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TPAB ve OMB Cercevelerinden Matematik Ogretmen Aday: Yetistirme
Programlarina ve Ogretmenlik Uygulamasi Dersine Bakis: Bir Meta-Sentez
Cahismasi

Sema NACAR!, Murat AKARSU?, Kiibra ILER?

'Inoni Universitesi, E_gitim Fakiiltesi, Matematik ve Fen Bilimleri Egitimi Boliimii, Tiirkiye
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Ozet: Bu calismamin amac, Teknolojik Pedagojik Alan Bilgisi (TPAB) ve Ogretim igin Makale Bilgileri
Matematik Bilgisi (OMB) cercevelerine dayali olarak matematik 6gretmen adaylart ile Meta-sentez
gerceklestirilen arastirmalart meta-sentez ile incelemektir. Bu dogrultuda, toplamda .
X . . . L . o Makalesi

26 nitel arastirma belirlenmig ve detayli bir analiz siirecine tabi tutulmustur. Verilerin
analizi, ii¢ asamal bir kodlama siirecini icermektedir. Ilk asamada, incelenen Gonderim Tarihi
calismalar kapsaminda yer alan ogretmen adaylarimn TPAB ve OMB ile ilgili 05/12/2024

eksiklikleri, karsilastiklart zorluklar ve sunulan oneriler tespit edilmistir. lkinci
asamada, elde edilen veriler "sorunlar” ve "¢oziimler" basliklart altinda iki ana Kabul Tarihi
eksende toplanmig ve birbirleriyle baglantili hale getirilmistir. Bu asamada, sorunlar 24/10/2025

ekseninde belirlenen ti¢ tema (teknolojik altyapt sorunlari, bilgi eksikligi, deneyim
eksikligi) ile oneriler ekseninde olusturulan ti¢ tema (giincel teknolojik altyapi, ders Anahtar Kelimeler
iceriklerinin diizenlenmesi ve akademisyen tutumlar:, ogretmenlik uygulamasi TPAB. OMB
revizyonu) arasinda bir iligki kurulmustur. Ucgiincii asamada ise, "Ogretmenlik ’ ’
uygulamasi revizyonu" temasi ¢ekirdek tema olarak belirlenmig ve 6gretmen yetigtirme Ogretmen aday1,
programlarimin gelistirilmesine yonelik bu temaya dayali bir éneri sunulmugtur. sorluk
ogretmenlik
uygulamasi,

meta-sentez.

1. Giris

Ogretmen adaylari i¢in ne dgreteceklerini bilmek kadar, nasil égreteceklerini bilmek de kritik
bir 6neme sahiptir. Ozellikle okul matematigi baglaminda, 6grencilerin dnyargilari ve negatif
tutumlari, "Nasil 6gretmeli?" sorusunu daha da 6nemli hale getirmektedir. Bu sorulara cevap
arayan arastirmacilardan Shulman (1986), Pedagojik Alan Bilgisi (PAB) modelini
gelistirmistir. Bu model, bir 6gretmenin sahip olmasi gereken Pedagojik Alan Bilgisinin,
konuya dair Alan Bilgisi (AB) ve Pedagoji Bilgisi (PB) kesisimini olusturdugunu ortaya
koymaktadir. Shulman’in (1986) ortaya koydugu PAB semasi, Sekil 1°de sunulmaktadir.
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Sekil 1. PAB Modeli (Shulman’'dan (1986) uyarlanmistir)

Pedagoji Alan
Bilgisi PAB Bilgisi
(PB) (AB)

Sonraki yillarda Ball ve digerleri (2005), PAB teorik cercevesini gelistirerek Ogretim igin
Matematik Bilgisi (OMB) c¢ergevesini sunmuslardir. Bu c¢erceve, dgretmenlerin matematik
bilgisi ile Ogretim uygulamalari arasindaki karmasik iligkiyi anlamak ve yapilandirmak
amactyla gelistirilmistir. Bu gerceve, 0gretmen egitimi ve mesleki gelisim programlarini
yonlendirmek icin bir temel saglarken, ayni zamanda Ogrenci basarisini artirmayi
hedeflemektedir (Ball vd., 2008). Hill ve digerleri (2005), 6gretmen yetistirme programlarinda
sadece pedagojik becerilere odaklanmanin, 6grenme c¢iktilarini olumsuz etkileyen yetersiz
uygulamalara yol agtigini belirtmislerdir. OMB ¢ergevesi, yalmzca pedagojik bilgilere
odaklanmak yerine; aynit zamanda Ogretmenlerin matematiksel icerik bilgisini gelistirerek
kavramsal anlama ve problem ¢ozme becerilerini tesvik eden etkili dersler planlamalarina
olanak tanir (Aslan-Tutak, 2009). Ball ve digerleri (2008), OMB ¢ercevesini Alan Bilgisi (AB)
ve Pedagojik Alan Bilgisi (PAB) olmak {izere iki ana kategoriye ayirmis ve bu kategorilerin
toplamda alt1 alt bilesenden s6z etmislerdir. Sekil 2°de Ball ve digerlerinin (2008) gelistirdikleri
OMB cercevesine ait bilesenler sunulmustur.

Sekil 2. OMB Bilesenleri (Ball ve digerlerinden (2008, s. 403) uyarlanmistir)

Alan Bilgisi Pedagojik Alan Bilgisi
"—'__—‘_—_ _‘—‘—\
Alan ve
Ogrenci
Genel Alan Bilgisi (OAB)
Bilgisi
(GAB) Uzmanhk Al?n ve
Alan Bilgisi 11\3/I_li1f}'c_dat
ilgisi
Yaygin (UAB) Alan ve
oici (AMB)
Alan Bilgisi Ogretim
(YAB) Bilgisi
(AOB)
—\‘_‘_‘_‘_‘— _'__'_/

Sekil 2°de sunulan OMB bilesenlerinden Genel Alan Bilgisi (GAB), matematiksel kavramlarin
temel diizeyde anlagilmasini kapsarken, Uzmanlik Alan Bilgisi (UAB) daha derinlemesine bir
matematiksel anlayisi ve kavram yanilgilarini ele alma becerisini icermektedir. Yaygin Alan
Bilgisi (YAB), matematiksel kavramlarin birbiriyle baglantilarini ve gelisimini anlamayi ifade
eder. Bunun yani sira, Alan ve Ogrenci Bilgisi (AOB), 6grencilerin gelisim asamalar1 ve
kavram yanilgilar gibi unsurlar1 dikkate alirken, Alan ve Ogretim Bilgisi (AOtB) dgretim
stratejilerini pedagojik fayda acisindan degerlendirmeyi igerir. Son bilesen olarak, Alan ve
Miifredat Bilgisi (AMB), matematiksel icerigin miifredatla uyumlu bir sekilde
yapilandirilmasini kapsar (Ball vd., 2008).

OMB cercevesi, dgretmenlerin matematik dgretiminde kaliteyi artirarak 6grenciler igin daha
iyl 0grenme ¢iktilarina ulasmay1 hedeflemektedir. Arastirmalara gore yiiksek diizeyde OMB'ye
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sahip 6gretmenler, 6grencilerin kavramsal anlama ve problem ¢dzme becerilerini gelistiren
etkili dersler sunabilmekte ve O0grenci hatalarini teshis ederek bireysel ihtiyaclara uygun
¢oziimler saglayabilmektedir (Hill vd., 2005). Alanyazinda matematik 6gretmen adaylarinin
OMB gelisimleriyle ilgili yapilan ¢alismalarda GAB, UAB ve OAB bilesenlerinde eksiklik
tespit eden ve bu eksiklerin giderilmesi i¢in farkli onerilerde bulunan c¢aligmalar olmustur
(Cikrike1, 2015; Qian ve Youngs, 2016; Secir, 2017; Yazici, 2019).

OMB c¢ergevesi disinda, dgretmen egitiminin gelistirilmesine yonelik calismalar devam
ederken, teknolojinin ilerlemesi, bir 6gretmenin profesyonel bilgi tabanina teknoloji bilgisinin
eklenmesini kaginilmaz hale getirmistir. Mishra ve Koehler (2006), PAB ¢ergevesine Teknoloji
Bilgisini (TB) ekleyerek yeni bir ¢erceve olan TPAB'yi olusturmuslardir. Teknolojik Pedagojik
Alan Bilgisi (TPAB), {i¢ temel bileseni (alan bilgisi, pedagojik bilgi ve teknolojik bilgi) ve bu
bilesenlerin kesisiminden olusan dort farkl bilgi tiiriinii (pedagojik alan bilgisi, teknolojik alan
bilgisi, teknolojik pedagoji bilgisi ve teknolojik pedagojik alan bilgisi) kapsar. Sekil 3, bu
bilesenlerin iligkisini gorsellestirmektedir.

Sekil 3. TPAB Bilesenleri (Koehler ve Mishra, 2009, s. 63, aktaran Albayrak vd., 2016, s.4)

Teknolojk Pedagojk
Alan Bilgisi
(TPAB)

Pedagopk Alan
Bilgis:
(PAB)

BAGLAM

Mishra ve Koehler’e (2006) gore, AB Ogretilecek konulara dair temel bilgiyi, PB 6grenme ve
Ogretme siirecleri, yontemleri ve egitim hedefleriyle ilgili bilgiyi ve TB standart (tebesir ve
tahta gibi) ve gelismis (internet ve dijital video gibi) teknolojileri etkin bir sekilde
kullanabilmek i¢in gereken beceri ve bilgiyi igerir. Temel bilesenlerin kesigsimleri ile ortaya
cikan pedagojik alan bilgisi (PAB), pedagoji bilgisi (PB) ve alan bilgisinin (AB) kesisimini
ifade eder ve 6gretmenin, belirli bir konuyu en uygun 6gretim yaklagimiyla nasil sunacagini
bilmesini saglar. PAB, 6gretim materyallerinin 6grencilerin On bilgilerine ve ihtiyaclarina gore
uyarlanmasini, kavram yanilgilarinin anlasilmasim1 ve alternatif pedagojik yOntemlerin
kullanilmasini igerir (Koehler ve Mishra, 2009; Mishra ve Koehler, 2006). Teknolojik alan
bilgisi (TAB), teknoloji bilgisi (TB) ile alan bilgisinin birlesiminden olusur ve teknolojinin
Ogretim siireclerine entegrasyonunu vurgular. TAB, 6gretmenlere 6grenme deneyimlerini
ozellestirme, bireysel farkliliklara uyum saglama ve 21. yiizy1l becerilerini tesvik etme imkant
sunar (Koehler ve Mishra, 2009; Mishra ve Koehler, 2006). Teknolojik pedagojik bilgi (TPB),
teknolojinin 6gretim ve 6grenme siireclerini nasil dontistlirebilecegini anlamay1 kapsar; dijital
araclarin pedagojik hedeflere uygun se¢imi ve etkin kullanimiyla 6grenmeyi derinlestirmeye
odaklanir (Mishra ve Koehler, 2006). Teknolojik pedagojik alan bilgisi (TPAB) ise bu ii¢ bilgi
tiirliniin etkilesiminden dogar ve Ogretmenlere, teknolojiyi yaratici ve verimli 6gretim
yontemleri gelistirmek i¢in kullanma becerisi kazandirir. TPAB, elestirel diisiinme, problem
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¢ozme ve dijital okuryazarlik gibi becerileri tesvik ederken, 6gretmenlerin siirekli 6grenme ve
mesleki gelisimlerini destekler (Koehler ve Mishra, 2009; Mishra ve Koehler, 2006).

Alanyazinda matematik 6gretmen adaylarinin TPAB diizeylerini inceleyen farkli ¢alismalar
vardir. Bu caligmalarin bir kismi matematik 6gretmen adaylarinin AB eksikligi oldugunu
(Aldemir, 2017; da Silva Bueno ve Niess, 2023; Kartal, 2017; Yigit-Koyunkaya, 2017), bir
kismi PB eksikligi oldugunu (Akyiiz, 2016; Karatas vd., 2016), bir kism1 TB eksikligi ve
kullaniminda 6zgiiven eksikligi oldugunu (Aldemir, 2017; Arabaci ve Orbay, 2022; Bonafini
ve Lee, 2021; Cam ve Erdamar-Kog, 2021; Gill ve Dalgarno, 2017; Karatas vd., 2016; Morales-
Loépez vd., 2021) ve TPAB bilesenlerini entegre etmede zorluk yasadiklarini (Akytiz, 2016;
Bonafini ve Lee, 2021; da Silva Bueno ve Niess, 2023; Duman, 2020; Durdu ve Dag, 2017,
Erdogan, 2014; Handal vd., 2016; Morales-Lopez vd., 2021) bildirmistir. Bununla birlikte,
matematik 6gretmen adaylarinin TPAB kullanma siireglerinde teknik sorunlarin engelleyici bir
faktor oldugunu bildiren arastirmalar da bulunmaktadir (Bonafini ve Lee, 2021; Cam ve
Erdamar-Kog, 2021; Dilek, 2016). Ayrica matematik 6gretmeni yetistirme programinin TPAB
bilesenlerini entegre ederek dgretim yapma ile uyumlu olmadigini belirten ¢aligmalar vardir
(Umutlu, 2022). Bu caligsmalarin bir kismui tespit ettikleri sorunlarin giderilmesi i¢in 6gretmen
adaylarina daha fazla uygulama firsat1 taninmasi1 (Bonafini ve Lee, 2021; da Silva Bueno ve
Niess, 2023), teknolojik sorunlarin giderilmesi (Casler-Failing, 2021; Cam ve Erdamar-Kog,
2021; Kurt, 2016), teknoloji araglarini tanitma ve bu konuda egitimler yapma (Arabaci ve
Orbay, 2022; Gill ve Dalgarno, 2017; Kartal, 2017) gibi farkli 6nerilerde bulunmuslardir.

Hem TPAB hem de OMB teorik gerceveleri ile ilgili farkli galismalar farkli sorunlar tespit
ederek, farkli ¢6zlim Onerilerinde bulunmuslardir. Her iki ¢er¢ceve de matematik 6gretmeni
yetistirirken dikkate alinmas1 gereken yol haritalar1 sunmaktadir. Buna karsin alanyazinda her
iki teorik cerceveyi birlikte ele alarak bu iki ¢er¢evede yasanan sorunlara biitlinciil bir bakis
acistyla yaklasan ve ¢Oziim Onerilerini 6gretmen programlarini gelistirme agisindan ele alan
herhangi bir ¢alisma bulunmamaktadir. Bu eksiklikleri gidermek iizerine bu ¢alismanin amact
ve problem ciimleleri asagidaki gibi belirlenmistir:

1.1. Calismanmin Amaci

Bu ¢alismanin amaci, TPAB ve OMB teorik ¢ergevelerine dayanilarak matematik dgretmen
adaylari ile yapilan ¢alismalar1 meta-sentez yontemi ile incelemektir. Bu dogrultuda ¢alismanin
alt amaclar asagidaki gibi sekillendirilmistir:

+ Ogretmen adaylarinin TPAB bilesenleri ile ilgili yasadiklar1 literatiirde yer alan
eksiklikler veya zorluklar1 belirlemek.

+ Ogretmen adaylarmin OMB bilesenleri ile ilgili yasadiklari literatiirde yer alan eksiklikler
veya zorluklar belirlemek.

+ Ogretmen adaylarmin TPAB bilesenleri ile ilgili yasadiklar1 eksiklikler veya zorluklari
gidermeye yoOnelik literatiirdeki Onerileri belirlemek.

+ Ogretmen adaylarinin OMB bilesenleri ile ilgili yasadiklar1 eksiklikler veya zorluklari
gidermeye yoOnelik literatiirdeki Onerileri belirlemek.

+ TPAB ve OMB literatiiriinde 6gretmen adaylariin yasadiklar1 zorluklar ve Onerileri
sentezleyerek matematik 6gretmen yetistirme programlarinin nasil gelistirilebilecegin yeni
Oneriler sunmak.

1.2. Arastirma Sorulari

1. TPAB ve OMB bilesenleri ile ilgili literatiirde tespit edilen matematik Ogretmen
adaylarinin yasadiklari eksiklikler veya zorluklar nelerdir?
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2. TPAB ve OMB bilesenleri ile ilgili matematik &gretmen adaylarmin yasadiklari
eksiklikler veya zorluklara yonelik literatiirde sunulan oneriler nelerdir?

3. TPAB ve OMB literatiiriinde dgretmen adaylarinin yasadiklar1 zorluklara dayanarak
matematik 6gretmen yetistirme programlari nasil gelistirilebilir?

2. Yontem
Bu boliimde ¢alismanin yontemi, incelenen ¢alismalar ve verilerin analizi anlatilmistir.
2.1. Arastirmanin Modeli

Bu calismanin amaci, TPAB ve OMB teorik cergeveleri ile ilgili matematik dgretmen adaylari
ile yapilan calismalar incelenerek, dgretmen adaylarmin TPAB ve OMB alt bilesenleri ile
yasadiklar1 zorluklar1 ve bu zorluklara yonelik literatiirde yer alan Onerileri belirlemektir.
Ayrica bu zorluklar ve Oneriler sentezlenerek oOgretmen yetistirme programlari nasil
gelistirilebilir Onerilerde bulunmak amaglanmistir. Bu ama¢ dogrultusunda arastirmanin
yontemi meta-sentez olarak belirlenmistir. Meta-sentez, benzer konulara odaklanmis nitel
arastirmalarin ya da diger arastirmalarin nitel bulgularinin yorumlanmasi, olaylarin anlagilmaya
ve acgiklanmaya calisilmast ve karsilastirilmasi amaciyla yapilan arastirma sentezleridir
(Yi1lmaz, 2021). Noblit ve Haare’ye (1988) gore meta-sentez, verilerin 6zeti olmaktan ziyade
yorumlayici bir sentezdir. Meta-sentez ¢alismasinin basamaklari Sekil 4’te verilmistir.

Sekil 4. Meta-sentez Calismasimin Basamaklari

Yontemin ve Arastirma Sorularinin Belirlenmesi

Dahil Etme, Hari¢ Tutma Kriterlerinin Belirlenmesi Anahtar Kelimelerle Alan Yazin Taramas1

Verilerin Analizi

ilk Asama: Ag¢ik Kodlama ikinci Asama: Metasentez

Birinci Kodlama *Eksenli Kodlama

«Ikinci Kodlama *Temalarm Belirlenmesi ve iligkilendirilmesi
*Uyusmayan Kodlarin Tespiti =Segici Kodlama

«Kodlarin Son Haline Karar Verilmesi «Ornek Olay ile Temalarin Yeniden Gézden
*Kategoriler ve Alt Kategorilerin Belirlenmesi Gegirilmesi ve Ayrintilandinimasi

Calismada ilk olarak arastirmanin sorulari ve bu dogrultuda ¢alismanin yontemi belirlenmistir.
Daha sonra veriler toplanmistir. Verilerin analizi i¢in ilk asamada acik kodlama ile ilk kodlar
ve kategoriler elde edilmistir. Elde edilen kodlar ve kategoriler sentezlenerek yeni temalar ve
kategoriler olusturulmus ve iliskilendirilmistir. Verilerin toplanmasi ve analizi, ilgili bagliklarda
detayli olarak anlatilmistir.

2.2. Verilerin Toplanmasi (incelenecek Calismalarin Belirlenmesi)

Arastirma sorular1 belirlendikten sonra anahtar kelimeler; “TPACK, TPCK, TPAB, MCK,
OMB, mathematic ve matematik” olmak iizere alt1 kelime olarak belirlenmistir. Incelenen veri
tabanlari, diinya ¢apinda nitelikli makalelere ulagsmak i¢in Web of Science, Tiirkiye’de nitelikli
makalelere ulagmak i¢cin TR Dizin ve Tiirkiye’de yapilan lisansiistii tezlere ulagmak i¢in Ulusal
Tez Merkezi taranmigtir. Veri tabanlarinda tarama yapmak icin “TPACK” ve “mathematic”,
“TPCK” ve “mathematic”, “MCK” ve “mathematic”, “TPAB” ve “matematik”, “OMB” ve
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“matematik” kelimeleri birlikte taranmistir. Veri tabanlarinda arama yapilirken ¢aligmalarin
glincel olmas1 ic¢in tarama islemi 2013-2023 yillar1 ile smirlandirilmistir.  Ayrica
arastirmacilarin rahat anlayabilmesi igin diller Tiirkge ve Ingilizce ile smirlandirlmistir. Bu
arastirmalar sonucunda 536 c¢alismaya ulagilmistir. Calismanin dahil etme kriterleri 2013-2023
yillar1 arasinda yayinlanma, yaym dilinin Ingilizce veya Tiirkce olmasi, gretmen adaylari ile
calisilmis olmasi, ¢alismanin yonteminin nitel yaklagima dayanmasi veya calismanin nitel
bulgular igermesidir. Calismanin hari¢ tutma kriterleri, matematik disindaki branglardaki
O0gretmen adaylari ile yapilan caligmalar, 6gretmenlerle yapilan ¢alismalar ve nicel ¢alismalar
olarak belirlenmistir. Elde edilen 536 calisma dahil etme ve hari¢ tutma kriterlerine gore
incelenmis ve nihayetinde 26 calisma bu meta-sentez arastirmasinda incelenmek iizere
sec¢ilmistir. Bu ¢alismalar Tablo 1°de belirtilmistir.

Tablo 1. Meta-Senteze Dahil Edilen Arastirmalar

Yazar(lar) Yayin Yili Calisma Tiirt Kavramsal Cergeve
Erdogan 2014 Tez TPAB
Cikrike1 2015 Tez OMB
Akyliz 2016 Makale TPAB
Dilek 2016 Tez TPAB
Handal ve digerleri 2016 Makale TPAB
Karatag ve digerleri 2016 Makale TPAB
Kurt 2016 Tez TPAB
Qian ve Youngs 2016 Makale OMB
Saralar 2016 Tez TPAB
Aldemir 2017 Tez TPAB
Cetin 2017 Tez TPAB
Durdu ve Dag 2017 Makale TPAB
Gill ve Dalgarno 2017 Makale TPAB
Kartal 2017 Tez TPAB
Yigit-Koyunkaya 2017 Makale TPAB
Segir 2017 Tez OMB
Kostur 2018 Tez TPAB
Yazici 2019 Makale OMB
Duman 2020 Tez TPAB
Bonafini ve Lee 2021 Makale TPAB
Casler-Failing 2021 Makale TPAB
Cam ve Erdamar-Kog 2021 Makale TPAB
Morales-Lopez ve digerleri 2021 Makale TPAB
Arabaci ve Orbay 2022 Makale TPAB
Umutlu 2022 Makale TPAB
da Silva Bueno ve Niess 2023 Makale TPAB

Tablo 1’de verilen ¢aligsmalar yayin yili en erken olandan en son olana dogru siralanmustir.
Tabloda calismalarin yazar/ yazarlari, yayin yillari, makale veya tez olmak lizere hangi tiir
calisma oldugu ve TPAB ya da OMB olmak iizere hangi kavramsal cerceveye dayandig
belirtilmistir.

2.3. Verilerin Analizi

Strauss (1987), nitel arastirmalarda {i¢ tiir veri analizinden s6z eder: Agik, eksenel ve segici
kodlama. Acik kodlama, verilerin ilk kez analiz edilerek baslangi¢c kodlarinin ve temalarin
belirlendigi, esnek ve diisiik soyutlama diizeyinde bir siirectir. Eksenel kodlama, veriler

arasindaki iliskileri belirlemek ve temalar1 derinlestirmek i¢in yapilan ikinci diizey analizdir.
Se¢ici kodlama ise verilerin son analiz agamasinda ana temalar1 belirlemek ve detaylandirmak
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icin dnceki kodlarin yeniden diizenlenmesi ve 6rnek olaylar ile tartisiimasidir (Strauss, 1987).
Bu arastirmada ti¢ asamal1 bu kodlama sistemi, meta-sentez bulgularini ayrintili degerlendirme
ve sentezleme amaciyla tercih edilmistir. Oncelikle literatiirde toplanan veriler agik kodlama
ile analiz edilerek iki ana tema olusturulmustur: TPAB ve OMB ile ilgili yasanan zorluklar ve
Ogretmen yetistirme programlarina yonelik Oneriler. Veriler, tutarlilik saglamak amaciyla
matematik egitimi alaninda doktorasini tamamlamis bir uzman tarafindan ikinci kez analiz
edilmis, uyumsuz kodlar goézden gecirilmistir. Eksenel kodlama asamasinda ana temalar
“sorunlar” ve “¢oziimler” olarak diizenlenmis ve agik kodlamadan elde edilen bulgular bu
eksenler etrafinda toplanmistir. Son agsama olan segici kodlamada, bir tema ¢ekirdek olarak
secilmis ve diger temalar bu merkeze gore sekillendirilmistir. Cekirdek tema 6rnek olaylarla
karsilastirilarak analiz tamamlanmustir.

3. Bulgular

Bu ¢alismada, TPAB ve OMB teorik gergevelerine dayanarak matematik 6gretmen adaylariyla
yapilan arastirmalar, meta-sentez yontemiyle incelenmistir. Bulgular iki boliimde sunulmustur.
[lk boliimde, matematik 6gretmen adaylarinin TPAB ve OMB ile ilgili yasadig1 zorluklara dair
bulgular sunulmustur. ikinci boliimde ise incelenen calismalarda, 6gretmen adaylarinin TPAB
ve OMB’lerini gelistirmek icin sunulan &nerilere dair bulgulara yer verilmistir.

3.1. TPAB ve OMB Kavramsal Cerceveleri ile ilgili Yasanilan Eksiklik ve Zorluklar

Bu béliimde, once TPAB kavramsal ¢ercevesine iligkin ¢aligmalarda tespit edilen eksiklik ve
zorluklara, ardindan OMB kavramsal c¢ercevesine dair belirlenen eksiklik ve zorluklara yer
verilmigtir.

3.1.1. TPAB Kavramsal Cerceveleri ile Ilgili Yasanilan Eksiklik veya Zorluklar

Aragtirmaya dahil edilen ¢aligmalarin bulgularinda tespit edilen TPAB kavramsal ¢ercevesi ile
ilgili tespit edilen eksiklik ve zorluklara ait temalar, kategoriler ve kodlar Tablo 2°de verilmistir.

Tablo 2. TPAB Kavramsal Cercevesi ile Ilgili Tespit Edilen Eksiklik veya Zorluklar

Kategori Alt Kategori ve Kodlar

Entegrasyona yonelik e Pedagoji bilgisini entegre edememe

zorluklar e Teknoloji bilgisi ile alan bilgisini entegre edememe
e Pedagoji ve Alan bilgisini entegre edememe
e Temel bilesenlere hakim olsa bile nasil entegre edecegini bilmeme
e Entegrasyon iceren 6gretim etkinligi olusturamama

Bilesenlere yonelik e Teknoloji bilgisi eksikligi

zorluklar o Teknoloji bilgisi eksikligi
o Akilli tahta kullanimi becerisinde eksiklik
e  Alan bilgisi eksikligi
o Yanlis veya eksik tanimlama
o Kavramla ilgili yanilgilara sahip olma
e Pedagoji bilgisi ile ilgili eksiklik
o Ogrenciyi yapilandirmaci yaklagima gére yonlendirmeme
e Pedagojik Alan Bilgisi eksikligi;
o Ogrenciyi yanlis bilgiye yonlendirme
o Ogrenci yamlgilarmi farkedememe
o Ayrintili yonergeler igeren ders planlari olusturamama
e TPB eksikligi;
o Teknolojiyi 6gretmen merkezli kullanma
e TAB eksikligi;
o Konu anlatirken hangi teknolojiyi kullanacagi konusunda kafa
karigiklig1 yasama

215



Nacar vd.

PAUEFD, 66, 209-234, [2026]

Tablo 2. TPAB Kavramsal Cercevesi ile Iigili Tespit Edilen Eksiklik veya Zorluklar (devami)

Kategori

Alt Kategori ve Kodlar

Algilardan kaynakli
zorluklar

Teknolojinin ders anlatirken ¢ok gerekli olmadigini diistinme

Teknoloji bilgisi ile ilgili diigiik 6zyeterlik algisi

Alan bilgisine yonelik diisiik 6zyeterlik algisi

Derslere teknolojiyi entegre etmenin sadece akilli tahta ve tablet kullanimi
oldugunu diisiinme

Teknolojik materyal eksikliginden dolay1 teknoloji kullanimi konusunda
isteksiz olma

Teknoloji entegrasyonunda diigiik 6zyeterlik algisi

Ogrenme ortamlarina
yonelik eksiklikler

Smif ortaminda teknolojik donanim eksikligi

Internet baglantisinda sikint1 yasama

Teknolojik arag (bilgisayar, tablet, telefon, vb.) eksikligi
Teknolojik materyal eksikligi

Kullanilan programlarin iicretli veya pahali olmasi
Projeksiyon veya akilli tahta ile ilgili sorunlar

Sabit siralarin grup etkinliklerine izin vermemesi
Teknoloji ile ilgili teknik sorunlarin hizli ¢6ziilememesi
Smiflarin kalabalik olusu

Deneyim eksiklikleri

Entegrasyon deneyiminde eksiklik

Ders anlatimi deneyiminin azlig1

Gergek okul ortaminda deneyim imkani olmamast

Hazirladig1 TPAB igeriklerini nasil uygulayacagini bilmeme (hazirlanan
igeriklerin teorik kalmasi)

Ogretmen egitimi
programlari ile ilgili
eksiklikler

Lisans derslerinde teknoloji kullanilmamasi

Alan derslerinde teknoloji entegrasyonu olmamasi

Alan ve Teknoloji derslerini ayr1 ayri almak

Ogretim iiyelerinin derslerde sunum disinda (projeksiyon) teknoloji
kullanmamasi

Ogretmen egitimi programinin entegrasyona uygun olmamasi
Teknoloji olarak genellikle sadece sunum araglarinin kullanilmasi

Diger

Kullanilan programlarin veya materyallerin farkli dilde olmasi
Miifredatin teknoloji entegrasyonuna uygun olmamast
Uygulama yapilan §grencilerin teknoloji bilgisinde eksiklik

Incelenen calismalarda, dgretmen adaylarmin TPAB ile ilgili yasadigi eksiklikler veya
zorluklar Tablo 2’de sunulmustur. Tablo 2’deki kodlar, yedi farkli tema altinda toplanmustir.
Asagida, bu kategoriler ve kodlarla ilgili calismalardan dogrudan alintilar yapilmastir.

O1 ile yapilan goriismede:

A: Ben senin ders planint inceledigimde teknolojiye ait ifadeler gérmedim. Neden kullanmadin, bildigin
halde mi kullanmadin yoksa bilmedigin i¢in mi?

O1: Bilmedigim icin hocam. Teknolojiyi bu derste nasil kullanacagima dair bir bilgiye sahip degilim. O
yiizden ders planinda da daha ¢ok kendi tasarladigim materyalleri kullanmaya ¢calistim. Teknolojiyi hangi
amagla kullanacagimi bilmiyorum...Ogrencilerin anlamalarinda teknoloji kullanimini bilmiyorum..
Materyalleri nasil kullanacagimi bilmiyorum... Teknolojiyle nasil ogretecegimi bilmiyorum..

ifadelerini kullanmistir (Aldemir, 2017, s.142).

Bu alintida 6gretmen adayindan TPAB iceren bir ders plant hazirlamasi istenmis ve neden
teknolojiye yer vermedigi sorulmustur. Ogrencinin yamtindan anlasildig iizere, teknoloji
bilgisinde eksiklik yasanmaktadir. Ogretmen adayi, “teknolojiyi geometri dersinde nasil
kullanacagimi bilmiyorum” diyerek teknoloji ile alan bilgisini entegre edemedigini belirtmis,
“Ogrencilerin anlamalarinda teknoloji kullanimini bilmiyorum” ifadesiyle de pedagojik alan
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bilgisi ile teknolojiyi entegre etme konusunda yetersizligini ifade etmistir. Bu durum hem
entegrasyon bilgisi hem de farkli alt kategorilerdeki bilgi eksikligini agik¢a ortaya koymaktadir.

Bir baska ornek olarak:

“...Sonucta biz hep béyle gérdiik ya bunlar: simdiye kadar. Bunun da etkisi var. Bizim hocalarimizda bize
¢ok fazla bir seyler géstererek 6gretmediler. Belki bu biraz tembellik bilmiyorum ama hani biraz o tarafa
iten bir sey de var sonucta. Eger kullanabilecegim teknoloji konusunda kendimi ¢ok fazla yeterli gorsem
o zaman kullanmak isterim ama su an kendimi yeterli gérmedigim icin kullanamam...” (Kartal, 2017,
5.199).

Bu alintida, Hande isimli 6grenci, matematik 6gretirken teknoloji kullanmadigini, kendisine
matematigi sevdiren 6gretmeninin de diiz anlatim yapti§in1 ve onu 6rnek aldigini belirtmistir.
Teknoloji entegrasyonuna mesafeli yaklasan Ogrenci, kendisini daha ¢ok yapilandirmact
olmayan bir ders anlatimina yakin hissettigini ifade etmistir.

Diger bir ornek; “..Oyle bir kullandim hani ne oluyor, nasil oluyor ama hani Ingilizce oldugu icin ¢ok
arastiramiyorsun. Belki Tiirk¢e olsa belki hani daha sey yapabilirsin, kullanabilirsin...” (Kartal, 2017, s. 209)
seklindedir. Bu alintida, 6gretmen adaylar1 programlarin pahali ve farkli dillerde olmasini bir
sorun olarak belirtmistir. Ayrica, 6gretmenlik uygulamasi siirecinde teknoloji kullaniminda
danisman o6gretmenlerin etkili oldugu vurgulanmistir. Asagidaki alinti bu durumu ifade
etmektedir:

“Birinci donem 6gretmenlik uygulamasindaki danisman 6gretmen akilli tahtayr kullanarak égrencilere
soru ¢ozdiirdii ama ikinci dénem ogretmenlik uygulamasindaki danismanimiz yalnizca diiz anlatim soru
cevap yontemiyle dersi anlatti” (Dilek, 2016, s. 87).

Bir diger 6gretmen aday1 ise 6grencilerin teknoloji kullanmak istemedigini belirtmistir;

“.... ders anlatimi i¢in akilli tahtayr agip sorular yansittim. Bir iki ornek ¢ozdiim. Daha sonra diger
sorulara onlari. Kaldirmak istedim ama tahtaya kalkmak istemediklerini fark ettim. Ogrenciler genelde
teknolojik aracglari kullanmaya yanasmiyor. Tabii 6grenci profiline gore durum degisebilir....” (Dilek,
2016, s. 94).

Ayni calismada, bagka bir 6gretmen aday1 da 6grencilerin akilli tahta kullanmay1 bilmediklerini
belirtmis ve 6grencilerin teknoloji bilgisi eksikliginin 6gretimde teknoloji kullanmaya engel
oldugunu bildirmistir.

Incelenen galismalarda, 6gretmen adaylariin Teknolojik Pedagojik Alan Bilgisi (TPAB)
kullanim1 konusunda bilgi eksikligi ve teknoloji entegrasyonunda yetersizlik yasadigi
goriilmektedir. Teknolojiyi ders planlarma nasil entegre edeceklerini bilmeyen adaylar,
pedagojik alan bilgisi ile teknolojiyi biitiinlestirme konusunda zorluk yasamaktadir. Ayrica,
adaylarin teknolojiye mesafeli yaklagmalarinin, dnceki deneyimlerine, pahali veya yabanci
dillerde olan programlara ve Ogrencilerin teknoloji kullanma isteksizligine bagli oldugu
belirtilmistir. Ogretmenlik uygulamas1 6gretmenlerinin teknoloji kullanimi konusundaki
tutumlar1 da adaylar etkileyen 6nemli bir faktor olarak 6ne ¢ikmaktadir.

3.1.2. OMB Kavramsal Cerceveleri ile Ilgili Yasamilan Eksiklik veya Zorluklar

Arastirmaya dahil edilen ¢aligmalarin bulgularinda tespit edilen OMB kavramsal gercevesi ile
ilgili tespit edilen eksiklik ve zorluklara ait temalar ve kodlar Tablo 3’te verilmistir.
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Tablo 3. OMB Kavramsal Cercevesi Ile Ilgili Tespit Edilen Eksiklik veya Zorluklar

Kategoriler Kodlar
Genel Alan Bilgisi ile ilgili e Kavram tanimlarinda eksiklik
Eksiklikler e Kavramlara iligkin notasyonlar1 yanlis kullanma
e Kavramla ilgili yanilgilara sahip olma
Uzmanlik Alan Bilgisi ile e Kavramla ilgili zayif bilgi
ilgili Eksiklikler e Kavramin tiim boyutlarini algryamama
e Kavramsal anlamaya sahip olmama
e Kavramla ilgili iliskilendirme yapamama
e Aciklama yaparken islemsel diizeyde agiklamalar yapma
e Problem ¢ozerken islemsel diizeyde kalma
e Problem ¢dzerken yanlis modeller kurma
e Problem ¢ozerken matematiksel dili yanlis kullanma
e Problem ¢ozerken eksik model ¢izme
Alan ve Ogrenci Bilgisi ile e Ogrencilerin kavram yanilgilarini ve hatalarini farkedememe
ilgili Eksiklikler e Ogrenciye sorularin cevaplarini nedenleriyle agiklayamama
e Opgrenci seviyesine yonelik olmayan gretim yapma
Alan ve Ogretimin Bilgisi ile ® Hedef kazanima uygun ders plan1 hazirlayamama
ilgili Eksiklikler e Hedef kazanima ydnelik soru sormada sikint1 (kazanimla ilgili olmayan

sorular sorma)
Ders i¢in uygun strateji, yontem ve tekniklere karar vermede zorluk
e Hazirladiklari ders planini uygulamada zorluk yagama

Tablo 3 incelendiginde, matematik 6gretmeni adaylarmin OMB kavramsal gergevesiyle ilgili
yasadiklar1 zorluklarin dort ana tema altinda toplandigi goriilmektedir. Kodlarin anlamlari
dogrultusunda, bu temalar OMB’nin dért alt bileseni olarak adlandirilmistir. Meta-sentez
kapsaminda incelenen ¢alismalardan dogrudan alintilar ve 6rnekler verilmistir.

Yazic1 (2019), calismasinda Ogretmen adaylarina temel geometrik kavramlarin tanimini
sormustur. Adaylarin ac1 kavramina dair yanlis tanimlarina 6rnekler sunlardir:

K16: Iki dogru par¢ast arasinda kalan 6lciiyii ifade eder.

K19: Paralel olmayan iki kenarin arasinda kalan él¢iiye...

K26: Ortak noktalardan ¢ikan dogrularin arasindaki mesafenin derece tiirtinden gosterimidir.
K29: Paralel olmayan iki isin arasinda kalan bir él¢iim...

K38: Kesisen iki dogru arasinda kalan 6l¢ii birimidir.

K44: Iki kenar arasinda olusan baglantiya a¢i denir.

K49: Iki dogru par¢asimin farkli yonlerde birlestirilmesiyle arada olusan dereceye agi denir. (Yazici,
2019, 5. 146).

Ogretmen adaylarinin verdigi cevaplardan a¢1 kavrammin tanim ile yanilgilara sahip oldugu
goriilmektedir. Yani 6gretmen adaylarinin genel alan bilgisinde eksiklik oldugu sdylenebilir.
Baska bir ¢calismada 6gretmen adaylaria bir kesir problemi verilmis, ifade ettigi islemin ne
oldugu ve bu islemi yansitacak modeli ¢izmeleri istenmistir. Calismada sunulan problem:
“Leyla Hanim, altin giinii i¢in gelen misafirlerine dikdortgen seklindeki bir kekten ikram etmistir ve kekin

2/5 i kalmigtir. Misafirler gittikten sonra Leyla Hamim'in 3 ¢ocugu kekin kalanmini esit olarak
paylasmislardwr o halde ¢cocuklarin her biri kekin ne kadarini yemigtir? ” (Segir, 2017, s. 137).

Bir 6gretmen aday1 verilen problemin ifade ettigi islemi; “2/5 x 1/3" olarak ifade etmis ve
modeli Sekil 5’teki gibi ¢izmistir:
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Sekil 5. Ogretmen Adaylarinin Yanhs Model Cizimine Yonelik Ornek (Segir, 2017, s. 137)

Ogretmen adaymin matematiksel ifadesi bdlmeye ydnelik degil carpmaya yoneliktir ve
“paylastirma” kavramini yansitmamaktir. Bununla birlikte soruda dikdortgen oldugu belirtilen
sekli daire olarak modellemistir. Burada 6gretmen adayinin hem bolme isleminin kavramsal
anlayistyla ilgili hem de modelle gosterme ile ilgili sikint1 yasadigi sdylenebilir. Buradan
hareketle 6gretmen adayinin uzmanlik alan bilgisinde eksiklik oldugu sdylenebilir.

Meta-senteze dahil edilen diger bir g¢alismada Ogretmen adaylarinin ders anlatimlari
incelenmistir. Cebirsel ifadeler dersini anlatan bir &gretmen adayi ikinci dereceden
denklemlerin ¢dziimlerini yapmak icin iki drnek vermistir ve ¢dziim yapmustir. {lki x2-6x+5,
ikincisi 3x?-x-4 olan denklemlerde ¢dziim yaparken;

ilk denklem i¢in | x -5 | veya | X 5 | diye iki farkl carpim gosterirken, ikinci
X -1 x -1
denklem icin | 3x 4 seklinde ¢6zlim yaparak carpma islemi yaparak denklemin
X 1

koklerini bulmustur. Bunun iizerine 6grenci ile arasinda gecen diyalog asagida verilmistir:

Ogretmen Adayi: 3x ile 1'i carptik, evet 3x eder; yine ¢apraz carptik 4x oldu. Topladigimiz zaman
ortadaki terimi buluyoruz —x. Tamam simdi ¢apraz yazalim. Sonug bu sekilde.

Ogrenci: Hocam, x’—6x+5 drneginde sonucu ¢apraz yazsak da, yan yana yazsak da ayni oluyordu burada
sadece ¢apraz mi yaziyoruz?

Osretmen Aday1: Her zaman ¢apraz yazmaniz iyi olur, ¢apraz yazin.
Osrenci: Peki, aralarinda fark yok mu hocam?

Osretmen Adayi: Hayw, ¢capraz olarak ¢arpip ortadaki terimi bulduktan sonra bu sekilde yazabilirsiniz.
(Ctkrikei, 2015, s. 64).

Ogretmen aday1 bu soruda dgrenciye yaptig islemlerin nedenini agiklayamamistir. Bu durum
hem uzmanlik alan bilgisinde hem de 6grenci ve alan bilgisindeki eksikligi gostermektedir.
Ayni ¢alismada farkli bir 6gretmen aday1 da dogrunun egimi ile denklemi arasindaki iliski ile
ilgili bir soru sormustur. Bu soru ve ¢éziimii sirasinda 6gretmen aday1 ve Ogrenci arasinda
gerceklesen diyalog asagida verilmistir:
Osretmen adayi: Evet simdi aylara gore tinliilerin takipgi sayilarin inceleyelim. Serenay ' takipgi sayis
1. ay 20, 2. ay 60, 3. ay 180 ve 4. ay 540 bin seklinde ilerliyor. Ay ve takip¢i sayis1 arasindaki iliskiyi
denklemle gosterelim. Imm, evet 3 kat seklinde artiyor. Ama burada ay degil de kat artisini sanirim goz

oniinde bulunduracagiz. Denklem y=20x seklinde olur. X yerine swraswla 1, 3, 9, 27 yazariz. Tamam,
grafigi ¢izip egimi bulalim. 540°1 4’e béliince evet 135 buluyoruz.

Ogrenci: Hocam ama diger yerlerde 135 ¢ikmuyor. Her aralik da egimin esit ¢tkmasi gerekmiyor muydu?

Ogretmen adayi: Imm, evet ama biz burada kat artisina gore yazdik sanirim ondan. Biiyiik ti¢geni

kullanalim. (Cikrik¢i, 2015, 5.65).

Ogretmen aday1 soruda verilenlerin y=20x denklemi oldugunu sdylemesine ragmen, sorudaki
veriler y=20.3*! denklemine aittir. Bu denklem ise smif seviyesine uygun degildir. Yani
O0gretmen aday1 smif seviyesine ve kazanima uygun soru secememistir. Bu da 6gretmen
adaymin, OMB’nin &gretim ve dgrenci bilgisi bileseninde zorluk yasadigimi gostermistir.
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Tablo 3’e gdre, matematik 6gretmeni adaylarmin OMB kavramsal gergevesinde dort temel
alanda zorluk yasadigi gézlemlenmistir. Aragtirmalar, adaylarin temel geometrik kavramlar,
kesir problemleri, cebirsel ifadeler ve dogrusal egim konularinda yanlis tanimlamalar ve
modeller sunduklarmi, dolayisiyla genel alan bilgisi ve Ogrenciye yoOnelik agiklamalarda
eksiklik yasadiklarini gostermektedir. Bu caligmalar, adaylarin konuya hakimiyet, 6gretim
becerisi ve 6grenci bilgisi bilesenlerinde ¢esitli zorluklarla karsilastigini ortaya koymaktadir.

3.2. Ogretmen Adaylarimin TPAB ve OMB Bilgilerini Gelistirmek icin Literatiirde Yer
Alan Oneriler

Meta-senteze dahil edilen 26 ¢aligmada matematik dgretmen adaylarmi TPAB ve OMB
kavramsal ¢ergevelerine yonelik gelistirmek i¢in yapilan 6neriler igerik analizine tabi tutularak
kodlar ve temalar elde edilmistir. Bu béliimde ilk olarak TPAB ile ilgili, daha sonra OMB ile
ilgili kodlar ve temalar ayr1 basliklarla verilecektir.

3.2.1. Ogretmen Adaylarimin TPAB Bilgilerini Gelistirmek I¢cin Oneriler

TPAB’la ilgili bu ¢alisma kapsaminda incelenen 22 makalede tespit edilen kodlar ve o kodlarin
ait olduklar1 temalar Tablo 4’te verilmistir.

Tablo 4. TPAB Kavramsal Cercevesi Ile Ilgili Onerilere Ait Kodlar

Kategoriler Kodlar
TPAB Deneyimi e Ogretmenlik uygulamasi ders saatleri artig
e Ilk smiflardan itibaren deneyim imkani
e Uygulama okullarinda pratik yapma tesvik edilmeli
e Oprenci ile daha fazla temas kurmanin katkisi
e Gelistirilen materyal, 6gretim etkinligi veya ders planlarini 6gretmenlik

uygulamasinda deneyimleme imkani

Materyal, 6gretim etkinligi veya ders plani gelistirilmeli

Rutin olmayan problem tasarimi

Ders planlarina web 2.0 araglarini entegre etme

TPAB bilesenlerini iceren ayrintili ders planlar1 diizenleme
Mikrodgretim etkinlikleri

Entegrasyon aktiviteleri ile ilgili sagliklt doniitler verme

Ders anlatimlarinda, 6gretim veya materyal gelistirmede eksiklerini
kesfettirmek i¢in yonlendirilme

Geribildirimde siireklilik

Uzun vadeli TPAB 6gretimi

Ders igeriklerinde TPAB

Alan derslerine teknoloji entegrayonu

Ogretim ydntemlerinin 6gretildigi derslere teknoloji entegre etme
Teknoloji derslerini alanla iliskilendirme

Teknoloji derslerinin igerigini geligtirme

Tasarim tabanli dersler TPAB’1 destekleme

Erken smiflardan itibaren TPAB’1 gelistirecek dersler

TPAB egiticinin egitimi dersleri

Teknolojiyi alan derslerine entegre etme

Teknoloji egitimi sirasinda bireysel ve grup aktivitelerini destekleme
Teknoloji dersleri sirasinda icerik alani ile baglanti kurma
Teknolojik araglari (bilgisayar, tablet, vb.) tanitilmali

Alkall1 tahta kullanimina yonelik dersler

Geogebra vb. programlar1 6gretme

Web 2.0 araglarin1 tanitma

SEM biinyesinde farkli teknoloji egitimi dersleri

Teknolojiye yonelik ¢alistay diizenleneme

Farkli uygulamalar1 tanitma

Geridoniit

Ogretmen Yetistirme
Programina Yonelik

Akademisyenlere Yonelik

Teknoloji Egitimi Destegi
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Tablo 4. TPAB Kavramsal Cercevesi Ile Ilgili Onerilere Ait Kodlar (devami)

Kategoriler Kodlar

Fakiilte Donanimlari Teknolojik alt yap1

Kesintisiz internet baglantisi ve yaygin ag
Esnek oturma diizeni

Farkl dillerdeki uygulamalar igin Ingilizce
Ders kitaplarinda DGY etkinlikleri
Okullarin teknoloji imkan1

Diger

Tablo 4 incelendiginde meta-sentez kapsaminda incelenen ¢alismalarda matematik 6gretmen
adaylarinin TPAB bilgilerini gelistirmek i¢in yapilan onerilere ait kodlar yedi tema altinda
toplanmustir.

Meta-sentez kapsaminda incelenen c¢aligsmalarda TPAB gelisimi i¢in yapilan 6nerilerden birisi
de O0gretmen adaylarina farkli sekillerde TPAB deneyimi kazandirmaktir. Bonafini ve Lee
(2021), yaptiklar1 calismada 6gretmen adaylarina video ile matematik egitimi yapmalarini
istemiglerdir. Caligmanin sonuglari kisminda su ifadelerle TPAB gelisimi i¢in deneyimin
O6neminden bahsetmektedirler;

“Ogretmen adaylarinin heniiz ogrencivken kazandiklar: deneyimler, simiflarinda ders anlatirken
teknolojiyi dahil etme konusundaki gelecekteki kararlarini etkileyebilir. Ogretmen adaylarina ekran
goriintiileri olusturma deneyimi saglamak, onlarin belirli matematiksel icerikleri 6gretmek i¢in hangi tiir
teknolojinin en etkili olacagina karar vermeleri gerekebilecek gelecekteki uygulamalarini taklit eder. .....
Ayrica dgretmen adaylarinin teknolojik bilgilerini gii¢clendirmek igin 6gretmen egitimcilerinin teknolojik
matematik egitimi ara¢larimin nasil kullanilacag hakkinda daha fazla ders vermelerini oneriyoruz.”
(Bonafini ve Lee, 2021, s. 316).

TPAB gelisimini i¢in deneyimin dneminden baska bir makalede su sekilde bahseder:

“Ogretmen adaylarinin teknolojilerle matematik 6grenme ve dgretme icin miifredat ve ogretim bilgileri,
mikro oOgretim ortaminda ve Ogretim sonrasi tartismalarla gelistivilebilir. Belki de pedagojinin,
yontemlerin ve teknoloji derslerinin saha deneyimi ile entegre edildigi, 6gretmen adaylarimin cegitli
pedagojik stratejilerle dgrencileri i¢erigi kesfetmeleri igin teknolojilerle aktif olarak nasil mesgul
edebileceklerini uyguladiklart daha biitiinlesik bir donem faydali olabilir. Arastirmalar, 6gretmen
adaylarina teknoloji entegrasyonu hakkinda bilgi edinme firsatlari saglamanin, miifredat materyallerini
tasarlarken veya yeniden diizenlerken makul oldugunu éne siiriiyor.” (da Silva Bueno ve Niess, 2023, s.
11).
Yukaridaki alintilarda goriildiigii tizere 6gretmen adaylarinin TPAB bilgilerini artirmak i¢in
deneyimi artirmak gerektigi vurgulanmistir. Deneyimi video dersleri hazirlatmak veya
mikrodgretim gibi uygulamalarla artirarak hem bilesenlerdeki bilgi eksiklikleri hem de
entegrasyon eksikliklerinin giderilebileceginden bahsedilmektedir. Ogretmen adaylarmin
egitimleri sirasinda kazandiklar: tecriibelerin gelecekte 6gretme stilleri lizerinde etkili olacag:
vurgulanmistir. Ayrica akademisyenlerin derslerinde, matematik egitiminde kullanilabilecek
farkli teknolojik araglari tanitmasi gerektiginden bahsedilmistir. Bununla birlikte pedagoji,
yontem ve teknoloji derslerinin dgretmenlik uygulamasi ile entegre edildigi bir donem
yapilandirmanin 0gretmen adaylarinin TPAB gelisimi i¢in daha faydali olabileceginden
bahsederek, deneyimin dnemi ve nasil olmasi gerektiginden de bahsedilmistir.
“Bulgular, teknoloji egitiminin yontem derslerine dahil edilmesini, icerik, pedagoji ve teknolojinin ii¢
bilgi alanimin uzun bir siire boyunca anlamli bir sekilde entegre edilmesi icin bir arag¢ olarak
desteklemektedir, zira teknolojiyle ilgili tek seferlik egitim seanslarimn aksine daha uzun siireli
entegrasyon gerekmektedir......Ogretmen adaylarina, yontem derslerinde belirli teknolojilerin 6gretim
araglart olarak kullamimi konusunda derinlemesine ve yapilandirilmis bir egitim verilmelidir......
ogretmen adaylarina sadece farkli 6gretim teknolojileri tamitilmamali, ayni zamanda bu teknolojilerle

pratik yapma ve teknoloji entegrasyonu iceren dersler olusturma firsati da saglanmalidir.” (Casler-
Failing, 2021, 5. 17).
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“Yontem profesorleri, icerik alanlarina entegre edilebilecek belirli sayida teknolojik araci dikkatlice
secerse, dgretmen adaylari, teknolojiyi planlama ve égretim baglaminda kullanarak icerik dgrenme
firsatina sahip olabilirler. Bu tiir bir teknoloji entegrasyonunun, 6gretmen adaylarimin TPAB gelisimine
ve nihayetinde gelecekteki dgrencilerine fayda saglayacagim diisiiniiyorum.” (Casler-Failing, 2021, s.
18).
Yukarida 6gretmen adaylarina 6gretmen adaylaria lego robotik araglari ile bir donem boyunca
egitim verilen ve bu teknoloji ile matematik derslerini entegre ederek 6gretim yapmalari istenen
bir calismadan alintilar verilmistir. Calismada deneyimin, egitimin ve entegrasyonun iizerinde
durulurken, ayni zamanda bunlarin uzun vadeli planlanmasi ve derinlemesine yapilandirilmasi
gerektigi tizerinde durulmustur. Ayrica bu ¢alismada da akademisyenlerin ders igeriklerinde
teknoloji araclarini tanitmalar1 ve alanla entegre etmeleri gerektigini belirtmistir.

Gill ve Dalgarno (2017), dort 6gretmen adayimnin dgretmenlik uygulamasi deneyimlerini dort
y1l boyunca gdzlemlemislerdir. Ogretmen adaylar1 bu siirede dort farkli okula gitmistir. Siireg
sonunda bazi 6gretmen adaylarinin TPAB gelisimlerinin digerlerine gore daha zayif oldugunu
gozlemlemislerdir. Yazarlar bu durumu ve olas1 nedenlerini asagidaki alintida belirtmisler ve
yorumlamislardir:

“Joan'in durumu, okul kiiltiiriiniin, ogretmen beklentilerinin ve yeterli okul kaynaklarinin bilgi iletisim
teknolojileri kullanimi ve TPAB gelisimi iizerinde olumlu bir etkiye sahip olabilecegini gostermektedir.
Jack ve Judy'nin durumlari ise, tersinin de énemli bir etkiye sahip olabilecegini gostermektedir. Onlarin
TPAB gelisimi, bilgi iletisim teknolojileri kaynaklarina erigim eksikligi ve/veya okul uygulamalarinin
bilgi iletisim teknolojilerinin kullamimini en az seviyede igerdigi veya icermedigi durumlar nedeniyle
olumsuz yonde etkilenmigtir.”

“Ogretmenlik uygulamasi siirelerinin uzunlugu ve bagimsizlik diizeyi de TPAB gelisiminde belirgin bir
etkiye sahip gibi goriinmektedir. Ogretmenlik uygulamasun daha uzun siireli olmasi, kendi derslerini
gelistirme ve sunma gereksinimi, bilgi iletisim teknolojilerine erisim ve onlart kullanan 6gretmenlerle
calisma firsati, Judy'nin, Joan'in ve Jack'in bilgi iletisim teknolojilerini 6grenme ve ogretme amach
kullanma bilgi ve becerilerine olumlu bir etkisi olmustur.” (Gill ve Dalgarno, 2017, s. 452).

Yukarida yer alan alintida agik¢a belirtildigi gibi uzun siireli deneyim imkani, deneyim
sirasinda kendi plan ve materyallerini kullanma, okullarimin teknolojik donanim yeterliligi
TPAB gelisiminde 6nemli katkida bulunmaktadir.

Tablo 4’te, matematik 6gretmen adaylarinin TPAB gelisimlerini desteklemek amaciyla ¢esitli
caligmalar tarafindan Onerilen yedi temel temanin yer aldigi goriilmektedir. Bu ¢alismalarda
ogretmen adaylarina farklit TPAB deneyimleri kazandirmanin, onlarin teknolojiyi derslerinde
kullanma becerilerini gelistirebilecegi belirtilmistir. Bonafini ve Lee (2021) ile da Silva Bueno
ve Niess (2023), video ders hazirlama ve mikrodgretim gibi etkinliklerin adaylarin TPAB
gelisiminde 6nemli oldugunu vurgularken, Casler-Failing (2021) ise teknoloji egitimini yontem
derslerine entegre etmenin kalici etkiler yaratabilecegini savunmaktadir. Gill ve Dalgarno
(2017) 1se adaylarin 6gretmenlik uygulamasi deneyimlerinin siiresi ve teknolojik imkanlarin
TPAB gelisiminde etkili oldugunu gézlemlemistir.

3.2.2. Ogretmen Adaylarinin OMB Bilgilerini Gelistirmek I¢in Oneriler

Calisma kapsaminda incelenen arastirmalarda matematik 6gretmen adaylarinin OMB’larimni
gelistirmek i¢in yapilan oneriler belirli kodlar nitelendirilmis ve kategoriler altinda toplanmustir.
Tablo 5’te bu kategoriler ve kodlar belirtilmistir.
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Tablo 5. OMB Kavramsal Cercevesi Ile Ilgili Onerilere Ait Kodlar

Kategoriler Kodlar

Deneyim Gergek 6grenme ortaminda deneyim

Mikrodgretim uygulamalari

Kavramlara elestirel bakabilme

Kavram tanimlarinda ve 6zelliklerinde derinlesebilme
Kapsamli matematiksel agiklamalar yapabilme
Model ¢izme uygulamalar1

Problem olusturma aligtirmalari

Notasyon ve matematiksel ifade gosterimi ile ilgili pratik
Gerekgelendirme ve agiklama ilizerine uygulamalar
Kavramsal anlamayi gelistirme

Genel Alan Bilgisi

Uzmanlik Alan Bilgisi

Yazic1 (2019) Ogretmen adaylarmin genel alan bilgisini inceledigi calismasinda sunlar
belirtmistir:
“Ogretmen adaylarinin arastirmada ortaya konulan eksiklikleri kapatabilecekleri ilk yer egitim
fakiilteleridir. Bunun igin ogretmen adaylarina ozelde geometrideki temel kavramlar genelde
matematikteki biitiin kavramlara iliskin, kavramlara elestirel bakabilme, kavramlarin tanimlart ve

ozelliklerinde derinlesebilme ve kapsamli bir bi¢cimde matematiksel agiklama yapabilecek seviyede
yetismesi noktasinda egitimler verilmesi énerilmektedir.” (Yazici, 2019, s. 151).

Bu calismada, 6gretmen adaylarinin genel alan bilgisindeki eksikliklerin giderilmesi ve
kavramsal anlayisin saglanmasi ig¢in ders igeriklerinin buna gore diizenlenmesi ve
akademisyenlerin kavramsal anlayis1 saglayacak sekilde egitim yapmalarinin 6nemi
vurgulanmistir. Qian ve Youngs (2016) farkli iilkelerdeki matematik egitimi yetistirme
programlarini incelemis ve deneyim artttkga OMBnin gelistigini vurgulanslardir.

“Ogretmen adaylarinin 6gretme firsatina sahip oldugu matematik yontemleri konularimn sayist arttikea,

AB ve PAB diizeylerinin de arttigini gostermektedir. Calismamiz, ogretimle ilgili konulara (6rnegin ders
planlar gelistirme) maruz kalmammn, Cin Taipei, Singapur ve Isvicre'de AB ve Singapur, Ispanya ve
Isvigre'de PAB ile iliskili oldugunu buldu... Ogretimle ilgili 6grenme firsatlarimin ve farkl tiirdeki pratik
deneyimlerin sayisinin, ogretmen adaylarimin AB ve PAB ile iliskili oldugunu gésteren bazi kanitlar
saglamaktadwr.” (Qian ve Youngs, 2016, s. 392).

Qian ve Youngs (2016), deneyim artisinin OMB gelisimini pozitif etkiledigini belirtirken, ders
plani gelistirme gibi etkinliklerin de 6nemli katkisi oldugunu ifade etmislerdir. Bu benzer olarak
Cikrik¢1 (2015) da eger sahada deneyim imkani yoksa mikrodgretimin katkisi olacagini
belirtmistir.
“Ogretmen adaylarimin gercek sumf ortamlarinda sikca ogretim deneyimi yasamalarinin miimkiin
olmadigr durumlarda, mikro ogretim ¢calismalarindan yararlanarak ogretim siireglerinin OMB modeline

gore incelenmesi saglanabilir. Ogretmen adaylarimin dersleri hakkinda fikir sahibi olmalari sonraki
ogretim stirveglerini planlarken dikkat edecekleri noktalar a¢isindan onemlidir.” (Cikrik¢i, 2015, s. 131).

Ogretmen adaylarinmn alan bilgisindeki eksikliklerini gidermeleri i¢in egitim fakiiltelerinde
elestirel ve derinlemesine kavramsal anlayis kazanmalarina yonelik egitimlerin diizenlenmesi
Oonem tasimaktadir. Arastirmalar, 6gretim deneyimlerinin artmasiyla birlikte alan ve pedagojik
alan bilgilerinin gelistigini, 6zellikle ders planlama gibi faaliyetlerin bu gelisime katk:
sagladigim1 ortaya koymaktadir. Simif i¢i deneyim imkanmi smirli olan durumlarda ise
mikrodgretim uygulamalarinin, 6gretmen adaylarina 6gretim siireglerini analiz etme ve sonraki
planlamalarda dikkat edilecek noktalar1 belirleme agisindan 6nemli bir deneyim sundugu ifade
edilmektedir.

4. Sonuc, Tartisma ve Oneriler

Bu bdliimde, igerik analizi sonucunda elde edilen kod ve temalar, alanyazindaki ilgili bulgularla
karsilastirilarak biitiinciil bir yaklasimla tartisilmistir. Tartigma siireci iki asamali olarak
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yapilandirilmstir: ilk asamada, bulgular bdliimiinde sunulan sorunlar ve ¢oziim onerileri belirli
temalar altinda siniflandirilarak ele alinmustir. ikinci asamada ise, ¢oziim &nerilerinin
odaklandig1 cekirdek bir tema belirlenmis; diger temalar bu merkezi temanin etrafinda
yapilandirilarak, matematik Ogretmeni yetistirme programlarinin gelistirilmesine yonelik
Oneriler sunulmustur.

Bulgular boliimiinde yer alan sorunlar ve ¢6ziim Onerileri, ¢calismanin aragtirma sorularina
dayal1 olarak iki ana eksen ve bu eksenlere bagh temalar gergevesinde gruplandirilmistir. lk
arastirma sorusuna odaklanan eksiklikler ve zorluklar “sorunlar” eksenini; ikinci arastirma
sorusuna odaklanan ¢6ziim yollari ise “¢cozliimler” eksenini olusturmaktadir. Arastirmacilar, her
iki eksen i¢in yeni temalar gelistirmis ve bu temalari, acik kodlama yoluyla analiz edilen
verilerin yorumlanmasi ve sentezlenmesiyle yapilandirmistir. Ayrica, “sorunlar” eksenindeki
her tema, “¢oziimler” ekseninde karsilik gelen bir Oneriyle eslestirilerek biitiinciil bir yap1
kurulmustur. Meta-sentez siireci sonucunda ortaya ¢ikan eksenler Sekil 6’da gorsellestirilmistir.

Sekil 6. Meta-sentez Ile Elde Edilen Eksenler (Sorunlar ve Coziimler Arasindaki Iliskiler)

Teknolojik Altyap: Giincel Teknolojik
Sorunlan Altyapi

srrsszEEEEEEEEEEEnnnEnnnd)

Ders Igerikleri ve
Bilgi Eksikligi Akademisyen Tutumlari

Ogretmenlik Uygulamas:
Deneyim Eksikligi Dersi Revizyonu
EEEEEEEEEEEEEEEEEEEEEEEEN

Sekil 6’ya gore, "sorunlar" ekseninde ii¢ ana tema belirlenmis ve her bir tema i¢in "¢oziimler"
ekseninde karsilik gelen temalar tanimlanmigtir. Arastirmanin ilk alt sorusuna yanit olarak
olusturulan "sorunlar" ekseni; “teknolojik altyap: sorunlari,” “bilgi eksikligi” ve “deneyim
eksikligi” temalarindan olugmaktadir. Bu eksiklik ve zorluklara yonelik ¢oziim Onerileri ise
"coziimler" ekseninde sirastyla “teknolojik altyapinin giincellenmesi,” “ders igeriklerinin ve
akademisyen tutumlarinin iyilestirilmesi” ve “0gretmenlik uygulamalarinin revize edilmesi”
temalar1 altinda toplanmistir.

Egitim Fakiilteleri ile uygulama okullarindaki donanim eksiklikleri ve altyap1 yetersizlikleri,
“teknolojik altyap1 sorunlar1” temasi kapsaminda degerlendirilmis; bu soruna karsilik olarak,
“teknolojik altyapinin giincellenmesi” ¢6ziim temas1 gelistirilmistir. Sorun temalarina karsilik
gelen ¢ozlim Onerilerine ait kodlar, Sekil 7°de gorsellestirilmistir.
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Sekil 7. Teknolojik Altyapi Sorunlart Sorunu ve Giincel Teknolojik Altyapt Coziimii Iliskisi

I Simif ortaminda teknolojik N
donamim eksikligi s

-
v,
-
-
-
-
-y
-

* Teknolojik materyal

ikligi @ """ceaa.. Tes
eksikligi = Tt teeen L Teel,
........... .
- -
LT - Giincel Ekipman ve Teknik ‘.
. . amamy
Projeksiyon veya akill emmmmmEmsmmEsEEEE s Destek
- -= -
* tahta ile ilgili sorunlar  *==""""" " =" .
- -
-"- -t
-------- '..“
- -
Teknolgiji ile ilgili teknik _.+**" - -
" sorunlarin hizh cozilememesi .."

o
* Kullarilan programlarnin *
licretli veya pahal olmasi

> Yaygin ve Kesintisiz Ag

internet baglantisinda =="""===sssssssssssssaasssaa- Esmistartm -
sikinti yasama

Meta-sentez kapsaminda incelenen calismalar, teknolojik altyapt sorunlarinin ¢oziimiine
yonelik olarak genellikle teknik engellerin ortadan kaldirilmasin1 veya mevcut altyapinin
giincel tutulmasint 6nermektedir (Cam ve Erdamar-Kog, 2021; Dilek, 2016; Kostur, 2018).
Ancak bu calismalarda teknik destek hizmetinin saglanmasina yonelik somut bir Oneriye
rastlanmamuistir. Bu eksiklik, eksenel kodlama siirecinde arastirmacilar tarafindan tespit edilmis
ve ¢alismaya 6zgii bir 6neri olarak gelistirilmistir.

Ilgili literatiirde, teknoloji kaynakli sorunlara ¢dziim olarak cogunlukla egitimcilere yonelik
teknoloji egitimi 6nerilmektedir (Aldemir, 2017; Arabaci ve Orbay, 2022; Casler-Failing, 2021;
Cetin, 2017). Bu 6neri, eksenel kodlama siirecinde “Bilgi Eksikligi” alt temasina karsilik gelen
“Teknoloji Egitimi Destegi” kodu ile temsil edilmis ve oOzellikle egitimcilerin dijital
yeterliliklerinin artirilmasimmin 6nemi vurgulanmistir. Ancak egitimcilerin, karsilagilan her
teknolojik sorunu ¢ozebilecek diizeyde teknik donanima sahip olmalarinin beklenemeyecegi
g6z Oniinde bulunduruldugunda, egitim kurumlarinda anlik sorunlara miidahale edebilecek
teknik destek personeline ihtiya¢ duyulmaktadir. Bu dogrultuda, teknik destek elemanlarinin
sayisinin kurumun O6grenci kapasitesiyle orantili olarak belirlenmesi; aynt zamanda bu
personelin egitim teknolojilerine hakim ve yeni teknolojileri egitimcilere tanitma yetkinliginde
olmalar1 gerekmektedir. Literatiirde, egitim kurumlarinda teknoloji kullanimini desteklemek
amaciyla teknik destek personeli istihdam edilmesine yonelik herhangi bir Oneriye
rastlanmamistir. Bu nedenle bu ¢6ziim Onerisi, ¢alismanin 6zgiin katkilarindan biri olarak
degerlendirilmektedir.

Bununla birlikte, bireysel kullanim i¢in yiiksek maliyetli olabilen pek ¢ok egitim teknolojisi,
kurumlara toplu alimlarda daha uygun kosullarda sunulmaktadir. Bu nedenle, egitim
kurumlariin gerekli teknolojileri toplu ve uygun maliyetle temin etmesi, teknolojinin 6gretim
stireclerine entegrasyonunu kolaylastiracaktir. Ayrica, internet baglantisina iliskin sorunlar da
yoneticiler tarafindan ele alinmali ve kesintisiz, gii¢lii bir ag altyapis1 olusturulmalidir.

Ozetle, teknolojinin egitime etkin bicimde entegre edilebilmesi icin &ncelikle islevsel ve
stirdiiriilebilir bir teknolojik altyapinin olusturulmasi gerekmektedir. YOnetimlerin altyapiyi
stirekli giincel tutmasi, ortaya ¢ikan teknik sorunlara hizli miidahale edebilecek bir teknik ekip
bulundurmasi ve bu ekibin sayica egitimci sayisina uygun bi¢cimde planlanmasi 6nem arz
etmektedir. Aksi takdirde, teknolojik araclar 6gretmenler i¢in bir yiikk haline gelebilir ve

225



Nacar vd. PAUEFD, 66, 209-234, [2026]

egitimde teknoloji kullanimina yonelik olumsuz tutumlarin olusmasina neden olabilir. Ayrica
Kili¢ (2022), 6gretmen adaylariin goriislerine dayali olarak yiiriittigli calismada, 6gretmen
yetistirme programlarinin niteligini artirmak icin fiziki ve sosyal imkanlarin gelistirilmesi
gerektigini; 0gretmen adaylarinin etkili 6gretim yontem ve tekniklerini uygulayabilmeleri i¢in
somut Ogrenme ortamlarina ve yeterli donamima ihtiya¢ duyduklarini vurguladiklarini
belirtmistir.

Bu calismada tespit edilen bir diger sorun temasi ise bilgi eksikligidir. Bu soruna karsi
gelistirilen ¢0ziim temasi, ders igeriklerinin bilgi eksikliklerini giderecek sekilde
giincellenmesi, bu igeriklere yonelik uygulamalarin zenginlestirilmesi ve akademisyenlerin
derslerinde aktif 6grenme yontemlerini kullanmalarini igermektedir. S6z konusu tema;
teknoloji bilgisi, alan bilgisi, pedagojik bilgi ve entegrasyon bilgisini kapsamaktadir. Bu
bilgiler, alan yazinda TPAB (Teknolojik Pedagojik Alan Bilgisi) ve OMB (Ogretmen Mesleki
Bilgisi) cerceveleriyle iliskilendirilmistir. Ozellikle 6grenci bilgisi ve alan bilgisiyle birlikte
Ogretim bilgisi, her iki kuramsal g¢ercevede de pedagojik alan bilgisi bileseni altinda
degerlendirilmektedir. Bu kapsamda, s6z konusu sorunlar ve ¢oziim temalar1 Sekil 8’de
sunulmustur.

Sekil 8. Bilgi Eksikligi Sorunu ve Ders Icerikleri ve Akademisyen Tutumu Céziimii Iliskisi

Teknoloji bilgisi eksiklifji sssssssssassannsnnsnnnsnnsnnnnn PTeknoloji Egitimi Destegi I
Genel Alan Bilgisi
P N
Eksikligh Tttt
--------- b
Temel Konulara Yonelik Kavramsal ’,
Uzmanlik Alan Bilgisi | . .assssnsssss®®2""" > ] Anlamay Gelistirecek Dersler
Eksikligi
‘ Ogrenci ve Alan Bilgisi
Eksikligi e,
_____
hELT T
t..'.
.
Ogretimve Alan  _ Ttmea L
Bilgisi Eksikligi Tt e > Uygulamaya Yanelik
> Alan Egitimi Dersleri ve
........ ? Mikrodgretim
IPPPTEL LA *
* Entegrasyon Bilgisi ___, eer="""""
Eksikligi
v v

Eksenel kodlama siireci, 6gretmen adaylarinin teknoloji kullanimindaki eksikliklerin biiytik
Ol¢iide yetersiz teknoloji bilgisine dayandigini ve bu durumun “Teknoloji Bilgisi Eksikligi”
olarak kavramsallastirildigini ortaya koymustur. Bu eksikligin giderilmesi i¢in Ogretmen
adaylarina yonelik teknoloji egitimi dnerilmektedir (Aldemir, 2017; Arabaci ve Orbay, 2022).
Ayrica, 6gretmen adaylarinin teknoloji kullanimina iligskin 6z-yeterlik algilarinin gelistirilmesi
gerektigi vurgulanmaktadir (da Silva Bueno ve Niess, 2023). Teknoloji egitiminin yalnizca bir
doneme sikistirilmig bilisim teknolojileri dersleriyle sinirli kalmamasi; bunun yerine 6gretmen
adaylarina teknoloji okuryazarligini kazandiracak biitiinciil bir yaklagim benimsenmesi 6nem
tasimaktadir. Bununla birlikte, sadece teknoloji egitimi sunmak yeterli olmayabilir; adaylarin
Teknolojik Pedagojik Alan Bilgisi’nin (TPAB) dogasini anlamalar1 da gereklidir (Cam ve
Erdamar-Kog, 2021). Bu baglamda, 6gretmen adaylarinin teknolojiyi yalnizca bir arag¢ olarak
degil, yapilandirmaci bir anlayisla etkili bir 6gretim araci olarak nasil kullanacaklarina dair
uygulamali bir egitim almalar1 gerektigi belirtilmektedir (Casler-Failing, 2021).
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Literatiirde, Ogretmen adaylarmin yalnizca teknoloji degil, ayn1 zamanda alan bilgisi
bakimindan da ¢esitli eksiklikler yasadig1 ifade edilmektedir (Aldemir, 2017; da Silva Bueno
ve Niess, 2023; Karatag vd., 2016). Bu eksiklikler, genellikle temel kavramlara yonelik
kavramsal anlayis yetersizlikleri seklinde tamimlanmaktadir. Bu baglamda, alan bilgisi
derslerine teknolojinin entegre edilmesinin, kavramsal anlayist gelistirme potansiyeline sahip
oldugu belirtilmektedir (Cetin, 2017; Yigit-Koyunkaya, 2017). Kavramsal gelisimi
desteklemek amaciyla alan egitimi derslerinde pratik uygulamalara, 6zellikle mikrodgretim
temelli etkinliklere yer verilmesi onerilmektedir (Akytiz, 2016; da Silva Bueno ve Niess, 2023).
Bu tiir uygulamalar sayesinde 6gretmen adaylarinin ders planlama, etkinlik ve materyal tasarimi1
gibi alanlarda deneyim kazanmalari miimkiin olacaktir. Ayrica, matematiksel kavramlar
arasinda iligki kurma, model gelistirme ve problem kurma gibi uygulamalarin, alan bilgisinin
derinlestirilmesine katki sagladig1 vurgulanmaktadir (Segir, 2017).

Ogretmen adaylarinin pedagojik alan bilgisi ve bu bilginin bilesenlerinin entegrasyonu
konusunda yasadiklari eksiklikler, caligsmalarda en sik rapor edilen sorunlardan biridir (Akytiz,
2016; Aldemir, 2017; Bonafini ve Lee, 2021). Bu noktada, egitim fakiiltelerinde gorev yapan
akademisyenlerin derslerde yalnizca sunum temelli aktarimlarla yetinmeyip, 6gretmen
adaylarina teknoloji kullanimini deneyimleme firsati sunan uygulamali yontemlere oncelik
vermeleri gerektigi ifade edilmektedir (Durdu ve Dag, 2017). Deneyim kazanmanin, TPAB
kapsaminda entegrasyon bilgisi gelistirmede énemli bir rol oynadigi da ¢esitli ¢aligmalarla
ortaya konmustur (Akytiiz, 2016; Aldemir, 2017; Erdogan, 2014). Benzer sekilde Kili¢ (2022),
O0gretmen adaylarinin goriislerine dayali olarak yiiriittiigii calismada, 6gretmen yetistirme
programlarinin niteligini artirmak i¢in derslerin teorik agirliktan ¢ikarilarak uygulamali ve
deneyim temelli 6gretim yontemleriyle yiirtitiilmesi gerektiginin vurgulandigini belirtmistir.

Sonug olarak, matematik d6gretmeni yetistirirken, alan derslerinde temel kavramlarin teknoloji
ve pedagojik yaklasimlarla iligkilendirilmesine oncelik verilmelidir. Alan egitimi derslerinde
mikrodgretim temelli uygulamalarla TPAB ve Ogretmen Mesleki Bilgisi (OMB) cergevesinde
biitlinciil bir entegrasyon saglanmalidir. Bu siirecte, akademisyenlerin yapilandirmaci
yaklasimlar1 benimsemesi, 6gretmen adaylarinin bu iki dnemli kuramsal ¢ercevenin dogasini
anlamalarina 6nemli 6l¢iide katki sunacaktir. Bu dogrultuda Kilig (2022) da, 6gretmen
adaylariin goriislerine dayali olarak yliriittiigii calismada, 6gretmen yetistirme programlarinin
niteliginin artirilabilmesi i¢in 6gretim elemanlart ile 6grenciler arasinda etkili ve destekleyici
bir iletisim ortaminin kurulmasi gerektigini vurgulamistir.

Deneyim eksikligine iliskin sorunlar ve bu sorunlara yonelik ¢6ziim Onerileri, Sekil 9°da
sunulmaktadir.

Sekil 9. Deneyim Eksikligi Sorunu ve Ogretmenlik Uygulamasi Revizyonu Iligkisi

M
YeterliDeneyimi | eeeeeennnes 5 ZamanaYayimis
Kazanamama Uzun Staj Deneyimi

* Derslerde Teknolojiyi » Teknoloji Kullanmaya '
Kullanmama Tesvik Etme

* Sabit SINIf DiiZeni =ssssssssssssssssasssssnnnnssnnnnnnnsns > Esnek Sinif Diizeni '
Geleneksel Anlatimin > Yapilandirmaci

I Digina Gitkmama oo Odgretime Tesvik I
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Yapilan ¢aligmalar, “Deneyim Eksikligi” sorununun hem Teknolojik Pedagojik Alan Bilgisi
(TPAB) hem de Ogretmen Mesleki Bilgisi (OMB) cergevelerinde alt bilesenlerin yetersizligine
ve bu bilesenlerin entegrasyonunda yasanan zorluklara neden oldugunu ortaya koymaktadir. Bu
dogrultuda, 6gretmen adaylarina daha fazla deneyim kazandirmanin bu sorunun ¢éziimiinde
etkili olabilecegi vurgulanmaktadir (Akyliz, 2016; Aldemir, 2017; Bonafini ve Lee, 2021;
Casler-Failing, 2021; Cikrike1, 2015; da Silva Bueno ve Niess, 2023; Duman, 2020; Durdu ve
Dag, 2017; Erdogan, 2014; Kartal, 2017; Kostur, 2018; Qian ve Youngs, 2016; Saralar, 2016;
Yigit-Koyunkaya, 2017).

Tiirkiye'de matematik Ogretmeni yetistirme programlarinda 6gretmen adaylarina sunulan
deneyim firsatlari, genellikle iki donem siiresince haftada 6 saatlik 6gretmenlik uygulamasi
dersleriyle sinirlidir (MEB, 2021). Adaylar, toplamda 24 haftalik siire¢te uygulama okullarinda
ogretmenlik deneyimi kazanmakta, bu siiregte uygulama 6gretmenlerinin rehberliginde ders
gozlemleri gerceklestirmektedir. Ancak uygulama 6gretmenlerinin haftalik 15 ila 21 saatlik
ders yiikii, 6gretmen adaylarina yeterli diizeyde rehberlik etmelerini zorlagtirmakta ve adaylarin
deneyim kazanma siirecini sinirlandirmaktadir. Bu durum yalnizca adaylarin gelisimini degil,
ayni zamanda uygulama ogretmenlerinin miifredat takibini ve 6grencilerin temel kavramlari
edinme siireclerini de olumsuz etkileyebilir. Ayrica, velilerde egitim kalitesine iligskin endiseler
olugsmasina neden olabilir. Meta-senteze dahil edilen caligmalar, 68retmen adaylarinin ilk
siiflardan itibaren sistemli ve zamana yayilmis bicimde daha fazla uygulama deneyimi
edinmeleri gerektigini ortaya koymaktadir (Durdu ve Dag, 2017).

Bazi calismalar, 6gretmen adaylarmin sabit sinif diizeninde TPAB ve OMB'yi etkili bigimde
uygulamakta zorlandigini belirtmis (Aldemir, 2017) ve ¢oziim olarak daha esnek sinif
diizenlerinin benimsenmesini 6nermistir (Cetin, 2017). Deneyim eksikligi temas1 kapsaminda,
ogretmen adaylarmin teknolojiyi sinif i¢i uygulamalarda kullanma konusunda isteksizlik
gosterdikleri veya siirli kullanim gerceklestirdikleri gézlemlenmistir (Cam ve Erdamar-Kog,
2021; Dilek, 2016; Kartal, 2017). Bu duruma karsilik, eksenel kodlama stirecinde "teknoloji
kullaniminm1 tesvik etme" kategorisi ¢6ziim olarak gelistirilmistir. Ancak bu tesvikin nasil
somutlagtirilacagina dair literatiirde net bir yontem ya da yol haritas1 bulunmamaktadir.

Ogretmenlik uygulamas: siirecinde 6gretmen adaylar1 ¢ogunlukla uygulama 6gretmenlerinin
yonlendirmelerine bagimli kalmakta ve bu da deneyim eksikliklerinin telafisinde uygulama
ogretmenlerinin roliinii daha da oOnemli hale getirmektedir. Bu baglamda, uygulama
ogretmenlerine belirli araliklarla hizmet i¢i egitim verilmesi Onerilmekte; ancak bu Gnerinin
yeterli olup olmayacag1 sorgulanmaktadir. Ayrica, Milli Egitim Bakanligi’nin hem 6gretmen
adaylarina yeterli deneyimi saglayacak yapilar olugturmast hem de uygulama 6gretmenlerini
bu hedef dogrultusunda egitme sorumlulugu da giindeme gelmektedir. Ancak bir¢ok paydasin
yer aldig1 bu sistemin etkili ve siirdiiriilebilir sekilde ¢alisabilmesi i¢in daha biitiinciil ve yapisal
yaklasimlar gereklidir.

Secici kodlama siirecinde, deneyim eksikligi sorununa yonelik olarak “6gretmenlik uygulamasi
revizyonu” ¢ekirdek temasi belirlenmistir. Meta-sentez bulgularina dayali olarak gelistirilen
¢Ozlim Onerileri, bu ¢ekirdek tema etrafinda yapilandirilmistir. Bu dogrultuda, hem 6gretmenlik
uygulamasi derslerinin hem de dgretmen yetistirme programlarimin iyilestirilmesine yonelik
kapsamli 6neriler sunulmustur.

Sekil 10°da, seg¢ici kodlama sonucunda olusturulan “6gretmenlik uygulamasi revizyonu”
temasina iliskin ¢6ziim semasi sunulmaktadir. Bu tema, iki alt temaya ayrilarak

yapilandirilmistir: “zamana yayilmig 6gretmenlik uygulamasi dersi” ve “egitim ve arastirma
okullar1”.
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Sekil 10. Ogretmenlik Uygulamasi Dersi Revizyonu Cekirdek Temasi Etrafinda Yapilan Secici Kodlama
Semasti

Her Ogretim Yilinda
Deneyim imkani

OGRETMENLIK
Zamana Yayilmis UYGULAMASI

Staj Dersi

Egitim ve
Arastirma Okullan

DERSI
REVIiZYONU

Hazirlanan Ders Plani,
Etkinlik ve Materyalleri
Deneme imkani

Gelistirilmis Siif
Ortamlan

Ogrenilen bilgilerin kaliciligi, bu bilgilerin uygulamaya aktarilmasiyla dogrudan iliskilidir
(Rohrer ve Pashler, 2010). Ozellikle TPAB (Teknolojik Pedagojik Alan Bilgisi) ve OMB
(Ogretmen Mesleki Bilgisi) gibi kuramsal cercevelerin dgretmen adaylari tarafindan anlamli ve
islevsel bicimde igsellestirilebilmesi, bu bilgilerin 6gretim ortamlarinda uygulama yoluyla
pekistirilmesine baglidir. Ancak 6gretmen adaylarinin, kisa siireli 6gretmenlik uygulamalari
cercevesinde bu gergeveleri etkili bicimde uygulamalar1 beklenmemelidir.

Meta-sentez kapsaminda incelenen ¢alismalar, TPAB ve OMB’nin gretim siireclerine etkin
bir bicimde entegre edilebilmesi i¢cin 6gretmen adaylarinin daha uzun siireli, sistemli ve ¢esitli
deneyimlere ihtiya¢ duydugunu ortaya koymaktadir (Akyiiz, 2016; Bonafini ve Lee, 2021;
Casler-Failing, 2021; Durdu ve Dag, 2017; Gill ve Dalgarno, 2017; Yigit-Koyunkaya, 2017).

Mevcut sistemde 0gretmen adaylari, yalnizca son simifta olmak {izere iki donem boyunca
haftada 6 saatlik 6gretmenlik uygulamasi dersi almaktadir. Her donem 12 haftadan olugsmakta
ve toplamda 144 saatlik bir uygulama siireci yiiriitiilmektedir. Ancak bu siirenin, adaylarin
kuramsal bilgilerini etkin bir bi¢cimde pratige aktarabilmeleri i¢in yetersiz oldugu
goriilmektedir. Bu nedenle, 6gretmenlik uygulamasi dersinin zamana yayilmasi ve 6gretmenlik
deneyiminin 6gretim programinin farkli evrelerine entegre edilerek yeniden yapilandirilmasi
gerekmektedir.

Bu kapsamda gelistirilen ve Ogretmenlik uygulamasinin zamana yayilarak yeniden
diizenlenmesine yonelik 6neri sablonu Tablo 6’da sunulmustur.

Tablo 6. Ogretmenlik Uygulamas: Dersini Zamana Yayilmis Sekilde Revize Etmek icin Oneri Sablonu

Yil / Dénem Haftalik Onerilen Saat Uygulama Tiirii
1.Simif/ Bahar 2 saat Gozlem
2.Sinif/ Bahar 2 saat Gozlem
3.Simif/ Bahar 4 saat Ders Anlatimi
4.Smif/ Bahar 4 saat Ders Anlatimi
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Tablo 6’da sunulan model, 6gretmen adaylarina dort yillik lisans egitimi siirecinde kademeli
olarak artan bir deneyim kazandirmayi amaclamaktadir. Model kapsaminda, ilk iki yilda
gozlem temelli ve okul kiiltiiriine uyum odakli uygulamalara, son iki yilda ise ders anlatim1 ve
uygulamal1 6gretim deneyimlerine agirlik verilmektedir. Bu ¢er¢evede, adaylar birinci ve ikinci
sinifta haftada iki saat; tigiincii ve dordiincii sinifta ise haftada dort saat 6gretmenlik uygulamasi
yapacak sekilde yapilandirilacaktir. Boylece toplam uygulama siiresi yine 144 saat olarak
korunmakta; ancak bu siirenin zamana yayilmasi, 6gretmen adaylarinin her 6gretim yilinda
siif i¢i deneyim kazanmalarma ve teorik bilgilerini uygulamaya gecirmelerine olanak
saglamaktadir.

“Ogretmenlik Uygulamas1 Revizyonu” cekirdek temasinin bir diger alt temasi ise “Egitim ve
Arastirma Okullar1”dir. Bu kapsamda, tip ve dis hekimligi fakiiltelerinde uygulanan modele
benzer bicimde, egitim fakiiltelerine baghh “egitim ve arastirma okullar’”nin kurulmasi
onerilmektedir. Nasil ki tip 6grencileri egitim ve aragtirma hastanelerinde, dis hekimligi
Ogrencileri ise ag1z ve dis sagligi merkezlerinde deneyim kazanmaktaysa; 6gretmen adaylarinin
da egitim fakiilteleriyle koordineli calisan belirli okullarda 6gretim uygulamalarini
gerceklestirmeleri miimkiindiir. Bu sistemde, hem 6gretmen adaylar1 hem de veliler, s6z konusu
okullarin bir egitim ortam1 oldugu konusunda bilgilendirilmis olacagindan, adaylarin derse aktif
katilim1 dogal karsilanacaktir.

Bu model, tiim okullarin uygulama okulu haline getirilmesi zorunlulugunu ortadan kaldirmakta;
yalnizca belirli okullarin 6gretmen adaylar1 i¢in 6zel olarak diizenlenmesiyle uygulama yiikiinii
azaltmay1 ve kaliteyi artirmay1 hedeflemektedir. Egitim ve arastirma okullarinda, “Uzman
Ekipler” ve “Gelistirilmis Sinif Ortamlar1” olusturulmasi 6nerilmektedir. Bu okullarda goérev
alacak Ogretmenlerin, lisansiistii egitim almis, 6gretmen yetistirme konusunda deneyimli ve
arastirma temelli calisan uzmanlar arasindan sec¢ilmesi, 6gretmen adaylarinin gilincel ve
kuramsal olarak temellendirilmis bir yonlendirme siireci gecirmesini saglayacaktir.

Caligmalarda siniflarda yasanan teknik sorunlarin 6gretimde teknoloji kullanimini engelledigi
ve bu sorunlarin hizlica ¢6ziilmesi gerektigi ifade edilmistir (Dilek, 2016). Bu baglamda, egitim
kurumlarinda teknik destek personeli istihdam edilmesi gerekliligi vurgulanmistir. Egitim ve
arastirma okullarinda, egitim teknolojileri konusunda uzman personelin goérev almasi bu
ithtiyaca etkili bir ¢6ziim sunabilir. Boylece Milli Egitim Bakanligi’nin tiim okullarda teknik
uzman bulundurmasina gerek kalmadan, yalnizca bu 6zel okullarda uzman destegi saglanarak
Ogretmen adaylarina daha etkin bir 6grenme ortami sunulabilir.

Arastirmalar, o6gretmen adaylarimin yapilandirmaci 6gretim yontemlerini ve teknoloji
kullanimin1 daha etkin bigimde benimseyebilmeleri i¢in sinif ortamlariin bu yaklagima uygun
bicimde diizenlenmesi gerektigini belirtmektedir. Bu kapsamda, siniflarin giincel teknolojik
donanimlarla desteklenmesi (Kurt, 2016), kesintisiz internet baglantisinin saglanmasi (Cam ve
Erdamar-Kog, 2021) ve esnek oturma diizenine olanak verecek bi¢gimde yeniden tasarlanmasi
gerektigi vurgulanmaktadir (Cetin, 2017). Ogretmenlik uygulamasi revizyonu kapsaminda
Onerilen egitim ve arastirma okullarinda, siniflarin hem yapilandirmaci 6gretim tekniklerini
hem de teknoloji entegrasyonunu destekleyecek sekilde tasarlanmasi, 6gretmen adaylarinin
kuramsal bilgilerini uygulamada kullanmalarin1 kolaylastiracaktir. Ancak bu tiir siif
ortamlarinin her okulda olusturulmasi, MEB i¢in 6nemli bir maliyet olusturabilir. Bu nedenle,
yalnizca egitim ve arastirma okullarinda bu sinif diizenlemelerinin yapilmasi, daha
stirdiiriilebilir ve uygulanabilir bir ¢6ziim olarak 6ne ¢ikmaktadir.

Ek olarak, ¢ocuklarini bu uygulama okullarina gonderen veliler, bu okullarin bir 6gretmen
yetistirme siirecine hizmet ettiginin farkinda olacagindan, 6gretmen adaylarinin ders anlatimina
katilmasini dogal karsilayacaktir. Ayrica, egitim fakiiltelerinde gorevli akademisyenlerin bu
okullarda yenilik¢i 6gretim yontemlerini dogrudan uygulama imkani1 bulmalari, bu kurumlar

230



Nacar vd. PAUEFD, 66, 209-234, [2026]

hem Ogrenci hem veli agisindan cazip hale getirecek; ayni zamanda Ogretmen yetistirme
siirecine nitelikli katki saglayacaktir.

Bu calismada gelistirilen “Ogretmenlik uygulamasi revizyonu” oOnerisi, literatiirde siklikla
vurgulanan “deneyim eksikligi” sorununun 6tesine gegerek, bu eksikligin yapisal nedenlerini
biitiinciil bir bakis agisiyla ele almaktadir. Uygulama siiresinin siirliligi, okul ortamlarinin
yapilandirmact 6gretime uygun olmamasi, teknolojik altyapir eksiklikleri ve uygulama
ogretmenlerinin geleneksel yaklagimlari gibi ¢coklu etkenler, yalnizca bireysel degil, sistemsel
bir sorun olarak degerlendirilmistir. Bu c¢ercevede gelistirilen model, 6gretmenlik
uygulamasinin ilk siniftan itibaren zamana yayilmasimi ve yalnizca egitim ve arastirma
okullarinda  ylriitiilmesini  Ongorerek, Ogretmen  yetistirme  sisteminin  yeniden
yapilandirilmasina yonelik somut ve uygulanabilir bir ¢cer¢eve sunmaktadir. S6z konusu dneri,
sadece 0gretmen adaylarinin mesleki yeterliklerini gelistirmeyi degil, ayn1 zamanda 6gretmen
yetistirme stireclerini yOnlendiren politika yapicilar ve program gelistiricilere veri temelli,
uygulamaya doéniik bir ¢6ziim modeli sunmay1 amaglamaktadir. Bu yoniiyle ¢alisma, yalnizca
mevcut sorunlar1 ortaya koymakla kalmamakta, ayni zamanda yapisal doniisiim potansiyeli
tagtyan 6zgiin bir ¢dzlim Onerisi getirmektedir.
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Abstract: The purpose of this study is to examine research conducted with preservice
mathematics teachers based on the Technological Pedagogical Content Knowledge
(TPACK) and Mathematical Knowledge for Teaching (MKT) frameworks through a
meta-synthesis approach. Accordingly, a total of 26 qualitative studies were identified
and subjected to a detailed analysis process. The data analysis involved a three-phase
coding procedure. In the first phase, preservice teachers’ deficiencies, challenges, and
suggested recommendations regarding TPACK and MKT were identified. In the
second phase, the findings were organized into two main axes: problems and solution
S. Within this phase, three themes were established under the problems axis
(technological infrastructure issues, lack of knowledge, and lack of experience), while
three themes emerged under the solutions axis (updated technological infrastructure,
redesign of course content and academic attitudes, and revision of the teaching
practicum). In the third phase, the theme of “revision of the teaching practicum” was
identified as the core theme, and a proposal was put forward based on this theme to
improve teacher education programs.
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1. Introduction

For preservice teachers, knowing not only what to teach but also how to teach is critically
important. In the context of school mathematics, students’ prejudices and negative attitudes
further underscore the significance of the question, “How should it be taught?”” In response to
such questions, Shulman (1986) developed the concept of Pedagogical Content Knowledge
(PCK). This framework emphasizes that PCK, which teachers must possess, emerges at the
intersection of Content Knowledge (CK) and Pedagogical Knowledge (PK). Shulman’s (1986)
PCK schema is presented in Figure 1.
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Figure 1. The PCK Model (adapted from Shulman, 1986)
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In recent years, Ball et al. (2005) extended Shulman’s PCK framework and introduced the
Mathematical Knowledge for Teaching (MKT) framework. This framework was designed to
understand and structure the complex relationship between teachers’ mathematical knowledge
and instructional practices. While providing a foundation for guiding teacher education and
professional development programs, it also aimed to enhance student achievement (Ball et al.,
2008). Hill et al. (2005) emphasized that focusing solely on pedagogical skills in teacher
education could lead to inadequate practices that negatively affected learning outcomes. Unlike
approaches concentrating only on pedagogical knowledge, the MKT framework enabled
teachers to strengthen their mathematical content knowledge and designed effective lessons that
promoted conceptual understanding and problem-solving skills (Aslan-Tutak, 2009). Ball et al.
(2008) further categorized the MKT framework into two main domains—Content Knowledge
(CK) and Pedagogical Content Knowledge (PCK)—and identified six subdomains. The
components of the MKT framework developed by Ball et al. (2008) are presented in Figure 2.

Figure 2. The Components of the MKT Framework (adapted from Ball et al., 2008, p.403)
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Among these components, Common Content Knowledge (CCK) refers to a basic understanding
of mathematical concepts, whereas Specialized Content Knowledge (SCK) involves a deeper
mathematical comprehension and the ability to address misconceptions. Horizon Content
Knowledge (HCK) represents an understanding of the connections and developmental
progressions among mathematical concepts. Knowledge of Content and Students (KCS)
accounts for factors such as students’ developmental stages and misconceptions, while
Knowledge of Content and Teaching (KCT) involves evaluating instructional strategies for
their pedagogical effectiveness. Finally, Knowledge of Content and Curriculum (KCC)
encompasses the structuring of mathematical content in alignment with the curriculum (Ball et
al., 2008).

The MKT framework aims to improve the quality of mathematics instruction by enabling
teachers to achieve better student learning outcomes. Research indicates that teachers with high
MKT levels deliver effective lessons fostering students’ conceptual understanding and
problem-solving skills, while also diagnosing students’ errors and providing individualized
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solutions (Hill et al., 2005). Studies on the development of preservice mathematics teachers’
MKT have identified deficiencies in CCK, SCK, and KCS, and have proposed various strategies
to address these gaps (Cikriket, 2015; Qian & Youngs, 2016; Secir, 2017; Yazici, 2019).

Beyond the MKT framework, efforts to improve teacher education have been shaped by
advances in technology, making it essential to incorporate technological knowledge into
teachers’ professional knowledge base. Mishra and Koehler (2006) extended Shulman’s PCK
framework by adding Technological Knowledge (TK), thereby introducing the Technological
Pedagogical Content Knowledge (TPACK) framework. TPACK encompasses three core
domains—Content Knowledge (CK), Pedagogical Knowledge (PK), and Technological
Knowledge (TK)—as well as four intersectional knowledge types: Pedagogical Content
Knowledge (PCK), Technological Content Knowledge (TCK), Technological Pedagogical
Knowledge (TPK), and Technological Pedagogical Content Knowledge (TPACK). Figure 3
illustrates the relationships among these components.

Figure 3. The Components of the TPACK Framework (Koehler & Mishra, 2009, p.63)
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According to Mishra and Koehler (2006), CK refers to the essential knowledge of the subject
matter to be taught; PK encompasses knowledge of learning and teaching processes, methods,
and educational goals; and TK includes the skills and understanding required to effectively use
both standard (e.g., chalk and board) and advanced (e.g., the internet and digital video)
technologies. The intersection of these core components gives rise to PCK, which reflects the
overlap between pedagogy and content knowledge, enabling teachers to determine the most
appropriate instructional approach for presenting a given topic. PCK involves adapting
instructional materials to students’ prior knowledge and needs, addressing misconceptions, and
employing alternative pedagogical strategies (Koehler & Mishra, 2009; Mishra & Koehler,
2006).

TCK emerges from the integration of technology knowledge with content knowledge and
emphasizes incorporating technology into instructional processes. TCK enables teachers to
customize learning experiences, accommodate individual differences, and promote 21st-
century skills (Koehler & Mishra, 2009; Mishra & Koehler, 2006). TPK refers to the
understanding of how technology can transform teaching and learning, focusing on the effective
selection and use of digital tools to achieve pedagogical objectives (Mishra & Koehler, 2006).
Finally, TPACK results from the interaction of all three domains, equipping teachers with the
ability to creatively and productively use technology in developing innovative teaching
methods. TPACK fosters critical thinking, problem-solving, and digital literacy, while also
supporting teachers’ continuous learning and professional development (Koehler & Mishra,
2009; Mishra & Koehler, 2006).
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In the literature, various studies have examined the TPACK levels of preservice mathematics
teachers. Some studies report a lack of CK among preservice mathematics teachers (Aldemir,
2017; da Silva Bueno & Niess, 2023; Kartal, 2017; Yigit-Koyunkaya, 2017), while others
indicate a lack of PK (Akyliz, 2016; Karatas et al., 2016). Several studies highlight deficiencies
in TK and a lack of confidence in its use (Aldemir, 2017; Arabac1 & Orbay, 2022; Bonafini &
Lee, 2021; Cam & Erdamar-Kog, 2021; Gill & Dalgarno, 2017; Karatas et al., 2016; Morales-
Lopez et al., 2021), as well as challenges in integrating TPACK components (Akyiiz, 2016;
Bonafini & Lee, 2021; da Silva Bueno & Niess, 2023; Duman, 2020; Durdu & Dag, 2017,
Erdogan, 2014; Handal et al., 2016; Morales-Lopez et al., 2021). Furthermore, some research
emphasizes that technical problems are a hindering factor in preservice teachers’ use of TPACK
(Bonafini & Lee, 2021; Cam & Erdamar-Kog, 2021; Dilek, 2016). Other studies report that
mathematics teacher education programs are not fully aligned with instructional practices that
integrate TPACK components (Umutlu, 2022). Suggestions offered in the literature to
overcome these challenges include providing preservice teachers with more practice
opportunities (Bonafini & Lee, 2021; da Silva Bueno & Niess, 2023), resolving technological
issues (Cam & Erdamar-Kog, 2021; Casler-Failing, 2021; Kurt, 2016), and introducing
technological tools through targeted training (Arabaci & Orbay, 2022; Gill & Dalgarno, 2017,
Kartal, 2017).

Both the TPACK and MKT theoretical frameworks have identified different challenges and
proposed various solutions. Each framework offers valuable roadmaps for mathematics teacher
education. However, to date, no study in the literature has addressed both frameworks together
to provide a holistic perspective on their associated challenges and to propose solutions in the
context of improving teacher education programs. To address these gaps, the purpose and
research questions of this study were formulated as follows:

1.1. Purpose of the Study

The purpose of this study is to examine research on preservice mathematics teachers based on
the TPACK and MKT frameworks using meta-synthesis. Specifically, the study aims to:

o Identify deficiencies or challenges related to preservice teachers’ TPACK components
reported in the literature.

e Identify deficiencies or challenges related to preservice teachers” MKT components
reported in the literature.

e Determine literature-based suggestions to address preservice teachers’ deficiencies in
TPACK components.

e Determine literature-based suggestions to address preservice teachers’ deficiencies in
MKT components.

e Synthesize reported challenges and suggestions from the TPACK and MKT literature to
propose recommendations for improving mathematics teacher education programs.

1.2. Research Questions

1. What deficiencies or challenges of preservice mathematics teachers regarding TPACK
and MKT components have been reported in the literature?

2. What suggestions have been proposed to address these deficiencies or challenges?

3. Based on the challenges identified in TPACK and MKT literature, how can mathematics
teacher education programs be improved?
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2. Method

This section outlines the research method, the studies examined, and the procedures followed
during data analysis.

2.1. Research Method

The purpose of this study is to examine research conducted with preservice mathematics
teachers within the frameworks of TPACK and MKT, in order to identify the challenges
preservice teachers, face with respect to the subcomponents of TPACK and MKT, as well as
the recommendations provided in the literature to address these challenges. Furthermore, by
synthesizing these challenges and recommendations, the study aims to propose ways to improve
teacher education programs.

For this purpose, the research method was determined as meta-synthesis. Meta-synthesis refers
to a type of research synthesis that interprets the qualitative findings of studies focused on
similar topics, aiming to understand, explain, and compare phenomena rather than merely
summarizing data (Yilmaz, 2021). According to Noblit and Hare (1988), meta-synthesis is an
interpretive synthesis rather than a summary of data. The steps of the meta-synthesis process
are presented in Figure 4.

Figure 4. The Steps of the Meta-Synthesis Process

Determination of the Method and Research Questions

Determination of Inclusion and Exclusion Criteria Literature Review with Keywords
Data Analysis
First Stage: Open Coding Second Stage: Meta-synthesis
First Coding +Axial Coding
Second Coding *Determination and Association of Themes
Identification of Inconsistent Codes *Selective Coding
Finalization of Codes *Revisiting and Elaborating Themes through Case

Determination of Categories and Subcategories Study

In the first stage, the research questions and the corresponding methodology were first
determined. Subsequently, data were collected. For data analysis, the initial stage involved open
coding through which the first codes and categories were identified. These codes and categories
were then synthesized to form new themes and categories, which were subsequently
interrelated. The processes of data collection and analysis are described in detail under the
relevant sections.

2.2. Data Collection (Selection of the Studies for Review)

After the research questions were determined, six keywords were identified: “TPACK, TPCK,
TPAB, MCK, OMB, mathematic, and matematik.” To access qualified studies worldwide, the
Web of Science database was used; to reach qualified articles in Turkey, TR Index was
searched; and to access graduate theses conducted in Turkey, the National Thesis Center was
utilized. For database searches, the following keyword combinations were used: “TPACK” and

213



Nacar et al. PUIE, 66, 209-234 [2026]

“mathematic,” “TPCK” and “mathematic,” “MCK” and ‘“mathematic,” “TPAB” and
“matematik,” and “OMB” and “matematik.” To ensure the studies were up-to-date, the search
was limited to the years 2013-2023. Furthermore, the search was restricted to studies written
in Turkish or English to ensure accessibility for researchers.

As a result of these searches, 536 studies were identified. The inclusion criteria for this study
were: (a) published between 2013-2023, (b) written in either English or Turkish, (¢) conducted
with preservice teachers, and (d) designed with a qualitative methodology or containing
qualitative findings. The exclusion criteria were: (a) studies conducted with preservice teachers
in fields other than mathematics, (b) studies conducted with in-service teachers, and (c)
quantitative studies. After reviewing the 536 studies according to these criteria, a total of 26
studies were selected for analysis in this meta-synthesis. These studies are presented in Table
1.

Table 1. Studies Included in the Meta-Synthesis

Author(s) Publication Year Type of Study Conceptual Framework
Erdogan 2014 Thesis TPACK
Cikrike1 2015 Thesis MKT
Akyiiz 2016 Article TPACK
Dilek 2016 Thesis TPACK
Handal et al. 2016 Article TPACK
Karatas et al. 2016 Article TPACK
Kurt 2016 Thesis TPACK
Qian & Youngs 2016 Article MKT
Saralar 2016 Thesis TPACK
Aldemir 2017 Thesis TPACK
Cetin 2017 Thesis TPACK
Durdu & Dag 2017 Article TPACK
Gill & Dalgarno 2017 Article TPACK
Kartal 2017 Thesis TPACK
Yigit-Koyunkaya 2017 Article TPACK
Secir 2017 Thesis MKT
Kostur 2018 Thesis TPACK
Yazici 2019 Article MKT
Duman 2020 Thesis TPACK
Bonafini & Lee 2021 Article TPACK
Casler-Failing 2021 Article TPACK
Cam & Erdamar-Kog¢ 2021 Article TPACK
Morales-Lopez et al. 2021 Article TPACK
Arabac1 & Orbay 2022 Article TPACK
Umutlu 2022 Article TPACK
da Silva Bueno & Niess 2023 Article TPACK

Table 1 provides information on the authors, year of publication, type of study (article or thesis),
and the conceptual framework used (TPACK or MKT).

2.3. Data Analysis

Strauss (1987) identifies three types of data analysis in qualitative research: open, axial, and
selective coding. Open coding is the initial stage of data analysis in which preliminary codes
and themes are identified; it is a flexible process with a low level of abstraction. Axial coding
represents the second level of analysis, aimed at identifying relationships among the data and
deepening the themes. Selective coding, as the final stage of data analysis, involves
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reorganizing the previous codes and discussing them through case examples to identify and
elaborate on the core themes (Strauss, 1987).

In this study, this three-step coding system was employed to conduct a detailed evaluation and
synthesis of the meta-synthesis findings. First, the data collected from the literature were
analyzed through open coding, resulting in two main themes: challenges related to TPACK and
MKT, and recommendations for teacher education programs. To ensure consistency, the data
were reanalyzed by an expert with a doctoral degree in mathematics education, and any
inconsistencies in the codes were reviewed. During the axial coding stage, the main themes
were organized under two categories, “problems” and “solutions,” and the findings from open
coding were grouped around these axes. Finally, in the selective coding stage, one theme was
chosen as the core theme, and the other themes were shaped around it. The core theme was
compared with case examples, and the analysis was completed.

3. Findings

This study examined research conducted with preservice mathematics teachers based on the
TPACK and MKT frameworks through a meta-synthesis approach. The findings are presented
in two sections. The first section reports the challenges experienced by preservice mathematics
teachers regarding TPACK and MKT. The second section presents the suggestions identified
in the reviewed studies for improving preservice teachers’ TPACK and MKT.

3.1. Deficiencies and Challenges Related to the TPACK and MKT Conceptual
Frameworks

This section first presents deficiencies and challenges identified in studies concerning the
TPACK framework, followed by those related to the MKT framework.

3.1.1. Deficiencies or Challenges Related to the TPACK Conceptual Framework

The themes, categories, and codes corresponding to the deficiencies and challenges identified
in the reviewed studies regarding the TPACK framework are summarized in Table 2.

Table 2. Deficiencies or Challenges Identified in the TPACK Conceptual Framework

Category Subcategory and Codes
Challenges e Inability to integrate pedagogical knowledge
Related to e Inability to integrate technological knowledge with content knowledge
Integration e Inability to integrate pedagogical and content knowledge
e Lack of knowledge on how to integrate components, even when the basics are
understood
e Inability to design instructional activities that involve integration
Challenges e Deficiency in Technological Knowledge
Related to o Lack of Technological Knowledge
Components o Insufficient skills in using interactive whiteboards

e Deficiency in Content Knowledge
o Providing incorrect or incomplete definitions
o Holding misconceptions about concepts
e Deficiency in Pedagogical Knowledge
o OFailure to guide students according to the constructivist approach
e Deficiency in Pedagogical Content Knowledge
o Leading students toward incorrect information
o Inability to identify students’ misconceptions
o Inability to design lesson plans with detailed instructions
e Deficiency in Technological Pedagogical Knowledge;
o Using technology in a teacher-centered manner
e Deficiency in Technological Content Knowledge;
o Experiencing confusion about which technology to use when teaching a topic
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Table 2. Deficiencies or Challenges Identified in the TPACK Conceptual Framework (continued)

Category Subcategory and Codes
Perception- e Believing that technology is not highly necessary in lesson delivery
Related e Low self-efficacy perception regarding technological knowledge
Challenges e Low self-efficacy perception regarding content knowledge
e Considering technology integration in lessons to be limited only to the use of
interactive whiteboards and tablets
e Unwillingness to use technology due to lack of technological materials
e Low self-efficacy perception in technology integration
Deficiencies e Lack of technological equipment in the classroom
Related to e Experiencing problems with internet connectivity
Learning e Insufficient access to technological devices (e.g., computers, tablets, smartphones)
Environments e  Shortage of technological materials
e Educational software being paid or expensive
e Problems with projectors or interactive whiteboards
e Fixed seating arrangements that do not allow for group activities
e cchnical problems related to technology not being resolved promptly
e Overcrowded classrooms
Experience- e Lack of experience in integration
Related e Limited experience in lesson delivery
Deficiencies e No opportunity for experience in real school environments
e Lack of knowledge on how to implement prepared TPACK content (materials remain
at a theoretical level)
Deficiencies e Lack of technology use in undergraduate courses
Related to e Absence of technology integration in content courses
Teacher e Taking content and technology courses separately

Education members using technology in courses only for presentations (e.g., projectors)

Curriculum not being suitable for technology integration
Students in practicum settings lacking technological knowledge

Programs e Teacher education programs not being aligned with integration
e Technology use being limited mostly to presentation tools

Other(s); e Educational software or materials being available in different languages
°
°

In the reviewed studies, the deficiencies or challenges experienced by preservice teachers
regarding TPACK are presented in Table 2. The codes in Table 2 are organized under seven
distinct themes. Below, selected direct quotations from the studies are provided to illustrate
these categories and codes.

In the interview with P1:

A: When I reviewed your lesson plan, I did not see any references to technology. Why didn’t you use it—
was it because you knew but chose not to, or because you didn’t know how to?

P1: Because I didn’t know, sir. I don’t have any knowledge about how to use technology in this lesson.
That’s why I mostly tried to use materials I designed myself in the lesson plan. I don’t know for what
purpose I should use technology... I don’t know how to use it to support students’ understanding... I don’t
know how to use the materials... I don’t know how to teach with technology....

used such expressions (Aldemir, 2017, p.142).

In this excerpt, the preservice teacher was asked to prepare a lesson plan incorporating TPACK
and was questioned about the absence of technology. The teacher’s response indicates a
deficiency in technological knowledge. Specifically, the statement, “I don’t know how to use
technology in a geometry lesson,” reflects an inability to integrate technology with content
knowledge. Furthermore, the comment, “I don’t know how to use technology to support
students’ understanding,” reveals an inadequacy in integrating technology with pedagogical
content knowledge. This example clearly illustrates not only a lack of integration skills but also
deficiencies across multiple TPACK subdomains.
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Another example is as follows:

“...After all, this is how we have always seen it until now. That also has an effect. Our instructors did not
really teach us by showing us much, either. Maybe this is a bit of laziness, I don’t know, but still, there is
something that pushes us in that direction. If I felt sufficiently competent about the technology I could
use, then I would want to use it; but right now, since I do not see myself as competent enough, I cannot
useit...” (Kartal, 2017, p. 199).

In this excerpt, a student named Hande reported that she did not use technology while teaching
mathematics and that she modeled her teaching practices after the teacher who had inspired her
interest in the subject, as that teacher primarily employed direct instruction. Hande’s reluctance
to integrate technology reflects a preference for a more traditional, non-constructivist approach
to teaching.

A further example:

“...1 used it just to see what happens and how it works, but since it is in English, you can’t really explore
it much. Maybe if it were in Turkish, you could do more with it, you could use it better...” (Kartal, 2017,
p. 209).

In this excerpt, preservice teachers highlighted that the high cost of software programs and the
use of different languages presented significant challenges. Additionally, they emphasized the
influential role of mentor teachers in shaping their use of technology during the teaching
practicum. The following quotation exemplifies this situation:

“In the first-term teaching practicum, the mentor teacher used the smartboard to have students solve

questions, but in the second-term practicum, our mentor taught the lesson only through the direct
instruction and question—answer method.” (Dilek, 2016, p. 87).

Another preservice teacher, however, stated that students did not want to use technology:

“...1 turned on the smartboard and projected the questions for the lesson. I solved one or two examples.
Afterwards, I wanted to invite them to solve the other questions, but I realized that they did not want to
come to the board. Students generally do not prefer to use technological tools. Of course, the situation
may vary depending on the student profile...” (Dilek, 2016, p. 94).

In the same study, another preservice teacher reported that students did not know how to use
the smartboard, indicating that students’ limited technological knowledge posed a barrier to
technology integration in instruction.

Across the reviewed studies, it was observed that preservice teachers exhibited deficiencies in
their TPACK and faced challenges in integrating technology into their teaching. Candidates
who lacked the skills to incorporate technology into lesson plans struggled particularly with
combining technology and pedagogical content knowledge. Furthermore, preservice teachers’
reluctance to adopt technology was associated with their prior experiences, the high cost or
foreign-language nature of certain software programs, and students’ hesitancy to engage with
technological tools. The attitudes and practices of mentor teachers regarding technology use
also emerged as a significant factor influencing preservice teachers’ integration of technology.

3.1.2. Deficiencies or Challenges Related to the MKT Conceptual Framework

The themes and codes corresponding to the deficiencies and challenges identified in the
reviewed studies regarding the MKT framework are summarized in Table 3.

Table 3. Deficiencies or Challenges Identified in the MKT Conceptual Framework

Categories Codes

Deficiencies in e Deficiencies in defining concepts

Common Content e Incorrect use of notations related to concepts
Knowledge e Holding misconceptions about concepts
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Table 3. Deficiencies or Challenges Identified in the MKT Conceptual Framework (continued)

Categories Codes

Deficiencies in e Weak knowledge of the concept
Specialized Content e Inability to perceive all dimensions of the concept
Knowledge o Lack of conceptual understanding
e Inability to establish connections related to the concept
e Providing explanations at a procedural rather than conceptual level
e Remaining at the procedural level when solving problems
e Constructing incorrect models when solving problems
e Using mathematical language inaccurately when solving problems
e Drawing incomplete models when solving problems
Deficiencies in e Inability to identify students’ misconceptions and errors
Knowledge of e Inability to explain the answers to questions with underlying reasoning
Content and Students e  Delivering instruction that is not aligned with students’ level
Deficiencies in e Inability to prepare lesson plans aligned with the targeted learning outcomes
Knowledge of e Difficulty in posing questions related to the targeted outcomes (asking questions
Content and unrelated to the outcomes)
Teaching e Challenges in selecting appropriate strategies, methods, and techniques for the

lesson
e Difficulties in implementing the lesson plans they have prepared

As shown in Table 3, the challenges experienced by preservice mathematics teachers regarding
the MKT framework are organized under four main themes. Based on the meanings of the
codes, these themes correspond to the four subcomponents of MKT. Direct quotations and
examples from the studies reviewed in this meta-synthesis are provided to illustrate these
challenges.

For example, in his study, Yazict (2019) asked preservice teachers to define basic geometric
concepts. Examples of candidates’ incorrect definitions of the concept of an angle are presented
below:

K16: It refers to the measure between two-line segments.

K19: The measure between two non-parallel sides ...

K26: The representation in degrees of the distance between lines that share common points.
K29: A measurement between two non-parallel rays...

K38: The unit of measure between two intersecting lines.

K44: The connection formed between two sides is called an angle.

K49: When two-line segments are joined in different directions, the degree formed between them is called
an angle. (Yazici, 2019, p. 146)

From the responses given by the preservice teachers, it is evident that they hold misconceptions
regarding the definition of the concept of an angle. In other words, it can be stated that
preservice teachers demonstrate deficiencies in their common content knowledge.

In another study, preservice teachers were given a fraction problem and asked to identify the
operation represented as well as to draw a model that would illustrate this operation. The
problem presented in the study was as follows:

“Leyla prepared a rectangular cake for her guests at a social gathering, and 2/5 of the cake remained
after serving. After the guests left, her three children shared the remaining cake equally. How much of
the entire cake did each child eat?” (Segir, 2017, p.137)

One preservice teacher expressed the operation represented by the problem as “2/5 x 1/3” and
drew the model as shown in Figure 5.
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Figure 5. Example of an Incorrect Model Drawing by a Preservice Teacher (Segir, 2017, p. 137)

The mathematical expression provided by the preservice teacher reflects multiplication rather
than division and does not convey the concept of “sharing.” Moreover, although the problem
explicitly stated that the figure was rectangular, the teacher candidate modeled it as a circle.
This indicates that the preservice teacher experienced difficulties both in terms of the
conceptual understanding of division and in representing the problem through modeling.
Accordingly, it can be concluded that the preservice teacher demonstrated a deficiency in
specialized content knowledge.

In another study included in the meta-synthesis, the lesson presentations of preservice teachers
were examined. One preservice teacher, who was teaching the topic of algebraic expressions,
presented two examples to solve quadratic equations and carried out the solutions. During the
solution of the quadratic equations x*—6x+5 and 3x°—x—4 the participant presented two

alternative factorizations for the first equation as | * S5 | and | ¥ > |, In contrast,
X -1 X -1
for the second equation, the participant employed a solution in the form of | 3* 4 | and
X 1

determined the roots of the equation through multiplication.The dialogue between the
preservice teacher and the student is presented below:

Preservice Teacher: When we multiply 3x by 1, yes, it becomes 3x; again, when we cross-multiply, it
becomes 4x. When we add them, we find the middle term —x. Okay, now let’s write it diagonally. That’s
the result.

Student: Teacher, in the example x’—6x+5, whether we wrote it diagonally or side by side, the result was
the same. Here, do we only write it diagonally?

Preservice Teacher: It’s always better to write it diagonally, so write it diagonally.
Student: Well, isn’t there any difference, teacher?

Preservice Teacher: No, after you cross-multiply and find the middle term, you can write it this way.
(Ctkrikei, 2015, p. 64)

In this example, the preservice teacher was unable to explain the rationale behind the
mathematical operations to the student, indicating deficiencies not only in Specialized Content
Knowledge (SCK) but also in Knowledge of Content and Students (KCS). In the same study,
another preservice teacher posed a question regarding the relationship between the slope of a
line and its equation. The dialogue between the preservice teacher and the student during this
interaction is presented below:

Preservice Teacher: Yes, now let’s examine the number of followers of celebrities by month. Serenay’s
number of followers progresses as follows: in the 1st month 20, in the 2nd month 60, in the 3rd month
180, and in the 4th month 540 thousand. Let’s represent the relationship between month and number of
followers with an equation. Umm, yes, it increases by a factor of 3. But here, I think we should consider
the multiplicative increase rather than the months. The equation would be y=20xy = 20xy=20x. We
substitute 1, 3, 9, and 27 for xxx, respectively. Okay, let’s draw the graph and find the slope. If we divide
540 by 4, yes, we get 135.
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Student: Teacher, but in the other intervals it doesn’t come out as 135. Shouldn’t the slope be equal in
every interval?

Preservice Teacher: Umm, yes, but I think we wrote it according to the multiplicative increase here, that’s
why. Let’s use the larger triangle. (Cikrik¢i, 2015, p. 65)

Although the preservice teacher stated that the given data corresponded to the equation y=20x,
the correct equation for the problem was y=20. 3*"!. Moreover, this equation was not suitable
for the students’ class level. In other words, the preservice teacher was unable to select a
problem aligned with the class level and the intended learning outcomes, indicating difficulties
in the KCS component of MKT.

As shown in Table 3, preservice mathematics teachers encountered challenges in four key areas
of the MKT framework. Research indicates that candidates provided incorrect definitions and
models for basic geometric concepts, fraction problems, algebraic expressions, and linear slope,
revealing deficiencies in both their CCK and their ability to explain concepts to students. These
findings demonstrate that preservice teachers face multiple challenges across content mastery,
instructional skills, and knowledge of students.

3.2. Literature-Based Suggestions for Developing Preservice Teachers’ TPACK and MKT

Across the 26 studies included in this meta-synthesis, suggestions for enhancing preservice
mathematics teachers’ knowledge within the TPACK and MKT frameworks were examined
using content analysis, resulting in a set of codes and themes. In this section, the findings are
presented under two headings: first, the codes and themes related to TPACK, followed by those
concerning MKT.

3.2.1. Suggestions for Developing Preservice Teachers’ TPACK Competence

In the 22 articles examined within the scope of this study related to TPACK, the codes identified
and their corresponding themes are presented in Table 4.

Table 4. Codes of Suggestions Concerning the TPACK Conceptual Framework

Categories Codes
TPACK e Increasing the number of hours allocated to the teaching practicum course
Experience e  Providing opportunities for practicum experience from the first year onward

e Encouraging practice in designated practicum schools

e Emphasizing the benefits of increased interaction with students

e Allowing preservice teachers to implement the materials, instructional activities, or

lesson plans they have developed during the practicum

e Developing materials, instructional activities, or lesson plans
e Designing non-routine problems
e Integrating Web 2.0 tools into lesson plans
e Preparing detailed lesson plans that incorporate TPACK components
e  Conducting microteaching activities
Feedback e Providing constructive feedback on integration activities
e Guiding preservice teachers to recognize their shortcomings in teaching,
instructional design, or material development
e  Ensuring continuity in feedback
Related to Teacher @  Long-term instruction in TPACK
Education e Embedding TPACK within course content
Programs e Integrating technology into content courses
e Incorporating technology into courses on teaching methods
e Relating technology courses to subject-matter content
e Enhancing the content of technology courses
e Supporting TPACK development through design-based courses
e  Offering courses from the early years that foster TPACK development
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Table 4. Codes of Suggestions Concerning the TPACK Conceptual Framework (continued)

Categories Codes
Related with e TPACK-focused teacher training courses
Academics e Integrating technology into subject-matter courses
e  Supporting both individual and group activities during technology training
e Establishing connections with content areas during technology courses
Technology e Introducing technological tools (e.g., computers, tablets, etc.)
Education Support e  Courses on the use of interactive whiteboards
e Teaching software such as GeoGebra
e Introducing Web 2.0 tools
e Offering diverse technology education courses within the Continuing Education

Center (CEC)

Organizing workshops on technology

Presenting various applications

Technological infrastructure

Uninterrupted internet connection and widespread network access
Flexible seating arrangement

English proficiency for using applications in different languages
Dynamic Geometry Software (DGS) activities in textbooks
Availability of technological resources in schools

Faculty Resources

Other(s)

As shown in Table 4, the codes related to suggestions for improving preservice mathematics
teachers’ TPACK knowledge are organized under seven themes. One prominent
recommendation for developing TPACK across these studies is to provide preservice teachers
with diverse TPACK-related experiences. For instance, Bonafini and Lee (2021) asked
preservice teachers to conduct mathematics instruction via video. In the conclusion of their
study, they emphasized the importance of practical experience for the development of TPACK,
stating the following:

“The experiences preservice teachers gain while still students may influence their future decisions about
incorporating technology into their own classrooms. Providing preservice teachers with the experience
of creating screen recordings simulates the kinds of future practices in which they will need to decide
what types of technology are most effective for teaching specific mathematical content. ... In addition, we
recommend that teacher educators offer more courses on how to use technological tools for mathematics
instruction in order to strengthen preservice teachers’ technological knowledge.” (Bonafini & Lee, 2021,
p. 316)

The importance of experience for the development of TPACK was also addressed in another
study as follows:

“Preservice teachers’ curriculum and instructional knowledge for learning and teaching mathematics
with technologies can be developed through microteaching settings and post-teaching discussions.
Perhaps a more integrated period would be beneficial—one in which pedagogy, methods, and technology
courses are combined with field experience, and preservice teachers actively practice how to engage
students with technologies in exploring content through various pedagogical strategies. Research
suggests that it is reasonable to provide preservice teachers with opportunities to learn about technology
integration when designing or redesigning curriculum materials.” (da Silva Bueno & Niess, 2023, p. 11)

As illustrated in the excerpts above, increasing preservice teachers’ practical experiences has
been emphasized as a key strategy for strengthening their TPACK knowledge. It has been
suggested that engaging in activities such as preparing video lessons or participating in
microteaching can help address both deficiencies in individual TPACK components and
challenges in their integration. The experiences acquired during teacher training are highlighted
as influential in shaping preservice teachers’ future teaching practices.

Moreover, it has been recommended that faculty members introduce a variety of technological
tools applicable to mathematics education within their courses. In addition, structuring a period
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in which pedagogy, instructional methods, and technology courses are integrated with the
teaching practicum has been argued to be particularly beneficial for the development of
preservice teachers’ TPACK. This approach underscores not only the importance of practical
experience but also the need for its careful design and implementation.

“The findings support incorporating technology education into methods courses as a means of
meaningfully integrating the three knowledge domains of content, pedagogy, and technology over an
extended period of time, since one-off training sessions on technology are insufficient and longer-term
integration is required. ... Preservice teachers should receive in-depth and structured instruction in
methods courses on the use of specific technologies as teaching tools. ... Moreover, preservice teachers
should not only be introduced to different instructional technologies but also be provided with
opportunities to practice using them and to design lessons that incorporate technology integration.”
(Casler-Failing, 2021, p. 17)

“If method professors carefully select a limited number of technological tools that can be integrated into
content areas, preservice teachers may have the opportunity to learn content through the use of
technology in planning and instructional contexts. 1 believe such integration of technology would
contribute to the development of preservice teachers’ TPACK and ultimately benefit their future
students.” (Casler-Failing, 2021, p. 18)

The excerpts above are drawn from a study in which preservice teachers participated in a
semester-long training program using Lego robotics tools and were asked to integrate this
technology into mathematics instruction. The study highlighted the importance of practical
experience, structured training, and integration, while also emphasizing the need for long-term
planning and careful design of these elements. Furthermore, it was suggested that faculty
members should introduce technological tools within course content and align them with the
subject matter.

Gill and Dalgarno (2017) examined the teaching practicum experiences of four preservice
teachers over a four-year period, during which the participants attended four different schools.
At the conclusion of this process, the authors noted that the development of TPACK varied
among preservice teachers, with some exhibiting weaker growth than others. They described
and interpreted this situation, along with its potential causes, in the following excerpt:

“Joan’s case demonstrates that school culture, teacher expectations, and adequate school resources can
have a positive impact on the use of information and communication technologies (ICT) and the
development of TPACK. In contrast, the cases of Jack and Judy show that the opposite can also exert a
significant influence. Their TPACK development was negatively affected by a lack of access to ICT

resources and/or school practices in which the use of ICT was minimal or absent.

The length and degree of independence of the teaching practicum also appear to have a considerable
impact on TPACK development. A longer practicum, the requirement to design and deliver their own
lessons, access to ICT, and opportunities to work with teachers who use such technologies positively
influenced Judy’s, Joan’s, and Jack’s knowledge and skills in using ICT for teaching and learning
purposes.” (Gill & Dalgarno, 2017, p. 452)

As highlighted in the excerpt above, extended practicum experiences, the opportunity to use
one’s own lesson plans and materials during these experiences, and the adequacy of
technological infrastructure in schools contribute significantly to the development of TPACK.
Table 4 presents seven core themes suggested by various studies to support preservice
mathematics teachers’ TPACK development.

These studies consistently emphasize that providing teacher candidates with diverse TPACK-
related experiences enhances their ability to integrate technology effectively into lessons. For
instance, Bonafini and Lee (2021) and da Silva Bueno and Niess (2023) underline the
importance of activities such as preparing video lessons and engaging in microteaching for
fostering TPACK development. Similarly, Casler-Failing (2021) argues that integrating
technology training into methods courses may yield lasting benefits. Gill and Dalgarno (2017)
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further observed that both the duration of practicum experiences and the availability of
technological resources play a critical role in the development of preservice teachers’ TPACK.

3.2.2. Suggestions for Developing Preservice Teachers’ MKT Competence

In the studies examined within the scope of this research, the suggestions made to enhance pre-
service mathematics teachers” TPACK were coded, characterized, and organized under
categories. These categories and codes are presented in Table 5.

Table 5. Codes of Suggestions Concerning the MKT Conceptual Framework

Categories Codes
Experience e Experience in authentic learning environments
e Microteaching practices
Common Content e Ability to think critically about concepts
Knowledge e Ability to elaborate on definitions and properties of concepts in depth
e  Ability to provide comprehensive mathematical explanations
Specialized Content o Model-drawing exercises
Knowledge e Problem-posing activities
e Practice with notation and mathematical expression
e Exercises focused on justification and explanation
e Developing conceptual understanding

Yazici1 (2019), in a study examining pre-service teachers’ general content knowledge, expressed
the following statements:

“The first place where pre-service teachers can address the deficiencies identified in the study is within

faculties of education. For this purpose, it is recommended that they be provided with training that will
enable them to critically examine concepts—specifically fundamental concepts in geometry and more
generally across mathematics—deepen their understanding of definitions and properties of these
concepts, and attain the ability to deliver comprehensive mathematical explanations.” (Yazici, 2019, p.
151)

In this study, the importance of structuring course content to address preservice teachers’
deficiencies in general content knowledge and to promote conceptual understanding was
emphasized. The role of faculty members in providing instruction that facilitates such
understanding was also highlighted. Additionally, Qian and Youngs (2016) examined
mathematics teacher education programs in various countries and noted that general content
knowledge develops progressively with increased teaching experience, stating the following:

“It has been shown that as the number of mathematics methods topics in which pre-service teachers have
the opportunity to teach increases, their CK and PCK levels also rise. Our study found that exposure to
teaching-related topics (e.g., developing lesson plans) was associated with CK in Chinese Taipei,
Singapore, and Switzerland, and with PCK in Singapore, Spain, and Switzerland... Some evidence
suggests that the number of teaching-related learning opportunities and different types of practical
experiences are linked to pre-service teachers’ CK and PCK.” (Qian & Youngs, 2016, p. 392)

Qian and Youngs (2016) argued that increased practical experience positively influences the
development of general content knowledge (CK) and highlighted the significant role of
activities such as lesson plan development. Similarly, Cikrik¢i (2015) emphasized that, in the
absence of opportunities for field experience, microteaching can serve as a valuable alternative
for enhancing preservice teachers’ content knowledge and instructional skills.

“In situations where it is not possible for pre-service teachers to frequently gain teaching experience in
real classroom settings, microteaching practices can be employed to examine instructional processes in
accordance with the content knowledge (CK) model. it is important for pre-service teachers to develop a
reflective awareness of their lessons, as this perspective helps shape the considerations they take into
account when planning future instruction.” (Cikrik¢i, 2015, p. 131)
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It is essential for faculties of education to provide training aimed at fostering critical and in-
depth conceptual understanding to address preservice teachers’ deficiencies in content
knowledge. Research indicates that as teaching experience increases, both CK and PCK
develop, with activities such as lesson planning contributing particularly to this growth. In
contexts where opportunities for classroom experience are limited, microteaching practices
offer preservice teachers a valuable opportunity to analyze instructional processes and to
identify key considerations for subsequent lesson planning.

4. Discussion, Conclusion, and Suggestions

This section adopts a holistic approach by discussing the codes and themes derived from the
content analysis in relation to relevant findings in the literature. The discussion was conducted
in two stages: first, the problems and proposed solutions identified in the findings were
categorized and examined under specific themes; second, a core theme was identified as the
central focus of the proposed solutions, around which the other themes were organized,
ultimately leading to recommendations for enhancing mathematics teacher education programs.

The problems and proposed solutions presented in the findings were organized along two main
axes corresponding to the study’s research questions, together with their associated themes. The
deficiencies and challenges addressed in the first research question constituted the “problems”
axis, while the solutions related to the second research question formed the “solutions” axis.
For both axes, new themes were developed through the interpretation and synthesis of data
analyzed via open coding. Furthermore, each theme within the “problems” axis was paired with
a corresponding theme in the “solutions” axis, thereby constructing a holistic framework. The
resulting axes from the meta-synthesis process are visualized in Figure 6.

Figure 6. Axes Derived from the Meta-Synthesis (Relationships Between Problems and Solutions)
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According to Figure 6, three main themes were identified under the “problems” axis, with
corresponding themes defined within the “solutions” axis for each. In response to the first sub-
research question, the “problems” axis comprised the themes “technological infrastructure
problems,” “lack of knowledge,” and “lack of experience.” The proposed solutions to these
deficiencies and challenges were organized under the ‘“solutions” axis as “updating
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9 ¢¢

technological infrastructure,” “enhancing course content and faculty attitudes,” and “revising
the teaching practicum,” respectively.

Deficiencies in equipment and inadequacies in infrastructure observed in faculties of education
and practicum schools were categorized under the theme of “technological infrastructure
problems.” In response, the solution theme of “updating technological infrastructure” was
developed. The codes corresponding to the proposed solutions aligned with the problem themes
are visualized in Figure 7.

Figure 7. The Relationship Between Technological Infrastructure Problems and Updated Technological
Infrastructure Solutions
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Within the scope of this meta-synthesis, the reviewed studies generally recommend eliminating
technical barriers or continuously updating existing infrastructure as solutions to technological
infrastructure problems (Cam & Erdamar-Kog, 2021; Dilek, 2016; Kostur, 2018). However, no
explicit proposals regarding the provision of technical support services were encountered in
these studies. This gap was identified during the axial coding process and has been developed
as a study-specific recommendation.

In the literature, technology-related challenges are most frequently addressed through the
recommendation of technology training for educators (Aldemir, 2017; Arabaci1 & Orbay, 2022;
Casler-Failing, 2021; Cetin, 2017). Within the axial coding process, this recommendation was
represented by the code “Technology Training Support,” corresponding to the sub-theme of
“Lack of Knowledge,” and particularly emphasized the importance of enhancing educators’
digital competencies. However, given that it is unrealistic to expect educators to possess the
technical expertise necessary to resolve every technological issue, educational institutions
require technical support staff who can intervene promptly. Accordingly, the number of
technical support personnel should be proportional to the student capacity of the institution, and
these staff members should be proficient in educational technologies and capable of introducing
new tools to educators. Notably, the literature does not explicitly recommend employing
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technical support staff to facilitate technology use in educational settings, making this
suggestion an original contribution of the present study.

Furthermore, many educational technologies that may be costly for individual use are offered
to institutions under more favorable conditions through bulk procurement. Thus, acquiring
necessary technologies collectively and cost-effectively will facilitate their integration into
teaching processes. Additionally, issues related to internet connectivity should be addressed by
administrators, and a robust, uninterrupted network infrastructure must be established.

In summary, for technology to be effectively integrated into education, a functional and
sustainable technological infrastructure must first be established. Administrations must ensure
continuous updates to the infrastructure, provide a technical support team capable of promptly
addressing emerging issues, and determine the team size in proportion to the number of
educators. Otherwise, technological tools may become a burden for teachers and contribute to
the development of negative attitudes toward technology use in education. In addition, Kilig
(2022) found that preservice teachers highlighted the importance of improving physical and
social facilities in order to enhance the quality of teacher education programs, noting that
effective teaching practices require access to well-equipped and tangible learning
environments.

Another problem theme identified in this study is the lack of knowledge. The corresponding
solution theme includes updating course content to remedy knowledge deficiencies, enriching
practices related to this content, and encouraging faculty members to employ active learning
methods in their teaching. This theme encompasses technological knowledge, content
knowledge, pedagogical knowledge, and knowledge of integration. These dimensions are
addressed in the literature through the TPACK and MKT frameworks. Specifically,
instructional knowledge, along with student knowledge and content knowledge, is considered
a core component of pedagogical content knowledge in both theoretical frameworks. The
identified problems and solution themes within this scope are presented in Figure 8.

Figure 8. The Relationship Between the Lack of Knowledge and the Solution of Course Content and
Academics’ Attitudes
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The axial coding process revealed that deficiencies in preservice teachers’ use of technology
largely stem from insufficient technological knowledge, conceptualized as “Lack of
Technological Knowledge.” To address this deficiency, technology training for preservice
teachers is recommended (Aldemir, 2017; Arabaci & Orbay, 2022). Furthermore, it has been
emphasized that preservice teachers’ self-efficacy perceptions regarding technology use should
also be enhanced (da Silva Bueno & Niess, 2023). Technology education should not be confined
to a single-semester information technology course; rather, a holistic approach is needed to
enable preservice teachers to develop comprehensive technology literacy. However, providing
technology training alone may not suffice; preservice teachers must also understand the nature
of TPACK (Cam & Erdamar-Kog, 2021). Accordingly, it has been suggested that preservice
teachers receive practical training on using technology not merely as a tool but as an effective
instructional instrument within a constructivist framework (Casler-Failing, 2021).

The literature further indicates that preservice teachers experience deficiencies not only in
technology but also in content knowledge (Aldemir, 2017; da Silva Bueno & Niess, 2023;
Karatag et al., 2016). These deficiencies are often described as insufficient conceptual
understanding of fundamental concepts. Within this context, integrating technology into
content courses has the potential to enhance conceptual understanding (Cetin, 2017; Yigit-
Koyunkaya, 2017). To support conceptual development, practical applications—particularly
microteaching-based activities—should be incorporated into content pedagogy courses (Akyiiz,
2016; da Silva Bueno & Niess, 2023). Such practices provide preservice teachers with valuable
experience in lesson planning, activity design, and material development. Additionally,
activities such as establishing relationships among mathematical concepts, developing models,
and posing problems are emphasized as contributing to the deepening of content knowledge
(Secir, 2017).

Deficiencies in preservice teachers’ pedagogical content knowledge and the integration of its
components have been reported as one of the most frequent issues in the literature (Akyiiz,
2016; Aldemir, 2017; Bonafini & Lee, 2021). It has been highlighted that academics in faculties
of education should not rely solely on lecture-based instruction but should prioritize practical
methods that allow preservice teachers to experience the use of technology firsthand (Durdu &
Dag, 2017). Such experiences have been shown in various studies to play a crucial role in
developing integration knowledge within the TPACK framework (Akyiiz, 2016; Aldemir,
2017; Erdogan, 2014). Similarly, Kili¢ (2022) reported that in a study based on preservice
teachers’ views, participants emphasized the need to replace theory-dominated instruction with
practice-oriented and experience-based teaching methods to enhance the quality of teacher
education programs.

In conclusion, teacher education programs should prioritize relating fundamental concepts in
content courses to both technology and pedagogical approaches. Microteaching-based practices
in content pedagogy courses can facilitate holistic integration within the frameworks of TPACK
and MKT. The adoption of constructivist approaches by academics during this process will
significantly contribute to preservice teachers’ understanding of the nature of these two critical
theoretical frameworks. In this regard, Kili¢ (2022) also emphasized, based on preservice
teachers’ perspectives, that establishing effective and supportive communication between
instructors and students is essential for improving the quality of teacher education programs.

The problems related to lack of experience and the proposed solutions to these issues are
presented in Figure 9.
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Figure 9. The Relationship Between the Problem of Lack of Experience and the Revision of Teaching
Practice Course
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Studies have shown that the problem of “Lack of Experience” leads to deficiencies within the
subcomponents of both TPACK and MKT, as well as difficulties in integrating these
components. Accordingly, it has been emphasized that providing preservice teachers with more
extensive and sustained practical experience can effectively address this issue (Akyiiz, 2016;
Aldemir, 2017; Bonafini & Lee, 2021; Casler-Failing, 2021; Cikrik¢1, 2015; da Silva Bueno &
Niess, 2023; Duman, 2020; Durdu & Dag, 2017; Erdogan, 2014; Kartal, 2017; Kostur, 2018;
Qian & Youngs, 2016; Saralar, 2016; Yigit-Koyunkaya, 2017).

In Turkey, the opportunities for practice provided to preservice mathematics teachers are
typically limited to teaching practicum courses conducted over two semesters, with six hours
per week (MoNE, 2021). Over a 24-week period, candidates gain classroom experience in
practice schools and conduct lesson observations under the guidance of mentor teachers.
However, the heavy weekly teaching loads of mentor teachers, ranging from 15 to 21 hours,
restrict their ability to provide sufficient guidance, thereby limiting candidates’ opportunities to
gain meaningful experience. This situation not only affects the professional development of
candidates but also constrains mentor teachers’ capacity to follow the curriculum effectively,
potentially impeding students’ acquisition of fundamental concepts. Additionally, it may raise
parental concerns regarding the quality of education. Studies included in this meta-synthesis
highlight the need for preservice teachers to engage in more systematic and longitudinal
practice experiences beginning in the early years of their education (Durdu & Dag, 2017).

Some studies have reported that preservice teachers face difficulties in effectively applying
TPACK and MKT within rigid classroom settings (Aldemir, 2017) and therefore recommend
adopting more flexible classroom arrangements (Cetin, 2017). Within the theme of lack of
experience, it has also been observed that preservice teachers tend to show reluctance or limited
engagement in using technology during classroom practices (Cam & Erdamar-Kog, 2021;
Dilek, 2016; Kartal, 2017). To address this issue, the axial coding process generated the
category “encouraging technology use.” However, the literature lacks a clear method or
roadmap for operationalizing such encouragement.

During the teaching practicum, preservice teachers often remain dependent on mentor teachers,
further elevating the role of these mentors in compensating for the lack of experience. It has
been proposed that mentor teachers receive regular in-service training; however, questions
remain as to whether this alone is sufficient. Furthermore, the responsibility of the MoNE
includes not only establishing structures that provide adequate experience for preservice
teachers but also preparing mentor teachers to achieve this goal. Given the number of
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stakeholders involved, more holistic and structural approaches are required to ensure the system
operates effectively and sustainably.

In the selective coding process, “revision of teaching practice” was identified as the core theme
addressing the problem of lack of experience. Solution proposals developed from the meta-
synthesis findings were structured around this core theme. Accordingly, comprehensive
recommendations have been presented for improving both teaching practicum courses and
teacher education programs as a whole.

Figure 10 presents the solution schema developed through selective coding under the theme of
“revision of teaching practice course.” This theme is further structured into two sub-themes:
“internship course spread over time” and “education and research schools™.

Figure 10. Selective Coding Schema Constructed Around the Core Theme of Teaching Practicum
Course Revision
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The retention of learned knowledge is directly related to its transfer into practice (Rohrer &
Pashler, 2010). In particular, for theoretical frameworks such as TPACK and MKT to be
meaningfully and functionally internalized by preservice teachers, these forms of knowledge
must be reinforced through practical applications in instructional settings. However, it should
not be assumed that preservice teachers can effectively apply these frameworks within the
limited time frames provided by short-term teaching practicum courses.

Studies included in this meta-synthesis indicate that, in order to effectively integrate TPACK
and MKT into instructional processes, preservice teachers require longer-term, systematic, and
varied practical experiences (Akyliz, 2016; Bonafini & Lee, 2021; Casler-Failing, 2021; Durdu
& Dag, 2017; Gill & Dalgarno, 2017; Yigit-Koyunkaya, 2017).

Under the current system, preservice teachers undertake teaching practicum courses only in
their final year, consisting of two semesters at six hours per week. Each semester lasts 12 weeks,
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amounting to a total of 144 hours of practicum experience. However, this duration appears
insufficient for candidates to effectively transfer theoretical knowledge into practice. Therefore,
it is necessary to restructure the teaching practicum course by extending its duration and
integrating teaching experiences across different stages of the teacher education curriculum.
Within this scope, a proposed template for restructuring the teaching practicum course through
longitudinal implementation is presented in Table 6.

Table 6. Proposal Plan for Revising the Teaching Practicum Course Over an Extended Period

Grade / Semester Recommended Weekly Duration (hour(s)) Type of Practium
First Grade/ Spring 2 Observation
Second Grade/ Spring 2 Observation
Third Grade/ Spring 4 Teaching Practium
Fourth Grade/ Spring 4 Teaching Practium

The model presented in Table 6 is designed to provide preservice teachers with gradually
increasing experience throughout their four-year undergraduate education. Within this model,
the first two years focus on observation-based practices and adaptation to school culture, while
the final two years emphasize lesson delivery and hands-on teaching experiences. Accordingly,
candidates would engage in two hours of practicum per week during the first and second years,
and four hours per week in the third and fourth years. This structure maintains the total
practicum time at 144 hours but, by distributing it across the program, allows preservice
teachers to gain classroom experience each year and to effectively translate theoretical
knowledge into practice.

Another subtheme of the core theme “Revision of Teaching Practice Course” is the
establishment of “Education and Research Schools.” Similar to models implemented in medical
and dental education—where students gain experience in teaching hospitals or oral health
centers—it 1s proposed that teacher candidates conduct their practicum in designated schools
coordinated with faculties of education. In this system, both preservice teachers and parents
would be informed that these schools function as educational laboratories, thereby normalizing
preservice teachers’ active participation in classroom instruction.

This model eliminates the need to designate all schools as practicum sites, reducing
implementation burdens and enhancing quality by preparing only selected schools specifically
for teacher training. Within such education and research schools, the establishment of “Expert
Teams” and “Enhanced Classroom Environments” is recommended. Teachers assigned to these
schools would be selected from among specialists with postgraduate qualifications, experience
in teacher education, and research-based expertise, ensuring that preservice teachers receive
guidance grounded in both current practice and theory.

Previous studies have shown that technical problems in classrooms hinder technology use in
teaching and must be addressed promptly (Dilek, 2016). The employment of technical support
staff in educational institutions is therefore emphasized as necessary. Education and research
schools staffed with personnel specialized in educational technologies could offer an effective
solution to this challenge. Rather than requiring the MoNE to provide technical experts in all
schools, allocating such expertise exclusively to these designated schools would create more
effective learning environments for preservice teachers.

Research further indicates that preservice teachers can more effectively adopt constructivist
instructional methods and integrate technology when classroom environments are structured
accordingly. This entails equipping classrooms with up-to-date technological tools (Kurt,
2016), ensuring uninterrupted internet access (Cam & Erdamar-Kog, 2021), and redesigning
classrooms with flexible seating arrangements (Cetin, 2017). Within the proposed education
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and research schools, designing classrooms to support both constructivist pedagogy and
technology integration would facilitate preservice teachers’ application of theoretical
knowledge in practice. While creating such environments in every school would impose
significant costs on the MoNE, limiting these enhancements to education and research schools
provides a more sustainable and feasible solution.

Additionally, parents sending their children to these laboratory schools would be aware that the
institutions serve the purpose of teacher preparation, increasing their acceptance of preservice
teachers’ involvement in instruction. At the same time, faculty members in faculties of
education would have the opportunity to implement innovative teaching methods directly
within these schools, enhancing the appeal of such institutions for both students and parents
while contributing to higher-quality teacher education.

The “revision of teaching practice course” proposed in this study addresses the issue of “lack
of experience,” frequently emphasized in the literature, by moving beyond symptoms to
examine structural causes through a holistic perspective. Factors such as limited practicum
duration, classroom environments unsuited to constructivist teaching, deficiencies in
technological infrastructure, and traditional approaches of mentor teachers are framed not
merely as individual shortcomings but as systemic challenges. The model developed within this
framework proposes extending practicum experiences from the first year onward and confining
their implementation to laboratory schools, thereby offering a concrete and practicable
framework for restructuring teacher education. This proposal not only aims to strengthen
preservice teachers’ professional competencies but also provides a data-driven, practice-
oriented solution model for policymakers and program developers involved in teacher
education processes. In this respect, the study goes beyond identifying existing problems and
introduces an original proposal with the potential to generate structural transformation.
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