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Arastirma Makalesi

Somut Manipiilatiflerle Zenginlestirilmis Matematik Ogretimi Ortaminda Matematik
Ogretmeni Adaylarindan Yansimalar

Gﬁlqin Oflaz! Ozet: Bu calisma, ilkogretim matematik 6gretmen adaylarmin somut manipiilatiflere iliskin

B s bilgi diizeylerini belirlemeyi ve somut manipiilatiflerle desteklenmis bir 6gretim ortamindan
Duygu Altayh Ozgiil elde edilen bulgular1 analiz etmeyi amaglamaktadir. Ayrica, 6gretmen adaylarmin somut
Kiibra Polat® manipiilatiflerle zenginlestirilmis etkinlikler (SMZE) hazirlamalarina yonelik yapilan
*Sorumlu Yazar miidahalelerin, gelistirdikleri etkinlikler tizerindeki etkileri incelenmistir. Arastirmada, tasarim

) aragtirmasi modelinden yararlanilmigtir. Calisma, 15 haftalik bir etkinlik tasarlama, olusturma
! Sivas Cumhuriyet Universitesi, ve iyilestirme dongiisii kapsaminda gerceklestirilmistir. Arastirmanin ¢alisma grubunu, I¢
Matematik ve Fen Bilimleri Anadolu Bolgesi’nde bir tiniversitenin egitim fakiiltesinde ilkogretim matematik 6gretmenligi

Egitimi Bolimii, Sivas, Tiirkiye

erengulcin3@hotmail.com programinda 3. sinifa devam eden 54 6gretmen adayi olusturmaktadir. Aragtirmanin verileri;

somut manipiilatif bilgi formu, etkinlik degerlendirme rubrigi ve siire¢ degerlendirme formu ile

2 Sivas Cumhuriyet Universitesi, toplanmustir. Aragtirmanin sonucunda; 6gretmen adaylarinin somut manipiilatiflere iligkin bilgi

Matematik ve Fen Bilimleri ve becerilerinin baslangigta yetersiz oldugu, ancak bu eksikliklerin SMZE odakl1 bir egitimle
Egitimi Boliimii, Sivas, Tiirkiye giderilebilecegi goriilmiistiir. Bu egitim, 6gretmen adaylarinin somut manipiilatifleri kullanarak
altayliduygu@gmail.com etkinlik tasarlama becerilerini gelistirmelerine yardimci olmus ve 6zellikle cebir ile geometri

) o O0grenme alanlarinda olusturduklar1 etkinliklerin niteligini artirmistir. Matematik 6gretiminde
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ile 6gretim becerilerini giliclendirmek i¢in lisans egitiminde manipiilatiflerin etkili kullanimina
yonelik programlar gelistirilmesi 6nerilmistir.
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GIRIS

Matematik egitiminin amagclarindan biri, 6grencilerin matematik kavramlarim1 gercek ve somut
deneyimlerle olusturmalaridir. Bu baglamda, matematik 6gretiminde geleneksel yaklagimlardan ziyade,
ogrenci odakli yontemler, teknikler ve stratejilerin 6n planda tutulmasi hedeflenmektedir. Matematik 6gretim
programi, 0grencilerin bilgiyi kesfetmelerini ve anlamlandirmalarini tesvik eden, soyut kavramlar1 somut
modellerle destekleyen 6grenme ortamlarinin gelistirilmesini 6dnermektedir. Nitekim Maarif Modeli’nde
matematik egitimi, matematiksel muhakeme, matematiksel problem ¢6zme, matematiksel temsil, veri ile
calisma ve veriye dayali karar verme ile matematiksel ara¢ ve teknoloji kullanim becerisi olmak {izere bes
temel alan becerisi etrafinda yapilandirilmistir. Bu alan becerileri, kavramsal beceriler {izerine insa edilerek
daha genis bir biitiinlesik beceri seti olusturacak sekilde gelistirilmistir. Matematige 6zgii biitiinlesik beceriler,
yalnizca genel becerilerle karsilanamayan siiregler ve durumlar i¢in tanimlanmig olup kavramsal beceriler ile
matematik alan becerileri arasinda giiglii bir etkilesim oldugu 6ngoriilmektedir. Bu iki beceri grubu, birbirini
karsilikli olarak besleyerek Ogrencilerin matematiksel diisiinme becerilerinin derinlesmesine katk1
saglamaktadir (Milli Egitim Bakanligi [MEB], 2024). Bu becerilerin kazandirilmasi siirecinde, matematik
kavramlarmin soyut dogasi, Ogrencilerin bu kavramlar1 anlamlandirmalarinda zorlanmalarma neden
olmaktadir. Bu nedenle bu kavramlarin gretiminin de somut manipiilatiflerle desteklenmesi gerekmektedir.
Bu siiregte ogrencilerin 6grenme siirecine aktif katilmalari, bu manipiilatiflerle etkilesime girmeleri ve
akranlartyla fikir aligverisinde bulunarak kendi bilgilerini olusturmalar1 beklenmektedir.

Somut manipiilatifler, soyut matematik kavramlarini somutlastirmak amacryla tasarlanmis matematik
arag-gerecleri ve giinliik yasamda karsilasilan nesneler ya da resimlerdir (Van de Walle, 2010). Bu araglar,
gorsel, dokunsal ve genel olarak duyusal olarak matematik 6grenmeyi destekler ve Ogrencilere soyut
matematiksel kavramlari daha somut bir sekilde kesfetme firsati sunar (Bartolini & Martignone, 2020).
Matematiksel kavramlarin veya siireclerin 6grenilmesinde kullanilan manipiilatifler, sadece egitimde
kullanilan 6zel materyallerle (6rnegin, simetri dgretiminde simetri aynasi ya da hacim &gretiminde birim
kiipler gibi) sinirli olmayip, ayn1 zamanda giinlik yasamda kolayca bulunabilen fasulye ve ¢ubuk gibi
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nesnelerle de gerceklestirilebilir (Golafshani, 2013; Hiebert & Carpenter, 1992; Moyer, 2001). Ozellikle
ilkokul yillarinda, 6grencilerin ilk matematiksel kavramlarm gelistirdikleri donemde somut manipiilatiflerin
kullanilmasi, akil yiiriitme ve problem ¢6zme becerilerinin gelisimine katki saglar (Kelly, 2006). Ogrenciler,
manipiilatifler tizerinde diisiinerek matematiksel kavramlart ger¢ek yasam bilgileri ile iliskilendirme imkani
bulur, bu da kavramsal 6grenmeyi destekler ve 6grenilen bilgilerin daha uzun siire bellekte kalmasini saglar
(Brecht, 2000; Domino, 2010). Ayrica kavramlar hakkinda derin bir anlayis gelistiren 6grencilerin zihninde
daha az ¢eliski olusur ve bu anlayis ezberlenmesi gereken kurallarin en aza indirilmesine yardimei olur (Shaw,
2002). Sonug olarak, somut manipiilatifler, matematiksel kavramlarin somutlastirilmasini kolaylastirarak
Ogrencilerin bu kavramlar1 derinlemesine anlamalarina ve bilgilerini pekistirerek ilerleyen matematik
Ogrenmelerine saglam bir temel olusturur.

Somut manipiilatiflerin kullanimi, 6grencilerin elleriyle kavrayip manipiile edebilecekleri nesnelerle
gergeklestirildigi icin, 0grenme ortamina aktif katilimi saglar (Glirbliz, 2007; Larbi & Mavis, 2016).
Ogrencilerin matematiksel kavramlar1 somut deneyimlerle pekistirmeleri, soyut diisiinme becerilerini gelistirir
ve Ogrenmenin kaliciligmi artirir. Bu baglamda, matematik egitiminin temel ilkelerini ortaya koyan
kuramcilar, soyut matematiksel kavramlarin 6grenilmesinde 6nce somut nesnelerle baslanmasi gerektigi,
ardindan cesitli zihinsel eylemlerle bu bilgilerin soyut hale doniistiiriilmesi gerektigi konusunda hemfikirdir
(Bruner, 1966; Dienes, 1971; Piaget, 1964). Somut nesneler, 6grencilerin ger¢ek diinya ile matematiksel diinya
arasinda baglant1 kurmalarina yardimci olur ve bu etkilesim, soyutlamanin ilk agsamasini olusturur (Dienes,
1971). Piaget (1964) ise bireylerin 6grenme siirecinde aktif olmalar1 gerektigini ve bilgiyi somut
deneyimlerden soyutlayarak edindiklerini belirtmistir. Boylece, somut manipiilatifler hakkinda edinilen
zihinsel ve fiziksel eylemler, matematiksel iligkiler ve bilgilerin yansitict soyutlanmasmi saglayarak
ogrencilerin matematiksel diisiinme becerilerini gelistirmelerine katki saglar (Kwon & Capraro, 2018;
Sriraman & English, 2005).

Somut manipiilatiflerin 6gretim ortaminda kullanilmasinin 6grencinin matematik basarisini artirdig1 ve
derse karsi olumlu tutum gelistirmesini sagladig1 yoniinde ¢aligmalar bulunmaktadir (Boggan, Harper &
Whitmire, 2010; Clements, 1999; Cope, 2015; Erdem & Oztiirk, 2023; Golafshani, 2013; Giirbiiz, 2006;
Koparan & Ozbey, 2018; Kwon & Capraro, 2018; Moyer-Packenham vd., 2012; Larbi & Mavis, 2016; Laski
vd., 2015). Derslerde somut manipiilatif kullaniminin etkili bir sekilde ger¢eklesmesi biiyiik 6l¢iide matematik
ogretmenlerinin bu konudaki bilgi, beceri ve deneyimlerine baghdir (Brecht, 2000; Maboya, 2014; Moyer,
2001). Manipiilatiflerin matematik dgretimini kolaylastiracagi ve artiracagi yoniindeki genel kaniyla birlikte
bu malzemelerin sihirli olmadig1 da kabul edilmelidir. Zira somut manipiilatifler kendi baslarina bir anlam
ifade etmezler (Ball, 1992). Manipiilatiflerin matematiksel kavramlarla iliskilendirilmesi ve 6grenciler i¢in
anlamli hale gelmesi, Ogretmenin somut manipiilatiflerin kullanimi konusundaki deneyimine ve bu
manipiilatiflerin uygun zamanda kullanilmasmma baghdir (Ahmad, 2024). Matematik 6gretiminde somut
manipiilatiflerin etkili olabilmesi i¢in 6gretmenlerin, uygun manipiilatifleri segme ve bunlari etkin bir sekilde
kullanabilme bilgi ve becerisine sahip olmalar1 gerekmektedir (Piskintung, Durmus & Akkaya, 2012; Puchner
vd, 2008). Ogretmen adaylarinin matematik ve matematik 6gretimi ile ilgili gegmis deneyimleri ve tutumlari,
meslege basladiklarinda yapacag1 6gretimi etkilemektedir. Universite egitimi sirasinda 6grencilerin alacaklar
derslerin kalitesi ve igerigi, 6gretmenin nitelikleri tizerinde 6nemli bir etkiye sahip olacaktir (Biiyiikgdze Kavas
& Bugay, 2009). Bu baglamda, derslerin icerigi sadece dgrencinin bilgi seviyesini artirmakla kalmaz, ayni
zamanda Ogretmenin 0gretim yeterliliklerini gelistirreymesi agisindan da firsatlar sunar. Boylece 6gretmen
adaylar1 derinlemesine bilgi edinmenin yan1 sira gesitli 6gretim stratejileri ve yontemleri 6grenerek kendi
Ogretim becerilerini de sekillendirirler. Dolayisiyla geleneksel yolla egitim almig 6gretmen adaylarmin
meslege bagladiklarinda farkli 6gretim teknikleri kullanmalar1 beklenemez. O halde meslege basladiklarinda
yapacaklar1 6gretimin kalitesinin, lisans yillarinda aldiklar1 egitimle dogrudan iliskili oldugu sdylenebilir.
Egitim hayatlar1 boyunca 6gretmen adaylarinin bilylik bir kismi, somut manipiilatiflerle ¢alisma deneyimi
edinmemektedir. Bu adaylarin, Ogretmenlik yasamlarinda somut manipiilatifleri etkili bir sekilde
kullanabilmeleri, lisans egitimlerinde bu araclara yonelik bilgi ve becerilerinin gelistirilmesine baglidir.
Dolayisiyla, 6gretmen yetistiricilerinin derslerinde somut manipiilatif kullanimina yer vermeleri biiyiik 6nem
tagimaktadir (Cakiroglu & Yildiz, 2007). Bu konuda yapilmis ¢alismalar 6gretmenlerin, 6gretmen adaylarinin
ve 0gretmen yetistiricilerinin 6zellikle de yeni gelistirilen somut manipiilatiflerin kullanimi konusunda egitim
almalarn gerektigi, 6gretmen adaylarinin matematik 6gretimi derslerinde somut manipiilatif kullanarak
etkinlikler tasarlama ile pratik yapmalar1 6nerilmektedir (Akkan & Cakir, 2012; Cetin vd., 2019; Gokmen,
Budak & Ertekin, 2016; Piskintung vd., 2012). Nitekim o6gretmenlerin siniflarinda kendi 6grencilik
donemlerinde kullandiklar1 ya da kendilerine tanidik gelen somut manipiilatifleri kullanma egiliminde
olduklari, hi¢ somut manipiilatif kullanmamis Ogretmenlerin ise derslerinde manipiilatif kullanmama
egiliminde olduklari belirtilmektedir (Cakiroglu & Yildiz, 2007; Gokmen vd., 2016).
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Ogrencilerin matematik kavramlarmi gercek ve somut tecriibelerle anlamlandirdiklarinda daha etkili
O6grenme gergeklestigi diisiiniildiigiinde, 6zellikle ilkokul ve ortaokul seviyesinde derslerde somut manipiilatif
kullanimi tesvik edilmektedir. Ancak uygun somut manipiilatifleri segme ve matematiksel kavramla
iliskilendirme konusunda 6gretmenlerin ve dgretmen adaylarinin siirhi tecriibesi oldugu da bilinmektedir.
Ogretmenler ve ogretmen adaylari somut manipiilatif kullanimmin amacmi anlamadiklarinda veya
matematiksel kavramlart bu araglarla somutlastirmada zorluk yasadiklarinda, kisacasi somut manipiilatif
kullanimina yonelik yeterli deneyime sahip olmadiklarinda, bu araglarin ders ortaminda kullanimi, matematik
Ogretim programlarinin hedefledigi diizeyde gergeklesmeyecektir. Bu nedenle de 6gretmen adaylarmin
matematik Ogretimi derslerinde somut manipiilatiflerle zenginlestirilmis dersler almalari, somut
manipiilatiflerin kullanimina ydnelik 6grenme ortaminin tasarlanmasi ve bu dgrenme ortaminin dgretmen
adaylarinin somut manipiilatif kullanimina iliskin bilgi ve becerilerinin gelistirilmesinin alanyazina katki
saglayacagi diigiiniilmektedir. Dolayisiyla bu ¢alismada matematik 6gretmen adaylarinin somut manipiilatifler
hakkinda bilgi diizeyi belirlenmis, somut manipiilatiflerle zenginlestirilmis bir 6gretim ortami tasarlanarak bu
ders ortamimdan yansimalar ortaya konmustur.

Arastirmanin Problemi ve Alt Problemleri

[Ikdgretim matematik 6gretmen adaylarinin somut manipiilatiflerle zenginlestirilmis 6grenme ortami
tasarlama becerileri nasil gelistirilebilir?

1. fIkogretim matematik 6gretmen adaylarinin sayilar ve islemler, cebir, geometri ve Slgme
Ogrenme alanlarmda hazirlamis olduklar: etkinliklerden aldiklar1 puanlar ne diizeydedir?
1.1. [Ikdgretim matematik 6gretmen adaylarinm sayilar ve islemler, cebir ile geometri ve dlgme

O0grenme alanlarinda hazirlamig olduklan etkinliklerden aldiklari puanlar arasinda anlamhi bir farklilik var
midir?

2. [Ikdgretim matematik 6gretmen adaylarnin etkinlik degerlendirme rubriginden aldiklari
puanlarin 6grenme alanlarina gore dagilimi nasildir?
3. Ilk6gretim matematik 6gretmen adaylarinin somut manipiilatif kullanimini desteklemek

amaciyla hazirlanan 6gretim tasarimina yonelik goriisleri nelerdir?

YONTEM
Arastirmanin Deseni

Bu arastirmanin modeli tasarim arastirmasidir. Amaci etkili 6grenme miidahalesinin tasarimi ve pratik
sorunlara ¢6ziim bulma olarak belirtilen tasarim tabanli aragtirmalarda, gercek baglamda egitim ortamlarinda
uygulanan ve test edilen miidahaleler s6z konusudur (Demo vd., 2021). Bu arastirmada 6gretmen adaylarinin
somut manipiilatiflerle zenginlestirilmis etkinlik [SMZE] hazirlamalaria yonelik uygulanan miidahaleler ve
bu miidahalelerin 6gretmen adaylarinin gelistirmis olduklar etkinliklere yansimalar1 incelenmigtir. Tasarim
tabanli arastirmalarda ¢6ziilmek istenen problemle baglantili kisiler is birligi yaparak problemi ¢ézmeye
calismaktadir (Wang & Hannafin, 2005). Bu arastirmada 6gretmen adaylar1 ve arastirmacilar SMZE’lerin
hazirlanmasinda is birligi icinde calismislardir. Ogretmen adaylarinin siire¢ icinde hazirladiklar: etkinliklere
arastirmacilar ve diger 6gretmen adaylar1 doniit vererek etkinlik gelistirme siireci iyilestirilmeye ¢aligilmigtir.
Tasarim arastirmalarinda yinelemeli bir siire¢ s6z konusudur (Demo vd., 2021). Bu calismada 15 haftalik
etkinlik tasarlama, etkinligi olusturma ve etkinligi iyilestirme donglisii gergeklestirilmistir. Tasarim
arastirmalarinda tek bir olguyu anlamak i¢in farkli metodolojileri birlestirerek birden fazla veri toplama iglemi
gerceklestirilir (Wang & Hannafin, 2005). Bu arastirmada da 6gretmen adaylarinin SMZE hazirlamalarina
yonelik uygulanan miidahaleler ve bu miidahalenin 6gretmen adaylarinin gelistirmis olduklari etkinliklere
yansimalarinin anlasilmasi i¢in nitel ve nicel veriler toplanmistir. Nitel veriler 6gretmen adaylartyla yapilan
gorlismeler neticesinde, nicel veriler ise O0gretmen adaylarinin hazirlamis olduklar etkinliklerin etkinlik
degerlendirme rubrigi ile degerlendirilmesi neticesinde elde edilmistir. Yapilan bu tasarim arastirmasindaki
asamalar Sekil 1’de verilmistir.

Aragtirmanin birinci asamasi SMZE hazirlamanin ihtiyag analizi niteligindedir. Bu agamada, 6gretmen
adaylarinin somut manipiilatiflere iliskin bilgileri ve bu dogrultuda ihtiyaglar1 belirlenmeye g¢alisilmistir.
Ogretmen adaylarmin ihtiyaclarinin belirlenmesi amactyla somut manipiilatiflerin isimleri ve kullamldig
O0grenme alanlarma iligkin sorularin yer aldig1 goriisme formu kullanilmistir. Goriismeye katilan 43 6gretmen
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adaymin forma verdikleri yanitlar incelendiginde (Tablo 1); sayilar ve islemler 6grenme alaninda 36 6gretmen
adayinin 0-5 puan, 7 6gretmen adayinin 6-10 puan aldig1; cebir 6grenme alaninda ise 41 gretmen adayinin 0-
5 puan, 2 6gretmen adayinin 6-10 puan aldigi goriilmektedir. Bu durumda 6gretmen adaylarinin bu 6grenme
alanlarindaki manipiilatiflere yonelik bilgilerinin oldukca diisiik oldugu tespit edilmistir. Buna karsin geometri
ve 6lgme 0grenme alaninda bir 6gretmen aday1 0-5 puan, 36 6gretmen aday1 6-10 puan, 6 6gretmen aday1 ise
11-15 puan almistir. Bu durumda dgretmen adaylarinin geometri ve 6lgme 6grenme alanindaki manipiilatiflere
iligkin bilgilerinin diger alanlardaki manipiilatiflere iliskin bilgilerinden daha fazla oldugu sdylenebilir. Ancak
bu alandaki puanin da yeterli olmadigi dolayisiyla her iic 6grenme alaninda manipiilatiflerle zenginlestirilmis
Ogretim tasarimina ihtiyac oldugu goriilmiistiir.

Sekil 1

Tasarim Arastirmast Asamalar

1. asama: Ogrencilerin somut
manipulatiflere iligskin ihtiyaclarinin 4. asama: Strecin degerlendirilmesi
belirlenmesi

2. asama: Somut manipiilatifler ve etkinlik
hazirlamaya iliskin teorik bilgilerin sunulmasi

Tablo 1

Ogretmen Adaylarimn Manipiilatif Bilgi Formuna Yonelik Yamtlar:

Sayilar ve Islemler Ogrenme Geometri ve Olgme Ogrenme

Puan Alan: () Cebir Ogrenme Alani (f) Alant ()
0-5 36 41 1
6-10 7 2 36
11-15 - - 6
16-20 - - -
Toplam 43 43 43

Ikinci asama bes hafta boyunca 6gretmen adaylarma somut manipiilatiflere ve etkinlik hazirlamaya
iliskin teorik bilgiler sunuldugu siireci kapsamaktadir. Bu asamada 6gretmen adaylarma verilen teorik
bilgilerin igerigi Tablo 2’de verilmistir.

Ucgiincii asamada ise 10 hafta boyunca olusturulan gruplar 6grenme alanlarinda segilen kazanimlara
uygun etkinlik tasarimi yapmiglardir. Bu asamada oncelikle 6gretmen adaylarina her iki haftada bir etkinligin
hazirlanacaglr 6grenme alani verilmistir. Bu 6grenme alanindan 6gretmen adaylari kendi segtikleri sinif
diizeyinden bir kazanim belirlemislerdir. Se¢mis olduklar1 kazanima gore etkinlik hazirlama siirecini
planlamiglardir ve grup olarak etkinliklerini hazirlayarak sunmuslardir. Sunulan etkinlik tim sinifca
incelenerek tartisilmis ve etkinlige iliskin fikirler sunulmustur. SMZE dongiisii sirasiyla sayilar ve islemler,
cebir, geometri ve dlgme 6grenme alanlarmin her biri icin islemistir. Ogretmen adaylarina 6grenme alani
verildikten sonra 6gretmen adaylar1 bir hafta boyunca istedikleri vakitte somut manipiilatiflerin oldugu sinifta
caligsma yapabilmiglerdir. Gruplarin SMZE hazirlama [SMZEH] siireci Sekil 2'de sematize edilmistir.

Son olarak dordiincii asamada siirecin degerlendirilmesine iliskin siire¢ degerlendirme formu ile
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6gretmen adaylarindan goriis alinmustir.
Tablo 2

Ogretmen Adaylarina Verilen Teorik Bilgilerin Icerigi

Hafta Teorik icerik Siire¢
1 Etkinlik 'kavramlmn teorik Etkinlik kavraminin teorik temelleri verilmistir
temelleri
2 Etkinligin tarihsel gelisimi Matematik etkinliklerinin tarihsel gelisimi incelenmistir
3 Etkinlik tasarlama ilkeleri Etkinlik tasarlama ilkeleri 6rneklerle gosterilmistir
4 Matematik egitiminde Matematik egitiminde STEM etkinlik 6rnekleri verilmistir

disiplinlerarasi etkinlikler

Ortaokul matematik 6gretim programindaki kazanimlar siniflara ve
Ogrenme alanlarina gore incelenmistir

Manipiilatifler hakkinda genel bilgi verilmistir
Manipiilatifler ve ortaokul
5 matematik 6gretim programinin Somut manipiilatiflerle ilgili 6rnekler gosterilmis, 6rnek etkinlik
tanitilmasi sunulmustur

Verilen somut manipiilatiflerin sayilar ve iglemler 6grenme
alanindaki kazanimlara uygulanabilirligi hakkinda grup tartigmalar
yapimistir

Sekil 2

SMZE Hazirlama Siireci

Ogrenme

alaninin Ogrenme
Ogretmen alaninin
ELEVEE] Ogretmen
verilmesi ELEEIE]

Gruplarin verilmesi
> kazanimi
Tam sinif belirlemesi ve
tartisma etkinlik
slireci hazirlama
surecinin
planlanmasi

Hazirlanan
etkinligin
sunumu

galismasi ile
etkinligin
hazirlanmasi

Calhisma Grubu

Aragtirmanin ¢alisma grubunu i¢ Anadolu Bélgesi’nde bir iiniversitenin egitim fakiiltesinde ilkdgretim
matematik 6gretmenligi programinda 3. smifa devam eden 54 6gretmen adayr olusturmaktadir. Caligma
grubunun belirlenmesinde 6l¢iit 6rnekleme teknigi kullanilmistir. Bu galismada belirlenen 6lgiit, 6gretmen
adaylarinin matematik 6gretimi ve 6grenme yaklasimlari derslerinin bir kismimi almis olmalari, matematik
O6grenme alanlarinin dgretimi ile ilgili dersleri ise almaya devam ediyor olmalaridir. Bdylece somut
manipiilatiflerle zenginlestirilmis etkinlik hazirlamaya iliskin edindikleri bilgi ve deneyimleri, diger matematik
ogretimi dersleri ile iliskilendirmeleri beklenmektedir. Ogretmen adaylari, uygulamanin basinda kendi
tercihlerine gore 10 gruba ayrilmistir. Uygulama siiresince bu gruplarda herhangi bir degisiklik yapilmamustir.
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Arastirmacinin Rolii

Bu arastirmada yer alan arastirmacilardan biri 6gretmen adaylarinin ihtiyaglarinin belirlenmesi asamasi
(1. asama), somut manipiilatifler ve etkinlik hazirlamaya iliskin teorik bilgilerin sunulmasi agsamasi (2. asama)
ve belirlenen 6grenme alanlarindan segilen kazanimlara uygun etkinlik tasarimi i¢in grup caligmalarimin
yapilmasi asamasinda (3. asama) gorev almistir. Diger aragtirmacilar ise Ogretmen adaylarinin somut
manipiilatiflere iliskin hazirlamis olduklar1 etkinliklerin ve siirecin degerlendirilmesi agsamasinda (4. asama)
Ogretmen adaylarindan goriis alma siirecinin degerlendirilmesinde gorev almistir. Aragtirmacilarin tamami
raporlastirma ve veri analizinde gorev almiglardir.

Veri Toplama Araclar: ve Verilerin Analizi

Bu arastirmada oOncelikle 6gretmen adaylarmin ihtiyaclarini belirlemeye yonelik arastirmacilar
tarafindan gelistirilen “Somut Manipulatif Bilgi Formu” kullanilmigtir. Bu formda matematik egitiminde farkl
ogrenme alanlarinda kullanilabilen manipiilatiflerin gérselleri bulunmaktadir. Ogretmen adaylarma bu
manipiilatiflerin isimleri sorulmustur (EK-1). Bu forma verilen cevaplar neticesinde 6gretmen adaylarinin
manipiilatiflere iligkin ihtiyaglar1 belirlenmis ve bu ihtiyaglar dogrultusunda manipiilatifler ve etkinlik
hazirlamaya iligkin teorik bilgilerin sunulmasi gerceklesmistir.

Bu arastirmanin verilerini toplamak icin kullanilan diger veri toplama araci; Yesildere imre (2020, s.176)
tarafindan Ozetlenen etkinlik tasarim ilkeleri esas alinarak arastirmacilar tarafindan olusturulan etkinlik
degerlendirme rubrigidir (Tablo 3). Toplamda 10 grup olmak iizere 5-6 kisilik gruplar seklinde calisan
Ogretmen adaylar1 sayilar ve islemler, cebir, geometri ve dlgme 6grenme alanlarinin her birine ait bir etkinlik
hazirlamiglardir. Bu durumda iic Ogrenme alanina ait toplam 30 etkinlik arastirmalar tarafindan
degerlendirilmistir. Oncelikle 10 grup olarak caligan 6gretmen adaylarinmn gelistirmis olduklar1 etkinlikler
arastirmacilar tarafindan degerlendirme rubrigi ile puanlanmistir. Degerlendirme rubriginde etkinligin
hedefledigi kazanimin analizi, etkinligin tasarlanma amaci, 6grenci bilgisinin degerlendirilmesi, etkinlikte
incelenecek orneklerin se¢imi ve yonergelerin yazimi, degerlendirme ve etkinlik uygulama siirecinin tasarimi
olmak tiizere alt1 kriter bulunmaktadir. Bu kriterlere ait alt kriterler de mevcuttur. Etkinlikler, bu kriterlere gore
0, 1 ve 2 puan araliginda degerlendirilmis olup, etkinliklerden alinabilecek maksimum puan 20'dir. Gruplarin
her bir 6grenme alanindan hazirlamis olduklar: etkinliklerden alinan puanlara iliskin betimsel bilgiler bulgular
kismimda sunulmustur. Ayrica her bir grubun ii¢ 6grenme alanima yonelik hazirlamis oldugu etkinlik puanlar
arasinda anlamli farkin olup olmadigmin belirlenmesi i¢in 6ncelikle puanlarin normal dagilim gosterip
gostermedigine bakilmigtir. Puanlar normal dagilim sergilemedigi i¢in Wilcoxon Isaretli Siralar nonparametrik
testi yapilmigtir.

Tablo 3

Etkinlik Degerlendirme Rubrigi

Puan
Bos-
Tasarmm ilkeleri Kriterler uygun Kismen (1 Tam (2
olmayan puan) puan)
(0 puan)

1. Etkinligin 1.1. Etkinlik ile kazanim iliskisi

hedefledigi kazanimin

L. 1.2. Kazanimda yer alan uyarilan dikkate alma
analizi

2.1. Kazanim ve etkinligin amacinin birbiriyle

uyusmast

2. Etkinligin

tasarlanma amaci 2.2. Kazanima uygun somut manipiilatif
kullanimi1

3.1. Olas1 6grenci giicliiklerine engel olacak

3. Ogrenci bilgisinin i ostell
sekilde etkinligin tasarlanmasi

degerlendirilmesi
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3.2. Etkinlikte d6grencilerin 6n bilgilerini dikkate

alma
Tablo 3 (Devam)
Puan
. Bos-
Tasarim ilkeleri Kriterler uygun Kismen (1 Tam (2
olmayan puan) puan)
(0 puan)
4.1. Etkinlikteki sorularin 6grencilerin
4. Etkinlikte kesfetmesi beklenilen iligkiye yonelik
incelenecek drneklerin  hazirlanmas
secimi ve

4.2. Etkinlikteki yonergelerin yeterli ve anlagilir

yonergelerinin yazimi
olmast

Etkinlikte 6grencileri bagarili kabul eden
5. Degerlendirme degerlendirme kriterlerinin belirlenmesi

Smif, 6grenci, 6gretmen ve etkinlik baglamlarini

6. Etkinlik uygulama . &
dikkate alan etkinlik tasarimi

siirecinin tasarimi

Uygulama sonrasi siirecin degerlendirilmesi amaciyla Ogretmen adaylarmin gorisleri, siireg
degerlendirme formu kullanilarak yazili olarak toplanmistir. Formda, 6gretmen adaylarma "SMZE 6gretim
tasarimina yonelik goriisleriniz nelerdir?" sorusu yoneltilmis ve elde edilen veriler icerik analiziyle
incelenmistir.

Gecerlik-Giivenirlik

Nitel aragtirmalarda inanirhigi (dis giivenirligi) saglamak i¢in en etkili yontem, arastirmacinin
onyargilarint kontrol etmesi ve ¢aligma yapilan grubu tanima agisindan uzun siireli etkilesimde bulunmaktir
(Baskale, 2016). Bu aragtirmada arastirmacilar ¢aligma yapilan grubu uzun siiredir tanimaktadir. Bu agidan
gerek aragtirmacilarin Onyargilarini kontrol ettigi gerekse dgrencilerin kendilerini rahat ifade edebildikleri
sOylenebilir. Arastirmanin verilerini goriismeler ve Ogretmen adaylarmin hazirladiklar: etkinliklerin
olusturmasi, arastirmanin inandiriciligia katki saglamistir. Ayrica veri toplama araglarinin gelistirilmesinde
ve verilerin yorumlanmasinda matematik egitimi alaninda ¢alisan akademisyenlerden doniitler almmustir. i¢
giivenirligi (tutarlilik) artirmak amaciyla; verilerin analiz edilmesi ve yorumlanmasi {i¢ arastirmaci tarafindan
birlikte yapilmistir. Sonuglarin aktarilabilirligi (dis gecgerligi) agisindan calisma grubunun dahil edilme
kriterleri ve belirlenen 6l¢iitler caligma grubunda ayrintili bigimde agiklanmistir. Ayrica arastirma yontemleri,
uygulama siireci ve analiz etme siireci de ayrintili bir sekilde sunulmustur. Verilerin dogrulugu hakkinda yeterli
diizeyde deliller sunulmasi dis giivenirligi (teyit edilebilirlik) artiracaktir.

Etik Kurul izni

Sivas Cumhuriyet Universitesi Bilimsel Arastirma ve Yaym Etigi Sosyal ve Beseri Bilimler Etik Kurulunda
30.09.2022 tarihli E-60263016-050.06.04-213749 say1 numarali kararda etik kurul izni alinmistir.

BULGULAR

Ogretmen adaylarinin sayilar ve islemler, cebir, geometri ve dlgme dgrenme alanlarinda hazirlamig
olduklarn etkinliklerden almis olduklar1 puanlar Sekil 3’te verilmistir.

Sekil 3'e gore, 6gretmen adaylarinin en diisiik puanlar1 sayilar ve islemler, en yiiksek puanlar ise
geometri ve dlgme 6grenme alanlarindaki etkinliklerden aldiklar1 goriilmektedir. Sayilar ve islemler alaninda
hi¢bir grup tam puan alamazken, geometri ve 6lgme alaninda tiim gruplar tam puan veya tam puana yakin
puanlar almigtir. Ayrica, 3. grup digindaki tiim gruplarim etkinlik puanlarinda artis oldugu gézlemlenmektedir.
Bu bulguyu desteklemek amaciyla yapilan Wilcoxon Isaretli Siralar testinin betimsel istatistik sonucuna gore;
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cebir - sayilar ve islemler (z = -4,620; p <,001), geometri ve 6lgme — sayilar ve islemler (z= -6,045; p <,001),
geometri ve dlgme — cebir (z = - 5,808; p <,001) 6grenme alanlarindaki etkinlik puanlar1 arasmda anlaml bir
farklilik bulunmaktadir. Bu anlaml farkliligin hangi 6l¢tim Iehine oldugunun belirlenmesi amaciyla yapilan
Siralar Tablosuna Tablo 4’te yer verilmistir.

Tablo 4’te cebir - sayilar ve islemler fark puanlari i¢in hesaplanan Sira Ortalamasi degerleri
karsilastirildiginda Negatif Siralar i¢in hesaplanan degerin Pozitif Siralar degerinden daha yiiksek oldugu
goriilmektedir. Buna gore 6gretmen adaylarinin cebir 6grenme alaninda gelistirmis olduklar etkinliklerden
sayilar ve islemler 6grenme alaninda gelistirmis olduklar1 etkinliklere gore daha yiiksek puan aldiklari
sOylenebilir. Benzer sekilde gruplarin geometri ve 6lgme 6grenme alanindaki puanlarmin sayilar ve islemler
ile cebir 6grenme alanindaki puanlarindan fazla oldugu da goriilmektedir.

Caligmanin ikinci alt problemi kapsaminda elde edilen verilere dayanarak, 6gretmen adaylarmin etkinlik
geligtirme kriterlerinden aldiklar1 puanlarin 6grenme alanlarma gore dagilimi Sekil 4'te sunulmustur.

Sekil 3
Gruplarmm ogrenme Alanlarina Gore Gelistirdikleri Etkinliklerden Elde Ettikleri Puanlar
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N Siralar Ortalamasi Siralar Toplam

Negatif Siralar 5 39,00 195,00
Cebir-Sayilar ve Islemler Po;itif Siralar 48 25,75 1236,00

Esit 0

Toplam 53

Negatif Siralar 0 ,00 ,00
Geometri ve Olgme — Pozitif Siralar 48 24,50 1176,00
Sayilar ve Islemler Esit 5

Toplam 53

Negatif Siralar 5

. - . Pozitif Siralar 48 13,50 67,50

Geometri ve Olgme - Cebir Esit 0 2841 1363.50

Toplam 53

Sekil 4 incelendiginde 6gretmen adaylarinin her ii¢ 6grenme alaninda olasi 6grenme giicliiklerine engel
olacak sekilde etkinligin tasarlanmasi (3.1), etkinlikte Ogrencileri basarili kabul eden degerlendirme
kriterlerinin belirlenmesi (5) ve siif, 6grenci, 6gretmen ve etkinlik baglamlarim dikkate alan etkinlik tasarimi

1
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(6) kriterlerinden diisiikk puan aldiklar1 goriilmiistiir. Ayrica 5. ve 6. kriterlerden alinan puanlarda artig

gozlemlenirken, 3.1 kriterinden alinan puanlardaki artis diger kriterlere kiyasla daha sinirli kalmistir.

Yine ii¢ 6grenme alanindan aldiklar1 puanlara gore tiim kriterlerde genellikle en diisiik puanlarin sayilar
ve iglemler, en yiiksek puanlarin geometri ve 6lgme 6grenme alanlarinda oldugu goriilmiistiir. Sadece 6.
kriterde en yiiksek puanin cebir 6grenme alaninda oldugu tespit edilmistir. Ayrica geometri ve 6lgme 6grenme
alaninda gruplar; etkinlik kazanim iliskisi kurma (1.1), kazanim ve etkinligin amacinin birbiriyle uyumlu
olmasi (2.1), kazanima uygun somut manipiilatif kullanimi (2.2), etkinlikteki sorularin 6grencilerin kesfetmesi
beklenilen iliskiye yonelik hazirlanmasi (4.1) ve etkinlikteki yonergelerin yeterli ve anlasilir olmasi (4.2)
kriterlerinde tam puan almislardir. Bunun yanisira 6gretmen adaylar1 1.1 ve 2.2 kriterlerinde her ti¢ 6grenme
alaninda da yiiksek puan almislardir. Ozetle kriter bazinda 6gretmen adaylarinin gelistirmis olduklar

etkinliklerin niteliginde zamanla olumlu y6nde bir gelisme oldugu sdylenebilir.

Sekil 4
Ogretmen Adaylarimn Kriterlerden Aldiklar: Puanlarin Ogrenme Alanlarina Gére Dagilimi
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Ugiincii alt probleme iliskin olarak, 6gretmen adaylarinin somut manipiilatif kullanimimi desteklemek

. Sayilar ve islemler
M Cevir

[l Geometri ve Olgme

amactyla verilen SMZE 6gretim tasarimina yonelik goriisleri Tablo 5°te yer almaktadir.

Tablo 5

Ogretmen adaylarimin SMZE &gretim tasarimina yonelik goriisleri

Kategori Kod f  Ogretmen aday ifadesi
Aktif kilma 18  Dénem boyunca etkinlik gelistirmenin her asamasinda aktiftik.
flgi cekici 25 Ders kapsaminda bir¢ok daha once bilmedigimiz manipiilatifler
gordiik. Cok ilgi cekiciydi, hosumuza gitti.
Grup ¢aligmasini 3 Etkinlik hazirlarken grup ¢alismast yapmak daha iyi oldu.
Olumlu destekleme Birbirimizin eksiklerini tamamladik. Daha giizel seyler ortaya ¢ikt.
Olumlu tutum 2 Etkinlik gelistirmek ¢ok zor gelirken bu ders kapsaminda etkinlik
gelistirme gelistirebildigimizi fark ettik.
Daha onceden aldigimiz teorik bilgileri bu ders kapsaminda
Somutlastirma 29  aldigimiz uygulamalar ve déniitler neticesinde kullanma imkani
bulduk. Bir nevi bilgilerimizi somutlagtirnig olduk.
Kriterlere uygun
etkinlik 10 Bazi kriterleri etkinliklere entegre etmekte zorluk yasadik.
Olumsuz  hazirlayamama
Uzun hazirlama 38 Kriterlere uygun bir etkinlik hazirlama hem ders i¢inde hem ders

siiresi

disinda ¢ok vaktimizi ald.
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Bazi manipiilatifleri daha once hi¢ gormemistik. Onlarla nasil
30 etkinlik hazirlayacagimiza iliskin daha fazla arastirma yapmamiz
gerekti.

Tablo 5’teki goriisler incelendiginde Olumlu kategorisi icerisinde “aktif kilma, ilgi c¢ekici, grup
calismasmi destekleme, olumlu tutum gelistirme, somutlastirma” kodlar1 bulunurken, olumsuz kategorisi
icerisinde ise “kriterlere uygun etkinlik hazirlayamama, uzun hazirlama siiresi, somut materyalleri tanimama”
kodlar1 yer almaktadir. Ozellikle SMZE tasariminin 6gretmen adaylarmin grup ¢alismasini destekleme ve
teorik bilgilerini uygulamaya doniistiirme agisindan olumlu goriildiigii sdylenebilir. Ancak 6gretmen adaylart
kritere uygun etkinlik hazirlamada ve somut materyali tanimada sikint1 yasadiklarini, etkinlik hazirlamanin
uzun zamanlarini aldiklarini belirtmislerdir.

Somut materyali
tanimama

TARTISMA SONUC ve ONERILER

Zorlayici ve soyut matematiksel kavramlarim Ogretiminde somut manipiilatiflerin kullanimu,
Ogrencilerin bu kavramlar1 daha derinlemesine anlamalarina ve kavramsal baglantilar kurmalarina olanak
tanimaktadir (Hiebert & Carpenter, 1992). Zira en degerli 6grenme deneyimleri, 6grencilerin matematiksel
kavramlar1 aktif bir sekilde anlamlandirarak kendi anlayislarini insa ettikleri siireglerde gerceklesmektedir.
Manipiilatifler, soyut matematiksel fikirlerin somut bir baglama oturtulmasimi saglayarak ogrencilerin
kavramsal anlamalarini derinlestirmekte ve 6grenme siirecini daha etkilesimli hale getirmektedir (Boggan vd.,
2010). Dolayistyla somut materyallerin 6grenme siirecine dahil edilmesi, 6grenci merkezli 6grenme ortamlari
olusturarak anlamay1 kalict hale getirme potansiyeline sahiptir. Bu baglamda 6gretmenlerin ve dgretmen
adaylarinin manipiilatifleri 6grenme ortamina dahil edebilmeleri iyi bir matematik 6gretimi i¢in dSnemlidir.

Bu calismada matematik 6gretmen adaylarmmin somut manipiilatifler hakkinda bilgi diizeylerinin
belirlenmesi ve somut manipiilatiflerle zenginlestirilmis bir 6gretim ortamu tasarlayabilmeleri amaglanmustir.
Yapilan ihtiyag analizinde 6gretmen adaylariin somut maniptilatifler ile ilgili bilgilerinin ve deneyimlerinin
yeterli olmadig1 goriilmiistiir. Alanyazinda egitimcilerin manipiilatif kullanimia iliskin olumlu gériise sahip
olduklart ancak manipiilatifleri nasil kullanacaklarina iliskin bilgilerinin yeterli olmadigi (Burns & Hamm,
2011; Hidayah, Dwijanto & Istiandaru, 2018; Puchner, Taylor, O’Donnell & Fick, 2008), manipiilatiflerin
kullanildig1 etkili dersler tasarlama konusunda zorlandiklari, matematiksel gergekleri ve ilkeleri iceren
manipiilatifler tasarlayamadiklar1 (Ummah, 2017) belirtilmektedir.

Bu calismada, Ogretmen adaylariyla gerceklestirilen goriismelerde, Ogretmen adaylarinin
manipiilatiflere dair yeterli bilgiye sahip olmadiklar1 ve bunlari kullanarak etkinlik hazirlama siirecinde zorluk
yasadiklar ifade edilmistir. Bu durum &6gretmen adaylarinin lisansta aldiklar1 derslerde manipiilatiflerin
tanitimina ve bu materyallerin etkili bir sekilde kullanimini igeren uygulamalara daha fazla yer verilmesi
gerektigini ortaya koymaktadir. Zira 6gretmen adaylarmin bilylik bir ¢ogunlugunun egitim hayatlar1 boyunca
somut manipiilatiflerle ¢caligma deneyimine sahip olmadigi bilinmektedir. Derslerinde somut manipiilatiflerin
etkili bir sekilde kullanilabilmesinin, adaylarin lisans egitimlerinde bu materyallere yonelik bilgi ve
becerilerinin gelistirilmesine bagli oldugu g6z Oniinde bulunduruldugunda, 6gretmen egitimcilerinin
derslerinde somut manipiilatiflerin kullanimia daha fazla yer vermeleri gerektigi agik¢a goriilmektedir. Bu
alanda yapilmis ¢calismalar, 6gretmenlerin, 6gretmen adaylarinin ve 6gretmen yetistiricilerinin, 6zellikle yeni
gelistirilen somut manipiilatiflerin etkili kullanimi1 konusunda egitim almalariin 6nemine vurgu yapmaktadir
(Akkan & Cakir, 2012; Cetin vd., 2019; Gokmen vd., 2016; Pigkintung vd., 2012). Ayrica, 6gretmen
adaylarmin matematik 6gretimi derslerinde somut manipiilatifler kullanarak etkinlik tasarlamalari ve bu
siiregte pratik yapmalari, 6gretmenlik becerilerini artirmada 6nemlidir. Bu durum, 6gretmen adaylarinin teorik
bilgiyle pratik beceriyi birlestirerek 0grenme-6gretme siireclerinde daha etkili araglar kullanabilmelerini
destekleyecektir. Nitekim Simon (2022) manipiilatiflerin 6grenmeyi ve bilgiyi aktarmay1 kolaylastiracak en
uygun yontemlerle kullanilmasi gerektigini vurgulamistir.

Ogretmen adaylar1 tarafindan hazirlanan etkinliklerin incelenmesi sonucunda, adaylarin en yiiksek
puanlar1 geometri ve 6lgme 6grenme alanlarindaki etkinliklerden aldiklar: tespit edilmistir. Bu durumun iki
sebebi olabilir. Birinci sebep, geometri 6grenme alaninin sayilar ve iglemler ile cebir 6grenme alanlarina
kiyasla, giinlik hayatla iligskilendirilmesi kolay daha somut kavramlar igermesi ve bu alanda kullanilan
manipiilatiflerin kullanimina daha agina olunmasiyla agiklanabilir. Nitekim Gokmen vd. ‘nin (2016)
caligmasinda, smif ve matematik Ogretmenleri matematik derslerinde en ¢ok geometrik cisimleri
kullandiklarint belirtmislerdir. Ayrica 6gretmenlerin ifadelerinden, bu 6grenme nesnelerinin daha sik tercih
edilmesinin, materyallerin kolay erisilebilirligi ve 6gretmenlerin bu materyallere olan asinaliklariyla iligkili
oldugu anlagilmaktadir. Benzer sekilde, 6gretmen adaylarinin geometri 6grenme alaninda gelistirdikleri
etkinliklerden yiiksek puan almalarinin, kendi egitim siireglerinde geometri manipiilatiflerine daha sik maruz
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kalmalar1 ve bu materyalleri kullanmada daha fazla deneyim kazanmalariyla agiklanabilir. Bu diislinceyi
destekler nitelikte Unlii’niin (2017) ¢alismasinda da 6gretmen adaylarinin en ¢ok geometri manipiilatifi
kullanmay1 diisiindiiklerini ifade etmislerdir. Ikinci sebep ise verilen egitimin 6gretmen adaylari {izerinde
olumlu etkisinin olmas1 olarak gosterilebilir. Egitimin olumlu etkisine iliskin olarak alanyazinda yapilan
calismalar incelendiginde 6gretmen adaylarinin manipiilatiflerin kullanimina yonelik verilen egitim sonrasinda
gelisme gozlemlenebilecegi (Ndlovu & Chiromo, 2019) ve d6gretmen adaylarinin mesleki bilgileri ve dgretim
becerilerinin egitim siirecinde gelistirilebilecegi (Sandir, 2016) belirtilmektedir. Aragtirmadan elde edilen
bulgular, O6gretmen adaylarinin manipiilatif bilgi formundaki yamitlarinda, cebir &grenme alanindaki
manipiilatiflere iligkin daha az bilgiye sahip olduklarini ifade etmelerine ragmen, bu alanla ilgili hazirladiklari
etkinliklerden, sayilar ve islemler alanina kiyasla daha yiiksek puan aldigimi ortaya koymaktadir. Nitekim
Simon (2022) arastirmacinin manipiilatif ve matematiksel kavram arasindaki iliskiyi net bi¢imde gorebilirken
Ogrencinin bu iligkiyi géremeyebileceginden bahsetmektedir. Dolayisiyla 6gretmen adaylar1 da sayilar ve
islemler ile ilgili manipiilatiflerde bu iligkiyi gormekte zorlanmis ve etkili etkinlikler tasarlayamamis
olabilirler. Ayrica verilen egitimin 6gretmen adaylarinin manipiilatif kullanimina yo6nelik bilgi ve becerilerini
gelistirmesi, cebir 6grenme alaninda daha bagarili etkinlikler tasarlamalarina katki saglamis olabilir. Ogretmen
adaylarinin manipiilatifleri kullanma becerilerindeki bu gelisme, Ndlovu ve Chiromo’nun (2019) ¢alismasiyla
da uyumlu olup, aragtirmacilar manipiilatiflerin kullaniminin, 6zellikle tam sayilar ve tamsayilarda islemler
konusunda kademeli bir gelisim gosterdigini belirtmiglerdir. Benzer sekilde Larbi ve Mavis (2016), cebir
Ogretiminde manipiilatiflerin kullanilmasinin 6grencilerin derse aktif katilimini artirdigini, matematik
Ogrenimine olan ilgilerini yiikseltti§ini ve matematiksel kavramlar1 daha iyi anlamalarini sagladigini
belirtmektedir. Arastirmada, 6zellikle cebir karolarinin etkili bir sekilde kullanilmasinin, 6grencilerin cebirsel
kavramlar1 daha kolay kavramsallastirmalarina olanak tamidigi ve matematige yonelik olumlu bir tutum
geligtirmelerine katkida bulundugu vurgulanmistir. Bu sonuglar, matematigin 6grenme alanlann fark
etmeksizin, manipiilatiflerin etkili kullaniminin kavramsal anlayisi gelistirmek ve 6grenmeyi derinlestirmek
adina 6nemli bir yere sahip oldugunu gostermektedir.

Ogretmen adaylarinin tasarladig: etkinlikler, belirlenen kriterlere gére incelendiginde, SMZE &gretim
tasariminin etkinliklerin niteliginde iyilestirme sagladigi gozlemlenmistir. Kriterlere dayali olarak yapilan
degerlendirmelerde, en diisiik puanlarin sayilar ve islemler 6grenme alaninda, en yiiksek puanlarin ise geometri
ve olgme Ogrenme alaninda oldugu belirlenmistir. Ozellikle etkinlik-kazanim iliskisi ve kazanim-somut
manipiilatif iligkisi kriterlerinde, her ii¢ 6grenme alaninda da 6gretmen adaylarinin yiiksek puan aldigi tespit
edilmistir. Bu durum &gretmen adaylarmin kazamimlarin gerektirdigi biligsel seviyeyi dikkate alarak
matematiksel igerikleri dogru bir sekilde analiz edebildiklerini, bu dogrultuda uygun manipiilatifleri segerek
etkinlik tasarlayabildiklerini gostermektedir. Ayrica 6gretmen adaylarinin dnceki donemlerde almis olduklari
etkinlik gelistirme ve materyal gelistirme derslerinin, bu becerilerinin gelisimine katki sagladigi ifade
edilebilir.

Ogretmen adaylarmin sayilar ve islemler 6grenme alaninda; olas1 6grenme giicliiklerine engel olacak
sekilde etkinligin tasarlanmasi, etkinlikte Ogrencileri basarili kabul eden degerlendirme kriterlerinin
belirlenmesi ve smif, 6grenci, 6gretmen ve etkinlik baglamlarini dikkate alan etkinlik tasarimi kriterlerinden
diisiik puan aldiklar1 goriilmiistiir. Verilen SMZE 0gretim tasarimi, 0gretmen adaylarinin bir etkinlikte
degerlendirme kriterlerinin belirlenmesi ve etkinligin bulundugu baglama uygun sekilde tasarlanmasi
konusundaki eksikliklerini gidermelerine katki saglamistir. Ancak, etkinliklerin olas1t 6grenme giigliiklerini
engelleyecek sekilde tasarlanmasi kriterinde istenilen diizeyde bir iyilesme saglanamamistir. Bu durum,
Ogretmen ve Ogretmen adaylarinin O6grenme giicliikleri konusundaki farkindaliklarmin az olmasiyla
iligkilendirilebilir (Sawhney & Bansal, 2014; Shukla & Agrawal, 2015). Ayrica, 6gretmen adaylarinin egitim
stiregleri boyunca 6grenme giicliikleri konusunun yeterince ele alinmamis olmasi ve sunulan SMZE 6gretim
tasarimi siiresinin yetersiz kalmasi da bu duruma neden olmus olabilir.

Ogretmen adaylariyla uygulama sonrasmda yapilan gériismeler, SMZE 6gretim tasariminin grup
calismasi destekleme ve teorik bilgilerin pratik uygulamalara aktarilmasi konusunda olumlu bir katki
sundugunu ortaya koymaktadir. Bununla birlikte, dgretmen adaylari, belirlenen kriterlere uygun etkinlik
hazirlama ve somut materyalleri tanima konusunda zorluklar yasadiklarini, ayrica etkinlik hazirlamanin 6nemli
Ol¢iide zaman aldigini ifade etmislerdir. Bu durum, 6gretmenlerin materyal kullanimimdan kaginmalarinda
zaman yetersizligini 6nemli bir etken olarak gordiiklerini ortaya koyan ¢alismalarla da (Gokmen vd., 2016;
Koparan & Ozbey, 2018; Unlii, 2017) paralellik gostermektedir.

Matematik O6gretiminde manipiilatiflerin etkili kullanim1 6grencilerin soyut kavramlari daha iyi
anlamalarina ve daha derin kavramsal baglantilar kurmalarina yardimci olur. Bu caligmada, dgretmen
adaylariin manipiilatiflerle ilgili bilgi ve becerilerden yoksun olduklar1 ancak bu eksiklikler uygun egitimle
giderilebilecegi gozlemlenmistir. Adaylarm, &zellikle geometri 6grenme alaninda daha yiiksek basari
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gostermeleri, bu alanin somut kavramlarla iligskilendirilmesi ve manipiilatiflere daha fazla maruz kalmalariyla
agiklanabilir. Ote yandan &gretmen adaylarnin cebir ve sayilar konusunda daha fazla destege ihtiyag
duyduklar ve bu alanlarda manipiilatiflerin etkili kullanimin1 6grenmeyi amaglayan uygulamalara daha fazla
vurgu yapilmast gerektigi anlasilmaktadir. Bu baglamda, Ogretmen adaylarinin lisans egitimlerinde,
manipiilatiflerin kullanimiyla ilgili bilgi ve becerilerini artiracak programlarin gelistirilmesi dnerilmektedir.
Egitim fakiiltelerindeki 6gretim iiyeleri, manipiilatifleri derslerinde tanitabilir ve bu materyallerin kullanimiyla
ilgili pratik uygulamalar i¢in daha fazla firsat saglayabilir. Matematik 6gretiminde geometri, cebir, sayilar ve
islemler gibi tiim 6grenme alanlarinda manipiilatiflerin etkili kullanimi kavramsal anlayist gii¢lendirecek ve
ogrenci katilimm artiracak, matematigi daha erisilebilir hale getirecektir. Ileride yapilacak calismalarda,
Ogretmen adaylarinin etkinlikleri gelistirirken olas1 6grenme giigliiklerini onlemeye yonelik tedbirler
almalarini ve smif baglamini dikkate almalarini saglamak amaciyla 6zel olarak tasarlanmig bir egitim programi
uygulanabilir. Ayrica SMZE benzeri bir 6gretim tasarimiin matematik 6gretmenleri ile gergeklestirilmesi ve
bu egitimin etkinliginin degerlendirilmesi de 6nerilmektedir. Bu 6neriler dogrultusunda, matematik egitiminde
manipiilatiflerin yaygin kullanimi daha etkili ve kalic1 6grenme ortamlar1 yaratma yolunda 6nemli bir adim
olarak degerlendirilmektedir.
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EK-1 Somut Manipiilatif Bilgi Formu

Asagida gorselleri verilen manipiilatiflerin isimlerini yaziniz.
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Abstract:

The purpose of this study is to find out how much primary school math teacher candidates know
about concrete manipulatives and to look at the results of a teaching environment that used
concrete manipulatives. Additionally, we examined the effects of interventions aimed at
preparing activities enriched with concrete manipulatives (ECMA) on the activities developed
by the teacher candidates. The study employed the design research model. The study was
conducted within a 15-week cycle of designing, creating, and improving activities. The study
group of the research consists of 54 teacher candidates who are in the 3rd year of the primary
school mathematics teaching program at the Faculty of Education of a university in the Central
Anatolia Region. We collected the data for the research using a concrete manipulative
knowledge form, an activity evaluation rubric, and a process evaluation form. The research
showed that the teachers candidates didn't know enough about and weren't good at using
concrete manipulatives. However, these problems could be fixed with training that focused on
ECMA. This training helped teacher candidates improve their skills in designing activities using
concrete manipulatives, and it particularly enhanced the quality of the activities they created in
the fields of algebra and geometry learning. It has been suggested that effective manipulative
use programs should be created for first-year college students in order to make them more
common in math classes and to improve the conceptual knowledge and teaching skills of people

who want to become teachers.
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Education
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INTRODUCTION

One of the goals of mathematics education is for students to develop mathematical concepts through real
and concrete experiences. In this context, the aim is to prioritize student-centered methods, techniques, and
strategies over traditional approaches in mathematics education. The mathematics curriculum proposes the
development of learning environments that encourage students to explore and make sense of knowledge,
supporting abstract concepts with concrete models. Indeed, in the Maarif Model, mathematics education is
structured around five core skill areas: mathematical reasoning, mathematical problem solving, mathematical
representation, data handling and data-based decision-making, and the use of mathematical tools and
technology. These area skills have been developed by building upon conceptual skills to create a broader
integrated skill set. For tasks and situations that general skills alone can't handle, mathematics-specific
integrated skills are defined. Conceptual skills and domain-specific mathematics skills are expected to interact
closely, reinforcing each other and deepening students' mathematical thinking (Ministry of National Education
[MoNE], 2024). However, the abstract nature of mathematical concepts often makes them challenging for
students to grasp. Therefore, we need to support the teaching of these concepts with concrete manipulatives.
In this process, students are expected to actively participate in learning, interact with these manipulatives, and
exchange ideas with their peers to construct their own knowledge.

Concrete manipulatives are mathematical tools and objects or images encountered in daily life designed
to concretize abstract mathematical concepts (Van de Walle, 2010). These tools support learning mathematics
visually, tactilely, and generally sensorially, and they offer students the opportunity to explore abstract
mathematical concepts in a more concrete way (Bartolini & Martignone, 2020). Manipulatives used to learn
mathematical ideas or processes don't have to be expensive educational tools, such as symmetry mirrors to
teach symmetry or unit cubes to teach volume. They can also be simple things people find daily, like sticks
and beans (Golafshani, 2013; Hiebert & Carpenter, 1992; Moyer, 2001). Especially in the primary school
years, when students are developing their first mathematical concepts, the use of concrete manipulatives
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contributes to the development of reasoning and problem-solving skills (Kelly, 2006). Students have the
opportunity to relate mathematical concepts to real-life knowledge by reflecting on manipulatives, which
supports conceptual learning and helps the learned information be retained in memory for a longer period of
time (Brecht, 2000; Domino, 2010). Additionally, students who develop a deep understanding of concepts
experience fewer contradictions in their minds, and this understanding helps minimize the need to memorize
rules (Shaw, 2002). In conclusion, concrete manipulatives help make mathematical ideas more real, giving
students a solid base to really understand these ideas and building on what they already know to help them
learn more math.

Since concrete manipulatives are objects that students can physically grasp and manipulate, they
promote active participation in the learning environment (Giirbiiz, 2007; Larbi & Mavis, 2016). Reinforcing
mathematical concepts with concrete experiences develops students' abstract thinking skills and enhances long-
term retention. In this situation, math education theorists who lay out the basic rules all agree that to learn
abstract mathematical ideas, one should first learn about real-world objects and then use different mental
processes to turn this knowledge into abstract forms (Bruner, 1966; Dienes, 1971; Piaget, 1964). Concrete
objects help students make connections between the real world and the mathematical world, and this interaction
constitutes the first stage of abstraction (Dienes, 1971). Piaget (1964) stated that individuals should be active
in the learning process and acquire knowledge by abstracting from concrete experiences. So, the mental and
physical actions that students learn through concrete manipulatives help them think about and abstract
mathematical relationships and knowledge. This helps them improve their mathematical thinking skills (Kwon
& Capraro, 2018; Sriraman & English, 2005).

Studies show that incorporating real-world objects into the classroom improves students’ math
performance and increases their enjoyment of the subject (Boggan, Harper & Whitmire, 2010; Clements, 1999;
Cope, 2015; Erdem & Oztiirk, 2023; Golafshani, 2013; Giirbiiz, 2006; Koparan & Ozbey, 2018; Kwon &
Capraro, 2018; Moyer-Packenham et al., 2012; Larbi & Mavis, 2016; Laski et al., 2015). The effective use of
concrete manipulatives in lessons largely depends on mathematics teachers' knowledge, skills, and experience
in this area (Brecht, 2000; Maboya, 2014; Moyer, 2001). Despite the general belief that manipulatives facilitate
and enhance mathematics teaching, it is important to acknowledge that they are not magical as concrete
manipulatives do not have meaning on their own (Ball, 1992). What students take away from manipulatives—
and how well they connect to mathematical concepts—depends on the teacher’s expertise and the context in
which they are used (Ahmad, 2024). In order for concrete manipulatives to be effective in mathematics
teaching, teachers need to possess the knowledge and skills to select appropriate manipulatives and use them
effectively (Piskintung, Durmus & Akkaya, 2012; Puchner et al., 2008). Teacher candidates' past experiences
and attitudes toward mathematics and its instruction significantly influence their future teaching practices. The
quality and content of the courses students take during their university education will have a significant impact
on the teacher's qualifications (Biiyiikgdze Kavas & Bugay, 2009). In this context, the content of the courses
not only enhances the student's level of knowledge but also provides opportunities for the teacher to improve
their teaching competencies. Thus, teacher candidates not only gain in-depth knowledge but also learn various
teaching strategies and methods, shaping their own teaching skills. Therefore, we cannot expect teacher
candidates who have received traditional education to adopt different teaching techniques when they begin
their profession. So, the quality of their teaching when they start their career is directly related to their
undergraduate education. Many teacher candidates do not gain experience working with concrete
manipulatives throughout their educational lives. The ability of these candidates to effectively use concrete
manipulatives in their teaching careers depends on the development of their knowledge and skills regarding
these tools during their undergraduate education. Therefore, it is of great importance for teacher educators to
incorporate the use of concrete manipulatives in their lessons (Cakiroglu & Yildiz, 2007). Studies conducted
on this subject suggest that teachers, teacher candidates, and teacher educators should receive training,
especially on the use of newly developed concrete manipulatives. It is recommended that teacher candidates
practice designing activities using concrete manipulatives in mathematics teaching courses (Akkan & Cakar,
2012; Cetin et al., 2019; Gokmen, Budak & Ertekin, 2016; Piskintung et al., 2012). Indeed, it is noted that
teachers tend to use concrete manipulatives in their classrooms that they used during their own schooling or
that are familiar to them, while instructors who have never used concrete manipulatives tend to avoid using
them in their lessons (Cakiroglu & Yildiz, 2007; Gokmen et al., 2016).

Since students learn more effectively when they understand mathematical concepts through real and
concrete experiences, the use of concrete manipulatives in lessons is particularly encouraged at the elementary
and middle school levels. However, it is also known that teachers and teacher candidates have limited
experience in selecting appropriate concrete manipulatives and associating them with mathematical concepts.
It is not possible for teachers and teacher candidates to use concrete manipulatives at the expected level if they
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do not know why they are used or if they have trouble making mathematical ideas real with these tools. In
other words, they need to have enough experience with these tools before they can use them in the classroom.
Therefore, incorporating more concrete manipulatives into math teaching courses, creating learning
environments that promote their use, and providing hands-on experiences can enhance teacher candidates'
understanding of how to use these tools effectively—contributing valuable insights to the field. In this study,
the level of knowledge of potential math teachers about concrete manipulatives was found, and a teaching
environment rich in concrete manipulatives was created, along with reflections from this lesson environment.

The Problem and Sub-Problems of the Research

How can primary school mathematics teacher candidates develop their skills in designing learning
environments enriched with concrete manipulatives?

1. What level of scores do primary school mathematics teacher candidates achieve in the learning areas
of numbers and operations, algebra, geometry, and measurement activities they have prepared?

1.1. Is there a significant difference in the scores obtained by primary school mathematics teacher
candidates across the learning areas of numbers and operations, algebra, geometry, and measurement?

2. How is the distribution of the scores that primary school mathematics teacher candidates receive from
the activity evaluation rubric according to the learning areas?

3. What are the views of primary school mathematics teacher candidates regarding the instructional
design prepared to support the use of concrete manipulatives?

METHOD
Research Design

The model of this research is design-based research. Design-based research focuses on finding practical
solutions to problems and making learning interventions that work. These interventions are then used and
tested in real educational settings (Demo et al., 2021). In this research, the interventions that were used to help
teacher candidates make activities more fun with concrete manipulatives and how these interventions affected
the activities that the teacher candidates made were examined. In design-based research, individuals involved
in the problem collaborate to find solutions (Wang & Hannafin, 2005). In this study, teacher candidates and
researchers worked collaboratively in the preparation of ECMAs. The researchers and other teacher candidates
provided feedback on the activities prepared by the teacher candidates during the process, and efforts were
made to improve the activity development process. In design research, an iterative process is involved (Demo
et al.,, 2021). This study conducted a 15-week cycle of activity design, activity creation, and activity
improvement. Design research combines different methodologies to carry out multiple data collection
processes, aiming to understand a single phenomenon (Wang & Hannafin, 2005). To investigate the types of
support provided to teacher candidates during ECMA preparation and the impact of this support on their
activities, both qualitative and quantitative data were collected. Qualitative data were obtained as a result of
interviews with teacher candidates, while quantitative data were obtained through the evaluation of the
activities prepared by the teacher candidates using an activity evaluation rubric. Figure 1 presents the stages
involved in this design research. The first phase of the research is a needs analysis for preparing the ECMA.
At this stage, we have attempted to identify the teacher candidates' knowledge regarding concrete
manipulatives and their corresponding needs. To determine the needs of teacher candidates, an interview form
containing questions about the names of concrete manipulatives and the learning areas in which they are used
was utilized. When the responses given by the 43 teacher candidates who participated in the interview were
examined (Table 1); it was observed that in the area of numbers and operations, 36 teacher candidates scored
0-5 points, and 7 teacher candidates scored 6-10 points in the area of algebra, 41 teacher candidates scored 0-
5 points, and 2 teacher candidates scored 6-10 points. We have determined that the teacher candidates'
knowledge of manipulatives in these learning areas is quite low. However, in the area of geometry and
measurement, one teacher candidate scored 0-5 points, 36 teacher candidates scored 6-10 points, and 6 teacher
candidates scored 11-15 points. In this case, it can be said that the teacher candidates have more knowledge
about manipulatives in the geometry and measurement learning areas than in other areas. However, the score
in this area is also insufficient, so manipulative enriched instruction is needed in all three learning areas.
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Figure 1

Design Research Stages

Stage 1: Determining students' need for concrete
manipiilatives Stage 4: Evaulation of process

Stage 3: Conducting group work for activity
design suitable for the selected achievements
from the identified learning areas

« Presentation of activities enriched with concrete manipulatives
* Evaluation of activities enriched with concrete manipulatives

Stage 2: Presentation of theoretical knowledge
related to concrete manipulatives and activity
preparation

Table 1

Responses of Teacher Candidates to the Manipulative Information Form

Geometry and Measurement

Numbers and Operations Algebra Learning Area .
Score Learning Area (f) §3) Learning Area (f)
®

0-5 36 41 1

6-10 7 2 36
11-15 - - 6
16-20 - - -
Total 43 43 43

The second phase involves presenting theoretical knowledge about concrete manipulatives and activity
preparation to teacher candidates over a period of five weeks. In this phase, the content of the theoretical
knowledge provided to the teacher candidates is presented in Table 2. In the third phase, the groups that were
formed over a period of 10 weeks designed activities that were suitable for the selected achievements in the
learning areas. At this stage, we assigned the teacher candidates a learning area and prepared an activity every
two weeks. In this learning area, the teacher candidates have determined an achievement based on the class
level of their choice. They have planned the process of preparing an activity according to the achievement they
have chosen, and they have presented their activities as a group. The entire class examined and discussed the
presented activity, sharing ideas related to it. The ECMA cycle has worked for each of the learning areas in
order: numbers and operations, algebra, geometry, and measurement. After the learning area was assigned to
the teacher candidates, they were able to work in the classroom with concrete manipulatives at their
convenience for a week. Figure 2 schematizes the groups' process of preparing the ECMA [ECMAP]. In the
fourth stage, teacher candidates provided feedback on the process using the process evaluation form.
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Table 2

The Content of Theoretical Knowledge Given to Teacher Candidates

Week Theoretical content Process
1 The theoretical foundations of the  The theoretical foundations of the concept of activity have been
concept of activity provided.
5 The historical development of the ~ The historical development of mathematical activities has been
activity examined.
3 Principles of activity design The principles of activity design have been demonstrated with
examples.
4 Interdisciplinary activities in Examples of STEM activities in mathematics education have been
mathematics education provided.
The achievements in the middle school mathematics curriculum have
been examined according to classes and learning areas.
General information about manipulators has been provided.
Manipulatives and the
5 introduction of the middle school  Examples of concrete manipulatives have been shown, and a sample
mathematics curriculum activity has been presented.
Group discussions have been held on the applicability of the given
concrete manipulatives to the learning outcomes in the area of
numbers and operations.
Figure 2

ECMA Preparation Process

Class

discussion

process

Presentation
of the
prepared
activity

The assignment

of the learning

area to teacher
candidates

Determining the

group's
achievements
and planning the
activity
preparation
process

ECMAP
Process

Preparation of
the activity
through group
work

Study Group

The
assignment of
the learning
area to teacher
candidates

Process

& | v 2

The study group of the research consists of 54 teacher candidates who are in the 3rd year of the
primary school mathematics teaching program at the Faculty of Education of a university in the Central
Anatolia Region. We determined the study group using the criterion sampling technique. The criterion
determined in this study is that the teacher candidates have completed part of the courses on mathematics
teaching and learning approaches and are continuing to take courses related to the teaching of
mathematics learning areas. Thus, it is expected that they will relate the knowledge and experiences they
have gained in preparing activities enriched with concrete manipulatives to other mathematics teaching
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courses. At the beginning of the implementation, we divided the teacher candidates into 10 groups based
on their preferences. No changes were made to these groups during the application period.

The Role of the Researcher

One of the researchers working on this study was responsible for identifying the needs of the teacher
candidates (Phase 1), teaching theoretical concepts related to real-world manipulatives and planning
activities (Phase 2), and leading groups in designing activities that aligned with the selected learning
areas (Phase 3). Other researchers were involved in the evaluation phase (Phase 4) of the activities
prepared by the teacher candidates regarding concrete manipulatives and the process of gathering
feedback from the teacher candidates. All the researchers participated in reporting and data analysis.

Data Collection Tools and Data Analysis

In this study, researchers primarily used the "Concrete Manipulative Knowledge Form" to identify the
needs of teacher candidates. The form includes visuals of manipulatives suitable for various learning areas in
mathematics education. We asked the teacher candidates for the names of these manipulatives (Appendix-1).
Based on the answers to this form, the needs of the teacher candidates were found when it comes to
manipulatives. Theoretical information about manipulatives and planning activities was then given in line with
these needs. The researchers also used an activity evaluation rubric that they made based on the activity design
principles summed up by Yesildere imre (2020, p.176) to collect data for this study (Table 3). In total, teacher
candidates worked in groups of 5-6, forming 10 groups, and each group prepared an activity for each of the
learning areas: numbers and operations, algebra, geometry, and measurement. In this case, a total of 30
activities related to the three learning areas were evaluated by the researchers. Firstly, the activities developed
by the teacher candidates working in 10 groups were scored by the researchers using an evaluation rubric. This
rubric consisted of six main criteria: an analysis of the activity's goals, the purpose of designing the activity,
an assessment of student knowledge, the choice of examples to be looked at in the activity, the writing of
instructions, the evaluation, and the design of the process for putting the activity into action. Each criterion
included sub-criteria, and activities were scored on a three-point scale (0, 1, or 2 points), with a maximum
possible score of 20 points. The findings section presents descriptive information regarding the scores obtained
from the activities prepared by the groups in each learning area. To determine whether there were significant
differences in scores, researchers first assessed whether the data followed a normal distribution. Since the
scores did not exhibit a normal distribution, the Wilcoxon Signed-Rank nonparametric test was conducted.

Table 3

Activity Evaluation Rubric

Point
Design principles Criteria !Empty . Partially  Full 2
inappropriate (1 point) oints)
(0 points) P P

1.1. The relationship between activity and

1. Analysis of the achievement
targeted outcome of
the activity

1.2. Do not consider the warnings included in the
achievement

2.1. The alignment of the learning outcome and

the purpose of the activity
2. The purpose of

designing the activity ~ 2.2. Use of concrete manipulatives appropriate
for the achievement

3.1. Designing the activity to prevent possible
student difficulties

3. Evaluation of
student information
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3.2. Taking into account students' prior
knowledge in the activity

Table 3 (Continued)

Point
- Empty -
Design principles Criteria inappropriate Partially Full (2
(0 points) (1 point) points)

4. Selection of
examples to be
examined in the
activity and writing of
guidelines

4.1. The questions in the activity should be
prepared to explore the relationship that students
are expected to discover

4.2. The instructions in the activity should be
sufficient and clear

5. Evaluation

Determining the evaluation criteria that consider
students successful in the activity

6. Design of the
activity

Activity design that takes into account the

implementation contexts of class, student, teacher, and activity

process

We collected the written opinions of teacher candidates using a structured interview form to evaluate
the post-implementation process. We asked teacher candidates in the form, "What are your views on the ECMA
instructional design?" and then conducted content analysis on the obtained data.

Validity-Reliability

In qualitative research, ensuring credibility (external reliability) is most effectively achieved when
researchers control their biases and engage in prolonged interaction to better understand the group under study
(Baskale, 2016). The researchers in this study have a long-standing relationship with the group under study. In
this regard, the researchers effectively managed their biases, allowing the students to freely express themselves.
The credibility of the research is further supported by data collected through interviews and activities designed
by teacher candidates. Additionally, feedback was obtained from academics working in the field of
mathematics education during the development of data collection tools and the interpretation of the data. To
enhance internal reliability (consistency), the analysis and interpretation of the data were conducted
collaboratively by three researchers. In terms of the transferability (external validity) of the results, the
inclusion criteria and the established criteria for the study group have been explained in detail within the study
group. Additionally, the research methods, implementation process, and analysis process have also been
presented in detail. Providing sufficient evidence regarding the accuracy of the data strengthens external
reliability (confirmability).

Ethics Committee Approval

Ethical committee approval was obtained in the decision numbered E-60263016-050.06.04-213749,
dated 30.09.2022, from the Social and Human Sciences Ethics Committee of Sivas Cumhuriyet University
Scientific Research and Publication Ethics.

RESULTS

The scores obtained by teacher candidates from the activities they prepared in the areas of numbers and
operations, algebra, geometry, and measurement are presented in Figure 3. According to Figure 3, teacher
candidates received the lowest scores in the area of numbers and operations and the highest scores in the
activities of the geometry and measurement learning areas. While no group received full points in the area of
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numbers and operations, all groups received full or near-full points in the area of geometry and measurement.
Furthermore, with the exception of Group 3, all groups showed an increase in their activity scores. A significant
difference was observed between activity scores in the following learning areas of algebra—numbers and
operations (z = -4.620; p < 0.001), geometry and measurement—numbers and operations (z = -6.045; p <
0.001), and geometry and measurement—algebra (z = -5.808; p < 0.001). These differences were identified
through the descriptive statistics of the Wilcoxon Signed-Rank test. To determine which measurement this
significant difference favors, the Ranks Table is presented in Table 4. As shown in Table 4, the mean rank
value for the difference scores between algebra and numbers and operations indicates that the value for
negative ranks is higher than that for positive ranks. Accordingly, it can be said that the teacher candidates
received higher scores from the activities they developed in the algebra learning area compared to the activities
they developed in the numbers and operations learning area. Similarly, it was observed that the groups' scores
in the geometry and measurement learning areas are higher than their scores in the numbers, operations, and
algebra learning areas. Based on the data obtained within the scope of the second subproblem of the study, the
distribution of the scores received by teacher candidates for activity development criteria according to learning
areas is presented in Figure 4.

Figure 3
The Scores Obtained by Groups from Activities Developed According to Learning Areas
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Table 4
Wilcoxon Signed-Rank Test
N Average Rank Sum of Rows
Negative Rows 5 39,00 195,00
Algebra-Numbers and Positive Rows 48 25,75 1236,00
Operations Equal 0
Total 53
Negative Rows 0 ,00 ,00
Geometry and Measurement ~ Positive Rows 48 24,50 1176,00
— Numbers and Operations Equal 5
Total 53
Geometry and Measurement ~ Negative Rows 5 13,50 67,50
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- Algebra Positive Rows 48 28,41 1363,50
Equal 0
Total 53

According to Figure 4, we can see that the teacher candidates did not do well on the tasks of planning
the activity to make sure students did not have any problems with learning in all three areas (3.1), coming up
with criteria for judging how well students did in the activity (5), and planning the activity with the class,
student, teacher, and activity in mind (6). Additionally, while an increase in scores was observed for criteria 5
and 6, the increase in scores for criterion 3.1 was more limited compared to the other criteria. Again, based on
the scores they received in the three learning areas, it was generally observed that the lowest scores were in
numbers and operations, while the highest scores were in geometry and measurement across all criteria. It was
determined that the highest score in the sixth criterion was in the algebra learning area. In the areas of geometry
and measurement, the groups got full marks for establishing a link between the activity and the learning
outcome (1.1), making sure that the purpose of the outcome and the activity were aligned (2.1), using real-
world tools that were appropriate for the outcome (2.2), planning questions for the activity that would help
students find the relationships they were supposed to (4.1), and making sure that the instructions for the activity
were sufficient and clear (4.2). In addition, the teacher candidates scored high in all three learning areas for
the 1.1 and 2.2 criteria. The criteria-based activities developed by teacher candidates have improved over time.

Figure 4

Distribution of Teacher Candidates' Scores by Learning Areas

Regarding the third sub-problem, the opinions of teacher candidates on the ECMA instructional design
provided to support the use of concrete manipulatives are presented in Table 5.
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When the opinions in Table 5 are examined, the Positive category includes codes such as "activation,
engaging, supporting group work, developing a positive attitude, and concretization," while the Negative
category includes codes such as "inability to prepare activities according to criteria, long preparation time, and
unfamiliarity with concrete materials." It can be said that the ECMA design is particularly viewed positively
in terms of supporting group work and transforming theoretical knowledge into practice for teacher candidates.
However, the teacher candidates stated that they had difficulties in preparing activities that met the criteria and
in recognizing concrete materials, and that preparing tasks took up a lot of their time.
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Table 5

The views of teacher candidates on the instructional design of ECMA

Category Code f  The expression "6gretmen aday1"
Activation 18 We were active at every stage of activity development throughout the
period.
Interesting 25 We saw many manipulatives we didn't know before as part of the course.

It was very interesting, we liked it.

Supporting group 3 It was better to work in a group while preparing the activity. We
Positive work complemented each other's shortcomings. Better things emerged.
Developing a 9 While developing an activity seemed very difficult, we realized that we
positive attitude could develop an activity within the scope of this course.
We had the opportunity to apply the theoretical knowledge we had
Concretization 29  previously acquired through the practices and feedback we received in

this course. In a way, we have made our knowledge concrete.

Inability to
prepare an activity
that meets the
criteria

Long preparation

10 We had difficulty integrating some criteria into the activity.

Preparing an activity that meets the criteria took a lot of our time both

. 38 ; .
) time during and outside of class.
Negative
Failure to . .
. . We had never seen some manipulatives before. We need to do more
recognize tangible 30 o ;
materials research on how to prepare an activity with them.

DISCUSSION, CONCLUSION, RECOMMENDATIONS

Using concrete manipulatives to teach challenging and abstract mathematical concepts enables students
to develop a deeper understanding and establish conceptual connections (Hiebert & Carpenter, 1992). The
most meaningful learning experiences occur when students actively make sense of mathematical concepts and
construct their own understanding. Manipulatives help students understand math concepts better by putting
abstract ideas into real-world situations and making the learning process more interactive (Boggan et al., 2010).
Therefore, the inclusion of concrete materials in the learning process has the potential to create student-
centered learning environments that make understanding permanent. In this context, it is important for teachers
and teacher candidates to be able to incorporate manipulatives into the learning environment for effective
mathematics teaching.

The goal of this study was to assess math teacher candidates' knowledge of concrete manipulatives and
support them in developing strategies for their effective use in the classroom. The needs analysis revealed that
teacher candidates had limited knowledge and experience with concrete manipulatives. Researchers have
found that teachers appreciate the use of manipulatives but don't know how to use them properly (Burns &
Hamm, 2011; Hidayah, Dwijanto & Istiandaru, 2018; Puchner, Taylor, O'Donnell & Fick, 2008). Additionally,
teachers find it challenging to design lessons that effectively integrate manipulatives and struggle to create
manipulatives that incorporate mathematical facts and principles (Ummah, 2017).

In this study, interviews conducted with teacher candidates revealed that they do not have sufficient
knowledge about manipulatives and experience difficulties in preparing activities using them. This finding
highlights the need to place greater emphasis on manipulatives and real-life examples of their effective use in
teacher education programs. It is well-known that a significant number of teacher candidates lack hands-on
experience with concrete manipulatives throughout their educational journey. It is clear that teacher educators
should put more emphasis on using concrete manipulatives in their lessons. This is because candidates' ability
to use these materials effectively in their classes depends largely on the knowledge and practice they acquire
during their college education. Studies in this area show how important it is to train teachers, teacher
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candidates, and teacher educators, especially in how to use new concrete manipulatives effectively (Akkan &
Cakar, 2012; Cetin et al., 2019; Gokmen et al., 2016; Piskintung et al., 2012). Additionally, incorporating
activity design using manipulatives in mathematics teaching courses allows teacher candidates to gain hands-
on experience, improving their instructional skills. This situation will support teacher candidates in combining
theoretical knowledge with practical skills, enabling them to use more effective tools in the teaching-learning
process. Indeed, Simon (2022) underscored the importance of using manipulatives in conjunction with the
most suitable methods to enhance learning and knowledge transfer.

As a result of examining the activities prepared by the teacher candidates, it was determined that they
received the highest scores in the fields of geometry and measurement. There could be two reasons for this
situation. The first reason can be explained by the fact that the field of learning geometry contains more
concrete concepts that are easier to relate to daily life compared to the fields of learning numbers and operations
and algebra, and that there is greater familiarity with the use of manipulatives used in this field. Indeed, in the
study by Gokmen et al. (2016), classroom and mathematics teachers indicated that they used geometric solids
most frequently in mathematics lessons. Additionally, based on the teachers' statements, it is understood that
the more frequent preference for these learning objects is related to the easy accessibility of the materials and
the teachers' familiarity with them. Similarly, the high scores that teacher candidates got for the geometry
learning activities they created can be explained by the fact that they used geometry manipulatives more often
while they were in school and learned how to use them better. Supporting this idea, Unlii (2017) also noted
that teacher candidates expressed the most intention to use geometry manipulatives. The second reason for
these high scores may be the positive impact of training. When looking at the research that has been done on
the positive effects of education, it is noted that teacher candidates' use of manipulatives gets better after
training (Ndlovu & Chiromo, 2019) and that their professional knowledge and teaching skills can improve
during training (Sandir, 2016). The research shows that even though the teacher candidates said they didn't
know as much about manipulatives in the algebra learning area on the manipulative knowledge form, the
activities they planned for this area got them higher scores than those they planned for the numbers and
operations area. Indeed, Simon (2022) mentions that while the researcher can clearly see the relationship
between manipulatives and mathematical concepts, the student may not be able to perceive it. Therefore,
teacher candidates may have struggled to see this relationship in manipulatives related to numbers and
operations, and they may not have been able to design effective activities. Additionally, the training provided
may have contributed to the development of teacher candidates' knowledge and skills in using manipulatives,
enabling them to design more successful activities in algebra. This aligns with the findings of Ndlovu and
Chiromo (2019), who observed that manipulative use improved over time, particularly in working with whole
numbers and integers. Similarly, Larbi and Mavis (2016) state that the use of manipulatives in algebra
instruction increases students' active participation in class, enhances their interest in learning mathematics, and
helps them better understand mathematical concepts. Their study emphasizes that using algebra tiles correctly
helps students understand algebraic ideas better and helps them develop a positive view of math. Regardless
of the area of math being studied, these results show that using manipulatives correctly is very important for
improving conceptual understanding and strengthening learning.

When the activities designed by teacher candidates were examined according to the specified criteria, it
was observed that the ECMA instructional design provided an improvement in the quality of the activities.
The criteria-based evaluations showed that geometry and measurement scored highest and numbers and
operations scored lowest. Teacher candidates scored high in all three learning areas, particularly in the criteria
of activity-outcome relationship and outcome-concrete manipulative relationship. This situation indicates that
the teacher candidates can correctly analyze mathematical content by considering the cognitive level required
by the achievements and can design activities accordingly by selecting appropriate manipulatives.
Additionally, the activity development and material development courses they had taken in previous semesters
likely contributed to these skills. However, teacher candidates struggled in the numbers and operations area,
particularly in designing activities that would help students learn without any problems, establishing clear
success criteria, and creating activities that account for classroom dynamics, student needs, teacher roles, and
activity implementation. The provided ECMA instructional design contributed to addressing the deficiencies
of teacher candidates in determining evaluation criteria for an activity and designing it in accordance with its
context. However, it did not lead to the desired level of improvement in designing activities to prevent possible
learning difficulties. This challenge may be attributed to the low awareness of learning difficulties among
teachers and teacher candidates (Sawhney & Bansal, 2014; Shukla & Agrawal, 2015). It may also stem from
insufficient coverage of learning difficulties in teacher training programs and the limited time allocated to
implementing the ECMA instructional design.
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Interviews conducted with teacher candidates after the practice reveal that the ECMA instructional
design positively contributes to supporting group work and transferring theoretical knowledge to practical
applications. However, the teacher candidates stated that they faced difficulties in preparing activities that met
the specified criteria and in recognizing concrete materials. They also mentioned that preparing activities took
a significant amount of time. This situation is similar to studies showing that teachers report not using materials
because they do not have enough time (Gékmen et al., 2016; Koparan & Ozbey, 2018; Unlii, 2017).

The effective use of manipulatives in mathematics teaching helps students better understand abstract
concepts and establish deeper conceptual connections. In this study, it has been observed that teacher
candidates lack knowledge and skills related to manipulatives, but these deficiencies can be addressed with
appropriate training. The candidates performed better, especially in learning geometry. This is likely because
they connected it with real-world concepts and had more opportunities to use manipulatives. On the other hand,
it is understood that teacher candidates need more support in algebra and numbers and that there should be
greater emphasis on practices aimed at learning the effective use of manipulatives in these areas. In this context,
it is recommended to develop programs in teacher candidates' undergraduate education that will enhance their
knowledge and skills related to the use of manipulatives. Faculty members in education departments can
introduce manipulatives in their courses and provide more opportunities for practical applications related to
the use of these materials. In mathematics education, the effective use of manipulatives in all learning areas,
such as geometry, algebra, numbers, and operations will strengthen conceptual understanding and increase
student engagement, making mathematics more accessible. In future studies, a specially designed training
program can be implemented to help teacher candidates address potential learning difficulties and consider the
classroom context while developing activities. We also recommend implementing a teaching design similar to
ECMA with mathematics teachers and evaluating the effectiveness of this training. In line with these
recommendations, the widespread use of manipulatives in mathematics education is considered an important
step toward creating more effective and lasting learning environments.
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APPENDIX-1 Concrete Manipulative Information Form

Write the names of the manipulators shown in the images below.
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