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Aragtirma Makalesi

Matematik Ogretmen Adaylarimin Ozdiizenlemeli Ogrenme Ortamlan icin Gelistirdikleri
Matematiksel Problemler

Ozet: Bu arastirmanin amaci, matematik 6gretmen adaylarinin 6zdiizenlemeli 6grenme
Yeliz Ozkan Hldlroglul*D ortamlari igin gelistirdikleri matematiksel problemlerin incelenmesidir. Nitel aragtirma
Caglar Naci Hi dlrogluzl:l yontemlerinden biri olan durum calismasi olarak yiiriitiilen bu arastirma, matematik 6gretmen
adaylarmnin 6zdiizenlemeli d6grenme ortamlar igin tasarladiklari matematiksel problemlerin
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ve ¢oziimlerinin son hallerini igeren yazili veya dijital dokiimanlardir. Verilerin analizinde,
* Sorumlu Yazar Zimmerman’in (2000) 6zdiizenleme kuramsal gergevesi dikkate alinarak Strauss ve Corbin’in
(1990) kuramsal gergeveye bagl igerik analizi yontemi kullamlmistir. Bu boyutlar, (1) 6n
diistinme, (2) performans/ iradesel kontrol ve (3) 6z yansitmadir. Calismada 6zdiizenlemeli
ogrenme ortamlarindaki matematiksel problemler (1) problemin yapist ve (2) problemin
uygulanist olmak iizere iki farkli boyutta ele alinmaktadir. (1) Problemin yapisi dikkate
alinirsa; 6zdiizenlemeli 6grenme ortamlarinda kullanilacak matematiksel problemler agik uglu
problemler olmali (¢cok degiskenli yap1), gercek yasam baglamindan ortaya ¢ikmali (gergekei
veya giinliik yasamdan), ilgi ¢ekici olmali, zorlayici olmali, 21. yy. becerilerini desteklemeli
ve farkli disiplin/gosterim sekillerini agiga cikarmalidir. Problemin uygulamisi dikkate
alindiginda ise; 6zdiizenlemeli 6grenme ortamlarinda kullanilacak matematiksel problemler
stiregte sorgulamaya firsat vermeli [6grenci merkezli olmali, diisiindiiren 6gretmen ve diisiinen
ogrenciler ile uygulanmali, esnek diisiinmeyi saglamali], problem ¢dzme siirecine uygun
ilerlemeyi Onemsemeli, isbirlikli 6grenmeyi desteklemeli, 6z/grup ici/gruplar arasi
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GIRIS

Insan, diinyaya geldikten kisa siire sonra beyninin islevselligini ve yaraticihgmi biiyiik dlciide
kaybetmektedir. Ozellikle yeni dogan ¢ocuklarin ¢evresindeki diinyay1 6grenmesi iki ii¢ yilin1 almakta ve
bundan sonra artik ailesinin rutin eylemlerini her giin siradan bir sekilde yasamaya devam etmektedir. Arada
sirada yaptig1 ilging ve yaratici aktivite ve deneyimlerle bu siradanlik olumlu anlamda bozulsa da beyin,
gelisimi i¢in yeterli sosyal cevreyi bulamamaktadir. Ozellikle ii¢ yasindan sonra beyindeki néron sayisinda
ve noronlarin dallanmasinda (ndral ag) cok biiylik bir azalma gerceklesmektedir (Corel, 1975). Bu durum
cocugun ii¢ yasindan itibaren zihinsel olarak desteklenmesi gerektigini ortaya koymaktadir. Uluslararasi
calismalar dikkate alindiginda okul 6ncesi egitimin bu nedenle 6n plana ¢iktig1 goriilmektedir (Huttenlocher,
2002). Bu donemde cocuklara verilecek nitelikli egitimlerde bu zihinsel kaybin Oniine gecilmesi
hedeflenmektedir.

Zihinsel aktivitelerdeki zenginligin artmasi ve beynin geligimine iliskin zihinsel farkindaligi one
cikaran caligmalara bakildiginda 1970-1980 yillarinda John Hurley Flavell istbilis, 1990-2005 yillarinda
Barry Zimmerman 6zdiizenleme, 1985-1991 yillarinda Albert Bandura dzyeterlik ve 1990-2005 yillarinda
Dale H. Schunk yiiriitiicii bilis kavramlarmi 6ne ¢ikarmaktadir. Norobilimdeki giincel galigmalar egitimde
baz1 kavramlarin 6ne ¢ikmasina zemin hazirlamistir. Bu kavramlardan biri de o6zdiizenlemedir.
Ozdiizenleme, bireylerin belirli bir géreve yonelik hedefler belirleyip ardindan bilis, duyus ve davranislarini
bu hedefler dogrultusunda kontrol etmeye ve diizenlemeye ¢aligtiklari, i¢ginde bulunduklar1 baglam tarafindan
yonlendirilip sinirlandirildiklari, aktif ve yapilandirmaci bir siirectir (Pintrich, 2000; Schunk, 2012;
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Zimmerman, 2000). Ozdiizenleme; isbirlikli ¢alismalari, daha iyi 6grenmeyi saglayan stratejileri, nitelikli
tahminleri aciga cikaran ortamlari, karmagiklik, kaos, hata ve geliskilerin oldugu 6grenme ortamlarimi,
sorgulayict ve sesli diislinmeleri gerektirmektedir (Hidiroglu, 2018). Feynman yontemi, Da Vinci metodu,
3’te 1 kural, 80/20 kurali, 5nlk kurali, farkli not alma teknikleri, dikkati odaklama teknikleri, yoga,
meditasyon ve strateji oyunlar1 6zdiizenlemenin gelisiminde 6ne ¢ikan zihinsel aktiveler veya stratejilerdir.

Ogrenciler nitelikli bir problem ile karsilastiklarinda zihinlerinde belirsizlik ve kaos ortami
olusmaktadir. Bu asamada Ogrenciler belirsizlik yaratan bu durumdan kurtulmak istemekte ve problem
¢ozme stratejileri uygulamaya baglamaktadir. Fisher (2005) problemi, bazi bilgilerin oldugu, ¢6ziimiinde
cesitli engeller i¢eren ve bireylerin ¢ozmek istedigi durum olarak tanimlamaktadir. Yazgan ve Arslan (2017)
literatiirdeki problem ¢dzme stratejilerini derledikleri ¢aligmalarinda; canlandirma, basitlestirme, eleme,
muhakeme etme, tablo yapma, geriye dogru calisma, denklem/esitsizlik yazma, baginti bulma, diyagram
¢izme, tahmin ve kontrol ve sistematik liste yapma olarak stratejileri belirtmektedir. Matematikte sadece
matematiksel islemler gergeklestirmek matematigin imajim1 ve erisimini kisitlamaktadir. Bu nedenle
matematik, 6grenciler tarafindan kavramasi zor, daha az anlasilir ve 6nemsiz olarak algilanmaktadir. Burada
en 6nemli sey, O0grenciye diisinmeye deger/diisiindiiren problemler vermektir (Hidiroglu, 2018; Liljedahl,
2020). Verilen problemlerin ¢oziimii ¢ok yonlii diisiinmeyi, disiplinlerarasi bilgiyi ve yaraticiligi
gerektirmelidir (Senemoglu, 2018). Problem ¢6zmenin 21. ylizyil yeterlikleri arasinda yer almasi, dnemli bir
beceri olmasi, 6gretimin her kademesinde ihtiyag duyulmasi, bireylerin neyi, nasil, neden kullanacaginin
farkinda olarak ¢oziimde ilerlemesinin saglanmasi 6nemlidir. Fakat, problem ¢6zmek kadar problem
kurmanin da 6nemli oldugu, biligsel siire¢ gerektirdigi géz ardi edilmemelidir. Problem kurma, bireylerin
yaratici diisiinme becerilerini gelistirmekte, konuyu farkli bakis acilariyla ele almalarint saglamakta, cesitli
¢Oziim yollaria gotiirmekte ve yeni yaklasimlar gelistirmelerini saglamaktadir (Aydogdu, 2024). Stein,
Smith, Henningsen ve Silver (2000) kurulan problemlerin biligsel istem diizeylerini ezberleme, baglantisiz
yontemler, baglantili yontemler ve matematik yapmak olmak iizere asamaya aymrmaktadir. Ogretmen,
Ogretmen aday1 ve Ogrencilerden beklenen baglantili yontemler olusturmalar1 ve matematik yapmalaridir.
Ozdiizenlemeli 6grenme ortamlar1 matematik yapan smiflarm olusmasinda oldukca énemlidir.

Ozdiizenlemeli Ogrenme Ortamlar

Ozdiizenlemeyi 6grenme ortamlarinda agiga ¢ikarmak igin dgretmen ve dgrencilerden “Ne biliyorum?,
Nasil bir yol izlersem {istesinden gelebilirim?, Hatay1 nasil bulurum?, Bunu ne zaman kullanmaliyim?,
Hatayi nasil diizeltirim?, Hangi bilgim burada daha énemli?, Nasil bir yol izlersem daha iyi olur?,...” gibi
sorular1 diisiinme siireclerinde kendilerine sormalar1 ve cevaplamalari istenmelidir (Senemoglu, 2018). Bu
sorular 6zdiizenlemeyi ve iistbilisi aktiflestiren ve gelisimi i¢in tetikleyici olan 6nemli sorulardr.

Ozdiizenleme, 1980°li yillardan itibaren egitimde onemli bir kesim tarafindan ele alinmaktadir.
Ozdiizenlemenin alanyazindaki gelisim siirecinin temelinde Flavell’in (1979) {istbilis kavrami ile
karsilasilmaktadir. Ustbilissel bilgi, bilissel siiregler hakkinda edinilmis bilgiyi ve bilissel siirecleri kontrol
etmek i¢in kullanilabilecek bilgiyi ifade etmektedir (Flavell, 1987). Bilgi, bir amaca ulasilmasin1 saglamak
icin stratejik bir sekilde aktif olarak kullaniliyorsa iistbilissel bilgi olarak kabul edilmektedir. Flavell (1987),
ustbiligsel bilgiyi birey/kisi, gérev ve strateji temelli tstbilis olmak tizere tige ayirmaktadir. Kisi temelli
istbilis, bireyin kendi 6grenmeleri hakkindaki diisiincelerini igerirken; gorev temelli {istbilig, bireyin bir
gorevle ilgili sahip oldugu diisiinceleridir. Strateji temelli iistbilis bireyin sahip oldugu stratejik unsurlarla
ilgili diisiincelerini kapsamaktadir. Ornegin, bir Ogrenci bir matematik smavina nasil yaklasacagini
planlamada bilgiyi farkli sekillerde kullanabilir: "Ben (kisi degiskeni) s6zel problemlerde (gorev degiskeni)
zorluk ¢ektigimi biliyorum, bu nedenle dnce hesaplama problemlerini cevaplayacagim ve s6zel problemleri
sona birakacagim (strateji degiskeni)." diyebilir.

Ozdiizenleme siirecinin temelini olusturan iistbiligsel bilgi, bireyin biligsel eylemlerinin neden, nasil ve
hangi durumlarda gergeklestigine iliskin sahip oldugu bilgilerdir. Scraw ve Moshman (1995) {istbilissel
bilgiyi agiklayici, durumsal ve islemsel bilgi olmak iizere lige ayirmaktadir. Agiklayici (tanitici) bilgi, bir
kisinin sahip oldugu bilgi ve becerilerin farkinda olarak veya deneyimlerinden yararlanarak bir isi yapip
yapamayacagi hakkindaki bilgisidir (Daniels, 2002; Scraw & Moshman, 1995). Ornegin, bir 6grencinin A
dersinden gecip gecemeyecegine iliskin var olan bilgileri onun istbiligsel tanitici bilgileridir. Eger bir
Ogrenci cesitli nedenlerle A dersinden gegip gecemeyecegi ile ilgili bir bilgiye sahip degilse bu onun s6z
konusu durum karsisinda eksik {iistbiligsel bilgilere sahip oldugunu gostermektedir. Fakat bu iistbiligsel bilgi
eksikligi onun bu dersten kalacagi anlamina gelmemektedir. Durumsal (kosullu) bilgi, bir bilginin, becerinin,
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stratejinin veya yontemin nigin islevsel oldugu ve hangi sartlar altinda ise yarayacagi hakkindaki her tiirlii
bilgiyi kapsamaktadir (Deseote, Roeyers & Buysse, 2001; Pierce 2003; Scraw & Moshman, 1995). Ornegin,
bir 6grencinin A dersinde 6gretmenin sorabilecegi onemli sorulara karsi sergilemesi gereken stratejileri
ortaya koyarken sergileyecegi bilgiler onun iistbilissel kosullu bilgileridir. Ogrenci bu siirecte karsisina
cikabilecek bir durumda yapabilecegi seyleri ni¢in yapmasi gerektigi ile ilgili aciklamalar yapmaktadir.
Islemsel (yontemsel) bilgi, siirecteki zihinsel eylemlerin nasil ise yarayabilecegi hakkindaki bilgileri
icermektedir (Deseote vd., 2001; Panaoura, 2003; Pierce, 2003; Scraw & Moshman, 1995). Problemde
istenene ulagmak icin gerekli becerilerin ve matematiksel kavramlarin nasil kullanilabilecegi ve yapilmasi
gereken islemlerin nasil uygulanacagi hakkindaki bilgidir. Ornegin, bir dgrencinin A dersinde 6gretmeninin
sorabilecegi bir soru hakkindaki tahmini onun tanitici bilgisine bir drnek teskil etmektedir. Bu soruda
kullanilmas1 gereken stratejilerin ne zaman ve nigin kullanacagina iliskin agiklamalar1 kosullu bilgilerini
gosterirken, bu soruda s6z konusu stratejileri nasil uygulayabilecegine iliskin agiklamalari ise onun
yontemsel veya islemsel bilgilerini gostermektedir. Ozdiizenlemede &ne ¢ikan farkli kuramsal cerceveler
bulunmakta ve bu gercevelerde farkli degiskenler ele alinmaktadir. Ornegin, Winne ve Hadwin’in (1998)
dort asamali 6zdiizenlemeli 6grenme modelinin asamalar1 (1) goérevi tammlama, (2) hedef belirleme ve
hedefe ulasmak i¢in plan yapma, (3) harekete ge¢me, (4) Ustbilise uyum saglamadir. Pintrich’in (2000)
ozdiizenlemeli 6grenme modeli agagidaki gibidir (bkz. Tablo 1).

Tablo 1

Pintrich’in (2000) Ozdiizenlemeli Ogrenme Modeli

Asamalar Diizenleme Alanlart
’ Bilis Motivasyon

Davranig Cevre

* Hedefe uyum saglama
* Zamani ve harcanacak

On diisiinme,
Planlama ve
harekete gegme

Gézlem yapma

Kontrol

Tepki ve Yansitma

* Harekete ge¢me
* Onceki bilgileri
etkinlestirme

* Ustbilisi etkinlestirme

Ustbilissel farkindalik ve

bilisi gézlemleme

Diislinme ve §grenme
icin 6grenme stratejilerini
segme ve uyum saglama

* Biligsel yargilar

* Yeterlik algilar

* Zor goreve karst 6grenme
yargilarinin olumlu olmast
* Gorevi aktiflestirme

* flgiyi etkinlestirme

Farkindalik ve motivasyon
etkilerini gbzlemleme
Motivasyonu yonetmek i¢in

uygun stratejileri segme

* Duyussal tepkiler

cabayi planlama
* Davraniglar gézlemlemek
icin plan yapma

Farkindalik, harcanacak
caba ve zamam gozleme
Davranislart gozleme

Duruma gore gosterilen
cabayi arttirma veya
azaltma

Davranis se¢imi

* Goreve alisma
* Cevreye alisma

Zor gorevleri ve
cevre sartlarimni
gozlemleme

Gorevi degistirme
ya da yeniden
diizenleme

Gorev ve gevreyi

* Tutumlar * Tutumlar degerlendirme

Literatiirde kabul gormiis bir diger kuramsal gergeve Zimmerman’a (2000) aittir (bkz. Sekil 1).
Zimmerman’m (2000) 6zdiizenleme siireci 6n diisiinme, performans ve 6z yansitma olmak {izere ii¢ temel
asamadan olusmaktadir. Bu siirec dongiisel olarak devam etmektedir.

Sekil 1

Zimmerman i (2000) Ozdiizenleme Dongiisii

PERFORMANS

- 8z-Kontrol
-&z-8gretim
-imgeleme
-Odaklanma

-Gérev stratejileri

- O8z-Gézlem
+Kendini kaydetme
*Kendini deneme

OGN DUSUNUS
« Gérev Analizi
*Hedef belirleme
«Stratejik planlama
*Motivasyonel
Inangiar
+Oz-yeterlik
+Sonug beklentileri
«lesel deger
+Hedef yénelimi

&Z YANSITMA
«Oz-Yargilama
+Oz-degerlendirms

*Nedensel atfetme
«Oz-Tepki

+Oz-memnuniyst

«Sonug cikarma
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Problem Kurma

Problem kurma, matematiksel deneyimlere dayanarak, somut durumlara bireysel deneyimlerin
eklendigi siirectir (Stoyanova & Ellerton, 1996). English (1997) problem kurmanin ii¢ temel asamadan
olustugunu belirtmektedir. Bunlar; bilgi ve akil yiiriitme, iistbilissel siirecler ve sosyolojik faktérlerdir. Ornek
ve Soylu’nun (2021) problem kurma siireci alti basamaktan (durumu anlama, hikdye tasarlama, problem
climlesi olugturma, problemi ¢ézme, degerlendirme ve problemi son haline getirme) olusmaktadir. Ortaokul
matematik 6gretim programinda (Milli Egitim Bakanligi, 2024) problem kurma becerisine ayriyeten vurgu
yapilmasa da bu beceri, problem ¢d6zme becerisinin yansitma bileseni altinda ele alinmaktadir. Matematik
Ogretmenleri smiflarma getirecekleri problemleri iyi se¢meli, {izerine diislinmeli, sectikleri ya da
tasarladiklar1 problemleri simif ve &grenci ihtiyaclarima gére yeniden diizenleyebilmelidir (Bagce, 2023).
Problem kurma caligmalari, matematik 6gretmen adaylarinin farkindaliklarinin artmasini saglamaktadir
(Ticha & Ho$pesova, 2013). Bu nedenle 6gretmen egitiminde problem kurma etkinliklerine yer verilmelidir
(Lavy, 2015). Matematik ogretmen adaylar1 ve Ggretmenlerinin problem kurmayi sinifta nasil daha etkili
kullanabileceklerine iligkin arastirmalara ihtiyag duyulmaktadir (Cai vd, 2015). Matematik 6gretmen
adaylarinin kuracagi problemlerin ¢oziimii ilk basta gdriilmeyen, zihinsel karmasa yaratan, kavramlar arasi
iligki kurmay1 gerektiren, ¢oklu yaklagimlarin anlagilmasini, ¢6ziimiinde karar verme ve yaraticilik becerileri
gerektiren problemler olmasi faydali olacaktir. Dolayisiyla matematik 6gretmen adaylarinin problem kurma
becerisine sahip olmalar1 ve bunu etkili bir ara¢ olarak siniflarinda kullanmalar1 beklenmektedir.

Bu arastirma, matematik 6gretmen adaylarinin 6zdiizenlemeli 6grenme ortamlari i¢in gelistirdikleri
matematiksel problemlerin 6zelliklerinin agiklanmasi ve bu asamada nelerin dikkate alinmasi gerektigine
iliskin agiklamalar sunmasi agisindan 6nem tasimaktadir. Bunun yaninda ¢alisma, 6grencilerin 6zdiizenleme
becerilerinin gelisimi i¢in 6ne ¢ikan dgrenme stratejilerinin ortaya koyulmasi bakimindan da onemlidir.
Ozdiizenleme, matematik &gretmen adaylarmin bagimsiz dgrenme becerilerini gelistirmelerinde, dgretim
stireclerini planlamalarinda, 6grencilerinin 6grenme siireglerini daha etkili sekilde yonlendirmelerinde temel
bilesenlerden biridir. Matematik 6gretmen adaylarinin geleceklerini sekillendirmelerinde 6zdiizenleme kritik
bir role sahiptir. Matematik 6gretmen adaylarmin hem egitim-6gretim siirecini  basarili  sekilde
planlamalarina hem de meslek hayatlarinda etkili ve verimli bireyler olmalarina katkida bulunmaktadir.
Matematik 6gretmen adaylar1 6zdiizenlemeli 6grenme ortamlar igin gelistirdikleri problemler ile ortaokul
ogrencilerinin kendi 6grenme siireclerini planlamalarina, izlemelerine ve degerlendirmelerine yardimci
olacak 6grenme ortamlarma yonelik 6nemli bir bakis sunacaktir. Bu ¢aligma matematik 6gretmen adaylarinin
Ozdiizenlemeli Ogrenme ortamlar1 icin matematiksel problem gelistirme siireclerinin incelendigi bir
arastirmaya rastlanilmamasi yoniiyle 6zgilin bir arastirmadir. Bu dogrultuda arastirmanin amaci, matematik
Ogretmen adaylarmin O6zdiizenlemeli 6grenme ortamlar1 icin gelistirdikleri matematiksel problemlerin
incelenmesidir. Arastirmanin problem climlesi ise “Matematik 6gretmen adaylarmin 6zdiizenlemeli 6grenme
ortamlar1 i¢in gelistirdikleri matematiksel problemlerin 6zellikleri nelerdir?” seklinde belirlenmistir.

YONTEM
Arastirmanin Modeli

Nitel arastirma yontemlerinden biri olan durum ¢alismasi seklinde yiiriitiilen bu arastirma, matematik
Ogretmen adaylarinin 6zdiizenlemeli 6grenme ortamlari i¢in tasarladiklar1 matematiksel problemlerin belli
kriterler cercevesinde degerlendirilmesini igcerdigi icin i¢c ige gecmis ¢oklu durum calismasidir. Durum
calismasi; “ni¢in” ve “nasil” sorularina odaklanilan, aragtirmanin olaylar {izerinde kontroliiniin olmadigi,
olay ve olgunun kendi dogal ortaminda g¢aligilan, olay ve ger¢ek yasa durumu arasinda bag kurmanin
yeterince kolay olmadigi durumlarda kullanilan arastirma yontemidir (Yin, 2003). Calisma, 15 matematik
Ogretmen adaylarmin Ozdiizenlemeli Ogrenme ortamlar1 icin tasarladiklar1 matematiksel problemler
Zimmermann’in (2000) ii¢ boyutlu 6zdiizenleme evresi ¢er¢evesinde incelenmistir. Bu nedenle bu arastirma,
ic ice gegmis coklu durum ¢aligmasi niteligindedir.

Katihmcilar

Aragtirmanin katilimeilart amagh 6rnekleme yontemlerinden biri olan dlgiit 6rnekleme yontemiyle
secilmis 15 matematik 6gretmen adayidir. Katilimeilarin secilmesinde dikkate alinan Slgiitler, (1) Matematik
Egitiminde Ozdiizenleme” dersinde basarili olmak ve (2) ¢alismaya katilmaya istekli olmaktir. Matematik
Egitiminde Ozdiizenleme Dersi; 6zdiizenleme ve 6zdiizenlemeli 6grenme siireglerini, matematik egitiminde
ozdiizenlemeli 6grenmenin amact ve Onemini, matematik ogretiminde 6zdiizenlemeli 6grenenin ozellikleri
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ve Ozdiizenlemeli Ogrenme stratejilerini ve Ozdiizenlemeli Ogrenmeyi destekleyen sinif ortamlar1 ve
uygulamalarimi icermektedir. Arastirmada katilimcilardan o6zdiizenlemeli Ogrenme ortamlart icin bir
matematiksel 6grenme icerigi tasarlamalari istenmistir. Arastirmada katilimeilar O1, 02, 03,...,015 seklinde
kodlanmistr.

Verilerin Toplanmasi

Arastirmanin verileri, matematik Ogretmen adaylarinin 6zdiizenlemeli 6grenme ortami gelistirme
siireglerini igeren video ¢oziimlemeleri, 6zdiizenlemeli 6grenme ortamlari i¢in gelistirilmis matematiksel
problemlerin ve ¢oziimlerinin son hallerini igeren yazili veya dijital dokiimanlardir. Verilerin toplama
siirecinde matematik 6gretmen adaylari tamamen serbest birakilmigtir. Matematik 6gretmen adaylarmdan
Ozdiizenlemeli dgrenme ortamlar1 i¢in kullanmak isteyecekleri matematiksel problemler tasarlamalar1 ve
neden bu problemleri segtiklerini gerekcelendirmeleri istenmistir. Matematik 6gretmen adaylari, bireysel
olarak caligmus, sesli diisiinme protokollerini uygulamis ve gerektiginde kullanacaklari internet baglantili bir
bilgisayar kendilerine tahsis edilmistir.

Verilerin Analizi

Verilerin analizinde, Zimmerman’in (2000) dongiisel 6zdiizenleme siireci kuramsal ¢ergeve olarak ele
alinmigtir. Verilerin analizinde i¢erik analizi yontemi kullanilmigtir. Strauss ve Corbin’in (1990) ifade ettigi
ii¢ farkli kodlama tiirlinden kuramsal gerceveye bagli kodlama siireci izlenmistir. Analiz birimi,
Zimmerman’m (2000) kuramsal ¢er¢evesindeki temel boyutlardir [(1) 6n diisiinme, (2) performans/ iradesel
kontrol ve (3) 6z yansitma). Ozdiizenlemeli dgrenme ortamlar: i¢in matematiksel problemler segilirken
matematik 6gretmen adaylari tarafindan 6zdiizenlemenin boyutlarini agiga ¢ikaracagi diisliniilen 6gretimsel
unsurlar arastirmanin bulgularii olusturmustur. Verileri iki kodlayici tarafindan ayr1 ayri analiz edilmistir.
Kodlayicilar arasi gilivenirlik formiilii (Miles & Huberman, 1994) dikkate alinarak kodlayicilar arasinda
%86,1°lik uyum belirlenmistir. Son agsamada uyum saglanmayan kodlar incelenerek kodlayicilar arasinda
ortak bir goriis birligine varilmis ve bulgular son hale getirilmistir.

BULGULAR

Matematik 6gretmen adaylarinin 6zdiizenlemeli 6grenme ortamlarinda kullanilmasi igin gelistirdikleri
matematiksel problemler i¢in (1) problemin yapisi ve (2) problemin uygulanisi olarak iki farkli boyuta vurgu
yaptiklar1 gortilmiistiir.

Problemin Yapisina Yonelik Kategoriler

Matematik Ogretmen adaylarmin 6zdiizenlemeli 6grenme ortamlar1 icin segtikleri matematiksel
problemlerde (1) problemin yapist boyutunda; (1.1) acik uglu problem olma (¢ok degiskenli yapi), (1.2)
gercek yasam baglamindan ortaya ¢ikma (gergekei veya giinlilk yasamdan), (1.3) ilgi cekici olma, (1.4)
zorlayici olma, (1.5) 21. yy. becerilerini destekleme, (1.6) farkli disiplin/gosterim sekillerini agiga ¢ikarma
ozellikleri 6n plana ¢ikmustir.

Acik Uclu Problem Olma (Cok Degiskenli Yapy)

Matematik 6gretmen adaylari, agik uglu problem olma kategorisinde 6zdiizenlemeli 6grenme ortamlari
icin kullanacaklar1 problemlerin gerekli ama eksik bilgiler icermesi, varsayimlara baglh coklu ¢oziim
yollarma sahip olmasi gerektigini vurgulamislardir. O11 segtigi problemde ozellikle baz1 degiskenleri
ogrencilere dogrudan vermek istemedigini o degiskenleri onlarin fark etmesinin 6nemli oldugunu
belirtmistir. O11 bu sayede 6grencilerin tek bir ¢dziime odaklanmalarini engelleyecegini ve dzdiizenlemeli
Ogrenme ortamlari i¢in bunun énemli oldugunu ifade etmistir (bkz. Sekil 2).
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Sekil 2

O11’in Caddede Park Yeri Problemi-Geometri

7 A
T
Arag Park Alam a5m :
1 |
2..n |
a5m 4 DONUS :
BN = ccsvessesnssssassssasassnse )
4sm ) Gibis YONO | — '
Arag Park Alant 4,!1 m 0 ) )

Bir sehir planlamacisi iki yonlil bir yolun kenarinda, evlerin oniinde araba park yeri tasarlamak i¢in sizden
yardim istiyor. Sehir plancisinin amaci caddede park edilebilecek arag sayisimin en fazla olacagi diizeni
saglamaktir.

Nasil bir park tasarimi dnerisinde bulunurdunuz? Nedenleriyle a¢iklayiniz.

O11: Problemi aynen almak istemedim. Her veriyi vererek tek bir ¢iziimde toplanmalarini
istemedim. Araba boyutlarint vermedim mesela.

013 bzdiizenlemeli grenme ortamlar1 icin sectigi problemde onu ¢dzmek igin tek bir yolun degil ¢ok
daha fazla yolun var olmasinin 6nemsedigini ifade etmistir. Burada, masalarn nasil dizayn edilecegi,
masalar dizayn edilirken dikkate alinan unsurlarmm ne oldugu ve restoranda ne kadarlik bir alana sahip
olundugu gibi 6nemli degiskenler 6zdiizenlemeli 6grenme ortamlari i¢in 6nemli goriilmiistiir (bkz. Sekil 3).

Sekil 3

O13’iin Restoran-Masa Problemi-Geometri

Bir restoranda calistyorsunuz. Restorandaki kare masalarin her birine 4 kisi oturabiliyor. Restorana 109
kisilik bir topluluk geliyor ve hepsi birlikte oturmak istiyor. Kag¢ tane masa ile nasil bir diizende misafirleri
agirlardiniz?

O13: Bu soruyu sectim, ciinkii problem diisiinmeye sevk eden bir soru ve dgrenci seviyesine
uygun. Ayrica soruyu ¢ozmek icin bir degil ¢ok daha fazla yolun var olmasinin daha iyi
oldugunu diisiindiim.

Gergek Yagsam Baglamindan Ortaya Citkma (Gergekgi veya Giinliik Yasamdan)

Matematik 6gretmen adaylari, gercek yasam baglamindan ortaya ¢ikma kategorisinde 6zdiizenlemeli
O0grenme ortamlar1 igin kullanacaklar1 problemlerin matematigi, giinliik hayat durumlar ile iliskilendiren
gercekci veri/baglamlara sahip problemler olmasi gerektigini vurgulamislardir. 010’a gore 6zdiizenlemeli
Ogrenme ortamlarinda bu tiir problemlerle 6grencilerin deneyimleri ile matematigi iliskilendirmeleri
saglanacak ve matematikte oOgrendiklerinin ne isine yarayacagl konusunda onlarin farkindaliklar
arttirilacaktir (bkz. Sekil 4).
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Sekil 4

010 °’un Ugak Seferi Problemi

Madrid

Istanbul Osaka
17:06

19:05 01:05

Ug farkli sehrin aym anda gosterdikleri zaman gostergesi yukaridaki gibidir. Madrid’den 1 Nisan Carsamba
giinll Osaka sehrine gitmek iizere 14.30’da havalanan bir yolcu ucagi 4,5 saat sonra giivenlik ile ilgili bir

nedenden dolay: Istanbul’a mecburi inis yapmustir. Istanbul’da 2 saatlik bir bekleme siiresinin ardindan
tekrar havalanan ugak 13,5 saat sonra Oska’ya varmustir. Bu ugak Osaka saatine gore hangi giin ve saatte
Osaka’ya inmistir?

010: Matematigin gercek yasamda ne isimize yaradigini ogrencilerin daha iyi anlamast icin

problemin ger¢ek yasamdan olmasi énemli. Gergek¢i olmayinca matematik anlamsizmis gibi
geliyor dgrencilere.

Ilgi Cekici Olma

Matematik 6gretmen adaylari, ilgi ¢ekici olma kategorisinde 6zdiizenlemeli 6grenme ortamlari i¢in
kullanacaklar1 problemlerin &grencilerin 6grenme siirecinde dikkatlerini ¢ekmede ve motivasyonlarini
arttirmada 6nemli oldugunu vurgulamuglardir. O7, Fermi problemleri tarzinda Ogrencilerin tahminde

bulunacaklar1 ortamlar saglayan problemlerin, &grenciler i¢in daha ilgi g¢ekici ve eglenceli oldugunu

belirtmistir. O7, tahminin iistbilissel bir beceri olmasi dolayis1 ile dzdiizenlemeli 6grenme ortamlar1 icin
onemli firsatlar sagladigini ifade etmistir (bkz. Sekil 4).

Sekil 4

O7 'nin A¢i Tahmin Problemi-Geometri

Tahmini A(;lr
=
Q

1
i

BGB agisinin dlgiisiiniin kag derece oldugunu tahmin ediniz ve kutuya yaziniz. Tahmininizin nedenini
aciklaymiz.

O7: Tahmin ¢ocuklarin dikkatini ¢eken ve her égrenciyi siirece katabildigim ortamlar

yaratabiliyor. Tahmin iistbilissel bir beceri oldugu icin ozdiizenlemeli ortamlar icin bu tiir
problemlerin ve Fermi problemlerinin uygun olacagim diistindiim.
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02, ozdiizenlemeli dgrenme ortamlar: icin onlarm dikkatini ceken ve motivasyonlarini yiikselten
olimpiyat problemleri tarzindaki sorularin énemli bir arag¢ oldugunu ifade etmistir. 02, igsel motivasyonun
siiregteki Onemine vurgu yaparak aslinda bu tiir problemlerin 6zdiizenlemede ondiisiinme boyutundaki 6z
motivasyonel inanglar1 destekleyici bir rol aldigini belirtmistir. Burada O2, problemin uygulanisi
kategorisinde teknoloji entegrasyonuna da gonderme yapmis ve GeoGebra’da bu tiir problemlerin deneysel
bir ortam yaratilarak gorsellestirilebilecegini ifade etmistir (bkz. Sekil 5).

Sekil 5

02 ’nin Olimpiyat Problemi-Geometri

9. Bir ABC iiggeninin [BC] kenari tzerinde alman bir D noktas1 igin

rr.'{B_j:D:l = 120° ve m((:j_D] = 307dir. |AD| =6 ve |DC| = 21 1se, |AB)|
kagtir?
a) 0 b) 10 ) 11 d) 12 e) 13

02: Ogrenciler genelde béyle ilging olimpiyvat problemleriyle ugrasmayr sever. Deneme
sanslart da olabilir GeoGebra’da. Bu da ogrenciye segenek sunuyor. Bir de problemin
sonucunu merak edecekleri icin i¢sel motivasyonlarinin yiiksek olacagini diistiniiyorum.

Zorlayict Olma

Matematik Ogretmen adaylari, zorlayici olma kategorisinde 6zdiizenlemeli 6grenme ortamlari igin
kullanacaklar1 problemlerin 6grencileri diisiinmeye zorlamasi gerektigini, 6grencilerin yakinsak gelisim
alaninda onlar1 daha nitelikli ve iist diizey diisiinmeye tesvik etmesi gerektigini ifade etmislerdir. 014
problemler Ggrenci seviyesinin altinda kalirsa sonuca hemen varacaklarini, 6zdiizenleme i¢in zengin bir
ortam olusmayacagini ve onlara bu tiir problemlerin sikici gelecegini vurgulamustir (bkz. Sekil 6).

Sekil 6

O14iin Yaya ve Motorlu Problemi-Sayilar

Uzunlugu 33 km olan A’dan B’ye bir yol var. Bir insanin yiiriime hiz1 5 km/s, motor ile yol alan bir kisi 25
km/s ve motorla yol alan iki kisi 20 km/s hizla gidebilmektedir. A noktasinda bulunan 3 kisi en az kag saat
sonra ii¢l birlikte B noktasma varir? (Bir motora en fazla iki kisi binebilmektedir. Bir adet motor mevcuttur.)

O14: Problem égrenci seviyesinin altinda kaldiysa eger, 6grenci sonuca hemen varacaktir. Bu
da ogrencinin hedef ve strateji belirlemesine gerek kalmadan, siire¢ icerisinde zihinde
canlandirmalar yapmadan ve ¢ok yonlii stratejiler uygulamadan problemi ¢ozmesine sebep
olacaktir. Ogrencilere seviyeleri altinda verilen problemler sikict gelir.

O1, o6zdiizenlemeli &grenme ortamlarinda kullanilacak problemlerin anlasilir, seviyeye uygun,
kolaylikla ¢oziilemeyecek ve diisiinmeyi tesvik eden problemler olmasi gerektigini ifade etmistir. Matematik
Ogretmen adaylar1 i¢in ¢6ziimii ilk bakigta goriilemeyecek zihinsel karmasa yaratan ve bilissel zorluk igeren
problemler 6zdiizenlemeli 6grenme ortamlar1 i¢in 6nemli goriilmiistiir (bkz. Sekil 7).
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Sekil 7

O1’in Dolap Problemi-Sayilar

PROBLEM

Bir okulda 1000 6grenci ve her 6grencinin bir esya dolabi vardir. Okuldaki biitiin dolaplar kapali

ancak kilitli degildir.
Olkula gelen ilk 6grenci siradan biitiin dolap kapilarini agar.
Ikinci 6grenci gelir ve sirayla 2 numarali dolaptan baslayarak her ikinci dolabi kapatur.
Ugtincti 6grenci ise tic numarali dolaptan baslayarak sirayla her tictincii kapinin durumunu
degistirir (vani eger dolap aciksa &grenci kapatir va da dolap kapali ise 6grenci onu acar.).
Dérdiineti 6grenci de dért numarali dolaptan baglayarak swradan her dérdiincii kapinin
durumunu degistirir.

Eger bu islemi 1000 6grencinin hepsi devam ettirirse sonunda hangi dolap kapilari agik kalir,
hangileri kapali?

Ol: Her égrencinin anlayabilecegi fakat kolaylikla ¢izemeyecegi bir problem se¢cmek istedim.
Ben bu tiir problemlerin siirekli o problemle ilgili diisiinmeyi sagladig icin yararli oldugunu
diistintiyorum.

21.yy. Becerilerini Destekleme

Matematik 6gretmen adaylari, 21. yy. becerilerini destekleme kategorisinde 6zdiizenlemeli 6grenme
ortamlar1 i¢in kullanacaklar1 problemlerin giiniimiizde Ggretim programlarinda ve egitim anlayisinda
onemsenen becerileri agiga c¢ikarak ve destekleyecek ozellikte olmasi gerektigini diisiinmiislerdir. O15
sectigi problemin 6grencilerin finansal okuryazarlik becerilerini destekleyecegini ve onlarin parayi nasil daha
iyi kullanabilecekleri hakkinda bir farkindalik kazanmalarina firsat verecegini ifade etmistir (bkz. Sekil 8).

Sekil 8

O15’in Kitap Satin Alma Problemi-Sayilar-Finansal Okuryazarlik

Alistirma/ /\ Aslan 49,90 lira olan bir kitap satin almak istiyor. Elinde 100 liras1 var. Kitab1
Word Problem alinca elinde ne kadar parasi kalir?

Aslan, dogum giinii hediyesi olarak aldig1 J. K. Rowling’in «Harry Potter ve
/\ Felsefe Tas» kitabin1 okumaktan biiyilik zevk aldi. Simdi internette ayni1 yazarm
Open-Ended Problem «Harry Potter ve Sirlar Odas1» kitabina rastladi. Amazon’da kitap 49,90 lira.
Aslan da dedesinin ona dogum giinii i¢cin verdigi 100 liras1 var. Aslan ne
yapmali? Kiiciik gruplar halinde Ada’ya tavsiyeler verin.

O15: Problemi dikkate alirken giiniimiizde éne ¢ikan becerileri gelistirmesinin énemli olacagini
diisiindiim. Bu problem d&grencilerin finansal okuryazarlik becerilerini destekliyor. Ayrica
hayatlarinda parayr daha iyi nasil kullanacaklarint 6grenecekler.

09, 6zdiizenlemeli dgrenme ortamlar: igin segtigi problemin giinliik yasamda zamanin kullanimina
iliskin farkindalik sagladigim ve 6zdiizenlemede zaman ydnetimi becerisini gelistirdigini ifade etmistir. O9,
Ogrencilerin zamam etkili kullanmada sorun yasadiklarmmi, bu tiir problemlerle bu eksikligin
giderilebilecegini ve bu tiir problemlerin 6zdiizenlemedeki ondiisiinme igin énemli oldugunu vurgulamistir
(bkz. Sekil 9).
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Sekil 9

09 'un Kasada Odeme Problemi-Zaman Yonetimi

Markette aligveris yaptiniz ve kasaya gidiyorsunuz. 2 kasa var. Hangi siraya gecersiniz? Neden?

09: Ozdiizenlemede zamant ayarlama énemli bir beceri, 6zellikle plan yaparken cok isimize
yariyor. Zamant etkili kullanma 6grencilerin onemli bir sorunu. Bu problem onlarin giinliik
yasamda stk sik karsilastigr bir durum ve zaman kavramini hayatlarinda fark etmeleri icin giizel
bir ornek.

Farkh Disiplin/Gosterim Sekillerini Aciga Cikarma

Matematik Ogretmen adaylari, farkli disiplin/gosterim sekillerini agiga ¢ikarma kategorisinde
Ozdiizenlemeli 6grenme ortamlar1 i¢in kullanacaklar1 problemlerin matematigi matematik dis1 disiplinlerle
iliskilendirecek ve farkli gosterim sekillerini iliskilendirmelerini gerektirecek problemler olmasi gerektigini
vurgulamustir. O3, farkli bir kaynakta buldugu kapali uclu siradan bir problemi, acik uglu bir probleme
doniistiirmils ve Ogrencilerin ¢6ziimde matematigi cografya, biyoloji, teknoloji gibi matematik dis1
disiplinlerle iliskilendirecekleri ortamlar olusturmalarina ortam saglamistir (bkz. Sekil 10).

Sekil 10

O3’iin Ay1 Problemi

Kapali U¢lu Siradan
(Rutin) Gergek Yasam Kiitlesi 500 kg olan bir ayi, kiitlesi 25 kg olan kag
Problemleri (Word gocudun kiitlesine egittir?

Problem)

A ve Cocuk Problemi: Alaska’da dinyanin en
buytk ayilarindan birisinin tedavi edilmesi igin
yakalandig1 soyleniyor. Sizce bu aymin agirligs kag
gocugun agirligina esittir?

Open-Ended Gergek .

Yasam Problemleri

03: Buradaki makalede ayi ve cocuk agirliklar ile ilgili bir problem var. Ashinda bu problemi
begendim c¢iinkii agwlik fen konusu. Ama problem kapali uglu ve bu haliyle iistbilis
tetiklenmez ve iistbilisin gelisecegi sinif normlarina zarar verir. Bu problemi revize edecegim.
Haritayi, GeoGebra’yi ve interneti de kullanarak acik uclu bir probleme doniistiirecegim.
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O3 bu tiir problemlerle dzdiizenlemeli 6grenme ortamlarinda zengin zihinsel 6grenme ortamlarmin
aciga ¢ikacagini ve 6grencilerin akil yiiriitmeye, kesfetmeye ve sorgulamaya tesvik edecegini vurgulamistir.
O3 kullanmak istedigi problemin 6rnek ¢oziimiinde ¢ocukluk dénemini 3-14 yas arahgini belirlemistir.
Cocukluk donemindeki her yas grubu i¢in ortalama agirlik degerlerini veren dogrusal denklemi elde etmistir.
Sonrasinda GeoGebra’da siirgiileri de kullanarak aymnin agirligini (a) ve cocuk grubunun yasi (b) {izerinden
hareket ederek yaklasik ka¢ cocugun agirhigina esit oldugunu veren matematiksel temsili (grafik)
olusturmustur. Grafik {izerinde noktanin apsisi ¢ocuk grubunun yagini, ordinati ise aymnin agirligimn o
yastaki kag cocugun agirligina karsilik geldigini tanimlamistir (bkz. Sekil 11).

Sekil 11

O3’iin Ayt Problemi Céziimiinden Bir Kesit

poRTS——— S

Y
3
S
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A= (b, 2} Hpree e ——— ———
297b+388) - p P 6
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03: Verilen problemin égrenci seviyesine gore olup olmamasinin yaninda bir de problemin
nitelikli olmast etkeni mevcuttur. Niteliksiz uygulamalar 6grencinin  sadece islemsel
becerilerinin gelismesini saglayip ézdiizenleme becerilerine hicbir yarar saglamamaktadir. Bu
gibi uygulamalar ogrencilerin bazi formiilleri ve algoritmalar: temel mantigini anlamadan
ezberlemelerine sebep olmaktadir. Bu nedenle kazandirmak istedigimiz ~ozdiizenleme

davramiglart i¢in oOgrencilere diigiinmeye, kesfetmeye, sorgulama yapmaya tesvik edicCi
problemler sormaliyiz.

Problemin Uygulamsina Yonelik Kategoriler

(2) Problemin uygulanis1 boyutunda; (2.1) sorgulamaya firsat verme [(2.1.1) 6grenci merkezli olma,
(2.1.2) diislindiiren 6gretmen, (2.1.3) diistinen 6grenci, (2.1.4) esnek diisiinme], (2.2) problem ¢ozme

siirecine uygun ilerleme, (2.3) isbirlikli 6grenme, (2.4) 6z/ grup ici/ gruplar arasi degerlendirme, (2.5)
teknoloji entegrasyonu 6n plana ¢ikmistir.

Sorgulamaya Firsat Verme [Ogrenci Merkezli, Diisiindiiren Ogretmen, Diisiinen Ogrenci, Esnek

Diisiinme]

Matematik Ogretmen adaylari, sorgulamaya firsat verme kategorisinde oOzdiizenlemeli 6grenme
ortamlar1 i¢in kullanacaklar1 problemlerin uygulama siirecinin 68renci merkezli olmasi gerektigini,
diistindiiren 6gretmen ve diislinen 6grenci rollerinin énemli oldugunu ve esnek diistinmeyi sinif normu haline
getirmis 6grenme ortamlarinin gerekli oldugunu vurgulamuslardir. O12 basit gibi goriinen, anlasilmasi kolay
fakat icerisinde farkli durumlar1 barindiran ve 6grenciyi aktif kilan 6grenme ortamlarinin énemli oldugunu
ifade etmistir. Siirecte 6grencilerin siirekli aktif olduklar1 ve farkli disiincelere saygi duyacak sekilde sinif
normlarimn gelistirilmesi igin bu tiir problemlerin kullanilmas1 gerektigini ifade etmistir. O12 6zdiizenlemeli
Ogrenme ortami icin sectigi problemin 6grencilerin say1 duyusu, degisken kurma ve genelleme becerilerini
gelistirecekleri zengin bir 6grenme ortamu saglayacagini belirtmistir (bkz. Sekil 12).
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Sekil 12

O12 ’nin Sayilart Parcalama Problemi (Say: Duyusu, Degisken, Genelleme)

25'in farkh gekilde toplama iglemi kullanilarak pargalanmis hallerini diigiindin.
Acaba pargalardaki sayilar ¢arpildiginda elde edeceginiz en kiigiik ve en biiyiik sayi kag olur?

2441 15:5+5
225425

20+5
10+5+5+5

012: Ashinda problem ¢ok basit gibi gériiniiyor. Ama sayr duyusu icin ¢ok énemli bence. Ama
bircok degisken icerisinde var. Bu degiskenleri fark etmeleri ve belli varsayimlarla
genellemeler yapmalart gerekiyor. Bu problemi ben her sinif seviyesinde uygulayabilirdim.
Osrenci problemi anlamakta zorlanmaz ve hep aktif olur. Ogretmene daha az ihtiva¢ duyar.
Burada ogrenciler birbirlerinin farkl diisiincelerine deger verir ve ozdiizenlemeli zengin bir
ortam olusacaktir.

06, sectigi problemde dgrencilerin farkl: verileri kullanacaklari, olasi ve tiim durumlari dikkate alarak
¢oziimler iretecekleri, bunlari iliskilendirecekleri ve karara varacaklari bir ortam yaratabilecegini ifade
etmistir. O6 burada 6zdiizenlemede ondiisiinmede dnemli olan zihinsel eylemlerden “problemi anlama” ve
“istenilen durumlar1 dogru bir sekilde belirleme”’ye vurgu yapmustir (bkz. Sekil 13).

Sekil 13

06 ’nin Tavla (Olimpiyat) Problemi-Olasilik

A, B ve C aralarinda tavla oynarlar.Once A ile B karsilasir, kazanan Cile
oynar. Bundan sonra, parti devam ettigi sUrece, oynanan son oyunu
kazanan, o karsilasmada oynamayan U¢inci kisi ile karsilagir.
Oyunculardan biri art arda iki kez kazaninca, parti sona erer ve ardisik iki
oyunu kazanan partinin galibi olur. Her oyunda iki tarafin da kazanma

olasiligi esit ise, Cnin partiyi kazanma olasilig nedir?

2 1 3 1 . 1]
A) ; B) 5 C)E D) ; E) HICBIRI

06: Problemde farkli secenekler diisiiniilerek istenilen duruma uygun olup olmama durumlar
fark edilmeli. Ogrenci problemi anlayarak olast durumlart ve istenilen durumlart dogru bir
sekilde belirlemeli, onlar: iliskilendirmeli ve bir karara varmall.

Problem Cozme Siirecine Uygun Ilerleme

Matematik 6gretmen adaylari, problem ¢dzme siirecine uygun ilerleme kategorisinde 6zdiizenlemeli
Ogrenme ortamlar i¢in kullanacaklar1 problemlerin uygulaniginda 6gretmen ve 6grencilerin problem ¢ozme
basamaklarma uygun bir zihinsel ilerleyisi temel almalarinin énemli oldugunu ifade etmislerdir. O1
tasarladig1 Dolap probleminin ¢6ziim siirecinde dgrencilerin Polya’nin problem ¢dzme siirecine uygun bir
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sekilde hareket ederek problemi ¢ézmeye ¢aligmasinin 6zdiizenleme icin gerekli olduguna vurgu yapmustir
(bkz. Sekil 14).

Sekil 14

OI’in Dolap Problemi

PROBLEM

Bir okulda 1000 &grenci ve her 6grencinin bir esya dolab1 vardir. Okuldaki biitiin dolaplar kapali

ancak kilitli degildir.
Okula gelen ilk 6grenci siradan biitiin dolap kapilarini agar.
ikinei 6grenci gelir ve sirayla 2 numarali dolaptan baslayarak her ikinci dolabi kapatir.
Ugiincii 6grenci ise lic numarali dolaptan baslayarak sirayla her tigtincii kapinmn durumunu
degistirir (yani eger dolap agiksa 6grenci kapatir ya da dolap kapali ise 6grenci onu agar.).
Dérdiineti 6grenci de dort numarali dolaptan basglayarak siradan her dérdiincti kapinin
durumunu degistirir.

Eger bu islemi 1000 6grencinin hepsi devam ettirirse sonunda hangi dolap kapilar1 acik kalir,
hangileri kapali?

Ol: Genel olarak sahsi goriisiim, ogrencilerin Polya’nin problem ¢ozme siirecine uygun bir
sekilde hareket ederek problemi ¢ozmeye ¢alismast ozdiizenlemeli 6grenme ortamlart igin
onemli.

Isbirlikli Ogrenme

Matematik 6gretmen adaylar, isbirlikli 6grenme kategorisinde 6zdiizenlemeli 6grenme ortamlari igin
kullanacaklari problemlerin uygulanisinda grupla ¢alismanin 6zdiizenleme eylemlerinin tetiklenmesi i¢in
olmazsa olmaz oldugunu o6ne ¢ikarmustir. O4 sectigi problemin uygulama siirecinde 6grencilerden ikiser

kisilik gruplar olusturacagini sonrasinda gruplarin da diisiincelerini smif ile paylasacaklar1 ortamlar yaratarak
Ozdiizenlemeli 6grenme ortamlar1 olusturacagini belirtmistir (bkz. Sekil 15).

Sekil 15

O4’iin Kesme Katlama Problemi-Geometri

10.

D K C
M
E F
P R
A N L

Kare seklindeki kagida asagidaki katlamalar
uygulaniyor:

1. [KL] boyunca sola katla

2. [EF]) boyunca asag katla

3. [MN] boyunca sola katla

4. [PR] boyunca asagi katla

katlama isleminden sonra sekil 2 deki gibi yesil
bolge kesiliyor. Kesme iglemi sonras: kagilar

acildiginda kag parca elde edilir?
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04: Ogrencilerin giinliik hayatta karsilasabilecegi ve kolaylikla deneyimleyebilecegi bir durum.
Oncelikle ikiser kisilik gruplardan ¢éziim isteyecegim. Sonra gruplara kagit vererek uygun
sekilde kagit katlama yapmalarini isteyecegim. Sonra ¢oziimleri ile deneyleri arasindaki farki
sinifta arkadagslart ile paylagmalarint isteyecegim. Bu sayede ozdiizenleme becerilerinin
gelisebilecegi ortamlar yaratabilirim.

Oz/ Grup I¢i/ Gruplar Arasi Degerlendirme

Matematik 6gretmen adaylari, 6z/ grup ici/ gruplar arasi degerlendirme kategorisinde 6zdiizenlemeli
Ogrenme ortamlart i¢in kullanacaklar1 problemlerin uygulaniginda &grencilerin kendisini grup arkadaslarini
ve diger gruplar i¢inde kendi performanslarini fark edecekleri ortamlarin 6nemli oldugunu ifade etmislerdir.
Bu anlamda matematik 6gretmen adaylarinin birgogu 6z/ grup i¢i/ gruplar arasi degerlendirme formlarim
ozdiizenlemeli dgrenme ortami igin temel bir ara¢ gibi gormiislerdir. O8 sectigi problemin uygulama
siirecinde birinci olarak bireysel ¢oziim istenecegini, ikinci asamada kiigiik gruplar olusturarak grup iginde
bireysel ¢ozlimlerin paylasilacaginit ve gruplarin bunlar1 dikkate alarak tek bir ¢dziim ortaya koyacagini,
ticlincli olarak gruplarin ¢oziimlerini birbirlerine verecegini ve onlardan bu ¢oéziimleri karsilagtirmalarini
isteyecegini ifade etmistir (bkz. Sekil 16).

Sekil 16

O8’in Farkli Yollar Problemi-Olasilik

< ' ol
SORU Asoptcks, AL B S Pa orholort | enosunaat
.,'x".unit,v“(-,t ) ’("
r 8 i . ,
ey Q/;'
X 11 keka ber bu ’L)V, csrt 1 f A OO S S -
Lo onaad, C nok hosunO (M ele = J=X b = 4 P r
N < ‘1\5«(( e T VUA ) =@ @ =Y o _,ﬂ,L = =¥ =tz
e AlCac\ar x,c-\.nklcn, s y o hookon 2 X 2
e C'den loeket edon ac, A dao ko b o
o Jdahsa hizdicias
1 ornaciN Lorsllos oNnc Clasu e !

RuNna jO‘f‘e

08: Uygulama siirecinde oncelikle bireysel ¢coziim isteyecegim, sonrasinda gruplar olusturarak
ogrencilerin bireysel ¢coziimlerini grup arkadaglari ile paylasmalarini isteyecegim. Gruplar bu
farkli ¢oziimlerden hareketle tek bir ¢oziim teslim edecekler. Gruplarin ¢oziimlerini diger
gruplara dagitacagim ve onlardan gruplarin ¢oziimleri ile kendi ¢oziimlerini karsilastirmalarin
isteyecegim.

Teknoloji Entegrasyonu

Matematik 6gretmen adaylari, teknoloji entegrasyonu kategorisinde 6zdiizenlemeli 6grenme ortamlari
icin kullanacaklar1 problemlerin uygulamisinda GeoGebra, CODAP, Code.org gibi yazilimlar1 kullanarak,
internet baglantili bilgisayarlar1 diisiinme siirecine dahil ederek siiregte teknolojiyi hem bir disiplin hem de
siireci destekleyen bir arag olarak ele almislardir (bkz. Sekil 17).
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Sekil 17

O5’in Oyun Problemi-Olasilik

Ayse, Ferhat ve Mustafa oyun oynamak igin toplanmislardir. Oyun kurali geregi ii¢ arkadas oyun boyunca
hep esit uzaklikta durmalidir. Ayse, Ferhat ve Mustafa’nin birbirlerine gore konumlari hakkinda ne
sOyleyebiliriz?

05, sectigi problemin uygulama siirecinde 6rnek olasi bir ¢oziimii agiklarken GeoGebra’y1 ¢dziimde
etkin bir sekilde kullanarak eskenar iiggenin GeoGebra’da insasi lizerinden gercek yasam probleminin
¢Ozimiinii yapilandirmistir (bkz. Sekil 18).

Sekil 18

O5’in Oyun Problemi Céziimiinden Kesit-Olasilik

Yarigap = 1

Ferhat

Mustafa

05: GeoGebra bence siirecte grup calismasimin etkisini gosteriyor. Ornegin bir hata
yaptigimizda bize bunu fark etmemiz icin firsat sunuyor ve geri bildirim veriyor. Biz de farkl
bir yol deniyoruz. Bununla birlikte artik teknolojinin olmadigi yer yok. Ozdiizenlemeli 6grenme
ortamlart igin de bence mutlaka kullanmamiz gerekiyor.

SONUC, TARTISMA VE ONERILER

Calismada 6zdiizenlemeli 6grenme ortamlarindaki matematiksel problemler (1) problemin yapisi ve
(2) problemin uygulanis1 olmak iizere iki farkli boyutta ele alinmaktadir. (1) Problemin yapisi dikkate
alinirsa; ozdiizenlemeli 6grenme ortamlarinda kullanilacak matematiksel problemler acgik uglu problemler
olmali (¢ok degiskenli yap1), ger¢ek yasam baglamindan ortaya ¢ikmali (gercekei veya giinliikk yasamdan),
ilgi ¢ekici olmali, zorlayici olmali, 21. yy. becerilerini desteklemeli ve farkli disiplin/gosterim sekillerini
aciga cikarmalidir. Problemin uygulamisi dikkate alindiginda ise; Ozdiizenlemeli 0grenme ortamlarinda
kullamlacak matematiksel problemler siirecte sorgulamaya firsat vermeli [0grenci merkezli olmals,
diislindiiren 6gretmen ve diisiinen 6grenciler ile uygulanmali, esnek diistinmeyi saglamali], problem ¢dzme
stirecine uygun ilerlemeyi Onemsemeli, isbirlikli O0grenmeyi desteklemeli, 6z/grup ici/gruplar arasi
degerlendirmeleri a¢iga ¢ikarmali ve teknoloji entegrasyonunu saglamalidir.

261



Trakya Egitim Dergisi, 15(0zel Say1) 2025, 247-266

Matematik egitiminde siradanliktan ziyade iyi bir didaktik amag tasiyan gorevlere gecis olmasi
gerekmektedir. Bunun saglamak i¢in International Technology and Engineering Educators Assosication
[ITEEA] (2011) var olan duruma bilingli hatalar eklenebilecegini, problemdeki stratejik etkenlerle oynanarak
bunlarin ¢dziimdeki etkisinin ortaya ¢ikarilabilecegini ve insanin ilgi, istek ve ihtiyaglarin1 karsilamay1
hedefleyen baglamlara ©6nem verilebilecegini vurgulamaktadir. Matematik Ogretmen adaylar1 da
Ozdiizenlemeli 6grenme ortamlari igin benzer stratejilere (agik uglu yapida olma, gercek yasam baglamindan
ortaya cikma, gercek¢i veya giinlik yasamdan olma gibi) basvurmaktadir. Ozdiizenlemeli &grenme
ortamindaki matematiksel problemler Stein ve digerlerinin (2000) siniflandirmasindaki ezberleme (diizey 1)
ve baglantisiz yontemler (diizey 2) iceren problemler yerine baglantili yontemler (diizey 3) ve matematik
yapmay1 (diizey 4) iceren problemler grubuna dahil olmaktadir. Bu anlamda 6zdiizenlemeli 6grenme
ortamlarindaki matematiksel problemler, zihinsel karmasiklik yaratan (zorlayici), farkli disiplinlerdeki
kavram ve gosterim sekilleri arasindaki baglantt kurmayi gerektiren ve derin sorgulamaya firsat veren
problemlerdir.

Carol’a (2009) gore 6grenme siirecinde engellerle karsilagsmaya, hata yapmaktan korkmamaya ve bunu
bir zihinsel gelisim olarak gdormeye baglandiginda giiglii noral baglantilar olugmaktadir. Bu anlamda,
calismanin sonucglari dogrultusunda &zdiizenlemeli 6grenme ortamlarinda sorgulamaya firsat veren
matematiksel problemler kullanmak onemlidir. Diisiinen siniflar1 agiga c¢ikarmak igin agik uglu yapida
matematiksel problemlerle her zaman daha iyi bir ¢ozlime firsat veren ortamlar yaratilmali, siiregteki 6grenci
hatalar1 tesvik edilmeli, o&grenciler bu konuda cesaretlendirilmeli ve esnek diislinmenin Onemini
anlayacaklari ortamlar yaratilmalidir. Bu anlamda 6zdiizenlemeli 6grenme ortamlari giiniimiizde ¢ok fazla 6n
plana ¢ikan néroplastiteyi (beyninizin yeni deneyimlerle degigsme ve giiclenme yetenegi) destekleyici bir rol
oynamaktadir.

Stigler vd. (2000), uluslararasi smavlarda basarili olan Cin ve Japonya’nin, ABD ve Ingiltere’den
egitimde farkli olarak ne yaptigini arastirmiglardir. Japonya’da siniflarda %44 kesfet etkinlikleri varken ABD
ve Ingiltere’de %]1 kesfet etkinlikleri oldugu; Japonya’da derslerde bilerek yanlis yapan dgretmenler varken,
ABD ve Ingiltere’de Ogrencileri sorgulamaktan uzaklastiran dgretmenlerin oldugu ortaya koyulmustur
(Stigler vd., 2000). Ayrica Cin’deki siniflarda bir saatte bir problem (daha derin diisiinmeyi saglayan agik
uclu ve kiskirtic1 soru) iizerine diisiiniilitken, ABD ve Ingiltere’de bir saatte 20-30 soru (yiizeysel
ahistirmalar) ¢oziildiigii belirlenmistir (Stigler vd., 2000). Ek olarak, Stigler vd. (2000); ABD ve Ingiltere’de
miifredatin Japonya ve Cin’e gore daha genis fakat daha yiizeysel oldugunu belirtmektedir. Bu anlamda
matematik Ogretmen adaylarmin o6zdiizenlemeli O6grenme ortamlari igin kullandiklar1 matematiksel
problemlerin Japonya ve Cin’deki 6grenme anlayisina hizmet ettigi goriilmektedir. Dolayisiyla bu tiir
problemleri 6grenme ortamlarina dahil etmenin uluslararasi sinavlarda Tirkiye’nin siralamasina olumlu
katki saglayacagi sOylenebilir.

Watanabe (2009) egitimde 6zellikle problem ¢6zen ¢ocuklar yetistirmede {ilkelerin basarisiz oldugunu
ifade ederken bes tip cocuktan bahsetmektedir. Problem ¢6zemeyen cocuklarda (1)i¢ ¢ekis, Zimmerman’in
(2000) ozdiizenlemesinde 6n diisiinmede Onemli olan 6z motivasyonel inanct ve Bandura’nin (1989)
perspektifinde ozyeterligi zayif cocuklardir. Problem ¢ozmeyen cocuklarda (2)muhalif, Zimmerman’in
(2000) dzdiizenlemesinde 6zyansitmada nedensel yiiklemeyi dis faktorlere baglayan, siirekli etrafinda eksik
arayan, iyi olan seye odaklanmayan, kendi hatalarmi kabullenmeyen ve sorumluluk almayan gocuklardir.
Problem ¢6zemeyen ¢ocuklarda (3)hayalperest, Zimmerman’in (2000) 6zdiizenlemesinde 6zmotivasyonel
inanci yiiksek olsa da bilissel olarak eyleme gegme (6ndiisiinme) konusunda basarisiz, gercekleri gérmezden
gelerek hayallerde yasayan ¢ocuklardir. Problem ¢6zemeyen ¢ocuklarda (4)girisimci, sorumluluk sahibi ve
azimli olsa da sonu¢ odakli ve eylemlerinin 6ncesini ve sonrasini diisiinmeyen ¢ocuklardir. Girigimciler
inisiyatif alsa da belli kaliplarin disina ¢ikmadan her seyi kendi bildikleri dogrularla yapmaya c¢alisarak
siiregteki gelisimden ¢ok sonuca odaklanan ¢ocuklardir. Bu durum Zimmerman’in (2000) 6zdiizenlemesinde
onemli olan diisiinceler hakkinda diisiinme, kendini her zaman yenileme ve esnek diisiinme anlayisina uygun
degildir. Watanabe’nin (2009) son c¢ocuk tipi (5)problem c¢bdzen cocuklar, inisiyatif alarak cevresini
gelistiren, nasil diislinecegini ve dgrenecegini 0grenmis, zorluklar karsisinda pes etmeyen, hata yapmaktan
korkmayan, gercekei hedefler koyarak bunlar1 fazlasiyla gergeklestiren, problemlerin sonucuna degil altinda
yatan etkenleri diisiinen, plan yapan, gerektiginde planlarmi revize eden ve siirekli daha iyi olana ulagsmay1
hedefleyen cocuklardir. Watanabe (2009) cocuklar1 problem ¢ozme diizeylerine gore agiklarken aslinda
Zimmerman’m (2000) 6zdiizenleme kuramsal ¢ergevesindeki becerileri dikkate almaktadir. Bu ¢aligmada
Ozdiizenlemeli Ogrenme ortamlarmdaki matematiksel problemlerin yapis1 ve uygulamisma iliskin
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aciklamalarin, siniflarda Watanabe’nin (2009) problem ¢6zen cocuklarinin yetistirilmesinde onemli bir
perspektif sunacagi sdylenebilir.

Hidiroglu (2018), Hidiroglu ve Bukova Giizel (2016), Lee (1999), Yavuz ve Bilgec (2016) ve Mason
ve Mitroff’in (1981) diisiincelerine paralel olarak 6zdiizenlemeli 6grenme ortamlari igin agik uglu veya iyi
yapilandirilmamis matematiksel problem senaryolarinin kullanimi; bu problemlerin karmagik gercek yasam
baglamlar1 icermesi, ¢oklu ¢oziim yollarina firsat vermesi ve eksik fakat 6onemli bilgileri igermesi agisindan
olduk¢a Onemlidir. Matematik problemlerinin sadece matematik diinyasina ait islemsel bilgi
kullanabilecekleri problemler olmaktan ziyade gercek yasam baglaminda, acik uglu ve karmasik sistemlerle
basa cikmayr kolaylastiracak nitelikte olmasi gerekmektedir (English, 2008). Baki (2014), agik uglu
matematiksel problemlerin matematik 0gretimine dahil edilmesi gerektigini belirtmektedir. Ciinkii bu tiir
problemler ¢oktan segmeli sorulara gore daha fazla biligsel strateji kullanilmasina ve 6z kontrol eylemlerinin
aciga ¢cikmasina firsat vermektedir (O’Neil & Brown, 1998).

Ozdiizenlemeli 6grenme ortamlarinda kullanilan matematiksel problemlerin uygulamsinda “isbirlikli
O0grenme” ve “0z/ grup ici/ gruplar arast degerlendirme” olduk¢a 6nemlidir. Benzer sekilde Boaler (2021),
matematik egitiminde isbirlikli calismanin ve doniitlere agik olarak degisimin bir pargasi olmanin (nitelikli
deneyimlere bagli etkili 6zdegerlendirme) 6neminden bahsetmektedir. Calismada 6zdiizenlemeli 6grenme
ortamlar1 i¢in matematiksel problemlerin uygulanisinda “problem ¢6zme siirecine uygun ilerleme”
kategorisi, Kramarski ve Mizrachi’nin (2004) iistbiligsel/6zdiizenlemeli sorularin &zelliklerini agiklarken
strateji boyutunda one ¢ikardigi “6grencileri problemi ¢dzmek igin uygun adimlari/stratejileri diigiinmeye
tesvik etme” diislincesi ile paralellik géstermektedir. Ayni zamanda 6zdiizenlemeli 6grenme ortamlari i¢in
matematiksel problemlerin uygulanisinda “6z/ grup igi/ gruplar arasi degerlendirme” kategorisi, Kramarski
ve Mizrachi’nin (2004) iistbilissel/ 6zdiizenlemeli sorularin 6zelliklerini a¢iklarken yansitma boyutunda 6ne
¢ikardig1 “problem ¢6zme siireci hakkinda kendilerine sorular sormaya tesvik etme” diisiincesi ile paralellik
gostermektedir.

Liljedahl (2020) simniflarda 6grenme odakli davraniglarin sadece belli bir kismimin iyi bir 6grenme ile
sonu¢landigimi  vurgulamaktadir. Smuflarda kaytaran, oyalanan, yapiyor goriinen, taklit eden ve
deneyimleyen O6grenci tiplerinden bahseden Liljedahl (2020), deneyimleyen Ogrencilerin smiftaki %10-
%15°1ik bir kesimi olusturdugunu, bu 6grencilerin etrafindaki diisiinceleri dikkate alarak diisiincelerini en iyi
hale getirdigini ve kendi 6grenme rotalarimi tasarlayan 6grenciler oldugunu vurgulamaktadir. Matematik
Ogretmen adaylarindan 6zdiizenlemeli ortamlarda problemler tasarlamalar siireci, onlarin 6zdiizenlemeyi
anlamalarin1 daha iyi hale getiren bir siiregtir (Chapman, 2012). Bu siiregte matematik 6gretmen adaylar
eksikleri, karsilagtiklar1 zorluklari, 6grenci ilgi ve ihtiyaglarini, hatalari, ...vs g6z 6niinde bulundurmakta ve
problem tasarlama becerilerini gelistiren 6grenme faaliyetlerine katilmaktadirlar (HoSpesova & Ticha, 2015).
Matematik Ogretmen adaylarinin 6zdiizenlemeli 6grenme ortamlar1 igin tasarladiklar1 matematiksel
problemlerin yapist ve uygulanisina iliskin agiklamalar, smiflarda deneyimleyen 6grencilerin artmasi igin
onemli bir 6grenme stratejisi olarak ele alinmalidir.

Matematik Ogretmenlerinin siniflarinda kullanacaklar1 matematiksel problemleri secerken ve
uygularken calismada ortaya cikan ozellikleri ve 6grenme stratejilerini dikkate almalari onerilmektedir.
Zimmermann’in (2000) kuramsal cergevesi diginda farkli kuramsal g¢ergevelerle bu arastirma yiiriitiilebilir.
Bu aragtirma matematik Ogretmenleriyle yliriitiilebilir. Bu calismada matematik 6gretmen adaylarmin
yasadiklar1 zorluklara ve ¢6ziim Onerilerine yer verilmistir, ileriki arastirmalarda bu zorluk ve giigliikler
belirlenebilir ve matematik 6gretmen adaylarmin bunlara nasil ¢éziimler trettikleri tartigilabilir. Tasarlanan
matematiksel problemlerin sinif i¢i uygulamalariyla yansimalari ortaya cikarilabilir ve iyilestirmeler
yapilabilir. Ozdiizenleme, matematiksel modelleme ve teknoloji entegrasyonu odaginda biligsel ve
Ozdiizenlemeli beceriler aciga ¢ikarilarak bu becerilere iliskin farkindalik saglanarak ileriki asamada kontrol
listeleri veya rubriklerin yapilandirilmasi i¢in kuramsal gergeveler olusturulabilir. Farkl: iiniversitelerdeki ya
da basar1 seviyeleri farkli matematik 6gretmen adaylariyla benzer bir arastirma gergeklestirilerek sonuglari
tartisilabilir.
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INTRODUCTION

Human beings lose much of their brain's functionality and creativity soon after they come into the
world. Especially newborn children take two to three years to learn about the world around them and after
that, they continue to live the routine actions of their family in an ordinary way every day. Although this
routine can be positively disrupted by occasional interesting and creative activities and experiences, the brain
is unable to find a social environment sufficient for its development. Especially after the age of three, the
number of neurons in the brain and the branching of neurons (neural network) decreases dramatically (Corel,
1975). This situation reveals that the child needs to be mentally supported from the age of three. When
international studies are taken into consideration, it is seen that preschool education comes to the forefront
for this reason (Huttenlocher, 2002). It is aimed to prevent this mental loss with qualified education to be
given to children in this period.

When we look at the studies that emphasize the increase in the richness of mental activities and mental
awareness about the development of the brain, John Hurley Flavell in 1970-1980, Barry Zimmerman in
1990-2005, Albert Bandura in 1985-1991, and Dale H. Schunk in 1990-2005 emphasize the concepts of
metacognition, self-regulation, self-efficacy, and executive cognition. Current studies in neuroscience have
paved the way for some concepts to come to the fore in education. One of these concepts is self-regulation.
Self-regulation is an active and constructivist process in which individuals set goals for a specific task, and
then, try to control and regulate their cognition, affect and behaviors in line with these goals, and are guided
and limited by the context in which they live (Pintrich, 2000; Schunk, 2012; Zimmerman, 2000). Self-
regulation requires collaborative work, strategies that enable better learning, environments that reveal
qualified predictions, learning environments with complexity, chaos, errors and contradictions, questioning
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and thinking aloud (Hidiroglu, 2018). Feynman method, Da Vinci method, 1 in 3 rule, 80/20 rule, 5nlk rule,
different note-taking techniques, attention focusing techniques, yoga, meditation and strategy games are
mental activities or strategies that stand out in the development of self-regulation.

When students encounter a qualified problem, an environment of uncertainty and chaos is created in
their minds. At this stage, students want to get rid of this uncertain situation and begin to apply problem
solving strategies. Fisher (2005) defines a problem as a situation in which there is some information, which
contains various obstacles in its solution and which individuals want to solve. Yazgan and Arslan (2017), in
their study in which they compiled problem solving strategies in the literature, pointed out the strategies as
animation, simplification, elimination, reasoning, making tables, working backwards, writing
equations/inequalities, finding relations, drawing diagrams, prediction and control, and making systematic
lists. Performing only mathematical operations in mathematics limits the image and reach of mathematics.
Therefore, mathematics is perceived by students as difficult to grasp, less understandable and unimportant.
The most important thing here is to give students problems that make them think (Hidiroglu, 2018; Liljedahl,
2020). The solution of the given problems should require multidimensional thinking, interdisciplinary
knowledge and creativity (Senemoglu, 2018). It is important that problem solving is among the 21st century
competencies, that it is an important skill, that it is needed at all levels of education, and that individuals are
aware of what, how and why they will use it and progress in the solution. However, it should not be ignored
that problem posing is as important as problem solving and requires a cognitive process. Problem posing
develops individuals' creative thinking skills, enables them to address the issue from different perspectives,
leads them to various solutions and enables them to develop new approaches (Aydogdu, 2024). Stein, Smith,
Henningsen, and Silver (2000) divide the cognitive demand levels of constructed problems into
memorization, disconnected methods, connected methods, and doing mathematics. Teachers, pre-service
teachers and students are expected to create connected methods and do mathematics. Self-regulated learning
environments are very important in the formation of classrooms that do mathematics.

Self-Regulated Learning Environments

In order to reveal self-regulation in learning environments, teachers and students should be asked to
ask and answer questions such as "What do | know?, How can | overcome if | follow a path?, How do I find
the error?, When should | use it?, How do | correct the error?, Which of my knowledge is more important
here?, What path would be better if I follow?,..." in their thinking processes (Senemoglu, 2018). These
questions are important questions that activate self-regulation and metacognition and trigger their
development.

Self-regulation has been addressed by a significant number of people in education since the 1980s.
The development process of self-regulation in the literature is based on Flavell's (1979) concept of
metacognition. Metacognitive knowledge refers to knowledge acquired about cognitive processes and
knowledge that can be used to control cognitive processes (Flavell, 1987). Knowledge is considered
metacognitive knowledge if it is actively used in a strategic way to achieve a goal. Flavell (1987) divides
metacognitive knowledge into three categories: individual/person, task and strategy-based metacognition.
Person-based metacognition includes an individual's thoughts about his/her own learning, while task-based
metacognition is an individual's thoughts about a task. Strategy-based metacognition includes the individual's
thoughts about the strategic elements. For example, a student may use information in different ways to plan
how to approach a math exam: "I (person variable) know that | have difficulty with verbal problems (task
variable), so | will answer the calculation problems first and leave the verbal problems for the last (strategy
variable)."

Metacognitive knowledge, which forms the basis of the self-regulation process, is the knowledge that
an individual has about why, how and under what circumstances his/her cognitive actions occur. Scraw and
Moshman (1995) divide metacognitive knowledge into three categories: explanatory, situational and
procedural knowledge. Explanatory (descriptive) knowledge is a person's knowledge about whether or not
he/she can do a task by being aware of his/her knowledge and skills or by making use of his/her experiences
(Daniels, 2002; Scraw & Moshman, 1995). For example, a student's existing knowledge about whether
he/she can pass or fail course A is his/her metacognitive descriptive knowledge. If a student does not have
any knowledge about whether he/she will pass or fail course A for various reasons, this shows that he/she has
incomplete metacognitive knowledge about the situation in question. However, this lack of metacognitive
knowledge does not mean that he/she will fail this course. Contingent knowledge includes all kinds of
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knowledge about why knowledge, skill, strategy or method is functional and under what conditions it will
work (Deseote, Roeyers & Buysse, 2001; Pierce 2003; Scraw & Moshman, 1995). For example, the
knowledge that a student will exhibit while revealing the strategies that he/she should exhibit against the
important questions that the teacher may ask in lesson A is his/her metacognitive contingent knowledge. In
this process, the student makes explanations about why he/she should do what he/she can do in a situation
that may arise. Procedural (methodological) knowledge includes knowledge about how the mental actions in
the process can work (Deseote et al., 2001; Panaoura, 2003; Pierce, 2003; Scraw & Moshman, 1995). It is
the knowledge about how to use the necessary skills and mathematical concepts to achieve what is required
in the problem and how to apply the required operations. For example, a student’s prediction about a question
that the teacher might ask in lesson A is an example of his/her introductory knowledge. While his/her
explanations about when and why to use the strategies that should be used in this question show his/her
contingent knowledge, his/her explanations about how to apply these strategies in this question show his/her
procedural or procedural knowledge. There are different theoretical frameworks that are prominent in self-
regulation and different variables are addressed in these frameworks. For example, the stages of Winne and
Hadwin's (1998) four-stage self-regulated learning model are (1) defining the task, (2) setting goals and
making plans to reach the goal, (3) taking action, (4) adapting to metacognition. Pintrich's (2000) self-
regulated learning model is as follows (see Table 1).

Table 1

Pintrich’s (2000) Self-regulated Learning Model

Stages Regulation Areas

Cognition Motivation Behavior Environment
* Adaptation to the target
) * Perceptions of .
g * Taking action competence - N * Getting used to
Pre th_|nk|ng, * Activate previous * Positive learning - Planmng time and effort the task
Planning and Making a plan to observe

taking action

Making
observations

Control

Reaction and
Reflection

information
* Enabling metacognition

Metacognitive awareness
and observing cognition

Selecting and adapting
learning strategies for
thinking and learning

* Cognitive judgments
* Attitudes

judgments against difficult
task

* Activating the task

* Activating interest

Observing the effects of
mindfulness and motivation

Choosing appropriate
strategies to manage
motivation

* Affective responses
* Attitudes

behaviors

Awareness, effort and time
monitoring
Observing behavior

Increase or decrease the

effort according to the
situation

Behavior selection

* Acclimatization
to the environment

Observing difficult
tasks and
environmental
conditions

Change or
reorganize the
mission

Evaluating the task
and the
environment

Another theoretical framework accepted in the literature belongs to Zimmerman (2000) (see Figure 1).
Zimmerman's (2000) self-regulation process consists of three basic stages: pre-thinking, performance and
self-reflection. This process continues cyclically.
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Figure 1

Zimmerman's (2000) Self-Regulation Cycle
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Problem Formulation

Problem posing is a process in which individual experiences are added to concrete situations based on
mathematical experiences (Stoyanova & Ellerton, 1996). English (1997) states that problem posing consists
of three basic stages. These are knowledge and reasoning, metacognitive processes and sociological factors.
Ornek and Soylu's (2021) problem posing process consists of six steps (understanding the situation,
designing a story, creating a problem statement, solving the problem, evaluating the problem, and finalizing
the problem). Although the secondary school mathematics curriculum (Ministry of National Education,
2024) does not emphasize problem posing skill separately, this skill is addressed under the reflection
component of problem-solving skill. Mathematics teachers should choose the problems they will bring to
their classes well, reflect on them, and reorganize the problems they choose or design according to the needs
of the class and students (Bagce, 2023). Problem posing activities increase the awareness of prospective
mathematics teachers (Ticha & Hospesova, 2013). Therefore, problem posing activities should be included
in teacher education (Lavy, 2015). There is a need for research on how pre-service mathematics teachers and
teachers can use problem posing more effectively in the classroom (Cai et al., 2015). It would be beneficial if
the problems to be posed by pre-service mathematics teachers are problems whose solutions are not visible at
first, which create mental complexity, which require establishing relationships between concepts, which
require understanding multiple approaches, and which require decision-making and creativity skills in their
solution. Therefore, pre-service mathematics teachers are expected to have problem posing skills and use it
as an effective tool in their classrooms.

This study is important in terms of explaining the characteristics of mathematical problems developed
by pre-service mathematics teachers for self-regulated learning environments and providing explanations
about what should be taken into consideration at this stage. In addition, the study is also important in terms
of revealing the prominent learning strategies for the development of students' self-regulation skills. Self-
regulation is one of the basic components for pre-service mathematics teachers to develop their independent
learning skills, to plan their teaching processes, and to guide their students' learning processes more
effectively. Self-regulation has a critical role in shaping the future of pre-service mathematics teachers. It
contributes to pre-service mathematics teachers' successful planning of the education-training process as well
as being effective and productive individuals in their professional lives. With the problems they develop for
self-regulated learning environments, pre-service mathematics teachers will provide an important perspective
on learning environments that will help middle school students plan, monitor and evaluate their own learning
processes. This study is an original research in the sense that there is no research examining the
mathematical problem development processes of pre-service mathematics teachers for self-regulated learning
environments. Accordingly, the aim of the study is to examine the mathematical problems developed by pre-
service mathematics teachers for self-regulated learning environments. The problem statement of the
research was determined as "What are the characteristics of the mathematical problems developed by pre-
service mathematics teachers for self-regulated learning environments?"
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METHOD
Research Model

This research, conducted as a case study, which is one of the qualitative research methods, is a nested
multiple case study because it involves the evaluation of mathematical problems designed by pre-service
mathematics teachers for self-regulated learning environments within the framework of certain criteria. Case
study is a research method that focuses on "why" and "how" questions, where the researcher has no control
over the events, where the event and phenomenon are studied in their natural environment, and where it is
not easy enough to establish a connection between the event and the real-life situation (Yin, 2003). The study
examined the mathematical problems designed by 15 pre-service mathematics teachers for self-regulated
learning environments within the framework of Zimmermann's (2000) three-dimensional self-regulation
phase. Therefore, this research is a nested multiple case study.

Participants

The participants of the study were 15 pre-service mathematics teachers selected by criterion sampling
method, which is one of the purposeful sampling methods. The selection criteria for participants were as
follows: firstly, successful completion of the "Self-Regulation in Mathematics Education" course, and
secondly, willingness to participate in the study. Self-Regulation in Mathematics Education course includes
self-regulation and self-regulated learning processes, the purpose and importance of self-regulated learning
in mathematics education, the characteristics of self-regulated learners and self-regulated learning strategies
in mathematics teaching, and classroom environments and practices that support self-regulated learning. In
the study, participants were asked to design a mathematical learning content for self-regulated learning
environments. The participants were coded as P1, P2, P3, ...,P15.

Data Collection

The data of the study consisted of video analyses of pre-service mathematics teachers' processes of
developing self-regulated learning environments and written or digital documents containing the final
versions of mathematical problems and solutions developed for self-regulated learning environments. In the
data collection process, pre-service mathematics teachers were left completely free. The pre-service
mathematics teachers were asked to design mathematical problems that they would like to use for self-
regulated learning environments and to justify why they chose these problems. The pre-service mathematics
teachers worked individually, practiced think-aloud protocols, and were allocated a computer with internet
connection to use when needed.

Data Analysis

In the analysis of the data, Zimmerman's (2000) cyclical self-regulation process was taken as the
theoretical framework. Content analysis method was used to analyze the data. The coding process based on
the theoretical framework, one of the three different coding types expressed by Strauss and Corbin (1990),
was followed. The unit of analysis was the basic dimensions in Zimmerman's (2000) theoretical framework
[(1) pre-thinking, (2) performance/volitional control and (3) self-reflection]. While mathematical problems
were selected for self-regulated learning environments, instructional elements that were thought to reveal the
dimensions of self-regulation by pre-service mathematics teachers constituted the findings of the study. The
data were analyzed separately by two coders. Considering the inter-coder reliability formula (Miles &
Huberman, 1994), 86.1% agreement was determined between the coders. In the last stage, the codes that
were not in agreement were examined and a common consensus was reached between the coders and the
findings were finalized.

FINDINGS

It was observed that pre-service mathematics teachers emphasized two different dimensions for the
mathematical problems they developed for use in self-regulated learning environments: (1) the structure of
the problem and (2) the application of the problem.
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Categories for the Structure of the Problem

The mathematical problems selected by pre-service mathematics teachers for self-regulated learning
environments must meet the following criteria: (1.1) an open-ended problem (multivariate structure), (1.2)
emerging from real life context (realistic or daily life), (1.3) interesting, (1.4) challenging, (1.5) supporting
21st century skills, (1.6) revealing different disciplines/forms of representation.

Being an Open-Ended Problem (Multivariate Structure)

In the category of open-ended problems, pre-service mathematics teachers emphasized that the
problems they would use for self-regulated learning environments should contain necessary but incomplete
information and should have multiple solutions based on assumptions. P11 stated that in the problem he
chose, he did not want to give some variables directly to the students, and it was important for them to
realize those variables. He also pointed out that this would prevent students from focusing on a single
solution and that this was important for self-regulated learning environments (see Figure 2).

Figure 2

P11's Street Parking Problem-Geometry

45m ) GiDis YONU . i2a

Arac Park Alani 45m

A city planner asks for your help to design a parking lot in front of houses on the side of a two-way road.
The city planner's goal is to maximize the number of cars that can be parked on the street.
What kind of park design would you propose? Explain your reasons.

P11: I did not want to take the problem exactly. | did not want them to be gathered in a single
solution by giving all the data. For example, | did not give the dimensions of the car.

P13 stated that it is important for self-regulated learning environments that there is not only one way
to solve the problem but also many more ways to solve it. Here, important variables such as how to design
the tables, what are the elements taken into consideration while designing the tables and how much space is
available in the restaurant were considered important for self-regulated learning environments (see Figure 3).
Figure 3

P13's Restaurant-Table Problem-Geometry

You work in a restaurant. Each of the square tables in the restaurant can seat 4 people. A group of 109 people
comes to the restaurant and they all want to sit together. How many tables would you need, and how would
you arrange your guests?
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P13: 1 chose this question because the problem is thought-provoking and suitable for the level
of the students. I also thought that it was better to have more ways to solve the problem rather
than just one.

Emergence from Real Life Context (Realistic or Daily Life)

In the category of emerging from real life context, pre-service mathematics teachers emphasized that
the problems they would use for self-regulated learning environments should be problems with realistic
data/contexts that relate mathematics to daily life situations. According to P10, with such problems in self-
regulated learning environments, students will be enabled to associate mathematics with their experiences
and their awareness of what they learn in mathematics will be increased (see Figure 4).

Figure 4

P10's Airplane Service Problem

Madrid Istanbul Osaka
17:06 19:06 01:0b6

The time display of three different cities simultaneously is as above. A passenger plane that took off from
Madrid at 14.30 on Wednesday, April 1 for Osaka made a forced landing in Istanbul 4.5 hours later due to a
security issue. After a 2-hour layover in Istanbul, the plane took off again and arrived in Osaka 13.5 hours
later. What day and time did this plane land in Osaka according to Osaka time?

P10: It is important that the problem is from real life in order for students to better understand
what mathematics is useful in real life. When it is not realistic, math seems meaningless to
students.

Attractiveness

In the category of being interesting, pre-service mathematics teachers emphasized that the problems to
be used for self-regulated learning environments are important in attracting students' attention and increasing
their motivation in the learning process. P7 stated that the problems that provide environments for students to
make predictions in the style of Fermi problems were more interesting and fun for students. P7 also stated
that since prediction was a metacognitive skill, it provided important opportunities for self-regulated learning
environments (see Figure 4).
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Figure 4

P7's Angle Estimation Problem-Geometry

Tahmini Aglr
s

L

h

Estimate the measure of the angle BGB and write it in the box. Explain the reason for your guess.

P7: Prediction can create environments that attract children's attention and where | can
involve every student in the process. Since prediction is a metacognitive skill, I thought that
such problems and Fermi problems would be suitable for self-regulated environments.

P2 stated that questions like Olympic problems that attract their attention and increase their motivation
were important tools for self-regulated learning environments. P2 emphasized the importance of intrinsic
motivation in the process and stated that such problems actually played a supportive role for self-
motivational beliefs in the pre-thinking dimension of self-regulation. Here, P2 also referred to technology
integration in the category of problem implementation and stated that such problems could be visualized in
GeoGebra by creating an experimental environment (see Figure 5).

Figure 5

P2's Olympic Problem-Geometry

9. Bir ABC iiggeninin [BC] kenari tzerinde alman bir D noktas1 igin

rr.'{B_j:D:l = 120° ve m[(:j_D] = 307dir. |AD| =6 ve |DC| = 21 1se, |AB)|
kagtir?

a) 0 b) 10 c) 11 d) 12 e) 13

P2: Students generally like to deal with such interesting Olympiad problems. They can also
have a chance to try them in GeoGebra. This gives the student a choice. | also think that their
intrinsic motivation will be high because they will wonder the result of the problem.

Being Coercive

In the category of being challenging, the pre-service mathematics teachers stated that the problems
they would use for self-regulated learning environments should force students to think and encourage them
to think more qualitatively and at a higher level in the field of convergent development. P14 emphasized that
if the problems were below the students' level, they would reach the conclusion immediately, there would not
be a rich environment for self-regulation, and such problems would be boring for them (see Figure 6).
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Figure 6

P14's Pedestrian and Motorized Problem-Numbers

There is a road from A to B with a length of 33 km. The walking speed of a person is 5 km/h, a person
traveling by motorcycle is 25 km/h and two people traveling by motorcycle are traveling at 20 km/h. After,
at least, how many hours will the three people at point A arrive at point B together? (At most, two people can
ride on a motorcycle. There is only one motorcycle.)

P14: If the problem is below the level of the student, the student will come to the conclusion
immediately. This will cause the student to solve the problem without setting goals and
strategies, without visualizing in the process and without applying multidimensional strategies.
Problems given to students below their level are boring.

P1 stated that the problems to be used in self-regulated learning environments should be
comprehensible, appropriate to the level, the problems that cannot be solved easily and encourage thinking.
For the pre-service mathematics teachers, problems whose solutions could not be seen at first glance, which
created mental complexity and involved cognitive difficulty, were considered important for self-regulated
learning environments (See Figure 7).

Figure 7

P1's Closet Problem-Numbers

PROBLEM

Bir okulda 1000 6grenci ve her 6grencinin bir esya dolabi vardir. Okuldaki biitiin dolaplar kapali

ancak kilitli degildir.
Olkula gelen ilk 6grenci siradan biitiin dolap kapilarini agar.
Ikinci 6grenci gelir ve sirayla 2 numarali dolaptan baslayarak her ikinci dolabi kapatur.
Ugtincti 6grenci ise tic numarali dolaptan baslayarak sirayla her tictincii kapinin durumunu
degistirir (vani eger dolap aciksa &grenci kapatir va da dolap kapali ise 6grenci onu acar.).
Dérdiineti 6grenci de dért numarali dolaptan baglayarak swradan her dérdiincii kapinin
durumunu degistirir.

Eger bu islemi 1000 6grencinin hepsi devam ettirirse sonunda hangi dolap kapilari agik kalir,
hangileri kapali?

P1: | wanted to choose a problem that every student could understand but could not solve
easily. | think that such problems are useful because they make you think about the problem all
the time.

Supporting 21st Century Skills

In the category of supporting 21st century skills, the pre-service mathematics teachers thought that the
problems they would use for self-regulated learning environments should be able to reveal and support the
skills that are emphasized in today's curricula and educational understanding. P15 stated that the problem he
chose would support students' financial literacy skills and give them the opportunity to gain awareness about
how to use money better (see Figure 8).
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Figure 8

P15's Book Purchase Problem-Numbers-Financial Literacy

Exercise/ /\ Aslan wants to buy a book for 49.90 lira. He has 100 liras in his hand. How
Word Problem much money will he have left after buying the book?

Aslan enjoyed reading "Harry Potter and the Philosopher's Stone™ by J. K.
Rowling, which he received as a birthday present. Now he came across the book
/\ "Harry Potter and the Chamber of Secrets" by the same author on the internet.
Open-Ended Problem  The book costs 49.90 liras on Amazon. Aslan also has 100 liras that his
grandfather gave him for his birthday. What should Aslan do? Give Ada some
advice in small groups.

P15: While considering the problem, I thought it would be important to develop skills that are
prominent today. This problem supports students' financial literacy skills. They will also learn
how to use money better in their lives.

P9 stated that the problem he chose for self-regulated learning environments provided awareness about
the use of time in daily life and developed time management skills in self-regulation. P9 emphasized that
students had problems in using time effectively, that this deficiency could be overcome with such problems
and that such problems were important for pre-thinking in self-regulation (see Figure 9).

Figure 9

P9's Problem of Payment at the Cash Register-Time Management

=
e,

You shop at the supermarket and go to the checkout. There are 2 checkouts. Which line do you go to? Why?

P9: Time management is an important skill in self-regulation, it is very useful especially when
making plans. Using time effectively is an important problem for students. This problem is a
situation they often encounter in daily life, and it is a good example for them to realize the
concept of time in their lives.

Exposing Different Forms of Discipline/Display

In the category of revealing different disciplines/representations, pre-service mathematics teachers
emphasized that the problems they would use for self-regulated learning environments should be problems
that would associate mathematics with non-mathematics disciplines and required them to associate different
representations. P3 transformed an ordinary closed-ended problem that he found in a different source into an
open-ended problem and provided an environment for students to create environments where they could
associate mathematics with non-mathematics disciplines such as geography, biology, technology in the
solution (see Figure 10).

276



Yeliz Ozkan Hidiroglu, Caglar Naci Hidiroglu
Figure 10

P3's Bear Problem

Closed-ended Routine
Real-Life Problems
(Word Problem)

Kiitlesi 500 kg olan bir ay, kiitlesi 25 kg olan kag
gocugun kiitlesine egittir?

ﬁve Cocuk P : Alaska’da du en \
buyilk ayilarindan birisinin tedavi edilmesi ig¢in < = ——

yakalandig: soyleniyor. Sizce bu aymn agirlig: kag
gocugun agirligina esittir?

Open-Ended Real-Life
Problems

P3: In this article, there is a problem about the weights of a bear and a child. | actually like this
problem because weight is a science topic. But the problem is closed-ended and as it is,
metacognition is not triggered and it harms the classroom norms where metacognition will
develop. | will revise this problem and turn it into an open-ended problem using the map,
GeoGebra and the internet.

P3 emphasized that such problems would reveal rich mental learning environments in self-regulated
learning environments and encourage students to reason, explore and question. In the sample solution of the
problem he wanted to use, P3 determined the childhood period as the age range of 3-14 years. He obtained
the linear equation giving the average weight values for each age group in childhood. Then, by using sliders
in GeoGebra, he created a mathematical representation (graph) that gave the weight of the bear (a) and the
age of the child group (b), which was approximately equal to the weight of how many children. The abscissa
of the point on the graph defined the age of the group of children and the ordinate defined how many
children of that age the weight of the bear corresponded to (see Figure 11).

Figure 11

An Excerpt from P3's Solution to the Bear Problem

I
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P3: In addition to whether the given problem is according to the level of the student or not,
there is also the factor that the problem is qualified. Unqualified applications provide only the
development of students' procedural skills and do not provide any benefit to their self-
regulation skills. Such applications cause students to memorize some formulas and algorithms
without understanding their basic logic. For this reason, we should ask problems that
encourage students to think, explore and question for the self-regulation behaviors we want to
gain.

Categories Related to the Implementation of the Problem

(2) In the dimension of problem implementation; (2.1) giving opportunity for questioning [(2.1.1)
student-centeredness, (2.1.2) thinking teacher, (2.1.3) thinking student, (2.1.4) flexible thinking], (2.2)
progress in accordance with the problem-solving process, (2.3) cooperative learning, (2.4) self/in-
group/intergroup evaluation, (2.5) technology integration came to the fore.

Providing Opportunity for Inquiry [Student Centered, Thinking Teacher, Thinking Student, Flexible
Thinking]

In the category of providing opportunity for inquiry, pre-service mathematics teachers emphasized that
the application process of the problems to be used for self-regulated learning environments should be
student-centered, the roles of thinking teacher and thinking student are important, and learning environments
that make flexible thinking a classroom norm are necessary. P12 stated that learning environments that
seemed simple, easy to understand but contained different situations and made students active are important.
He stated that such problems should be used to develop classroom norms in a way that students were
constantly active in the process and respected different opinions. P12 stated that the problem he chose for the
self-regulated learning environment would provide a rich learning environment in which students would
develop their number sense, variable construction and generalization skills (see Figure 12).

Figure 12

P12's Number Division Problem (Number Sense, Variable, Generalization)

25'in farkh gekilde toplama iglemi kullanilarak pargalanmis hallerini diigiindin.
Acaba pargalardaki sayilar ¢arpildiginda elde edeceginiz en kiigiik ve en biiyiik sayi kag olur?

24+1 15+5+5H
225:25

20+5
10+5+5+5

P12: Actually, the problem seems very simple. But | think it is very important for number sense.
But there are many variables in it. They need to recognize these variables and make
generalizations with certain assumptions. | could apply this problem at every grade level.
Students do not have difficulty in understanding the problem and are always active. They need
the teacher less. Here, students’ value each other's different ideas and a rich self-regulated
environment will be created.

P6 stated that he could create an environment in which students would use different data in the
problem he chose, produced solutions by considering all possible and all situations, related them and reached
a decision. Here, P6 emphasized "understanding the problem"” and "determining the desired situations
correctly™ among the mental actions that were important in pre-thinking in self-regulation (see Figure 13).
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Figure 13

Backgammon (Olympic) Problem of P6-Probability

A, B ve C aralarinda tavla oynarlar. Once A ile B karsilasir, kazanan Cile
oynar. Bundan sonra, parti devam ettigi sirece, oynanan son oyunu
kazanan, o karsilasmada oynamayan Gginci kisi ile karsilagir.
Oyuncvulardan biri art arda iki kez kazaninca, parti sona erer ve ardigik iki
oyunu kazanan partinin galibi olur. Her oyunda iki tarafin da kazanma

olasiligi egit ise, Cnin partiyi kazanma olasiligi nedir?

2 1 3 1 . 1]
A) ; B) 5 C)E D) ; E) HICBIRI

P6: Different options should be considered in the problem and whether they are suitable for the
desired situation or not should be realized. The student should understand the problem,
identify the possible situations and desired situations correctly, associate them and reach a
decision.

Progress in accordance with the Problem-Solving Process

In the category of progress in accordance with the problem-solving process, the pre-service
mathematics teachers stated that it was important for teachers and students to base a mental progress in
accordance with the problem-solving steps in the implementation of the problems they would use for self-
regulated learning environments. P1 emphasized that it was necessary for self-regulation that students would
try to solve the problem by acting in accordance with Polya's problem solving process in the solution process
of the cupboard problem he designed (see Figure 14).

Figure 14

P1's Closet Problem

PROBLEM

Bir okulda 1000 &grenci ve her 6grencinin bir esya dolabi vardir. Okuldaki biitiin dolaplar kapali

ancak kilitli degildir.
Okula gelen ilk 6grenci siradan biitiin dolap kapilarini agar.
ikinci 6grenci gelir ve sirayla 2 numarali dolaptan baslayarak her ikinci dolabi kapatir.
Ucitineti 6grenci ise tic numarali dolaptan baslayarak sirayla her tigtineti kapinin durumunu
degistirir (yani eger dolap acgiksa 6grenci kapatir ya da dolap kapali ise 6grenci onu acar.).
Dérdiincii 6grenci de dért numarali dolaptan baslayarak siradan her dérdiincti kapimn
durumunu degistirir.

Eger bu islemi 1000 6grencinin hepsi devam ettirirse sonunda hangi dolap kapilar1 agik kalir,
hangileri kapali?

P1: In general, my personal opinion is that it is important for self-regulated learning
environments that students try to solve the problem by acting in accordance with Polya's
problem solving process.
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Cooperative Learning

The pre-service mathematics teachers emphasized that working with groups in the implementation of
the problems they would use for self-regulated learning environments in the cooperative learning category
was indispensable for triggering self-regulation actions. P4 pointed out that he would form groups of two
students in the implementation process of the problem he chose and then would create self-regulated learning
environments by creating environments where the groups would share their thoughts with the class (see
Figure 15).

Figure 15

P4's Cutting and Folding Problem-Geometry

M

= N L
Kare seklindeki kagida asagidaki katlamalar
uygulaniyor:

1. [KL] boyunca sola katla

2. [EF]) boyunca asag: katla

3. [MN] boyunca sola katla

4. [PR] boyunca asagi katla

katlama isleminden sonra sekil 2 deki gibi yesil
bolge kesiliyor. Kesme igslemi sonras: kagilar

acildiginda kag parca elde edilir?

P4: It is a situation that students can encounter in daily life and can easily experience. First of
all, 1 will ask for solutions from groups of two. Then | will give paper to the groups and ask
them to make paper folding appropriately. Then I will ask them to share the difference between
their solutions and experiments with their friends in the class. In this way, | can create
environments where self-regulation skills can develop.

Self/Intragroup/Intergroup Evaluation

In the category of self-/in-group/intergroup assessment, the pre-service mathematics teachers revealed
that it was important for students to realize themselves, their groupmates and their own performances in
other groups in the implementation of the problems they would use for self-regulated learning environments.
In this sense, most of the pre-service mathematics teachers saw self-/in-group/intergroup assessment forms
as a basic tool for self-regulated learning environment. P8 stated that in the implementation process of the
problem he chose, firstly, he would ask for individual solutions, secondly, he would form small groups and
share individual solutions within the group and the groups would put forward a single solution by taking
these into consideration, thirdly, he would give the solutions of the groups to each other and ask them to
compare these solutions (see Figure 16).
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Figure 16

P8's Different Paths Problem-Probability
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P8: In the implementation process, | will first ask for individual solutions, then | will form
groups and ask students to share their individual solutions with their groupmates. The groups
will submit a single solution based on these different solutions. | will distribute the solutions of
the groups to the other groups and ask them to compare the solutions of the groups with their
own solutions.

Technology Integration

In the category of technology integration, the pre-service mathematics teachers used software such as
GeoGebra, CODAP, Code.org in the implementation of the problems they would use for self-regulated
learning environments, and included internet-connected computers in the thinking process, treating
technology as both a discipline and a tool that supported the process (see Figure 17).

Figure 17

P5's Game Problem-Possibility

Ayse, Ferhat and Mustafa have gathered to play a game. According to the game rule, the three friends must
stay equidistant throughout the game. What can we say about the positions of Ayse, Ferhat and Mustafa in
relation to each other?

P5, while explaining an example possible solution in the application process of the problem he chose,
used GeoGebra effectively in the solution and structured the solution of the real life problem through the
construction of the equilateral triangle in GeoGebra (see Figure 18).
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Figure 18

Excerpt from P5's Game Problem Solution-Probability

Yarigap = 1

Mustafa

P5: | think GeoGebra shows the effect of group work in the process. For example, when we
make a mistake, it gives us the opportunity to realize it and gives us feedback. We try a
different way. However, there is nowhere without technology. | think we should definitely use it
for self-regulated learning environments.

CONCLUSION, DISCUSSION AND RECOMMENDATIONS

In this study, mathematical problems in self-regulated learning environments are considered in two
different dimensions: (1) the structure of the problem and (2) the implementation of the problem. (1)
Considering the structure of the problem, mathematical problems to be used in self-regulated learning
environments should be open-ended problems (multivariate structure), emerge from real life context
(realistic or daily life), interesting, challenging, should support 21st century skills, and reveal different
disciplines/disciplines. When the implementation of the problem is taken into consideration, mathematical
problems to be used in self-regulated learning environments should allow for inquiry in the process [be
student-centered, be implemented with a thinking teacher and thinking students, provide flexible thinking],
emphasize progress in accordance with the problem-solving process, support collaborative learning, reveal
self-/in-group/inter-group assessments, and provide technology integration.

In mathematics education, there is a need to move away from mediocrity to tasks that have a good
didactic purpose. In order to achieve this, International Technology and Engineering Educators Association
[ITEEA] (2011) emphasizes that deliberate errors can be added to the existing situation, strategic factors in
the problem can be played with to reveal their effect on the solution, and contexts that aim to meet human
interests, desires and needs can be emphasized. Pre-service mathematics teachers also use similar strategies
for self-regulated learning environments (such as being open-ended, emerging from real life context, being
realistic or from daily life). Mathematical problems in self-regulated learning environments are included in
the group of problems involving connected methods (level 3) and doing mathematics (level 4) instead of
problems involving memorization (level 1) and disconnected methods (level 2) in Stein et al.'s (2000)
classification. In this sense, mathematical problems in self-regulated learning environments are problems that
create mental complexity (challenging), require connections between concepts and representations in
different disciplines, and provide opportunities for deep inquiry.

According to Carol (2009), strong neural connections are formed when students begin to encounter
obstacles in the learning process, not to be afraid of making mistakes and to see this as a mental
development. In this sense, in line with the results of the study, it is important to use mathematical problems
that provide opportunities for inquiry in self-regulated learning environments. In order to create thinking
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classrooms, open-ended mathematical problems should be used to create environments that always allow for
a better solution, student mistakes in the process should be encouraged, students should be encouraged in this
regard, and environments should be created where they understand the importance of flexible thinking. In
this sense, self-regulated learning environments play a role in supporting neuroplasticity (your brain's ability
to change and strengthen with new experiences), which is very prominent today.

Stigler et al. (2000) investigated what China and Japan, which were successful in international exams,
did differently from the USA and the UK in education. They found that in Japan, 44% of classrooms had
exploratory activities, whereas in the US and the UK, 1% had exploratory activities; in Japan, there were
teachers who deliberately made mistakes in lessons, whereas in the US and the UK, there were teachers who
discouraged students from questioning (Stigler et al., 2000). It was also found that in Chinese classrooms,
one problem (an open-ended and provocative question that prompts deeper thinking) was considered in one
hour, while in the US and the UK, 20-30 questions (surface exercises) were solved in one hour (Stigler et al.,
2000). In addition, Stigler et al. (2000) state that the curriculum in the USA and the UK is broader but more
superficial than in Japan and China. In this sense, it is seen that the mathematical problems used by pre-
service mathematics teachers for self-regulated learning environments serve the understanding of learning in
Japan and China. Therefore, it can be said that including such problems in learning environments will
contribute positively to Turkey's ranking in international exams.

Watanabe (2009), while stating that countries fail in raising problem-solving children in education,
mentions five types of children. Children who are unable to solve problems are (1) sighing, Zimmerman's
(2000) self-motivational belief, which is important in pre-thinking in self-regulation, and children with weak
self-efficacy in Bandura's (1989) perspective. Children who do not solve problems (2) are oppositional,
attribute causal attribution in self-reflection to external factors in Zimmerman's (2000) self-regulation,
constantly look for deficiencies around them, do not focus on what is good, do not accept their own mistakes
and do not take responsibility. In Zimmerman's (2000) self-regulation, (3) dreamers are children who,
although they have high self-motivational beliefs, are cognitively unsuccessful in taking action (pre-
thinking), ignore reality and live in dreams. Children who cannot solve problems (4) are entrepreneurial,
responsible and determined, but result-oriented and do not think before and after their actions. Although
entrepreneurs take initiative, they try to do everything in their own way without going beyond certain
patterns and focus on the result rather than the development in the process. This situation is not in line with
Zimmerman's (2000) understanding of thinking about thoughts, always renewing oneself and thinking
flexibly, which are important in self-regulation. Watanabe's (2009) last child type (5) problem-solving
children are children who take initiative to improve their environment, who have learned how to think and
learn, who do not give up in the face of difficulties, who are not afraid of making mistakes, who set realistic
goals and achieve them in excess, who think about the underlying factors rather than the outcome of
problems, who make plans, revise their plans when necessary, and constantly aim to achieve better. While
Watanabe (2009) explains children according to their problem-solving levels, he actually takes into account
the skills in Zimmerman's (2000) self-regulation theoretical framework. In this study, it can be stated that
explanations about the structure and application of mathematical problems in self-regulated learning
environments will provide an important perspective in raising Watanabe's (2009) problem-solving children
in classrooms.

In parallel with the ideas of Hidiroglu (2018), Hidiroglu and Bukova Giizel (2016), Lee (1999), Yavuz
and Bilgeg (2016), and Mason and Mitroff (1981), the use of open-ended or poorly structured mathematical
problem scenarios for self-regulated learning environments is very important in terms of the fact that these
problems contain complex real-life contexts, provide opportunities for multiple solutions, and contain
missing but important information. Mathematical problems should be open-ended, and facilitate dealing with
complex systems in real-life contexts rather than being problems in which students can only use procedural
knowledge of the mathematical world (English, 2008). Baki (2014) states that open-ended mathematical
problems should be included in mathematics teaching. This is because such problems provide the
opportunity to use more cognitive strategies and reveal self-control actions than multiple-choice questions
(O'Neil & Brown, 1998).

"Collaborative learning” and “self-/in-group/intergroup assessment™ are very important in the

implementation of mathematical problems used in self-regulated learning environments. Similarly, Boaler
(2021) mentions the importance of collaborative work in mathematics education and being a part of change
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by being open to feedback (effective self-evaluation based on quality experiences). In the study, the category
of "appropriate progress in the problem-solving process” in the application of mathematical problems for
self-requlated learning environments is in line with the idea of "encouraging students to think about
appropriate steps/strategies to solve the problem" that Kramarski and Mizrachi (2004) emphasized in the
strategy dimension while explaining the characteristics of metacognitive/self-regulated questions. At the
same time, the category of "self/in-group/intergroup assessment” in the application of mathematical
problems for self-regulated learning environments is in line with the idea of "encouraging students to ask
themselves questions about the problem-solving process"” that Kramarski and Mizrachi (2004) highlighted in
the reflection dimension while explaining the characteristics of metacognitive/self-organized questions.

Liljedahl (2020) emphasizes that only a certain portion of learning-oriented behaviors in classrooms
result in good learning. Liljedahl (2020), who mentions the types of students in classrooms such as slacking,
distracting, seeming to do, imitating and experiencing, emphasizes that experiencing students constitute
10%-15% of the class, that these students optimize their thoughts by taking into account the thoughts around
them, and that they are the students who design their own learning routes. The process of having pre-service
mathematics teachers design problems in self-regulated environments is a process that improves their
understanding of self-regulation (Chapman, 2012). In this process, pre-service mathematics teachers take
into account deficiencies, difficulties, student interests and needs, errors, etc. and participate in learning
activities that improve their problem design skills (HoSpesova & Ticha, 2015). Explanations about the
structure and implementation of mathematical problems designed by pre-service mathematics teachers for
self-regulated learning environments should be considered as an important learning strategy for the increase
of students experiencing them in classrooms.

It is suggested that mathematics teachers should take into account the characteristics and learning
strategies revealed in the study when selecting and implementing mathematical problems to be used in their
classrooms. This research can be conducted with different theoretical frameworks other than Zimmermann's
(2000) theoretical framework. This research can be conducted with mathematics teachers. In this study, the
difficulties experienced by pre-service mathematics teachers and their solution suggestions were included. In
future research, these difficulties and challenges can be identified and how pre-service mathematics teachers
find solutions to them can be discussed. The reflections of the designed mathematical problems through in-
class applications can be revealed and improvements can be made. By revealing cognitive and self-regulated
skills in the focus of self-regulation, mathematical modeling and technology integration, theoretical
frameworks can be created for the structuring of checklists or rubrics in the future by providing awareness of
these skills. A similar study can be conducted with pre-service mathematics teachers from different
universities or with different achievement levels and the results can be discussed.
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