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ANALYZING MIDDLE SCHOOL STUDENTS’
FIGURAL PATTERN GENERATING STRATEGIES
DEPENDING ON A LINEAR NUMBER PATTERN

(ORTAOKUL OGRENCILERININ LINEER SAYI ORUNTUSUNE BAGLI OLARAK
SEKIL ORUNTUSU OLUSTURMA STRATEJILERININ ANALIZI)

Cigdem KILIC *

ABSTRACT

In this study strategies used by middle school students while creating figural patterns based on a linear
number pattern and figural pattern types that created by partcipants was investigated. In total, 474 middle
school students attended to study. Case study method was used for data collection. Data were collected from
a pattern task, in which participants were asked to generate figural patterns based on a 3,5,7,9,11,... linear
number pattern. The obtained data were analysed at two levels. The results of the study indicated that
participants produced different figural patterns and used different figural pattern generating strategies. The
nature of the strategies that participants used was both visual and non-visual. Most of the participants
preferred counting strategy while creating figural patterns. Moreover, in that study in addition to counting
strategy, determining a figure+counting, recursive, drawing, explicit and chunking the numbers strategies
were used. During the generating figural patterns, some of the participants had issues.

Keywords: number pattern, figural pattern, linear pattern, pattern generating strategy.

OZET

Bu calismada, ortaokul 6grencilerinin lineer sayi Orlintiisiine bagli olarak sekil Oriintiisii olustururken
kullandiklar stratejiler ve olusturduklari sekil oriintii tipleri arastirilmigtir. Calismaya toplam 474 ortaokul
ogrencisi  katilmistir. Veri toplamada durum c¢aligmasi yontemi kullanilmigtir. Calismanin verileri
ogrencilerin 3,5,7,9,11,.. say1 Oriintiisiine bagli olarak sekil Oriintiisii olusturmalarinin istenildigi Oriintii
gorevi ile toplanmugtir. Veriler iki asamada analiz edilmistir. Calismadan elde edilen sonuglara bakildiginda,
katilimcilarin farkli sekil oriintiileri olusturduklart ve farkli sekil oriintii olusturma stratejilerini kullandiklart
belirlenmistir. Katilimcilarin kullandiklari stratejiler, hem gorsel, hem de gorsel olmayan yapiya sahip
stratejilerdir. Katilimcilarmm ¢ogunlugu sekil Oriintiisii olustururken sayma stratejisini tercih etmislerdir.
Ayrica sayma stratejisinin yani sira sekil belirleme+sayma, yinelemeli, ¢izme, belirgin ve sayilari pargalama
stratejilerini de kullandiklart belirlenmistir. Sekil oriintiisii olustururken katilimcilardan bazilarinin sorun
yasadiklart da gériillmiistiir.

Anahtar Sozciikler: Sayi oriintiisi, sekil oriintiisii, lineer driintii, Sriintii olugturma stratejisi.
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INTRODUCTION

Pattern is the heart and soul of mathematics (Zazkis & Liljedahl, 2002).
There are many benefits of the pattern activities. Pattern activities contribute to the
development of functional thinking (Souviney, 1994; Van De Walle, 2004; Warren
& Cooper, 2006), make generalisations (Cathcart, Pothier, Vance & Bezuk, 2003
;Rivera & Becker, 2007;Threlfall, 1999), in terms of seeing relationships and
making connections (Cathcart et al., 2003), problem solving (Bassarear, 2008;
Cathcart et al., 2003;Reys, Suydam , Lindquist &Smith, 1998) counting (Bassarear,
2008; Frobisher & Threlfall, 1999), and using number systems (Frobisher &
Threlfall, 1999) and arithmetical operations (Bassarear, 2008; Frobisher& Threlfall,
1999). Fox (2005) asserted that studying patterns is closely connected to
mathematical content areas such as numbers, geometry, measurement, and data.
Souviney (1994) indicated that patterns can be based on geometric attributes
(shapes, regions, and angle), measurement attributes (colour, texture, length,
weight, volume, number), relational attributes (proportion, sequence, functions),
and affective attributes (values, likes, dislikes, familiarity, heritage, culture).
Patterns can also be seen in spoken and written words, musical forms and video
images, ornamental designs, natural geometry, traffic, and the objects that we create
(Reys et al., 1998). Patterns are found in arithmetic and geometric sequences
problems, as well as in various real situations

There are many definitions of pattern in the literature. Souviney (1994), for
example, defined a pattern as a systematic configuration of geometric figures,
sounds, symbols, and actions. McGarvey (2012) defined a pattern as an act of
perceiving or imposing structural regularities on physical, behavioural, visual, or
symbolic phenomena. Mulligan & Mitchelmore (2009) asserted that a mathematical
pattern may be described as any predictable regularity, usually involving numerical,
spatial or logical relationships. Previous studies have shown many different kinds
of pattern types referring to the type of representation system within which the
terms are expressed as numerical or figural/geometric forms.Stacey (1989)
classified patterns as linear and quadratic patterns according to their nth terms
expressed as an+b and an’+bn+c, respectively.Orton and Orton (1999) indicated
that for number patterns if constant differences first appear in the first difference
row, then the rule is linear an+b, if it is the second differences where constants
appear the rule is quadratic an?+bn+c.Although, 2,4,6,8,10,11,12,14,...numbers do
not represent a linear pattern, 2,4,6,8,10,12,14,...numbers having a systematic
configuration of numbers represents a linear pattern. Smith (1997) indicated that
patterns can be numerical (involving numbers) or non-numerical (involving shapes,
sounds, or other attributes such as colour and position), while Lin et al. (2004)
classified geometric patterns as linear and quadratic patterns.Bishop (2000, p.110)
indicated that “A number pattern is a sequence of numbers in which there is a well-
defined rule for calculating each number from the previous numbers or from its
position in the sequence. In a geometric number pattern, the numbers relate to a
sequence of geometrical figures in which each figure is derived from the previous
figure by some well-defined procedure.”
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In some studies, patterns are classified as repeating or growing (Cathcart et
al., 2003; Mulligan & Mitchelmore, 2009; Reys et al., 1998; Van De Walle, 2004;
Warren & Cooper, 2006). For example, Zazkis & Liljedahl (2002) classified
patterns into numerical patterns, pictorial/geometric patterns, patterns in
computational procedures, linear and quadratic patterns, and repeating patterns.
Repeating patterns have a recognisable repeating cycle of elements, referred to as
the ‘unit of repeat’ (Zazkis & Liljedahl, 2002). This kind of pattern can have one
attribute such as the colour, size, shape, or orientation of objects (Threlfall, 1999).
The followings are examples of repeating patterns: alphabetic letters such as A-B-
A-B-A-B, geometric shapes such as-Y®Y®V¥® and actions such as stand, sit,
stand, sit, stand, sit, stand, sit (Warren & Cooper, 2006). Growing patterns change
over time (Cathcart et al., 2003) and involve a progression from step to step.
Moreover, those patterns are called sequences (Van De Walle, 2004). Growing
patterns may be linear suichasY BBY BB BB Y B B B B B B (in this example,
only Bs are growing) (Reys et al., 1998) and 2,4,6,... (Cathcart et al., 2003) or
quadratic such as 1,4,9,16,... number pattern. Repeating patterns are particularly
important, since they recur in measurement (which involves the iteration of
identical spatial units) and multiplication (which involves the iteration of identical
numerical units) (Mulligan & Mitchelmore, 2009). In Turkey, patterns have been
incorporated into the Mathematics Curriculum in numbers and geometry learning
areas since 2005. In these learning areas, students are expected to recognise,
identify, describe, and extend repeating and growing patterns and find algebraic
rules (MONE, 2009). In current New Middle School Mathematics Curriculum (5"
grade to 8" grade), students are expected to extend number and figural patterns and
find algebraic rules of patterns (MONE, 2013).

In the literature, in particular studies of pattern conducted with middle school
students especially have determined their generalization (Akkan, 2013; Amit
&Neria, 2008; Bishop, 2002; Cayir ve Akyiiz, 2015; Jurdak & Mouhayar, 2014;
Lannin, 2005; Cayir ve Akyiiz, 2015;Rivera &Becker, 2008;Walkowiak, 2014)
representation types used in pattern activities (Akkan, 2013;Amit &Neria, 2008;
Steele, 2008; Walkowiak, 2014). Bishop (2002), for example, focused on the
capacity of students to generalize relationships and the strategies they use to answer
questions about linear geometric number patterns. Lannin (2005) indicated that
students used different strategies to generalize figural patterns. Rivera and Becker
(2008) investigated that the content and structure of generalization involving figural
patterns of middle school students and found three forms of generalization
involving such constructive standard, constructive nonstandard and deconstructive.
Amit &Neria (2008) focused on the generalization methods used by talented pre-
algebra students in solving linear and non-linear pattern problems and the students
showed mental flexibility, shifting smoothly between pictorial, verbal and
numerical representations and abandoning additive solution approaches in favor of
more effective multiplicative strategies. Steele (2008) demonstrated that students
used different external representations such as drawing diagrams, creating tables,
writing verbal generalizations, and constructing generalized symbolic expressions
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for pictorial growth and change problems. Akkan (2013) aimed to compare and to
determine 6th-8th graders’ efficiencies, strategies and representations of student
from different grades (from 6th to 8th) when dealing with problems related to linear
and quadratic patterns. According to the results of the study, when grade increases
students’ efficiencies of generalizing pattern improve in a positive way in all levels
and the variety in pattern generalization strategies changed at least in all types of
patterns. Jurdak & Mouhayar (2014) investigated students’ (from grades 4 to 11)
level of reasoning in pattern generalization tasks. Results how that student level of
reasoning exhibited an increasing trend across clusters of grade levels. Type of task
(immediate, near, far) and function type (linear, non-linear) seem to mediate the
development of level of reasoning across grade level. Walkowiak (2014) asked to
students to describe, extend, and generalize pictorial growth patterns and found that
their generalizations included informal notation, descriptive words, and formal
notation.

In summary, while a number of studies have investigated middle school
students’ generalization strategies of patterns, Strategies of generating figural
patterns based on growing number patterns are not studied at all. However, given
that generating figural patterns are important to develop students’ pattern
knowledge, algebraic thinking and problem solving and to understand their
qualifications on geometry and spatial relationships in that present study it was
aimed to fill that gap in the literature by examining the middle school students’
figural pattern generating strategies following a linear number pattern. Moreover, in
current Turkish Middle School Mathematics Curriculum creating figural patterns
based on linear number patterns are not placed. As a result of the study some
suggestions will be presented to the curriculum developers because of the
mathematics curriculum scope regarding pattern activities. In this study, the
following research questions were addressed:

e What kind of figural patterns were produced by middle school students based

on a linear number pattern?

e What kinds of figural pattern generating strategies were used by middle
school students while creating figural patterns based on a linear number
pattern?

METHOD

In this study, case study was considered. In that study case study was
considered because the answers were examined for “how” and “why” questions. As
Yin (2002) indicated in case study method when “how” and “why” questions arise
and researcher(s) have little control over the events is the preferred method.The data
were collected by using a number pattern task. That task consisting of two questions
was carried out by all participants. The task allowed the participants to produce
different figural patterns related to a growing number pattern.
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Participants

The participants in this study consisted of 474 Grade 8 students from 4
different schools. The schools were selected from similar socio-economic
neighborhoods.Of these participants, 254 were girls and 220 were boys and their
ages ranged between 14 and 15 years. The reason for selection eight grades is that
they studied how to recognise, identify, describe, and extend repeating and growing
number and figural patterns and finding algebraic rules of patterns. It was assumed
that all participants already had basic knowledge of pattern since that have started to
learn from first grades.

Data collection

Participants were asked to generate figural patterns individually considering
3,5,7,9,11,.. number pattern. The pattern task is described as below:
Question 1: Could you generate a figural pattern of first five stages regarding the
3,5,7,9,11,.. number pattern?
Question 2: Could write how you created a figural pattern considering the
3,5,7,9,11,..number pattern?

Those questions demand knowledge on pattern structure that grows
according to the number of objects in each stage; thus, participants have the
potential to generate several interesting figural patterns and could reflect their
figural pattern generating strategies. To confirm the suitability of this task, the
opinions of a relevant mathematics educator were considered. The educator
indicated that the task used in this study was suitable for middle school students.
This task was chosen because it allowed us to assess how participants generated
figural patterns based on number patterns and what kinds of strategies they used.
After getting opinions of mathematics educator, a pilot study was performed with a
similar group consisting of 60 eight grade students. The pilot study aimed to assess
its feasibility in terms of language, difficulty, time, number of the questions. At the
end of the pilot study, two questions were decided to ask to the participants and 30
minutes were allowed for answering the task.

Data Analysis

The data obtained from the study were analysed at two levels: (i) semantic
analysis and (ii) descriptive analysis. In the semantic analysis, firstly the figural
patterns generated by participants were analyzed in accordance with the linear
number pattern to assess their performance to generate figural patterns. Secondly,
the produced figural patterns and the strategies that participants used while creating
figural patterns were first listed and classified according to their semantic structures.
Generated patterns strategies were then coded and issues were noted. After the
semantic analysis of the generated patterns and generating figural pattern strategies,
their frequencies were calculated. The descriptive analysis then provided descriptive
information to offer an overall picture of the figural patterns generated and
strategies used by participants.
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Table 1 provide the figural pattern types related to the 3,5,7,9,11,...number
pattern in the literature. The generated figural patterns were analysed by using the
Table 1 developed by the researcher based on previous studies of figural patterns
related to the 3,5,7,9,11,... number pattern (Gregg, 2002; Jurdak & El Mouhayar
,2014; Radford, 2008; Radford, 2010; Waring et al., 1999; Warren, 2005; Wickett et
al., 2002).The figural representations of the 3,5,7,9,11,.. number pattern were coded
as types (Type 1, Type 2, etc.) separately to analyse the data obtained from the
study effectively. In the results section, besides those pattern types from the
literature, some of the new pattern types created by participants for the linear
pattern are presented in results section.

Table 1. Examples of Figural Representations of the 3,5,7,9,11,... Number
Pattern From the Literature

Types Structures Characteristics
In Type 1, three squares are

L] O T used in first term of the
< . ) — pattern and pattern extended
S (Wickett et al., 2002). adding two squares into
= corners.

\/ \/\\/\/ In Type 2, !n first term of

AR W VA pattern is a triangle

N Fig 1 Fig2 Fig.3 constructed  using  three

o (Radford, 2008). toothpicks and next terms two
H toothpicks added.

ok S i In Type 3, pattern has been
. %D aE iJ?UJ represented by squares.
§ 3 s
= (Jurdak & El Mouhayar ,2014).

T H | L- shapes type pattern has
%_ s ﬁ-w ni_ been represented by squares
> (Waring et al., 1999).
In Type 5, pattern has been
0 OOQ OOQOO OOOO OO represented b_y circles having
§ Fig. 1 Fig. 2 Fig. 3 two rows of circles.
= (Radford, 2008).

A0 oo oooo oononoo | In Type 6 each stage has two
© O 00 000 0O000 rows of squares, a top row
8_ Siage 1 Siage 2 Stage 3 Siage 4 and a bOttom row.

2 (Radford, 2010).
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In Type 7, pattern has been
<% 88 5%) % represented by squares.

N~
<3
>
= (Warren, 2005).
® o % o? In that Type, pattern
o e 0 o 0 e _0 constructed of circles like V
@ o0 00 () o0
< ® ® * ® model.
= (Gregg, 2002).
] In Type 9, pattern has been
N constructed by squares in
ﬁ L vertical order.
(] ||
o L O
s (1L OO
2 ali=fizis

(Gregg, 2002).

As seen in Table 1, the figural pattern examples given for 3,5,7,9,11 number

pattern has different arrangements and shapes (e.g. square, circle, line). However,
while, for instance, Types 4,6,7 and 9 use the same geometric shapes, the
construction of those patterns are different because of the arrangement.

The figural pattern generating strategies that participants used were analysed

based on categories was found in previous studies and categorized by Barbosa
&Vale (2015). Those categories were for generalization strategies applied to visual
patterns but during the study similar strategies emerged. Those strategies are
explained as below;

Counting -Visual; drawing a figure and counting its’ elements.
Whole-object (no adjustment)-Non-visual; considering a term of the
seqguence as unit and using multiples of that unit.

Whole-object w/visual adjustment-Visual; considering a term of the
sequence as unit and using multiples of that unit. A final adjustment is made
based on the context of the problem.

Whole-object w/numeric adjustment-Non-visual;considering a term of the
sequence as unit and using multiples of that unit. A final adjustment is made
based on numeric properties.

Recursive-Non-visual;extending the sequence using the common difference,
building on previous terms (numeric relations).

Recursive-Visual;extending the sequence using the common difference,
building on previous terms (features of the figures).

Difference rate (no adjustment)-Non-visual; using the common difference
as a multiplying factor without proceeding to a final adjustment.

Difference rate w/adjustment-Visual;using the common difference as a
multiplying factor and proceeding to an adjustment of the result.
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e Explicit-Non-visual; discovering a numerical rule that allows the immediate
calculation of any output value given the correspondent input value.

e Explicit-Visual; discovering a rule, based on the context of the problem, that
allows the immediate calculation of any output value given the
correspondent input value.

e Guess and Check- Non-visual;guessing a rule by trying multiple input
values tocheck its’ validity.

Validity and Reliability

In the study the researcher asked for the opinion and assessment of one
colleague who was blinded to the data and unbiased regarding the code list and
research findings. In order to examine inter-rater reliability and increase the
reliability of the results, another colleague who has a mathematics education
background independently classified and then coded the generated figural patterns
and strategies that they used. The formula of Miles and Huberman (1994) was used
to calculate inter-rater reliability and this was determined to be 95% for question 1
and %94 for question two. The pilot study also contributed to the validity and
reliability of the number pattern task.

Ethical issues

In that study all the participants were informed about the aim of the research
and asked to attend at the beginning of the study. They informed that the results of
the study will be used for academic studies and they will not be noted.

RESULTS
The figural patterns generated by middle school students based on a linear
number pattern and strategies they used while creating figural patterns are presented
in the tables below. The produced figural patterns by participants for the
3,5,7,9,11,.. number pattern and their frequencies are displayed in Table 2 and
strategies they used while creating figural patterns and their frequencies are
displayed in Table 3.

Structures of responses for number patterns

In this study, the participants created 51 different figural patterns for the
3,5,7,9,11,.. number pattern using a square, circle, line, triangle, star, heart, prism,
and curve. While 49 patterns were created using only one shape, two figural
patterns were created by combining two figures. Of those pattern examples, eight
emerged in the literature, but 43 examples were not; also, Type 7 found in the
literature was not produced by any of the participants. Middle school students
preferred 6 different generating figural pattern strategy during producing figural
patterns.
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Table 2. Responses Related to the 3,5,7,9,11,..Number Pattern
Patterns f Patterns f Patterns f
000 aoood oooduos2 P8 PHEY PN 2 sk ok edigemigr 1
000 00000 coaoono 36 E E = 2 .H.H..‘ A 1
D i 4 & T U9 990
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5 an SRA LT - 2 o % % 1
] - 2] o]
& LA ¢ E
16 ©0O QJarn gsoog 20 O & 2 1
E I ao oag [N 0009'
- = = 14 = 2 K& pekk ok 1
= = _— [V kK R
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° g o 1, . p 1 w7 1777777 1
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5]
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9 # g * 1 - 1
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a 0
o B 5 8 1 .4 4 1
LI LS > oo oo
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51 different figural patterns produced by 274 middle school students. 52
participants created a figural pattern consisting of squares like a linear model and 36
participants used circles to create a linear model. 26 of the participants produced a
figural pattern using circles by decomposing numbers. 17 students used a triangle to
create a figural pattern by adding two triangles to each other in every step like a
linear model. While 16 participants preferred to create a vertical linear model using
squares, 14 of them used lines and 11 preferred circles for same model. 9
participants used triangles to create a linear model and 9 participants used squares
and 8 used circles for the vertical model. 8 of the participants used circles like
intertwined rings. 7 participants used squares while creating a linear model. 6
participants used squares and 5 participants used triangles for creating figural
patterns like nested models. 4 participants used lines like a linear triangle model. 3
participants used squares or triangles to produce a figural pattern by decomposing
numbers. 2 participants used circles and lines, another 2 participants used lines and
2 more participants used triangles to create a figural pattern. 6 participants used
squares to create figural patterns like L-shapes, beam patterns and a stair model. 28
figural patterns were created by participants using different geometric structures
(circles, squares, prisms, triangles, lines, cubes, dots, curves) or non-geometric
structures (hearts).

Table 3. Strategies That Used by Participants While Creating Figural Patterns

Strategy Description f
Counting Drawing figures in accordance with the numbers 111
Determining Determining a figure and then drawing a figure in 34
a figure+counting  accordance with the numbers

Visual Recursive Drawing a first figure and then creating the figural 33

pattern using the common difference, building on
previous terms (numeric relations)

Drawing Drawing figures correctly just mentioning drawing 27
figures

Explicit Discovering the algebraic rule (2n+l1) and then 3
drawing figures

Explicit Determining a figure and algebraic rule and then 3
creating figures

Explicit Discovering the number rule that pattern is increasing 35
2 in every step

Non-visual ~ Chunking the 3, 3+2, 3+2+2, 3+2+2+2+2,.. 2

numbers

Chunking the 3,3+2, 5+2, 7+2,... 1

numbers

Chunking the 2+1,3+2,4+3,5+4,... 1
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numbers

Total 250

Issues No explanation Creating a figural pattern correctly but not giving any 24

explanations

Not creating any 200
figural patterns

Total 224

f: frequency

In this section, 6 figural pattern generating strategies are identified, based on
the explorations of the participants related to generated figural patterns. Those
strategies were counting, determining a figure+counting, recursive, drawing,
explicit strategies in visual nature and explicit and chunking the numbers strategies
in non-visual nature. Considering each strategy, it was distinguished differences in
their nature, being either visual or non-visual strategies. In some strategies the
figures play an essential role in the discovery of the invariant and, in others, the
work is developed in a numeric context.

Among those strategies counting strategy was applied by most of the
participants, that resorted to a drawing of the terms of the number pattern asked, in
order to create a figural pattern. 111 particpants preferred that strategy to create a
figural patterns. One participant indicated that he draw circles as much as the
numbers in number pattern (Figure 1).

OO0 owes cooeo0

Ne kodar aw uofise f WVanisk  Gitvaooum. . .
(I drew circles in

accordance with the numbers

Figure 1

34 participants used determining a figure+counting strategy while producing
figural patterns. Participants mentioned that they determined a figure and then draw
the figures in accordance with the numbers in number pattern (Figure 2).

OO0 - OgoEo - CODEREO- SEBEIGRT ~ DOVRISOINDE /Bp\k. b ekl rfﬁﬂﬂ,p Sonfeca J.)'Il‘.’;‘:l)_,f.ltj:s\JL (|
determined a figure and then I drew figures in accordance with the numbers)
Figure 2

Recursive strategy was used by 33 participants considering figures and
common difference (numeric relations). They first draw a figure and then created
the figural patterns using the common difference, building on previous terms
(Figure 3).
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g 111, ATEEI i, iy
bn(.e 7 tone c,?qi? ‘I-T.f-/jw
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(First of all I drew 3 lines and then I drew 2 lines more in every term)
Figure 3

27 participants preferred drawing strategy. They did not explain anything
about how they draw the figures; they just mentioned that they draw the figures
(Figure 4).

[ i ey (S R W W wm s
L.odin 2ot 3 adin Leodiam

T ker@ Gdioen @f@dm
Sodir = (I drew squares)

Figure 4

Three participants preferred explicit strategy to create figural patterns. They
indicated that they discovered the algebraic rule (2n+1) of the 3,5,7,9,11,...number
pattern and then draw the figures (Figure 5).

Oncelible SronFonin  haslet ior g \qumfm‘
r.ﬂd(’id”” (:2/)40” [—?rdmohr, \QIJU'F;{UI'(J‘?EM fu ﬁ‘é’f/"“f

5 (9 i o o e il b gl O

(I examined pattern general rule (2n+1). Then I applied figures to pattern general
rule)
Figure 5

Three participants used explicit strategy determining a figure and algebraic
rule and then creating figures (Figure 6).

Shil bindsising boiin Kl fullnwek c«'@%i_iﬂ ;ziﬁ‘f_’ﬁm
bi- tar Ny pulliodier - Sopro G el feri

' Fuerh | {-adomdln o b3 bl o jﬁszabrﬁ!:dﬁ
‘ Tl 7. achim Thp fllotior o3 ods ndo F duve b Ll b o
]Eﬂm 1 - Jﬂb"" - L{[{q‘hm w Ja}m Sorma | {10 B b llandenm,

(I drew pattern using unit cubes. | follow 2n+1 general rule of pattern. In first step |
used 3 cubes, in second step | used 5, in third step | used 7 cubes and in fourth step |
used 11 cubes). Figure 6
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Explicit strategy being in non-visual nature was used by 35 participants.
They mentioned that they discovered the number rule that pattern is increasing 2 in
every step and they created figural patterns (Figure 7).

e il (T

Bu Sronto +2 seliie gy o
(That pattern grows +2)
Figure 7

Four participants preferred chunking the numbers strategy one participant
chunked 3,5,7,9,11,.. number pattern as 3, 3+2, 3+2+2, 3+2+2+2+2,.. two
participants like 3, 3+2, 5+2, 7+2,... and one particpants such as 2+1, 3+2, 4+3,
5+4,.... Eamples for that strategy were given as below. In Figure 8, 3,5,7,9,11,..
number pattern was chunked as 3,3+2, 5+2, by one participant.

HU gr‘*(_ G Mens ,.[.‘l !—One UQDQJ’\ Gk\?\jr\p
v - 7

. ﬁgi Mgﬁk %2& " bunu deciarn  etticdik 4 {SN_:S)J (54 2:4)
@ % @ ‘g @ e 5@\"\(\& Oﬂﬁ}‘!m SOE“( a ‘bLJ(\%Oﬂ GC‘SQJ‘
3 5 F 9 14 SeklSp e M'JC’\ cnidion, (I

continued each triangle adding two triangles each time (3+2=5), (5+2=7) and then |
drew figures)
Figure 8

While creating a figural pattern for 3,5,7,9,11,.. number pattern one
participant chunked 3,5,7,9,11,.. number pattern as 2+1, 3+2, 4+3, 5+4 as ssen in
Figure 9.

CEP @ % @ @@ il 2 aste lolte seam B0 Dol gl leldepre§ qithe
(First 2 squares upside and 1 underside and then 3 upside and 2 underside and so
on)
Figure 9

Issues

25 participants created figural patterns correctly but did not explain how they
created. Furthermore, 200 participants did not create any figural patterns for
3,5,7,9,11,.. number pattern.

DISCUSSION AND CONCLUSION

Pattern is an important mathematical topic because it is related to algebra and
arithmetic. In the literature, many pattern studies have focused on students’
generalization of figural or number patterns (Akkan, 2013; Amit & Neria, 2008;
Bishop, 2002; Cayir ve Akyiiz, 2015; Jurdak & Mouhayar, 2014; Lannin, 2005;
Ozdemir, Dikici ve Kiiltiir, 2015; Rivera & Becker, 2008; Steele, 2008, Walkowiak,
2014), whereas studies of generating figural patterns following number patterns are
scarce. Therefore, this study examined the ability of middle school students to
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generate figural patterns and their generating figural pattern strategies based on a
linear number pattern. It is believed that producing figural patterns following
number patterns have potential to contribute students problem solving skills and
algebraic thinking.

The data obtained from the current study indicated that different types of
figural patterns were generated by participants according to 3,5,7,9,11,...linear
number pattern. Most examined students generated different types of figural
patterns that followed the given linear number pattern and they used different
figures (either geometric or non-geometric forms). Some of the figural patterns
created by participants used geometric shapes predominantly during the generating
activity because students faced such patterns during their activities in class.
Moreover, some new figural patterns representing the 3,5,7,9,11,... linear number
pattern emerged in the present study. Most figural patterns were created by using
squares, lines, circles, triangles, stars, hearts, prisms and curves. Moreover, most
used only one type of shape to create figural patterns. During the study participants
could not create any pattern examples related to Type 7 indicated in Table 1. Some
of the participants created pattern examples placed in Table 1 such as 1 participant
Type 1, 4 participants Type 2, 9 participants rotated Type 3, 2 participants Type 4,
26 participants Type 5 (upsidedown form), 2 participants Type 6, 1 participant Type
8 and 16 participants Type 9. The performance of participants here can be related
to their geometric ability. Furthermore, some participants used not only geometric
shapes but also non-geometric shape such as hearts.In future studies, students
should be motivated to produce different figural patterns using different forms
including both geometrical and non-geometrical shapes based on the number
patterns. Then, different figural patterns regarding the number patterns in the
literature should be taught to extend students’ figural pattern generating
performance.

Participants used different figural pattern generating strategies such as
counting, determining a figure+counting, recursive, drawing, explicit and chunking
the numbers strategies while creating figural patterns. Most of the participants
preferred counting strategy. In the study visual nature strategies much more
preferred by participants than non-visual nature strategies. It can be highlighted that
the reason(s) can be investigated for selection the strategies that used by particpants
in the study.

In this study, participants encountered issues while producing figural patterns
based on the number pattern. Some participants could not create any figural patterns
based on the 3,5,7,9,11,.. linear number pattern. While most chose the correct
figures, they were not aware that figural patterns are formed of objects that convey
positions in a structural relationship and resemble each other in some way. They did
not recognize the regularities in the patterns produced. Because pattern activities do
not include generating figural patterns following number pattern activities in the
mathematics curriculum in Turkey, this lack of familiarity with the topic affected
their pattern-generating performance. Furthermore, Fox (2005) found that patterns
are closely connected to mathematical content areas such as geometry, which can be
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affected by participant performance. It can be concluded that half of the participants
in this study could not used generating figural pattern strategy effectively. Some of
those participants could not convert number patterns into figural patterns correctly.
For that reason, mathematics activities should include generating figural patterns
following number patterns in order to develop middle school students’ pattern
knowledge and thus their algebraic thinking. According to the results of that current
study it can be concluded that different figural pattern generating strategies should
be taught. In addition, generating figural patterns is related to participants’ ability to
visualize pictures and shapes and thus this may have affected their performance.
Moreover, other variables related to learners’ performance such as learning style,
spatial reasoning and mathematical thinking style might have influenced their
generating pattern strategy performance. For that reason, to understand participants’
performance more in depth, correlation studies and mixed method research may be
conducted.

In the current study, the figural pattern generating strategies of middle school
students requiring creating figural patterns based on a linear number pattern was
investigated. Considering that generating patterns based on different number
patterns may improve students’ algebraic thinking in the future, repeating number
patterns or non-linear number patterns being other types of pattern can be given
students and ask them to create figural patterns considering those number patterns
to reveal their pattern generating strategies and pattern types that they produced.
Most participants tried to use geometric shapes to create figural patterns. For that
reason, future correlation studies should assess attitudes towards geometry and their
pattern generating performance as well as the cognitive obstacles associated with
creating figural patterns based on number patterns. Furthermore, most of the
students used counting strategy mostly for that reason task-based interviews can be
conducted with students to understand their reasons of strategy selection.

In the literatlire there are not studies on transformation from the linear
number patterns to figural patterns.The figural patterns constructed and the
strategies used while construction of patterns were tried to be elicited in the study.
Since the purpose of the study was not researching the reasons, in the future studies
the pattern types constructed and the strategies used should be discussed effectively.
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UZUN OZET

Oriintii, matematik egitiminde yer alan énemli konulardan biridir. Zazkis &
Liljedahl (2002) oOriintiiniin matematigin kalbi ve ruhu oldugunu ifade etmektedirler.
Oriintii etkinliklerinin 6grencilere pek ¢ok yarar1 bulunmaktadir. Oriintii etkinlikleri
sayesinde 6grenciler, cebirsel etkinliklere dahil olur ve cebiri dgrenirler, fonsiyonel
diisiinmeleri gelisir ve genelleme yapabilirler (Souviney, 1994; Van De Walle,
2004; Warren ve Cooper, 2006). Oriintiilerle calismanin sayilar, geometri, dlgme ve
veri konulari ile yakindan iliskili oldugu belirtilmektedir (Fox, 2005). Oriintiiler,
aritmetik ve geometrik dizi problemlerinde ve gilinliik yasam durumlarinda, sézlii ve
yazili kelimelerde, miizik yapilarinda ve video gorsellerinde, dogal geometride,
trafikte ve bizlerin olusturdugu diger nesnelerde karsimiza ¢ikmaktadirlar (Reys,
Suydam , Lindquist ve Smith, 1998).

Oriintiiniin taniminin ne olduguna bakildiginda, alanyazinda farkli tanimlara
rastlamak miimkiindiir. Ornegin, Souviney (1994) &riintilyii geometrik sekiller,
sesler, semboller ve eylemlerin sistematik bir yapilandirmasi olarak tanimlarken,
matematiksel bir oriintiinlin genellikle, sayisal mekansal ya da mantiksal iligkileri
iceren herhangi Ongoriilebilir diizen olarak tarif edilebilecegi de belirtilmektedir
(Mulligan ve Mitchelmore, 2009). Oriintiileri smiflandiran cesitli arastirmacilar da
bulunmaktadir. Bu aragtirmacilardan, Stacey (1989) oriintiiyii n.inci terimin ifade
edilis bicimine gdre an+b lineer ve an?+bn+c kuadratik olarak simiflamistir. Smith
(1997) ise Oriintiiyli sayisal ve sayisal olmayan bi¢iminde ikiye ayirmistir. Bazi
calismalarda  ise  Oriintiiler  tekrarlayan  yada  genisleyen  big¢iminde
smiflandirilmistir(Cathcart, Pothier, Vance ve Bezuk, 2003;Mulligan ve
Mitchelmore, 2009; Reys ve digerleri, 1998; Van De Walle, 2004; Warren ve
Cooper, 2006). Tekrarlayan oriintiiye, A-B-A-B-A-B, yada, Y@ VY@V ® 5riintiileri
(Warren ve Cooper, 2006) vegenisleyen oriintiyede Y BBY BB BBYBBBB
B B (bu ornekte B genisliyor) (Reys ve digerleri, 1998) ve 2,4,6,... (Cathcart ve
digerleri, 2003) oriintiileri 6rnek olarak verilebilinir. Ortaokul matematik dersi
Ogretim programinda Oriintiiler konusuna 2005 yilinda sayilar ve geometri 6grenme
alanlarinda yer verilmeye baglanmistir. 2013 yilinda yenilenen ortaokul matematik
dersi 0gretim programinda ise Orlintiiler konusu ile ilgili olarak 6grencilerden, say1
ve sekil oOriintiilerini genisletme ve Oriintiilerin cebirsel kurallarin1 bulmalar
beklenmektedir (MEB, 2013).

Alanyazmma bakildiginda, ortaokul Ogrencileri ile yapilan c¢aligmalarin
ogrencilerin oriintiileri genellemeleri (Akkan, 2013; Amit ve Neria, 2008; Bishop,
2002; Cayir ve Akyiiz, 2015; Jurdak ve Mouhayar, 2014; Lannin, 2005;0zdemir,
Dikici ve Kiiltiir, 2015; Rivera ve Becker, 2008;Walkowiak, 2014) ve Oriintii
etkinliklerinde kullandiklar1 temsiller {izerine odaklandigi goriilmektedir (Akkan,
2013;Amit ve Neria, 2008; Steele, 2008; Walkowiak, 2014). Oriintiilerle ilgili
yapilan caligmalarda say1 Oriintiilerine dayali olarak sekil oOriintlisii olusturma
calismalarina yer verilmedigi goze carpmaktadir. Say1 Oriintlisiine dayali olarak
sekil Oriintiisii olusturmanin, 6grencilerin 6zellikle Oriintii bilgisi, cebirsel diisiinme
ve problem c¢ozme becerilerine 6nemli katkilar1 olabilecegi ve ayrica bu tarz
etkinliklerin bize 06grencilerin geometri ve uzamsal iligskiler konusundaki
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yeterliliklerini ortaya ¢ikarma konusunda yardimci olacagi diisiiniilmektedir.Bu
nedenle bu calisma ile alandaki bu bosluk doldurulmak istenmektedir. Bu ¢caligsmada
asagidaki sorulara yanit aranmustir;

1. Ogrenciler lineer say1 oriintiisiinii sekil Oriintiisiine cevirirken
ne tiir sekil ortintiileri olusturmuslardir?
2. Ogrenciler lineer say1 Oriintiisiinii sekil oriintiisiine ¢evirirken

ne tlr stratejiler kullanmiglardir?

YONTEM

Bu ¢alismada durum ¢alismasi benimsenmis olup, ¢alisma 2014-2015 egitim
ogretim yilinda gergeklestirilmistir.Arastirmada durum c¢alismasi yOnteminin
benimsenmesinin nedeni, “nasil” ve “ni¢in” sorularma yanitlar aramaktir. Yin
(2002)’nin belirttigi gibi, durum calismas1 yonteminde arastirmaci(lar) nasil ve
nigin sorular1 ortaya ¢iktiginda ve arastirmacinin olaylar iizerindeki kontrolii ¢cok az
oldugunda tercih edilen bir yontemdir.Arastirmaya, ortaokul 8. sinifa devam eden
toplam 474 ogrenci katilmistir. Ogrencilerin yaslar1 14 ve 15 yaslar1 arasinda
degismektedir. Calismaya 8. smif O&grencilerinin secilmesinin nedeni, bu
ogrencilerin 6grenim yasantilar1 boyunca tekrarlayan ve genisleyen say1 ve sekil
Oriintiilerini tanima, agiklama ve devam ettirme ve Oriintlilerin cebirsel kurallarini
bulma gibi ¢aligmalara yer verilmis olmasi ve dolayisiyla oriintiiler konusu ile ilgili
temel bilgilere sahip olmalaridir. Calismada Ogrencilere lineer say1 Oriintiisii olan
3,5,7,9,11,.. oriintiisii verilmis olup, 6grencilerden bu oOriintiiye dayali olarak sekil
oOriintiileri olusturmalar1 istenmistir.

Veri Analizi

Arastirmadan elde edilen veriler, ilk olarak semantik olarak analiz edilmis ve
daha sonra da bu veriler betimsel olarak analiz edilmistir. Semantik analiz
yapilirken, ilk once katilimcilar tarafindan olusturulan sekil Oriintiileri analiz
edilmistir. Ikinci olarak, katilimcilar tarafindan olusturulan sekil oriintiileri ve
kullanilan stratejiler listelenmis ve semantik olarak siniflandirilmis ve kodlanmaistir.
Daha sonra olusturulan sekiller ve stratejilerin frekans hesaplamasi yapilmustir.

3,5,7,9,11,.. say1 Oriintiisiine yonelik yer alan sekil oriintiilerine Tablo 1’de
yer verilmistir. Tablo 1 olusturulurken daha 6nceden bu konu iizerine yapilmis
caligmalardan yararlanilmistir (Gregg, 2002; Jurdak ve EI Mouhayar,2014; Radford,
2008; Radford, 2010; Waring, Orton & Roper, 1999;Warren, 2005;Wicket, Kharas
&Burns, 2002). 3,5,7,9,11,.. say1 Oriintiisiine yonelik sekilller Tip 1, Tip 2, ...
bi¢iminde kodlanmustir.
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Tablo 1. 3,5,7,9,11,... Say1 Oriintiisiine Yonelik Olarak Alanyazinda Yer Alan

Sekil Oriintiileri
Tipler Yapilar Ozellikleri
Bu tipte 3 tane kare kullanilarak
[TT] Oriintliniin ilk adimi olusturulmus
- 1 [ olup, diger adimlara 2 tane kare
= 1 ) T 3 eklenerek orintia devam
= (Wickett ve digerleri, 2002). ettirilmistir.
Tip 2’de Orilintiiniin ilk admm 3
\/ \/ \ \/ \/ kiirdan  kullanilarak  olusturulan

‘;‘_ Fig.1  Fig.2 Fig. 3 tiggendir ve adimlarda iki kiirdan
= (Radford, 2008). eklenerek olusturulmustur.
%"H I:SI%ZD DSE[:HD Tip 3’te kareler kullanilmustir.
| [ ]| ood
™ 3 5 7
k=3
= (Jurdak ve El Mouhayar ,2014).
S 3 H L bi¢iminde olan oriintii kareler
< : s H kullanilarak olusturulmustur.
=3 ED ﬁ_ﬂ FT ] jrrm
= (Waring ve digerleri, 1999).
Tip 5’teki oriintii iki siradan olusan
OOO OOOOO OOOOOOO dairelerden olusturulmustur.
2_ Fig. 1 Fig. 2 Fig. 3
= (Radford, 2008).
00 000 0000 Oo0oooo Tip 6’nin her bir adiminda biri altta
_ biri de lstte olmak tizere iki siradan
© - 0o Doo DUOC olusan kareler vardir.
o Stage 1 Siage 2 Stage 3 Siage 4
= (Radford, 2010).
5 i Tip 7 karelerden olusmustur.
'\ %
k=3
= (Warren, 2005).
® @ | Bu tip ise dairelerden olusmakta
2 e .. .. .. .. olup, V modelindedir.
[ee)
= l.l I.I -.I I.I
= (Gregg, 2002).
(] Tip 9’daki oriintii dikey konumda
|| olacak bi¢imde karelerden
@ - olugmaktadir.
AHE
‘Z_ OO0 O O
2 all=fs)=

(Gregg, 2002).
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Tablo 1’den de goriildigii gibi, 3,5,7,9,11,,.. say1 Oriintiisiine yonelik sekil
ortintiilerinde kullanilan sekiller ve bu sekillerin diizeni farklidir. Katilimeilarin say1
Oriintlisiinii sekil Oriintiisiine ¢evirirken bagvurduklar stratejilerin belirlenmesinde,
Barbosa ve Vale (2015) tarafindan daha 6nceden oriintli genelleme stratejilerinin ele
alindigi arastirma sonuglarina dayali olarak ortaya koyduklar1 stratejiler
benimsenmistir.

Gecerlik ve giivenirlik

Calismada veri analizinde kullanilmak {izere gelistirilen kod listesi ve arastirma
bulgular1 konusunda bir matematik egitimcisinin goriisiine basvurulmustur.
Calismanin bulgularinin gecerligini ve gilivenirligini  artirmak i¢in matematik
egitimi alaninda uzman olan bir egitimcisi olusturulan sekilleri ve kullanilan
stratejileri siniflamis ve kodlamistir. Miles ve Huberman’in (1994) formiili
kullanilarak kodlayicilar arasi giivenirlik hesaplamast yapilmistir. Giivenirlik
hesaplamasi birinci soru i¢in %95, ikinci soru igin ise %94 olarak hesaplanmistir.
Ayrica yapilan pilot caligma da say1 oOriintiisii gorevinin gecerligi ve giivenirligine
katkida bulunmustur.

Etik sorunlar

Bu c¢alismada, biitiin katilimcilara aragtirmanin amacindan bahsedilmis olup,
calismanin basinda boyle bir arastirmada yer alip yer almak istemedikleri
sorulmustur. Ayrica ¢alismanin sonuglarinin akademik c¢alismalarda kullanilacagi
ve caligmalarinin herhangi bir bigimde notlandirilmayacagindan bahsedilmistir.

BULGULAR
Arastirmadan elde edilen bulgulara bakildiginda, 6grencilerin 3,5,7,9,11,... say1
Oriintiisiinii sekil oriintiisiine ¢evirirken farkli sekil oriintiilerini olusturduklar1 ve bu
sekil oriintlisii olusturma siireglerinde farkli stratejiler kullandiklar1 belirlenmistir.
Katilimeilarin olusturduklari 6riintii tiplerine Tablo 2’de yer verilirken, kullandiklari
stratejilere de Tablo 3’te yer verilmistir.

Tablo 2. 3,5,7,9,11,..Say1 Oriintiisii Ile Ilgili Olusturulan Sekiller

Oriintiiler f  Oriintiiler f  Oriintiiler f
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Tablo 2’de goriildiigli gibi, 6grencilerin 3, 5, 7, 9, 11,... lineer say1 Oriintiisiine
yonelik olarak 51 farkli sekil Oriintlisii olusturduklari belirlenmistir. ~ Say1
orlintiisiinii sekil oOriintlisiine ¢evirirken katilimcilar kare, daire, tiggen, ¢izgi,yildiz
gibi geometrik yapilarin yani sira kalp gibi geometrik olmayan yap1 da kullandiklar

belirlenmistir.
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Tablo 3. Katihmcilarin Sekil Oriintiileri Olustururken Kullandiklar:
Stratejiler
Yapisi Strateji Tanim f
Sayma Sayilarla uyumlu olacak kadar sekil ¢cizme 111
Sekil Sekil belirleme ve say1 kadar sekil ¢izme 34
belirleme+sayma
Yinelemeli Ik sekli ¢izme ve sonra oOriintii terimleri arasindaki 33
farka bakarak diger terimleri olugturma, 6nceki terime
dayali olarak sonraki terimi olusturma (sayisal
Gorsel iliskiler)
Cizme Sekil ¢izdigini belirtme 27
Belirgin Oriintiiniin genel kuralim bulma ve sonra sekilleri 3
¢izme
Belirgin Sekil ve oriintii kuralini belirleme ve sonra sekil ¢izme 3
Belirgin Say1 Oriintiistiniin ikiser arttig1 kuralini bulma 35
Sayilar1 parcalama 3, 3+2, 3+2+2, 3+2+2+2+2,.. 2
Sayilar1 parcalama 3, 3+2, 5+2, 7+2,... 1
Sayilar1 pargalama  2+1, 3+2, 4+3, 5+4,... 1
Gorsel
olmayan
Toplam 250
Sorunlar Aciklama yok Sekil oriintiisiinii dogru olusturma ancak herhangi bir 24
aciklama yapmama
Sekil Oriintiisii 200
olusturamama
Toplam 224
f: frekans
Bu bolimde katilimeilarin - olusturduklart  sekil oOriintileri  ile ilgili

aciklamalara bagli olarak 6 sekil Oriintiisii olusturma stratejisi tanimlanmistir.
Katilimcilar say1 oriintiisiinii sekil oriintiisiine ¢evirirken, hem gorsel, hem de gorsel
olmayan farkli stratejiler kullanmiglardir. Bu stratejiler, sayma stratejisi, sekil
belirleme+sayma, yinelemeli, ¢izme, belirgin ve sayilar1 parcalama stratejileridir.
Sekil oriintlisii  olustururken katilimcilardan bazilarinin  sorun yasadiklar1 da
goriilmistiir. Katilimcilardan 24 kisi sayr Oriintlisiine uygun sekil Orilintiisii
olusturmusglardir ancak nasil olusturduklar1 ile ilgili herhangi bir agiklama
belirtmemisgledir. Bunun yani1 sira, 200 6grenci ise 3,5,7,9,11,.. say1 Oriintiisiine
yonelik olarak uygun sekil oriintiileri olusturamamaiglardir.

Ogrencilerin ~ kullandiklar1  stratejiler  asagida  &rneklendirilmistir.
Katilimcilardan 111°1 sayma stratejisini kullanarak sekil oriintiisti olugturmusglardir.
Bu duruma 6rnek Sekil 1°de verilmistir.
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Sekil 1

34 katilime1  ise sekil belirleme ve sayma stratejisini kullanarak sekil
Orlintlisii olusturmuslardir. Katilimcilar ilk olarak sekil belirlediklerini daha sonra
da bu sekli kullanarak Orilintiide yer alan sayilar kadar Oriintiiniin adimlarini
olusturduklarini ifade etmislerdir . Bu stratejiye 6rnek Sekil 2°de verilmistir.
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Sekil 2

Yinelemeli strateji 33 katilimci tarafindan kullanilmistir. Bu katilimeilar
Ortintiintin i1lk adimim1 olusturmuslar ve daha sonraki adimlar1 olustururken
Oriintiinlin 6nceki adimlarina dayal1 olarak ve aradaki fark olan ikiyi ekleyerek sekil
Oriintlisiinii olusturmuslardir. Bu stratejiye 6rnek Sekil 3’te verilmistir.

\\\ 3 AR y VRTINS, ey

v - ] -
Once . dene fr‘?:? :,"-f'f.'/-.,

debs  sonva Ver dune e §f.q:ﬁf:[c» arthlorsl $indin,

Sekil 3

27 katilimer say1 Oriintlisiinii sekil oOriintiistine ¢evirirken ¢izme stratejisini
kullanmistir. Bu katilimcilar sadece “Sekil ¢izdim.” seklinde goriis belirtmisler ve
herhangi bagka bir agiklamada bulunmamiglardir. Bu stratejiye ornek Sekil 4’te
verilmistir.

1 adven 2.tk 3 odi

Sodim, Yer@ GTLA!“m_ chmkf‘__
Sekil 4

Uc¢ katilmer  sekil oriintiisiinii  olusturmak icin  belirgin stratejiyi
benimsemiglerdir. 3,5,7,9,11,.. say1 Oriintiistinlin genel kuralinin (2n+1) oldugunu
belirtmigler ve sonra sekilleri ¢izdiklerini ifade etmislerdir. Buna 6rnek Sekil 5°te
verilmistir.

b\ #8 | B B A
Oncelitly Srinkinin ot mibbnn spni i
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Sekil 5
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Ug katilimer belirgin stratejiyi benimseyerek sekil driintiisii olusturmuslardir.
Bu katilimcilar sekil belirlemis ve Oriintiiniin genel kuralin1 (2n+1) da belirledikten
sonra sekil oriintlisiinii olusturmuslardir. Bu stratejiye 6rnek Sekil 6’da verilmistir.
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Sekil 6

Gorsel olmayan belirgin stratejisi ise 35 katilimci tarafindan kullanilmagtir.
Katilimcilar say1 oriintiisiindeki artisin 2 oldugunu belirtmisler ve daha sonra da
sekil Oriintsiinli bu aradaki artisa gore olusturmuslardir.

e g R

Bu Srontu +2 selie Sigy oy
Sekil 7

Katilimcilardan dordii say: Oriintiistinde yer alan sayilar1 parcalayarak sekil
Oriintlisiinii olusturmuslardir. Katilimcilardan biri 3,5,7,9,11,.. say1 Oriintiistinii 3,
3+2, 3+2+2, 3+2+2+2+2,. bi¢iminde, ikisi ise 3, 3+2, 5+2, 7+2,... ve
katilimcilardan biri de 2+1, 342, 4+3, 5+4,.... biciminde pargalayarak sekil
oOriintiilerini olusturmuslardir. Bu stratejiye 6rnek Sekil 8’de verilmistir. Sekil 8’den
de goriildiigii gibi katilimer 3,5,7,9,11,.. say1 Oriintiistinii  3,3+2, 5+2, bi¢iminde
say1 Oriintlisiine ¢evirerek sekil oriintiisiinii buna gore olusturmustur.
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Bir diger katilimci da sekil Oriintiisii olustururken 3,5,7,9,11,.. say1
Oriintiistini  2+1, 3+2, 443, 5+4, bi¢ciminde parcalayarak sekil Oriitnsii
olusturmustur. Buna 6rnek Sekil 9°da verilmistir.
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Sekil 9
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TARTISMA VE SONUC

Oriintii, aritmetik ve cebir konular ile ilgili olmas1 bakimidan matematikte
yer alan 6nemli konulardan biridir. Alanyazin incelendiginde, Oriintiilerle yapilan
calismalarin 6grencilerin sayr yada sekil oriintiilerini genellemelerine odaklanildig:
goriilmektedir (Akkan, 2013; Amit ve Neria, 2008; Bishop, 2002; Cayir ve Akyliz,
2015; Jurdak ve Mouhayar, 2014; Lannin, 2005; Ozdemir, Dikici ve Kiiltiir, 2015;
Rivera ve Becker, 2008; Steele, 2008, Walkowiak, 2014). Oysaki 6grencilerin hem
cebirsel diisiinmelerine, hem de problme ¢6zme becerilerine potansiyel katkisi
bulunabilecek 6grencilerin say1 Oriintiilerini sekil Oriintiilerine ¢evirmelerine yonelik
olarak calismalarin ise olmadigr goriilmektedir. Bu nedenle bu calismada,
ogrencilere 3,5,7,9,11,.. biciminde bir lineer say1 Oriintiisii verilmis olup, bu say1
oOriintiisiine yonelik ne tiir sekil oriintiileri olusturduklar1 ve bunu yaparken de ne tiir
stratejiler kullandiklar1 ortaya konulmaya ¢alisilmistir.

Arastirmadan elde edilen sonuclara bakildiginda, ogrencilerin kendilerine
verilen say1 Orlintiisiine yonelik farkli sekil Oriintiileri olusturduklar1 ve bu sekil
Oriintiilerini  olusturuken de farkli stratejilere basvurduklart saptanmistir.
Ogrencilerin lineer olan say1 oriintiisiine ydnelik sekil oriintiileri olustururlarken
geometrik  yapilarin  yam1 sira, geometrik olmayan yapida kullandiklar
goriilmektedir. Ogrenciler agirlikli olarak geometrik yapilara yer vermislerdir. Bu
durum onlarin geometriye olan yatkinliklar ile aciklanabilir. Katilimeilar 3,5,7,9,11
say1r Oriintiisiinii  sekil Orilintiistine c¢evirirken Tablo 1’de belirtilen Oriintii
orneklerinden Tipl, Tip 3 ve Tip 7 Orintii 6rneklerini olusturmamis olup, 4
katilimer Tip 2, 2 katilimer Tip 4, 26 katilime1 Tip 5’in basasagi donmiis hali, 2
katilimer Tip 6, 1 katilmer Tip 8 ve 16 katilimci da Tip 9 Oriintii 6rnegini
olusturmuslardir. Ogrencilerin alanyazinda yer almayan sekil Oriintiileri
olusturduklar1 belirlenmistir. Ogrencilerin belli geometrik yapilar1 kullanip belli
sekil Oriintlileri olusturmalar1 onlarin Oriintii konusu ile ilgili olan deneyimleri ile
aciklanabilir. Bu nedenle 6grenciler geometrik olan ve olmayan yapilar1 kullanarak
farkl1 sekil oriintiileri olusturmalar1 konusunda motive edilmelidirler.

Katilimeilar sekil oriintiisii olusturmada basvurduklar: stratejiler hem gorsel,
hem de gorsel olmayan farkli stratejilerdir. Bu stratejiler, sayma stratejisi, sekil
belirleme+sayma, yinelemeli, ¢izme, belirgin ve sayilar1 parcalama stratejileridir.
Ogrenciler agirlikli olarak sayma stratejisini benimsemislerdir. Ogrencilerin belli
stratejilere yonelmelerinin sebepleri arastirilabilir.

Say1 oOriintiistine bagl olarak sekil Oriintiisii olusturmada Ogrencilerin bir
takim sorunlar yasadiklar1 belirlenmistir. Bu durum onlarin daha 6nceden boyle bir
calisma ile karsilasmamis olmalari ile agiklanabilir. Ileride yapilacak olan bu
calismaya benzer caligmalarda 6grencilere farkli say1 oriintiileri verilip farkli sekil
ortintiilerini olusturmalar1 konusunda motive edilmelidir.Bu konu ile ilgili yapilacak
olan caligmalarda, Ogrencilere tekrarlayan yada lineer olmayan sayr Oriintiileri
verilerek 6grencilerden bu sayr Orilintiilerine bagli olarak sekil Oriintiileri
olusturmalar1 ve sekil Oriintiilerini olustururken ne tiir stratejiler kullandiklar1 da
belirlenebilir.
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