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Arastirma Makalesi

Yakindan Uzaga, Saymadan Fonksiyona: Ortaokul Ogrencilerinin Genelleme Stratejilerinin
Evrimi

Ceylan Giiler'* Ozet: Bu arastirmada, ortaokul &grencilerinin lineer Griintii gorevlerini modellerken
Elif Canli® kullandiklar1 genelleme stratejilerinin simf diizeyleri baglaminda derinlemesine incelenmesi

amaclanmistir. Nitel arastirma yaklasimlarindan durum c¢alismasi deseniyle yiiriitiilen
Yozgat Bozok  Universitesi, aragtirma, iki agsamali olarak tasarlanmistir. Calismanin veri toplama siireci, 5, 6, 7 ve 8. simf
Egigﬁl R BFSkﬁ“m Matematik kademelerinde Ggrenim goren toplam 30 Sgrenciye uygulanan galisma kagitlari ve bu
. f,hm suler@yobu.edu.tr katlhm_cﬂar arasmdan _f'c_lrkh matematik bagar1 diizeylerme gore amaca uygun olarak secilen 11
*Corresponding Author ogrenciyle gerceklestirilen yart yapilandirilmig bireysel goriismelerden olusmaktadir. Elde

edilen veriler, alanyazinda Lannin (2005) tarafindan kavramsallastirilan genelleme stratejileri
teorik ¢ercevesi merkeze alinarak betimsel analiz yaklagimiyla ¢oziimlenmistir. Arastirma
bulgulari; 5. ve 6. simif dgrencilerinin Ortintiileri modellerken agirlikli olarak sayma, ¢izme,
yinelemeli iligki ve i¢eriksel stratejilere bagvurduklarini, buna karsin 7. ve 8. sinif 6grencilerinin
biligsel bir olgunlasma gostererek igeriksel ve dogrusal genelleme stratejilerine
yogunlastiklarini ortaya koymaktadir. Ozellikle iist simf kademelerindeki Ogrencilerin,
Gelis tarihi: 26.03.2025 oriintiilerdeki fonksiyonel iliskileri kesfetmeye ve formal kurallar olusturmaya yonelik ¢ok daha
Kabul tarihi: 29.05.2025 sistematik yaklagimlar gelistirdikleri tespit edilmistir. Ulasilan bu sonuglar, 6grencilerin erken
Yayim tarihi: 30.04.2026 donemden itibaren cebirsel diisiinme becerilerinin saglikli bir bicimde gelisebilmesi i¢in oriintii
temelli 6gretim siireclerinin her simif diizeyinin bilissel ihtiyacina uygun, farklilasan ve
zenginlestirilmis pedagojik stratejilerle desteklenmesi gerektigini gostermektedir.

2fsmail Dursun Anadolu Lisesi
91124921003 @ogr.bozok.edu.tr

énahtar Kelime: Cebirsel Diisiinme, Lineer Oriintiiler, Genelleme Stratejileri, Ortaokul
Ogrencileri.

GIRIS

Matematik; bilgiyi diizenleme, analiz etme, yorumlama, iiretme, tahminlerde bulunma ve problem
¢ozme siireclerini kapsayan, semboller ve sekiller iizerine insa edilmis evrensel bir dildir (Milli Egitim
Bakanligi [MEB], 2018). Bu evrensel dilin temel yapitaglarindan birini ise cebir olusturmaktadir (Otte vd.,
2015). Alanyazinda cebir kavrami, arastirmacilar tarafindan farkli perspektiflerle ele almmustir. Ornegin
Usiskin (1988) cebiri iliskileri anlama ve analiz etme arac1 olarak degerlendirirken; Mason (2008), onu kiiltiirel
bir {irlin ve bilgi biitiinii olarak tanimlamaktadir. Stirekli geligsim gdsteren bu kiiltiirel yapi, cebiri matematigin
dinamik bir alt disiplini haline getirmektedir (Sen & Giler, 2022). Bireylerin giinliik yasamda karsilastiklar
iligkileri ve problem durumlarini anlamlandirmalarinda, bu durumlara yonelik akil yiiriitmelerinde ve
diislincelerini ifade etmelerinde cebir kritik bir rol oynamaktadir. Bu dogrultuda cebir 6gretimi, matematik
Ogretim programlarinda 6grencilerin edinmesi gereken temel becerilerin merkezinde yer almaktadir (Park,
2021). Nitekim bu vurgu, 2024-2025 egitim-6gretim yilindan itibaren uygulanmaya baslanan ve “Tirkiye
Yiizyili Maarif Modeli” kapsaminda yeniden yapilandirilan Matematik Ogretim Programi’nda da giiglii bir
sekilde korunmustur. Yeni programda; dgrencilerin Oriintii, cebirsel ifade, denklem, esitlik ve iligskilendirme
gibi temel kavramlar1 kullanarak matematiksel akil yiiriitme ve genelleme becerilerini gelistirmeleri 6ncelikli
hedefler arasinda konumlandirilmigtir (MEB, 2024).

Ulusal (MEB, 2018) ve uluslararasi (6r. Common Core State Standards Initiative [CCSSI], 2010;
National Council of Teachers of Mathematics [NCTM], 2000) diizeydeki matematik 6gretim programlari
incelendiginde, 5-8. sinif kademelerinde cebir 6grenme alanina yonelik kapsamli kazanimlara yer verildigi
gorlilmektedir. Bu kazanimlar; say1 Oriintiilerinde istenilen terimi bulma, cebirsel ifadeleri anlamlandirma,
esitlik ve denklem kavramlarini tanima, birinci dereceden bir bilinmeyenli denklemleri ve ilgili problemleri
¢ozme, Ozdeslikler, dogrusal (lineer) denklemler, esitsizlikler ve iki degisken arasindaki dogrusal iligkilerin
incelenmesi gibi ¢ok ¢esitli bagliklar igermektedir (MEB, 2018). Ancak, ortaokul matematik programinda bu
denli genis bir yer tutmasina ragmen cebir, 6grenciler tarafindan ¢ogunlukla soyut ve anlasilmasi gii¢ bir alan
olarak algilanmaktadir (Greenes vd., 2001; Lee & Freiman, 2004).
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Ogrencilerin bu zorluklar1 asabilmeleri, cebiri sadece okul matematiginde yer alan sembolik bir konu
ve kazanim y18in1 olarak degil, spesifik bir diislinme bi¢imi olarak kavramalarima baglidir (Gowers vd., 2008).
Alanyazinda "cebirsel diisiinme" olarak adlandirilan bu kavram ile cebir, birbiriyle ayrilmaz bicimde i¢ ige
geemistir. Bu noktada Radford'un (2006) one siirdiigi “Cebirsel diisiinmeyi cebirden ayiran ozellikler
nelerdir?” sorusu 6nem kazanmaktadir. Driscoll (1999) cebirsel diisiinmeyi, “niceliksel durumlarla degiskenler
arasindaki iliskiyi acik bir bigimde ifade edebilme kapasitesi” seklinde tanimlar. Denklem, fonksiyon ve Oriintii
gibi kapsamli cebirsel nesneleri barindirmasi nedeniyle sinirlarini kesin olarak ¢izmenin zor oldugu bu kavram
(Radford, 2014); en temelinde cebirsel nesneleri matematiksel olarak yansitmanin 6zel bir bigimi olarak kabul
edilmektedir. Ortaokul diizeyinde bu nesneler merkeze alinarak tasarlanan 6gretim siirecleri, 6grencilerin
cebirsel diistinme becerilerinin gelisimine dogrudan katki saglamaktadir (Van de Walle vd., 2010). Bu
baglamda Blanton ve digerleri (2011), matematiksel yap1 ve iliskilerin ingasinda cebirsel diislinmenin
gelisimini saglayan "genelleme" ve "gerek¢elendirme" siireglerinin merkezi roliine dikkat ¢ekmektedir.

Bu teorik ¢erceveden hareketle mevcut ¢alismada, ortaokul 6grencilerinin lineer oriintiileri modellerken
bagvurduklar1 genelleme stratejilerinin derinlemesine incelenmesi amaglanmigtir. Aragtirma kapsaminda,
ogrencilerin farkli simif diizeylerinde, yakin adim ve uzak adim lineer Oriintii gérevlerine yaklagimlari analiz
edilerek strateji kullamimlarindaki farkliliklarin detayli bir sekilde ortaya konmasi hedeflenmektedir.

Kuramsal Cerceve

Bu béliimde, ¢aligmanin kuramsal dayanaklarini olusturan genelleme, genelleme stratejileri ve lineer
ortntiiler kavramlar ele alinmaktadir.

Cebirsel Diisiinmede Genelleme

Hawthorne (2016) genellemeyi dogustan gelen bir insan egilimi olarak tamimlamakla birlikte, bu
eylemin matematiksel yollarla gerceklestirilmesinin 6zel onemine dikkat ¢ekmektedir. Matematiksel ve
bilimsel kiiltiiriin siirdiiriilebilirligi, biiylik 6l¢iide bireylerin genelleme yapabilme becerisine baglidir (Otte
vd., 2015). Bu baglamda genelleme, cebirsel diisiinmenin en temel yapi taslarindan biri olarak kabul
edilmektedir (Lee & Karmiloff-Smith, 1996; Sfard, 1995). Kaput (2008) da cebirsel diisiinme siireclerinde,
daha formal ve sembolik genellemeler yapabilme ile farkli temsiller gelistirebilme becerisinin kritik roliinii
vurgulamaktadir.

Genellemenin bu merkezi konumuna ragmen, matematik 6gretiminde 6grencilere sunulan etkinliklerin
genellikle islem odakli oldugu ve derinlemesine matematiksel anlam olusturma firsatlarinin siirli kaldig:
goriilmektedir. Ornegin, oran-oranti konusundaki “5 kg elmanin toplam maliyeti 70 TL ise, 1 kilosu kag
TL’dir?” gibi rutin sorular, 6grencilerden yalnizca aritmetik islemleri dogru algoritmalarla uygulamalarini
beklemektedir. Oysa bu tiir problem durumlari, degiskenler ve nicelikler arasindaki iligkilere dair genelleme
yapma firsatlar1 sunacak potansiyele sahiptir (Lannin, 2005). Bu nedenle, matematik 6gretiminde 6grencilerin
degisen nicelikleri ve bu nicelikler arasindaki fonksiyonel iligkileri fark etmeleri, genellemeler yapmalar1 ve
bu yolla cebirsel diisiinme siireclerinin desteklenmesi biiyiik 6nem tagimaktadir.

Cebirsel diislinmenin salt cebir konularina indirgenmesi veya genellemenin yalnizca bir kurala ulagma
siireci olarak algilanmasi, 6grencilerin hem cebirsel diisiinme hem de genelleme becerilerinin geligimini
sekteye ugratmaktadir (Rittle-Johnson & Alibali, 1999). Dolayisiyla, cebirsel nesneler igeren zengin
matematiksel baglamlar sunularak, 6grencilerin farkl stratejileri ise kogsmak suretiyle genellemeye ulagsmalari
ve cebirsel diigiinme becerilerini gelistirmeleri hedeflenmelidir (Radford, 2006). Bu dogrultuda, 6grencilerin
genelleme yapma siire¢lerini destekleyen en giiglii 6gretim araglarindan biri riintiilerdir (NCTM, 2000).

Oriintiiler ve Genelleme Stratejileri

Oriintiiler; sayilarin, seslerin, sekillerin, nesnelerin ya da olaylarm belirli bir kural ve diizen iginde
siralanmastyla olusan yapilardir (Sen & Giler, 2022). Bu yapilar genel olarak iki ana grupta siniflandirilir:
Belirli bir tekrar biriminin ardisik olarak yinelendigi yapilara tekrarli riintiiler denirken, adimlar arasinda
diizenli bir artis ya da azalig sergileyen yapilara genisleyen oriintiiler ad1 verilmektedir (Olkun & Toluk-Ugar,
2004). Genisleyen oriintiiler hem say1 hem de sekil formatinda tasarlanabilir ve yapisal olarak lineer (dogrusal)
ya da kuadratik (ikinci dereceden) 6zellikler gosterebilirler. Lineer oriintiiler genellikle y=mx-+n bi¢cimindeki
dogrusal fonksiyonlarla tanimlanirken, kuadratik oriintiiler y=mx*+n gibi ikinci dereceden fonksiyonlara
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dayanmaktadir. Ortaokul matematik 6gretim programinda 6zellikle dogrusal denklemler ve lineer Oriintiilere
agirlik verilmektedir. Bu nedenle, mevcut ¢calismada da 6grencilerin biligsel gelisim diizeyleri ve programin
hedefleriyle uyumlu olarak lineer say1 ve sekil oriintiilerine odaklanilmigtir (MEB, 2018).

Lineer ortintiiler, 6grencilerin genelleme yapma becerilerini ¢cok yonlii olarak gelistirmelerine olanak
taniyan etkili araglardir. Bu baglamda Stacey (1989), 6grencilerin Oriintiiler iizerinde ulastiklar1 genellemeleri
yakin adim ve uzak adim olmak iizere iki boyutta tanimlamaktadir. Yakin adim genellemesi, Oriintiiyii bir veya
birka¢ adim daha ilerletmeye yonelik stratejileri igerirken; uzak adim genellemesi, Oriintiiye iliskin genel ve
kapsayici bir kural belirlemeyi ifade eder. Stacey, 6grencilerin bu genellemeleri yaparken yinelemeli strateji,
biitiine genisletme ve dogrusal strateji olmak iizere ii¢ temel yol izlediklerini ortaya koymustur. Yinelemeli
strateji, 0grencilerin bir dnceki adimdan hareketle bir sonraki terimi bulma egilimidir. Biitiine genisletme
stratejisinde ise Oriintlideki sabit artis miktar1 dogrudan istenen adimla orantisal olarak iliskilendirilerek
genellemeye ulagilir. Dogrusal strateji, 6grencilerin orlintli kuralim fonksiyonel bir yaklagimla, degiskenler
yardimiyla ifade etmelerini kapsar.

Bu temel siniflamanin yani sira Lannin (2005), genelleme stratejilerini belirgin ve belirgin olmayan
stratejiler seklinde iki ana grupta kavramsallastirmigtir. Sayma ve yinelemeli stratejiler belirgin olmayan
grupta yer alirken; biitiine genisletme, tahmin ve kontrol, igeriksel ve dogrusal stratejiler belirgin stratejiler
olarak tamimlanmistir. Sayma stratejisinde O6grenciler, Oriintiideki nesne veya terim sayisim tek tek sayarak
ardisik sonuca ulagirlar. Yinelemeli stratejide, adimlar arasindaki degismez artis miktar1 dikkate alinarak her
yeni terim bir dncekinin {lizerine eklenir. Biitline genisletme stratejisi, adimlar arasindaki farkin Oriintiiniin
temel kurali olarak varsayilip bu farkin dogrudan istenen adim sayisiyla iliskilendirilmesidir; 6rnegin 2-4-6-8-
... seklindeki bir orilintiide artig miktarinin 2 olarak belirlenmesi ve bu farkin 100. adim i¢in dogrudan
kullanilmas1 gibi. Tahmin ve kontrol stratejisi, dgrencilerin oOrlintii kuralina dair sezgisel Ongoriilerde
bulunarak bu éngériilerin dogrulugunu farkli adimlarda test etmeleri siirecidir. I¢eriksel stratejide riintii kurali
cebirsel degiskenler yerine aritmetik islemlerle ve cogunlukla sozel olarak ifade edilir; bir 6grencinin Oriintii
kuralim “ikiyle garp, sonra bir ekle” bigiminde tanimlamasi buna 6rnektir. Son olarak dogrusal strateji, elde
edilen kurallarin matematiksel semboller ve degiskenler kullanilarak fonksiyonel bir dille, 6rnegin 2n+1
seklinde ifade edilmesidir.

YONTEM

Bu arastirmada, ortaokul &grencilerinin lineer oOriintiileri modellerken kullandiklar1 genelleme
stratejilerini derinlemesine incelemek amaciyla nitel aragtirma yaklasimlarindan durum galigmasi deseni
benimsenmistir. Durum g¢aligmasi, belirli bir durumu veya olguyu kendi dogal baglami i¢inde, sinirlar1 kesin
hatlarla belirgin olmayan baglamlarda ayrintili ve kapsamli bi¢imde irdelemeye olanak saglayan bir aragtirma
yontemidir. Arastirma kapsaminda, farkli siif kademelerindeki 6grencilerin yakin adim ve uzak adim Oriintii
gorevlerine yaklagimlarinin ve kullandiklar stratejilerin karsilagtirmali olarak incelenmesi hedeflendiginden,
aragtirmanin temel tasarimi olarak biitlinciil ¢oklu durum deseni tercih edilmistir. Bu desen, birden fazla
durumun bir biitiin igerisinde derinlemesine ele alinmasina ve durumlar arasi karsilagtirmali analizler
yapilmasina imkan tanimaktadir (Yin, 2003).

Katilimcilar

Aragtirmanin ¢aligma grubunu, bir devlet ortaokulunun 5, 6, 7 ve 8. smiflarinda 6grenim gérmekte olan
ogrenciler olusturmaktadir. Arastirma stireci, problemin farkli boyutlariyla ve derinlemesine incelenmesini
miimkiin kilmak amaciyla iki asamali olarak kurgulanmustir. ilk asamada, farkli simf diizeylerini temsil eden
toplam 30 dgrenciye lineer oriintii gdrevlerinden olusan yazili veri toplama araclari uygulanmistir. Ikinci
asamada ise bu Ogrenciler arasindan belirlenen ve matematik basar1 diizeyleri agisindan farklilik gosteren 11
Ogrenciyle bireysel goriismeler gergeklestirilmistir. Nitel aragtirmalarda, incelenen olgunun detayli bigimde
anlagilabilmesi ve farkli boyutlarinin yansitilabilmesi i¢in, durumu temsil eden Orneklerin amaca hizmet
edecek sekilde bilingli olarak secilmesi biiyiikk onem tasimaktadir (Stake, 2005). Bu teorik gerekceden
hareketle arastirmada amaclh 6rnekleme yontemine bagvurulmustur. Siirecin birinci asamasinda katilimcilarin
farkli biligsel ve 6gretim kademelerini temsil edebilmeleri i¢in sinif diizeyindeki farkliliklar dikkate alinirken;
ikinci agsamada ise genelleme stratejilerindeki olas1 farkliliklar1 zengin bir bigimde ortaya koyabilmek adina
matematik basari diizeylerindeki ¢esitliligin saglanmasi temel Slgiit olarak gozetilmistir.
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Tablo 1

Birinci Asamadaki Katilimer Ozellikleri

- Cinsiyet
Smif diizeyi Kadm Y Erkek Toplam
5 2 6 8
6 3 3 6
7 5 4 9
8 4 3 7
Toplam 14 16 30

Aragtirmanin birinci agamasinda yer alan toplam 30 katilimcinin sinif diizeylerine gére dagilimi Tablo
1’de sunulmustur. Ilgili veriler incelendiginde; alisma grubunda 5. siifta 6grenim goren sekiz, 6. smifta alti,
7. smifta dokuz ve 8. sinifta yedi 6grencinin yer aldigi goriilmektedir. Birinci agamadaki bu katilimc1 havuzu
igerisinden, farkli matematik basar1 diizeylerini temsil edecek bicimde amagli olarak segilen ve aragtirmanin
ikinci agsamasindaki bireysel goriismelere dahil edilen 11 6grenciye iliskin detayli bilgiler ise Tablo 2’de
verilmistir.

Tablo 2
Tkinci Asamadaki Katilimer Ozellikleri

Simif Diizeyi Katihma Cinsiyet Matematik Basar1 Diizeyi
5 01 Erkek Iyi
02 Erkek Orta
03 Erkek Orta
6 04 Kadin Orta
05 Erkek Iyi
06 Erkek Iyi
7 07 Kadin Orta
08 Kadin 1yi
(:)9 Erkek 1yi
8 010 Erkek fyi
Ol1 Kadin Orta

Ilgili tablo, ikinci asama calisma grubunun farkli sinif kademelerinde dgrenim goren ve kendi
kademesi igerisinde ¢esitli matematik basar diizeylerine sahip 6grencilerden olusturuldugunu gostermektedir.
Verilerin analizi ve bulgularin sunumu siirecinde, bu 6grencilerle gergeklestirilen bireysel goriismelerden elde
edilen yanitlara yonelik dogrudan alintilara yer verilmistir. Arastirma etigi ve katilimei gizliliginin korunmasi
ilkesi geregince 0grencilerin gergek kimlik bilgileri sakli tutulmus; bunun yerine her bir katilimer S1, S2, ...,
S11 bigiminde kodlanarak isimlendirilmistir.

Veri Toplama Araclan

Aragtirma kapsaminda veri toplama siireci iki asamali olarak yiiriitiilmiistiir. {lk asamada, 6grencilerin
lineer oOrilintiileri modellerken bagvurduklar1 genelleme stratejilerini belirlemek amaciyla arastirmacilar
tarafindan gelistirilen ¢alisma kagidi (Ek-1) kullanilmigtir. S6z konusu veri toplama araci, yakin ve uzak adim
oriintii sorularint igeren toplam dort gorevden (iki sayr ve iki sekil oriintiisii) olusmaktadir. Hazirlanan
gorevlerin igerik ve kapsam gecerligi iki matematik egitimi uzmaninin gériislerine sunulmus, alian doniitler
dogrultusunda gerekli revizyonlar yapilarak araca son sekli verilmistir.

Ikinci asamada ise nicel araglarla elde edilen bulgulari derinlestirmek ve grenci yamitlarinin arkasinda
yatan biligsel siirecleri anlamlandirmak iizere yar1 yapilandirilmis bireysel goriismeler gergeklestirilmistir. Bu
gorlismeler, 6grencilerin ¢alisma kagitlarindaki ¢6ziim adimlarina dair diiglinme bi¢imlerini daha ayrintih
ortaya koymak amaciyla tasarlanmistir. Goriigme siiresince katilimcilara driintiideki belirli bir adimi nasil
bulduklari, tercih ettikleri stratejiyi neden kullandiklar1 ve alternatif olarak hangi ¢6ziim yollarim
izleyebilecekleri gibi derinlestirici sorular yoneltilmistir. Veri kaybini onlemek ve analiz siirecinin
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giivenirligini saglamak amactyla yaklasik 40 dakika siiren bu goriismeler, katilimcilarin onay: alinarak ses
kayit cihazi ile kay1t altina alinmustir.

Veri Analizi

Calismada, ¢alisma kagitlar1 ve bireysel goriismeler aracilifiyla toplanan verilerin ¢dzlimlenmesinde
betimsel analiz yaklasimi benimsenmistir. Merriam (1998), alanyazinda yer alan ve dnceden belirlenmis
tematik cergeveler dogrultusunda yliriitilen analiz siireclerini betimsel analiz olarak tanimlamaktadir.
Aragtirmanin genel veri analiz semasi Sekil 1’de sunulmustur.

Sekil 1

Calismanin Veri Analiz Semas

Genelleme Stratejileri
Literatiir Taramasi

) ( o . 3
' (;ahsrrll.a "yapr'ak%ar'l' ve | | Smuf ve dgrenci Transkript ctme
| Bireysel goriisleri ¢6ziimleme ) | temelli dosyalama )
s A ( ) Anali
Baslama —] Veri setini okuma 4{ nallz semasi ]
L L ) olusturma
( )
Kodlama
f . . ) > g Veriyi aktarma-
\ Gorsellestirme ) Temalara ulasma ) . MAXQDA
l Capraz kodlama
( ) \ J
Yorumlama
\. J
—
Raporlastirma
\ J

Bu teorik yap1 dogrultusunda, oncelikle lineer oriintiilerdeki genelleme stratejilerine iliskin kapsamli
bir literatiir taramasi gerceklestirilmis ve Lannin (2005) tarafindan kavramsallastirilan genelleme stratejileri,
temel veri analiz ¢ergevesi olarak belirlenmigtir. Toplanan veriler; ilk asamada arastirmanin genel amaci ve
sinif diizeyleri merkeze alinarak, ikinci asamada ise smif ve 6grenci temelli olacak sekilde tasnif edilip
dosyalanmigtir. Dosyalanan ¢alisma kagitlar1 ve bireysel goriisme ses kayitlar1 yazili metne donistiiriilerek
transkript edilmis; elde edilen dokiimler bastan sona okunarak genel bir asinalik saglandiktan sonra analiz
edilmek lizere MAXQDA nitel veri analizi yazilimina aktarilmistir. Veriler, program araciligiyla dnceden
belirlenmis olan genelleme stratejileri ¢ergevesinde kodlanmistir. Kodlama siirecinin giivenirligini saglamak
amaciyla, arastirmacinin analizlerine paralel olarak matematik egitimi alaninda uzman bir akademisyen
tarafindan bagimsiz capraz kodlamalar gergeklestirilmistir. Ogrencilerin yanitlarindan elde edilen 6rnek
kodlamalar Tablo 3’te detaylandirilmistir. Kodlama isleminin tamamlanmasinin ardindan elde edilen bulgular
dogrultusunda nihai temalara ulasilmistir. Belirlenen temalar, MAXQDA programinin sundugu gorsel araglar
yardimiyla haritalandirilarak yorumlamaya ve raporlagtirmaya hazir hale getirilmistir. Hazirlanan bu gorsel
yapilar, dogrudan 6grenci alintilariyla zenginlestirilerek aragtirmanin bulgular boliimiinde sunulmustur.
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Tablo 3
Ornek Kodlamalar
Tema Kod Ornek Kodlama
O1:
Modelleme

E)
5
S - )
7! Sayma 07: 3. giin 26, 4. giin 35, 5. giin 44, 6. giin 53, 7.glin 62 TL olur.
o
E) Yinelemeli O1: 9 art, 9 art, 9 art1 diye gidebilirim.
5
g Biitiine genisletme  O5: 5’er 5’er arttig1 igin x5 yaptim.

Tahmin Kontrol 09: 0x5=0, 0+3=3 cm. 1x5=5, 5+3=8 cm. 2x5=10, 10+3=13 oluyor.
Dogrusal 010: 9x-1, x giin say1si
Igeriksel O11: 7x5=35, 35+3=38 olur.

Arastirmanin Etik Izinleri

Aragtirmanin veri toplama silirecine baglanmadan oOnce, c¢alismanin etik ilkelere uygunlugunun
degerlendirilmesi amaciyla Yozgat Bozok Universitesi Sosyal ve Beseri Bilimler Etik Kurulu’na resmi
bagvuru yapilmistir. ilgili kurulun 20.09.2023 tarihli, 161824 evrak kayit ve 06/25 numarali karar ile
arastirmanin etik kurallara tam uygunluk tasidigi degerlendirilmis ve gerekli uygulama izinleri alinmistir.

BULGULAR

Caligmanin bu bolimiinde; ortaokul Ogrencilerinin lineer oriintiilere dayali yakin ve uzak adim
gorevlerinde kullandiklar1 genelleme stratejileri, sinif diizeyleri baglaminda ayr basliklar altinda ele alinarak
detayli bigimde raporlastirilmisgtir.

Besinci Siif Diizeyindeki Ogrencilerin Genelleme Stratejilerine iliskin Bulgular

Besinci smif Ogrencilerinin lineer Oriintiilerdeki yakin ve uzak adim gorevlerinde kullandiklar
genelleme stratejileri Sekil 2°de sunulmustur.

Sekil 2

Besinci Sinif Ogrencilerinin Lineer Oriintiilerdeki Yakin Adim ve Uzak Adim Gérevierinde Kullandiklar:
Genelleme Stratejileri

@] ]

Yinelemeli iliski (15) Tahmin kontrol (1)

| | g

] —— @] Lineer Oriintii Gorevleri e ]J— Gl

o]

Iceriksel Strateji (1)

Sayma (1)
Biitiine genisletme (8) Yakin adim (0) Uzak adm (0)
] CHl Biitiine genisletme (8)
Sayme () Yinelemeli fliski (9)

Cizme (4)

Sekil 2 incelendiginde, 5. simif dgrencilerinin yakin adim goérevlerinde Oriintii kuralim1 genellerken
sirasiyla yinelemeli iliski (n=15), biitiine genisletme (n=8), sayma (n=7) ve ¢izme (n=4) stratejilerini
kullandiklar gériilmektedir. Bu 6grencilerin uzak adim gorevlerinde oriintii kuralim1 bulma siireglerinde ise
yinelemeli iliski (n=9), biitiine genisletme (n=8), sayma (n=1), tahmin-kontrol (n=1) ve igeriksel (n=1)
genelleme stratejilerine bagvurduklar anlagilmaktadir. Bu bulgular, 5. sinif 6grencilerinin yakin ve uzak adim

826



Ceylan Giler, Elif Canli

ortintli kurallarimi genellerken biiyiik oranda benzer stratejiler kullandiklarina isaret etmektedir. Ancak bu
benzerligin yam sira, uzak adimi genellemede yinelemeli stratejinin yakin adima kiyasla daha az tercih
edildigi; uzak adim genellemelerinde yakin adimdan farkli olarak tahmin-kontrol ve igeriksel stratejilerin de
stirece dahil edildigi dikkat ¢cekmektedir.

Ogrencilere uygulanan "duvar siisleme" sekil driintiisii gdrevinde, katilimcilardan yakin adim olan 7.
adimdaki ve uzak adim olan 100. adimdaki fayans sayilarmi bulmalar1 istenmistir. Bu goreve iliskin O1 ve 02
kodlu 6grencilerin ¢6ziim ve agiklamalar1 Tablo 4’te sunulmustur.

Tablo 4

O1 ve O2 'nin Duvar Siisleme Gorevine Iliskin Coziim ve A¢iklamalart

Agiklama Cozim

O1: 7. adim1 bulurken sdyle yaptim: Her bir adimda 2’ser 2’ser gidiyor. O
yiizden 7x2 yaptim 14 buldum. Ama fayanslar1 c¢izdigimde cevabi 13
buluyorum. 100 adimda ise aklim karigsmasin diye fayanslari ¢izerek gitmistim
ama daha sonra 2x100=200 yaptim. Bu sekilde buldum.

02: Ilk basta ekleme yaparak fayanslart ¢izdim. Sonra oOriintii yakaladim.
l.adimda 1 tane, 2. adimda 3 tane, 3. adimda 5, 4. adim 7, 5. adim 9, 6. adim > ‘
11, 7. adim 13 fayans olur. 100. adim igin ekleme yaparak gitmek ¢ok uzun / o ~/
stirer. Ne yapsam da kisa yoldan 100. advmi bulsam diye diisiiniiyorum...100

ile 2’yi ¢carpabilirim. S, + 9

We g la

Duvar siisleme sekil oriintiisiine yonelik 6grenci yanitlar incelendiginde; yakin adim olan 7. adimdaki
fayans sayisina ulagmak igin O1’in tekrar birimini (+2) belirledigi, ardindan bu birimi 7. adima genisleterek
"biitiine genisletme" stratejisini kullandig1 anlagilmaktadir. O2’nin ise yinelemeli bir yaklasimla tekrar birimini
ardisik bicimde devam ettirerek sonuca ulastig1 goriilmektedir. Ayrica her iki 6grencinin de bu yakin adim
gorevinde Oncelikle "¢izme" stratejisini kullandiklari, ancak uzak adimi (100. adim) bulma gorevinde ¢izerek
ilerlemenin uzun siirecegini fark edip bu stratejiden vazgegerek daha kisa bir yol arayisina girdikleri
anlagilmaktadir. Uzak adimi bulma siirecinde ise her iki 6grencinin de benzer bir zihinsel siireg isleterek tekrar
birimini (+2) uzak adima dogrudan genislettikleri (x2) goriilmektedir. Ne var ki, her iki 6grencinin de bu
biitiine genigletme isleminin ardindan Griintliniin baglangictaki artma/azalma sabitini ihmal ederek hatali bir
genellemeye ulastiklar dikkat ¢ceken bir bulgudur.

Bir diger sekil oriintiisii olan "¢am agaci olusturma" gorevinde de 6grencilerden yakin (7. adim) ve uzak
(100. adim) adimlardaki kibrit ¢6pii sayilarini bulmalari istenmistir. O1 ve O2’nin bu siirece iliskin ¢dziim ve
aciklamalar1 Tablo 5°te sunulmustur.

Tablo 5

OI ve O2’nin Cam Agact Olusturma Gérevine Iliskin Coziim ve Ac¢iklamalar:

Agiklama Cozim

O1: Kibritleri saydim; 5-8-11. Her adimda 3 tane artiyor. Bu sayede 7. adimi
7x3=21 buldum. 7. adimdan 100. adima kadar 93 adim var. Her adimda 3
kibrit ¢opii artryorsa 93x3=279 buldum.
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Tablo 5 (Devam)

02: Teker teker yazdim sonra ii¢ ekledim. Ucgende ii¢ tane kibrit ¢copii oldugu ’)J_
icin 3’er 3’er arttirarak 7. adimi buldum. Her seferinde 3 ’er 3 er arttigi igin 20
100. adimi; 100x3=300 bulurum. Ama fazla geldi ikiye bélerim. istugaistur. G

_1‘,,\; I

Tablo 5 incelendiginde, yakin adim gorevinde O1°in adimlardaki kibrit ¢opii sayilarmi belirleyerek sekil
Orlintiisiinii say1 Oriintiisiine doniistlirdiigii, ardindan belirledigi tekrar birimini (+3) 7. adima tagiyarak "biitline
genisletme" stratejisini ise kostugu goriilmektedir. O2’nin ise 3. adimdaki kibrit ¢pii say1sini ritmik bicimde
artirarak 7. adima ulasti1 ve "sayma" stratejisini kullandig1 anlasiimaktadir. Uzak adim gérevinde ise O1, 7.
adimdan 100. adima kadar olan aralik sayisini (93) bularak bunu artig miktariyla ¢arpmis; bdylece formal bir
kural olmaksizin probleme 6zgii aritmetik adimlarla "igeriksel" genelleme stratejisini kullanmistir. O2 ise
tekrar birimini dogrudan 100. adima genigleterek (100x3 = 300) "biitiine genisletme" stratejisini kullanmisg,
ancak hatal bir varsayimla sonuca ulagmaya ¢aligmistir.

Altinc1 Simf Diizeyindeki Ogrencilerin Genelleme Stratejilerine iliskin Bulgular

Altmer simf diizeyindeki 6grencilerin Oriintii gorevlerinde kullandiklar1 genelleme stratejileri Sekil
3’te sunulmustur.

Sekil 3

Altinct Sinif Diizeyindeki Ogrencilerin Lineer Oriintiilerdeki Yakin Adim ve Uzak Adim Gérevierinde
Kullandiklart Genelleme Stratejileri

] ]

Yinelemeli (23) Dogrusal Stratcji (1) ]
‘ Tahmin kontrol (5)

Igeriksel (13)
| rd

|
@] il Lineer Oriintii Gérevleri| ] ]

Sayma (11) Yakm adm (0) Wt () wgmmme ;
P \ ]
CHl Sayma (4)
Cizme (4) — e

Yinelemeli (29) Ieriksel Starteji (18)

Biitiine genisletme (1)

Sekil 3 verileri dogrultusunda, 6. sinif 6grencilerinin yakin adim gorevlerinde en sik "yinelemeli iligki"
(n=23) stratejisine bagvurduklari; bunu sirasiyla iceriksel (n=13), sayma (n=11), ¢izme (n=4) ve biitline
genigletme (n=1) stratejilerinin izledigi goriilmektedir. Uzak adim ¢aligmalarinda ise 6grencilerin yinelemeli
iligki (n=29), iceriksel (n=18), biitiine genisletme (n=5), tahmin-kontrol (n=5), sayma (n=4) ve dogrusal (n=1)
stratejileri kullandiklar tespit edilmistir. Bu baglamda, 6. sinif 6grencilerinin uzak adim gorevlerinde yakin
adimdan farkl olarak "tahmin-kontrol" ve "dogrusal" stratejileri repertuarlarina kattiklari, buna karsin "¢izme"
stratejisini terk ettikleri anlagilmaktadir.

Ogrencilere sunulan lineer 6riintii gdrevlerinde yer alan fidan sorusuna iliskin O5’in yakin adim ve uzak
adim 6rnek ¢aligmasi agagida sunulmus bu baglamda degerlendirilmistir.
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Sekil 4
a) Yakin Adim-Sayma Genelleme Stratejisi, b) Uzak Adim-Igeriksel Genelleme Stratejisi

O hef e 217 0.53= S0
[ ‘! . ‘A e ;ﬁ’;;
¥

BTN
(=4

%

Veri toplama araclarinda yer alan "fidan uzama" problemine iliskin 6grenci yaklasimlar1 bu durumu
somutlastirmaktadir. Arastirma katilimeilarindan O35, s6z konusu problemin yakin adim (7. hafta) ¢oziimiinde
"Baslangicta 3 cm, 1. hafta 8 cm, 2. hafta 13 cm olmusg. 5 er 5 er arttigi igin 13 ’iin iistiine 5 ekleyerek devam
ettim, 7. haftayr 38 cm buldum" diyerek artis miktarimi ardisik bigcimde eklemis ve "sayma" stratejisini
kullanmistir. Ayni 6grenci uzak adimi (100. hafta) hesaplarken ise bu stratejiyi birakmis; "Carparak daha
kolay olur... 5'er S'er arttigi i¢in 100x5 = 500, baslangicta 3 cm oldugu igcin 500+3=503 cm olur"
aciklamasiyla, cebirsel bir sembol kullanmadan aritmetik islemlere dayali "igeriksel" genelleme stratejisini
sergilemistir. Ote yandan ayn1 fidan problemi icin O3, her iki adimda da iceriksel stratejiyi benimsemistir. O3
yakin adim igin, "7. haftadan 2. haftay: ¢ikarttim 5 hafta kaldr. 5x5 = 25 cm uzar. 2. hafta boy uzunlugu 13 cm
oldugu i¢in 25+13=38 cm olur" derken; uzak adim icin de "100. haftadan 7. haftayr ¢ikarttim 93 hafta oldu.
93x5 = 465 artis olur. 465+38 = 503 cm buldum" seklinde akil yiiriitmiistiir. O3'iin formal bir Sriintii kurali
inga edememesine ragmen problemi kendi i¢ baglami ve aritmetik iligkiler iizerinden hatasiz ¢ozebilmesi,
iceriksel stratejinin etkili kullanimima 6nemli bir 6rnektir.

Altiner sinuftaki 6grencilerin farkli gorevlerdeki strateji esneklikleri, "duvar stisleme" gérevi baglaminda
da incelenmis; O3, O4 ve O5'in yakin adim ¢dziimleri Tablo 6' da, uzak adim c¢dziimleri ise Tablo 7'de
detaylandirilmustir.

Tablo 6
03, 04 ve O5’in Duvar Siisleme Yakin Adim Gérevine Iliskin Coziim ve A¢iklamalar:

Agiklama Coziim

03: Her bir adimda 2 fayans artiyor. Ben burada
fayanslart 2’ser arttirarak c¢izdim. Sonra teker teker

saydim, cevabt 15 buldum. Ama yanhs saymisim. 4. S Zadt
adimda 7 olmaliydi ben 8 tane ¢izmisim. Dogru cevap 13
olmal.

04: 7. adimda 13 olur. Her bir adimda fayans sayis: 2 ’ser
2’ser artyor. 3. adimda 5 fayans kullanilmis o zaman 4.
adim 7, 5. adim 9, 6. adim 11, 7. adim 13 fayans olur.

05: Ustiine 2 eklemis. 4. adim 7, 5. adim 9, 6. adim 11, 7.
adimda 13 olur. 2’ser arttig i¢in 7x2=14 fayans olur a la ka¢ ad
dedim. Sonra 1. adimdaki fayans sayisimi ¢ikarttim. 13 72 ‘/)"':2/ ,~

buldum. 0y

Yakin adimi bulma gérevinde O3'iin modelleme yaparak nesneleri tek tek saydigi ve "gizme" stratejisini
ise kostugu; O4'iin ise tekrar birimini (+2) belirledikten sonra ardisik eklemelerle ilerleyerek "sayma"
stratejisini kullandig1 gériilmektedir. O5 ise baslangicta yinelemeli bir yaklasim izlese de ulastigi tekrar
birimini istenen adimla c¢arparak (7x2 = 14) ve baslangic degerini diizenleyerek cebirsel sembol
kullanmaksizin "igeriksel" stratejiyi tercih etmistir. Bu 6grencilerin uzak adim yaklasimlar1 Tablo 7'de ele
almmustir,
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Tablo 7

O3 ve O5’in Duvar Siisleme Uzak Adim Gérevine Iliskin Coziim ve Aciklamalar:

Agiklama Cozim

03: 7. adimdan 14. adima gittim. 7. adimda 15 fayans vardi 14.adimda 30
oluyor. Sonra 21. adima gittim 60 oluyor. Bu sekilde 49. adima kadar
gittim.49. adim 180 fayans oldu. 50. adim ise 180+2= 182 oluyor. 100. adim R
i¢in 50°nin 2 katim alirim. 364 olur. Samirim yanls oldu. Soyle yapsam her ] p
bir adimda 2 fayans artiyorsa ve 100. adim isteniyorsa 100-3=97, 97x2=194 90
artig olmasi gerekir. 3. adimda 5 fayans vardi o zaman 194+5=199 oluyor. '
Simdi dogru oldu. Bunu cizerek de bulabiliriz ama fazla zaman alir.

O5: Kagincr adimi sorarsa hep ‘adim sayisix2’ ve sonucun bir eksigi olur. 0 2 <12 {ge
Burada da 100. adimi sormug. 100x2=200-1=199 olur. =<

Uzak adim gérevinde O3, yakin adimdaki referans noktalarindan yola ¢ikarak "biitiine genisletme"
stratejisini uygulamustir. Calismada yer alan O4 ise (tabloda yer almamakla birlikte gériismelerde); 7. adim:
sayarak 14 bulmustum. 7x2 yaparsam da 14 oluyor. Ama 13 olmus yani 1 eksiltmis... 100. adim i¢in de 100 x2
= 200, 200-1=199" diyerek girdi-¢cikti degerleri arasindaki Oriintiiyii "tahmin-kontrol" stratejisiyle
¢oziimlemistir. O5 ise durumu tamamen fonksiyonel bir baglama tastyarak 2n-1 bigiminde sdzel bir denklem
("adim say1s1x2 - 1) formiile etmis ve dogrudan "dogrusal" genelleme stratejisini kullanmustir.

Yedinci Simif Diizeyindeki Ogrencilerin Genelleme Stratejilerine liskin Bulgular

Yedinci smif 6grencilerinin yakin ve uzak adim gorevlerinde kullandiklar1 genelleme stratejileri Sekil
5’te sematize edilmistir.

Sekil 5

Yedinci Simif Diizeyindeki Ogrencilerin Lineer Oriintiilerdeki Yakin Adim ve Uzak Adim Gérevierinde
Kullandiklart Genelleme Stratejileri

c] ]

iceriksel (14)Y1nclcmch 27 @]

Biitiine genigletme (3) @
Dogrusal (16) \\ . ’ ; :

/ Yinelemeli (14)
e ]— — ]Lmeer Oriintii Gorevlerl\ —(@]
Sayma (6) s Yakln adm (0) Uzak adim (0) \

a /

Biitiine genisletme (1)
@] ] ]

Tahmin kontrol (2) Cizme (2) Dogrusal (23)

G

Iceriksel (16)

Sekil 5 incelendiginde, 7. simif 6grencilerinin yakin adim problemlerinde en sik "yinelemeli iligki"
(n=27) stratejisini kullandiklari; bunu sirasiyla dogrusal (n=16), iceriksel (n=14), sayma (n=6), ¢izme (n=2),
tahmin-kontrol (n=2) ve biitiine genigletme (n=1) stratejilerinin takip ettigi goriilmektedir. Uzak adimda ise
yapisal bir degisim gozlenmis ve "dogrusal" genelleme stratejisi (n=23) en ¢ok tercih edilen yontem olmustur.
Bunu igeriksel (n=16), yinelemeli iliski (n=14) ve biitiine genisletme (n=3) stratejileri izlemistir. Ogrencilerin
sayma, ¢izme ve tahmin-kontrol stratejilerini yalmzca yakin adim gorevlerinde kullanip uzak adimlarda
tamamen terk etmeleri, sayisal degerler biiylidilkkge daha formel ve kurala dayali diisiinme ihtiyaci
hissettiklerinin 6nemli bir gostergesidir.

Ogrencilere yoneltilen "para biriktirme" (say1 Oriintiisii) gorevinde de bu zihinsel gegis net bir sekilde
izlenebilmektedir. 06, O7 ve O8'in bu goreve ait yakin adim agiklamalar1 Tablo 8’de sunulmustur.
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Tablo 8
06 ve O8’in Para Biriktirme Yakin Adim Gérevine Iliskin Coziim ve Aciklamalar:

Agiklama Coziim

06: 7. giin kumbaraya attigi para miktarim sormus. Birinci giin
86 atms. Ikinci giin 176 atmis. Bu sekilde devam etmis. (n.9-1)
Jformiiliinden yapacagiz.7 ile 9 u ¢arpip bir eksiltirim 62 olur.
Kurala séyle ulastim, 1. giin 8 den 9 'u ¢ikardim -1 buldum. 9’u
da her giin 9 ar arttig1 icin yazdim.

08: 1. giin kumbarasina 8b, 2. giin 17b atmis. Yani her giin para
miktar1 9% artnus. lk terime ulasmak icin suraya -1 yazdim
(n.9-1 kuralin1 gosteriyor). Buraya 7 yazarim (n ifadesini
gosteriyor) ¢iinkii 7. giinii sormus. 9x7=63 olur. 63-1=62 olur.

0Lz g

A = 1 X I 5 - —

Int3 (20412 Zh+27 77«—:7 Bor 2 B3 A, =, B 5
52 8 2 25 25 LA

O7: Ben de ilk énce kural olusturmaya ¢alistim. 8’den ne ¢ikarrsak 3 bulabilirim diye diisiindiim. Ama hepsi
ayni olacakti. Kurali bulamadim. Sonra sayarak yaptim.1. giin 8, 2. giin 17, 3. giin 26, 4. giin 35, 5. giin 44, 6.
gtin 53, 7.giin 62 oldu.

Tablo 8 degerlendirildiginde, O6 ve O8’in artis miktarini (+9) saptadiktan sonra birinci terime gdre
sabiti belirleyip 9n-1 fonksiyonel kuralim iirettikleri ve bdylece "dogrusal" genelleme stratejisini basariyla
uyguladiklar1 saptanmistir. Buna karsin O7, formel kural bulma girisiminde basarisiz olunca vazgegmis ve
terimleri ritmik bigcimde ileri tagiyarak "sayma" stratejisine donmiistiir. Ayn1 problemin uzak adim (100. giin)
siirecinde ise O6 ve O8 olusturduklar1 9n-1 kuralim basariyla isleterek (30x9 = 270, 270-1=269 TL) dogrusal
stratejiyi stirdiirmiislerdir. Yakin adimda "sayma" stratejisini kullanan O7 ise uzak adimda saymanin zorlugunu
fark edip strateji degistirmis; "kumbaraya atilan para her giin 9’ar 9’ar artmig. O zaman 30 ile 9’u ¢arparim"
diyerek "biitiine genisletme" stratejisini denemistir. Ancak artma miktarini bastaki sabitle iliskilendirmedigi
igin hatali bir sonuca varmustir.

Sekizinci Simf Diizeyindeki Ogrencilerin Genelleme Stratejilerine Iliskin Bulgular

Sekizinci smif diizeyindeki Ogrencilerin lineer Oriintiilerdeki gorevlere yaklasimlari Sekil 6’da
Ozetlenmistir.

Sekil 6

Sekizinci Simf Diizeyindeki Ogrencilerin Lineer Oriintiilerdeki Yakin Adim ve Uzak Adim Gorevlerinde
Kullandiklart Genelleme Stratejileri

]
] Iceriksel (37)
Yinelemeli (18)

]

Yinelemeli (1)
]
. . S : : ‘ i Tahmin kontrol (3)
————————— (@] — |Lineer Oriintii Gorevlerl\ ]
DOg['l]Sﬁl (16) _— Yakm adim (0) Uzak adim (O) \

//
Dogrusal (16)

Tahmin kontrol (10) ~ //

e & @]

Sayma (2) Cizme (1) Igeriksel (18)

Sekil 6 incelendiginde, 8. sinif 6grencilerinin yakin adim gérevlerinde en sik "igeriksel" (n=37) stratejiyi
tercih ettikleri; bunu yinelemeli (n=18), dogrusal (n=16), tahmin-kontrol (n=10), sayma (n=2) ve ¢izme (n=1)
stratejilerinin izledigi tespit edilmistir. Uzak adim goérevlerinde ise yelpazenin daraldig1 ve 6grencilerin daha
iist diizey stratejiler olan igeriksel (n=18) ile dogrusal (n=16) stratejilere yogunlastiklari; bunun diginda ¢ok
siirl diizeyde tahmin-kontrol (n=3) ve yinelemeli (n=1) stratejilerin kullanildig1 saptanmustir. Ozellikle
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sayma ve cizme stratejilerinin uzak adimda tamamen birakilmasi, biligsel gelisimin bir yansimasi olarak
degerlendirilebilir.

Bu sinif diizeyinde "¢am agac1" (sekil oriintiisii) gorevine verilen yanitlar, stratejilerin nasil isletildigine
dair iyi birer 6rnektir. Yakin adim igin O9, deneme-yanilma yoluyla bir fonksiyon olusturmaya galismus; "/.
adimda 5 tane, 2. adimda 8 tane... 3x+5 olur. 3x1 = 3, 3+5=8 olmadi... O zaman 3x+2 olur... 7x 3 = 21 ve
21+2=22 (islem hatas1)" ifadeleriyle "tahmin-kontrol" stratejisini sergilemistir. Aym gorev igin O10 ise artis
miktarindan yola ¢ikarak dogrudan cebirsel iliskiyi kurmus; "Kibrit ¢opleri 3 ’er 3 er artmis. 1. adim igin 3x1
= 3 olur ama 1. adimda 5 tane var. O halde +2 derim. Oriintiiniin kurali 3x+2 olmali” diyerek "dogrusal"
stratejiyi basarili bicimde kullanmistir. Uzak adim gérevinde (100. adim) ise O9, "100 adimda 100 tane iicgen
ve 2 tane de fazlalik olacak. 100x3 = 300, 300+2=302" agiklamasiyla formel bir harfli ifade kullanmadan
baglamin i¢indeki dzellikleri kullanarak "iceriksel" strateji sergilemistir. 010 ise elde ettigi formiilii dogrudan
isleterek (3x100 = 300, 300+2=302) dogrusal genelleme stratejisindeki istikrarini korumustur.

Yakin Adim ve Uzak Adim Genelleme Stratejilerinin Sinif Diizeylerine Gore Karsilastirilmasi

Arastirmaya katilan ortaokul 6grencilerinin genelleme gorevlerindeki strateji tercihleri, tiim kademeler
baglaminda karsilastirmali olarak ele alinmis ve yakin adima iligkin bulgular Sekil 7°de sunulmustur.

Sekil 7.

Ortaokul Ogrencilerinin Yakin Adim Oriintii Gorevlerinde Kullandiklar: Genelleme Stratejilerine Iliskin
Semalart

] ]
Dogrusal (16) fceriksel (37)
@] ‘ ]
Sayma (2) ' Tahmin kontrol (10)
& &
@] 8. SINIF (0) Biitiine genisletme (1)
Yinelemeli iliski (15) ( c ]
] feses \ | Tahmin kontrol (2)
Biitiine genigletme (8)  ~ (©_] ] — (o] ' @1
- S.SINIF (0) YAKIN ADIM (0) 7.SINIF (0) - Sayma (6)
] ]
Sayma (7) @1 igeriksel (14)
o [
6.SINTF (0) Dogrusal (16)
Yinelemeli iligki (23) Biitiine genisletme (1)

iceriksel (13) Sayma (11)

Ogrencilerin yakin adim1 bulma siireglerinde genel anlamda bir strateji paralelligi olsa da simf diizeyleri
baglaminda niteliksel farklilasmalar géze ¢arpmaktadir. Veriler incelendiginde, 6., 7. ve 8. sinif kademelerinde
bulunan 6grencilerin 5. sinif 6grencilerinden farkli olarak daha olgun bir akil yiiriitme gerektiren "igeriksel"
stratejiyi siirece dahil ettikleri, buna karsin ilkel bir yontem olan "¢izme" stratejisini asamali olarak terk ettikleri
saptanmugtir. Ozellikle 7. ve 8. simf dgrencilerinin dogrusal, igeriksel, sayma ve tahmin-kontrol stratejilerinde
biiyiik bir ortaklik sergiledikleri goriilmektedir. Bu st smiflarin (7 ve 8), alt siiflara (5 ve 6) kiyasla
"dogrusal" ve "tahmin-kontrol" stratejilerini ¢gok daha etkin sekilde ise kosmalari, yasa ve kazanimlara bagh
cebirsel olgunlasmanin bir isaretidir. Ogrencilerin uzak adim gorevlerindeki karsilastirmali durumlari ise Sekil
8’de gorsellestirilmistir.
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Sekil 8.

Ortaokul Ogrencilerinin Uzak Adim Oriintii Gorevlerinde Kullandiklar: Genelleme Stratejilerine Iliskin
Semalart

]
@] Do"gms‘al(lé) . @
Yinelemeli (1) ‘ Igeriksel (18)
Gl
A@ 8. SINIF (0)
(@] Tahmin kontrol (1) e rsleme )
Yinelemeli iliski (9) \ g
Iceriksel (16)
BT T
S @1 €] ]
(D 7 SSINIF(®)  UZAKADIM(0)  7-SINIF (0)
c Dogrusal (23)
S ] Yinelemeli (14)
Igeriksel (1)
6.SINTF (0)
Dogrusal (1
Yinelemeli (29) ogrusal (1)
Sayma (4)

Ierksel (18) Tahmin kontrol (5)

Biitiine genisleteme (5)

Uzak adim bulgulart genel hatlariyla incelendiginde, yinelemeli iliski ve iceriksel genelleme
stratejilerinin tiim ortaokul kademelerinde yaygin bir tabana sahip oldugu anlasilmaktadir. Ancak
derinlemesine bakildiginda, 5. siniflarda "igeriksel" stratejinin (n=1) yok denecek kadar az kullanimi ve bu
stratejinin iist kademelerde yaygilagmasi 6nemli bir farkliliktir. Benzer sekilde cebirsel diigiinmenin zirvesi
kabul edilen "dogrusal" genelleme stratejisinin 5. siniflarda hi¢ goriillmedigi; 6. siniflarda sadece bir 6grenci
(n=1) tarafindan kullanildig1, ancak denklem kazanimlarinin 6gretim programina yogun olarak dahil edildigi
7. (n=23) ve 8. (n=16) smiflarda bu stratejinin biiyiik bir sigrama yaptig1 net bir sekilde tespit edilmistir. Sonug
olarak, uzak adim gorevlerinde alt siniflarin strateji cesitliliginde biiyiikk daginikliklar ve ilkel yontemler
(sayma, vb.) goriiliirken, 7. ve 8. smiflarin ¢ok daha kompakt bir bigimde, matematikselligi gii¢lii olan
"dogrusal" ve "igeriksel" stratejiler etrafinda kiimelendikleri sonucuna ulagilmistir.

TARTISMA, SONUC VE ONERILER

Bu arastirmada, ortaokul 6grencillerinin lineer oriintiiler baglaminda kullandiklar1 genelleme stratejileri
smif diizeyleri ekseninde derinlemesine incelenmistir. Elde edilen bulgular, 6grencilerin strateji tercihlerinin
smif diizeyine bagli olarak belirgin bir gelisimsel farklilik gosterdigini ortaya koymaktadir. Besinci ve altinei
smnif kademelerindeki Ogrencilerin oriintiileri modellerken agirlikli olarak sayma, ¢izme ve yinelemeli
diisinmeye dayali ilkel stratejileri tercih ettikleri; uzak adim gorevlerinde ise daha ¢ok tahmin-kontrol ve
igeriksel stratejilere yoneldikleri gdozlemlenmistir. Bu durum, Radford’un (2014) cebirsel diisiinme ve degisken
kavraminin ardisik bir gelisim siireci i¢inde sekillendigini 6ne siiren kuramsal yaklagimiyla giiclii bir paralellik
tasimaktadir. Ogrencilerin genelleme yaparken aritmetik ve sozel ifadeleri kullanabilmelerine karsin, bu
iligkileri formel cebirsel sembollere doniistiirmede yasadiklar1 zorluklar, matematiksel diisiinme siirecinde
sembolik temsillere gecisin yapilandirilmis bir 6gretimle desteklenmesi gerektigini gostermektedir (Blanton
vd., 2015). Alt siiflarda gozlemlenen bu sembollestirme engelleri, Lannin’in (2005) belirgin ve belirgin
olmayan stratejiler ayrimiyla da agiklanabilmektedir. Ogrenciler baslangigta driintii adimlarini tek tek sayarak
veya ¢izerek somut yollarla ilerlemekte; kurala dayali belirgin stratejilere gecis ise ancak formal 6gretimle
birlikte olgunlagsmaktadir. Bilhassa 6. sinif Ogrencilerinin sekil Oriintiilerini dogrudan sayi Oriintiisiine
doniistiirerek ¢dzmeye calismalari, Tanigh ve Ozdas’in (2009) ériintii temsilleri arasindaki gecis becerilerinin
ogretimle pekistirilmesi gerektigine dair bulgulartyla Ortiismektedir. Benzer sekilde Warren, Cooper ve
Lamb’in (2006) 6grencilerin genelleme kapasitelerindeki gelisimi “basit tekrarlamalardan kurala, oradan da
sembolik ifadeye yonelen asamali bir siire¢” olarak tanimlamalari, mevcut aragtirmanin sonuglari teorik
acidan destekler niteliktedir.
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Yedinci sinif diizeyindeki dgrencilerin genelleme siirecinde Oriintiiniin baglamsal ve bigimsel yapisini
derinlemesine analiz etmeden dogrudan kural bulmaya ve formiil iiretmeye odaklanmalari aragtirmanin dikkat
cekici bir diger bulgusudur. Bu egilim, Stephens ve digerleri (2007) tarafindan dile getirilen “erken cebirsel
diisiinmenin matematiksel yap1 ve iliskilerden koparilmamasi gerektigi” yoniindeki kritik vurguyla dogrudan
iligkilidir. Cogunlukla aritmetik ve iglemsel bir refleksle hizl1 sonuca ulagmay1 hedefleyen bu 6grenciler, farkli
¢oziim yollarmi deneme konusunda daha az esneklik gdstermekte; bu durum da cebirsel genelleme siirecinin
kavramsal altyapisim1 zayiflatmaktadir. Bununla birlikte, az sayida da olsa bazi &grencilerin Oriintiilerin
bicimsel yapisini dikkate alarak yapisal temelli ve esnek ¢6ziim yollar gelistirebilmeleri, matematik 6gretim
ortamlarinda strateji cesitliligini besleyici ve ¢oklu temsilleri destekleyici uygulamalara duyulan ihtiyact net
bir sekilde gostermektedir (Smith, 2003).

Sekizinci simif 6grencilerinin problemleri ¢ozerken agirlikli olarak dogrusal genelleme stratejilerine
yonelmeleri ve fonksiyonel iligkileri olusturmada daha basarili olmalari, cebirsel diislinme yetisinin siif
diizeyi ve bilissel olgunlukla birlikte gelistigini dogrulamaktadir. Carraher, Schliemann ve Brizuela (2000)
tarafindan yiiriitiilen boylamsal ¢aligmalar da benzer sekilde, 6grencilerin aritmetik diisiinmeden sembolik
diisiinmeye gecislerinin zaman iginde ve nitelikli 6gretim yoluyla kalic1 héle getirilebilecegini gostermistir.
Tiirkiye’deki 8. smif matematik 6gretim programinda denklem ve cebirsel ifadelerin ¢ok daha sistematik,
yogun ve soyut bir bi¢gimde ele alinmasi1 (MEB, 2018), bu kademedeki 6grencilerin dogrusal stratejilerdeki
basarisina dogrudan katki saglayan temel bir pedagojik unsur olarak degerlendirilebilir.

Alanyazinda Blanton ve Kaput’un (2004) erken cebirsel diisiinmenin salt kural ezberlemeye degil,
matematiksel yap1 ve iligkileri anlamlandirmaya dayanmasi gerektigi yoniindeki temel argiimani, bu
caligmanin bulgulartyla giiglii bir bicimde ortiismektedir. Nitekim Blanton ve digerleri (2015) tarafindan
yiiriitiilen giincel arastirmalarda da, oriintli temelli 6gretim siirecleri sayesinde Ogrencilerin nicel iliskileri
basarili bir sekilde genelleyebildikleri, fonksiyonel diisiinmeye dayali mantiksal agiklamalar gelistirebildikleri
ve bu iligkileri sembollerle ifade etme yetkinliklerinin arttig1 acik¢a gdsterilmistir. Stephens ve digerlerinin
(2017) erken simif diizeylerinde gergeklestirdikleri 0gretim deneyleri sonucunda o6grencilerin ulastiklari
genellemeleri hem s6zel hem de sembolik olarak ifade edebilme becerisi kazanmalari, bu ¢aligmada alt siniflar
icin tespit edilen zorluklarin dogru 6gretimsel miidahalelerle asilabilecegine dair 6nemli bir teorik kanit
sunmaktadir.

Arastirmadan elde edilen tiim bu bulgular dogrultusunda; ortaokul matematik siniflarinda oriintii temelli
Ogretimin yalmzca islemsel bilgiye ve kural bulmaya indirgenmemesi; bunun yerine iliski kurma,
sembollestirme ve biligsel esneklige dayali strateji gelistirme becerilerini merkeze almasi gerektigi
onerilmektedir. Ogrencilere farkli matematiksel temsil bicimlerini kesfetme ve kendi dzgiin stratejilerini
yapilandirma firsati sunan zengin Ogretim ortamlari, cebirsel diiginmenin saglam temeller {izerine inga
edilmesine dogrudan katki saglayacaktir. Bu baglamda, 6gretmenlerin orlintli gorevlerini salt dogru cevaba
ulagsmay1 hedefleyen rutin problemler bigiminde sunmaktan kaginmalari; aksine, bu gorevleri 6grencinin
zihinsel siireclerini ve kavramsal yanilgilarii agiga g¢ikaran interaktif tartisma ortamlarina doniistiirmeleri
biiyilk 6nem arz etmektedir. Cebirsel diisinmenin ilkokul yillarindan itibaren erken cebir perspektifiyle
miifredata entegre edilmesi, 6grencilerin ileriki yillarda ihtiya¢ duyacaklar1 soyutlama becerilerini kalici
bicimde gelistirecektir. Dolayisiyla, 6gretmen yetistirme ve hizmet i¢i egitim programlarinda erken cebir
ogretimi pedagojisine daha genis yer verilmesi ve 6gretmenlerin bu siireci yapilandirmalarina yonelik mesleki
gelisim firsatlarmin artirilmasi elzemdir.

Mevcut calisma, literatiire 5nemli katkilar sunmakla birlikte birtakim smirliliklara sahiptir. Incelenen
genelleme stratejilerinin yalnizca belirli lineer say1 ve sekil oriintiileri {izerinden degerlendirilmis olmasi
calismanin temel sinirliligidir. Gelecekte yiiriitiilecek arastirmalarda, 6grencilerin strateji gelistirme siireclerini
zaman i¢inde detaylica izleyen boylamsal arastirma tasarimlarinin kullanilmas1 6nerilmektedir. Ayrica, farklh
orlintii tiirlerine (kuadratik Oriintiiler, tekrarlayan Oriintiiler vb.) yonelik strateji se¢imlerinin incelenmesi ve
Ogretmen miidahalelerinin 6grencilerin genelleme becerileri iizerindeki etkisinin deneysel desenlerle
arastirilmasi alanyazini zenginlestirecektir. Son olarak, oriintii temelli gelisen cebirsel diisiinme becerilerinin
Ogrencilerin problem ¢ozme veya geometrik akil yiriitme gibi diger matematiksel alanlardaki
performanslarina transfer etkisi de derinlemesine incelenebilir.
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EK-1: LINEER ORUNTU CALISMA KAGIDI

1.

Bisiklet almak icin para biriktiren Gizem, kumbarasima bir ay boyunca her giin belli bir miktar para
atmaktadir. Asagidaki tabloda giinlere gore kumbaraya attig1 para miktarlar1 verilmistir. Tabloya gore
sorular1 cevaplayiniz.

Giinler A~ l.giin A 2.giin 3.glin 7.glin 30.giin
Kural [ [

Kumbaraya atilan para miktar1 (TL)

8 17 26

a)
b)
©)
2.

a)
b)

©)
3.

a)
b)
©)

7. giin kumbarasina ka¢ TL attigin1 bulunuz.
30.glin kumbarasina kag TL attigini bulunuz.
Herhangi bir giinde kumbarasina attig1 para miktarini veren bir kural yazimiz. (Kelime veya sembollerle)
21-26 Mart Orman haftasinda evinin bahgesine 3 cm uzunlugunda fidan diken Ebru, merak ettigi igin her
hafta fidanin boyunun uzunlugunu 6lgmektedir. Haftalara gore 6lgiim sonuclari agsagida gosterilmistir.
Baslangig 1. Hafta 2. Hafta 7. Hafta 100. hafta
5
£ | £ n a ‘
3 © :
| | g | .
7. haftanin sonunda fidanin boyunun uzunlugu ka¢ cm olur?
100. haftanin sonunda fidanin boyunun uzunlugu ka¢ cm olur?
Herhangi bir haftadaki fidanin boyunun uzunlugunu veren bir kural yazimiz. (Kelime veya sembollerle)
Deniz odasinin duvarlarimi altigen seklinde fayanslar kullanarak siislemek istemektedir. Yaptigi
stislemenin ilk ti¢ adim1 asagida gosterilmistir. Buna gore;
1. adim 2. adim 3. adim
7. adimda kag adet fayans kullanir?
100. adimda kag adet fayans kullanilir?
Herhangi bir adimdaki fayans sayisim1 veren bir kural yaziniz. (Kelime veya sembollerle)
Elinde 99 adet fayansi kalan Deniz, bu fayanslarin hepsini kullanarak kaginci adimi olusturabilir?
Arda kibrit ¢opleriyle ¢am agaclari olusturmustur. Cam agaci sekilleri agagida gosterilmistir.
. adim 2. adim 3. adim... 7. adim 100. adim
7. sekil i¢in kag adet kibrit ¢opii gereklidir?
100. sekil i¢in kag adet kibrit ¢opii gereklidir?
Herhangi bir adimdaki (n) toplam kibrit ¢opii sayisin1 veren bir kural yazimiz. (Kelime veya sembollerle)
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INTRODUCTION

Mathematics is a universal language built upon symbols and shapes, encompassing the processes of
organizing, analyzing, interpreting, and producing information, as well as making predictions and solving
problems (Ministry of National Education [MoNE], 2018). Algebra constitutes one of the fundamental
building blocks of this universal language (Otte et al., 2015). In the literature, the concept of algebra has been
addressed from various perspectives by researchers. For instance, while Usiskin (1988) evaluates algebra as a
tool for understanding and analyzing relationships, Mason (2008) defines it as a cultural product and a body
of knowledge. This continuously evolving cultural structure makes algebra a dynamic sub-discipline of
mathematics (Sen & Giiler, 2022). Algebra plays a critical role in helping individuals make sense of the
relationships and problem situations they encounter in daily life, reason about these situations, and express
their thoughts. Accordingly, algebra instruction is positioned at the center of the fundamental skills that
students must acquire within mathematics curricula (Park, 2021). Indeed, this emphasis has been strongly
maintained in the Mathematics Curriculum, which has been implemented since the 2024-2025 academic year
and restructured within the scope of the "Century of Tiirkiye Education Model." In the new curriculum,
developing students' mathematical reasoning and generalization skills by using fundamental concepts such as
patterns, algebraic expressions, equations, equality, and association is positioned among the primary objectives
(MoNE, 2024).

When national (MoNE, 2018) and international (e.g., Common Core State Standards Initiative [CCSSI],
2010; National Council of Teachers of Mathematics [NCTM], 2000) mathematics curricula are examined, it
is evident that comprehensive learning outcomes regarding the algebra learning area are included for grades
5-8. These outcomes cover a wide range of topics, such as finding a desired term in number patterns, making
sense of algebraic expressions, recognizing the concepts of equality and equations, solving first-degree linear
equations with one unknown and related problems, identities, linear equations, inequalities, and examining
linear relationships between two variables (MoNE, 2018). However, despite occupying such a prominent place

Cite as(APA 7): Giiler, C., & Canly, E. (2026). From near to far, from counting to function: the evolution of middle school students’ generalization strategies. Trakya
Journal of Education 16(2), 839—855. https://doi.org/10.24315/tred. 1665879

This is an open Access paper distributed under the terms of Conditions of the Creative Commons Attribution-NonCommercial 4.0 International License.
oy e


https://doi.org/10.24315/tred.1665879
mailto:ceylan.guler@yobu.edu.tr
https://orcid.org/0000-0002-0015-2974
https://orcid.org/0000-0002-6384-7941

Trakya Journal of Education, 16(2) 2026, 839-855

in the middle school mathematics curriculum, algebra is often perceived by students as an abstract and difficult-
to-understand area (Greenes et al., 2001; Lee & Freiman, 2004).

Students' ability to overcome these difficulties depends on their comprehending algebra not merely as a
collection of symbolic topics and learning outcomes in school mathematics, but as a specific way of thinking
(Gowers et al., 2008). This concept, referred to in the literature as "algebraic thinking," is inextricably
intertwined with algebra. At this point, the question posed by Radford (2006), "What distinguishes algebraic
thinking from algebra?", gains significance. Driscoll (1999) defines algebraic thinking as "the capacity to
explicitly articulate the relationship between quantitative situations and variables." This concept, whose
boundaries are difficult to define precisely due to its inclusion of comprehensive algebraic objects such as
equations, functions, and patterns (Radford, 2014), is fundamentally considered a specialized way of
mathematically reflecting upon algebraic objects. Instructional processes designed around these objects at the
middle school level directly contribute to the development of students' algebraic thinking skills (Van de Walle
et al., 2010). In this context, Blanton et al. (2011) draw attention to the central role of "generalization" and
"justification" processes, which foster the development of algebraic thinking in the construction of
mathematical structures and relationships.

Building upon this theoretical framework, the current study aims to provide an in-depth investigation of
the generalization strategies middle school students employ when modeling linear patterns. Within the scope
of the research, it is intended to reveal the differences in strategy use in detail by analyzing students' approaches
to near-step and far-step linear pattern tasks across different grade levels.

Theoretical Framework

This section addresses the concepts of generalization, generalization strategies, and linear patterns,
which constitute the theoretical foundations of the study.

Generalization in Algebraic Thinking

Although Hawthorne (2016) defines generalization as an innate human tendency, he draws attention to
the special importance of performing this action through mathematical means. The sustainability of
mathematical and scientific culture depends largely on individuals' ability to generalize (Otte et al., 2015). In
this context, generalization is considered one of the most fundamental building blocks of algebraic thinking
(Lee & Karmiloff-Smith, 1996; Sfard, 1995). Kaput (2008) also emphasizes the critical role of the ability to
make more formal and symbolic generalizations and to develop different representations in algebraic thinking
processes.

Despite this central position of generalization, it is observed that the activities presented to students in
mathematics education are generally operation-oriented, and opportunities to construct in-depth mathematical
meaning remain limited. For example, routine questions on ratio and proportion, such as "If the total cost of 5
kg of apples is 70 TL, how much does 1 kg cost?", expect students only to apply arithmetic operations with
correct algorithms. However, such problem situations have the potential to offer opportunities for generalizing
relationships between variables and quantities (Lannin, 2005). Therefore, it is of great importance in
mathematics instruction to support students in noticing changing quantities and the functional relationships
between them, making generalizations, and thereby fostering their algebraic thinking processes.

Reducing algebraic thinking merely to algebra topics or perceiving generalization solely as a process of
reaching a rule disrupts the development of students' both algebraic thinking and generalization skills (Rittle-
Johnson & Alibali, 1999). Consequently, by presenting rich mathematical contexts involving algebraic objects,
the aim should be for students to reach generalizations by employing different strategies and to develop their
algebraic thinking skills (Radford, 2006). Accordingly, patterns are one of the most powerful instructional
tools that support students' generalization processes (NCTM, 2000).

Patterns and Generalization Strategies

Patterns are structures formed by the arrangement of numbers, sounds, shapes, objects, or events in a
specific rule and order (Sen & Giiler, 2022). These structures are generally classified into two main groups:
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structures in which a specific repeating unit is consecutively reiterated are called repeating patterns, while
structures that exhibit a regular increase or decrease between steps are called growing patterns (Olkun & Toluk-
Ucar, 2004). Growing patterns can be designed in both number and shape formats and may exhibit structurally
linear or quadratic properties. While linear patterns are generally defined by linear functions in the form of y
= mx + n, quadratic patterns are based on second-degree functions such as y = mx? + n. In the middle school
mathematics curriculum, particular emphasis is placed on linear equations and linear patterns. Therefore, in
accordance with students' cognitive development levels and curriculum objectives, the current study focuses
on linear number and shape patterns (MoNE, 2018).

Linear patterns are effective tools that allow students to develop their generalization skills in a
multifaceted manner. In this context, Stacey (1989) defines the generalizations students reach on patterns in
two dimensions as near-step and far-step. While near-step generalization involves strategies aimed at extending
the pattern one or a few steps further, far-step generalization refers to determining a general and comprehensive
rule regarding the pattern. Stacey revealed that students follow three fundamental paths when making these
generalizations: recursive strategy, whole-object strategy, and linear strategy. The recursive strategy is the
tendency of students to find the next term based on the previous step. In the whole-object strategy,
generalization is achieved by directly and proportionally associating the constant amount of increase in the
pattern with the desired step. The linear strategy involves students expressing the pattern rule with a functional
approach, using variables.

In addition to this basic classification, Lannin (2005) conceptualized generalization strategies into two
main groups: explicit and non-explicit strategies. While counting and recursive strategies fall into the non-
explicit group; whole-object, guess and check, contextual, and linear strategies are defined as explicit
strategies. In the counting strategy, students reach the sequential result by counting the number of objects or
terms in the pattern one by one. In the recursive strategy, taking into account the constant amount of increase
between steps, each new term is added onto the previous one. The whole-object strategy involves assuming
the difference between steps as the fundamental rule of the pattern and directly relating this difference to the
desired number of steps; for instance, identifying the amount of increase as 2 in a pattern like 2-4-6-8-... and
directly using this difference for the 100th step. The guess and check strategy is the process where students
make intuitive predictions about the pattern rule and test the validity of these predictions across different steps.
In the contextual strategy, the pattern rule is expressed mostly verbally and with arithmetic operations instead
of algebraic variables; a student defining the pattern rule as "multiply by two, then add one" is an example of
this. Finally, the linear strategy is the expression of the obtained rules in a functional language using
mathematical symbols and variables, for example, in the form of 2n + 1.

METHOD

In this research, a case study design, one of the qualitative research approaches, was adopted to examine
in-depth the generalization strategies used by middle school students when modeling linear patterns. A case
study is a research method that allows for a detailed and comprehensive investigation of a specific situation or
phenomenon within its natural context, especially when the boundaries between the phenomenon and context
are not clearly evident. Because the research aimed to comparatively examine the approaches and strategies
used by students at different grade levels in near-step and far-step pattern tasks, a holistic multiple-case design
was preferred as the fundamental research design. This design allows multiple cases to be addressed in-depth
within a whole and enables comparative analyses between cases (Yin, 2003).

Participants

The study group of the research consists of students studying in the 5th, 6th, 7th, and 8th grades of a
public middle school. The research process was designed in two phases to enable a detailed examination of the
problem and its various dimensions. In the first phase, written data collection tools consisting of linear pattern
tasks were administered to a total of 30 students representing different grade levels. In the second phase,
individual interviews were conducted with 11 students, who were selected from among these students and
exhibited variance in terms of their mathematics achievement levels. In qualitative research, to thoroughly
understand the phenomenon under investigation and reflect its different dimensions, it is of great importance
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that the samples representing the case are consciously selected to serve the purpose (Stake, 2005). Based on
this theoretical rationale, a purposive sampling method was employed in the research. While differences in
grade levels were taken into consideration in the first phase of the process to ensure participants could represent
different cognitive and educational stages, ensuring diversity in mathematics achievement levels was observed
as the primary criterion in the second phase to richly reveal potential differences in generalization strategies.

Table 1

Table 1Participant Characteristics in the First Phase

Gender
Grade Level Female Male Total
5 2 6 8
6 3 3 6
7 5 4 9
8 4 3 7
Total 14 16 30

The distribution of the 30 participants involved in the first phase of the study according to their grade
levels is presented in Table 1. Examining the relevant data, it is observed that the study group consists of eight
students in the 5th grade, six in the 6th grade, nine in the 7th grade, and seven in the 8th grade. Detailed
information regarding the 11 students who were purposefully selected from this participant pool in the first
phase to represent different mathematics achievement levels and included in the individual interviews in the
second phase of the research is provided in Table 2.

Table 2

Participant Characteristics in the Second Phase

Grade Level Participant Gender Aclll\;[e ift:llf:::ttchZvel
5 S1 Male Good
S2 Male Medium
S3 Male Medium
6 S4 Female Medium
S5 Male Good
S6 Male Good
7 S7 Female Medium
S8 Female Good
S9 Male Good
8 S10 Male Good
S11 Female Medium

The relevant table indicates that the second-phase study group is composed of students studying at
different grade levels and possessing various mathematical achievement levels within their respective grades.
During the data analysis and presentation of the findings, direct quotations from the responses obtained through
individual interviews with these students were included. In accordance with research ethics and the principle
of protecting participant confidentiality, the students' real identities were kept anonymous; instead, each
participant was coded as S1, S2, ..., S11.

Data Collection Tools
The data collection process within the scope of the research was conducted in two phases. In the first
phase, a worksheet developed by the researchers (Appendix-1) was used to determine the generalization

strategies students employed when modeling linear patterns. This data collection tool consists of four tasks
(two number patterns and two shape patterns) containing near-step and far-step pattern questions. The content
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and construct validity of the prepared tasks were presented to two mathematics education experts for review,
and the tool was finalized by making necessary revisions based on the feedback received.

In the second phase, semi-structured individual interviews were conducted to deepen the findings
obtained through the written tools and to make sense of the cognitive processes underlying the students'
responses. These interviews were designed to reveal the students' thinking processes regarding their solution
steps on the worksheets in greater detail. During the interviews, probing questions were asked, such as how
they found a specific step in the pattern, why they used their preferred strategy, and what alternative solution
paths they could have followed. To prevent data loss and ensure the reliability of the analysis process, these
interviews, which lasted approximately 40 minutes, were audio-recorded with the participants' consent.

Data Analysis

In this study, a descriptive analysis approach was adopted to analyze the data collected through
worksheets and individual interviews. Merriam (1998) defines analysis processes conducted in line with pre-
determined thematic frameworks present in the literature as descriptive analysis. The general data analysis
scheme of the research is presented in Figure 1.

Figure 1

Data Analysis Scheme of the Study

e N
Literature review for
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\ l J
( \ [ \ [ \
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In accordance with this theoretical structure, a comprehensive literature review on generalization
strategies in linear patterns was first conducted, and the generalization strategies conceptualized by Lannin
(2005) were determined as the primary data analysis framework. The collected data were organized and filed;
initially focusing on the general aim of the study and grade levels in the first phase, and subsequently on a
class and student basis in the second phase. The filed worksheets and individual interview audio recordings
were transcribed into written text; the resulting transcripts were read thoroughly to gain general familiarity
before being transferred into the MAXQDA qualitative data analysis software. The data were coded through
the software within the framework of the predetermined generalization strategies. To ensure the reliability of
the coding process, independent cross-codings were performed by an academic expert in mathematics
education parallel to the researcher's analyses. Sample codings derived from the students' responses are
detailed in Table 3. Upon completion of the coding process, final themes were reached based on the obtained
findings. The determined themes were mapped using the visual tools provided by the MAXQDA software,
making them ready for interpretation and reporting. These visual structures, enriched with direct student
quotations, are presented in the findings section of the study.
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Table 3
Sample Codings
Theme Code Sample Coding
S1:
Modeling

8
i)
2 ‘
g Countin S7: It becomes 26 TL on the 3rd day, 35 TL on the 4th day, 44 TL on the 5th day,
g ounting 53 TL on the 6th day, and 62 TL on the 7th day.
E Iterative S1: 1 can proceed as 9 plus 9 plus 9 plus.
=
’?g Whole-object S5: 1 found x5 because it increases by 5 by 5.
[
o

Guess-and-check S9: 1 found it as 0x5=0, 0+3=3 cm. 1x5=5, 5+3=8 cm. 2x5=10, 10+3=13.

Linear S10: 9x-1, x is the number of days

Contextual S11: It becomes 7x5=35, 35+3=38.

Ethical Permissions of the Research

Prior to commencing the data collection process, an official application was made to the Yozgat Bozok
University Social and Humanities Ethics Committee to evaluate the study's compliance with ethical principles.
Through the committee's decision dated 20.09.2023, registered under document number 161824 and decision
number 06/25, it was assessed that the research is in full compliance with ethical rules, and the necessary
implementation permissions were obtained.

FINDINGS

In this section of the study, the generalization strategies used by middle school students in near-step and
far-step tasks based on linear patterns are addressed and reported in detail under separate headings in the context
of grade levels.

Findings Regarding the Generalization Strategies of Sth Grade Students

The generalization strategies used by fifth-grade students in near-step and far-step tasks involving linear
patterns are presented in Figure 2.

Figure 2

The Generalization Strategies Used by Fifth-Grade Students in Near-Step and Far-Step Tasks Involving Linear
Patterns are Presented in Figure 2.

Iterative relationship (15) Iterative relationship (9)
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Counting (7)
Drawing (4)

Contextual (1)

Examining Figure 2, it is observed that Sth-grade students, when generalizing the pattern rule in near-
step tasks, respectively used recursive relationship (n=15), whole-object (#=8), counting (n=7), and drawing
(n=4) strategies. In the process of finding the pattern rule in far-step tasks, these students resorted to recursive
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relationship (n=9), whole-object (n=8), counting (n=1), guess and check (n=17), and contextual (n=1)
generalization strategies. These findings indicate that Sth-grade students largely employ similar strategies
when generalizing near and far-step pattern rules. However, alongside this similarity, it is noteworthy that the
recursive strategy is less preferred in far-step generalization compared to the near-step; and unlike near-step
generalizations, guess and check and contextual strategies were also incorporated into the far-step
generalization process.

In the "wall decoration" shape pattern task administered to the students, participants were asked to find
the number of tiles in the near step (7th step) and the far step (100th step). The solutions and explanations of
students coded S1 and S2 regarding this task are presented in Table 4.

Table 4

S1 and S2's Solutions and Explanations Regarding the Wall Decoration Task

Explanation Solution

S1: When I was finding step 7, I did as follows: In each step, it goes 2 by 2. So I found
14 by doing 7x2. But when I draw the tiles, I find the answer 13. In step 100, I
proceeded by drawing the tiles so that I wouldn't get confused, but then I did
2x100=200. This is how I found it.

S2: At first, I drew the tiles by adding. Then I caught the pattern. Step 1 will have 1

tile, step 2 will have 3, step 3 will have 5, step 4 will have 7, step 5 will have 9, step 6 %
will have 11, and step 7 will have 13 tiles. It takes too long to proceed by adding for /
step 100. I'm thinking how I can find step 100 in an easy way... I can multiply 100 by e
2. A o A

When the student responses to the wall decoration shape pattern are examined, it is understood that to
reach the number of tiles in the 7th step, S1 determined the repeating unit (+2) and then extended this unit to
the 7th step, utilizing the "whole-object" strategy. S2, on the other hand, reached the result by sequentially
continuing the repeating unit with a recursive approach. Furthermore, it is evident that both students initially
used the "drawing" strategy in this near-step task, but upon realizing that drawing would take too long for the
far step (100th step), they abandoned this strategy and sought a shorter method. In the process of finding the
far step, both students executed a similar cognitive process by directly extending the repeating unit (+2) to the
far step (x2). However, it is a striking finding that both students reached an erroneous generalization by
neglecting the initial increase/decrease constant of the pattern after this whole-object extension.

In another shape pattern task, "creating a pine tree," students were again asked to find the number of
matches in the near (7th) and far (100th) steps. S1 and S2's solutions and explanations regarding this process
are presented in Table 5.

Table 5
S1 and S2's Solutions and Explanations Regarding the Pine Tree Creation Task

Explanation Solution

S1: I counted the matchsticks as 5-8-11. It increases by 3 in each step. In this way, I
found step 7 as 7x3=21. There are 93 steps from step 7 to step 100. If 3 matchsticks
increase with each step, I find 93x3=279.
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Table 5 (Continued)

S2: I wrote one by one and then added three. Since there are three matchsticks in the

triangle, I found step 7 by increasing it 3 by 3. Since it increases by 3 each time, I find 10
100x3=300 for step 100. But as it's too much, I'll divide it by two. ssturprastur, C:

Examining Table 5, in the near-step task, it is seen that S1 converted the shape pattern into a number
pattern by determining the number of matches in the steps, and then employed the "whole-object" strategy by
carrying the determined repeating unit (+3) to the 7th step. S2, conversely, reached the 7th step by rhythmically
increasing the number of matches in the 3rd step, utilizing the "counting" strategy. In the far-step task, S1
found the number of intervals from the 7th step to the 100th step (93) and multiplied this by the amount of
increase; thus, employing the "contextual" generalization strategy with arithmetic steps specific to the problem
without a formal rule. S2 directly extended the repeating unit to the 100th step (100x3 = 300) using the "whole-
object" strategy, but attempted to reach a conclusion with an erroneous assumption.

Findings Regarding the Generalization Strategies of 6th Grade Students

The generalization strategies used by sixth-grade students in pattern tasks are presented in Figure 3.

Figure 3

Generalization Strategies Used by Sixth-Grade Students in Near Step and Far Step Tasks in Linear
Patterns

Iterative relationship (23) Linear (1)
Contextual (13) ’ Guess-and-check (5)
Counting (1) Near step (0) Linear Pattern Tasks| ——— Farstep (0) Whole-object (3)
/'"/ \\ Counting (4)
Drawing (4 \
rawing (4) Contextual (18)
Whole-object (1) Iterative relationship (29)

Based on the data in Figure 3, it is observed that 6th-grade students most frequently resorted to the
"recursive relationship" (n=23) strategy in near-step tasks; followed by contextual (n=13), counting (n=11),
drawing (n=4), and whole-object (n=1) strategies, respectively. In far-step tasks, it was determined that
students used recursive relationship (n=29), contextual (n=18), whole-object (n=5), guess and check (n=J5),
counting (n=4), and linear (n=1) strategies. In this context, it is understood that 6th-grade students added
"guess and check" and "linear" strategies to their repertoire in far-step tasks differently from the near-step,
while abandoning the "drawing" strategy.

The sample work of S5 regarding the near-step and far-step tasks of the sapling problem, which was
included in the linear pattern tasks presented to the students, is provided below and evaluated in this context
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Figure 4
a) Near Step-Counting Generalization Strategy, B) Far Step-Contextual Generalization Strategy
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The approaches of the students to the "sapling growth" problem included in the data collection tools
embody this situation. Student S5, one of the research participants, used the "counting" strategy in the near-
step (7th week) solution of the problem by sequentially adding the increase amount, stating, "A¢ the beginning
it was 3 cm, 1st week 8 cm, 2nd week 13 cm. Since it increases by s, I continued by adding 5 on top of 13, and
found the 7th week as 38 cm.” When calculating the far step (100th week), the same student abandoned this
strategy; stating, "It would be easier by multiplying... Since it increases by 5s, 100x5 = 500, because it was 3
cm at the beginning, 500+3=503 c¢m," demonstrating the "contextual" generalization strategy based on
arithmetic operations without using an algebraic symbol. On the other hand, for the same sapling problem, S3
adopted the contextual strategy in both steps. For the near step, S3 reasoned, "I subtracted the 2nd week from
the 7th week, 5 weeks left. 5x5 = 25 cm it grows. Since the length in the 2nd week is 13 cm, 25+13=38 cm";
while for the far step, "I subtracted the 7th week from the 100th week, it became 93 weeks. 93x5 = 465
increase. 465+38 = 503 cm.” Although S3 could not construct a formal pattern rule, their ability to flawlessly
solve the problem through its internal context and arithmetic relationships is a significant example of the
effective use of the contextual strategy.

The strategic flexibility of 6th-grade students in different tasks was also examined within the context of
the "wall decoration" task; the near-step solutions of S3, S4, and S5 are detailed in Table 6, and their far-step
solutions in Table 7.

Table 6
Solutions and Explanations Of 83, S4, And S5 For the Wall Decoration Near Step Task

Explanation Solution

S3: Each step increases by 2 tiles. Here I drew the tiles by
increasing them 2 by 2. Then I counted one by one and
found the answer 15. But I miscounted. There should have
been 7 in step 4, but I drew 8 of them. The correct answer
should be 13.

S4: It becomes 13 in step 7. With each step, the number of
tiles increases 2 by 2. If 5 tiles were used in step 3, then
step 4 would have 7 tiles, step 5 would have 9, step 6 would
have 11, and step 7 would have 13.

S5: 2 was added to it. Step 4 becomes 7, step 5 becomes 9,

step 6 becomes 11, and step 7 becomes 13. I found 7x2=14 a fimd
tiles because it increases 2 by 2. Then I subtracted the 2 <) . ~9 = 12
number of tiles in step 1. I found 13. o =

In the task of finding the near step, it is seen that S3 modeled and counted the objects one by one,
employing the "drawing" strategy; while S4 determined the repeating unit (+2) and proceeded with sequential
additions, using the "counting" strategy. Although S5 initially followed a recursive approach, they opted for
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the "contextual" strategy without using algebraic symbols by multiplying the obtained repeating unit with the
desired step (7x2 = 14) and adjusting the initial value. These students' far-step approaches are addressed in
Table 7.

Table 7
S3 and S5's Solutions and Explanations Regarding the Wall Decoration Far-Step Task

Explanation Solution

S3: I went from step 7 to step 14. There were 15 tiles in step 7, and it became 30 in
step 14. Then I went to step 21, it's 60. In this way, I went up to step 49. Step 49 B
became 180 tiles. Step 50 is 180 + 2 = 182. For step 100, I get twice the 50. It ~ 2/-
becomes 364. I guess it was wrong. If there is an increase of 2 tiles in each step and ~ ©

if step 100 is asked, there should be an increase of 100-3=97, 97x2=194. There were ff
5 tiles in step 3, then it becomes 194+5=199. Now it's correct. We can find it by -
drawing, but it takes a lot of time. {2 P
"fg
“Fo
S5: When any step is asked, it will always be 'number of stepsx2' and the result minus o 0 2 <14 (a0
one. Here, step 100 is asked. It becomes 100x2=200-1=199. el

In the far-step task, S3 applied the "whole-object" strategy based on the reference points from the near
step. S4 (although not in the table, from the interviews) resolved the pattern between input-output values with
the "guess and check" strategy by stating; "I found 14 by counting to the 7th step. If [ do 7 %2, it's also 14. But
it was 13, so it subtracted 1... I thought I could do the same for the 100th step. 100x2 = 200, 200-1=199." S5,
conversely, moved the situation entirely into a functional context, formulated a verbal equation in the form of
2n - 1 ("step number x 2 - 1"), and directly used the "linear" generalization strategy.

Findings Regarding the Generalization Strategies of 7th Grade Students

The generalization strategies used by seventh-grade students in near and far-step tasks are schematized
in Figure 5.

Figure 5
Generalization Strategies Used by Seventh-Grade Students in Near Step and Far Step Tasks in Linear Patterns
Iterative relationship (27) Iterative relationship (14)
: \
Drawing (2) ‘ Whole-object (3)
Counting (6) /
Whole-object (1) —— Nearstep (0) —— Linear Pattern Tasks| ————— Far step (0)
Guess-and-check (2) / . \
. Contextual (16)
Contextual (14) ! Linear (23
Linear (16) inear (23)

When Figure 5 is examined, it is seen that 7th-grade students most frequently used the "recursive
relationship" (n=27) strategy in near-step problems; followed by linear (n=16), contextual (n=14), counting
(n=6), drawing (n=2), guess and check (n=2), and whole-object (n=1) strategies, respectively. In the far step,
a structural shift was observed, and the "linear" generalization strategy (n=23) became the most preferred
method. This was followed by contextual (n=16), recursive relationship (n=14), and whole-object (n=3)
strategies. The fact that students used counting, drawing, and guess and check strategies only in near-step tasks
and completely abandoned them in far steps is a significant indicator that they feel the need for more formal
and rule-based thinking as numerical values grow.
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This cognitive transition can also be clearly observed in the "saving money" (number pattern) task
directed at the students. The near-step explanations of S6, S7, and S8 regarding this task are presented in Table
8.

Table 8
Solutions and Explanations of S6, S8, and S7 For the Money Saving Near Step Task

Explanation Solution

S6: We are asked the amount of money he put into the money
box on the 7th day. On the first day, he put 8b. On the second
day, he put 17b. It continued this way. We will use the formula
(n.9-1). I multiply 7 by 9 and subtract one, so it's 62b. I reached
the rule as follows; On the Ist day, I subtracted 9 from 8 and
Sfound -1. I wrote 9 because it increases by 9 every day.

S8: He put 8t into his money box on the Ist day and 176 on the
2nd day. In other words, the amount of money increased by 96
every day. To get to the first term, I write -1 here (indicating the
n.9-1 rule). I write 7 here (indicating n) because the 7th day is
asked. It becomes 9x7 = 63. 63-1 = 62.

O~ 6 >

A — 1 i G 5 — —

113 ( 2n+12 Zh+279 77«—:? Bowr_ 2 3 T4, =, B
52 3 % 25 25 LA

S7: First of all, I tried to create a rule. I thought about how I could get 3 with subtraction from 8. But it would
all be the same. I couldn't find the rule. Then I made it by counting. It became 8 on the Ist day, 17 on the 2nd
day, 26 on the 3rd day, 35 on the 4th day, 44 on the 5th day, 53 on the 6th day, and 62 on the 7th day.

Evaluating Table 8, it was determined that after identifying the increase amount (+9), S6 and S8
determined the constant according to the first term, produced the 9n - I functional rule, and thus successfully
applied the "linear" generalization strategy. In contrast, S7 gave up after failing the attempt to find a formal
rule and returned to the "counting" strategy by rhythmically carrying the terms forward. In the far-step (100th
day) process of the same problem, S6 and S8 maintained the linear strategy by successfully operating the 97 -
1 rule they created (30x9 =270, 270-1=269 TL). S7, who used the "counting" strategy in the near step, realized
the difficulty of counting in the far step and changed strategies; attempting the "whole-object” strategy by
saying, "the money put in the piggy bank increased by 9s every day. Then I multiply 30 by 9." However,
because they did not relate the increase amount to the initial constant, they reached an erroneous result.

Findings Regarding the Generalization Strategies of 8th Grade Students
The approaches of eighth-grade students to tasks in linear patterns are summarized in Figure 6.
Figure 6
Generalization Strategies Used by Eighth-Grade Students in Near Step and Far Step Tasks in Linear Patterns

Iterative relationship (18) Tterative relationship (1)

Drawing (1) \
Guess-and-check (3)

Counting (2) ™. _—

Guess-and-check (10) _ Nearstep (0) — Tincar Pattern Tasks| — Far step (0)
Contextual (37) Contextual (18)
Linear (16) Linear (16)

Examining Figure 6, it was determined that 8th-grade students most frequently preferred the
"contextual" (n=37) strategy in near-step tasks; followed by recursive (n=18), linear (n=16), guess and check
(n=10), counting (n=2), and drawing (n=1) strategies. In far-step tasks, the spectrum narrowed, and students
concentrated on higher-level strategies, namely contextual (n=18) and linear (n=16) strategies; apart from this,
guess and check (n=3) and recursive (n=1) strategies were used to a very limited extent. The complete
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abandonment of counting and drawing strategies, especially in the far step, can be evaluated as a reflection of
cognitive development.

The responses given to the "pine tree" (shape pattern) task at this grade level serve as excellent examples
of how the strategies are executed. For the near step, S9 attempted to create a function through trial and error;
exhibiting the "guess and check" strategy with the statements, "In the st step 5, in the 2nd step §... It becomes
3x+5. 3x1 =3, 3+5=8 it didn't work... Then it becomes 3x+2... 7x3 = 21 and 21+2=22 (calculation error)."”
For the same task, S10 established the algebraic relationship directly starting from the increase amount;
successfully utilizing the "linear" strategy by stating, "The matches increased by 3s. For the Ist step, 3%1 = 3,
but there are 5 in the Ist step. So I say +2. The rule of the pattern must be 3x+2." In the far-step task (100th
step), S9 exhibited the "contextual” strategy by using the internal features of the context without using a formal
letter expression, explaining, "In the 100th step, there will be 100 triangles and 2 extras. 100%x3 = 300,
300+2=302." S10 preserved their consistency in the linear generalization strategy by directly operating the
formula they obtained (3x100 = 300, 300+2=302)

Comparison of Near-Step and Far-Step Generalization Strategies According to Grade Levels

The strategy preferences of the middle school students participating in the research in generalization
tasks were comparatively addressed across all levels, and the findings regarding the near step are presented in
Figure 7.

Figure 7

Schemes of the Generalization Strategies Used by Middle School Students in Near Step Pattern Tasks
Linear (16) Contextual (37)

/ Guess-and-check (1
Counting (2) \ / Guessfnd check (10)

/

8th Grade Level (0) Whole-object (1)
Guess-and-check (2)

Iterative relationship (15)
Whole-object (8)
\
5th Grade Level (0) —— |Near Step (0)| —— 7th Grade Level (0) Counting (6)

/

Counting (7)

Contextual (14)
Drawing (4) 6th Grade Level (0) Linear (16)

Iterative relationship (23) / Whole-object (1)

Contextual (13) Counting (11)

Although there is generally a strategic parallelism in students' processes of finding the near step,
qualitative differences stand out in the context of grade levels. When the data are examined, it was determined
that students in the 6th, 7th, and 8th grades, unlike 5th-grade students, included the "contextual" strategy,
which requires more mature reasoning, into the process, while gradually abandoning the "drawing" strategy,
which is a primitive method. In particular, it is seen that 7th and 8th-grade students exhibit a strong
commonality in linear, contextual, counting, and guess and check strategies. The fact that these upper grades
(7 and 8) employ "linear" and "guess and check" strategies much more effectively compared to lower grades
(5 and 6) is a sign of algebraic maturation linked to age and learning outcomes. The comparative situations of
the students in far-step tasks are visualized in Figure 8.
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Figure 8

Schemes of the Generalization Strategies Used by Middle School Students in Far Step Pattern Tasks
Linear (16)

[terative relationship (1) | Contextual (18)

Level (0)

[terative relationship (9) 8th\ar e

Iterative relationship (14)

Guess-and-check (1) \ Whole-object (3)

Counting (1) 5th Grade Level (0) —— |Far Step (0)| — 7th Grade Level (0)

Whole-object (8) /

Contextual (1) Linear (23)
6th Grade Level (0)

Contextual (16)

Linear (1)

[terative relationship (29) Contextual (18)
ontextua

Counting (4) Guess-and-check (5)
Whole-object (5)

When the far-step findings are examined in general terms, it is understood that recursive relationship
and contextual generalization strategies have a widespread base across all middle school levels. However,
looking deeper, the virtually non-existent use of the "contextual" strategy (n=1) in 5th grades and the
widespread adoption of this strategy in upper grades is a significant difference. Similarly, it was clearly
determined that the "linear" generalization strategy, considered the peak of algebraic thinking, was never seen
in 5th grades; was used by only one student (n=1) in 6th grades, but made a massive leap in 7th (n=23) and
8th (n=16) grades where equation outcomes are heavily included in the curriculum. In conclusion, while major
scatterings in strategy diversity and primitive methods (counting, etc.) are observed in lower grades in far-step
tasks, it was concluded that 7th and 8th grades clustered much more compactly around "linear" and
"contextual" strategies, which have strong mathematical rigor.

DISCUSSION, CONCLUSION, AND RECOMMENDATIONS

In this research, the generalization strategies used by middle school students in the context of linear
patterns were examined in depth across grade levels. The obtained findings reveal that students' strategy
preferences exhibit a distinct developmental difference depending on the grade level. It was observed that
students in the fifth and sixth grades predominantly preferred primitive strategies based on counting, drawing,
and recursive thinking when modeling patterns; while they leaned more towards guess and check and
contextual strategies in far-step tasks. This situation bears a strong parallelism with Radford's (2014)
theoretical approach, which posits that algebraic thinking and the concept of variables take shape within a
sequential developmental process over time. The fact that students experience difficulties in converting
arithmetic and verbal expressions into formal algebraic symbols when generalizing, despite being able to use
them, indicates that the transition to symbolic representations in the mathematical thinking process must be
supported by structured instruction (Blanton et al., 2015). These symbolization obstacles observed in lower
grades can also be explained by Lannin's (2005) distinction between explicit and non-explicit strategies.
Students initially progress through concrete means by counting pattern steps one by one or drawing; the
transition to rule-based explicit strategies only matures with formal instruction. In particular, the attempts of
6th-grade students to solve shape patterns by directly converting them into number patterns overlap with the
findings of Tanish and Ozdas (2009) that transition skills between pattern representations should be reinforced
through instruction. Similarly, Warren, Cooper, and Lamb's (2006) definition of the development in students'
generalization capacities as a "gradual process moving from simple repetitions to a rule, and from there to
symbolic expression" theoretically supports the results of the current research.
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Another striking finding of the research is that seventh-grade students focus directly on finding a rule
and producing a formula without deeply analyzing the contextual and formal structure of the pattern during
the generalization process. This tendency is directly related to the critical emphasis expressed by Stephens et
al. (2007) that "early algebraic thinking should not be detached from mathematical structures and
relationships." These students, aiming to reach a quick result mostly with an arithmetic and operational reflex,
show less flexibility in trying different solution paths; this situation weakens the conceptual infrastructure of
the algebraic generalization process. However, the fact that some students, albeit few, can develop structural-
based and flexible solution paths by considering the formal structure of the patterns clearly demonstrates the
need for practices that nourish strategy diversity and support multiple representations in mathematics
instruction environments (Smith, 2003).

The fact that eighth-grade students predominantly lean towards linear generalization strategies when
solving problems and are more successful in establishing functional relationships confirms that algebraic
thinking ability develops alongside grade level and cognitive maturity. Longitudinal studies conducted by
Carraher, Schliemann, and Brizuela (2000) similarly demonstrated that students' transitions from arithmetic
thinking to symbolic thinking can be made permanent over time and through qualified instruction. The much
more systematic, intensive, and abstract treatment of equations and algebraic expressions in the 8th-grade
mathematics curriculum in Turkey (MoNE, 2018) can be evaluated as a fundamental pedagogical element
directly contributing to the success of students at this level in linear strategies.

In the literature, Blanton and Kaput's (2004) fundamental argument that early algebraic thinking should
rely on making sense of mathematical structures and relationships, rather than mere rule memorization,
overlaps strongly with the findings of this study. Indeed, current research conducted by Blanton et al. (2015)
has clearly demonstrated that through pattern-based instructional processes, students can successfully
generalize quantitative relationships, develop logical explanations based on functional thinking, and increase
their competencies in expressing these relationships with symbols. The finding by Stephens et al. (2017), as a
result of their teaching experiments at early grade levels, that students gained the ability to express the
generalizations they reached both verbally and symbolically, provides significant theoretical evidence that the
difficulties identified for lower grades in this study can be overcome with correct instructional interventions.

In line with all these findings obtained from the research, it is recommended that pattern-based
instruction in middle school mathematics classrooms should not be reduced merely to procedural knowledge
and rule finding; instead, it should center on skills of building relationships, symbolization, and developing
strategies based on cognitive flexibility. Rich instructional environments that offer students the opportunity to
explore different mathematical representation forms and construct their own authentic strategies will directly
contribute to building algebraic thinking upon solid foundations. In this context, it is of great importance that
teachers avoid presenting pattern tasks merely as routine problems aimed at reaching the correct answer;
conversely, they should transform these tasks into interactive discussion environments that reveal the student's
cognitive processes and conceptual misconceptions. Integrating algebraic thinking into the curriculum from
elementary school years with an early algebra perspective will permanently develop the abstraction skills
students will need in future years. Therefore, it is essential to give wider coverage to early algebra teaching
pedagogy in teacher preparation and in-service training programs, and to increase professional development
opportunities for teachers to structure this process.

While the current study offers significant contributions to the literature, it has certain limitations. The
primary limitation of the study is that the examined generalization strategies were evaluated only over specific
linear number and shape patterns. For future research, it is recommended to use longitudinal research designs
that monitor students' strategy development processes in detail over time. Furthermore, examining strategy
selections regarding different pattern types (quadratic patterns, repeating patterns, etc.) and investigating the
impact of teacher interventions on students' generalization skills using experimental designs will enrich the
literature. Finally, the transfer effect of pattern-based algebraic thinking skills on students' performances in
other mathematical areas, such as problem-solving or geometric reasoning, can also be examined in depth.
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