 6grencilerinin, genelleme slreglerini ve tercih
ettikleri stratejileri tespit etmek amaciyla Tirkiye’nin dogusunda bulunan Van ili Ercis ilcesinde 6grenim goéren
1296 yedinci sinif 6grencisi iginden seckisiz 6rnekleme ydntemlerinden basit segkisiz drnekleme ydntemiyle

belirlenen gondlli 152 (% 61,18 kiz, % 38,81 erkek) 6grenci ile gergeklestirilmistir.

Veri Toplama Araci

Ortaokul yedinci sinif 6grencilerinin oriintlileri genelleme sireclerini incelemek ve oriintiileri genelleme
siirecinde tercih ettikleri stratejileri tespit etmek amaciyla veriler, Oriintii Testi ile toplanmistir. Bu kapsamda
Ortaokul yedinci sinif matematik dersi 6gretim programi, Milli egitim Bakanlgl tarafindan uygulanan ders
kitaplari, Olcme, Degerlendirme ve Sinav Hizmetleri Genel Miidiirliigi tarafindan hazirlanan kazanim kavrama

testleri, Egitim bilisim Agi (EBA) calisma fasikilleri, 6rnek sorular, érintiiler konusunda yapilan gesitli calismalar
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incelenerek madde havuzu olusturulmustur. Gelistirilen Olcekte, oriintli ¢esitleri ve farkli temsil bigcimleri, sekil
ve sayl Orlintlleri arasinda uygun doniisimler yapma, orlintileri tanima, terimler arasindaki iliskiyi kesfetme,
orintt kuralini ifade etme ve 6runtinin genel terimini yazma ile 6rintl olusturma becerilerini igermesi
amaclanmistir. On deneme 6&lcegindeki 18 madde 6grenci seviyesine uygunluk, anlasilirlik, aciklik, belirginlik,
amaca uygunluk ve tespit edilmesi sorularin uygunlugu agisindan iki matematik egitimi alan uzmaninin
gorisline sunulmustur. Uzman goriisi dogrultusunda 18 madde (zerine gesitli diizenlemeler yapilmis ve on bir
madde Olgekten gikartilarak yedi maddelik 6n deneme 6lgegi olusturulmustur. Uzman onayi alindiktan sonra
Olgegin pilot uygulamasi ¢alisma grubu disinda yer alan 36 yedinci sinif 6grenciye uygulanmis, 6lgekte yer alan
maddelerin anlasilirlig, acgikhg ve uygulanma siresi degerlendirilmistir. Pilot uygulama sonucunda
anlagirhginda sorun tespit edilmeyen &lcege son hali verilmistir. Olcekte yer alan sorulara iliskin agiklamalar

Tablo 1’de sunulmustur.

Tablo 1. Oriintii Testi Sorularinin ierigi

Sorular Beklenen yanit

Ogrencilerden birinci sorunun a segeneginde 6riintilye ait yakin

adimi bulmalari, b segeneginde 6riintlye ait orta adimi bulmalari, c

segeneginde orintinln bilegenleri arasindaki iliskiyi dikkate alip
T/ kiicuk UGggenlerin sayisinin her sekilde dorder arttigini fark ederek
1/ oruntinin genel kuralina yoénelik hipotez gelistirmeleri ve pn
ifadesini olusturmasi beklenmektedir.

Ll 2.5ekl 3,50 4,56l

Ogrencilerden diglinci sorunun a segeneginde &riintiiniin yakin

adimindaki terimi bulmalari, b segeneginde oriintliniin orta

adimindaki terimi bulmalari, ¢ se¢eneginde oOriintiiniin uzak

Bir bakteri, her saat sonunda 2'ye adimdaki terimi bulmalari, d segeneginde girdi-cikti degerleri

2 bolinerek cogalmaktadir. Bir kavanoza  arasindaki iliskiyi dikkate alarak ortak 6zelligi fark etmeleri buradan

bu bakteri cesidinden bir tane pn ifadesini yazmaya iliskin hipotez olusturmalari ve Orlntlinin
birakildiktan sonra gézlemleniyor. genel kuralini bulmalari beklenmektedir

BEvAz uald BEvAZ Ogrencilerden 3x3’lik dizilisi inceleyerek ériintiiye iligkin yakin, orta

BEYAZ ve uzak adimdaki istenen terimleri bulup soruda verilen tabloyu
tamamlamasi beklenmektedir.

3 BEYAZ

BEYAZ BEYAZ BEYAZ

Ogrencilerden modeli etkili kullanarak a seceneginde ériintiiye ait

LoHEEoUOU ] —G6a yakin adim, b segeneginde 6riintliye ait orta adim, ¢ segeneginde

DDDDDDDDDD — [ ] oruntiye iliskin uzak adimi bulmalar, d segeneginde orlintl

4 N BN bilesenleri arasindaki iliskiyi dikkate alip koltuk sayisini her sirada

dorder arttigini fark ederek oriintiiniin genel kuralini ifade etmesi
beklenmektedir.

Bu soruda adim sayisi, kullanilan kibrit ¢épu sayisi, adim sayisi ile
kibrit ¢opl sayisi arasindaki iliski bos tablo halinde verilmistir.
Ogrencilerden a seceneginde 6riintiiniin yakin adimini gizerek
Ladim 2.adim 3.adim bulmasi, b segeneginde oOrintiiye ait orta adimi bulmasi, c
5 — — ) ) seceneginde oruntiinin uzak adimini bulmasi, d segeneginde sekil
T l T l l T l l l oruntlstndeki iliskileri érintliye dénlstiirerek bunu sézel olarak
- = = ifade etmesi e segeneginde o6rintl bilesenleri arasindaki iliskiyi
dikkate alp kibrit ¢opu sayisinin her adimda Uger arttigini fark
ederek oOriintliiniin genel kuralini cebirsel olarak ifade etmesi
beklenmektedir.
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Oriintiiniin ilk 4 adimi modelle verilmistir. Ogrencilerden ilk olarak

ilk dort adimdaki kiip sayisini verilen modelden yararlanarak dogru

sekilde bulmasi beklenmektedir. Ogrencilerden a seceneginde

oruntlnin yakin adimlarina iliskin verilen tabloyu tamamlamasi, b

segeneginde Orintlye ait orta adimi bulmalari, ¢ segeneginde

6 ‘ * orintinin  uzak adimini bulmalarn, d segeneginde sekil

= ‘ orlintlisinden yararlanarak cebirsel genelleme yapmasi ve
ortntiinin genel kuralini ifade etmesi beklenmektedir.

LAdim 2.Adim 3.Adim a.Adim

Dokuzuncu soruda tablo ile temsil edilmis aritmetik o6rinti

verilmistir. Ogrencilerden 6riintli bilesenlerini belirleyerek ortak

Form | 1 2 3 4 5 ozelligi arasindaki iliskiyi dogru yorumlayarak a segeneginde

Fiyat | 2 5 8 1 14 | 5rintintn orta uzakliktaki adimini bulma, b segeneginde 6rintiinin

7 (%) uzak adimini bulma, ¢ segeneginde 6riintl bilesenleri arasindaki
iliskiyi dikkate alip fiyatin her forma sayisinda Uger arttigini fark
ederek ortak ozellikten hipotez gelistirmesi ve orintinin genel
kuralini cebirsel olarak ifade etmesi beklenmektedir.

Verilerin Analizi

Veriler, Milli Egitim Midrligiinden alinan arastirma izni ile Balikesir Universitesinden alinan etik kurul karariyla
Van i Ercis ilgesinde 6grenim géren yedinci sinif égrencilerinden yiiz yiize gelistirilen élcegin uygulanmasiyla
toplanmistir. Ogrencilerinin &riintiileri genelleme siireci, kullandiklar stratejilere iliskin elde edilen veriler
betimsel olarak analiz edilmistir. Ogrencilerin &riintii genelleme siirecini incelemek icin Radford’ un (2008)
cebirsel genellemeye yoénelik olarak ortaya attigi teorisine dayali olarak dgrencilerin Oriintii Testi’ ne verdikleri
yanitlar incelenmistir. Oriintii Testi’ nden elde edilen verilerin Radford’ un (2006) cebirsel genelleme teorisi

dogrultusunda yapilan inceleme kriterleri Tablo 2’ de sunulmustur.

Tablo 2. Cebirsel Genelleme Basamaklari

Basamaklar Agiklama

Oriintiiniin terimlerini belirleyebilme

pl, p2, p3, ..., pn

Ortak Ozellik Fark Etme  Oriintiiniin terimlerindeki benzerlik ve farkliliklari ayirt etme

Hipoteze Cevirme Ortak 6zellik ayirt edilerek tim terimlere ait genelleme yapilmasi ve hipotez olusturulmasi
Pn Olusturma Oriinti bilesenleri arasindaki iliskinin formal ya da informal olarak ifade etme

Tim terimler icin gegerli bir ifade yazmaksizin orlintlye iliskin bir takim ortak yonlerin
belirlenmesi ve bazi iligkilerin belirtilmesi

Oriintiiniin Bilesenleri

Aritmetik Genelleme

Cebirsel Genelleme Her terim igin gegerli olacak bir ifadenin yazilmasi
Igunl ..
O“gun asmamis Oruntuniin bilegenlerinin belirlenip dogrudan pn ifadesinin yazilmasini
Tumevarim
ilgisiz yanit iliskisiz yanit veya bos birakiima

Yanitlarda oriintinin adimlari ile sekil ya da sayi sirasinin dogru tespit edilmesi durumunda 6grencinin
oruntiniln bilesenini dogru tespit ettigi, oriintlinlin terimlerindeki benzerlik ve farkhliklari fark ederek sekil ya
da sayi sirasi ile 6riintl bileseni arasindaki iliskiyi sozel olarak informal sekilde agiklayan 6grencinin 6riintliniin
bilesenleri arasindaki iliskiyi dogru tespit ettigi, tespit ettigi iliskiyi uzak adima uygulayan yani ortak 6zellik ayirt
edilerek tim terimlere ait genelleme yaparak ve hipotez olusturup test eden 6grencinin hipotez olusturabildigi,
oruntinln bilesenleri arasindaki iliskiyi degiskeni dogru tespit ederek cebirsel olarak sunan 6grencinin pn

ifadesini yazabildigi yoniinde degerlendirme yapilmistir. Ayrica 6grencilerin cebirsel genelleme dizeyleri
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aritmetik genelleme, cebirsel genelleme, olgunlasmamis tiimevarim cercevesinde siniflandirilmistir. Bu
dogrultuda ilk G¢ adimda (6rintinin bilesenleri, ortak ozellik fark etme, hipoteze gevirme) basarili olan
Ogrencilerin aritmetik genelleme diizeyinde oldugu; dort adimda (6rintiinn bilesenleri, ortak 6zellik fark etme,
hipoteze ¢evirme, pn olusturma) basarili olan 6grencilerin cebirsel genelleme diizeyinde oldugu; 6riintlnin
bilesenlerinden dogrudan pn ifadesini olusturan 6grencilerin olgunlasmamis timevarim egiliminde oldugu
seklinde yorumlanmistir. Elde edilen veriler frekens yizde degerleri ile dogrudan alintilar yapilarak betimsel
istastistikler seklinde sunulmustur. Arastirmanin giivenirligi igin edilen veriler arastirmacilar tarafindan ayri ayri
degerlendirilerek uyum orani % 94 olarak bulunmustur. Givenirlik orani % 70’in Ustlinde oldugu igin sonug
glivenilir kabul edilmistir (Miles & Huberman, 1994; Yildirim ve Simsek, 2006). Oriintiilerin genelleme siirecinde
ogrencilerin tercih ettikleri stratejilere yonelik analiz literatir géz 6niine alinarak degerlendirilmistir. Stratejiler

ve literaturde yer alan agiklamalar Tablo 3’ de sunulmustur.

Tablo 3. Oriintii Genelleme Stratejileri

Strateji Agiklama
Parcalari Sayma  Oriintiiniin istenilen adimini bulmak igin temsilen model olusturulmakta veya sekil gizerek hesap
veya vapilmaktadir. Bu strateji daha ¢ok 6rintlinin yakin terimlerini bulurken kullaniimaktadir (Akkan ve
Modelleme Cakiroglu, 2012; Cayir ve Akyliz, 2015; Lanin, Barker & Townsend, 2006).

Yinelemeli veya
Eklemeli

Oriintiiniin gelecek terimini bulmak icin nceki teriminden yararlanilmaktadir yani ériintiiniin iki terimi
arasindaki farka odaklanmakta sonraki adimi bulmak igin iki terim arasindaki farki son terime ekleyerek
oruntlyld devam ettirmektedirler (Amit & Neria, 2008; Cayir ve Akyiz, 2015; Hargreaves, Shorrocks-
Taylor & Threlfall, 1998; Lannin, Barker & Townsend, 2006; Ozdemir, Dikici ve Kiiltiir, 2015; Tanish ve
Ozdas, 2009; Tanish ve Yavuzsoy-Kése, 2011; Tiirkoglu ve Yalin, 2020 ).

Fark ile Carpma

Oriintiinin istenilen adimini elde etmek igin ardisik iki terimi arasindaki sabit fark bulunur ve istenilen
adimla sabit fark carpilarak sonuca gidilmektedir. Bu strateji 5,10,15,20,25... seklinde devam eden
ortntindn genel kurali (5n) icin gecerliyken, 8,11,14,17,20,23... seklinde devam eden oriintiiniin genel
kurali (3n) icin gegersiz olacaktir (Akkan ve Cakiroglu, 2012; Cayir ve Akyuz, 2015; Tirkoglu ve Yalin,
2020).

Oranti

Oriintinin  bir terimini birim olarak ele almak ve istenen o birimin istenen katini bulmak icin
kullanmaktir. Oranti stratejisinin kullanimi orantisal akil yuriitmeye dayanmaktadir. Bu stratejiyi kullanan
Ogrenci 4 kalem 8 TL ise 8 kalemin 16 TL oldugunu dislinmektedir (Akkan ve Cakiroglu, 2012; Amit &
Neria, 2008; Cayir ve Akylz, 2015; Stacey, 1989; Lannin, 2005).

Tahmin Kontrol

Oriintiiniin  genel kuralini cebirsel olarak ortaya konulmaktadir ancak genel kuralin gegerliligi ve
islevselligi diisiinilmemektedir (Durmaz ve Altun, 2014; Healy ve Hoyles, 2000; Lannin, 2005; Ozdemir,
Dikici ve Kultar, 2015; Tanish ve Yavuzsoy-Kose, 2011).

Fonksiyonel
veya Kesin

Bu strateji orintinin herhangi bir adimdaki terimi bulmamizi saglamaktadir, genel kurali 6riintiintn
girdi-cikti degerlerini arasindaki iliskinin bilinmeyen kullanarak formillestirilmesidir. Bu formdal
oruntinin hem yakin hem uzak terimlerini kolaylikla bulmamizi saglamaktadir (Akkan ve Cakiroglu,
2012; Cayir ve Akyiiz, 2015; Tanigh ve Yavuzsoy-Kose, 2011)

Girdi Degerinin
Ayristiriimasi

Oriintiinin girdi degerine n diyelim, n = a+ b+ c ise ¢ikti degerinin f(n)= f(a) +f(b) + f(c) seklinde
dislnulerek bulunmasidir (Sasman, Linchevski & Olivier, 1999).

Ogrencilerin &riintileri genelleme sirecinde kullandiklari stratejilere ydnelik incelemeler arastirmacilar
tarafindan ayri ayri degerlendirilerek uyum orani % 89 olarak bulunmustur. Glvenirlik orani % 70’in Ustlinde

oldugu i¢in sonug guivenilir kabul edilmistir (Miles & Huberman, 1994; Yildirim ve Simsek, 2006).
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BULGULAR

Arastirmanin birinci alt problemi olan “Ortaokul 7. sinif 6grencilerinin orintileri genelleme sireci nasildir?”
kapsaminda Oriintii Testi 6lceginin calisma grubuna uygulanmasiyla elde edilen veriler 1siginda Radford (2008)
modelinin basamaklari (6riintlinin bilesenlerini belirleme, 6riintiniin bilesenleri arasindaki ortak o6zelligi
belirleme, ortak Ozelligi hipoteze cevirme ve pn ifadesini yazma, olgunlasmamis timevarim, aritmetik ve
cebirsel genelleme) gdz 6niine alinarak 6grencilerin dlgekte yer alan yedi soruya verdikleri yanitlar incelenmis
ve Tablo 4’de sunulmustur.

Tablo 4. Ortaokul Yedinci Sinif Ogrencilerinin Oriintiileri Genelleme Siiregleri Yiizde ve Frekans Degerleri

s1 s2 s3 s4 S5 s6 s7
f % f % f % f % f % f % f %
Oruntilerin
bilesenlerini 141 92.76 140 92.10 39 2565 135 88.81 124 8157 34 2236 110 72.36
bulma
Ortak 6zellik
113 7434 21 1381 13 855 107 7039 82 53.94 29 19.07 106 69.73
fark etme
Ortak ozelligi
Hipoteze 88 5789 14 921 13 855 52 3421 53 3486 22 1447 60 39.47
gevirme
Pnifadesini 3 ye0) 103 6776 1 065 59 3881 52 3421 10 657 30 19.73
olusturma
Aritmetik 46 3026 10 657 12 7.89 34 2236 43 2828 22 1447 27 1776
genelleme
Cebirsel 42 2763 4 263 1 065 18 1184 10 657 O 0 25 16.44
genelleme
Olgunlasmamis 5, 5535 99 6513 0 0 41 2697 42 2763 10 657 5 328
Timevarim

ilgisiz Yanit 11 7.23 12 7.89 113 7434 17 11.18 28 1842 118 77.63 42 27.63

Tablo 4 incelendiginde 6rinti bilesenlerini bulma, ortak 6zellik fark etme ve hipoteze ¢evirmede en fazla basari
birinci soruda, pn ifadesini olusturmada basarisinin en fazla ikinci soruda oldugu goriilmistiir. Ogrencilerin
aritmetik genellemeye en fazla birinci soruda (%30.26), cebirsel genellemeyi en fazla birinci soruda (%27.63)
ulastiklari ve olgunlagmamis tiimevarim davranisini en fazla ikinci soruda (%65.13) uyguladiklar tespit

edilmistir.

Genel olarak incelendiginde 3D modeli igeren 6. Soru oriintinin bilesenlerini bulma konusunda basarinin
oldukga diisiik oldugu belirlenmistir. Altinci soruda 6grencilerden ilk olarak ilk dort adimdaki kiip sayisini verilen
modelden yararlanarak dogru sekilde bulmasi beklenmektedir. Ogrencilerin bu siirecte 3D modelden dogru
sekilde yararlanamadigi ve oriintiiniin bilesenlerini bulmakta zorlandiklari gérilmuistir. Dolayisiyla Altinci soru
icin hicbir 6grencinin cebirsel genellemeye ulasamadigl Pn ifadesini yazabilen 10 6grencinin ise bu sonucu

olgunlasmamis timevarim yolu ile elde ettikleri belirlenmistir.

Olcekte yer alan Geometrik ériintii iceren ikinci soru ve karesel sayi ériintiisi iceren {iciincii soru incelendiginde
diger sorulara kiyasla ortak 6zelligi fark etme ve hipoteze ¢evirme konusunda basarisizlik 2. ve 3. Soruda oldugu
tespit edilmistir. ikinci soruda bir bakteri, her saat sonunda 2’ye béliinerek ¢ogaldigi maktadir. Bir kavanoza bu

bakteri ¢esidinden bir tane birakildiktan sonra gozlemlendigi belirtiimis ve 6grencilerden gegen siire ve olusan
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bakteri sayisi arasinda iliski kurmasi beklenmektedir. Ogrenciler genel olarak sayisal ifadeye ydnelmis ve “ikiye
bolundr” yanitini vererek bagimh degisken ve bagimsiz degisken arasindaki 6zelligi ifade edememistir. Bu
nedenle ozelligi fark edememis ve hipoteze ¢evirme konusunda basarisiz olmuglardir. Bu durumun 6grencilerin
baglam olarak sunulan oriintiiyu yeterli olarak anlayamadiklarinda kaynaklandigi diistiniilmektedir. Benzer
durum Ugiincii soruda da yer almaktadir. Oriintiiniin ve adimlarinin model kullanamadan sunuldugu bu iki
soruda 6grenciler baglami anlayamamis ve bu durum sonucu cebirsel genelleme ve aritmetik genelleme
dizeyine ulagsmalari diisiik oranda gergeklesmistir.

Dordiincii soruya iliskin aritmetik genellemeyi gergeklestirilen Oss’ in yaniti Sekil 2’ de sunulmustur.

ULOOOOOOO0000 e — G
N DDDDDDEIDDD
00000~ —

L. 5rc<4:\ 8 Lnl-t L olur.
CED Ly setilda brer Wer  ePhyen

b. Tiyatroda 8. sirada kag koltuk vardir? Cevabinizs agiklaymz.

S.sicads 34 otk elue.

B SRR S e I

Tiyatroda 100, seada kag Koluk vardie? Cevabiniza v
{oo- sicads (o2 Loliul werdr.

100-U=Loo32 Lo

4 gibir sradaki koltuk say y Nasil buldugunuzeu
agklayniz

A0-surada L2 Lol Slur.
Prhrarak.  bulucugp |

Sekil 2. Oss’ in Dérdiincii Soruya Ait Aritmetik Genelleme Ornegi.
038’ in yaniti incelendiginde ériintiiniin bilesenlerini dogru olarak belirledigi, ortak &zelligi koltuk sayisinin
dorder dérder artmasi olarak fark ettigi ve hipotezini “istenilen sirayi 4 ile ¢arp 2 ile topla” seklinde gelistirdigi
goriilmektedir ancak dgrenci pn ifadesini olusturamamistir. Bu nedenle aritmetik genelleme diizeyindedir. ikinci
soruya iliskin olgunlasmamis tiimevarim davranisi gdsteren 013" Gin yaniti Sekil 3’ te, besinci soruya iliskin

cebirsel genellemeye ulasan Q121" in yaniti Sekil 4’te sunulmustur.

Bir bakeri, her saat sonunda 2'ye bélinerek cogalmaktadir. Bir kavanoza bu bakteri gesidinden bir tane
birakldiktan sonra gozlemleniyor,

a2 saat sonra kavanozda .. 53..,., bakteri olur,

L &2 A (; e
& 2%0e ocitp ‘A.J@
¢ 75 saat sonra kavanoada | S, >-bakteri ohr, Agilaynz,
Ln\:\ i |
150
d. - Herhangi bir saain sonunda bakierisaysim veren bi kuralnasi yazany, Agiklayinz,

& & e
N A
20 oif PRI (Sakd Do srd

| or
\J -/
Sekil 3. 0113’ Un ikinci Soruya Sekil 4. 0121’ in Besinci Soruya Ait
Olgunlasmamis Tiimevarim Ornegi. Ait Cebirsel Genelleme Ornegi.
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0113’ in ikinci soruya ait cevabina bakildiginda ériintiiniin terimleri arasindaki ortak ézelligi dogru sekilde fark
edemedigi ve hipotez gelistiremedigi belirlenmistir. Oriintiiniin genel kuralini 2n seklinde cebirsel olarak ortaya
koydugu ancak bu kuralin dogrulugunu test etmedigi gériilmektedir. O113 6riintiiye ait genel kural dogru

sekilde ifade edememistir. Bu nedenle 6grenci olgunlasmamig tiimevarim davranigini géstermektedir.

0121’ in besinci soruya verdigi yanit incelendiginde ériintiiniin bilesenlerinin dogru olarak bulmustur. Ortak
ozelligin her adimda kibrit ¢opl sayisinin Gger artmasi oldugunu fark etmis ve ortak ozelligi hipoteze dogru
sekilde cevirmistir. Oriintiiniin genel kuralini 3n +1 olarak ifade etmistir. Ogrencinin 6riintiiniin girdi — cikti
degerleri arasindaki iliskiyi dikkate almis, bagimli bagimsiz degisken arasindaki iliskiyi anlayarak pn ifadesini
olusturmustur. Genel kuralin 6riintliniin herhangi bir adimindaki kibrit ¢opi sayisini dogru bulmamizi saglamasi

nedeniyle cebirsel genelleme adimlarini tamamladigi gorilmektedir.

Arastirmanin ikinci alt problemi olan “Ortaokul 7. sinif 6grencilerinin &runtlleri genelleme siirecinde tercih
ettikleri stratejiler nelerdir?” sorusu kapsaminda Oriintii Testi 6lgeginin calisma grubuna uygulanmasiyla elde
edilen veriler 1siginda 6grencilerin 6rintii genelleme siirecinde tercih ettikleri stratejileri belirlemek icin 6lgcekte

yer alan yedi soruya verdikleri yanitlar incelenmistir.
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Tablo 5. Ortaokul Yedinci Sinif Ogrencilerinin Oriintiileri Genelleme Stratejileri Yiizde ve Frekans Degerleri

Sorular S1 S2 S3 S4

Kullanilan YA OA UA YA OA UA YA OA UA YA OA UA
Orlintd % f % f % f % f % f % f % f % f % f % f % f %
Genelleme

Stratejisi

Yinelemeli 23 15.13 54 35.52 90 59.21 6 3.94 4 2.63 - - 48 31.57 57 3750 42 27.63 104 68.41 82 53.94 14 9.21
Veya

Eklemeli

Pargalari 94 6184 7 4.60 57 37.5 12 7.89 8 5.26 - - 51 33.55 38 25 12 7.89 5 3.28 1 0.65 - -
Sayma

Veya

Modelleme

Fark ile 1 0.65 9 5.92 - - 97 63.81 104 68.42 68 44.73 - - - - - - 2 1.31 22 14.47 67 44.07
Carpma

Oranti - - 8 5.26 - - - - - - - - - - - - 1 0.65 - - 4 2.63 3 1.97
Tahmin - - 2 1.31 - - 2 1.31 2 1.31 2 1.31 - - - - - - - - - - 1 0.65
Kontrol

Fonksiyonel 32 21.05 42 27.63 - - 10 6.57 10 6.57 10 6.57 1 0.65 1 0.65 1 0.65 29 19.07 34 2236 34 22.36
veya Kesin

Girdi - - 1 065 - - - - - - 1 065 - - - - - - - - - - 2 131
Degerinin

Ayristiriimasi

Diger - - 5 3.28 - - 11 7.23 19 12.50 19 12.50 14 9.21 13 8.55 14 9.21 - - - - 3 1.97
Bos 2 1.31 24 15.78 5 3,28 14 9.21 43 2828 52 34.21 38 25 43 28.28 82 5394 12 7.89 9 5.92 28 18.42
Toplam 152 100 152 100 152 100 152 100 152 100 152 100 152 100 152 100 152 100 152 100 152 100 152 100
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Tablo 5’in Devami
Sorular S5 S6 S7
Kullanilan YA OA UA YA OA UA OA UA
Orint f % f % f % f % f % f % f % f %
Genelleme
Stratejisi
Yinelemeli 9 5.92 38 25 26 17.10 32 21.05 54 35.52 41 26.97 47 30.92 1 0.65
Veya
Eklemeli
Pargalari 118 77.63 24 15.78 2 1.31 54 35.52 2 1.31 2 1.31 - - - -
Sayma
Veya
Modelleme
Fark ile 1 0.65 29 19.07 39 25.65 1 0.65 10 6.57 11 7.23 23 15.13 64 42.10
Carpma
Oranti - - - - 1 0.65 - - - - - - 12 7.89 16 10.52
Tahmin 1 0.65 1 0.65 1 0.65 1 0.65 13 8.55 12 7.89 1 0.65 1 0.65
Kontrol
Fonksiyonel 17 11.18 40 26.31 43 28.28 - - - - - - 25 16.44 25 16.44
veya Kesin
Girdi - - 1 0.65 6 3.94 - - - - - - 2 1.31 - -
Degerinin Ayristiriimasi
Diger - - 1 0.65 1 0.65 6 3.94 5 3.28 5 3.28 - - - -
Bos 6 3.94 18 11.84 33 21.71 58 38.15 68 44.73 81 53.28 42 27.63 45 29.60
Toplam 152 100 152 100 152 100 152 100 152 100 152 100 152 100 152 100

(YA: Yakin Adim, OA: Orta Adim, UA: Uzak Adim)
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Tablo 5’ te sunulan verilerde 6grencilerin oriintuleri genelleme surecinde kullandiklari stratejiler yakin adim,
orta adim ve uzak adim agisindan incelenmistir. Ogrencilerin ayni soruda yakin, orta ve uzak adimlar icin farkli
stratejiler kullandiklarn tespit edilmistir Yakin adim i1sinma adimidir, bu adimda 06grencilerden oriintlyi
inceleyerek yakin adima genelleme yapmasi beklenmektedir. Orta adimda 6grencilerden 6riintliyl gegici olarak
genellemesi basitgce genisletmesi beklenmektedir. Uzak adimda ise 6grenciden iliskiyi kurarak veya bilinmeyen
kullanarak oriintliyi genellemesi ve uzak adimi olusturdugu kurali uygulayarak bulmasi beklenmektedir

(Stacey,1989; Warren, 1996).

2D o6runtl tdrinden olan birinci soruda en gok tercih edilen stratejiler yakin adimda pargalari sayma, orta
adimda yinelemeli stratejileri oldugu tespit edilmistir. Ogrencilerin yakin adimda %61.84’ {i parcalari sayma
(modelleme), orta adimda %35.53’ i ve uzak adimda % 59.21 ‘inin yinelemeli (eklemeli) stratejilerini en ¢ok
kullandiklari gérilmistiir. Geometrik 6riintl tiriinden olan ikinci soruda, 6grencilerin en ¢ok ériintiiniin yakin,
orta ve uzak adimda fark ile carpma stratejisini kullandiklari gériilmustiir. Ogrencilerin % 63.81 inin yakin,
%68.42’ sinin orta ve %44.73’ iniin uzak adimda fark ile garpma stratejisini kullandigi tespit edilmistir. Ozel sayi
OrlintlsU turtinden olan Gglinct soruda en ¢ok kullanilan stratejiler 6riintiiniin yakin adiminda pargalari sayma
(modelleme), 6rintinin orta adimi ve orintiinin uzak adiminda yinelemeli (eklemeli) stratejileri oldugu
belirlenmistir. Ogrencilerin %33.55’ inin driintliniin yakin adiminda pargalari sayma (modelleme), %37.50’ sinin
orlintinln orta adiminda yinelemeli (eklemeli), %27.63’ Uinlin 6riintinin uzak adiminda yinelemeli(eklemeli)
stratejileri tercih ettikleri tespit edilmistir. 2D 6rinti tirinden olan doérdiinci soruda 6rintlindn yakin adimi ve
orlintlinlin orta adiminda yinelemeli stratejinin, ériintliniin uzak adiminda fark ile garpma stratejisinin en c¢ok
tercih edilen stratejiler oldugu gorilmistiir. Ogrencilerin %68.41” i yakin adimda ve %53.94’ (i orta adimda
yinelemeli strateji, %44.07’ si uzak adimda fark ile garpma stratejisini kullanmistir. 2D 6riinti tiriinden olan
besinci soruda orlintiinin yakin adiminda pargalari sayma, orintinin orta adimi ve uzak adiminda ise
fonksiyonel stratejilerin en cok tercih edildigi belirlenmistir. Ogrencilerin %77.63’ ii yakin adimda parcalari
sayma, % 26.31’ i orta adimda fonksiyonel ve % 28.28’ i uzak adimda fonksiyonel stratejileri kullanmistir. 3D
orlinty tUrinden olan altinci soruda en ¢ok kullanilan stratejiler yakin adimda parcalari sayma, orta ve uzak
adimda yinelemeli olarak belirlenmistir. Ogrencilerin % 35.52 si yakin adimda pargalari sayma, %35.52’ si orta
adimda yinelemeli ve % 26.97’ si uzak adimda yinelemeli stratejiyi en ¢ok tercih etmistir. Tablo ile temsil edilen
aritmetik orlintu turiinden olan yedinci soruda en ¢ok tercih edilen stratejiler orta adimda yinelemeli, uzak
adimda fark ile garpma olarak belirlenmistir. % 30.92’ si orta adimda yinelemeli ve % 42.10’ u uzak adimda fark
ile carpma stratejilerini en ¢ok tercih ettikleri belirlenmistir. Yedinci soru icin 6rinti bilesenleri tablo halinde

sunulmasindan dolayi yakin adim sorusu 6grencilere yoneltilmemistir.

Birinci soruya iliskin 6rtntiinin yakin adimi ve oriintliiniin orta adiminda modelleme stratejisini tercih eden

0133’ tin yaniti Sekil 5’ de sunulmustur.
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Sekil 5. O133’ in Modelleme Stratejisi Ornegi.
Birinci soruya iliskin 6rintiiniin yakin adimi ve oriintiniin orta adiminda modelleme stratejisini tercih eden
0133 Gin yaniti sunulmustur. G133’ Gin birinci soruda ériintiiniin yakin adimi ve orta adiminda modelleme

stratejisini kullanarak kiiglik Gggen sayisini hesaplamak icin ¢izdigi sekiller yardimiyla dogru cevaplara ulasmistir.

ikinci soruya iligkin ériintiiniin yakin, orta ve uzak adimda fark ile carpma stratejisini kullanan 015’ in yaniti Sekil

6’ da sunulmustur.

a. 2 saat sonra kavanozda A bakteri olur.
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d.  Herhangi bir saatin sonunda bakteri sayisini veren bir kuralt nasil yazanz. Agiklayiniz.
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Sekil 6. O15” in Fark ile Carpma Stratejisi Ornegi.
ikinci soruya iliskin driintiiniin yakin, orta ve uzak adimda fark ile carpma stratejisini kullanan O1s’ in yaniti
sunulmustur. O1s’ in ikinci soruya ait cevabina bakildiginda 6grencinin riintiiniin yakin, orta ve uzak adimda
fark ile garpma stratejisini kullandigi gérilmektedir. Terimler arasindaki ortak farki iki olarak belirledigi ve
istenilen terimlerle ortak farki c¢arparak oriintinin yakin, orta ve uzak adimdaki bakteri sayilarini yanlis

hesapladigi gorilmustar.

Dordiincli soruya iliskin 6riintlintin yakin adim ve orta adimda yinelemeli stratejiyi ve 6rintiniin uzak adiminda

fark ile carpma stratejisini kullanan Q130 un yaniti Sekil 7’ de sunulmustur.
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d.  Herhangi bir siradaki koltuk sayisini hesaplamamizi saglayacak bir kural bulunuz. Nasil buldugunuzu
agiklayiniz.

Sekil 7. O13¢’ un Girdi Degerinin Ayristiriimasi ve Yinelemeli Strateji Ornegi

Doérdiinci soruya iliskin orlintliniin yakin adim ve orta adimda yinelemeli stratejiyi ve 6riintiiniin uzak adiminda
fark ile carpma stratejisini kullanan O30’ un yaniti sunulmustur. O30’ un dérdiincii soruya ait cevabina
bakildiginda ériintiiniin yakin adimi ve orta adimda yinelemeli stratejiyi tercih ettigi belirlenmistir. O130
orltntinln iki terimi arasindaki sabit farki 4 bulmus ve bir sonraki terimi bulmak igin 4’ i bir dnceki terime
ekleyerek devam etmistir. Oriintiiniin uzak adimini bulmak igin girdi degerinin ayristirilmasi stratejisini
kullanmistir. Onuncu siradaki koltuk sayisini 42 olarak bulmustur, ylzinci siradaki koltuk sayisini bulmak igin
girdi degerini 100 =10+ 10 + 10 + 10 + 10 + 10 + 10 + 10 + 10 + 10” seklinde ayristirmis, ¢ikti degerini “42 + 42 +
42 +42 +42 +42 +42 + 42 + 42 + 42 = 420” bulmustur.

Besinci soruya iliskin orlintiiniin yakin adiminda modelleme stratejisi, 6rlintliniin orta ve uzak adiminda

fonksiyonel stratejiyi kullanan O131” in yaniti Sekil 8’ de sunulmustur.
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Sekil 8. 0131’ in Modelleme Ve Fonksiyonel Strateji Ornegi
Besinci soruya iliskin 6runtiiniin yakin adiminda modelleme stratejisi, ortntiiniin orta ve uzak adiminda

fonksiyonel stratejiyi kullanan O131’ in yaniti sunulmustur. O131’ in besinci soruya verdigi yanita bakildiginda
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yakin adimda modelleme stratejisini kullandigi gortlmektedir. Orta ve uzak adimda girdi-gikti arasindaki iligkiyi
inceleyerek &riintiiye ait kurali elde etmistir. O131” in ériintiideki ortak noktayi kibrit ¢c6pii sayisinin her adimda
Uger arttigin disinmdis, bu ortak 6zelligi tiim terimlere genellemis, herhangi bir adimdaki kibrit ¢copl sayisini
bulunmasini saglayacak 3n+1 kuralini olusturmustur. Oriintiiniin 10. adimi ve 50. adimindaki kibrit ¢6pii sayisini

fonksiyonel stratejiyi kullanarak kolayhkla bulmustur.

Yedinci soruya iliskin ériintiiniin orta adimi ve ériintiiniin uzak adiminda oranti stratejisini kullanan O31’ in yaniti

Sekil 9’ da sunulmustur.
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Sekil 9. 031’ in Oranti Stratejisi Ornegi
Yedinci soruya iligkin 6riintiiniin orta adimi ve ériintiiniin uzak adiminda oranti stratejisini kullanan Os1’ in yaniti
sunulmustur. Os1’ in yedinci soruya ait yaniti incelendiginde orta adimda oranti stratejisini kullanarak 20
formanin fiyatini yanhs buldugu gériilmektedir. 5 forma 14 $ ise 20 forma 20:5=4, 14x4 = 56 $ bulmustur. O3
uzak adimda tahmin kontrol stratejisini kullanmistir. Oriintiiye ait genel kurali cebirsel olarak ifade
edememistir. Orlintiiniin genel kuralini 3n-1 olarak tahmin etmistir. 20 formanin fiyati oranti stratejisini
kullanarak 56, tahmin kontrol stratejisini kullanarak 96 bulmustur. Ogrencinin yaptigi islemleri dogrulugunu

kontrol etmedigi buradan goérilmektedir.

TARTISMA ve SONUC

Arastirmanin birinci alt problemi kapsaminda ortaokul yedinci sinif 6grencilerinin ériintileri genelleme siregleri
Radford (2008)’ un cebirsel genelleme teorisi ¢ergevesinde incelenmistir. Elde edilen sonuglar incelendiginde
ogrencilerin ¢ogunun cebirsel genelleme yapamadiklari aritmetik genelleme veya olgunlasmamis tiimevarim
diizeyinde kaldiklari goriilmistiir. Olgunlasmamis timevarim dizeyindeki 6grenci sayisinin aritmetik genelleme
diizeyine gore daha ¢ok oldugu tespit edilmistir. Bu sonuglar literatiirde farkli sinif diizeylerinde yer alan
ogrencilerin oriintli genelleme sireglerinin incelendigi cesitli calismalarda elde edilen orlintileri cebirsel
genelleme sirecinde zorlanmalarina iliskin sonuglar benzerlik géstermektedir (Cayir ve Akyiz, 2015; Gokge ve

Yesildere-imre, 2017; Hargreaves, Shorrocks-Taylor & Threlfall 1998; Yesildere-imre, Akkog ve Bastiirk-Sahin,
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2017; Lannin, 2005; Orton, 2009; MacGregor & Stacey, 1996; Radford, 2008; Rivera & Becker, 2008; Yesildere
ve Akkog, 2010; Tanish ve Yavuzsoy-Kose, 2011).

Calismada Radford’ un (2008) orintliyi genelleme siirecinin basamaklarindan orintinidn bilesenlerini
belirlemede katilimcilarin basarili olduklari ancak bir sonraki basamak olan ortak ozelligi fark eden 6grenci
sayisinin yedi soruda da azaldigi gériilmistiir. Gokce ve Yesildere-imre’ nin (2017) ortaokul yedinci sinif
dgrencilerinin ériintli genelleme siireglerini inceledigi arastirmanin sonuglariyla értiismektedir. Ogrencilerin
olgunlasmamis timevarim diizeyinde egilim gostermelerinin nedeninin oriintl genelleme siirecinde orintinin
bilesenleri arasindaki ortak o6zelligi fark edememesi bu nedenle orintinin genel kuralinin bulunmasini
saglayacak pn ifadesini yazmaya yonelik hipotez olusturamadan deneme yanilma yoluyla bir kural ortaya

koymalari oldugu disiinilmektedir.

Aritmetik genelleme diizeyine ulasan ancak cebirsel genelleme dilizeyine gegcemeyen &grencilerin n
notasyonunu kavrayamadiklari bu nedenle oriintilerin genel kuralini cebirsel olarak ifade etmekte sikinti
yasadiklari belirlenmistir. Ogrencilerin ¢ogu riintiiniin girdi-cikti degerleri arasindaki iliskiye odaklanmak yerine
ortntinln terimleri arasindaki ortak farki kullanarak bir sonraki terimi bulmak igin bir 6nceki terimden yola
¢ikarak oriintiileri devam ettirmeye odaklanmislardir. Benzer arastirma sonuglarina ulasan Hargreaves,
Shorrocks-Taylor ve Threlfall (1998), Orton & Orton (1999), Stacey (1989), Girit-Yildiz ve Gilindogdu-Alayl
(2019), 6grencilerin orintide istenilen terimle hemen sonrasinda gelen terim arasindaki farka odaklanarak
sadece artis miktarini kullanip genel bir kural belirtme egilimimde olduklari sonucuna ulagmiglardir. Benzer
sekilde Warren ve Cooper (2008) yaptiklari arastirmada Ogrencilerden genellemelerini yazilh bir bicimde
yazmalari istendiginde siklikla dislik seviyeli yanitlara geri donduklerini, 6rnegin, "karo sayisi adim sayisinin iki
katidir" yerine "2'yve ekle" biciminde yanitlar verdiklerini belirlemistir. Bu sonug¢ o6runtllerin genelleme
sirecinde gerceklesen eylemlerin sinifta matematiksel dilin ve matematiksel anlayisin roliiniin daha fazla

arastirilmasi gerektigini ortaya koymaktadir.

Calisma sonucunda karesel sayi 6riintlist iceren 3. soruda yalniz bir 6grencinin 3D 6riintl iceren 6. soruda ise
higbir 6grencinin cebirsel genelleme diizeyine ulagsamadiklari, 2D ve aritmetik oriintileri genelleme siirecinde
cebirsel ifadeyi yazmada daha basarili olduklari sonucuna ulasilmistir. Bu sonug Schreiber (2020), Yesildere ve
Akkoc¢ (2010), Turkoglu ve Yalin’ in (2020) calisma sonuglarinda yer alan 6grenciler kuadratik 6érintilere ait
genel kurali yazmakta dogrusal oriintilere gére daha basarisiz oldugu sonucuyla paralellik géstermektedir.
Bunun sebebinin 6grencilerin 6rintiiniin terimleri arasindaki farkin sabit olup olmadigi tespit etmesi daha sonra

bu sabit farki kullanarak 6riintllyli devam ettirmeye calismasindan kaynaklandigi belirtilmektedir.

Arastirmanin ikinci alt problemi kapsaminda 6grencilerin 6rintileri genelleme siirecinde kullandiklari stratejiler
incelenmistir. Ogrencilerin sekiz tiir strateji kullandigi gériilmektedir. Oriintii Testi’ nden elde edilen sonuglara
gore 6grencilerin 6rintiniin yakin adimindaki terimleri bulmak icin en ¢ok yinelemeli stratejiyi ve modelleme

stratejisini tercih ettikleri goriilmustdr. Literatlir incelendiginde 6grencilerin yakin adimda yinelemeli stratejiyi
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tercih eden arastirma sonuglariyla kismen benzerlik gosterdigi gérilmektedir (Akkan ve Cakiroglu, 2012; Orton
& Orton, 1999; Ozdemir, Dikici ve Kiiltiir, 2015; Tirkoglu ve Yalin, 2020). Akkan ve Cakiroglu (2012) 6-8. sinif
ogrencilerinin orintileri genelleme silirecinde yakin adimda yinelemeli stratejiyi daha ¢ok kullandiklar
sonucuna ulagmistir. Orton ve Orton (1999), 6grencilerin dogrusal oruntileri genellerken ardisik terimler
arasindaki farka odaklandiklarini yinelemeli stratejinin tercih edilen bir strateji oldugunu belirlemistir. Ozdemir,
Dikici ve Kiltar (2015) 6grencilerin 6riintinin yakin adimini bulurken genellikle yinelemeli stratejiyi, orta adim
ve uzak adimini ve o6rintiniin genel kuralini bulurken fonksiyonel stratejiyi tercih ettiklerini belirtmistir.
Turkoglu ve Yalin (2020) kuadratik oriintli probleminde bir¢cok Ogrencinin yinelemeli stratejiyi kullanarak

orlintindn terimlerini buldugunu ve oriintiinin genel kuralini yinelemeli olarak ifade ettikleri gorilmustir.

Utami, Prabawanto ve Suryadi (2023) calismalarinda 6grencilerin problem ¢ézmeye yonelik islevsel disinme
yaklasimlarinin, 6riinti daha karmasik hale geldikge, 6zyinelemeli stratejileri kullanma egiliminde oldugu ve bu

Ogrencilerin yavas yavas mevcut veya daha karmasik ériintlleri tespit edememeye basladigi belirlenmistir.

Bu calismanin bulgulari Utami, Prabawanto ve Suryadi (2023) tarafindan yapilan galismalarla benzer sekilde
Ogrencilerin tercih ettigi farkh stratejileri ortaya koymanin yaninda 6grencilerden beklenen bagimh bagimsiz
degisken arasindaki iliskiyi kurma davranisina yénelik énemli bilgiler saglamistir. Ornegin yinelemeli strateji
kullanan o6grencilerin yalnizca bir nicelikteki bagimh degisken degisimine odaklandigi ve Pn genel ifadesini
olusturamadiklari gériilmistir. Bu sonug bu tir davranis gésteren 6grencilerde degisken kavraminin tam olarak

anlasiimadigini ortaya koymaktadir.

Ogrencilerin orta adimda en ¢ok tercih ettikleri stratejinin yinelemeli strateji ve fark ile garpma stratejisi oldugu
gorilmistir. Oriintiind uzak adimini bulmak icin en cok fark ile carpma stratejisini ve fonksiyonel stratejiyi
tercih ettikleri belirlenmistir. Ogrencilerin sekiz tiir strateji icinden en az kullandig stratejilerin oranti ve girdi
degerinin ayristiriimasi oldugu belirlenmistir. Ayrica Oriintii Testi’ nde 6riintiiniin yakin adimlarina dogru cevap
veren Ogrenci sayisinin orta adim ve uzak adimlarina dogru cevap veren 6grenci sayisindan fazla oldugu
sonucuna ulasiimistir. Becker ve Rivera (2008), Zazkis ve Liljedahl (2002) arastirmalarinda 6grencilerin yakin
adima daha kolay ulastigi, 6riintliniin orta adimi ve uzak adimini bulmakta daha ¢ok zorlandigini tespit etmistir.
Bunun nedenin 6&grencilerin yakin adimdaki terimleri yinelemeli strateji veya cesitli aritmetik islemleri
kullanarak hesaplama yaptiklari ve kolaylikla sonuca ulastiklari ancak uzak adimdaki terime ulasmak icin

yinelemeli stratejinin yetersiz kalmasi olabilir.

Ogrencilerin genellikle ayni sorunun ¢éziimde orta, yakin ve uzak adimda farkli stratejiler kullandiklari, tek bir
stratejiye bagli kalmadiklari belirlenmistir. Ornegin 6riintiiniin yakin adiminda modelleme stratejiyle baslayip,
orta adimda yinelemeli strateji ve uzak adimda fonksiyonel stratejiyi kullanarak soruyu ¢ézme egilimi
gostermektedirler. Amit ve Neria (2008), Turkoglu ve Yalin (2020) tarafindan 6grencilerin ayni 6runti
sorusunda yinelemeli strateji ile ¢oziime baslayarak terimler arasindaki ortak ozelligi fark ettigi ardindan

fonksiyonel stratejiye basarili gegis yaparak 6riintliniin genel kuralini tespit edebildikleri ifade edilmistir.
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ONERILER

Genelleme matematigin ¢ok 6nemli bir unsurudur. Saymadan baslayarak fonksiyonel distinmeye kadar
matematiksel disinmenin temel yapi tasidir. Genelleme siirecinin mekanik olarak gerceklesmesi yerine gérevi
neden ve nasil yerine getirdiginin 6grenci tarafindan anlagilmasi matematiksel diistinmenin gelisimi baglaminda
dnemli goérilmektedir. Oriintiiniin  genelleme siireci cebirsel diisiincenin nasil gelistigini ve 6riinti
genellemesinde o6nemli olan matematik 06gelerinin neler oldugunu ortaya koymak agisindan 6nemli
gorialmektedir. Benzer sekilde Radford (2008) uzaysal ve sayisal yapilarin baglantisinin cebirsel distiinmenin
gelisiminin 6nemli bir pargasi oldugunu 6ne slirmekte ve bu siiregte 6grencilerin 6riintiide yer alan sekil ve
saylilari ayristirarak bilinen ve bilinmeyen varliklari arasinda nasil iliski kurduklarini ortaya ¢ikartmada 6nemli bir
siire¢ oldugunu belirtmektedir. Oriintii genelleme siireci ritmik saymadan cebir ve cebirsel diisiinmeye uzanan
¢ok yonlii ve kapsamli bir siregtir. Bu baglamda yapilan ¢alismada elde edilen sonuglar 6grencilerin oriintileri
genelleme surecinde o6zellikle cebir 6grenme alanina iliskin degisken kavramini 6. ve 7. sinifta 6grenmis
olmalarina ragmen bilinen ve bilinmeyen arasinda iliski kurmakta zorlanarak pek ¢ok 6grencinin cebirsel

genellemeye ulasamamis oldugunu ortaya koymustur.

Gergeklestirilen galisma 7. sinif 6grencilerinin orlntileri genelleme siireglerini segilen o6riinti cesitleri
cercevesinde incelemistir. Bu dogrultuda gelecek calismalarda o6zellikle 6grencilerin genelleme sirecinde
oldukga zorlandigi tespit edilen karesel sayi 6riintileri ya da 3D/2D 6rintiler gibi farkl 6riinti gesitleri tGizerinde
daha ayrintili galismalar yapilmasi ve bu zorlugun nedenlerinin ortaya konulmasi 6nerilmektedir. Bunun yaninda
oriintllerin genellemesi slireci matematiksel dislinme ya da cebirsel distiinme dizeyleri agisindan ayrintili
incelenerek degisken kavraminin 6grencilerin zihinsel yapisindaki anlami ayrintili olarak ortaya konulabilir.
Ogrencilerin genelleme siirecinde tercih ettikleri stratejilerin neden belirli stratejileri Gizerine yogunlastigi, farkl
stratejiler konusunda 6grencilerin bilgi sahibi olup olmadiklari incelenerek stratejilere yonelik farkindalklar
arttirilarak genelleme sirecine etkisi degerlendirilebilir. Bunun yaninda arastirmada baglam olarak sunulan
orlintllerin 6grenciler tarafindan anlasiimasinda ve genelleme siirecinin tamamlanmasinda giiglikler oldugu
goriilmektedir. Bu durumun kaynaklarindan birisi matematik iletisim becerisi olabilir. Ogrencilerin matematiksel
iletisim becerisi ve oriuntilerin genelleme siireci arasinda iliski incelenerek bu dogrultuda cesitli calismalar
gerceklestirilebilir. Boylece degisken kavraminin anlasiimasinda iletisim becerisi ve 6rinti baglami agisindan

elde edilecek sonuglar bu arastirmanin sonuglari ile iliskilendirilebilir.
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