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Bakis

Behiye DINCER AKSOY', Berna CANTURK GUNHANS?, Filiz MUMCU?

Ozet

Matematiksel distinme, gunlik yasamin sdrddrdlmesinde
ve bilimin gelisiminde kritik bir 6neme sahiptir. Bu ¢alismada,
matematiksel ddstinme ile Bilgi islemsel Dusinme (BID)
arasindaki epistemolojik baglanti incelenmektedir. Cunku
BID, problem c¢ézme slrecini didsinme bicimi ve bilgisayar
bilimi aracglariyla ele aldigi icin, matematiksel dusinmeyle
onemli bir iliskiye sahip oldugu dusunilmektedir. Bu iliskinin
anlasiimasr  igin, ¢alismada matematiksel ~modelleme
problemleri bilissel perspektifle ele alinmistir. Durum ¢alismasi
arastirma deseni kullanilarak, matematik egitimine BID'i
entegre etmeye c¢alisan c¢alismalar incelenmis ve bir
kavramsal cerceve olusturulmustur. Olusturulan c¢erceve
dogrultusunda bir mesleki gelisim kursu hazirlanmis ve bir
matematik égretmenine uygulanmistir. Boylece modelleme
surecindeki bilissel strecler ile BID bilesenleri arasindaki iliski
incelenmistir. Arastirmanin bulgularina gore, (a) soyutlamanin
Piaget’in soyutlama teorisi baglaminda ele alinmasinin
matematiksel dusinmeyi anlamada daha etkili oldugu, (b)
modelleme sirecinde birden fazla BID bileseninin  her
asamada agiga ¢ikabilecegi ve herhangi bir bilesenin tek bir
asama ile iliskilendirilemeyecegi belirlenmis, (c) matematiksel
ddustinme ile BID arasindaki ortak ve farkli disinme strecleri
ortaya konmustur. Bu bulgular, matematiksel disinme ve
BID arasindaki karmasik iliskilerin daha derinlemesine
anlasiimasina katki saglamaktadir.
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Giris

Temel bir bilim olarak matematik, doganin ve dolayisiyla insanin
gunluk yasaminin ayrilmaz bir parcasidir. Matematik bilimini ve bu
bilimi anlama konusunda farkli bakis acilari bulunmaktadir. Bir bakis
acisinda gdre matematik, matematiksel gercekleri ve surecleri
anlamak olarak tanimlarken digerinde matematik, éruntulerin kesfi ve
anlayisi Uzerine odaklanarak diger bilimlerle benzerlik tasiyan bir
disiplin olarak tanimlanmaktadir (Schoenfeld, 1982). Bu farkl tanimlar,
matematik ve matematigi anlama konusundaki bakis acilarini
matematiksel dusunmeyi tanimlama sekillerine de yansimaktadir. Bu
tanimlar incelendiginde, matematiksel dusUnmenin; matematiksel
kavramlarin nasil olusturuldugu (Dreyfus 2002; Freudenthal, 1973; Tall,
1995) ve matematiksel sureclerin gelisimi (Isoda ve Katagiri, 2012;
Mason ve digerleri, 2010; Polya, 1945; Schoenfeld, 1992) bakis acilariyla
ele alinmaktadir (Celik, 2014, Isoda ve Katagiri, 2012). Yani matematigi
tanimlama biciminin matematiksel dusunmeyi tanimla bi¢cimini de
etkiledigi sdylenebilir. Bu nedenle matematiksel dusunmeye yonelik
bakis acilarini ele almak énemlidir.

Matematiksel Distinmeye Yoénelik Bakis Acilari

Matematiksel dusunmeyi kavramlarin olusturulmasi olarak aciklayan
bakis acisi, temel bir matematiksel bilginin Ustune insa edilerek daha
ileri seviyedeki matematiksel bilginin olusumunda matematiksel
kavramlarin biliste nasil insa edildigine odaklanir. Bu bilissel gelisim
sureci, kUcuk yas donemlerinde baslar ve somut dusunceden soyut
dusunceye dogru ilerler. Kavramlarin zihinsel olusumu ve gelisimi de,
arastirmacilar tarafindan farkh bakis acilariyla ele alinmistir. Ornegin
matematiksel dusinmenin gelisimini, Freudenthal (1973) kisinin kendi
deneyimlerinden yola c¢ikarak durumlari matematiklestirmenin
gelisimi; Tall (1995) matematiksel bilginin zihinde nesnelestiriimesi yani
somutlastirilarak zihinde kapsullemesi ve eyleme gecmesi olarak
tanimladigl subjenin gelisimi; Dreyfus (2002) matematiksel bilginin
temsili ve soyutlama sureclerinin  gelisimi ile aciklamistir. Bu
arastirmacilarin  matematiksel dusunme ile temel seviyede bir
matematiksel bilgiden ileri matematiksel bilgiye gecis surecine
odaklandiklari sdylenebilir. Bu surecteki ileri matematiksel dusinmeye
gecis “Universite matematigi” veya lisansustu matematigi olarak da
tarif edilir (Tall, 1991; Dreyfus, 2002).

Matematiksel sureclere yogunlasan diger bakis acisi ise matematiksel
dusunme araclarinin ve matematiksel dusunmenin nasil gelistigine
odaklanir (Celik, 2014). Mason vd. (2010) matematiksel dusunmeyi
“uzmanlasma ve genelleme” ile “varsayimda bulunma ve ikna etme”
surecleriyle problem ¢ézme; Schoenfeld (1992), matematiksel araclar
yardimi ile orUuntuyu fark edip matematiklestirmek ve soyutlama
surecleri ile matematiksel bakisin gelisimi; Isoda ve Katagiri (2012),
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matematiksel icerik (kavram, beceriler, vb) ve matematiksel surecler
(matematiksel dusunme, deger verme ve fikir Uretme, vb) yardimiyla
problem ¢c6zme olarak gérmektedir. Bu bakis acisinda matematiksel
dusunme arastirmacilar tarafindan matematiksel dustinme araclari ve
matematiksel beceriler yardimiyla problem ¢dzme olarak goérulur.

Matematiksel dusunmenin gelisimine yonelik bakis acilarinin ortak
noktasi da matematiksel bilginin  olusumu ve soyutlamasina
odaklanma (Dreyfus, 2002; Freudenthal 1973; Schoenfeld, 1992; Tall
1991) oldugu soylenebilir. Zihindeki bilgiler gereksiz ayrintilarindan
soyutlanir ve nesnelestirilir, bu nesnelesmis bilgi yeni matematiksel
bilginin olusumunda arac¢c olur. Boylelikle matematiksel bilgilerin
soyutlama yardimi ile karmasiklik duzeyinin artmasi beklenir (Tall,
1995). Ornedin kesir kavramiyla calismak; sayma, coklu temsil, dort
islem becerileri ve orantisal akil yurdtme gibi bilgi ve becerilerin
soyutlamasi yani bilginin  zihinde nesnelestirilip bir kapsule
doénusturulmesi ve gerekli yeni bilginin olusumunda bu kapsulun
kullanilmasini gerektirir. Biliste olusan kapsuller yardimi ile kesir
kavraminda karmasik yapida problemler c¢oézume ulasir. Kesir
orneginden de anlasilacagl gibi matematiksel bilginin soyutlamasi
sureci oldukc¢a karmasiktir. Bu nedenle matematikcgiler ve matematik
egitimcileri uzun yillardir soyutlama surecine aciklik getirmeye
calismistir.

Soyutlama fikri, Aristotle’nun calismalarindan bu yana Kkarsilasilan
insanoglunun dusunmesi ile ilgili felsefi ve psikolojik calismalara
etkide bulunmaktadir (Yesildere ve Turnuklu, 2008). Aristotle’'dan 21.
Yuzyila tasinan soyutlama fikrine ydnelik varsayimlar su sekilde
ozetlenebilir (Van Oers, 2001):

Nesnelerin siniflandirilmasi ve temsil edilmesi ile olusur.
Zihinde olusur, yani ortami kosullarindan bagimsizdir.
Dusuncenin gelisimi ustUne daha ileri ve ayirt edici bir 6zelliktir.

Bu varsayimlara bakildiginda soyutlama, zaman, mekan ve ortamdan
bagimsiz olarak dusunme surecinin Ust duzeylerinde gerceklesir.
GUnUumuz arastirmalari soyutlamanin iki sekilde gerceklestigine vurgu
yapmaktadir:

Biliste gelistigi ve bilissel bir bakis acisiyla aciklandigi ¢calismalar
(Dubinsky 1991; Gray ve Tall 1991; Piaget 200]1),
Sosyal cevre, sosyal etkilesim ve ortami cevreleyen kosullar ile

gerceklesecegini yani sosyokulturel bir bakis acisiyla aciklayan
calismalar (Herskowitz vd., 2001; Van Overs, 2001).

Soyutlama surecini bilissel bakis acisi ile aciklayan arastirmacilardan
Piaget'nin “soyutlama (abstraction)” dusuUncesi, matematiksel bir
kavramin zihinde olusumunu aciklayan en temel dusunce olarak
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gorulebilir (Zembat, 2016). Piaget, kucUk yas gruplarinda bilissel
yapilarin nasil olustuguna (Tall, 1999) aciklik getirirken deneysel
(emprical) ve yansitici (reflective) soyutlama kavramlari ile aciklamistir.
Piaget, yansitici soyutlamayi, (1) daha dusuk bilissel duzeyden daha
yuksek bir duzeye gecis (sUre¢ sonunda nesnelestirme) ve (2) yuksek
duzeydeki bilissel yapinin yeniden duzenlenmesi olarak aciklamistir
(Tall, 1999). Bu arastirmalardan &zetle bilginin olusumu ve soyutlama
sureci biliste gerceklesir. Bir ust duzey bilginin olusumu énceki bilginin
olusumuyla ardisiktir. Bu hiyerarsik bilgi birimlerinin  birbirine
donusumu mumkun olup birbirlerinden faydalandiklari sdylenebilir.

Soyutlama, matematiksel dustinme kadar bilgi islemsel dusunme ic¢in
de oOnemlidir. Bilgisayar bilimi ve matematikte bir kavramin
soyutlamasinin en dnemli ve en yaygin anlami, ¢esitli 6rneklerin ortak
ozelliklerini dikkate alma ve bu 6zelliklerin tumune sahip bir yapi veya
kategori olusturma fikri olan cikarmadir (extraction). Bu acidan
Piaget'in deneysel soyutlama kavramina ¢ok yakindir ve matematiksel
kavramlarin ¢cogunun gereksiz degiskeni ¢cikarma (extraction) yoluyla
olusturuldugu dusunulse de cikarma (extraction) guclu bir soyutlama
mekanizmasi degildir (Cetin ve Dubinsky, 2017). Bu nedenle guclu
soyutlama mekanizmalarini aciklayabilecek kavramlara ihtiyac¢ vardir.
Guclu soyutlama mekanizmalarini aciklamada, yansitici soyutlama
onem  kazanmaktadir. Piaget (1985), yansitici  soyutlamayi
matematiksel dusuncedeki tum gelisimin temeli olarak ifade etmistir.
Deneysel soyutlama, nesnelerin  veya cevrelerin  dogrudan
gozlemlenebilir o6zelliklerini; yansitici soyutlama ise bireyin kendi
eylemlerine dair ozellikleri (gruplama, es parcalama, vb) temele
almaktadir (Zembat, 2016). Bu durum ise iki bilim acisindan soyutlama
kavramindaki en temel ayrimdir.

Bilgi islemsel Diisinmeye Yénelik Bakis Acilari

BIiD yaygin olarak kabul géren tanimiyla, “problem cézme, sistem
tasarlama ve insan davranislarini anlama’dir (Wing, 2011, p.20).
Bilgisayar Bilimleri Ogretmenleri Dernedi (Computer Science Teachers
Association, CSTA) ve Uluslararasi Egitimde Teknoloji Dernegi (The
International Society for Technology in Education, ISTE) (20T1)
tarafindan énerilen BID'i bir problem cézme sUreci olarak ifade eden
tanimi asagidaki gibidir:

(@) Problemleri (bilgisayar ve diger araclarla ¢coézulebilecek sekilde)
formule etme,

(b) Verileri duzenleme ve analiz etme,

(c) Verilerin soyutlamalar (modeller ve simulasyonlar gibi)
aracihiglyla gosterme,

(d) Algoritmik dusunme yardimiyla ¢oézUmleri otomatiklestirme,

(e) Olasi cozumlerin belirleme, analiz etme ve uygulama,
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(f) Bu sureci genelleme ve farkli problemlere uygulama olarak ifade
eder.

ISTE (2016) 6grencilerin BIiD becerilerine sahip olmalari gerektigini
vurgular. Ogrencilerin BID becerilerini gelistirmeleri problem c¢cézmek,
formule etmek, modeller gelistirmek, karar vermeyi kolaylastirmak ve
otomatik ¢cézUmler olusturmak icin kullaniimahdir. BID yénelik bakis
acilari incelendiginde farkli noktalara odaklandigi gérulmektedir.
Ornegdin; Roman-Gonzalez vd. (2017) BiD tanimlarini

(1) genel tanimlar (Wing, 2006),
(2) operasyonel tanimlar (CSTA ve ISTE 20T1) ve

(3) egitimsel ve mufredat tanimlari (Barefoot, 2014; Brennan ve
Resnick, 2012)

olacak sekilde u¢ kategoride toplamistir.

Bu tanimlar disinda 2006-2013 yillari arasinda yayinlanan makaleleri
inceleyen Selby ve Woollard (2013), BID'i "problem coézme ile iliskili
ancak bununla sinirli olmayan, genellikle Urun odakli bir faaliyet"
olarak tanimlamistir. Wing'e (2006) gdre bilgiyi isleme sureclerinin
glcu ve sinirlar Ustine kurulu olan BID, bilgisayar biliminin zihinsel
araclari ile bir sisteme veya probleme ¢6zum bulurken sezgisel akil
yarutmeyi kullanir. BiD'e yénelik Wing'in (2006) dikkat cektigi diger
unsurlar ise su sekilde siralanabilir; BiD,

Coklu soyutlama seviyelerinde dusunmeyi gerektirir.
Ezbere degdil, dusunme sureclerine dayali temel bir beceridir.

insanlarin zekd ve yaraticiliklar ile bilgisayar gibi disinmesini
saglamak yerine insanlarin problemleri cozme yoludur.

Dogasi geregi matematiksel dusunceden yararlanir.
Herkes icin ve her yerdedir.

Bilgiyi isleme sureclerini hizlandirmak amacli buyUk verileri
kullanmayi icerir.

Bilgisayar biliminin biyoloji, ekonomi, nano-hesaplama, kimya gibi
diger disiplinlere BID bilesenlerini (6rantU tanima, ayristirma,
soyutlama ve algoritmalar) kullanarak problemlerin ¢c6zumune ve
bu disiplinlerin dusunme biciminin donusmesine katki sunar.

Ayni zamanda BID, karmasik problemleri c¢cdézmek icin "bilgi ve
gorevleri sistematik, dogru ve verimli bir sekilde islemenin" kavramsal
bir yoludur (Lu ve Fletcher, 2009 s. 261). Benzer sekilde Liu ve Wang
(2010), karmasik problemlerin ¢dzUmunde elestirel dusunmeyi
gerektiren BID ile bilgisayar bilimi kavram ve tekniklerinin
kullanilmasini gerektirdigini belirtmektedir. Yani gerek BID gerekse
matematiksel dusunmenin, dusunmede bilis, Ustbilis ve problem
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¢cdzmeyi merkeze alan kavramlari kullandigr gérulmektedir (Kallia ve
digerleri, 2021). Kalelioglu, Gulbahar ve Kukul (2016), sistematik bir
literatGr taramasi yaparak Polya (1945) problem ¢cézme surecleri ile BIiD
bilesenlerini arasindaki iliskiyi aciga cikaran asagidaki sekilde bir
cerceve gelistirmistir:

Problemin tanimlanmasi: soyutlama, ayristirma

Veri toplama, temsil etme ve analiz etme: veri toplama, analiz,
oruntu tanima, kavramsallastirma, veri temsili

CoézUm Uretme, secme ve planlama: matematiksel akil yuratme,
algoritma ve prosedur olusturma, paralellestirme

CézUmlerin uygulanmasi:  otomasyon, modelleme  ve
simulasyonlar

CézUmlerin degerlendirilmesi ve lyilestirmeye devam edilmesi:
test etme, hata ayiklama ve genelleme ile iliskilendirilmistir.

Bu arastirmalarin ortak yaninin BIiD sistematik olarak problem
¢co6zmeye odaklanan bir dusunme surecidir. Buradan yola cikarak
matematik egitimcileri ve bilgisayar bilimcilerinin matematiksel
problem c¢ézme ile BID arasinda bir badlanti kurmaya calistidi
séylenebilir. Tum bu sebepler ile BID ile matematiksel dusinme
arasindaki baglantinin ortaya konmasi 6nem kazanmaktadir.

Bilgi islemsel dusunmeye yonelik arastirmalar, 2013 yilindan bu yana
hizla buyUmekte ve egitim, bilisim ve sosyal bilimlerde Uretilen
bilgiden beslenmektedir (Tekdal, 2021). Ozellikle STEM egitimi
baglaminda (Li ve digerleri, 2020) arastirmalarin arttigi, fen bilimleri ve
matematik 6zelinde calismalarin yogunlastigi gorulmektedir (Mumcu
vd., 2023). Arastirmacilarin BiD'in matematik egitimine
entegrasyonunda bilgisayarsiz bilgisayar biliminden (Ornegdin Andi¢ ve
digerleri, 2023; Mumcu ve digerleri, 2023) ve blok tabanli
programlamadan (Ornedin Brating ve Kilhamn, 2021; Gleasman ve
Kim, 2020; Kaup, 2022; Kilhamn ve digerleri, 2022; Ng ve Cui, 2021),
yararlanildigi goértlmektedir. Bu calismalara bakildiginda ézellikle BID
ile matematik egitimi arasinda teknoloji destekli matematik egitimi
baglaminda bir bag kurma cabasinin artis gosterdigi soylenebilir. Bu
calismanin amaci matematiksel bilginin insasinda bilgi islemsel
dusunme ve matematiksel dusunme arasindaki epistemolojik bagi
ortaya koymaktir. Epistemolojik bag bilginin dogasi, kaynagdi ve
kapsamiyla ilgilenir. BID ve Matematiksel dusinmenin epistemolojik
bagi irdelendiginde her ikisi de;

e Semboliktir, kendine has bir dile sahiptirler,

e Surec becerileri (islemler, kavramlari ise kosma, vb.) gerektirirler,
e Soyutlamalar araciigi ile problemlerin ¢dézUmune hizmet
ederler.
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Ayrica BID, bilginin toplanmasi, siniflandirilmasi, depolanmasi,
islenmesi, iletilmesi ve sunumu gibi bilginin islenmesine yoénelik
fonksiyonlar icerir (Gulbahar, 2017, s. 402). Bireyin c¢evresini anlamak
icin edindigi bilgileri organize etmesi ve islemesi matematiksel
dustinmedir (Burton, 1984). Yani BID becerisi ile matematiksel
dusunme surec¢ becerileri acisindan da baglantilidir.

Matematiksel Disiinme ve BiD

Bu arastirmada son yillarda matematik egitimi ve BID arasindaki
baglantinin acida cikarilmasi icin yapilan calismalar incelenmistir. BiD
ile matematiksel dusunme arasindaki iliskiyi aciklamada; problem
coézme (Wing, 2008), BID ve matematiksel dUsinmeye ait ortak
yetenekler (Sneider ve digerleri, 2014), ortak beceriler (Barcelos ve
Silveira, 2012), BID ile matematiksel dusiinme arasi etkilesim (Kallia vd.,
2021), bilissel performans ve sureclerine odaklanma (Denning, 2009;
Furber, 2012; Hemmendinger, 2010; Humphreys, 2015; ISTE, 2016; Shute
vd., 2017; Wing 2014; Yadav ve digerleri, 2014) ve gibi farkli odaklar
kullanilmistir. Bu arastirmalar ile ilgili incelemeler asagidaki gibidir.

Wing'e gdre (2008) BID ile matematiksel disinme arasindaki ortak
nokta problem c¢dézme surecleridir. BID tanimlarinin en énemli ortak
noktalari olan problemi anlama ve genelleme, ayni zamanda problem
¢6zme asamalaridir (Barr ve digerleri, 2011; Zhenrong ve digerleri,
2009). BID, problem ¢ézme surecinin ve Uretilen ¢coézUmlerin niteligini
arttirmada kolaylastirici ve hizlandiricidir (Yildiz, 2017). Benzer sekilde
ISTE’'nin ve CSTA'nin bildirdigi ortak bir calismada BID sistematik bir
bicimde problem ¢ézme sureci olarak tarif edilmistir (CSTA ve ISTE,
2011). Bu baglamlar dogrultusunda BID ile matematiksel dusinme
arasinda problem c¢cdzme ve surecleri sebebi ile bir baglanti oldugu
soylenebilir.

Sekil Tde Sneider vd. (2014) tarafindan ifade edilen BID ile
matematiksel dusunme arasindaki benzerlikler ve farkliliklar gosterimi
uyarlamasi  bulunmaktadir.  Ornedin  Sekil 1 incelendiginde
matematiksel dusinme ile BID arasindaki baglantinin modelleme,
problem c¢bdzme, olasilik ve veri analizi gibi bilesenler oldugu
gérulmustur. Kallia vd. (2021) BID ile matematiksel dusinme
arasindaki iliskiyi aciga c¢ikarma amach yaptiklari sistematik
arastirmalarinda bu iki dusunme bicimi arasindaki etkilesimleri
arastirmistir. Barcelos ve Silveira (2012) hem matematiksel dusunme
hem de BID tarafindan ortaklasa gelistirilebilecek Uc¢c grup beceri
tanimlamistir:

(1) Matematiksel Temsiller Olusturma ve Bunlarin
Algoritmalarla Olan Semiyotik iliski: Her iki disinme biciminde
de bir “dilde” alana 6zgu temsillerin (sembol, kod ve isimlerin)
ifade edilmesi, yorumlanmasi ve transfer edebilmesi
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(2)  Alana Ozgu iliskiler Kurma ve Orintu Tanimlama: her iki
dusunme biciminde de verilen problemin ¢dzUm suUrecinde
matematiksel akil ylrdtme érdntu bulmayla,

(3) Tanimlayicit ve Temsili modeller: Durumlari aciklamak ve
analiz etmek adina olusturulan matematiksel modelleme
yoluyla U¢ gruba yonelik becerilerin gelisimi gerek matematiksel
dUstunmeyi gerekse de BiD'i gelistirir.

Sekil 1
Sneider vd. (2014) Tarafindan Belirtilen BID ve Matematiksel Dustinme
lliskisi

MATEMATIKSEL DUSUNME BILGI ISLEMSEL DUSUNME

Simiilasyon
Veri Madenciligi
Network Olusturma

Otomatik Veri Toplama

Oyunlastirma
Algoritmik Akil Yiiriitme

Robotik
Programlama

Matematiksel Dusinme ile BID arasindaki iliskiyi yorumlayan
calismalar incelendiginde BID ile Matematiksel DUstinme arasinda
etkilesim, yetenekler veya beceriler anlaminda baglantilarini ele
aldiklari ve matematiksel dustnme ile BID arasinda iliski kurduklar
goérulmektedir.

BID'in bilesenleri disinda bireyin bilissel performans ve sUreclerine
odaklanarak da taninmaktadir (Cansu ve Cansu, 2019). BiD’ e dayali
etkinlikler, bilissel becerileri ve &gretme &grenme sureclerini
gelistirmeyi amaclar (Deniz, 2020).

Matematiksel Disiinme ve Matematiksel Modelleme

Matematiksel modelleme, gunluk yasam problemlerine matematiksel
bir bakis acisiyla cok yonlu ¢ézum uretilmesinde énemli bir rolu olan
problem ¢dzme surecidir (Blum ve Niss, 1989; Aydin-Guc¢ ve Baki, 2016).
Matematiksel modelleme surecinde gercek yasam problemine
matematiksel ifadeler gelistirilerek matematiksel ¢cézumler ile konu
¢cozume ulastirilir (Doruk ve Umay, 2011). Modelleme sureci, bilissel ve
ustbilissel becerilerin olusmasi veya gelistiriimesini saglayacak zihinsel
modellemeyi ve aciklamasini gerektirir (Hidiroglu ve Bukova Guzel,
2013).

Kaiser ve Sriraman (2006) matematiksel modellemeye yoénelik
arastirma yaklasimlari ve bakis acilarini degerlendirirken matematiksel
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modelleme Uzerine etkili yaklasimlardan biri olarak bilissel perspektifi
tanimlamistir.  CUnkU bu perspektifin amaci modelleme surecleri
sirasinda gerceklesen bilissel sUrecleri analiz ederek bu sureclerin
daha iyi anlasilmasini saglamaktir. Sonug¢ olarak, bu bilissel
perspektifin amaclari (a) bilissel sureclerin analizi ve anlasiimasi
(6rnegin, ogrencilerin bireysel modelleme rotalari, engelleri veya
stratejileri) ile (b) matematiksel modelleme sirasinda matematiksel
dusunmenin tesvik edilmesidir (Kaiser ve Sriraman, 2006). Bilissel
modelleme sUrecinde ise Borromeo-Ferri' nin (2007), bilissel
modelleme déngusUnun yaygin olarak kullanildigr bilinmektedir
(Borromeo-Ferri, 2018, s. 18). Bu calismada bilissel modelleme
surecinde matematiksel dusunmenin tesvik edilmesi ve bilissel
sUreclerde gérulen eylemlerde BID bilesenleri ile entegrasyonuna
odaklaniimistir. Bu ama¢ dogrultusunda matematiksel modelleme
surecinde acida cikan bilissel eylemlerin BIiD bilesenleri ile iliskisi
irdelenmistir. Boylelikle BID bilesenleri ile matematiksel distnmenin
nasil butunlestigi sorusuna yanit aranmistir.

Bu arastirmanin bir temel arastirma sorusu bulunmaktadir;

1-Matematiksel modellemedeki bilissel strecler ile BID bilesenleri nasil
butunlesmistir? Bu soruya yanit aranirken alt arastirma sorularina
yanit aranmistir:

e Alan yazinda matematik egitimi ile BID bilesenleri
entegrasyonunda hangi bilesenler kullaniimistir?

e BID bilesenleri ile entegre edilmis bir mesleki gelisim egitiminde
bilissel eylemler ile BID bilesenleri nasil battnlesir?

Yontem

Bu arastirmada matematiksel modelleme surecindeki bilissel eylemler
ile BID bilesenlerinin  nasil  buUtUnlestiklerinin  incelenmesi
amaclanmistir. Bu amac dogrultusunda bilissel eylemler ile BID
bilesenlerin derinlemesine incelenmesi ve irdelenmesi planlamistir.
Arastirmada surecler degerlendirilip iliskiler arastirilacagindan nitel bir
arastirma desenlerinden durum calismasi kullaniimistir (Yildirm ve
Simsek, 2008). Arastirma iki asamadan olusmaktadir. Birinci asamada
BiD bilesenleri Uzerine yapilmis calismalar incelenmistir. ikinci
asamada ise matematiksel modelleme ve BID bilesenleri arasindaki
entegrasyonu ortaya cikarmak amaciyla bir ogretmen egitimi
programi olusturulmus ve uygulanmistir.

Arastirmanin Birinci Asamasi

Birinci asamada alan yazinda matematik egitimine BID bilesenlerini
entegre etmeye calisan arastirmalar incelenmistir. Bdylelikle BID
bilesenlerinin arastirmada bulunacaginin dogrulamasi yapilmistir. Bu
suUrecte var olan durumun yorumlanabilmesi icin literatur taramasi
yapimistir.  Arastirma kapsamina alinan c¢alismalari  belirlemek
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amaciyla Web of Science (WOS) bunyesinde tarama yapilmistir. BiD ve
matematik egitiminin ortak bilesenlerini irdelemek icin 2013-2023
yillari arasinda ile “computational thinking” ve “mathematics” ve
(“primary” OR “elementary” OR “secondary” OR “middle” OR “high” OR
“K-12") anahtar kelimeleri ile tarama yapilmistir. 276 adet calismaya
ulasiimistir. Yapilan taramada BID'in cesitli bilesenlerini matematik
egitimine entegre eden arastirmalar surece dahil edilmistir. Boylelikle
toplam 16 makale incelenmistir.

Arastirmaya dahil edilen 16 calisma BID bilesenlerinin hangilerini
kullandiklarina goére siniflandirilmistir. Arastirmalar diger arastirmacilar
tarafindan da beraber siniflandirmis, veriler Tablo 3'te betimsel
bicimde bulgular bolumunde sunulmustur.

Arastirmanin ikinci Asamasi

Ikinci asamada ise matematiksel modelleme surecindeki bilissel
eylemler ile BID bilesenler arasindaki butUnlesmeyi ortaya cikarmak
amaclyla bir o6gretmen egitimi  programi olusturulmus ve
uygulanmistir.

icerik Gelistirme

BiD'in matematik egitimiyle buUtunlestiriimesi 6Jretmen egditimi
programi bir doktora &grencisi, bir matematik alan egitimcisi ve bir
bilisim teknolojileri alan egitimcisi tarafindan olusturulmustur.
Arastirmada tasarlanacak olan &gretim modeli icin ilk olarak
arastirmacilar tarafindan BID'in  entegrasyonu UstUne yapilmis
arastirmalar ve Dbilissel surecleri aciga c¢lkarmaya odaklanan
modelleme (Borromeo Ferri, 2007) perspektifi incelenmis, sureci
degerlendirmeye yonelik katilimci problem ¢dzme surecini ve bu
surecteki  bilissel  eylemlerini  aciga  c¢ikaracaklari  katilimci
beyanlarindaki gelisim o&lcut belirlenmis ve icerik hazirlanmistir.
Hazirlanan icerik program gelistirme alan uzman goérusune
sunulmustur. Program gelistirme esaslari dogrultusunda verilen geri
donutlere gore programin kazanimlari revize edilmistir. Arastirmacilar
tarafindan &gretmenlere yonelik hazirlanan egitim icerigi mesleki
egitim kursu olarak isimlendirilmis ve Sekil 2'de gosterilmistir.

132



PAUEFD, 64, 123-149 [2025] B. Dincer Aksoy vd. https://doi.org/10.9779/pauefd.1438401

Sekil 2
Arastirma Sdreci

Mesleki Gelisim Kursu

‘ TEORIK ‘ ‘ UYGULAMA ‘
BID Modelleme BID- Modelleme AVM Balboa Park Galata Kulesi
Modiilii Modiilii Entegrasyonu Problemi Problemi Problemi
Modiilii
Bilgisayar Bilimi Bilissel Modelleme BID bilesenleri Modelleme Modelleme Modelleme
o | DbaglamindaBID  basamaklari ve bu Modelleme Surecine Problemine BID ~ Problemine BID Problemine BID
kS BID in ilgili sUrecte meydana entegre etme entegre etmek entegre etmek entegre etmek
= bilesenlerinin gelen bilissel
Matematik Egitimine  sarecleri anlama N ¥

entegre edilmesi . . . .
BID Entegrasyon Tablosu BID Entegrasyon Tablosu BID Entegrasyon Tablosu BID Entegrasyon Tablosu

T T T T

VERI TOPLAMA ARAGLARI

Bu arastirmanin amaci “Matematiksel modellemede ki bilissel surecler
ile BID bilesenleri arasinda iliski nasil buttnlestiginin arastiriimasidir.
Bu nedenle mesleki gelisim kursunun éncelikle (1) BIiD e yénelik temel
bilgileri edindirmesi, (2) Modelleme surecinde aciga ¢ikan bilissel
eylemleri tanilama becerisini kazandirmasi, (3) Ardindan da bu
epistemolojik dizeyde baglanan BID ve bilissel modelleme surecinin
entegrasyonunun kazandirilmasi gerekmektedir. Bu becerilerin
pekismesi icin ise dongusel olarak son modulun tekrar edilmesine
karar verilmistir. Bu dogrultuda ilk modulde BID tanimi ve éneminden
bahsedilmistir. Sekil 3 (a) ve (b)'de gdrulen Piaget'nin Soyutlama
Teorisine ydnelik bir kavram haritasi, BiD bilesenlerine yénelik ppt
sunumu (b) kullanilmis, bilgi notu calisma yapraklari ile verilmistir.
Ardindan gunluk yasam durumlari ve matematik egitiminden
ornekler sunulmus, katilimcinin da érnek sunmasi tesvik edilmistir.
Ikinci modulde bilissel perspektifte matematiksel modellemenin (MM)
basamaklari, odagi ve érnekleri sunulmustur. Borromeo-Ferri'nin
(20006) bilissel perspektifte MM ve alan yazindan MM problem ornekleri
icin ppt sunumu sekil 3 (c) kullaniimistir. Yine bu surece yénelik bilgi
notu calisma yapradi katiimciya sunulmustur. Ucinct modul MM ve
BiD entegrasyonu icin saman balyasi problemi (Borromeo-Ferri, 2007)
c6zUlmUs ve bilissel strecler BID ile entegre edilmistir. Teorik bilginin
daha yogun oldugu ilk t¢ modul bitiminde matematiksel modelleme
ve BID bilesenleri arasindaki entegrasyonu icsellestirilmesi icin 3
uygulama daha yapilmistir. Bu uygulamalarin temelinde arastirmaci
tarafindan verilen gorsel ile iliskili MM problemi kurma, ¢cozme, aciga
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¢cikan bilissel surecleri entegre Ustune kurulmustur. Katilimcilarin bu
mesleki gelisim kursu ile MM ile acida c¢ikan bilissel strecleri BID ile
entegre edebilecek bilgi, beceri ve yeterlige ulasmasidir.

Sekil 3

Mesleki Gelisim Kursunun llgili Moddllerinde Sunulan Ogretim Materyali
Ornekleri

BiD BILESENLERi
ORUNTU TANIMA

v

PIAGET'E GORE SOYUTLAMA

Prikolojide "sabit orants pekistires”
Tiota
Matematik Egitiminde “Brintiter” Konusu

(gruplama, eg pargalam

-+ ; HH
]
LA B |8
EREEE i)| I
BILISSEL MODELLEME v
1-Problemi Anlama
o 2-Problemi Basitlestinme v
Yapilandirma (Problem igin Eerekh
k leri ki
PIAGET'E GORE BILGI TURLERI
' Déngisii Bor
C
Katilimci
Hazirlanan icerigin uygunlugu ic¢in pilot uygulama yapiimistir.

Uygulama i¢in katimci amagh ornekleme yontemi ile belirlenmistir.
Ogretmenin matematiksel modelleme veya BiD hakkinda bilgi sahibi,
egitime duzenli katilmayr kabul etmesi ve génulli olmasidir.
Ogretmen hakkinda ayrintili bilgi Tablo 1 de verilmistir.

Tablo 1
Katilimci Ozellikleri

Matematiksel

Katilimcl Mesleki Egitim BiD
L Bransi o Modelleme o
Ismi Deneyimi Durumu o Bilgisi
Deneyimi
Ortaokul YUksek mizeg?gﬂgel
MTI1 Matematik 9l Lisans Var
o . konusunda
Ogretmeni Mezunu N
deneyimli

Veri Toplama Araclari

Veriler, katiimcinin matematiksel modelleme problemi ¢ézimunde
ortaya c¢lkan bilissel eylemler ile BID bilesenleri entegrasyonunu
yazabilecegi bir tablo olusturulmustur. Bu tablo “Bilissel Modelleme
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Basamaklari ve BID Bilesen Entegrasyon Tablosu” olarak
adlandirilmistir. Tum sUrec¢ boyunca alinan video kayitlari ve egitim
sUreci sonrasi gérusme kaydi ile toplanmistir.

BiD Bilesen Entegrasyon Tablosu

Katilimcinin - aldigr  egitimin  son oturumunda ve iliskilendirme
oturumlari boyunca bilissel modelleme basamaklari ve BID
bilesenlerini nasil entegre ettiklerini degerlendirmek amaciyla
gelistiriimistir. “Bilissel Modelleme Basamaklari ve BID Bilesen
Entegrasyon Tablosu” asagida Ek T'de sunulmustur.

Video ve Ses Kayitlari

Katilimciya video kayitlarinin alinmasi hususunda goérusleri sorulmus
ve onaylari alindiktan sonra kaydedilmistir. Video kayitlari, veri
kaybinin énlenmesi ve surecin yeniden incelenip analiz edilmesi
amaciyla kullaniimistir.

Gériusme

Egitim suUrecinin sonunda katilimcinin  egitimin etkililigi Ustune
goéruslerini almak icin yapilandiriimamis gorusme gercgeklestirilmistir.
Sure¢ kayda alinmis ve bulgularda gerekli goérulen noktalarda
sunulmustur.

Veri Analizi

Arastirma surecinde elde edilen veriler, Borromeo Ferri'nin (2007)
bilissel modelleme déngusu kuramsal cerceve ile BID bilesenleri
dikkate alinarak analiz edilmistir. Arastirmada bilissel modelleme
basamaklari ve BID bilesenlerini iliskilendirme strecinde elde edilen
verilerin betimsel analizi yapilmistir. Arastirmanin birinci bélumunde
belirtilen anahtar kelimeler ile arama yapilmis, 276 adet makaleye
ulasiimistir. Bu makaleler incelenmis, BID bilesenlerini matematik
egitimine entegre eden calismalar arastirma kapsamina alinmistir.

Arastirmanin ikinci asamasinin veri analizinde ise yapilan &érnek
inceleme verilmistir. Tablo 2'de BID bilesen Entegrasyon Tablosunun
ornek bir satirina yonelik katilimcr yaniti verilmistir. Bu érnek bulgular
bélumunde sunulan Uygulama 1- AVM problemi ile ilgilidir. Katilimci
AVM'nin  yuksekliginin  modelini olusturmak hedefiyle problemi
¢cozmeye baslar. Ardindan AVM gorselini inceler. “Problemi ¢bzmek
icin palmiyeden faydalanabilecegi dusundldd.” ifadesini yazdigi
boélum incelendiginde MM problemine yonelik bilissel sureclerini
dogru ifade etmistir. “Palmiyelerden ikincisinin perspektiften dolayi
daha kullanisli olabilecegi belirlendi.” ifadesi problemi ¢ézmek icin
gunluk yasamdan gerekli degiskeni belirleyip gereksiz degiskeni
(birinci palmiyeyi) saf disi birakarak deneysel soyutlama yapmaktir.
Katilimci bunu fark etmemistir.
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Tablo 2.

B. Dincer Aksoy vd.

Katilimcinin Ornek Cézimu

https://doi.org/10.9779/pauefd. 1438401

Bilissel Bilgi islemsel
Modelleme Gerekce Dusunme Gerekce
Basamaklari Bilesenleri
Problemi Problemi Oruntu tanima, Problemin
Sadelestirme ¢codzmekicin veri ¢codzUmu icin
palmiyeden palmiyenin

faydalanilacagi

uzunlugundan

dusunuldu. yararlanilmasi
Palmiyelerden (veri) farkli olan
ikincisinin bu uzunlugun
perspektiften kullaniimasi
dolayl daha gerektidinin
kullanisli belirlenmesi
olabilecegi (6runtu tanima)
belirlendi.

Palmiyenin ve

yuksekligin

fotograf

uzerindeki

uzunluklari

cetvelle bulundu.

Bununla birlikte calisma yapraginin hazirlanmasinda, c¢alisma
yapraklarindan ve entegrasyon tablolarindan elde edilen verileri analiz
ederken arastirma grubu icinde veri analizinin gecerligi ve guvenirligi
saglanmistir. Matematiksel modelleme déngUlsinde ortaya cikan BiD
bilesenlerin uygunlugu kodlanirken birinci arastirmaci ile matematik
egitimi alan uzmanindan da verilerin %50’sini analiz etmesi istenmis
ve uyum yuzdesi %90 olarak hesaplanmistir. Bu arastirmada,
arastirmacilar calisma kagitlarini, entegrasyon tablolari ve video
kayitlari ile coklu veri toplama kaynaklari kullanilarak cesitleme
yapilmistir. Arastirmada katilimcinin  kimliklerini ortaya c¢ikaracak
ifadeler kullanilmamis, takma isimler kullanilmistir. Arastirmada teyit
edilebilirligin  saglanmasi adina uygulama surecinde ve analiz
sureclerinde  katilimcinin  ifade etmeye calistiklari  durumlar
anlasilamadigr durumlarda katilimcinin gdrusune basvurulmustur.
Ayrica tutarlihgr saglamak icin katilimci sdylemlerine yer verilmistir.
Arastirmmada amacli érnekleme yontemi kullanilmis, maksimum yanit
cesitliligi saglamak adina matematiksel modelleme ve BID hakkinda
bilgisi olan bir 6gretmen belirlenmistir. Ayrica tutarlihgi saglamak icin
video ve ses kayitlari alinmistir. Mevcut c¢alismada ilk yazar olan
arastirmaci, egitim iceriklerinin ve ders tasarimlarinin olusturulmasi,

arastirmadaki  katilimcinin secilmesi  ve uygulama surecinin
yurutulmesini  saglamistir.  Ayrica arastirmaci egitim surecinde
destekleyici mudahalelerini  surec¢ ilerledikce sistematik olarak
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azaltilmistir. Arastirmada diger yazarlar egitim iceriklerinin ve ders
tasarimlarinin olusturulmasi, uygulamalar sonrasi nesnel bir cercevede
degerlendirme yapilmasini saglamistir.

Bulgular

Bu bdlumde arastirmanin amaci olan matematiksel modellemedeki
bilissel surecler ile BID bilesenlerinin nasil butUnlestigini ortaya
cikarmak icin yapilan literatUr taramasi ve 6gretmen egitimi tasarimi
sonuclari sunulmustur. Literatur taramasl ile matematik egitimine
entegre edilmis BID bilesenleri kavramsal cercevesi belirlenmistir. Bu
cerceve ile gelistirilen mesleki gelisim kursunda aciga cikan bilissel
eylem ve BID bilesenleri bulgulari bulunmaktadir. Bu kursta bilissel
surecleri aciga cilkarmak icin matematiksel modelleme problemleri
kullaniimis ve katilimcinin bu problemlere gelistirdigi ¢dézUmlere yer
verilmistir.

BiD Bilesenleri ve Matematik Egitimi Entegrasyonu

BiD bilesenlerini matematik egitimine entegre eden calismalar, Tablo
3'te verilmistir.

Tablo 3
BiD Bilesenlerini Matematik EJitimine Entegre Eden Calismalar

N ® © © _ o} C o o C
— € S5 @ ('UE o = EO
s E 5 EE2fst s 28,852
< & 5 532cf®x T £9(0 5 c
5 S 2 92°08°> 5 S5 9 E<
> < o < O 62 =5
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Chakraborty, 2023
Leonard vd., 2023
Mumcu vd., 2023
Abdul Hanid vd.,
2022

Rich vd., 2022
Wang vd., 2022
Shumway vd., 2021
Ng ve Cui, 2020

Valovicova vd.,,
2020

Pires vd., 2019
Peivd., 2018
Sinclair ve
Patterson, 2018
Benton vd., 2017
Costa vd., 2017
Hsu ve Hu, 2017
Sung vd., 2017
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Tablo 3 incelendiginde BID bilesenlerinden ayristirma, algoritma
tasarimi ve soyutlamanin matematik egitimi ¢calismalarinda daha fazla
ele alindigi gérulmektedir. Ardindan oéruntu tanima, hata ayiklama,
veri isleme ve genelleme bilesenlerine yer verildigi goérulmektedir.
Ornegdin; Mumcu vd. (2023) calismalarinda égretmenlerin 5E 6grenme
modeline gdre tasarladiklari butunlesik STEM edimi ders planinda
ayristirmayi su sekilde kullanmislardir: "Yangin algilama sistemi, cesitli
alt sorunlara ayrilmistir: Sensorlerin élcum yapmasi, verilerin islenmesi
ve bir yangin durumu algilandiginda SMS gonderme. Her adim ayri bir
problem olarak ele alinarak ¢cézulmustur.”

Mesleki Gelisim Egitimi Bilissel Eylemleri ile BID Bilesenleri
Entegrasyonu

Literatdr taramasi sonunda olusturulan mesleki gelisim kursunda 3
modul uygulanmistir. Moduller yontem kisminda ayrintili bir sekilde
anlatilmistir. Bu modullerden Uc¢UncUsu; BID ve MM entegre Ustlne
kurulmus bir moduldur. Bu modulde Borromeo-Ferri, saman balyasi
problemi verilmistir. Katilimciya ait ¢ozUm ise Sekil 4'te sunulmustur.
Ardindan katilimcidan problemi ¢ézmesi ve modelleme sureclerini
BID bilesenleri tablosuna yazmasi beklenmistir. Katilimci problemi
cozerken oncelikle saman balyalarinin yaricapi icin gorseldeki kadinin
ust bacak boyunu belirlemistir. Bu secimin dogru hesaplama
saglamayacagi kanisina varip kol uzunlugu ile devam etmeye karar
vermistir. Katilimcinin matematiksel ¢6zumu incelendiginde saman
balyasinin  uzunlugunu bulmaya yoénelik bir ¢dézim gelistirdigi
goérulmektedir. Problem c¢6zme surecine yonelik problemi anlama
asamasinda “saman balyas: icin deger belirleme; deneysel
soyutlamadir. Kadinin kol uzunlugunu kullaniimasina karar vermek
ise hata ayiklama”, problemi sadelestirme asamasi icin “Problemi
¢co6zmek icin daha basit hale getirme; ayristirmadir, “Matematiksel
olarak ¢calismak icin yaricaptan ilerlemek; derin soyutlamadir” yanitini
vermistir. Bu yanitlar incelendiginde ayristirma bilesenine ydnelik
hatali yanit verdigi gorulmustur.

Sekil 4
Modul 3-Katilimcinin Cézumu

o
[ = i I«
4 I

= A

PSR-

Lo

5 saman balyas: bulunmaktadir Bir st swava
da bir saman balyas: eksilmektedir. En st aman
i ne kadarde”? En iyi tahmininizi vapmz

balyas: kaldigina gore
ve neden o sayiyi tahmin ettiginizi matematiksel islemlerle agiklayip diguncelerinizi
nedenleriyle aynntil yazmiz
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Modul sonunda ayristirma olarak tanimladigi bilissel eylem katilimciya
gorusme esnasinda yeniden sorulmustur. “Burada hatali bir cevap
vermisim. Ayristirma degil ancak bilissel eylemleri tanilamak zor”
demistir. Ayristirma, problemi c¢ozerken pargalara ayirip ¢dézumu
kolaylastirir. Ancak katilimci “problemi daha basit hale getirme” olarak
beyan etmistir. Bu durum sorunun gerekli degiskenlerini secip diger
degiskenlerden arindirmistir. Bu durum deneysel soyutlamadir. Bu
asamada modelleme problemi ¢dzmede zorluk yasamamis, ancak
bilissel sureclerini ifade etmekte zorlanmistir.

Moduller bitince uygulamalar baslamistir. Bu uygulamalardan
birincisinde katilimciya bir AVM gérseli verilmis MM problemi kurmasi
ve ¢ozmesi istenmistir. COzUm sUreci Sekilde 5'te verilmistir. Katilimci
gorselde verilen AVM'nin yuksekliginin modelini olusturmak istemistir.
Bunun icin gorselde gorunen palmiyenin gercek boyu ve ekrandan
olculen boyu arasindaki orani AVM'nin gercek boyunu hesaplamada
kullanmistir. Ardindan modelleme surecinde aciga cikan Dbilissel
sUrecleri ifade etmesi beklenmistir. Katilimci problemi anlama
asamasinda “Fotografin farkl ayrintilarinin parcalanarak
dusundlmesi; ayristirmadir”, problemin sadelestiriimesi asamasinda
“‘Problemin ¢bézumu icin kullanilacak verilerin toplanmasi, palmiye
uzunluklarinin arastirilmasi;, veri islemedir’, matematiksel c¢alisma
basamaginda “Sirali matematiksel islemlerin yapilmasi; algoritmadir’,
MM problemin yorumlama basamaginda “Gercek disi ¢cikan degerler
olursa varsayimlara geri dénulmesi; hata ayiklamadir” yanitini
vermistir. Katilimci bu oturumda ayristirma bilesenini yonetilebilir
parcalara ayirma olarak yorumlamistir. Hatta sonuclarinda gercek disi
bir sonuc¢ elde etmemistir. Buna ragmen “gercek disi deger bulunursa
bu hata ayiklamadir” demistir. Bu durum uygulama 1 de AVM nin
yuksekligini hesaplamayi tercih eden katilimci bilissel stureclerini ifade
etmekle ilgili deneyim kazandigini gdstermektedir.
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Sekil 5 .
Uygulama 1 Icin Katilimci Yanitlari

Uygulama 2 de katilimci, verilen gorsel icin kullanilacak boyama
miktarinin modelini olusturma problemi kurmustur. Bu oturumda
katiimcinin bilissel surecleri ifade etme becerisinden belirgin bir
gelisme gorulmektedir. Bu gelismeyi onceki oturumlarda bilissel
basamaklar icin birer bilissel sure¢ belirten katilimcr bu oturumda
“sanki bir basamakta birden fazla BID bileseni var, yaniliyyor muyum?”
diye bir soru sormustur. Yani katilimci, bir modelleme problemi
cozerken biliste birden fazla bilissel eylem gerceklestigini fark etmistir.
Ardindan matematiksel calismma asamasi icin “Gercek deger ile
fotograftaki uzunluk arasindaki iliskiyi kullanma, ordntd tanima;
matematiksel bir model olusturma sureci ise soyutlamadir.” yanitini
vermistir. Matematiksel calisma basamaginda katilimcinin verdigi
yanitlarin zihninde yapti islemleri adim adim tanilama ve bu bilissel
eylemleri dogru ifade etmede gelisim gosterdigi duruma ornektir.

Sekil 6
Uygulama 2 Cézumu
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Uygulama 3'te katilimcidan kendi sectigi bir gdrsele MM problemi
kurmasi ve c¢dzmesi istenmistir. Katilimcr bu soruda da onceki
oturumlarin etkisi ile Galata Kulesinin yuksekligin hesaplamak
istemistir. Bu oturumda katilimci matematiklestirme asamasinda “En
yakin ve en uzaktaki yolun genisligi arasindaki oran bulunarak
perspektifin  uzunluga etkisinin belirlenmesi, derin soyutlamadir”
yanitini vermistir. Oran ve perspektif gibi iki matematiksel kavramin
iliskisinde yararlanan katilimci, problemi ¢dzerken derin soyutlamadan
faydalandigini fark etmistir. Katilimcinin modelleme sUrecinde aciga
cikan bilissel eylemlerini dogru ve eksiksiz ifade edebilir noktaya
geldigi gozlenmistir.

Katilimcinin MM problemi kurmada ve ¢dézmede zorlanmamis ancak
BID bilesenlerini entegre etmekte zorlanmistir. “BID bilesenlerini
anlamak zor, sanirim egitim iceriginde daha cok érnege ihtiyag¢ var”
demistir. Modul 3 ve Uygulama T'de arastirmaci destegi ile bilissel
sUrecleri tanilayan katiimcl, Uygulama 3 te bilissel sUrecleri ve BID
bilesenlerini  tek basina tanillamistir.  Katilimcr  modul  3'te
arastirmacinin sorulari ve rehberliginde bilissel eylemlerini BID ile
entegre etmektedir. Bu sUre¢ Uygulama 1-2-3'te sistematik olarak
azalmistir. Uygulama 3'te kendi bilissel sUreclerini ve BID
entegrasyonunu gerceklestirmesi bu konuda gelisim gosterdigi
kanisini olusturmaktadir.

Sekil 7
Uygulama 3 Cozumu

Katilimcinin MM problemi ¢dézme surecinde fark ettigi ve ornek verdigi
BIiD bilesenleri Borromeo-Ferri  (2006)  bilissel  modelleme
basamaklarina gore Tablo 4'te gosterilmistir.
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Tablo 4
Uygulamalar Strecinde Aciga Cikan BID Bilesenleri
— © _ @ © © _ ) . <
()] (@] H © E
%EEEEEE*EEEB%Q
> 20 Ok o > O
og ~8 < <F O < 32
Problemi
Anlama

Sadelestirme

Matematiklestir
me
Matematiksel
Calisma
Yorumlama

Dogrulama

Tablo dikey ve yatay eksende analiz edildiginde;

(a) Dikey eksende: soyutlama, ayristirma, veri islemenin en yogun
gozlenen bilesenler, algoritma tasarimi, éruntu tanima ve hata
aylklamanin yogun gdzlenen bilesenler oldugu gorulmauastar.
Bunun yaninda genelleme bilesenin de 2 basamakta aciga
cikmistir.

(b) Yatay eksende: matematiklestirme ve matematiksel calisma en
yogun bilgiyi isleme surecleri icerdigi; problemi anlama,
sadelestirme ve yorumlamanin yogun bilgiyi isleme surecleri
icerdigi; dogrulama basamagdinda ise genelleme sureclerinin
aciga citkmistir.

Tablo 3 te alan yazinda BID in cesitli bilesenlerini kullanan arastirmalar
sunulmustur. Bu arastirmalarda yogunlukla soyutlama, algoritmik
dusunme ve ayristirma bilesenlerinin; otomasyon, paralellestirme gibi
teknolojik ara¢ odakli bilesenlerin daha az kullanildigr gérulmustur.
Tablo 4'te ise yapilan mesleki gelisim kursu surecinde matematiksel
modelleme problemi ¢ézen bir katilimcinin modelleme problemi
¢c6zme surecinde aciga ¢ikan bilesenler gdsterilmistir. Tablo 4'te dikkat
cekici bir unsur da deneysel soyutlamanin modelleme tabiriyle gercek
dunya bdélumunde, yansitici soyutlamanin ise matematik dunyasi
bdlumunde acida cikmasidir. Bu durum BID ile matematiksel
dusunmenin bagl anlaminda Sekil 8'de gorunen ayrim ile ifade
edilebilir.

Bu iki tablo karsilastirildiginda alan yazinda kullanilan c¢erceve
bilesenler (soyutlama, ayristirma, algoritma tasarimi, éruntud tanima,
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genelleme) ile calismada kullanilan bilesenler arasinda genel olarak
tutarhlik bulunmustur. Bununla birlikte veri isleme ve hata ayiklama
bilesenleri Tablo 3'te belirtilen arastirmalarda kullanimi az olsa da, bu
calismanin bulgularinda siklikla aciga ¢ikan bilesenlerdendir.

Sonug, Tartisma ve Oneriler

Bu calisma matematiksel distnme ile BID arasindaki epistemolojik
bagl aciga c¢lkarmak amaciyla tasarlanmistir. Bu tasarimda
matematiksel distinme ile BID arasindaki badl aciga cikarmada
bilissel perspektifte matematiksel modelleme surecinden
faydalaniimistir. Modelleme faaliyetlerinin  matematiksel dusunme,
ogrenme ve problem ¢ézme icin verimli oldugu bilinmektedir (Lesh ve
Lehrer, 2003). Bu calismada modelleme faaliyetleri dogrultusunda
matematiksel dusunme ile BID bilesenlerin &rtUstigu bilesenler
(deneysel soyutlama, ayristirma, algoritma tasarimi, veri isleme, hata
aylklama, éruntu tanima ve genelleme) ile farklilasan bilesen (yansitici
soyutlama) aciga cikmistir. Soyutlama bileseninin  Piaget'nin
soyutlama bakisi ile ele alinmasi MM problemi ¢dézme sureci gibi
yogun Dbilissel sureclerin anlamlandirilmasina katki  sunacagdi
dusunulmektedir.

Sekil 8
BID ile Matematiksel Dustinmenin Epistemolojik Bagi

Matematiksel Diisiinme Bilgi Islemsel Disiinme

+ Modelleme
+ Yansitict (Derin)

Soyutlama

+ Simiilasyon

+ Deneysel Soyutlama + Algoritmik tasarimi

+ Hata Ayiklama

+ Matematiksel kavram + Oriintii Tamma

gelisimi

+ Otomasyon

+ Genelleme (formiillestirme)

+ Ispat siirecleri + Paralellestirme

+ Problem Cdzme + Aynistirma

+ Veri Isleme

» Matematiklestirme

Bu calismada matematiksel distinme ile BID'in epistemolojik
baglantisi  irdelenmistir.  Calismadan  elde edilen  bulgular
dogrultusunda epistemolojik bag Sekil 8'de belirtildigi gibidir. Bu
bulgu Sneider vd. (2014)'in bulgulari ile benzer ve farkl yonler
icermektedir. Olusturulan diyagram dusunme surecleri baglaminda
ele alindigi icin ilgili calismaya elestirel bir bakisla iyilestirme oldugu
dusunulmektedir.

Kalelioglu vd. (2016) yaptiklari calismalarinda Polya'nin problem ¢6zme
asamalariyla BID bilesenlerini iliskilendirmis ve problem c¢ézme
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basamaklari ile kimi BID bilesenleri eslestirilmistir (6rnegdin; ayristirma
ve soyutlama bilesenlerinin sadece problemin anlama basamadinda
bulunmasi). Tablodan 4'ten yola ¢ikarak bir modelleme basamagdinda
birden fazla BID bilesenin aciga cikmaktadir. Bir BiD bilesenin tek
basamak ile iliskilendirilemeyecegi gdérulmektedir (6rnegin yansitici
soyutlama ve ayristirma tum  modelleme  basamaklarinda
gozlenmektedir). Aktas'in (2022) calismasinda teknoloji destekleme
modelleme slreclerinde birden fazla BID bileseninin aciga ciktigl
goérulmustur. Bu da calismamiz ile benzer bir bulgudur.

Bu calismadan yola cikarak BID bilesenlerinden soyutlamanin
matematik egitimine entegrasyonunda Piaget'nin  soyutlama
teorisinin  sUreci anlamlandirmaya katki sundugu bulgusuna
ulasiimistir. Bu baglamda hazirlanacak bir mesleki gelisim kursunun
BID entegrasyonu icin katki sunacagi dUsinulmektedir.

Alan yazinda ve bu arastirmada aciga cikan bilesenler, farkli
baglamlardaki test edilerek yeniden arastirilabilir.

Ogretmenlerin hizmet éncesi ve sonrasi egitim sUreclerine BID ve
MM'yi temel alan egitimlerin eklenmesi, egitim sureclerinde
matematiksel dusunmenin ve BID'in gelisimine katki sunacaktir.

Etik Kurul izin Bilgisi: Bu arastirma, Dokuz Eyltl Universitesi Bilimsel
Arastirma ve Yayin Etigi Sosyal ve Beseri Bilimler kurulunun 21/11/2023
tarihli  E-87347630-659-806813 sayili  karari ile alinan izinle
yaruatulmauastdar.

Yazar Cikar Catismasi Bilgisi: Yazarlarin beyan edecegi bir cikar
catismasi yoktur.

Yazar Katkisi: Arastirmanin birinci yazari tum sureclerde rol almis,
Arastirmada diger yazarlar egitim iceriklerinin ve ders tasarimlarinin
olusturulmasi, uygulamalar sonrasi nesnel bir c¢ercevede
degerlendirme yapilmasi rolunde bulunmuslardir.
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Introduction

As a fundamental science, mathematics is an integral part of nature
and, therefore, of human daily life. There are different perspectives on
mathematics and understanding this science. Two distinct
perspectives exist regarding the definition of mathematics. One
perspective defines mathematics as the understanding of
mathematical facts and processes. The other perspective defines
mathematics as a discipline that is similar to other sciences, with a
focus on the discovery and understanding of patterns (Schoenfeld,
1982). These different definitions reflect perspectives on understanding
mathematics and mathematical thinking. When these definitions are
examined, it is evident that mathematical thinking is addressed from
the perspectives of how mathematical concepts are formed (Dreyfus,
2002; Freudenthal, 1973; Tall, 1995) and the development of
mathematical processes (Isoda & Katagiri, 2012; Mason et al, 2010;
Polya, 1945; Schoenfeld, 1992) (Celik, 2014; Isoda & Katagiri, 2012). In
other words, it can be stated that how mathematics is defined also
affects how mathematical thinking is defined. It is therefore crucial to
consider the various perspectives on mathematical thinking.

Perspectives on Mathematical Thinking

The perspective that explains mathematical thinking as the
construction of concepts focuses on how mathematical concepts are
constructed in cognition, building on basic mathematical knowledge
to form more advanced mathematical knowledge. This cognitive
development process starts at an early age and progresses from
concrete to abstract thinking. The cognitive construction and
development of concepts have been addressed by researchers from
different perspectives. For example, Freudenthal (1973) explained the
development of mathematical thinking in terms of the development
of mathematizing situations based on one's own experiences; Tall
(1995) explained the development of the subject, which he defined as
the objectification of mathematical knowledge in the mind, that is, its
encapsulation in the mind by concretizing it and putting it into action;
Dreyfus (2002) explained the development of representation and
abstraction processes of mathematical knowledge. These researchers
focus on mathematical thinking and the process of transition from
basic mathematical knowledge to more advanced mathematical
concepts. The transition to advanced mathematical thinking in this
process is also described as "university mathematics" or graduate
mathematics (Tall, 1991; Dreyfus, 2002).

The other perspective that focuses on mathematical processes
examines how mathematical thinking tools and mathematical
thinking develop (Celik, 2014). Mason et al. (2010) posit that
mathematical thinking can be understood as problem-solving that
involves the application of two fundamental cognitive operations: the
processes of "specialization and generalization" and "conjecture and
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persuasion"; Schoenfeld (1992) views mathematical thinking as the
development of mathematical perspective through the processes of
recognizing and mathematizing patterns and abstraction; Isoda and
Katagiri (2012) see mathematical thinking as problem-solving with the
assistance of mathematical content (concepts, skills, etc) and
mathematical processes (mathematical thinking, valuing, and idea
generation, etc.). From this perspective, mathematical thinking is
defined as a process of problem-solving that employs the utilization of
specific mathematical techniques and competencies.

It can be argued that the common thread running through these
perspectives on the development of mathematical thinking is the
emphasis on the formation and abstraction of mathematical
knowledge (Dreyfus, 2002; Freudenthal, 1973; Schoenfeld, 1992; Tall,
1991). Knowledge in the mind is abstracted from unnecessary details
and objectified, becoming a tool in the formation of new
mathematical knowledge. It is therefore anticipated that the level of
complexity associated with mathematical knowledge will increase as a
consequence of the application of abstraction (Tall, 1995). For example,
working with the concept of fractions requires the abstraction of
knowledge and skills such as counting, multiple representation, four
operations, and proportional reasoning. This process entails the
objectification of knowledge within the mind, its subsequent
encapsulation, and its utilization in the formation of new, requisite
knowledge. With the help of the capsules formed in cognition,
complex problems related to fractions can be solved. As can be
understood from the fraction example, the process of abstraction of
mathematical knowledge is quite complex. For this reason,
mathematicians and mathematics educators have tried to clarify the
abstraction process for many years.

The idea of abstraction has been influencing philosophical and
psychological studies on human thinking since the works of Aristotle
(Yesildere & Turnuklu, 2008). The assumptions about the idea of
abstraction carried from Aristotle to the 2Ist century can be
summarised as follows (Van Oers, 2001):

e |tisformed by the classification and representation of objects.

e |t is formed in the mind, i.e. it is independent of environmental
conditions.

e It is a more advanced and distinctive feature on the development
of thought.

Given these assumptions, abstraction occurs at higher levels of the
thinking process, independent of time, space and environment.
Current research emphasizes that abstraction occurs in two ways:

e it develops in cognition and is explained from a cognitive
perspective (Dubinsky 1991; Gray and Tall 1991; Piaget 2001),
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e the social environment, social interaction and the conditions
surrounding the environment will be realized through a
sociocultural perspective (Herskowitz et al., 2001; Van Overs, 2001).

Among the researchers who explain the abstraction process from a
cognitive perspective, Piaget's idea of "abstraction" can be seen as the
most basic idea that explains the formation of a mathematical
concept in the mind (Zembat, 2016). Piaget explained how cognitive
structures are formed in young age groups (Tall, 1999) with the
concepts of empirical and reflective abstraction. Piaget described
reflective abstraction as (1) the transition from a lower cognitive level
to a higher level (objectification at the end of the process) and (2) the
reorganization of the higher-level cognitive structure (Tall, 1999). To
summarize these studies, the formation of knowledge and the process
of abstraction take place in cognition. The formation of higher-level
knowledge is sequential with the formation of previous knowledge.
These hierarchical units of knowledge can be transformed into each
other, and it can be pointed out that they benefit from each other.

Abstraction is as important for computational thinking as it is for
mathematical thinking. In computer science and mathematics, the
most important and most common meaning of abstraction of a
concept is extraction: the idea of taking into account the common
properties of various instances and creating a structure or category
that has all of these properties. In this respect, it is very close to
Piaget's concept of empirical abstraction, and extraction is not a
strong abstraction mechanism, even though most mathematical
concepts are thought to be constructed by the extraction of
unnecessary variables (Cetin & Dubinsky, 2017). Consequently, there is
a need for concepts that can explain strong abstraction mechanismes.
Reflective abstraction gains importance in explaining strong
abstraction mechanisms. Piaget (1985) pointed out that reflective
abstraction is the basis of all development in mathematical thinking.
Empirical abstraction is based on the directly observable properties of
objects or environments, whereas reflective abstraction is based on
the properties of the individual's own actions (grouping, pair
segmentation, etc.) (Zembat, 2016). This is the most fundamental
distinction in the concept of abstraction for the two sciences.

Perspectives on Computational Thinking

The widely accepted definition of CT is "problem-solving, system
design, and understanding human behavior" (Wing, 2011, p. 20). The
definition proposed by the Computer Science Teachers Association
and the International Society for Technology in Education (CSTA and
ISTE, 2011), which expresses CT as a problem-solving process, is as
follows:
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(@) Formulate problems (in such a way that they can be solved with
computers and other tools),

(b) Organize and analyze data,

(c) Represent data through abstractions (such as models and
simulations),

(d) Automate solutions with the help of algorithmic thinking,
(e) Identify, analyze, and implement possible solutions,

(f) Refer to this process as generalization and application to different
problems.

ISTE (2016) emphasizes that students should have CT skills. Developing
students' CT skills should be used to solve problems, formulate, and
develop models, facilitate decision-making, and create automated
solutions. When the perspectives on CT are examined, it is seen that
they focus on different points. For example, Roman-Gonzalez et al.
(2017)

(1) general definitions (Wing, 2006),
(2) operational definitions (CSTA and ISTE, 2011), and

(3) educational and curricular definitions (Barefoot, 2014; Brennan &
Resnick, 2012) as three categories.

In addition to these definitions, Selby and Woollard (2013), who
analyzed articles published between 2006 and 2013, defined CT as "an
activity related to, but not limited to, problem-solving, usually product
oriented." According to Wing (2006), CT, which is based on the power
and limits of information processing processes, uses intuitive
reasoning while finding a solution to a system or problem with the
mental tools of computer science. Other elements of CT that Wing
(2006) draws attention to can be listed as follows, CT:

e requires thinking at multiple levels of abstraction.
e isa basic skill based on thinking processes, not rote learning.

e is a way for people to solve problems instead of enabling people to
think like computers with their intelligence and creativity.

e benefits from mathematical thinking by its very nature.
e isfor everyone and everywhere.
e involves using big data to speed up information processing.

e contributes to other disciplines such as biology, economics,
nanocomputing, chemistry, etc., by using CT components (pattern
recognition, decomposition, abstraction, and algorithms) to solve
problems and transform the thinking of these disciplines.

At the same time, CT is a conceptual way of "systematically, accurately,
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and efficiently processing information and tasks" to solve complex
problems (Lu & Fletcher, 2009, p. 261). Similarly, Liu and Wang (2010)
posit that solving complex problems necessitates the utilization of CT
and computer science concepts and techniques that demand critical
thinking. In other words, it can be observed that both CT and
mathematical thinking use concepts that center on cognition,
metacognition, and problem-solving in thinking (Kallia et al., 2021).
Kalelioglu, Gulbahar, and Kukul (2016), through a systematic literature
review, developed a framework that reveals the relationship between
Polya's (1945) problem-solving processes and CT components as
follows:

e Defining the problem: abstraction, decomposition

e Data collection, representation, and analysis: data collection,
analysis, pattern recognition, conceptualization, data
representation

e Solution generation, selection, and planning: mathematical
reasoning, algorithm and procedure generation, parallelization

e Implementation of solutions: automation, modeling, and
simulations

e Evaluating and continuing to improve solutions: associated with
testing, debugging, and generalization.

What these studies have in common is that CT is a thinking process
that systematically focuses on problem-solving. In light of the above, it
can be posited that mathematics educators and computer scientists
are trying to establish a connection between mathematical problem-
solving and CT. For all these reasons, it is important to elucidate the
interconnection between CT and mathematical reasoning.

Research on computational thinking has been growing rapidly since
2013 and is fed by the knowledge produced in education, informatics,
and social sciences (Tekdal, 2021). Especially in the context of STEM
education (Li et al.,, 2020), it is observed that research has increased
and studies in science and mathematics have intensified (Mumcu et
al.,, 2023). It is evident that researchers benefit from computer science
in the absence of computers (e.g., Andi¢ et al, 2023, Mumcu et al,
2023) and block-based programming (e.g., Brating & Kilhamn, 2027,
Gleasman & Kim, 2020; Kaup, 2022; Kilhamn et al., 2022; Ng & Cui, 2021)
in the integration of CT into mathematics education. Considering
these studies, it can be stated that there has been a notable increase
in the efforts to establish a correlation between CT and mathematics
education within the context of technology-supported mathematics
education. The objective of this study is to elucidate the
epistemological connection between computational thinking and
mathematical thinking in the construction of mathematical
knowledge. The epistemological link pertains to nature, source, and
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scope of knowledge. When the epistemological link between CT and
mathematical thinking is examined, both of them:

e are symbolic; they have a language of their own,
e require process skills (operations, operationalizing concepts, etc.),
e serve to solve problems through abstractions.

In addition, CT includes functions for processing information such as
collecting, classifying, storing, processing, transmitting, and
presenting information (Gulbahar, 2017, p. 402). Mathematical thinking
is the organization and processing of information that an individual
acquires to understand his/her environment (Burton, 1984). In other
words, CT skills and mathematical thinking are also related in terms of
process skills.

Mathematical Thinking and CT

In this study, the research conducted in recent years to reveal the
connection between mathematics education and CT was examined. In
explaining the relationship between CT and mathematical thinking,
problem-solving (Wing, 2008), common abilities of CT and
mathematical thinking (Sneider et al.,, 2014), common skills (Barcelos &
Silveira, 2012), interaction between CT and mathematical thinking
(Kallia et al, 2021), focus on cognitive performance and processes
(Denning, 2009; Furber, 2012; Hemmendinger, 2010; Humphreys, 2015;
ISTE, 2016; Shute et al., 2017; Wing, 2014; Yadav et al.,, 2014). Reviews of
these studies are as follows. According to Wing (2008), the common
point between CT and mathematical thinking is problem-solving
processes. Understanding and generalizing the problem, which are
the most important common points of CT definitions, are also the
stages of problem-solving (Barr et al,, 2011; Zhenrong et al., 2009). CT is
a facilitator and accelerator in increasing the quality of the problem-
solving process and the solutions produced (Yildiz, 2017). Similarly, in a
joint study reported by ISTE and CSTA, CT was described as a
systematic problem-solving process (ISTE & CSTA, 2011). In line with
these contexts, it can be said that there is a connection between CT
and mathematical thinking due to problem-solving and its processes.

Figure 1 represents an adaptation of the representation of the
similarities and differences between CT and mathematical thinking
originally presented by Sneider et al. (2014). For example, when Figure
1 is examined, it is seen that the connection between mathematical
thinking and CT includes components such as modeling, problem-
solving, probability, and data analysis. Kallia et al. (2021) investigated
the interactions between these two ways of thinking in their
systematic research aimed at revealing the relationship between CT
and mathematical thinking. Barcelos and Silveira (2012) identified
three groups of skills that can be jointly developed by both
mathematical thinking and CT:
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(1) Constructing Mathematical Representations and their Semiotic
Relationship with Algorithms: In both ways of thinking, the ability
to express, interpret, and transfer domain-specific representations
(symbols, codes, and names) in a "language."

(2) Establishing Domain-Specific  Relationships and  Pattern
Identification: In both ways of thinking, mathematical reasoning in
the process of solving a given problem is related to pattern finding.

(3) Descriptive and Representational Models: The development of
skills in the three groups through mathematical to explain and
analyze situations improves both mathematical thinking and CT.

Figure 1

The Relationship between CT and Mathematical Thinking as stated by
Sneider et al. (2014)

Mathematical Thinking Computational Thinking

-Simulation
-Data mining
-Networking

-Automatic data cellection

-Gamification

-Algorithmic reasoning

-Robotics
‘Programming

-Numbers
Arithmetic
-Algebra
“Geometry
-Analysis (Calculus)
Topology

-Problem-solving

*Modeling

-Data analysis and interpretation
Statistics and probability

When the studies interpreting the relationship between Mathematical
Thinking and CT are examined, it is seen that they address the
connections between CT and Mathematical Thinking in terms of
interaction, abilities, or skills, and establish a relationship between
mathematical thinking and CT.

It is also recognized by focusing on the cognitive performance and
processes of the individual, apart from the components of CT (Cansu &
Cansu, 2019). Activities based on CT aim to improve cognitive skills and
teaching-learning processes (Deniz, 2020).

Mathematical Thinking and Mathematical Modeling

Mathematical modeling is a problem-solving process that plays an
important role in producing multidimensional solutions to daily life
problems from a mathematical perspective (Blum & Niss, 1989; Aydin-
Guc¢ & Baki, 2016). In the mathematical modeling process,
mathematical expressions are developed for real-life problems, and
the issue is solved with mathematical solutions (Doruk & Umay, 2011).
The modeling process requires mental modeling and explanation that
will enable the formation or development of cognitive and
metacognitive skills (Hidiroglu & Bukova-Guzel, 2013).
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Kaiser and Sriraman (2006), while evaluating research approaches and
perspectives on mathematical modeling, identified the cognitive
perspective as one of the effective approaches to mathematical
modeling. This is because this perspective aims to analyze the
cognitive processes that take place during modeling processes and to
provide a better understanding of these processes. Consequently, the
aims of this cognitive perspective are:

(@) to analyze and understand cognitive processes (e.g., students'
individual modeling routes, barriers, or strategies) and

(b) to promote mathematical thinking during mathematical modeling
(Kaiser & Sriraman, 2006). In the cognitive modeling process,
Borromeo-Ferri's (2007) cognitive modeling cycle is widely used
(Borromeo-Ferri, 2018, p. 18). In this study, we focused on the
promotion of mathematical thinking in the cognitive modeling
process and the integration of CT components in the actions seen in
cognitive processes. In line with this purpose, the relationship
between the cognitive actions that emerged in the mathematical
modeling process and the CT components was examined. Thus, an
answer was sought to the question of how CT components and
mathematical thinking are integrated.

This study has one main research question;

1- How are the cognitive processes in mathematical modeling and the
components of CT integrated? While searching for an answer to this
guestion, answers to sub-research questions were sought:

¢ Which components have been used in the integration of CT
components with mathematics education in the literature?

e How to integrate cognitive actions and CT components in
professional development training integrated with CT
components?

Method

This study aimed to examine how cognitive actions and CT
components were integrated into the mathematical modeling
process. For this purpose, it was planned to examine and analyze
cognitive actions and CT components in depth. Since the processes
would be evaluated and relationships would be investigated in the
research, a case study, one of the qualitative research designs, was
used (Yildirnrm & Simsek, 2008). The research consisted of two stages. In
the first stage, studies on the components of CT were examined. In the
second stage, a teacher training program was created and
implemented to reveal the integration between mathematical
modeling and CT components.

First Phase of the Research
In the first stage, the studies in the literature that tried to integrate CT
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components into mathematics education were examined. In this way,
it was verified that the components of CT would be present in the
research. In this process, a literature review was conducted to interpret
the existing situation. A search of the Web of Science (WoS) was
conducted to identify the studies included in the research. In order to
examine the common components of CT and mathematics education,
a search was made with the keywords "computational thinking" and
"mathematics" and ("primary" OR "elementary" OR "secondary" OR
"middle" OR "high" OR "K-12") between 2013-2023. 276 studies were
reached. In the search, studies integrating various components of CT
into mathematics education were included in the process.
Consequently, a total of 16 articles were analyzed.

The 16 studies included in the study were categorized according to
which components of CT they used. The studies were also categorized
together by other researchers, and the data are presented in Table 3 in
the findings section in a descriptive form.

Second Phase of Research

In the second stage, a teacher training program was created and
implemented in order to reveal the integration between cognitive
actions in the mathematical modeling process and the CT
components.

Content Development

The teacher education program on the integration of CT into
mathematics education was designed by a doctoral student, a
mathematics field educator, and an information technology field
educator. For the instructional model to be designed in the research,
the researchers first examined the research on the integration of CT
and the modeling perspective that focused on revealing cognitive
processes (Borromeo Ferri, 2007), and the development criterion in
the participant statements was determined. The content was
prepared to reveal the participant problem-solving process and their
cognitive actions in this process to evaluate the process. The prepared
content was presented for expert opinion in the field of curriculum
development. The outcomes of the program were revised according
to the feedback given in line with the program development
principles. The training content prepared by the researchers for
teachers was named a vocational training course and is shown in
Figure 2.
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Figure 2
The Research Process
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The purpose of this study is to investigate how the relationship
between the cognitive processes in mathematical modeling and the
components of CT is integrated. For this reason, the professional
development course should firstly (1) provide basic knowledge about
CT, (2) provide the ability to diagnose the cognitive actions that occur
in the modeling process, and (3) then integrate CT and the cognitive
modeling process at this epistemological level. To reinforce these
skills, it was decided to repeat the last module cyclically. Accordingly,
in the first module, the definition and importance of CT were
mentioned. A concept map on Piaget's Theory of Abstraction is shown
in Figure 3 (a) and (b), a PowerPoint presentation on the components
of CT was used, and the information was given with worksheets. Then,
examples from daily life situations and mathematics education were
presented, and the participant was encouraged to present examples.
In the second module, the steps, focus, and examples of mathematical
modeling (MM) from a cognitive perspective were presented.
Borromeo-Ferri's (2006) PowerPoint presentation for MM from a
cognitive perspective and MM problem examples from the literature
were used as shown in Figure 3 (c). Again, an information note
worksheet for this process was presented to the participant. In the
third module, the straw bale problem (Borromeo-Ferri, 2007) was
solved for the integration of MM and CT, and cognitive processes were
integrated with CT. At the end of the first three modules, in which
theoretical knowledge was more intense, three more applications
were made to internalize the integration between mathematical
modeling and CT components. The basis of these applications was
based on setting up and solving the MM problem related to the visual
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given by the researcher and integrating the cognitive processes
revealed. The aim of this professional development course was to
provide the participants with the knowledge, skills, and competence
to integrate the cognitive processes revealed by MM with CT.

Figure 3

Examples of Teaching Materials Presented in the Related Modules of the
Professional Development Course

PIAGET ONABSTRACTION
COMPONENT OF CT
nnnnnnnnnnnnnnnn

TYPES OF KNOWLEDGE ACCORDING TO PIAGET

Participant

A pilot study was conducted for the suitability of the prepared
content. Participants for the application were determined by
purposive sampling method. The teacher should have
knowledge about mathematical modeling or CT, should agree
to participate in the training regularly, and should volunteer. Detailed
information about the teacher is given in Table 1.

Table 1 i
Participant Characteristics

Experience Knowledge of
Participant . Professional Educational with 9
Field ; . Computational
Name Experience Background Mathematical L
) Thinking
Modeling
Middle Master's Experlenced
MTI School 9 years Degree n Yes
Mathematics Y 9 mathematical
Graduate .
Teacher modeling

Data Collection Tools

A table was created in which the participant could write the cognitive
actions that emerged in the solution of the mathematical modeling
problem and the integration of the CT components. This table was
named the "Cognitive Modeling Steps and CT Component Integration
Table." Video recordings taken during the whole process and interview
recordings were collected after the training process.

CT Component Integration Table

It was developed to assess how the participant integrated the
cognitive modeling steps and CT components in the last session of the
training and during the linking sessions. The "Cognitive Modeling
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Steps and CT Component Integration Table" is presented in Appendix
1.

Video and Audio Recordings

The participant was asked for their opinion on the video recordings,
and they were recorded after their consent was obtained. Video
recordings were used to prevent data loss and to re-examine and
analyze the process.

Interview

At the end of the training process, an unstructured interview was
conducted to obtain the participant's views on the effectiveness of
the training. The process was recorded and presented in the findings
where necessary.

Data Analysis

The data obtained during the research process were analyzed by
taking into account Borromeo Ferri's (2007) cognitive modeling cycle
theoretical framework and the components of CT. In the research, a
descriptive analysis of the data obtained in the process of associating
cognitive modeling steps and CT components was conducted. A
search was made with the keywords specified in the first part of the
study, and 276 articles were found. These articles were analyzed, and
the studies integrating CT components into mathematics education
were included in the scope of the research.

In the data analysis of the second stage of the research, a sample
analysis is given. Table 2 shows the participant response to a sample
row of the CT Component Integration Table. This example is related to
Application 1 - Shopping Mall problem presented in the findings
section. The participant starts to solve the problem with the aim of
creating a model of the height of the shopping mall. Then, he
examines the visual of the shopping center. When the section in
which he wrote the statement "It was thought that he could use the
palm tree to solve the problem." was examined, he correctly expressed
his cognitive processes for the MM problem. The statement "It was
determined that the second of the palm trees could be more useful
due to the perspective." refers to making empirical abstraction by
determining the necessary variable from daily life to solve the problem
and eliminating the unnecessary variable (the first palm tree). The
participant did not realize this.
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Table 2
Participant's Example Solution
Cognitive Computational
Modeling Justification Thinking Justification
Steps Components
It was decided to
use the palm tree Utilizing the
to solve the length of the
problem. The palm tree
second palm tree (data) to solve
Simplification was identified as Pattern the problem
of the more useful due to recognition, and identifying
Problem perspective. The data that a different
lengths of the palm length should
tree and its height be used
were measured on (pattern
the photograph recognition).

using a ruler.

In addition, the validity and reliability of the data analysis were ensured
within the research group while analyzing the data obtained from the
worksheets and integration tables. The first researcher and the
mathematics education field expert were asked to analyze 50% of the
data while coding the appropriateness of the components of the CT
that emerged in the mathematical modeling cycle, and the
percentage of agreement was calculated as 90%. In this study, the
researchers triangulated by using multiple data collection sources,
including worksheets, integration tables, and video recordings. In the
research, expressions that would reveal the identities of the
participants were not used, and pseudonyms were used. To ensure
confirmability in the research, the participant's opinion was consulted
in cases where the situations that the participant tried to express were
not understood during the implementation and analysis processes. In
addition, participant discourses were included to ensure consistency.
A purposive sampling method was used in the study, and a teacher
with knowledge about mathematical modeling and CT was identified
to ensure maximum response diversity. In addition, video and audio
recordings were taken to ensure consistency. In the current study, the
researcher, who is the first author, created the educational content
and course designs, selected the participants in the study, and carried
out the Iimplementation process. In addition, the researcher
systematically reduced her supportive interventions during the
training process as the process progressed. The other authors in the
study ensured that the training contents and course designs were
created and that an objective evaluation was made after the
implementation.
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Findings

In this section, the results of the literature review and teacher training
design conducted to reveal how the cognitive processes in
mathematical modeling were integrated with the CT components
were presented. Through the literature review, the conceptual
framework of CT components integrated into mathematics education
was determined. The findings of cognitive action and CT components
revealed in the professional development course developed with this
framework are presented. In this course, mathematical modeling
problems were used to reveal cognitive processes, and the solutions
developed by the participant to these problems were included.

CT Components and Mathematics Education Integration

The studies integrating the components of CT into mathematics
education are given in Table 3.

Table 3
Studies Integrating Computational Thinking Components into Mathematics
Education

Data Analysis
Decompositio
Abstraction
Algorithm
Pattern
Recognition
Debugging
Generalization
Automation
Parallelization
Modeling
Simulation

Analysis

Yadav and Chakraborty,
2023
Leonard et al., 2023

lI

Mumcu et al., 2023
Abdul Hanid et al., 2022

Rich et al., 2022
Wang et al., 2022
Shumway et al., 2021
Ng and Cui, 2020

Valovicova et al., 2020
Pires et al., 2019
Peij et al., 2018

Sinclair and Patterson, 2018
Benton et al., 2017

Costa et al.,, 2017
Hsu and Hu, 2017

Sung et al,, 2017
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When Table 3 is examined, it is seen that decomposition, algorithm
design, and abstraction, which are components of CT, are addressed
more in mathematics education studies. Then, pattern recognition,
debugging, data processing, and generalization components are
included. For example, Mumcu et al. (2023) used decomposition in the
integrated STEM education lesson plan designed by teachers
according to the 5E learning model as follows: "The fire detection
system is divided into various sub-problems: Sensors taking
measurements, processing the data, and sending an SMS when a fire
situation is detected. Each step is treated and solved as a separate
problem."

Integration of Professional Development Training Cognitive
Actions and CT Components

At the end of the literature review, three modules were implemented
in the professional development course. The modules were described
in detail in the methodology section. The third of these modules was
built on the integration of CT and MM. In this module, Borromeo-
Ferri's straw bale problem was given. The solution of the participant is
presented in Figure 4. Then, the participant was expected to solve the
problem and write the modeling processes in the CT components
table. While solving the problem, the participant first determined the
upper leg length of the woman in the image for the radius of the
straw bales. She decided that this choice would not provide an
accurate calculation and decided to continue with the arm length.
When the mathematical solution to the problem understanding was
examined, it was seen that she developed a solution to find the length
of the straw bale. In the problem understanding stage of the problem-
solving process, the participant stated that "determining the value for
the straw bale was an empirical abstraction. Deciding to use the
length of the woman's arm was debugging," "Making the problem
simpler to solve the problem was decomposition," "Proceeding from
the radius to work mathematically was deep abstraction" for the
problem simplification stage. When these responses were analyzed, it
was seen that she gave an incorrect response for the decomposition
component.

Figure 4

Module 3-Participant's Solution
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At the end of the module, the participant was asked again about the
cognitive action she defined as parsing during the interview. "l gave a
wrong answer here. It is not decomposition, but it is difficult to
recognize cognitive actions." Decomposition facilitates the solution by
breaking the problem into parts while solving it. However, the
participant stated it as "making the problem simpler." This situation
selected the necessary variables of the problem and purified it from
other variables. This situation was an empirical abstraction. At this
stage, she did not have difficulty in solving the modeling problem, but
she had difficulty in expressing her cognitive processes.

When the modules were completed, the applications started. In the
first of these applications, the participant was given a shopping mall
visual and asked to set up and solve the MM problem. The solution
process is given in Figure 5. The participant wanted to create a model
of the height of the shopping mall given in the visual. For this purpose,
she used the ratio between the actual height of the palm tree in the
visual and the height measured from the screen to calculate the
actual height of the shopping center. Then, she was expected to
express the cognitive processes that emerged during the modeling
process. The participant answered "Thinking about the different
details of the photograph by breaking them down, decomposition" at
the problem comprehension stage, "Collecting the data to be used for
the solution of the problem, investigating the palm lengths; data
processing” at the problem simplification stage, "Performing
sequential mathematical operations; algorithm" at the mathematical
study stage, and "Returning to assumptions in case of unrealistic
values;, debugging" at the MM problem interpretation stage. In this
session, the participant interpreted the decomposition component as
separating into manageable parts. In fact, she did not obtain an
unrealistic result in her results. Despite this, she said "if an unrealistic
value is found, this is debugging." This shows that the participant who
preferred to calculate the height of the shopping mall in Practice 1
gained experience in expressing her cognitive processes.

Figure 5
Participant Responses for Practice 1
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In Practice 2, the participant constructed a problem of modeling the
amount of coloring to be used for the given image. In this session, a
significant improvement was observed in the participant's ability to
express cognitive processes. The participant, who stated one cognitive
process for each cognitive step in the previous sessions, asked a
guestion in this session: "It seems like there is more than one CT
component in a step, am | wrong?" In other words, the participant
realized that more than one cognitive action occurs in cognition when
solving a modeling problem. Then, for the mathematical study step,
he answered, "Using the relationship between the real value and the
length in the photograph is pattern recognition, the process of
creating a mathematical model is abstraction." The answers given by
the participant in the mathematical study step are an example of a
situation in which the participant showed improvement in identifying
the operations performed in his mind step by step and expressing
these cognitive actions correctly.

Figure 6
Practice 2 Solution

MM problem with an image of his choice. In this question, the
participant wanted to calculate the height of the Galata Tower with
the effect of the previous sessions. In this session, the participant
answered, "Determining the effect of perspective on length by finding
the ratio between the width of the nearest and farthest road is deep
abstraction" in the mathematization phase. The participant, who
benefited from the relationship between two mathematical concepts
such as ratio and perspective, realized that she benefited from deep
abstraction while solving the problem. It was observed that the
participant reached a point where she could express her cognitive
actions that emerged during the modeling process accurately and
completely.

The participant did not have difficulty setting up and solving the MM
problem, but she had difficulty integrating the components of CT. She
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reported, "It is difficult to understand the components of CT; | think
more examples are needed in the training content." The participant,
who diagnosed cognitive processes with the support of the researcher
in Module 3 and Practice 1, diagnosed cognitive processes and CT
components alone in Practice 3. In Module 3, the participant
integrated her cognitive actions with the CT under the questions and
guidance of the researcher. This process systematically decreased in
Practices 1-2-3. The fact that she realized her own cognitive processes
and CT integration in Practice 3 indicates that she has improved in this
regard.

Figure 7
Practice 3 Solution

The CT components that the participant noticed and gave examples
during the MM problem solving process are shown in Table 4
according to Borromeo-Ferri (2006) cognitive modeling steps.
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Table 4
Computational Thinking Components Emerging in the Application Process
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Understanding
the Problem

Simplification
Mathematization

Mathematical
Work
Interpretation

Validation

When the table is analyzed on the vertical and horizontal axes:

(@) On the vertical axis: abstraction, parsing, and data processing were
the most intensively observed components, while algorithm design,
pattern recognition, and debugging were also frequently observed
components. In addition, the generalization component was revealed
in 2 steps.

(b) On the horizontal axis: mathematization and mathematical work
involved the most intensive information processing processes;
problem understanding, simplification, and interpretation involved
intensive information processing processes; and generalization
processes were revealed in the verification step.

In Table 3, the studies using various components of CT in the literature
are presented. In these studies, abstraction, algorithmic thinking, and
decomposition components were mostly used, while technological
tool-oriented components such as automation and parallelization
were used less. Table 4 shows the components revealed during the
modeling problem-solving process of a participant who solved a
mathematical modeling problem during the professional
development course. A striking element in Table 4 is that empirical
abstraction is revealed in the real-world section of modeling, while
reflective abstraction is revealed in the mathematical world section.
This situation can be expressed by the distinction in Figure 8 in terms
of the connection between CT and mathematical thinking.

When these two tables are compared, a general consistency is found
between the framework components used in the literature
(abstraction, decomposition, algorithm design, pattern recognition,
generalization) and the components used in this study. However,
although data processing and debugging components are less
frequently used in the studies mentioned in Table 3, they are among
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the components that are frequently revealed in the findings of this
study.

Conclusion, Discussion and Recommendations

This study was designed to reveal the epistemological link between
mathematical thinking and CT. In this design, the mathematical
modeling process from a cognitive perspective was used to reveal the
link between mathematical thinking and CT. Modeling activities are
known to be productive for mathematical thinking, learning, and
problem-solving (Lesh & Lehrer, 2003). In this study, in line with the
modeling activities, the overlapping components of mathematical
thinking and CT components (empirical abstraction, decomposition,
algorithm design, data processing, debugging, pattern recognition,
and generalization) and the differentiating component (reflective
abstraction) were revealed. It is thought that addressing the
abstraction component with Piaget's view of abstraction will
contribute to the understanding of intensive cognitive processes such
as the MM problem-solving process.

Figure 8
Epistemological Link between CT and Mathematical Thinking

Mathematical Thinking Computational Thinking

« Empirical Abstraction

+ Reflective Abstraction

* Simulation

+ Problem Solving « Modeling
« Mathematical concept

development

« Debugging « Data Processing

+ Automation

« Algorithm Design + Decomposition

« Proof processes « Parallelisation

+ Generalization (formulation)

« Mathematisation « Pattern recognition

In this study, the epistemological connection between mathematical
thinking and CT was examined. In line with the findings obtained from
the study, the epistemological link is as shown in Figure 8. This finding
has similar and different aspects to the findings of Sneider et al. Since
the diagram is handled in the context of thinking processes, it is
considered to be an improvement with a critical view of the related
study.

In their study, Kalelioglu et al. (2016) associated Polya's problem-
solving stages with CT components, and some CT components were
matched with problem-solving stages (for example, decomposition
and abstraction components were found only in the comprehension
stage of the problem). Based on Table 4, more than one CT
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component is revealed in a modeling step. It is seen that a CT
component cannot be associated with a single step (for example,
reflective abstraction and decomposition are observed in all modeling
steps). In Aktas's (2022) study, it was observed that more than one CT
component emerged in technology-supported modeling processes.
This is a similar finding to our study.

Based on this study, it was found that Piaget's theory of abstraction
contributed to making sense of the process in the integration of
abstraction into mathematics education. In this context, it is thought
that a professional development course to be prepared will contribute
to the integration of CT.

The components revealed in the literature and this study can be re-
investigated by testing them in different contexts.

Adding training based on CT and MM to the pre-service and in-service
training processes of teachers will contribute to the development of
mathematical thinking and CT in educational processes.
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