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This study aims to examine the opinions of pre-service elementary school mathematics teachers
about the process of designing worksheets with Cabri software and the use of these worksheets in
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software, the difficulty in classroom management, and the possibility of misconceptions. During
the training, it was determined that the pre-service teachers had difficulties due to the lack of
technological pedagogical field knowledge and the cost of Cabri software. At the end of the
training, it was observed that the participants were of the opinion that they showed professional
and personal development.

Matematik Ogretmeni Adaylarinin Cabri Yazilimiyla Calisma Yapraklar
Tasarlama Siireci ile Bunlarin Geometri Ogretiminde Kullanilmasi1 Uzerine

Goriigleri

Makale Bilgileri

Oz

@ CrossMark

DOI:10.29299/kefad.79577.

Yiikleme: 16.09.2020
Diizeltme: 09.11.2020
Kabul: 06.12.2020
Anahtar Kelimeler:

Cabri Yazilim,
Calisma Yapraklari,

Dinamik Geometri
Yazilimlar,

Matematik Ogretmeni
Adaylar.

Bu calismada, ilkdgretim matematik dgretmeni adaylarinin Cabri yazilimi yardimiyla ¢alisma yapraklari
tasarlama siirecine ve bu calisma yapraklarinin geometri 6gretiminde kullanilmasina iligkin goriislerinin
incelenmesi amaclanmistir. Bu amag¢ dogrultusunda 14 hafta boyunca &gretmen adaylarina Cabri
Geometry II ve Cabri 3D yazilimlar1 tanitilmis daha sonra hep birlikte baz1 kazanimlara yonelik 6rnek
calisma yapraklar tasarlanmis son olarak da 6gretmen adaylarindan ikiserli gruplar halinde ¢alisma
yapraklar1 tasarlamalari ve sunmalar1 istenmistir. Verilen egitimin sonrasinda arastirmanin verileri,
goniilli olan 41 dordiincii smif matematik Ogretmeni adayiyla birebir gerceklestirilen yar1
yapilandirilmis goriismeler yardimiyla toplanmigtir. Elde edilen veriler igerik analizi ile analiz edilerek
kodlar alt1 tema altinda toplanmistir. Arastirmamin sonunda katilimalarin ¢ogunlugunun ilerideki
meslek hayatlarinda Cabri yazilimi ile tasarlanan galisma yapraklarmi kullanmak istedikleri, diger
katihmcilarin ise zaman sikintisi, siniflarin kalabalik olmasi, donanim eksikligi gibi nedenlerle kararsiz
kaldiklar1 goriilmiistiir. Katthmailar ¢alisma yapraklarinin kullanimmin kavramlari somutlastirma,
kesfetme, dikkat cekme, kalica ve kolay ogrenme gibi avantajlari oldugunu belirtmislerdir.
Dezavantajlar1 olarak ise zaman kaybim, yazilimin kullanilmasimn zor olmasini, yazilimin dicretli
olmasini, siif hakimiyetinin zor olmasini ve kavram yanilgilarina sebep olabilecegini gdstermislerdir.
Verilen egitim sirasinda 6gretmen adaylarinin teknolojik pedagojik alan bilgilerinin eksikligi ve Cabri
programimuin iicretli olmasi nedeniyle zorluk yasadiklari belirlenmistir. Egitimin sonunda ise
katilimcilarin mesleki ve kisisel gelisim gosterdikleri goriisiinde olduklar: goriilmiistiir.

Sorumlu Yazar: Derya Ozlem Yazlik, Dr. Ogr. Uyesi, Nevsehir Haci Bektas Veli Universitesi, Tiirkiye, doyazlik@nevsehir.edu.tr,
ORCID ID: 0000-0002-2830-5215

Bu ¢alisma, 12-14 Nisan 2019 tarihinde yapilan Uluslararas: Fen, Matematik, Girisimcilik ve Teknoloji Egitimi Kongresinde
sozli bildiri olarak sunulmustur.

Atif icin: Yazlik, D. O. (2020). Matematik 6gretmeni adaylarimn cabri yazilimiyla caligma yapraklari tasarlama siireci ile
bunlarin geometri 6gretiminde kullanilmas: tizerine goriisleri. Kirsehir Egitim Fakiiltesi Dergisi, 21(3),1291-1334.



Yazlik, D. O.

Giris

Bilgi ve teknolojide yasanan gelismeler nedeniyle toplumlarin teknolojik gelismeleri izlemeleri
ve kendilerine uyarlamalar1 bir zorunluluk haline gelmistir. Bu durum teknolojinin giinliik yasam ile
biitliinlesmesini ve bir¢ok alanda kullamilmasimi saglamistir. Benzer sekilde egitim-0gretim
faaliyetlerinde de 6grencilerin hedeflenen becerileri kazanmalari i¢in teknolojiden yararlanilmaktadir.
Ogrenme-6gretme siireclerinde kullanilan teknolojik araglar incelendiginde daha gok bilgisayar, akill
tahta, tablet, projeksiyon cihazi gibi araglardan yararlamldig1 goriilmektedir (Ocal ve Simsek, 2017;
Ural, 2013). Ancak ¢ogunlukla bu araglarin bir sunum aract olarak kullanildig1 belirlenmistir (Alakog,
2003; Onal ve Cakir, 2016). Bu nedenle teknolojik araglarin &grencilerin bilgiyi yapilandirmas:
siirecinde etkin bir sekilde kullanilabilmesi i¢in ¢alismalar yiiriitiilmektedir (Avci, Kula ve Haglaman,
2019; Bozkurt ve Karacabey, 2019; Chauldhary ve Sharma, 2012; Livingstone, 2012). Ayn1 zamanda
bir¢ok iilkede egitimde teknoloji entegrasyonunun saglanmasina yonelik yatirimlar yapilmaktadir
(Kayaduman, Sirakaya ve Seferoglu, 2011). Son yillarda Tiirkiye’de yapilan yatirimlarin en kapsamlisi
Firsatlar1 Arttirma ve Teknolojiyi lyilestirme Hareketi (FATIH) Projesi’dir. 2010 yilinda uygulamaya
konulan bu projede egitimde firsat esitliginin saglanmasi, smiflarin teknolojik araglarla
zenginlestirilmesi, bu araglarin egitim programlarina entegre edilmesi, egitsel yazilimlarin ve e-
iceriklerin olusturulmasi, ogretmenlere hizmet i¢i egitimlerin verilmesi amaglanmistir (Milli Egitim

Bakanligi [MEB], 2010).

Egitimde teknoloji entegrasyonu calismalari ile birlikte matematik egitiminden beklentilerimiz
ve matematik Ogrenme-0gretme siireclerimiz de yeniden sekillenmistir (MEB, 2013). Teknolojik
gelismelerin sundugu imkanlarla matematik Ogretiminde kullanilmak iizere Bilgisayar Cebiri
Sistemleri (BCS) ve Dinamik Geometri Yazilimlari (DGY) gelistirilmistir. BCS’ler (Derive, Maple,
Mathematica, Matlab, Reduce) matematiksel problemlerin ¢6ziimii i¢in sayisal hesaplamalarla birlikte
sembolik hesaplamalar yapmaya ve bu hesaplamalar: grafige dokmeye imkan tanimaktadir. DGY’ler
(Cabri, GeoGebra, Geometry, Geometer’s Sketchpad) ise geometrik yapilarin olusturulmasina ve bu
yapilarin hareket ettirilmesine izin vermektedir. Bu yazilimlarin sinif ortaminda etkin bir sekilde
kullanilmasiyla olusturulan 0grenme ortamlarinin; &grencilerin  matematiksel kavramlar
kesfetmelerine, iliskilendirmelerine, test ederek genellemelere varmalarma imkan tanidig:
belirlenmistir (Berger, 2011; Giiven, 2002; Hohenwarter, Hohenwarter ve Lavicza, 2008; Kagizmanli,
Tatar ve Akkaya, 2011; Kokol-Voljc, 2007). Bununla birlikte dgrencilerin gegmiste matematikgilerin
edindikleri deneyimleri yasamalarina, onlarin bir matematik¢i gibi matematik yapmalarina ve {ist
diizey diistinme becerileri kazanmalarma da yardimc oldugu tespit edilmistir (Couco ve Goldenberg,
1996; Wiest, 2000). Son yillarda uygulamaya konulan ortaokul matematik dersi Ogretim
programlarinda da matematik derslerine teknolojinin entegre edilmesinin ve &gretim siireglerinde

Bilgisayar Destekli (“)gretimin (BDO) kullanilmasmin énemi vurgulanmistir. Ayni zamanda dinamik
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matematik/geometri yazilimlarindan yararlanilmasi 6nerisinde de bulunulmustur (MEB, 2005, 2013,

2018).

Bilgisayarlarin 6grenme-ogretme siireclerinde kullanilmasiyla geometri 6gretimi de farklh bir
boyut kazanmistir (Geng ve Oksiiz, 2016). Geometri dgretimiyle dgrencilerin geometrik nesnelerin
Ozelliklerini analiz etme, aralarindaki iligkileri bulma, bu iligkileri matematiksel olarak ifade etme,
geometrik Onermeleri kanitlama ve uzamsal diisiinme gibi becerileri kazanmalar1 beklenmektedir
(Baki, 2006; NCTM, 2000). Geleneksel simif ortamlarinda ytiriitillen geometri dersleri incelendiginde,
bu derslerin tahtadaki sabit, sinirh sayida bazen de ¢izimleri diizgiin olmayan sekiller yardimiyla ve
bu sekillerin 6zelliklerinin dogrudan verilmesiyle yiiriitiilmeye calisildig1 goriilmiistiir (Bintas ve
Bagcivan, 2007). Ogrencilerin tahtada yer alan cizimleri kagit, kalem ve cetvel kullanarak defterlerine
aktardiklar1 ve bdylece bu ¢izimler yardimiyla onlarin uzamsal diisiinme becerisini kazanmalarinin
beklendigi belirlenmistir (Giiven ve Karatas, 2005). Geleneksel smif ortamlarinda yasanan bu statik
durum, DGY’lerin gelistirilmesinin ardindan geometrik yapilarin bilgisayar ekraninda hareketli hale
getirilmesiyle dinamik bir yapiya dontstiiriilmiistiir. DGY’lerle olusturulan 6grenme ortamlarinda
ogrencilerin geometrik sekilleri hareket ettirerek, bicimlerini degistirerek ve Olglimler yaparak
geometrik yapilarin Ozelliklerini kesfettikleri, bu yapilara iliskin c¢ikarimlarda bulunduklar1 ve
genellemelere vardiklar: belirlenmistir (Balci-Seker ve Erdogan, 2017; Cetin, Erdogan ve Yazlik, 2015;
Freixas, Joan-Arinyo ve Soto-Riera, 2010; Giiven ve Kosa, 2008; Lopez-Real ve Leung, 2006). Benzer
sekilde DGY’lerden biri olan Cabri de siiriikleme, biiyiiltiip kiiciiltme ve dondiirme 6zelligi sayesinde
hem iki boyutlu hem de {i¢ boyutlu geometrik yapilarin dinamik olarak ogretilebilmesi i¢in uygun
O0grenme ortamlar1 sunmaktadir (Baki, 2001; Tall, Blockland ve Kok, 1990). Ornegin dinamik c¢izimi
yapilan bir dikdortgenin istenilen kosesinden siiritklenmesi veya biiyiiltiiliip kii¢tiltiilmesiyle
ogrencilere bircok dikdortgenin insasimi gorme firsati vererek onlarin dikdortgenin ozelliklerini
kesfetmelerini bununla birlikte dikdortgen ile kare arasindaki iliskiyi de fark etmelerini
saglamaktadir. Aymi zamanda Cabri 3D yazilimi yardimiyla da dgrenciler prizma, silindir, piramit
gibi geometrik cisimler olusturulabilmekte ve dondiirme 6zelligi ile bu cisimlerin farkli konumlardaki
goriiniimlerini rahatlikla gorebilmektedirler. Yine yazilimin olusturulan geometrik cisimlerin
aginimina izin vermesi sayesinde Ogrenciler geometrik cisimlerin agimimlarini gorebilmekte ve
Ol¢limler yaparak bunlar arasindaki iliskileri, yanal alan ve hacim bagintilarini kesfedebilmektedirler.
Buna ek olarak Literatiirde Cabri yazilimiyla olusturulan 6grenme ortamlarinin Ogrencilerin
akademik basarilarini arttirdig1 (Bayraktar, Tapan-Broutin ve Giines, 2018; Gokkurt, Deniz, Soylu ve
Akgtin, 2012; Giirbliz ve Giilburnu, 2013; Kaleli-Yilmaz, Ertem ve Giiven, 2010; Kordaki ve
Balomenou, 2006; Straesser, 2001; Vincent, 2003; Yazlik ve Ardahan, 2012) matematige karst olumlu
tutum gelistirmelerine katki sagladig: (Giiven ve Karatas, 2003; Kosa ve Kalay, 2016) sonucuna ulagan

calismalarin yer aldig1 goriilmektedir.
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Teknolojinin derslere entegre edilmesi siirecinde 6gretmenlerin 6nemli bir yere sahip oldugu
ifade edilmektedir (Sangra ve Gonzélez, 2010). Ogretmenlerin derslerinde teknolojiden etkin bir
sekilde yararlanabilmeleri igin bu konuda yeterli bilgi ve beceriye sahip olmalar1 ve teknolojiyi
benimsenmeleri gerekmektedir (Balki ve Saban, 2009). MEB tarafindan belirlenen Ogretmen
Yeterlikleri incelendiginde de 6gretmenlerin 6grenme ortamlarimi hazirlamada, ders plami yapmada,
materyal hazirlamada, 6lgme degerlendirme siireglerinde teknolojiden yararlanmalari, derslerinde
teknoloji kullanimu ile ilgili temel becerilere ve inanglara sahip olmalar1 gerektiginin vurgulandig:
goriilmektedir (MEB, 2018). Goriildiigti gintimiizde 6gretmenlerden hem mevcut teknolojik araglari
kullanabilmeleri hem de bunlari1 kendi derslerine entegre edebilmeleri beklenmektedir (Giindiiz ve
Odabasi, 2004). Bu nedenle Ogretmenlerin teknolojik pedagojik alan bilgisine sahip olmalari
gerekmektedir. Ozel olarak matematik egitiminde de 6gretmenlerden derslerinde bilgi ve iletisim
teknolojilerinden etkin olarak yararlanmalari, matematik/geometri yazilimlari ile tasarlanan
materyalleri kullanmalar1 beklenmektedir (MEB, 2013). Bu kapsamda egitim fakiiltelerinin matematik
ogretmenligi lisans dgretim programlarinda “Bilgisayar Destekli Matematik Ogretimi” dersine segmeli
bir ders olarak yer verilmistir. Bununla birlikte 6gretmenlere de bu konuda hizmet ici egitimler
verilmektedir. Ancak yapilan calismalar incelendiginde matematik oOgretmenlerinin teknoloji
kullanimmna iliskin olumlu tutuma sahip olduklari ancak derslerine teknolojiyi entegre etmede
teknolojik pedagojik alan bilgilerinin eksik oldugu ve alt yap: eksikligi, zaman kaybi, sinflarin
kalabalik olmas1 gibi sorunlar nedeniyle kullanmakta zorlandiklar1 tespit edilmistir (Erduran ve
Tataroglu-Tasdan, 2018; Ogal ve Simsek, 2017; Onal ve Cakir, 2016; Ural, 2015). Bununla birlikte
yapilan calismalarda matematik &gretmenlerinin ¢ogunlugunun derslerinde matematik/geometri
yazilimlarini hi¢ kullanmadiklari, bazilarinin ise bu yazilimlar: hi¢ duymadiklar: belirlenmistir (Cavus

ve Inan-Eskitascioglu, 2016; Onal ve Cakar, 2016).

Yukarida da belirtildigi gibi dinamik matematik/geometri yazilimlar1 matematik 6gretiminde
onemli bir yere sahiptir. Bu nedenle matematik 6gretmenlerinden bu yazilimlar yardimiyla Bilgisayar
Destekli Ogretim Materyalleri (BDOM) tasarlamalari ve kullanmalar1 beklenmektedir. Bunun yaninda
gelecegin dgretmenleri olacak dgretmen adaylarinin da hizmet éncesinde BDOM ile tamsmalari, bu
materyalleri tasarlamaya doniik uygulamalar yapmalar: ve bu konuda yeterli diizeyde bilgi, beceri ve
tutuma sahip olmalar1 istenmektedir. Bu kapsamda 6gretmen adaylarinin BDOM'iin tasarlanmasi ve
derslerde kullanilmas: hakkindaki goriiglerinin incelenmesinin énemli oldugu diisiiniilmektedir. Ayni
zamanda 6gretmen adaylarimin BDOM tasarlama siirecinde edindikleri deneyimlerin onlara sagladig1
katkilara ve bu siirecte yasadiklari zorluklara iliskin goriislerinin incelenmesinin hem literatiire hem
de Ogretmen yetistirme programlarinda bilgisayar destekli matematik 6gretimine yonelik verilen
egitimin gelistirilmesine katki saglayacagi diisiiniilmektedir. Bu nedenle bu arastirmada, verilen
egitimin ardindan ilkdgretim matematik 6gretmeni adaylarmin Cabri yazilimi yardimiyla ¢alisma

yapraklar1 tasarlama siirecine ve bu calisma yapraklarnin geometri 6gretiminde kullanilmasina
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iliskin goriislerinin incelenmesi amaglanmistir. Literatiirde matematik Ogretmeni adaylarmin
matematik Ogretiminde GeoGebra yazilimmin kullanimina yonelik goriislerini inceleyen birgok
calismanin bulunmasi (Baltaci, Yildiz ve Késa, 2015; Cetin, 2017; Horzum ve Unlii, 2017; Er ve Saglam-
Kaya, 2017; Yorganci, 2018) ve GeoGebra yazilimiin resmi sitesinde ¢ok sayida etkinlik 6rneklerine
yer verilmesi (www.geogebra.org) nedeniyle bu calismada Cabri yaziimimin ogretimi iizerine
yogunlagilmistir. Ayrica Cabri yazilimi, hem iki boyutlu hem de ii¢ boyutlu geometrik yapilarin

ingasina izin vermesi nedeniyle de tercih edilmistir.
Yontem

Bu arastirma, nitel arastirma desenlerinden durum calismasi modeli ile yiiriitiilmiistiir.
Durum c¢alismasi; giincel bir olgunun kendi gercek yasam ¢evresi i¢inde sinirlandirilmis bir zaman
diliminde biitiincil bir bigimde analiz edilmesi ve tanimlanmasi olarak ifade edilmektedir (Merriam,
2015; Yin, 2018). Durum calismalarinda Ozellikle bir duruma iliskin etmenlerin (ortam, bireyler,
olaylar, siire¢ vb.) ilgili durumu nasil etkiledigi veya ilgili durumdan nasil etkilendigi {izerinde
durulmaktadir (Yildirim ve Simsek, 2008). Bu c¢alismada da verilen egitimin ardindan matematik
ogretmeni adaylarmin Cabri yazilimi ile ¢alisma yaprag: tasarlama ve sunma siirecinin onlara
sagladig: katkilara ve bu siirecte yasadiklar: zorluklara iligskin gortiislerinin incelenmesi amaclanmuistir.
Buna ek olarak bu calisma yapraklarinin geometri 6gretiminde kullanilmasina yonelik goriisleri de

incelenmistir.
Katilimcilar

Katilimcilarin belirlenmesinde amacli 6rnekleme yontemlerinden 6lgiit 6rnekleme yontemi
kullanilmistir. Bu arastirmaya katilacak ogretmen adaylarnin seciminde; 6gretmen adaylarinin
matematik egitimi ile ilgili Ozel 6gretim yontemleri, Ogretim teknolojileri ve materyal tasarimi adli
dersleri alarak bu derslerde 5E modeli ile ¢alisma yapraklarmin tasarlanmasina yonelik uygulama
yapmis olmalar: bunun yaninda Matematik 6gretiminde teknoloji kullanim: adli dersi tamamlamis 4.
sinif Ogrencisi olmalar:1 temel Olgiit olarak belirlenmistir. Katilimcilar bilgisayar destekli matematik
Ogretimine ve Cabri yazilimina ait bilgileri “Matematik 6gretiminde teknoloji kullanim1” adli ders
kapsaminda almiglardir. Katihmcilarin bu dersten basarili olduklar: belirlendikten sonra bu konuda
gerekli bilgiye sahip olduklar1 kabul edilerek arastirmaya baglanmistir. Arastirmanin katilimcilarmi
goniilliliik esas: ile arastirmaya katilan 41 dordiincii simif ilkdgretim matematik 6gretmeni adayi
olusturmustur. flgili dersi alan 42 &gretmen aday1 olmasma ragmen 1 6gretmen adayi arasgtirmaya
katilmak istememistir. Katiimailarmm 9'u (%21,9) erkek, 32'si (%78,1) ise kizdir. Calisma etigi
cercevesinde katilimcilarin isimleri gizli tutulmus ve 6gretmen adaylar 01, 02, ..., 041 seklinde

kodlanmustir.
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Veri Toplama Araci ve Siireci

Verilerin toplanmasinda yar1 yapilandirilmis goriisme teknigi kullanilmistir. Goriisme formu
hazirlanmadan once literatiir taramas: yapilmis ve ilgili arastirmalarda kullanilan goriisme sorular:
incelenmistir (Aktiimen, Yildiz, Horzum ve Ceylan, 2011; Er ve Saglam- Kaya, 2017; Gokge, Aydogan-
Yenmez ve Ozpmar, 2016). Daha sonra arastirmaci tarafindan 6 agik uglu sorudan olusan goriisme
formu hazirlanmistir. Bu sorularin arastirmanin amacina uygun ve anlasilir olmasina buna ek olarak
yonlendirici ifadeler bulundurmamasina dikkat edilmistir. Ardindan kapsam gecerliligini saglamak
amaciyla hazirlanan goriisme sorular1 4 matematik ve 1 Tiirk¢e alan egitimcisinin goriislerine
sunulmustur. Alinan doéniitler dogrultusunda iki soru birlestirilerek tek soru haline getirilmis ve diger
sorular da dilbilgisi acisindan tekrar diizenlenmistir. Bu diizenlemelerin ardindan 5 agik uglu sorudan

olusan yar1 yapilandirilmis goriisme formu olusturulmustur.

Arastirmanin verileri verilen egitimin ardindan, her katiimci ile birebir yapilan yari-
yapilandirilmis goériismeler yardimiyla toplanmistir. Ogretmen adaylarindan izin aliarak biitiin
goriismeler kayit altina alinmistir. Gorlismeler esnasinda katilimcilarin goriisme sorularini igtenlikle
cevaplayabilmeleri i¢in karsilikli giiven ortami olusturulmaya ¢alisilmis ve katilimcilara yeterli siire
taninmistir.  Yapilan goriismeler ortalama 20-25 dakika siirmdiistiir. Goriismelerden elde edilen ses
kayitlarinin doktimleri yapildiktan sonra katilimcilardan goriislerini okumalar1 ve teyit etmeleri

istenmistir. Arastirmada kullanilan goriisme sorularina asagida yer verilmistir.

1) Ogretmen olarak goreve basladiginizi varsayalim. Derslerinizde Cabri yazilimi yardimiyla

tasarlanan ¢alisma yapraklarini kullanir misiniz? Bu konudaki diisiinceleriniz nelerdir?

2) Bir an icin Cabri yazilimiyla tasarlanan calisma yapraklar ile dersinizi yiriittiigliniizii

hayal edelim. Sizce nasil bir 6grenme ortami olusur? Olumlu ve olumsuz yonlerini aciklaymiz.

2) Size gore hangi geometri konular: i¢in Cabri yazilimiyla calisma yapraklari tasarlanip

kullanilabilir?

4) Cabri yazilimiyla calisma yapraklar: tasarlama ve sunma siirecinin size sagladig: katkilar

var m1? Katkisi varsa bunlar nelerdir?

5) Cabri yazilimiyla ¢alisma yapraklar: tasarlama ve sunma siirecinde zorlandiniz mi1? Eger

zorlandiysaniz yasadiginiz sikintilar: nedenleriyle birlikte aciklayiiz.

Verilen Egitimin Igerigi

Bu arastirmada; “Matematik 6gretiminde teknoloji kullanim1” adli ders kapsaminda ilk olarak
katilimcilara Cabri Geometry II ve Cabri 3D yazilimlar: tanitilmis daha sonra biitiin katilimcilarla
birlikte bazi kazanimlara yonelik 6rnek ¢alisma yapraklar1 tasarlanmis son olarak da katilimcilardan
ikiserli gruplar halinde calisma yapraklari tasarlamalari ve bunlar1 smif ortaminda uygulayarak

sunmalar1 istenmistir. Katilimcilar bu ¢alisma yapraklarini 5E modelini kullanarak ikiserli gruplar
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halinde tasarlamiglardir. Gruplarin olusturulmasinda katihmcilar serbest birakilmis ve toplam yirmi

bir grup olusturulmustur. Ancak verilen egitim boyunca farkli geometri kazanimlarina ait ¢alisma

yapraklarinin tasarlanmasi amaciyla kazanimlar arastirmaci tarafindan gruplara rastgele dagitilmistir.

Dersler katilimcilarin temin ettigi diziistii bilgisayarlar yardimiyla iki katihmciya bir bilgisayar

diisecek sekilde gerceklestirilmis, sunumlarda ise siniflarda yer alan akilli tahtadan faydalanilmistir.

On dort boyunca haftada ii¢ ders saati verilen egitimin icerigine Tablo 1'de yer verilmistir.

Tablo 1. Verilen egitimin icerigi

1.

10.

11.

12.

13.

14.

Hafta

Hafta

Hafta

Hafta

Hafta

Hafta

Hafta

Hafta

Hafta

Hafta

Hafta

Hafta

Hafta

Hafta

Bilgisayar destekli matematik 6gretimine ve matematik 6gretiminde kullanilan
teknolojilere yonelik genel agiklamalar yapilmistir.

Cabri II programi tanmitilmis ve 6gretmen adaylarinin deneyerek
uygulamalarina firsat verilmistir.

Cabri II programi tanmitilmis ve 6gretmen adaylarinin deneyerek
uygulamalarina firsat verilmistir.

Baz1 geometri kazanimlarina yonelik ¢alisma yapraklar: biitiin katilimcilarla
birlikte tartisma ortami olusturularak tasarlanmistir. (Ucgen Esitsizlii,
Cemberde acilar, Simetri-Oteleme)

Cabri 3D yazilimi tanitilmis ve 6gretmen adaylarinin deneyerek
uygulamalaria firsat verilmistir.

Cabri 3D yazilimi tanitilmis ve 6gretmen adaylarinin deneyerek
uygulamalarina firsat verilmistir.

Bazi geometri kazanimlarina yonelik 6rnek ¢alisma yapraklar: yine biitiin
katilmcilarla birlikte tartisma ortami olusturularak tasarlanmustir. (Cisimlerin
farkly yonlerden gériiniimii, Dik silindirin aginimi, Ucgen prizmanin yiizey alant)
Calisma yapraklariin sunulmasi, tartisilmasi ve dontitlerin verilmesi (Her

hafta ii¢ grup)
Calisma yapraklarinin sunulmasi, tartisilmasi ve doniitlerin verilmesi (Her

hafta ii¢ grup)
Calisma yapraklarmin sunulmasi, tartisilmasi ve dontitlerin verilmesi (Her

hafta ii¢ grup)
Calisma yapraklarinin sunulmasi, tartisilmasi ve donditlerin verilmesi (Her
hafta ii¢ grup)
Calisma yapraklarmin sunulmasi, tartisilmasi ve doniitlerin verilmesi (Her

hafta ii¢ grup)
Calisma yapraklarinin sunulmasi, tartisilmasi ve doniitlerin verilmesi (Her

hafta ii¢ grup)
Calisma yapraklarinin sunulmasi, tartisilmasi ve doniitlerin verilmesi (Her

hafta ii¢ grup)

Asagida Ogretmen adaylar1 tarafindan tasarlanan calisma yapraklarina ait bazi ekran

goriintiilerine yer verilmistir. Sekil 1’de Paralelkenarin alan bagintisinin 6gretimine yonelik tasarlanan

calisma yapragmin giris asamasina, Sekil 2’de Pisagor bagintisinin 6gretimi icin hazirlanan ¢alisma

yapraginin kesfetme asamasina ve Sekil 3'te ise karenin dikdortgenin 6zel durumu olduguna iliskin

tasarlanan calisma yapragimin degerlendirme asamasina ait ekran goriintiilerine yer verilmistir.
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gﬁ Cabri Geometry Il Plus - [Figure #1 *]
File Edit Options Session Window Help
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Hasan amcanin paralelkenar,seklinde bir tarlasi vardir. Hasan amca bir gin
tarlasinin vergisini édemesi gerektigini hatirlar. Bunun icin ise tarlasinin
alanini hesaplamasi gerekmektedir. Ama bu alanin nasil hesaplanacagini
bilemez. Hemen muhtara gider ve muhtara;

"Paralelkenar seklinde bir tarlam var ama alanini nasil hesaplanacagini
bilmiyorum." der

Muhtar,

"Ben dikdortgenin alanlnl hesaplayabllmm Tarlanl dlkdortgen yapmaya
calisalm." der. '
Ancak ne muhtar ne de Hasan amca bu nasil yapacaglm bllemez_ Onlara
yardim edelim mi?

Cabri ekraninda verilen paralelkenarl yandakl dlkdorlgene t;ew reblllr mlylz'?
Bunu nasil yapariz?

Sekil 1. Bir 6gretmen aday1 tarafindan tasarlanan ¢alisma yapraginin giris asamasina ait ekran
goruntiisii

¢h% Cabri Geometry Il Plus - [Figure #1)
) File Edit Options Session Window Help

- ol -] B

=IFE

1) Elde edilen dik iiggenin kenar uzunluklarim 9 butonda bulunan uzaklik ya da uzunluk
segenegini kullanarak hesaplayalim.

2) Ayns sekilde elde edilen karelerin alanlarirn: 9 butonda bulunan alan segenegini
kullanarakhesaplayalim.

3) Daha sonra sekli siriikleyerek yeni olusankarelerin alanlar: ile dik tiggenin kenarlam:
not ederek bunlar arasmda nasil bir ba gints oldugurm bulmaya galisalim (Kenar
uzunluklarmm tam say:olbm dikkatedelim.)

Dik kenar ‘ n g '
i ik kenar karsisindaki
s Karesi E Karesi uzuniuklannin Reaaon Karesi
paniugs [ kareleri toplami
uzuniugu

Sekil 2. Bir 6gretmen aday1 tarafindan tasarlanan ¢alisma yapraginin kesfetme asamasina ait ekran
goruntiisu
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¢l Cabri Geometry Il Plus - [Figure #1 %]
T File Edit Options Session Window Help
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Degerlendirme

*Cabri ekramindaki gibi defterinize de cetvel yardmiyla dikdorigen ve kare ciziniz.
*Cizdiginiz bu kare ve dikdortgenin kenar uzunluklanm ve agi olgtlerini olginiz.
*Dikdortgende olup kare de olmayan herhangi bir ozellik var mi? Yaziniz.

* Karede olup dikdorigende olmayan herhangi bir ozellik var mi? Yaziniz.

* Her iki seklin ortak ozellikleri nelerdir?

*Kesfetme basamagini hatirlayalim. Dikdortgeni surukledigimizde kareye donusmesi icin ne gerekiyordu?
Neye dikkat etmistiniz?

*Asagidaki camleleri doldurunuz.
S S dikdortgenin 6zel halidir.

*Her bir dikdortgendir.

Sekil 3. Bir 6gretmen aday1 tarafindan tasarlanan ¢alisma yapraginin degerlendirme agsamasina ait
ekran goriintiisii

Verilerin Analizi

Katilimcilarla yapilan goriismelere ait ses kayitlar1 oncelikle bilgisayar ortaminda yaziya
dokiilmiistiir. Bu islemin; her konusmanin duyuldugu sekliyle, hicbir diizeltme yapilmadan ve
goriismeci-goriisiilen sirasina gore gerceklestirilmesine dikkat edilmistir. Daha sonra elde edilen
verilerin analizinde igerik analizi yontemine bagvurulmustur. Analiz asamasinda veriler detayli bir
sekilde okunmus ve kodlar belirlenmistir. Belirlenen kodlar benzerlik ve farkliliklarina gore ayrilmis
daha sonra birbirleriyle iliskili olan kodlar bir araya getirilerek temalar olusturulmustur. Analiz
sonucunda benzer kodlar alt1 tema altinda toplanmistir. Bu temalara ait kodlar frekans degerleriyle
birlikte tablolar halinde sunulmustur. Yapilan analizlerin sonunda katilimecilarin bazi temalar igin
birden fazla goriis belirttigi ve bu goriislerin ayr1 ayr1 kodlandig1 bu nedenle tablolardaki frekanslarin

toplaminin katilimcr sayisindan fazla oldugu goriilmiistiir.

Veri analizinin giivenilirligini artirmak icin veriler arastirmaci ve bir matematik egitimi alan
uzmani tarafindan kodlanmistir. Analizler sonucundan yapilan kodlamalar karsilastirilmis ve
tizerinde farkli goriislerin oldugu kodlara son sekli verilmistir. Kodlayicilar aras: giivenirlik ise Miles
ve Huberman’in (1994) uyusum yiizdesi ile % 98.7 olarak hesaplanmistir. Miles ve Huberman (1994),
kodlayicilar arasi goriis birliginin saglanmasi i¢in %80 oranindan anlasmay: tavsiye etmektedir. Elde
edilen uyusum ytiizdesi dogrultusunda yapilan kodlamalarin giivenilir oldugu sdylenebilir. Buna ek
olarak arastirmaci verilerin analizinde yorum ve genellemelerden kaginmistir. Ayrica katiimcilardan
goriislerini kontrol ederek dogrulamalari da istenmistir. Son olarak tablolar yorumlanirken

katilimailarin goriislerine ait dogrudan alintilara da yer verilmistir.
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Arastirmanin Etik izinleri

Yapilan bu c¢alismada “Yiiksekogretim Kurumlar1 Bilimsel Arastirma ve Yaymn Etigi
Yonergesi” kapsaminda uyulmas: belirtilen tiim kurallara uyulmustur. Yonergenin ikinci bolimi
olan “Bilimsel Arastirma ve Yayin Etigine Aykir1 Eylemler” bashg: altinda belirtilen eylemlerden

hicbiri gerceklestirilmemistir.
Etik kurul izin bilgileri

Bu arastirma icin Nevsehir Haci Bektas Veli Universitesi Etik Kurulunun 30.04.2020 tarih ve 2020.10.82

say1li kararinda etik agidan uygunluk onay1 verilmistir.
Bulgular

Bu boéliimde, 6gretmen adaylarinin goriislerinden elde edilen bulgular alti tema altinda
tablolar halinde sirasiyla sunulmustur. Bu temalar Cabri yazilimi ile tasarlanan ¢alisma yapraklarinin
geometri Ogretiminde kullamilmasimin avantajlari, dezavantajlar;, bu calisma yapraklarmin
tasarlanmasi i¢in uygun goriilen konular, 6gretmen adaylarinin ilerideki meslek hayatlarinda ¢alisma
yapraklarmni tercih etme durumlari, Cabri yazilimi ile calisma yaprag: tasarlama siirecinin 6gretmen
adaylarina sagladigi katkilar ve bu siirecte Ogretmen adaylarmin yasadiklari zorluklar olarak

belirlenmistir.
Cabri Yazilimi Ile Tasarlanan Calisma Yapraklarinin Kullanilmasinin Avantajlart

Katilimcilarin ¢ogunlugunun Cabri yazilimi ile tasarlanan calisma yapraklarinin geometri
Ogretiminde kullanilmasinin avantajlarina iliskin birden fazla goriis belirttikleri belirlenmistir. Elde

edilen bulgular Tablo 2’de sunulmustur.

Tablo 2. Cabri yazilim ile tasarlanan calisma yapraklarmn kullaniminin avantajlarina iligkin frekans degerleri

Avantajlar f %
Somutlastirma 32 16.7
Kegfetme 28 14.6
Kalic1 6grenme 21 11.0
. o Matematiksel kavramlari iligkilendirme 21 11.0
Biligsel Gelisim Alani .. .
Ogrenmeyi kolaylastirma 15 7.8
Akl ylirlitme becerisini gelistirme 10 5.2
Bireysel 6grenme 5 2.6
Isbirlikli 6grenme 4 2.1
Dikkat ¢cekme 26 13.5
Aktif Katilma 19 9.9
Duyussal Gelisim Alam Eglenerek Ogrenme 6 3.1
Matematige karsi olumlu tutum
kazandirma > 26
Toplam 192 100.0

Tablo 2 incelendiginde, katimcilarin c¢alisma yapraklarmin geometri Ogretiminde

kullaniminin avantajlar1 olarak daha ¢ok matematiksel kavramlari somutlastirma (f=32), kesfetme
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(£=28), dikkat g¢ekme (f=26), kalict 6grenme (f=21), kavramlar iligskilendirme (f=21) gibi avantajlar1
belirtikleri goriilmiistiir. Bunun yaninda eglenerek 6grenme (f=6), matematige karsi olumlu tutum
kazandirma (f=5), bireysel (f=5) ve isbirlikli 6grenmeyi saglama (f=4) gibi avantajlarin daha az
katillma tarafindan ifade edildigi belirlenmistir. Baz1 6gretmen adaylarinin bu temaya ait diisiinceleri

asagidaki gibidir;

“Bu derste d§renciler soyut bilgileri somutlagtirirlar. Ogrenciler pasif degil aktif olur. Bence kalict

6grenmeyi gerceklestirmis olurum.”(Somutlastirma-Aktif katilma-Kalict 6grenme-020)

“Cabri de dgrencilerin soyut olan kavramlar: somut bir sekilde gormesini sagladig: icin somut olarak
dgrenirler. Bence renklerle 6grencinin dikkatini cekerim. Ogrencilerin etkin katilimini saglamis olurum.
Grup yaparim o yiizden isbirlikli 6grenme saglanir. Matematigi seveceklerini diisiiniiyorum.”

(Somutlagtirma-Dikkat cekme-Aktif katilma-Igbirlikli 6grenme-Olumlu tutum-026)

“Bu ortamda 0grenciler bir kere daha aktif olur. Diiz anlatim olmadi1 icin bilgisayarla yapilan
dgrenmelerin matematigi sevdirecegini ve eglendirecegini diisiiniiyorum. Cabri programinda biiyiiltme,
kiiciiltme farkly hallerini gorme imkani oldugundan kegfetme de gerceklesir. Simifta tartigmada olur
boylece iliskilendirme yapabilirler. Kolay ve kalict 6greneceklerdir bence...” (Aktif katilma-Olumlu

tutum-Eglenerek 5grenme-Kesfetme-Iliskilendirme-Kalict 5grenme- Ogrenmeyi kolaylastirma-0O34)

“Bu derste ogrenciler soyut kavramlar: daha kolay d3renirler. Konuyu direk anlatmadiim icin
ogrenciler kesfedebilirler. Mesela ii¢genin i¢ acilarina gore kenarlarimn durumunu  kendileri
gorebilirler, bireysel 6grenebilirler. Akil yiiriitmeyi de 6grenirler.” (Ogrenmeyi kolaylastirma-Kesfetme-

Bireysel 6grenme-Akil yiiriitme becerisini gelistirme-O35)
Cabri Yazilimi ile Tasarlanan Calisma Yapraklarinin Kullaniminin Dezavantajlari

Verilen cevaplar incelendiginde, katilimcilardan 5’inin Cabri ile tasarlanan c¢alisma
yapraklarimin kullaniminin herhangi bir dezavantaji olmadigini belirttigi bununla birlikte geriye kalan
bazi katilimcilarin birden fazla goriis bildirdikleri belirlenmistir. Elde edilen bulgulara Tablo 3'te yer

verilmigtir.
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0.

Tablo 3. Cabri yazilum ile tasarlanan ¢alisma yapraklarmmin kullanummin dezavantajlarina iliskin frekans
degerleri
Dezavantajlar f %o
Zaman Kayb1 21 17.5
Donanim ihtiyact 15 12.5
. Sinif hakimiyetinin zor olmasi 12 10.0
Yontemden Kaynakl
Kavram yanilgilarina sebep olmas 11 9.2
Dikkatlerin ¢abuk dagilmas: 9 7.5
Sinif ici iletisimin korelmesi 7 5.8
Cabri Yazilimindan kaynaklh Yazilimin {icretli olmasi 18 15.0
Ry ) cesind Yazilimin kullaniminin zor olmasi 18 15.0
Brena yag seviyesinden Cizim becerisinin kdrelmesi 6 5.0
kaynakl
Somut olmamasi 3 25
Toplam 120 100.0

Tablo 3’e bakildiginda, Ogretmen adaylarinin Cabri yazilimi ile hazirlanan calisma

yapraklarmin derslerde kullanilmasinin en ¢ok zaman kaybmna (f=21) sebep oldugu goriisiinde

olduklar1 belirlenmistir. Daha sonra sirasiyla Cabri yaziliminin 6grenciler igin kullaniminin zor olmasi

(f=18), yaziliminin {icretli olmas: (f=18), donamim ihtiyac1 (f=15), kalabalik siniflarda hakimiyetin zor

olmasi (f=12), iyi organize edilmezse kavram yanilgilarina sebep olabilecegi (f=11), dikkatlerin cabuk

dagilmasi (f=9) ve smif igi iletisimin korelmesi (f=7) gibi dezavantajlar1 oldugunu belirttikleri tespit

edilmistir. Bununla birlikte 6grencilerin ¢izim becerisinin koreltmesi (f=6) ve somut olmamasi (f=3)

nedeniyle her zaman bu yas seviyesi i¢in uygun olmayacagi goriisiinde olan 6gretmen adaylarinin

oldugu

da goriilmiistiir. Baz1 6gretmen adaylarinin bu konu hakkindaki goriislerine ait dogrudan

alintilara asagida yer verilmistir.

“...Ayrica bu 6grenme ortaminda 6grencileri yonlendirmesi onlarin programi kullanmas: oldukca zor,
zaman kaybt da cok olur tabi ki. Dikkatleri cabuk dagilabilir yetisemezsem kontrol etmezsem yanlis
anlaytp kavram yamlgilar: da ortaya cikabilir. Dikkatli olmam lazim bu derste...”(Yazilimin

kullantminin zor olmast-Zaman kaybi-Dikkatlerin dagilmasi-Kavram yanilgisi-O39)

“...kesfedecekleri icin dersi yetistiremeyebilivim. Bunun yamnda sinifi idare edemeyebilirim. Belki de
dikkatleri de ¢cabuk dagilabilir...” (Zaman kaybi-Sinif hakimiyetinin zor olmasi-Dikkatlerin dagilmas:-
041)

“...Giizel bir 6grenme olur ama yine de dokunamadiklar: icin ¢ok da yas sevilerine uygun olmayabilir.
Her zaman kullanmak uygun degil. Yaslar: kiigiik. Bilgisayarda cizim yaptiklar: icin kagit iizerinde
diizgiin ¢izim yapamayabilirler sonra tekrar cizdirmem gerekir, el becerilerinin gelismesi igin. Bir de
program fiicretli, herkese bilgisayar bulabilmek ¢ok zor en kétii iki kisiye bir bilgisayar bulabilirim

ingallah.” (Somut olmama-Cizim becerisini koreltmesi-Yaziluimin iicretli olmasi-Donanim ihtiyacz—OS7 )

“Bu 6grenme ortaminda olumsuz bir durumla karsilasacagimi diisiinmiiyorum.” (Dezavantaji yok-

018)
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Cabri Yazilimiyla Calisma Yapraklart Tasarlanmasi I¢in Uygun Gériilen Geometri

Konular

Elde edilen veriler incelendiginde, katilimcilardan bazilariin birden fazla goriis bildirdikleri

goriilmiistiir. Bulgulara ait frekans degerlerine Tablo 4’te yer verilmistir.

Tablo 4. Cabri yazilimyla ¢alisma yapraklari tasarlanmasi i¢in uygun olan konulara iliskin frekans degerleri

Geometri Konular f %
Cokgenler 23 18.0
Geometrik cisimler (Kat1 cisimler) 22 17.2
Dontisiim geometrisi 17 13.3
Koordinat diizlemi 12 94
Alan olgme 10 7.8
Hacim Ol¢gme 10 7.8
Agi-kenar bagintilar: 8 6.3
Tiim geometri konulari 7 55
Daire 6 4.7
Cember 6 4.7
Eslik- benzerlik 4 3.1
Egim 3 2.3
Toplam 128 100.0

Goriildiigii gibi katilimcilar daha ¢ok ¢okgenler (f=23) ve geometrik cisimlerin (f=22) 6gretimi
icin Cabri yazilimina bagvuracaklarini belirtmislerdir. Buna ek olarak dgretmen adaylarinin déniistim
geometrisi (f=17), koordinat diizlemi (f=12), alan (f=10) ve hacim 6l¢me (f=10), agi-kenar bagintilarinin
(f=8) Ogretimi icin Cabri yazilimi yardimiyla calisma yapraklarinin tasarlanip kullanilabilecegi
goriisiinde olduklart belirlenmistir. Ayrica 7 katilimcinin bu calisma yapraklarmin tiim geometri
konularmin 6gretimi i¢in uygun oldugu goriistinde olduklar1 da tespit edilmistir. Son olarak eglik-
benzerlik (f=4) ve egim (f=3) gibi geometri konularinin daha az katiima tarafindan ifade edildigi

belirlenmistir. Bazi 6gretmen adaylariin bu temaya iliskin gortislerine asagida yer verilmistir.
“Uggenler, dortgenler gibi cokgenler. Prizmalar, piramitler gibi iic boyutlu cisimlerde”(07)
”Uggenler, geometrik cisimler, yansima, simetri, donme konularinda” ( 02)
“Tiim geometri konulart icin her suif diizeyinde calisma yapraklar: hazirlanir, kullanirim.” (O12)

“Cember-Daire, geometrik cisimler, alan dOlgme, hacim hesaplama, analitik geometri (koordinatlar),

oteleme, donme, simetri gibi konularda olabilir.” ( 021)

Ogretmen Adaylarinin filerideki Meslek Hayatlarinda Cabri Yazilimi ile Tasarlanan

Calisma Yapraklarini Tercih Etme Durumlari

C)gretmen adaylarinin Cabri yazilimi ile tasarlanan calisma yapraklarmni ileride 6gretmen
olduklarinda kullanip kullanmamalarina iliskin verdikleri cevaplar incelendiginde, katilimcilarin
tamaminin bu soruya cevap verdigi goriilmiistiir. Elde edilen bulgulara ait frekans degerleri Tablo

5’te sunulmustur.
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Tablo 5.

0.

Ogretmen adaylarinin ilerideki meslek hayatlarnda Cabri yazilimu ile tasarlanan ¢alisma yapraklarim

tercih etme durumlarina ve nedenlerine iliskin frekans degerleri

Tercih Etme Durumlar: f %

Tercih eden 30 73.2
Kararsiz 11 26.8
Toplam 41 100.0

Kararsiz Olma Nedenleri

%

f
Zaman sikintisi 6
Sinif mevcudu 5 25.0
Donanim eksikligi 5
Her konu i¢in kullanamama 4

Toplam

30.0

25.0
20.0
20 100.0

Tablo 5e bakildiginda katihmcilarin ¢ogunun (f=30) 6gretmen olduklarinda Cabri yazilimi

yardimiyla tasarlanan calisma yapraklarimi kullanmak istedikleri goriilmektedir. Bunun yaninda

katilimcilardan 11 tanesinin de bu ¢alisma yapraklarini kullanip kullanmama konusunda kararsiz

kaldiklar1 tespit edilmistir. Katilimcilarin kararsiz olma nedenleri incelendiginde ise Ogretmen

adaylarinin zaman sikintis1 (f=6), siiflarin kalabalik olmas: (f=5), siniflardaki donanim eksikligi (f=5)

ve bu yazilimi her geometri konusu i¢in kullanamayacaklarini diisiinmeleri (f=4) nedeniyle karar

veremedikleri goriilmiistiir. Asagida ileriki meslek hayatlarinda Cabri yazilimiyla tasarlanan ¢alisma

yapraklarini kullanmak isteyen &gretmen adaylarindan O6 ve O13’iin goriislerine ait dogrudan

alintilara yer verilmistir

“Ogretmen olsam kullanirim tabi ki. Geometri dersi gorsellestikce somut olur. Ogrenci aktiflesir.
Gorsellik ve hareketlilik konusunda 63rencilerin kesfetmelerine yardimcei oldugu icin kesin kullanirim.”

(06)

“Evet kullanirim. Genel olarak Cabri ile kesfettirmek oldukea iyi. Ug boyutlu cisimlerin

goriiniimlerinde etkili oldugunu diisiiniiyorum”(O13)

Bununla birlikte ileriki meslek hayatlarinda bu calisma yapraklarii kullanma konusunda

kararsiz olan O1 ve O19un goriisleri de su sekildedir;

“Kararsizim. Eger stmif ortam kalabalik ise ve bilgisayar yoksa kullanmam.” (Stnif mevcudu-Donanim
eksikligi-O1)

“Cabri yazilim faydali ancak simif mevcudunun az olmas: gerekir. Cok da zaman alir. Bir de her
konuda da anlatamayabilirim galiba. Karar veremedim sartlara bakmak lazim.” (Stmf mevcudu-Zaman

stkintisi-Her konu icin kullanamama-019)

Cabri Yazilimi ile Caligma Yapraklar Tasarlama Siirecinin Ogretmen Adaylarina Sagladig:

Katkilar

Verilen cevaplar incelendiginde, katiimcilardan bazilarinin Cabri yazilimi yardimiyla ¢alisma

yapraklar1 tasarlama siirecinin sagladig katkilara yonelik birden fazla goriis bildirdigi goriilmektedir.

Elde edilen bulgulara ait frekans degerlerine Tablo 6’da yer verilmistir.
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Tablo 6. Cabri yazilumi ile calisma yapraklar: tasarlama siirecinin 6gretmen adaylarina sagladii katkilara
iliskin frekans degerleri

Katkilar f %
Geometri kavramlarina iliskin bilgilerini arttirma 18 17.9
Teknoloji bilgisini arttirma 13 12.9
Kavramlari kesfettirmeyi 6grenme 13 12.9
Ipucu vermeyi 6grenme 10 9.9
Mesleki Gelisim Calisma yaprag: tasarlamay1 6grenme 8 7.9
Kavramlar arasindaki iliskiyi fark etme 8 7.9
Kendi kavram yanilgilarini fark etme 7 6.9
Olusabilecek kavram yanilgilarini 6grenme 7 6.9
Teknolojiye karsi olumlu tutum gelistirme 7 6.9
Yaraticiligin gelistirme 5 49
Kisisel Gelisim Sabretmeyi 0grenme 3 29
Iyi bir 6gretmen olacagina inanma 2 1.9
Toplam 101 100.0

Tablo 6 incelendiginde bu siirecin katilimcilara geometri kavramlarina iliskin bilgi diizeyini
arttirma (f=18), teknoloji bilgisini arttirma (f=13), kavramlar1 kesfettirmeyi &grenme (f=13), ipucu
vermeyi Ogrenme (f=10), kavramlar arasindaki iligkileri fark etme (f=8) gibi katkilar sagladig:
goriilmektedir. Buradan katilimcilarin mesleki agidan gelisim gosterdikleri ve genel olarak geometri
konularma iliskin teknolojik pedagojik alan bilgilerinin gelistigi goriisiinde olduklar1 sdylenebilir.
Bunun yaninda bazi 6gretmen adaylarinin da bu siirecte yaraticihgini gelistirme (f=5), sabretmeyi
ogrenme (f=3) ve iyi bir 6gretmen olacagina inanma (f=1) gibi kisisel gelisim gosterdikleri goriisiinde
olduklar: belirlenmistir. Baz1 6gretmen adaylarinin goriislerine iliskin dogrudan alintilar asagidaki
gibidir;

“Kavramlar1 nasil o6gretecegimi ipuclarimi  6grendim. Nasil yapilandirmact anlatilir, kurallar

verilmeden buldurmay: bilmiyormusum. Calisma yapraklarini hazirlarken yaraticih§im da gelisti.”

(Ipuglart vermeyi 6grenme-Kesfettirmeyi 6grenme-Yaraticihgini gelistirme-O8)

“Calisma yaprag: hazirlamayr 63rendim. Geometri kavramlarimin nasil inga edildigini bilmiyordum ilk
baglarda tammlart da bilmedigimi anladim.” (Calisma yapragr tasarlamay: 63renme-Geometri

kavramlarina iliskin bilgilerini arttirma-O16)

“Calisma yapraklarint hazirlarken teknolojiyle ilgilenmeye basladim artik ilgilerim arasinda. Geometrik
sekillerin ¢izimlerini tam anlamyla bilmedigimi fark ettim. Calisma yapraklarimi arkadaslarim
sunarken 6grencilerin sahip olabilece$i kavram yamlgilarinin yaninda kendi kavram yamigilarimin da
var olduunu anladim.” (Teknolojiye karsit olumlu tutum gelistirme- Geometri kavramlarina iliskin

bilgilerini arttirma-Kavram yamilgilarim fark etme-O12)

“Tabii ki katkist oldu. Kendi agimdan kavramlarmn tamimlarimi ve aralarindaki baglantiyr gordiim.
Teknolojiyi kullanmayr pek beceremiyordum, eksikliklerimi tamamladim. lyi bir 6gretmen olacagima
inamyorum.” (Geometri kavramlarma iliskin bilgilerini arttirma-Iliskileri fark etme-Teknoloji bilgisini

arttirma-lyi bir 6gretmen olacagima inanma-030)



Yazlik, D. O.

Cabri Yazilimi ile Calisma Yapraklari Tasarlama Siirecinde Ogretmen Adaylarinin

Yasanilan zorluklar f %

Cabri yazilimindan kaynakls Yazilimin ticretli olm.a51 29 22.7
Yazilimin demo versiyonunun kisith olmasi 28 21.9
Geometrik yapinin ingasini bilmemeleri 18 14.1
Teknoloji bilgisine sahip olmama 17 13.3

TPAB'lerinin yetersizliginden Kavrami bilmemeleri 10 7.8

kaynakli Kavramin nasil kesfettirilecegini bilmemeleri 9 7.0
Calisma yapraklariin hazirlanmasinin ¢ok - 55
zaman almasi

Donanim eksikliginden kaynakli  Bireysel bilgisayara sahip olmama 10 7.8

Toplam 128 100.0

Yasadiklar1 Zorluklar

Elde edilen veriler analiz edildiginde, katihimcilardan bazilarinin Cabri yazilimi ile ¢alisma
yapraklar1 tasarlama stirecinde yasadiklar1 zorluklara iliskin birden fazla goriis belirttigi

belirlenmistir. Elde edilen bulgulara ait frekans degerleri Tablo 7'de sunulmustur.

Tablo 7. Ogretmen adaylarinin bu siirecte yasadiklar: zorluklara iliskin frekans degerleri

Tablo 7’ye bakildiginda Ogretmen adaylarinin yasadiklari zorluklarin daha ¢ok Cabri
yaziimindan kaynakli oldugu goriilmektedir. Katiimcilarin ¢ogu yazilimin ticretli (f=29) olmasi ve
demo versiyonunun kisitli (f=28) olmas: nedeniyle sikinti yasadiklarmni belirtmislerdir. Bununla
birlikte 6gretmen adaylar1 geometrik yapinin insasini bilmemeleri (f=18), teknoloji bilgilerinin yetersiz
olmasi (f=17), geometrik kavramlar: tam olarak bilmemeleri (f=10), kavramlarin nasil kesfettirilecegini
bilmemeleri (f=9) ve ¢alisma yapraklarinin hazirlanmasmin ¢ok zaman almas (f=7) gibi nedenlerle bu
siiregte zorlandiklarini ifade etmislerdir. Ayrica katiimcilardan 10’unun bilgisayar sahibi olmadiklar:
i¢in ¢alisma yapraklarin tasarlarken zorluk yasadigr da tespit edilmistir. Baz1 6gretmen adaylarinin

goriislerine ait dogrudan alintilara asagida yer verilmistir.

“Yazilumt kullanmak icin bilgi birikimi gerekiyor. Ilk baslarda yazilimda sekilleri cizemedik. Ornegin
dikdortgeni cizdik ama siiviikleyince bozuluyor. Sonra anladik deftere cizmek gibi degilmis. Dik
dogrular falan iste... Cok zor anladik. Sonra kavramlar: nasil kesfettirecegimi bilemedim. Cok ugrastim.
Hazirladi§imiz en zor édevdi.”(Yapilarin insasim bilmeme-Kavrami nasil kegfettirecegini bilmeme-

041)

“Teknolojiyi hi¢ kullanmadim daha once, programda iicretli olunca indirmek tekrar kurmak sikinti oldu.

Demosu var bir aylik az bence ve kaydetmek kisith. Bir de biz tamimlar: ve cizmeyi bilmiyorduk o
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yiizden zorlandik” (Teknoloji bilgisine sahip olmama-Yazilimin iicretli olmasi- Demo versiyonunun

kisitl olmast-Kavrami bilmeme-Yapilarin ingasini bilmeme-O17)

“Hazirlama siirecinde oncelikle yazilmn isleyisini kavramada bir sikinti ¢ektim. Sadece hazir olarak
cokgenler sablonu var buradan cizince sekil bozuluyor. Tanimlar: eksik biliyormusum zorlandim tabi
cizmeyi zor 6grendim. Aym zamanda kullanmak icin daha 6nce teknoloji ile ilgili alt yapida gerekli ben
de yoktu maalesef. Bilgisayarim yoktu. Calisma yapraklarim hazirlamak icin bir ay ugrastik ¢ok
zamammizi aldi bir ddev icin bence...” (Yapin insasim bilmeme-Kavrami bilmeme-Teknoloji bilgisine

sahip olmama-Bilgisayara sahip olmama-Zaman almasi-O33)
Sonug ve Tartisma

Arastirmanin sonunda elde edilen bulgular incelendiginde katilimcilar; Cabri yazilimi ile
hazirlanan ¢alisma yapraklarinin kullaniminin avantajlarini “matematiksel kavramlar: somutlastirma,
kesfetme, dikkat ¢ekme, kalici 6grenme, kavramlar arasindaki iligkileri yorumlama, 6grenmeyi
kolaylastirma” seklinde belirtmislerdir. Bununla birlikte “dersi eglenceli hale getirme, matematige
karst olumlu tutum gelistirme” gibi avantajlar daha az katilima tarafindan ifade edilmistir. Buradan
Ogretmen adaylarnin DGY’lerin  kullaniminin  sagladigi avantajlarin  farkinda olduklar
goriilmektedir. Bu durumun ilerideki meslek hayatlarinda DGY’leri kullanmalar1 agisindan umut
verici oldugu diistiniilmektedir. Literatiir incelendiginde de bu sonuglara paralel sonuglarin elde
edildigi calismalara rastlanmistir. Zengin ve arkadaslar1 (2013) yaptiklar1 ¢alismanin sonunda
Ogretmen adaylarinin dinamik matematik yazilimlarinin kullaniminin daha g¢ok gorsellestirme,
anlamay1 kolaylastirma, kalicilik saglama ve somutlastirma gibi o6zellikleri sagladigi goriisiinde
olduklar1 sonucuna ulasmislardir. Yavuz ve Can (2010) arastirmalarinda, 6gretmen adaylarmin
matematik 0gretiminde Cabri yaziliminin kullanimimin somutlastirmaya, kalici ve etkili 6grenmeye,
kisa siirede 6grenmenin gerceklestirilmesine yardimci olacagini diisiindiiklerini tespit etmislerdir.
Benzer olarak Bayraktar ve arkadaslar1 (2018) da matematik 6gretmen adaylarinin Cabri 3D ile soyut
konularin somutlasacagi, konunun anlasilmasinin kolaylasacagi, kagit kalemle ¢izimi zor olan
kavramlarin ¢iziminin hatasiz ve gergegine uygun cizilecegi, yazilimin stiriiklenebilir olmasi

nedeniyle 6grencilerin dikkatlerini ¢ekecegi goriisiinde olduklar: sonucuna ulasmislardir.

Arastirmanin sonunda elde edilen bir bagka sonug ise 6gretmen adaylarimin Cabri yazilim ile
hazirlanan ¢alisma yapraklarinin derslerde kullanilmasinin dezavantaji olarak en ¢ok “zaman kaybini,
yazilimin kullaniminin zor olmasini, yazilimin iicretli olmasini, her 6grenciye bilgisayar gerekmesini,
smnif hakimiyetinin zorlasmasini, dikkatlerin ¢abuk dagilmasini, ¢izim becerisini koreltmesini”
gostermeleridir. Benzer olarak Ogal ve Simsek (2017) matematik dgretmen adaylari ile yaptiklari
calismada teknoloji kullanimmin dikkat dagmikhigina sebep oldugu, Ogrencilerin yazi yazma
becerilerini korelttigi, not tutma aliskanliklarini azalttig1 ve zaman kaybi gibi dezavantajlar1 oldugu

sonucuna ulagsmiglardir. Buna ek olarak Karatas ve arkadaslar1 (2016) 6gretmen adaylarinin
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matematik egitiminde teknoloji kullaniminin zaman kaybi, yeterli donanimin olmamasi,
Ogretmenlerin veya 0grencilerin teknoloji kullanimi konusunda yeterli bilgiye sahip olmamasi, smif
yonetiminin zorlagsmasi gibi nedenlerle egitimin olumsuz etkilenebilecegi goriisiinde olduklarim
belirlemislerdir. Giirbiiz ve Giilburnu (2013) ise Cabri 3D ile yaptiklar1 geometri 6gretiminde ¢ogu
Ogrencinin etkinliklerde yer alan geometrik cisimlerin a¢inimini yapmakta zorlandiklarim tespit
etmislerdir. Yine Kosa ve Kalay (2016) yaptiklar1 ¢alismanin sonunda Cabri 3D yazilimini kullanirken
yedinci simf Ogrencilerinin {ist iiste sayfa agmalari nedeniyle yazilimin yavaslamasi, kurduklari
yapiya farkli yonlerden bakmaya calisirken diizlemin siirekli donme 6zelligini aktiflestirmeleri ve
bunu durduramamalar, kiipleri olusturamamalar: gibi problemler yasadiklarini belirlemislerdir. Bu
dezavantajlardan zaman kaybi, sinif hakimiyetinin zor olmasi ve yazilimin 6grenciler tarafindan zor
kullanilmas1 gibi olumsuzluklarin daha az yasanmasi igin zaman zaman derslerde BDO'ye yer

verilmesi ve boylece 6grencilerin bu yonteme ve yazilimlara alismalarinin saglanmasi onerilebilir.

Aragtirmanin sonunda katilimcilarin ¢ogunun Ogretmen olduklarinda Cabri yazilimi
yardimiyla tasarlanan calisma yapraklarimi kullanmak istedikleri belirlenmistir. Bununla birlikte
katihimcilardan bazilarinin bu c¢alisma yapraklarmni kullanip kullanmama konusunda kararsiz
olduklar1 bunun gerekgesi olarak da miifredat yogunlugunu, siruflarin kalabalik olmasini, donanim
eksikligini ve bu yazilimi her geometri konusu icin kullanamayacaklarini diisiindiikleri gortilmiistiir.
Alan ile ilgili ¢calismalara bakildiginda matematik dgretmen adaylariin genellikle teknolojiyi ileride
O0gretmen olduklarinda kendi simiflarinda kullanmak istedikleri sonucuna ulasan c¢alismalara
rastlanmaktadir (Bayraktar vd., 2018; Karatas, Piskin-Tung, Demiray ve Yilmaz, 2016). Bunun yaninda
yapilan arastirmalarda matematik 6gretmenlerinin teknoloji kullanimina iliskin olumlu tutuma sahip
olduklar1 ancak derslerine teknolojiyi entegre etmede teknolojik pedagojik alan bilgilerinin eksik
olmasi, alt yapi eksikligi, zaman kaybi, simuflarin kalabalik olmasi gibi sorunlar nedeniyle
zorlandiklari tespit edilmistir (Alakog, 2003; Erduran ve Tataroglu-Tasdan, 2018; Ogal ve Simsek, 2017;
Onal ve Cakar, 2016).

Arastirma siirecinde verilen egitimin ardindan 6gretmen adaylar1 mesleki ve kisisel gelisim
gosterdiklerini ifade etmiglerdir. Ozellikle geometri konularma iliskin pedagoji, teknoloji ve alan
bilgilerinin gelistigini, kendi kavram yanilgilarinin ve 6grencilerin olasi kavram yanilgilarinin farkina
vardiklarini belirtmislerdir. Matematik 6gretmen adaylarinin Teknolojik pedagojik alan bilgilerinin
gelistirilmesine yoOnelik verilen egitimin ardindan yapilan benzer c¢alismalarda da Ogretmen
adaylarinin teknolojik pedagojik alan bilgilerinin gelistigi sonucuna ulasildig1 goriilmektedir (Akkog,
2013; Akytiz, 2016; Erdogan, 2010; Atasoy, Uzun ve Aygiin, 2015; Bowers ve Stephens, 2011; Cetin,
2017; Harris ve Hofer, 2011; Karatas vd., 2016; Yigit-Koyunkaya, 2017). Ayrica Yigit-Koyunkaya (2017)
tarafindan yapilan calismada da matematik 6gretmen adaylarinin yapilan uygulamalar ve etkinlikler
sayesinde bazi kavramlara yonelik kendi kavram yanilgilarini fark ettikleri ve bunlar1 verilen egitimle

diizelttikleri belirlenmistir.
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Son olarak Ogretmen adaylarinin bu siiregte yasadiklari zorluklarin daha ¢ok Cabri
yazilmindan kaynakli oldugu belirlenmistir. Katihmcilar bu zorluklarin nedeni olarak yazilimin
ticretli ve demo versiyonunun kisith olmasini géstermiglerdir. Bunun yaninda 6gretmen adaylarinin
geometrik kavramlar1 ve ingasini tam olarak bilmemeleri, teknoloji bilgilerinin yetersiz olmasi,
kavramlarin yapilandirmaci yaklasima gore nasil dgretilecegini bilmemeleri ve ¢alisma yapraklarinin
hazirlanmasinin ¢ok zaman almasi gibi nedenlerle bu siirecte zorlandiklari belirlenmistir. Bu gortisler
dogrultusunda katihmcilarin teknolojik pedagojik alan bilgilerinin eksikliginden zorlandiklar1 ve
boylece ¢alisma yapraklarini tasarlamalarmmin da zaman aldig1 soylenebilir. Benzer sekilde Zengin ve
arkadaslar1 (2013) arastirmalarinda matematik 6gretmen adaylarinin BDOM hazirlamanin zaman alict
oldugunu diistindiikleri sonucuna ulasmislardir. Yine Bozkurt, Bindak ve Demir (2011) de
aragtirmalarinin sonunda matematik 6gretmenlerinin BDO'yii kullanmak icin yaptiklari n hazirligin

¢ok zaman aldig goriisiinde oldugunu tespit etmislerdir.

Elde edilen bulgular incelendiginde verilen egitimin ardindan 6gretmen adaylarinin mesleki
acgidan gelisim gosterdikleri sdylenebilir. Ancak bu arastirmada zaman sikintis1 nedeniyle sadece bir
yazilim ayrintili olarak tamitilmis ve uygulamalar: yapilmistir. Bu nedenle matematik 6gretmenligi
lisans programlarinda dinamik matematik/geometri yazilimlari ile materyal tasarlamasma yonelik
derslerin sayisinin veya siiresinin arttirllmasinin  6gretmen egitimi agisindan faydali olacag:
diistiniilmektedir. Boylelikle benzer yontemler kullanarak farkli yazilimlarin da daha ayrintih
Ogretilmesine ve daha genis siire zarfinda bunlara doniik uygulamalar yapilmasina imkan
saglanacaktir. Bunun yaninda tasarlanan bu materyallerin 6gretmenlik uygulamasinda da 6gretim
amagch kullanilmasinin 6gretmen adaylarmin teknoloji entegrasyonuna yonelik tutum ve becerilerinin
gelistirilmesine katki saglayacagi diisiiniilmektedir. Ayrica &gretmen adaylarmin verilen egitim
siirecinde geometri kavramlarini ve insasini bilmemeleri nedeniyle zorlandiklar: belirlenmistir. Bu
nedenle 6zel 6gretim yontemleri, geometri 0gretimi ve analitik geometri gibi derslerde kavramlarin
tanimlarina, ingasina ve nasil Ogretilecegine yonelik etkinliklerin {izerinde durulmasinin Snemli
oldugu diistiniilmektedir. Bunun yaninda katilimeilar yazilimin {icretli ve demo versiyonunun kisith
olmas1 nedeniyle de bu siirecte zorlandiklarini belirtmislerdir. Bu nedenle egitim fakiiltelerinde
DGY’lere agik erisim saglanabilmesine yonelik ¢alismalarin yiiriitiilmesi, verilen egitimler agisindan
faydali olacaktir. Buna ek olarak arastirmanin sonunda bazi katilimcilarin ilerideki meslek
hayatlarinda bu ¢alisma yapraklarini kullanma konusunda kararsiz olduklar: belirlenmistir. Literartiir
incelendiginde 6gretmenlerin geleneksel yontemlere agina olmalarmin ve bu yontemleri kullanirken
smif ortaminda az sorun yasamalarinin, onlarin teknik sorun yasama olasilig1 daha yiiksek olan
bilgisayar destekli matematik Ogretimini tercih etmemelerinde Onemli bir etken oldugu
belirtilmektedir (Demir ve Ozmantar, 2013). Benzer sekilde Niess ve Garofalo (2006) da 6gretmenlerin
bir konuyu 6grendikleri sekilde 6grettiklerini bu nedenle teknoloji entegrasyonu igin 6grenciyken de

matematik derslerini teknoloji igerikli olarak almalar1 gerektigini ifade etmektedir. Buradan 6gretmen
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adaylarmin BDO'ye asina olmalari ve benimsemeleri icin lisans programlarinda yer alan Analiz,
Lineer Cebir, Analitik Geometri gibi derslerin 6gretiminde de 6gretim tiiyelerinin bu yazilimlari
kullanmalar1 onerilebilir. Son olarak arastirmanin sonunda Ogretmen adaylariin ¢ogunlugunun
ilerideki meslek hayatlarmmda bu yazilim ile tasarlanan ¢alisma yapraklarini kullanacaklarmi ifade
ettikleri belirlenmistir. Bu kapsamda ilerleyen yillarda bu dgretmen adaylarinin kendi siniflarinda
DGY’leri kullanma diizeylerini ve deneyimlerindeki degisimi inceleyen uzun siireli bir ¢alismanin

yapilmasinin alana katki saglayacag: diisiiniilmektedir.
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Introduction

With the developments in information and technology, it has become a necessity for societies
to follow and adapt to technological developments. This situation has enabled technology to be
integrated with daily life and used in many fields. Similarly, technology is used in educational settings
to enable students to acquire the targeted skills. Considering the technological tools used in learning-
teaching processes, computers, smartboards, tablets, and projectors are mostly used (Ogal & Simsek,
2017; Ural, 2013). However, it has been determined that these tools are generally used as a
presentation tool (Alakog, 2003; Onal & Cakar, 2016). For this reason, studies are carried out to ensure
that technological tools can be used effectively in the process of structuring students’ knowledge
(Avcy, Kula, & Haslaman, 2019; Bozkurt & Karacabey, 2019; Chauldhary & Sharma, 2012; Livingstone,
2012). To this end, investments are made in many countries to ensure technology integration in
education (Kayaduman, Sirakaya, & Seferoglu, 2011). In Turkey, the most comprehensive investment
made in recent years is the “Movement of Enhancing Opportunities and Improving Technology
Project” (FATIH). This project, which was put into practice in 2010, aims to ensure equal opportunity
in education, enrich the classrooms with technological tools, integrate these tools into education
programs, create educational software and e-content, and provide teachers with in-service training

(Turkish Ministry of National Education [MoNE], 2010).

Along with the studies on the integration of technology into education, our expectations from
mathematics education and our mathematics learning-teaching processes have been reshaped (MoNE,
2013). As a result of the opportunities offered by technological developments, Computer Algebra
Systems (BCS) and Dynamic Geometry Software (DGS) have been developed to be used in
mathematics teaching. BCSs (Derive, Maple, Mathematica, Matlab, Reduce) allow making symbolic
calculations together with numerical calculations in solving mathematical problems and charting
these calculations. DGS (Cabri, GeoGebra, Geometry, Geometer’s Sketchpad) allow creating and
moving geometric structures. Learning environments created by using these software effectively in
the classroom enable students to discover mathematical concepts, associate them, and reach

generalizations by testing (Berger, 2011; Giiven, 2002; Hohenwarter, Hohenwarter, & Lavicza, 2008;
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Kagizmanli, Tatar, & Akkaya, 2011; Kokol-Voljc, 2007). Besides, it has been found that such learning
settings help students to learn about the lives of mathematicians, do math like a mathematician, and
become skillful at higher-order thinking skills (Couco & Goldenberg, 1996; Wiest, 2000). Also, the
secondary school mathematics curricula put into practice in recent years emphasize the importance of
integrating technology into mathematics lessons and using Computer Assisted Instruction (CAI) in
teaching processes. Moreover, it has been suggested to utilize dynamic mathematics/geometry

software (MoNE, 2005; MoNE, 2013; MoNE, 2018).

Along with the use of computers in learning-teaching processes, geometry teaching has also
gained a different dimension (Geng & Oksiiz, 2016). With geometry teaching, students are expected to
gain skills such as analyzing the properties of geometric objects, finding relationships between them,
expressing these relationships mathematically, proving geometric propositions, and spatial thinking
(Baki, 2006; NCTM, 2000). Geometry lessons conducted in traditional classroom settings are usually
carried out by drawing (sometimes irregularly) a limited number of geometric shapes on the board
and by directly giving the properties of these shapes (Bintas & Bagcivan, 2007). Students are expected
to transfer the drawings on the board to their notebooks using papers, pencils, and rulers and thus to
gain spatial thinking skills with the help of these drawings (Giiven & Karatas, 2005). After the
development of DGS, however, this static teaching in traditional classroom environments has been
transformed into dynamic learning by moving geometric structures to the computer screen. It has
been determined that in the learning environments created with DGS, students discover the properties
of geometric structures by moving geometric shapes, changing their shapes, and making
measurements; they can also make inferences and reach generalizations about these structures (Balci-
Seker & Erdogan, 2017; Cetin, Erdogan, & Yazlik, 2015; Freixas, Joan-Arinyo & Soto-Riera, 2010;
Gliven & Kosa, 2008; Lopez-Real & Leung, 2006). Similarly, Cabri, one of the DGS with dragging,
zooming, and rotating features, offers suitable learning environments for dynamically teaching both
two-dimensional and three-dimensional geometric structures (Baki, 2001; Tall, Blockland, & Kok,
1990). For example, dragging a dynamically drawn rectangle from the desired corner or making it
larger or smaller allows students to see the construction of many rectangles, to explore the features of
the rectangle, as well as to notice the relationship between a rectangle and a square. Furthermore, with
the help of Cabri 3D software, students can create geometric objects such as prisms, cylinders, and
pyramids, and they can easily view these objects in different positions with the rotation feature.
Again, with the software, students can see the openings of the geometric objects, and by making
measurements, they can discover the relations between them, their lateral areas, and volume relations.
In addition, it has been reported in the literature that learning environments created with Cabri
software increase students’ academic performance (Bayraktar, Tapan-Broutin & Giines, 2018; Gokkurt
et al,, 2012; Giirbiiz & Giilburnu, 2013; Kaleli-Yilmaz, Ertem & Giiven, 2010; Kordaki and Balomenou,
2006; Straesser, 2001; Vincent, 2003; Yazlik & Ardahan, 2012). Some studies have even concluded that
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Cabri software contributes to developing a positive attitude in students towards mathematics (Giiven

& Karatas, 2003; Kosa & Kalay, 2016).

It is stated that teachers have a crucial role in the process of integrating technology into
lessons (Sangra & Gonzalez, 2010). For teachers to benefit from technology effectively in their lessons,
they must have sufficient educational technology-related knowledge and skills (Balki & Saban, 2009).
When the teacher competencies determined by the Ministry of National Education are examined, it is
seen that teachers should be able to use technology in preparing learning environments and lesson
plans, in developing materials, and in assessment and evaluation processes; they are also required to
have basic skills and beliefs about using technology in their lessons (MoNE, 2018). As it is seen,
teachers are expected to be able to both use existing technological tools and integrate them into their
lessons (Giindiiz & Odabasi, 2004). Therefore, teachers should have technological pedagogical content
knowledge. In mathematics education, particularly, teachers are expected to make effective use of
information and communication technologies in their lessons and to use materials designed with
mathematics/geometry software (MoNE, 2013). In this context, “Computer-Assisted Mathematics
Teaching” is included in the faculties of education as an elective course in maths teaching programs.
In addition, in-service training is provided to teachers on this topic. However, when the studies are
examined, although mathematics teachers have a positive attitude towards the use of technology, they
lack technological pedagogical field knowledge in integrating technology into their lessons and have
difficulty in using it due to problems such as lack of infrastructure, loss of time, and overcrowded
classes (Erduran & Tataroglu-Tasdan, 2018; Ogal & Simsek, 2017; Onal & Cakir, 2016; Ural, 2015).
Studies have also reported that most of the mathematics teachers do not use mathematics/geometry
software in their lessons and that some of them have never heard of such software (Cavus & Inan-

Eskitascioglu, 2016; Onal & Cakir, 2016).

As stated above, dynamic mathematics/geometry software has an important place in
mathematics teaching. For this reason, mathematics teachers are expected to design and use
Computer-Aided Teaching Materials (CATM) with the help of these software. Besides, pre-service
teachers, who will be the teachers of the future, are required, before starting the teaching profession,
to meet CATM, to design these materials, and to have sufficient knowledge, skills, and attitude in this
regard. In this context, it is thought that it is important to examine pre-service teachers’ opinions about
the design and use of CATM in lessons. It is also thought that determining the contributions of CATM
training to pre-service teachers and the difficulties they face in the process will contribute to the
development of educational approaches for computer-assisted mathematics teaching in both the
literature and teacher training programs. Taking these as a starting point, this study aims to examine
the opinions of pre-service elementary school mathematics teachers about the process of designing
worksheets with the help of Cabri software and the use of these worksheets in geometry teaching.

Many studies in the literature examine pre-service mathematics teachers’ opinions about the use of
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GeoGebra software in mathematics teaching (Baltaci, Yildiz, & Kdsa, 2015; Cetin, 2017; Horzum &
Unlii, 2017; Er and Saglam-Kaya, 2017; Yorganci, 2018), and there are many examples of activities on
the official website of GeoGebra software (www.geogebra.org), so this study focuses on teaching
Cabri software. In addition, Cabri software has been preferred because it allows the construction of

both two-dimensional and three-dimensional geometric structures.
Method

This research employed the case study model, one of the qualitative research designs. A case
study is defined as the holistic analysis and definition of a current phenomenon within a limited time
frame within its real-life environment (Merriam, 2015; Yin, 2018). In case studies, it is emphasized how
the factors (environment, individuals, events, process, etc.) of a situation affect the relevant situation
or how they are affected by the relevant situation (Yildirim & S$imsek, 2008). This study aims to
examine pre-service mathematics teachers’ opinions about the contributions of the worksheet design
and presentation process with Cabri software and the difficulties they experienced in this process.

Also, their opinions about the use of these worksheets in geometry teaching are examined.
Participants

The criterion sampling method, one of the purposeful sampling methods, was used in
determining the participants. Inclusion criteria were as follows: a) having taken courses related to
mathematics education called Special Teaching Methods, Instructional Technologies, and Material
Design, b) having made applications for the design of worksheets with the 5E model in these courses,
and c) having completed the course called Technology Use in Mathematics Teaching. The participants
received information about computer-aided mathematics teaching and Cabri software within the
scope of the lesson “Using Technology in Mathematics Teaching.” Once the participants completed
this course, it was deemed that they had the necessary knowledge on this topic; so the research was
started. The participants consisted of 41 fourth-year pre-service elementary school mathematics
teachers, who participated in the study on a voluntary basis. Although 42 pre-service teachers took the
relevant course, one of them did not want to participate in the study. Nine (21.9%) of the participants
were male, and 32 (78.1%) were female. The names of the participants are kept confidential within the

framework of the research ethics, so they were coded as T1, T2,..., T41.
Data Collection Tool and Process

The semi-structured interview technique was used for data collection. Before developing the
interview form, the relevant literature was reviewed to examine the interview questions used in
related studies (Aktiimen et al., 2011; Er & Saglam- Kaya, 2017; Gokge, Aydogan-Yenmez, & C)zpmar,
2016). Then, an interview form consisting of six open-ended questions was developed by the
researcher. Care was taken to ensure that the interview questions were intelligible, appropriate for the

study, and non-leading. Then, to achieve content validity, the interview questions were submitted to a
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total of five experts: four with expertise in maths education and one with expertise in Turkish
education. In line with the feedback received, two questions were combined into one question, and the
others were revised in terms of grammar. Finally, a semi-structured interview form consisting of five

open-ended questions was created.

The data of the research were collected through one-to-one semi-structured interviews held
with each participant after the training program. All the interviews were audio-recorded with the
permission of the participants. During the interviews, an atmosphere of mutual trust was tried to be
created so that the participants could respond to the interview questions sincerely, and sufficient time
was given to the participants. Interviews lasted 20-25 minutes on average. After transcribing the audio
recordings obtained from the interviews, the participants were asked to read and confirm their

statements. The interview questions were as follows:

1) Suppose that you started your job as a teacher. Would you use worksheets designed with

Cabri software in your lessons? What do you think?

2) Let’s imagine for a moment that you are using worksheets designed with Cabri software in
your class. What kind of a learning environment do you think you will be in? Explain the positive and

negative aspects.

3) In your opinion, for which geometry topics worksheets can be designed with Cabri

software?

4) Has the process of designing and presenting worksheets with Cabri software contributed to

you? If yes, in what way?

5) Have you had any difficulties in designing and presenting worksheets with Cabri software?

If yes, explain the troubles you have experienced together with their reasons.
Content of the Training Program

In this study, firstly Cabri Geometry II and Cabri 3D software were introduced to the
participants within the scope of the lesson “Using Technology in Mathematics Teaching,” then,
sample worksheets were designed with all participants aiming at some learning outcomes, and finally,
participants were asked to design worksheets in groups of two and present them in the classroom.
Participants designed these worksheets in pairs using the 5E model. The participants were free to pair
up with anyone, and a total of twenty-one groups were formed. To ensure that the worksheets were
about different geometry-related learning outcomes, the researcher randomly distributed the learning
outcomes among the pairs. The lessons were carried out with every two participants using one laptop,
and the smartboard in the classroom was used in the presentations. The content of the training

program, which lasted a total of fourteen weeks with three class hours per week, is given in Table 1.
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Table 1. The content of the training program

Week 1 General explanations about computer-assisted mathematics teaching and
technologies used in mathematics teaching.

Week 2 Introduction to Cabri II software (participants were given the opportunity to
try and practice the software).

Week 3 Introduction to Cabri II software (participants were given the opportunity to
try and practice the software).

Week 4 Development of sample worksheets for some geometry learning outcomes in

an environment of discussion including all participants (Triangle Inequality,
Angles in the Circle, Symmetry-Translation).

Week 5 Introduction to Cabri 3D software (participants were given the opportunity to
try and practice the software).
Week 6 Introduction to Cabri 3D software (participants were given the opportunity to

try and practice the software).

Week 7 Development of sample worksheets for some geometry learning outcomes in
an environment of discussion including all participants (View of objects from
different directions, Opening of a vertical cylinder, Surface area of a triangular

prism).

Week 8 Presentation of and discussion and feedback about worksheets (three groups
each week)

Week 9 Presentation of and discussion and feedback about worksheets (three groups
each week)

Week 10 Presentation of and discussion and feedback about worksheets (three groups
each week)

Week 11 Presentation of and discussion and feedback about worksheets (three groups
each week)

Week 12 Presentation of and discussion and feedback about worksheets (three groups
each week)

Week 13 Presentation of and discussion and feedback about worksheets (three groups
each week)

Week 14 Presentation of and discussion and feedback about worksheets (three groups
each week)

Below are some screenshots of the worksheets designed by the participants. Figure 1 presents
the introductory phase of the worksheet designed for teaching the area relation of the Parallelogram,
Figure 2 presents the exploration phase of the worksheet prepared for teaching the Pythagorean
relation, and Figure 3 presents the evaluation phase of the worksheet designed to show that a square

is a special case of a rectangle.
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Figure 1. Screenshot of the introductory phase of the worksheet designed by a pre-service

teacher.
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Figure 2. Screenshot of the exploration phase of the worksheet designed by a pre-service

teacher.
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Degerlendirme

*Cabri ekramindaki gibi defterinize de cetvel yardmiyla dikdorigen ve kare ciziniz.
*Cizdiginiz bu kare ve dikdortgenin kenar uzunluklanm ve agi olgtlerini olginiz.
*Dikdortgende olup kare de olmayan herhangi bir ozellik var mi? Yaziniz.

* Karede olup dikdorigende olmayan herhangi bir ozellik var mi? Yaziniz.

* Her iki seklin ortak ozellikleri nelerdir?

*Kesfetme basamagini hatirlayalim. Dikdortgeni surukledigimizde kareye donusmesi icin ne gerekiyordu?
Neye dikkat etmistiniz?

*Asagidaki camleleri doldurunuz.
S S dikdortgenin 6zel halidir.

*Her bir dikdortgendir.
Figure 3. Screenshot of the evaluation phase of the worksheet designed by a pre-service
teacher.

Data Analysis

Firstly, the audio recordings of the interviews were transcribed on a computer. Each interview
was transcribed verbatim, and care was taken to ensure that this process was performed in the
interviewer-to-interviewee order . Then, the content analysis method was used in the analysis of the
obtained data. During the analysis, the data were read in detail, and the codes were determined. Then,
similar codes were grouped into six themes. The codes of these themes are presented in tables with
their frequency values. At the end of the analysis, it was seen that the participants stated more than
one opinion for some themes, and these opinions were coded separately. So, the sum of the

frequencies in the tables is more than the number of participants.

To increase the reliability of data analysis, the data were coded by the researcher and an
expert with expertise in maths education. The codes obtained from the results of the analyses were
compared, and the codes with different opinions were given their final form. Inter-coder reliability
was calculated as 98.7% using the formula of Miles and Huberman (1994). Miles and Huberman (1994)
recommend an agreement rate of 80% to ensure a consensus between coders. Hence, it can be said that
the obtained codes were reliable. In addition, the researcher avoided interpretation and
generalizations in the analysis of the data. Also, the participants were asked to check and confirm the

transcripts. Finally, while interpreting the tables, direct excerpts from the interviews were included.
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Ethical Considerations

The study complied with all the rules specified in the “Higher Education Institutions Scientific
Research and Publication Ethics Directive.” None of the actions stated under the title “Actions against

Scientific Research and Publication Ethics,” which is the second part of the directive, was carried out.
Information about Ethics committee permission

For this study, ethics committee approval was taken from Nevsehir Haci Bektas Veli

University Ethics Committee (date and number of decision: 30.04.2020, 2020.10.82).
Findings

In this section, the findings obtained from the participants’ opinions are presented in tables
under six themes: (1) the advantages of using worksheets designed with Cabri software in geometry
teaching, (2) the disadvantages of using worksheets designed with Cabri software in geometry
teaching, (3) geometry topics deemed appropriate for the design of these worksheets, (4) pre-service
teachers’ preference for using worksheets in their future professional life, (5) the contributions of the
worksheet designing process with Cabri software to pre-service teachers, and (6) the difficulties that

they experienced during this process.
Advantages of using worksheets designed with Cabri software

The majority of the participants stated more than one advantage of using worksheets designed

with Cabri software in geometry teaching. The obtained findings are presented in Table 2.

Table 2. Frequency values of the advantages of using worksheets designed with Cabri software

Advantages f %
Concretization 32 16.7
Exploring 28 14.6
Permanent learning 21 11.0
Making connections between 1 1.0
Cognitive Development Area mathematical concepts
Making learning easier 15 7.8
Development of reasoning skills 10 52
Individualized learning 5 2.6
Cooperative learning 4 2.1
Attracting attention 26 13.5
Active participation 19 9.9
Affective Development Area Making learning fun 6 3.1
Developing a positive attitude in
students towards maths > 26
Total 192 100.0

When Table 2 is examined, the advantages most frequently stated by the participants related
to the use of worksheets designed with Cabri software in geometry teaching are concretization (f=32),

exploring (f=28), attracting attention (f=26), permanent learning (f=21), and making connections
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between mathematical concepts (f=21). In addition, advantages such as making learning fun (f=6),
developing a positive attitude in students towards maths (f=5), and providing individualized (f=5) and
cooperative learning (f=4) were stated. Some of the excerpts from the interviews that fell under this

theme are as follows:

“In this course, students concretize abstract concepts. Students are active, not passive. I think I will

realize permanent learning.” (Concretization-Active participation-Permanent learning-T20)

“Cabri enables students to see abstract concepts in a concrete way, so they learn concretely. I think I
attract the attention of the students through colors. I will ensure the active participation of the students.
I make groups, so cooperative learning is provided. I think they will love math. “(Concretizing-

Attracting attention-Active participation-Cooperative learning-Positive attitude-T26)

“In this environment, students are once again active. Since there is no direct expression, I think
learning via computers will make mathematics more fun for students. In Cabri software, exploring also
takes place, as it is possible to zoom in, zoom out, and see different versions. Also, through discussions,
students are able to associate what they learn. I think they will learn easily and permanently...”(Active
participation-Positive attitude-Making learning fun-Exploring-Associating-Permanent learning-

Facilitating learning-134)

“In this lesson, students learn abstract concepts more easily. Students can explore the topic because I do
not explain it directly. For example, they can see the condition of the sides of a triangle according to the
interior angles and learn individually. They also learn to reason.”(Facilitating learning-Exploring-

Individualized learning-Developing reasoning skills-T35)
Disadvantages of using worksheets designed with Cabri software

Of the participants, five stated that the use of worksheets designed with Cabri did not have
any disadvantages, while others stated more than one opinion. The obtained findings are given in

Table 3.
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Disadvantages f %o
Loss of time 21 17.5
Lack of hardware 15 12.5
Difficulty in classroom management 12 10.0

Based on Method Misconceptions 11 9.2
Distractions 9 7.5
A barrier to communication in the 7 5.8
classroom

Based on Cabri Software Cost of the software 18 15.0
Difficulty in using the software 18 15.0

Based on Students’” Ages A decline in students’” drawing skills 6 5.0
Abstract 3 2.5

Total 120 100.0

When Table 3 is examined, the disadvantage most frequently stated by the participants related

to the use of worksheets designed with Cabri software in geometry teaching is the loss of time (f=21),

followed by difficulty in using the software (f=18), the cost of the software (f=18), lack of hardware

(f=15), difficulty in classroom management (f=12), misconceptions (f=11), distractions (f=9), and a

barrier to communication in the classroom (f=7), respectively. Also, some of the participants stated

that this is not suitable for the students at this age level as it causes a decline in students” drawing

skills (f=6) and is abstract (f=3). Some of the excerpts from the interviews that fell under this theme are

as follows:

“...Also, it is very difficult to lead students, and students have difficulty in using the software in this
learning environment, and of course it will be a loss of time. They can be distracted quickly and if I do
not control them closely, and misconceptions may arise. I need to be careful in this lesson... “(Difficulty

using the software-Loss of time-Distraction-Misconception-T39)

“... I do not teach the students as they are expected to explore it themselves. Besides, I may not be able
to manage the classroom. They may be distracted quickly, too ...”(Loss of time-difficulty in classroom

management-Distraction-T41)

“...It would be nice learning, but still it may not be suitable for students” age because they cannot touch
(the objects). 1t is not always convenient to use. They are under age. Since they are drawing on the
computer, they may not be able to draw properly on paper, then I have to make them draw it again for
the development of their manual skills. Also, the cost of the software and finding a computer for every
student may be a problem. I hope I can find a computer for at least two students.” (Abstract-Decline in

students’ drawing skills-Cost of the software-Lack of hardware-T37)

“I don’t think I will encounter any negative situation in this learning environment.” (No disadvantage-

T18)
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Geometry topics deemed appropriate for designing worksheets with Cabri software

When the obtained data are analyzed, it is seen that some of the participants expressed more

than one opinion. The frequency values of the findings are given in Table 4.

Table 4: Frequency values of the topics deemed appropriate for designing worksheets with Cabri software

Geometry Issues f %o
Polygons 23 18.0
Geometric solids 22 17.2
Transformation geometry 17 13.3
Coordinate plane 12 9.4
Area measurement 10 7.8
Volume measurement 10 7.8
Angle-edge relations 8 6.3
All geometry topics 7 55
Circle 6 4.7
Circumference 6 4.7
Parity - similarity 4 3.1
Slope 3 2.3
Total 128 100.0

As it is seen, polygons (f=23) and geometric solids (f=22) were the most frequently stated
topics that could be taught using Cabri software, followed by transformation geometry (17),
coordinate plane (f=12), area measurement (f=10), volume measurement (f=10), and angle-side
relations (f=8). Also, seven participants stated that these worksheets could be used in teaching all
geometry topics. Finally, geometry topics such as parity-similarity (f=4) and slope (f=3) were the least

stated topics. Some of the excerpts from the interviews that fell under this theme are as follows:

“Polygons like triangles, quadrilaterals. In three-dimensional objects such as prisms and

pyramids.”(T7)
“Triangles, geometric objects, reflection, symmetry, rotation.” (T2)
“I prepare and use worksheets at all grade levels for all geometry topics.” (T12)

“Circle-Circumference, geometric objects, area measurement, volume calculation, analytical geometry

(coordinates), parallel displacement, rotation, symmetry.” (T21)

Pre-service teachers’ preference for using worksheets designed with Cabri software in their

future professional life

Considering the participants’ responses to the question of whether they would use worksheets
designed with Cabri software in their future professional life, it is seen that all of them responded to

this question. The frequency values of the obtained data are given in Table 5.

Preference f %

I'd prefer using them 30 73.2
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Unsure 11 26.8
Total 41 100.0
Reasons for being unsure f %

Time constraints 6

Classroom size 5

Lack of hardware 5 25.0
4

30.0
25.0

Inability to use the software for all 20.0
topics

Total 20 100.0
Tablo 5. : Frequency values of the participants’ preference and reasons for using worksheets designed with Cabri

software in their future professional life

use the

When Table 5 is examined, it is seen that most of the participants (f=30) stated that they would

worksheets designed with Cabri Software when they start the teaching profession. However,

eleven participants stated that they were not sure whether they would use such worksheets. The

reasons they stated for being unsure are time constraints (f=6), overcrowded classes (f=5), lack of

hardware in classrooms (f=5), and the idea that they could not use this software for every geometry

topic (f=4). Below are direct excerpts from the interviews with T6 and T13, who stated that they would

use worksheets designed with Cabri software in their future professional lives.

“When I start the teaching profession, I will definitely use it. If the geometry lesson becomes visual, it
becomes concrete. The student becomes active. I would certainly use it because it helps students explore

through visuality and mobility. “(T6)

“Yes, I will. In general, it’s pretty good to explore with Cabri. I think that three-dimensional objects
look more effective.”(T13)

On the other hand, below are direct excerpts from the interviews with T1 and T19, who stated that they

were unsure about using these worksheets in their future professional lives.

“I am not sure. If the classroom is crowded and there is no computer, I won't use it. “ (Class size-Lack

of hardware-T1)

“Cabri software is useful, but class size should be small. It takes a lot of time. I guess I may not be able
to teach every topic (using the software). I am not sure, I must see the classroom conditions.”(Class

size-Time Constraints-Inability to use the software for every topic -T19)

The contributions of the worksheet designing process with Cabri software to pre-service

teachers

When the participants’ responses are examined, it is seen that some of them expressed more

than one contribution. The frequency values of the obtained findings are given in Table 6.

Table 6.

Frequency values of the contributions of the worksheet designing process with Cabri software to pre-

service teachers

Contributions f %

Professional Increasing knowledge of geometry concepts 18 17.9
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Development Increasing technology knowledge 13 12.9
Learning to explore concepts 13 12.9
Learning to give clues 10 9.9
Learning to design worksheets 8 7.9
Realizing the relation between concepts 8 7.9
Realizing their own misconceptions 7 6.9
Realizing the misconceptions that may arise 7 6.9
Developing a positive attitude towards technology 7 6.9
Personal Impro.ving Creativi.ty 5 4.9
Development Learning to be patient 3 29
Faith to be a good teacher 2 1.9
Total 101 100.0

When Table 6 is examined, the contribution of the process most frequently stated by the
participants is ‘increasing the knowledge of geometry concepts’ (f=18), followed by ‘increasing
technology knowledge’ (f=13), ‘learning to explore concepts’ (f=13), ‘learning to give clues’ (f=10), and
‘realizing the relations between concepts’ (f=8). Based on these, it can be said that the participants
thought that they improved professionally and increased their technological pedagogical content
knowledge on geometry topics. Moreover, some of the participants stated that they ‘improved their
creativity’ (f=5), ‘learned to be patient’ (f=3), and ‘started to believe that they would be a good teacher’

(f=1). Below are direct excerpts from the interviews that fell under this theme:

“I learned tips on how to teach concepts and how to teach them constructively, and I did not know how
to make them find without rules. My creativity also improved while preparing the

worksheets.”(Learning to give clues-Learning to explore-Improving creativity-T8)

“I learned how to design worksheets. 1 did not know how the concepts of geometry were constructed, at

first, 1 realized that I did not know the definitions.”(Learning to design worksheets-Increasing

knowledge on geometry concepts-116)

“While I was designing worksheets, I started to be interested in technology. I realized that I did not
fully know how to draw geometric objects. While my friends were presenting their worksheets, I realized
that I had some misconceptions. (Developing a positive attitude towards technology-Increasing

knowledge of geometry concepts-Realizing misconceptions-T12)

“Of course it contributed (to me). From my point of view, I saw the definitions of the concepts and the
connection between them. I am not able to use technology, I provided missing information . I believe I
will be a good teacher.”(Increasing knowledge of geometry concepts-Realizing relations-Increasing

technology knowledge-Faith to be a good teacher-T30)
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The difficulties encountered by pre-service teachers while designing worksheets with

Cabri software

When the obtained data are analyzed, it is seen that some of the participants stated more than
one difficulty related to the process of designing worksheets with Cabri software. The frequency

values of the obtained findings are presented in Table 7.

Table 7. Frequency values of the difficulties encountered by pre-service teachers during this process

When Table 7 is examined, it is seen that the difficulties encountered by pre-service teachers
are mostly based on Cabri software. The most frequently stated difficulty is the cost of the software
(=29), followed by the limited functionality of the demo version (f=28), not knowing how to construct
a geometric structure (f=18), insufficient technology knowledge (f=17), not knowing the geometric
concepts properly (f=10), not knowing how to discover the concepts (f=9), and worksheets taking a lot
of time to design (f=7). In addition, ten participants stated that they had difficulty in designing the
worksheets because they did not have a computer. Below are direct excerpts from the interviews that

fell under this theme:

“Prior knowledge is required to use the software. At first, we couldn’t draw the shapes in the software.
For example, we drew a rectangle, but it got distorted when we dragged it. Then, we realized it was not
like drawing in a notebook. Vertical lines, etc... We had much difficulty. Then, I didn’t know how to get
the concepts discovered . 1 tried very hard. It is the most difficult assignment we have ever
prepared.”(Not knowing how to construct a geometric structure-Not knowing how to get the concepts

discovered -T41)

“I have never used technology before, and it is a problem to download and install the software as it is

not free. It has a demo version, for me, a one-month limitation is a short period and saving is limited

Difficulties encountered f %
. Cost of the software 29 22.7
Based on Cabri software o ) ) )
Limited functionality of the demo version 28 21.9
Not knowing how to construct a geometric 18 14.1
structure
Insufficient technology knowledge 17 13.3
Based on insufficient TPACK Not knowing the geometric concepts 10 7.8
properly
Not knowing how to get concepts discovered 9 7.0
Worksheets taking a lot of time to design 7 5.5
Based on the lack of hardware Not having a personal computer 10 7.8
Total 128 100.0

too. Also, we did not know the definitions and how to draw, so we had difficulty.”(Not having
technology knowledge-Cost of the software-Limited functionality of the demo version-Not knowing the

geometric concepts- Not knowing how to construct a geometric structure-T17)
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“During the preparation process, 1 first had a hard time understanding the functioning of the software.
There is only a ready-made polygons template and the shape becomes distorted when you draw from
here. I also had incomplete knowledge of the definitions, so I had difficulty learning to draw. Also, and
unfortunately, I did not have the necessary prior knowledge related to technology usage. I didn’t have a
computer. We worked for a month to prepare the worksheets and it took us a lot of time for an
assignment, I think ...” (Not knowing how to construct a geometric structure- Not knowing the
geometric concepts-Not having knowledge of technology-Not having a computer- Worksheets taking a
lot of time to design-T33)

Results and Discussion

When the obtained findings are examined, the advantages of using worksheets prepared with
Cabri software, as stated by the participants, are “concretization, exploring, permanent learning,
making connections between mathematical concepts, making learning easier, development of
reasoning skills, individualized learning, cooperative learning, attracting attention, active
participation, making learning fun, and developing a positive attitude towards maths.” Based on this
result, it can be said that pre-service teachers are aware of the advantages of using DGS. Therefore, it
is thought that they are inclined to use DGSs in their future professional lives. Indeed, a thorough
review of the relevant literature yields similar results. Zengin et al. (2013) concluded that pre-service
teachers believed the use of dynamic mathematics software provided advantages such as
visualization, facilitation of understanding, providing permanent learning, and concretization. Yavuz
and Can (2010) found that pre-service teachers thought that the use of Cabri software in mathematics
teaching would lead to the concretization of abstract concepts, permanent and effective learning, and
achieving learning in a short time. Similarly, Bayraktar, Tapan-Broutin, and Giines (2018) concluded
that pre-service mathematics teachers thought that with Cabri 3D, abstract topics would become
concrete, the topic would be easier to understand, the concepts that are difficult to draw manually
would be drawn accurately, and that the software would attract students’ attention due to its

dragging feature.

On the other hand, the disadvantages of using worksheets prepared with Cabri software, as
stated by the participants, are “loss of time, lack of hardware, difficulty in classroom management,
misconceptions, distractions, a barrier to communication in the classroom, the cost of the software,
difficulty in using the software, a decline in students’ drawing skills, and abstract.” Similarly, Ocal
and Simsek (2017) concluded in their study conducted with pre-service mathematics teachers that
technology use causes distraction among students, dulls students’ writing skills, reduces note-taking
habits among students, and causes loss of time. In addition, Karatas et al. (2016) determined that pre-
service teachers believed that the use of technology in mathematics education could be negatively

affected by reasons such as loss of time, lack of sufficient hardware, teachers or students’ not having
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enough knowledge about technology use, and difficulties in classroom management. Giirbiiz and
Giilburnu (2013), on the other hand, found that most of the students had difficulty in explaining the
geometric objects in the activities in their geometry teaching with Cabri 3D. Besides, Kosa and Kalay
(2016) determined that while using the Cabri 3D software, seventh-grade students had problems such
as the software slowing down due to opening pages one after the other, activating the continuous
rotation feature of the plane while trying to look at the structure they built from different directions,
and not being able to stop it, and unable to form cubes. To eliminate the disadvantages that were
determined in the present study as well as in other studies, it may be suggested that CAI should be

included in the lessons from time to time so that students get used to this method and software.

In the present study, most of the participants stated that they would use worksheets designed
with Cabri software when they start the teaching profession. However, some of the participants stated
that they were not sure whether they would use such worksheets for reasons such as time constraints,
classroom size, lack of hardware, and inability to use the software for all topics. Considering the
relevant studies, some studies concluded that pre-service mathematics teachers were generally willing
to use technology in their own classes when they become teachers in the future (Bayraktar, Tapan-
Broutin, & Giines; 2018; Karatas et al., 2016). In addition, it has been found that although mathematics
teachers have a positive attitude towards the use of technology in classes, they have difficulties in
integrating technology into their lessons due to problems such as lack of technological pedagogical
content knowledge, lack of infrastructure, loss of time, and overcrowded classes (Alakog, 2003;

Erduran and Tataroglu- Tagdan, 2018; Ocal & Simsek, 2017; Onal & Cakir, 2016).

After the training program, the pre-service teachers stated that they showed professional and
personal development. They also stated that they increased especially their knowledge about
pedagogy, technology, and geometry topics and became aware of the misconceptions they had and
possible misconceptions that may arise in students. Similar studies also reported an increase in pre-
service mathematics teachers’ technological pedagogical content knowledge following training
programs (Akkog, 2013; Akyiiz, 2016; Erdogan, 2010; Atasoy, Uzun and Aygiin, 2015; Bowers &
Stephens, 2011; Cetin, 2017; Harris & Hofer, 2011; Karatas et al., 2016; Yigit-Koyunkaya, 2017). In
addition, Yigit-Koyunkaya (2017) found that during the training program provided to pre-service

mathematics teachers, they realized and overcame their own misconceptions about some concepts.

Finally, it was determined that the difficulties that pre-service teachers experienced in this
process were mostly related to Cabri software. The reasons for the difficulties experienced in this
process, as the participants stated, are “the cost of the software, the limited functionality of the demo
version, not knowing how to construct a geometric structure, insufficient technology knowledge, not
knowing the geometric concepts properly, not knowing how to teach the concepts according to the

constructivist teaching approach, and worksheets taking a lot of time to design.” Based on these
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opinions, it can be said that the participants had difficulty due to the lack of technological pedagogical
content knowledge, so it took a lot of time for them to design their worksheets. Similarly, Zengin et al.
(2013) concluded that pre-service mathematics teachers thought it was time-consuming to prepare
CAI M. In the same way, Bozkurt, Bindak, and Demir (2011) found that they thought that the pre-

preparation made by mathematics teachers to use CAI took a lot of time.

When the overall findings are examined, it can be said that the pre-service teachers showed
professional development after the training program. However, in this study, only one software was
introduced and applications were made with time constraints. For this reason, it is thought that
increasing the number or duration of lessons for designing materials with dynamic
mathematics/geometry software in mathematics education undergraduate programs will be beneficial
for teacher training. In this way, it will be possible to teach different software in more detail using
similar methods and to practice using them over a longer period of time. In addition, it is thought that
using these designed materials for teaching purposes will contribute to pre-service teachers” attitudes
and skills towards technology integration. Also, during the training process, it was determined that
pre-service teachers had difficulties due to their lack of knowledge of geometry concepts and the
construction of geometrical figures. For this reason, it is thought that it is important to focus on the
activities related to the definition and construction of geometry objects as well as on how to teach
these concepts in courses such as Special Teaching Methods, Geometry Teaching, and Analytical
Geometry. Besides, the participants stated that they had difficulties in this process due to the cost of
the software and the limited functionality of the demo version. For this reason, conducting studies to
provide open access to DGS in faculties of education will be beneficial in terms of the training
programs provided. Furthermore, some participants stated that they were not sure whether they
would use these worksheets in their future professional lives. When the literature is examined, it is
stated that the familiarity of teachers with traditional methods and having few problems in the
classroom environment while using these methods is an important factor in their preference for
computer-assisted mathematics teaching, which is more likely to bring about technical problems
(Demir & Ozmantar, 2013). Similarly, Niess and Garofalo (2006) state that teachers teach a topic the
way they learn it, therefore, for technology integration, they should take mathematics lessons with
technology content as a student. Based on these, it can be suggested that faculty members use this
software in courses such as Analysis, Linear Algebra, and Analytical Geometry in undergraduate
programs so that pre-service teachers become familiar with and adopt CAI Finally, most of the pre-
service teachers stated that they would use the worksheets designed with this software in their future
professional lives. In this context, it is thought that conducting further studies that examine their use
of DGS in their own classes and the change in their experiences in the upcoming years will contribute

to the field.
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