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Article Information Abstract

CrossMark This study aimed to examine the perceptions of high school students about the concept
of infinity through the metaphors they used. The study was designed to use the

DOI: 10.29299/kefad 1229109 phenomenological method, one of the qualitative research techniques. A total of 111

Received:  03.01.2023 (64 female and 47 male) high school students studying at a high school in a city center
Revised: 26.05.2023 in the Central Anatolia Region in the 2018-2019 academic year participated in the
Accepted:  27.06.2023 study. The participants were 12th-grade students. The data were obtained by high

school students completing the sentence, “Infinity is like..., because...", and were
evaluated using content analysis. The students produced 75 valid metaphors. These
were grouped into seven categories. The results of the study showed that students
mostly expressed the concept of infinity using metaphysical concepts, followed by
emotions, actions, astrological concepts, concepts related to nature and the

Keywords: environment, and concepts related to living things. It was concluded that the students
Hich School Students perceived infinity in an abstract manner and described it based on their own

'8 ’ experiences and intuitions. It is also noteworthy that students did not use
Metaphor, mathematical concepts, or mathematics at all, when defining infinity. In terms of
Infinity gender, it was determined that the female students explained infinity mostly by

metaphors about emotions and astrological concepts, while male students explained it
with metaphysical concepts. Another result of the study was that all the metaphors
produced were related to potential infinity. It is recommended that the concept of
infinity be covered in detail in school mathematics and that different types of infinity
be associated with daily life.

Lise (")grencilerinin Sonsuzluk Kavramina iliskin Metaforlar1

Makale Bilgileri Oz
CrossMark Bu aragtirmanin amaci, lise 6grencilerinin sonsuzluk kavramu ile ilgili algilarini metaforlar

araciligl ile incelemektir. Arastirmada nitel arastirma yonteminden olgubilim deseni

I: 10. fad.12291 .
DOL: 1029299/ kefad 1229109 kullanilmustir. Arastirmaya 2018-2019 egitim-6gretim yilinda I¢ Anadolu Bolgesi'nde bir il

Yiikleme:  03.01.2023 merkezinde bir lisede 6grenim gdrmekte olan 111 (64 kiz ve 47 erkek) 6grenci katilmustir.
Diizeltme:  26.05.2023 Aragtirmanin katilimecilari, 12. sinuf dgrencilerinden olugsmaktadir. Veriler lise 6grencilerinin
Kabul: 27.06.2023 “sonsuzluk ...gibidir; ¢linkii...” climlesini tamamlamalar1 ile elde edilmistir ve igerik

analizine gore degerlendirilmistir. Ogrenciler 75 adet gecerli metafor iiretmislerdir.
Metaforlar yedi kategori altinda toplanmigtir. Aragtirmanin sonucunda sonsuzluk kavramini
Lise Ogrencﬂeri, ogrencilerin en ¢ok metafizik kavramlar ile ifade ettikleri goriilmiistiir. Genel olarak
sonsuzlugun; duygular, eylemler, astrolojik kavramlar, doga ve cevre ile ilgili kavramlar ve
etkisi devam eden canli varliklarla ifade edildigi goriilmiistiir. Ogrencilerin sonsuzlugu soyut
Sonsuzluk olarak algiladiklari, deneyim ve sezgilerine dayanarak sonsuzlugu yapilandirdiklar:
sonuglarma ulagilmistir. Ayrica Ogrencilerin sonsuzlugu ifade ederken matematiksel
kavramlar1 ve matematigi hi¢ kullanmamalar1 da dikkat ¢eken sonuglar arasindadir. Cinsiyet
agisindan  bakildiginda ise sonsuzluga iliskin olusturulan metaforlarin kiz &grenciler
tarafindan daha ¢ok duygular ve astrolojik kavramlarla, erkek &grenciler tarafindan ise daha
¢ok metafizik kavramlarla agiklanmaya calisildig1 tespit edilmistir. Ayrica olusturulan
metaforlarin tamaminin potansiyel sonsuzlukla ilgili oldugu ulasilan bir baska sonugtur.
Sonsuzluk kavraminin okul matematiginde ayrintili bir sekilde ele almmasi ve farkl

sonsuzluk tiirlerinin giinliik yasamla iliskilendirilmesi arastirma sonucunda 6nerilmektedir.
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Giris

Gerek kavramsal olarak anlagilmasindaki zorlugu agsma cabasi gerekse de miifredatta ileri

diizey analiz konularinin 6gretimine temel teskil etmesi nedeniyle sonsuzluk kavrami, yiizyillardir
ilgi odag1 olan ve matematik egitimcilerinin dikkatini ¢eken, ancak calismaktan kagindiklar1 bir
kavram olmustur (Akbulut ve Akgiin, 2005; Narli ve Narli, 2012). Daha ¢ok lisans diizeyindeki
matematikte ise kosulmasina ragmen ortaokulda sezgisel olarak ve lise seviyesinde temel diizeyde
O0gretim programlarinda Ortiik bir sekilde yer almaktadir. Ortaokul programlarinda yer alan dogru,
diizlem, sonsuz c¢oklukta basamak iceren devirli ondalik sayi, pi sayisi, irrasyonel sayr gibi
kavramlarin 6gretiminde de sonsuzluk kavramina ihtiyag¢ duyulmaktadir (Ozmantar, 2008). Ayrica
matematik egitimi acgisindan temel bir kavram olarak degerlendirildiginde (Kim, Sfard ve Ferrini-
Mundy, 2005) ve ogrencilerin bu kavramla ilgili anlamalarimin, limit, devirli ondalik agilim gibi
matematigin diger konu ve kavramlariyla ilgili 6grenmelerini etkileyebilecegi goz oniine alindiginda

bu kavramin anlasilmasina iliskin arastirmalarin 6nemi ortaya ¢ikmaktadir (Celik ve Aksan, 2013).

Matematik egitimindeki ©Onemi bilinmesine ragmen kavramin epistemolojik olarak
anlasilmasindaki zorlukla birlikte en temelde ortaokul ve lise dgretim programinda kavraminin
miistakil bir baglikla ele alinmamasi da bu konunun anlasilmasinin 6niindeki engellerdendir. Zira bu
engellerin temelinde kavramin soyut yapist 6nemli bir rol oynamaktadir (Falk, Gassner, Ben-Zoor ve
Ben-Simon, 1986; Kolar ve Cadez, 2012). Ciinkii zihinsel semalarimiz sonlu gercekliklere uyumlu
oldugu i¢in, sonsuzluk kavrami sezgilerimizle celismekte (Fischbein, Tirosh ve Hess, 1979) ve bu
nedenle de 6grenciler tarafindan ogrenilmesi zor ve ayni zamanda zaman alan bir kavram olarak
degerlendirilmektedir (Bozkus, Ugar ve Cetin, 2015). Ozellikle ortadgretim Oncesinde sonsuzluk
kavramimnin sezgisel ya da tesadiifi 6grenmeler yoluyla gerceklesmesi, okul egitiminde kavramin
Ogrenilmesinde engel teskil ettigi bilinmektedir (Fischbein, 2001; Jirotkova ve Littler, 2004). Bir baska
ifade ile sonsuzluk kavramina iliskin 6grencilerin gelistirdigi algilarin ne kadar anlamh ve dogru
olduguna iliskin net bir cevabin verilememesi, sahip olunan bu sezgilerin sonsuzluk kavramini yanlig

yorumlamaya yol agabilecegini diistindiirmektedir.

Sonsuzluk kavramina iligskin algilarin ne derece dogru oldugu ve sonsuzluk algilarinin ne ile
eslestirildiginin bilinmesi ileri matematik 6gretimi agisindan onemlidir. Zira sonsuzluk, matematikte
ortadgretim ve lisans diizeyinde siklikla kullanilan; diziler, seriler, limit, stireklilik, tiirev, integral gibi
onemli matematik konularma temel teskil eden bir kavramdir (Yildinm ve Kegan, 2017) Ancak
Ogrencilerin sonsuzluk kavramina iliskin algilarinin matematiksel sonsuzluktan daha ziyade giinliik
yasamdan Orneklerle eslestirildigi ve sonsuzlugu daha ¢ok fiziki olarak tanimladiklar1 belirlenmistir
(Celik ve Aksan, 2013; Maria, Thanasia, Katerina, Constantinos ve George, 2009; Singer ve Voica,
2008). Ayrica Ogrencilerin sonsuzluk sezgilerinin yasa bagli olmadig1 (Singer ve Voica, 2003) ve

ilkogretim 6grencileri ile doktora 6grencileri arasinda sonsuzluk anlayisina iligkin benzer anlayislarn
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oldugu goriilmiistiir (Aztekin, 2008). Belirtilen nedenlerden dolayi lise 6gretiminde limit, dizi, seri
gibi konularin Ogretimine temel teskil eden bu kavramin lise 6grencilerince nasil algilandiginin
bilinmesi soyut olan bu kavramin dgretimini kolaylagtiracaktir. Ote yandan lise dgrencilerinin
sonsuzluk kavramina iliskin sezgilerinin bilinmesi 6gretmenlerin sonsuzluk 6gretiminde ne tiir
etkinlikler yapmasi ve drneklemeler yapmasi gerektigi hakkinda ipuglar: verebilir. Ayrica alan yazina
bakildiginda ortaokul 6grencilerinin (Bozkus ve digerleri., 2015; Yildirim ve Kesan, 2017) ve daha ¢ok
da 6gretmen adaylarmnin sonsuzluk algilarina iliskin ¢alismalara rastlanmaktadir (Aztekin, 2008; Celik
ve Aksan, 2013, Pala ve Narli, 2018). Bu ¢alisma ile lise 6grencilerinin soyut bir kavram olan sonsuzluk
kavramini nasil algiladiklarinin metaforlar yoluyla tespiti, olusturulan metaforlarin cinsiyete gore

degisimi ve metaforlarin tiirlerinin ne oldugunun ortaya konulmas: amaglanmaktadir.
Sonsuzluk Tiirii Olarak Fiili ve Potansiyel Sonsuzluk

Literatiir incelendiginde fiili ve potansiyel sonsuzluk olmak iizere iki sonsuzluk cesidinden
bahsedilirken (Fischbein ve digerleri.,, 1979; Fischbein, 2001) ayrica dinamik ve statik sonsuzluk
seklinde de kategorilendirildigi bilinmektedir. Fischbein’e (2001) gore potansiyel sonsuzluk, sonsuz
siire¢ ve sonsuz kiimeleri ifade eder. Yani potansiyel sonsuzluk daima devam eden bir siirectir
(Dubinsky, Weller, McDonald ve Brown, 2005). Aristo'nun ifadesi ile bu siirecin herhangi bir aninda
sonlu bir degere isaret eder (aktaran Dubinsky ve digerleri., 2005). Bu anlamda dogal sayilarin
kurulusunda potansiyel sonsuzluktan bahsedilebilir. Ciinkii bir dogal sayiya yeni bir say1
eklendiginde bir onceki dogal sayidan farkh bir sayiya ulasilmakta ve ekleme siireci siirekli devam
etmektedir (Dubinsky ve digerleri., 2005). Dogal sayilarin tamamini kavrayamayacagimizi ama her
dogal sayidan sonra bir dogal say1 geldigini ve bu nedenle Fischbein, potansiyel sonsuzlugu sezgisel
olarak anlayabilecegimizi ifade etmistir. Ancak yukarida ifade edilen bu durumun fiili sonsuzluk igin
gecerli oldugu soylenemez. Fischbein’e (2001) gore siirekli sonlu olan seyler ile mesgul olmamiz ve
sonlu gerceklere odaklanmamiz nedeniyle fiili sonsuzluk bizim mantik semalarimizin disinda
kalmakta ve sonugcta anlasilmasi oldukga giiclesmektedir. Fiili sonsuzlugu anlamlandirmak i¢in dogru
parcasindaki sonsuz nokta ve gercek sayilarin sonsuzlugu érnek verilebilir. Ciinkii dogru pargas bir
biitiindiir ve {izerinde sonsuz noktay1 icermektedir. Buna ragmen farkli uzunluktaki dogru parcalar1
tizerinde ayni sayida noktanin var olmas: ya da sonsuz olan cift dogal sayilar ile dogal sayilarin
eleman sayilarinin sayilamiyor olsa bile bu iki kiime arasinda birebir esleme yapilabiliyor olmasi
insan zihninin bu durumu anlamasimi zorlagtirmaktadir. Zira Aristo insan zihninin bir biitiindeki
sonsuz pargay1 algilayamayacagini ve biitiindeki sonsuz siireci diisiinecek kapasitede olmadiginm
iddia etmistir (Dubinsky ve digerleri., 2005). Buradan ¢ikarilacak sonug ise potansiyel sonsuzluk fikri
sezgiler ile celismediginden kolay anlamlandirilirken gercek sonsuzluk fikrini iceren durum ve

ornekler dogrudan sezgiler ile agiklanamayacagindan anlasilmasi oldukga giigtiir.
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Alan yazinda potansiyel sonsuzluk daha ¢ok dinamik sonsuzlukla eslestirilmektedir. Yani
potansiyel sonsuzlugu siirekli devam eden ve bitmeyen siireci sonsuzlugun dinamik bir siireg
oldugunu ifade etmektedir (Kolar ve Cadez, 2012). Sayilarin 1, 2, 3, 4, ... gibi sonsuza gitmesi yani
sayilarim sonunun olmamas: dinamik sonsuzluga ornek olarak verilebilir. Statik sonsuzluk ise daha
cok fiili sonsuzlukla 6zdeslestirilmekte, statik sonsuzlukta sonsuzlugun bir biitiin olarak diisiiniilmesi
s6z konusudur. Ornegin “sayilarin tamaminin sonsuz olmas1” fikri 6grencinin sonsuzlugu bir biitiin
olarak diistinebildigini yani statik sonsuzluk olarak ifade ettigini gostermektedir. Daha iyi anlasilmas1
i¢in dinamik ve statik sonsuzluk kavramlari karsilastirilacak olursa dinamik sonsuzlukta 6grenciler
sonsuz bir slirecin adimlarina odaklanirken; statik sonsuzlukta stirecin tamamina odaklanmaktadirlar.
Ornegin bir dgrencinin “sonsuzluk, sonu olmayan seydir” ifadesini kullanmasi dinamik sonsuzluk
iken “sonsuzluk, sonsuz sayidan olusur” ifadesini kullanmasi sonsuzlugu bir biitiin olarak ifade

etmesi yani statik sonsuzlugu gostermektedir.

Farkli tiirlerinin anlasilmasindaki zorluklarla birlikte sonsuzluk kavraminin bazi
paradokslarin ortaya ¢ikisinda rol oynadigr bilinmektedir. Bunlardan bazilar1 Galileo Paradoksu,
Bolzano ve Dedekind Tanimlari, Cantor Sonlu Otesi Sayilar Teorisi, Hilbert’ in Sonsuzluk Oteli
(Akbulut ve Akgiin, 2005), Elal1 Zenon’un Ok ve Achilles-Kaplumbaga Paradoksu’dur (Pala ve Narls,
2018). Bu paradokslarin temelinde yatan sonsuzluk anlayisi {izerine yillarca diistiniilse de
sonsuzlugun matematikteki anlami George Cantor'un “sonsuz kiime” kavramiyla incelenmeye
baslamistir. Cantor, sonsuzluk kavraminin anlamlandirilmasinda pek ¢ok alt faktoriin ise
kosuldugunu ifade etmistir (Pala ve Narli, 2018). Matematik arastirmacilar1 da sonsuzlugun
anlasilmasindaki bu faktorlere iliskin ¢alismalar yapmislardir. Alan yazin incelendiginde sonsuzlugu
O0grenme (Singer ve Voica, 2008), sonsuzluk algis1 ve problem ¢dzme iliskisi (Singer ve Voica, 2003),
sonsuzluk kavraminin nasil anlasildigina iliskin 6gretmen adaylarinin (Celik ve Aksan, 2013),
ilkogretim Ogrencilerinin, (Narli ve Narli, 2012), ortaokul 6grencilerinin (Bozkus ve digerleri., 2015;
Yildirim ve Kesan, 2017) algilari tizerine ¢alismalar mevcuttur. Ayrica sonsuzluk kavraminin tarihsel
gelisimi iizerine pek ¢ok farkli calisma (Dubinsky ve digerleri.,, 2005; Jiretkova ve Littler, 2004;
Monaghan, 1986, 2001; Pala ve Narli, 2018; Yildirim ve Kesan, 2017) yapilmistir. Calismalar
incelendiginde 6grencilerin yasam deneyimlerinin, sonsuzlugu sezgisel algilamalarinda etkili oldugu
(1§leyen, 2013) ve sonsuzlugu siirekli devam eden bir siire¢ (Monaghan, 2001) olarak agikladiklar:

goriilmektedir.
Sonsuzluk Ogretiminde Yasanan Zorluklar

Aristo, gercek sonsuzlugu anlamada ve algilamada insan beyninin yeterli olmadigini ve bu
nedenle da potansiyel olarak sonsuzlugun daha algilanabilir ve anlaml oldugunu ifade etmistir
(Dubinsky ve digerleri, 2005; Ozmantar, 2010). Bu nedenle &grenciler, potansiyel sonsuzlugu

anlamada zorluk yasamaz iken, fiili sonsuzlugu anlamada zorluk yasamaktadirlar. C)rnegin dogal
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sayllarin birer birer artarak devam ediyor olmasi ve bir sonunun olmamasi 6grencilerdeki bu
sonsuzluk semasiyla uyusurken, sinirlari belli bir aralik olan [0,1] aralifinda sonsuz kesir olmasi
durumu ile uyusmamaktadir. Dolayisiyla Ogrencilerin, sonsuzlugun belli noktalarla
sinirlandirilmasina anlam vermekte zorlandiklari soylenebilir (Bozkus ve digerleri,, 2015). Ayrica
ogrenciler, sonlu ve sonsuz kavramlariyla ilgili “sonlu, belirli siirlar1 vardir” ve “sonsuzun siniri
yoktur” seklinde belli diisiincelere sahiptirler (Singer ve Voica, 2003). Benzer sekilde 6grencilerin, her
seyin bir sonu oldugunu diistinmeleri ve sonsuzluga iliskin giinliik hayatta tecriibelerinin olmayisi
(Isleyen, 2013) ve sonsuzluk kavraminin gorsellestirilememesi (Bozkus, 2014), yine &grencilerin

sonsuzluga iliskin yasadiklari zorluklarin bir bagka nedenidir.

Ogrenciler tarafindan sonsuzlugun bir nesne olarak ya da say1 olarak algilanmasi ya da
ogrencilere bu yaklasimla 6gretim yapilmasi da bu kavramin &grenilmesinin 6niindeki bir bagka
engeldir. Sonsuzluk kavrami pek c¢ok Ogrenciye en biiyiik say1 olarak Ogretilmekte dolayisiyla
ogrenciler bu 6grenmelerini devam ettirmekte ve bu durum ileriki zamanlarda kavram yanilgilarina

ve kavramin 6grenilmesinde giigliikler olusturabilmektedir (Sierpinska, 1987).
Sonsuzluk Kavraminin Ogretim Programindaki Yeri

Sonsuzluk, ortadgretim matematik 6gretim programinda hemen her siufta karsilasilan bir
kavramdir. Ornegin sonlu ve sonsuz kiimelerde, esitsizligin gergek sayilardaki ¢oziim kiimesinin
bulunmasinda, sonsuz geometrik dizilerde ve belirsizlik iceren limit gibi kavramlarda sonsuzluk
kavrami yer almaktadir (Ozmantar, 2008). Ortadgretim matematik programinda sonsuzluk kavramina
iligkin ifadeler kazanim agiklamasi seklinde, kiimeler konusunda “sonsuz kiime” ve karekoklii
ifadeler konusunda “Koklii ifadelerde sonsuza giden i¢ ice koklerle yapilan islemlere yer verilmez.”
seklinde iki yerde “sonsuz” ifadesi ile vurgulanmistir (MEB, 2018). Goriildiigii iizere her smuif
diizeyinde yer alsa da sonsuzluk kavramini 6gretim programinda miistakil bir baslikla ele alip
tartismaktan kaginilmaktadir. Bunun sonucu olarak ogrencilerin sonsuzluk kavramini bildikleri
varsayilarak ogretim yapilmaktadir. Ayrica smifta yapilan egitimlerde sonsuzluk kavrami daha ¢ok
sezgi diizeyinde verilmektedir. Ornegin -c0, oo/so gibi ifadeler 6grenciler tarafindan sonsuzu, islem
yapilabilen bir say1 olarak algilamalarina neden olmaktadir (Kabael, Barak ve Ozdas, 2015). Ayrica
etkinliklerde “n sonsuza giderken” seklinde bir kullanim, 6grencilerin sonsuzu varilacak bir yer ya da
¢ok biiyiik bir say1 (Nesin, 2002) olarak algilamalarinda 6nemli bir etkendir. Simf i¢i 6gretiminde
sorun yasanan sonsuzluk kavrammin giinliikk hayatla iligskilendirilmesinde de problemler
yasanmaktadir. Ozellikle geometrik dizi yardimiyla ¢oziilecek problemlerde, formiiliin sonsuza giden
bir toplamla bulunmasi nedeniyle sonsuzun bir say1 olarak algilanmasina ya da sonsuz defa o eylemin
gerceklesmesinin miimkiin olmamas1 gibi celiskileri beraberinde getirmektedir (Ozmantar, 2008).
Matematikgilerin bile ¢alismaktan kagindiklari sonsuzluk kavrami, &grencilerin kendi baglarma ve

sezgileriyle Ogrenebilecekleri bir kavram degildir. Bu nedenle bu kavramin 6gretiminde sezgisel
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anlayistan daha ziyade kavramsal bir anlayis tercih edilmelidir. Bir baska deyisle sonsuzluk kavrami

derslerde gerektigi kadar ve yeterli diizeyde ele alinmalidir.
Sonsuzlugun Anlasilmasinda Metafor Kullanimi

Bircok calismada {iizerinde durulan metafor s6zciigii, Yunanca “metapherein” sozciigiiniin
farklilasmasiyla ortaya g¢ikmistir. Meta “degisim”, pherein ise “dayanma” anlamina gelir (Levine,
2005). Metaforlar herhangi bir somut veya soyut olgu, durum ve siire¢ hakkindaki bireylerin alg: ve
tutumlarini belirlemek ve zihinlerinde, s6z konusu unsurlara karst onlart miimkiin kilan kavramsal
tepkiler” olarak tanimlanmaktadir. Kavram sistemimiz biiyiik Olglide metaforik ise, o zaman
diisiinme tarzimiz, tecriibe ettigimiz her olgu ve giinliik olarak yaptigimiz her seyi metaforlarla
agiklayabiliriz (Lakoff ve Johnson, 2005). Buna gore metaforlar, birbirine benzemeyen iki olgu
arasinda bir iligki kurarak belli bir zihinsel semanin bagka bir zihinsel sema {izerine yansitilmasina
olanak verilmesidir seklinde ifade edilebilir. Sonsuzluk gibi soyut bir kavramin metafor ile
incelenmesi, sonsuzluk kavramina iliskin 6grencilerin bilincaltinda olusan resimlerin ve algilarin
ortaya c¢ikarilmasmi ve somutlastirilmasmi kolaylastiracag: icin boyle bir c¢alismaya ihtiyag

duyulmustur.

Giinliik yasamlarinda sonsuz bir yana, sonsuzluga yaklasan bir sey ile hicbir ilgisi olmayan
insanlar sonsuzlugu nasil algilamaktadirlar? Higbir insanin gercek bir sonsuzlukla dogrudan
deneyimi olmadigindan, sonsuzlugu anlamak ve sonsuzluk hakkinda diisiinmek icin bir tiir metafor
kullanmamiz gerekmektedir (Ananthaswamy, 2003; Stewart, 2003). Ancak Lakoff ve Nunez’e (2000)
gore, sonsuzluk kontroliimiizde olan, fiziksel diinyada goérdiigiimiiz ve deneyimle elde ettigimiz
seylerin, bazi niteliklerinin iistesinden gelmek igin bizim icat ettigimiz bir seydir. Lakoff ve Nunez
(2000), metaforlarin roliinii “soyut diisiincenin miimkiin kilindig1 temel araglar” olarak one siirmdis,
sonsuzluk kavramini anlamanin ve kavramsallastirmanin en temel yolunun onu metaforlarla anlamak
gerektigini ifade etmis buna da “sonsuzlugun temel metaforu” adini vermistir. Lakoff ve Nunez
(2000), sayilar1 bir dogru {izerinde noktalar olarak algiladigimiz metafor yoluyla kavramlagtirdigimizi

iddia etmektedir (Stewart, 2003; Ananthaswamy, 2003)

Matematik egitimi ile ilgili metafor calismalar1 incelendiginde, Ogretmen adaylarmin
matematik Ogretmeninin farkli rollerine iliskin metaforlar1 (Fleener, Pourdavood ve Fry, 1995),
matematik Ogretmen adaylarinin matematik metaforlar1 (Giiler, Akgiin, C)gal ve Doruk, 2012),
Ogretmen adaylarmin matematik, matematik dersi, matematik dersi kavramlarina yonelik algilar
(Sahin, 2013), Ogretmen adaylarinin matematik metaforlart (Giiner, 2013), matematik bdliimii
Ogrencilerinin ispata iliskin algilar1 (Aktas ve Aktas, 2013; Yazlik, 2019), 6gretmen adaylarinin
matematige yonelik tutumlar: icin metafor (Brady ve Winn, 2014), matematik 6gretmen adaylarmin
matematik kavrami iizerine metaforlar1 (Erdogan ve digerleri, 2014), ortaokul &grencilerinin

matematik problemine iliskin metaforlar1 ve smif diizeylerine gore degisimi (Sezgin-Memnun, 2014),
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{istiin yetenekli 6grencilerin matematik metaforlari (Arikan ve Unal, 2015), iiniversite 6grencilerinin
matematik problemine iliskin algilar1 (Uygun, Gokkurt ve Usta, 2016), 6gretmen adaylarmnin
matematik ornekleri (Saglam Kaya, 2017), matematik 6gretmen adaylarinin matematik ve matematik
Ogretimi tizerine mecazi algilar1 (Demirkol ve Ergin, 2017), 6grencilerin matematik dersi ve matematik
Ogretmenine yonelik algilar1 (Yetim Karaca ve Ada, 2018), ortaokul dgrencilerinin matematige kars:
mecazi algilar (Cetinkaya, C)ngren, Oraka ve Ozdemir, 2018), Tﬁrk—italyan ogrencilerinin matematik
O0gretmeni kavramina iliskin metaforlar1 (Peker, 2018) gibi ¢alismalar vardir. Fakat sonsuzluk ile ilgili
lise 6grencilerinin metafor ¢alismasina rastlanmamistir. Bu nedenle ¢alismanin alan yazina 6nemli

katki saglayacag diistiniilmektedir.
Arastirmanin Amaci

Bu arastirmanin amaci, lise 6grencilerinin sonsuzluk kavramu ile ilgili algilarin1 metaforlar
araciligiyla ortaya gikarmaktir. Sonsuzluk gibi soyut bir kavramin metaforlar yardimiyla incelenmesi,
Ogrencilerin bilingaltinda olusan sonsuzluk kavramina iligkin algilarin ortaya ¢ikarilmasini ve bu
algilarin somutlastirilmasimi kolaylastiracaktir. Bu amag¢ dogrultusunda asagidaki alt problemlere

cevap aranmigtir.
1-Lise 6grencilerinin sonsuzluk kavramina iliskin gelistirdikleri metaforlar nelerdir?
2-Lise 6grencilerinin olusturduklar1 bu metaforlarin cinsiyete gore dagilimi nasildir?

3-Lise ogrencilerinin olusturduklari metaforlarin potansiyel ve fiili sonsuzluk agisindan

dagilimi nasildir?
Yontem

Aragtirmanin bu bdliimiinde, arastirmanin modeli, ¢alisma grubu, veri toplama siireci ve

verilerin analizi hakkinda bilgi verilmektedir.
Arastirmanin Modeli

Arastirmada nitel arastirma desenlerinden olgubilim (fenomenoloji) kullanilmistir. Olgubilim,
giinliik hayatta karsilastigimiz, farkinda oldugumuz fakat ayrintili ve derin anlayamadigimiz olgular
arastirmak igin kullanilan bir desendir (Yildirim ve $imsek, 2018). Bu c¢alisma, lise 6grencilerinin
sonsuzluk kavramina iligskin algilarin1 metaforlar araciligiyla incelemeyi amaglamaktadir. Son yillarda
metafor, bir bireyin yiiksek diizeyde soyut, karmasik veya kuramsal bir olguyu anlamada ve
acitklamada ise kosabilecegi giiclii bir zihinsel ara¢ olarak degerlendirilmektedir (Yob, 2003)
Metaforlar, siireglerin, olaylarin ve fenomenlerin olusumu ve isleyisi hakkindaki diisiincelerimizi
anlamlandiran, yonlendiren ve kontrol eden zihinsel araglardir. Bu ¢alismada, lise 0grencilerinin
sonsuzluk kavramina iliskin algilar1 ve kavrama yiikledikleri anlamlar ayrintili bir sekilde ortaya

¢ikarilmasi amaglamaktadir.
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Calisma Grubu

Arastirmanin c¢alisma grubu Ic Anadolu’da bir ilin 2018-2019 egitim 6gretim yilinda 6grenim
gormekte olan 46’s1 kiz (%60,5) ve 30'u erkek (%39,5) olmak iizere toplam 76 lise Ogrencisi
olusturmaktadir. Katilimcilar 6lgiit rnekleme yontemi ile belirlenmistir. Olgiit rnekleme de belirli
oOl¢iitleri saglayan durumlar belirlenir (Baltaci, 2018). Bu arastirma kapsamindaki olgiit, 6grencilerin
12. smif 6grencisi olmalaridir. Olgﬁtﬁn bu sekilde belirlenmesinin nedeni 6grencilerin limit, tiirev,
diziler gibi konularda sonsuzlugu tamimis olmalar1 ve matematiksel sonsuzluk hakkinda da bilgi
sahibi olmalaridir. Arastirmaya 64 kiz (%57,66) ve 47 erkek (%42,34) toplam 111 6grenci ile baslanmis
ancak olusturulan metaforlarin tasnifi sonrasinda konu ve kaynak arasinda yanhs bag kuran 36

metafor kapsam dis1 tutulmustur.
Verilerin Toplanmasi

Arastirmada etik kurallar geregi her 6grencinin goniillii katihmi ve bilingli onaylar:1 esas
almmistir. Bu cercevede Ogrencilere goniillii katiim onam formlar1 dagitilmig, arastirma Oncesi
ogrencilere arastirma hakkinda kisaca bilgi verilmis ve arastirmaya katilimin goniilliik esasina
dayandigr ifade edilmistir. Ardindan arastirmaya katiimi kabul eden Ogrencilere sonsuzluk
kavramina iliskin metaforlarini ortaya ¢ikarmak amaciyla “sonsuzluk... gibidir, ¢iinkii ...”” climlesinin
yazili oldugu bos kagitlar verilmistir. Ogrencilerden bu metaforlari tamamlamalar1 istenmistir.
Ogrencilere 10 dakikalik siire verilmistir. Arastirma problemi dogrultusunda dgrencilerden ayrica

cinsiyet bilgileri de alinmistir.
Verilerin Analizi

Katillmcilar tarafindan gelistirilen metaforlarin analizi yapilirken nitel veri analizi
yontemlerinden igerik analizi kullamilmistir. Icerik analizinde temel amag verilerde sakli olan
gercekleri ortaya ¢ikarmaktir. Veriler analiz edilir ve elde edilen verilere gore kategoriler olusturulur.
Sonrasinda veriler kategorilere kodlanir (Yildirim ve Simsek, 2018). Igerik analizinin gerceklestirilme
siirecinde verilerin kodlanmasi, temalarin bulunmasi, temalarin diizenlenmesi, bulgularin
tanimlanmas1 ve yorumlanmasinda MAXQDA adli nitel veri analizi programindan yararlanilmistir.
Dokiimanlardan elde edilen veriler bilgisayar ortaminda yazili hale getirildikten sonra MAXQDA

programina aktarilmistir. Verilerin analiz siireci Sekil 1’de gosterilmistir.
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Metaforlarin . . -
DT T I L e | 1. Asama_p» Katilimeilar K geklmqut k?dlMIE e vanmna kagit
ERn mumaralan vazilmagta,
Bos va da Eksik Doldurulan N Bos kagit olmadif icin bu asamada eleme
Kagitlann Belirlenmesi —2- Agama +l vapilmamigtir.
Metaforlarin Degiskenlere 3 A Aragtirma kapsamunda kiz ve erkek olmak fizere
Gire Kategorize Edilmesi [ FAMa —p- metaforlar kategorize edilmistir.
K:t:"?nak ve Konu Arasinda Konu ve kaynak arasinda vanlis bag kurulan 36
Dogru Kurulan Metaforlann  f—4. Ajama_y, adet metafor elenmigtir.
Tespiti
Dogru Gelistirilen i Maxqda programi vardimiyla metaforlar 7 alt
Metaforlarn Uygun —— 3. Asama e kategori altinda toplanmigtir.
Kategonlere Yerlestirilmesi
Metaforla Olusturulan
Tablolann Bn;igﬂm |6 Asama_p Nihai Olugturulan metaforlar MaxMaps, tablo ve
Eavdedilmesi ' radar grafigi seklinde bilgisayara aktarilmigtir.

Sekil 1. Verilerin analiz stireci
1.Asama: Metaforlarin bulundugu kagitlar numaralandirilmistir. Katihmcilar K seklinde
kodlanmis ve yanina kagit numaralar1 yazilmistir. Ornegin, 5. dgrencinin kagidi K5 seklinde ifade

edilmistir.

2.Asama: Metaforlar tek tek okunmustur ve bos kagit olmadigr icin bu asamada eleme

yapilmamuistir.
3.Asama: Metaforlar cinsiyete gore listelenmistir.

4.Asama: Metaforlar listelendikten sonra tekrar okunmustur. Forceville (2002), bir seyin
metafor olmasi igin kaynak ve konusunun olmas: gerektigini, kaynaktan konuya atfedilen 6zelligin
bulunmasi gerektigini belirtmistir. Bu kriter dikkate alinarak metaforlar dogru ve yanlis olarak

nitelendirilmistir. Konu ve kaynak arasinda yanlis bag kurulan 34 adet metafor elenmistir.

Ornegin bir dgrenci (K58), 0/0 ifadesini bir metafor olarak yazmistir ve sebebini “gok
matematik igliyoruz, aklima bagka bir sey gelmiyor.” seklinde yazmistir. Metafor ve sebebi arasinda
dogru baglanti kurulamadig; icin yani kaynaktan konuya dogru 6zellik atfedilemedigi i¢in bu metafor
elenmistir. Bagka bir 6grenci (K10) “Sonsuzluk ucu bucagl olmayan gezinti gibidir ciinkii ilk
basladiginda korkarsin sonra zamanla alisir 6grenmeye baslarsin.” seklinde ifade etmistir. Kaynak ve

konu arasindaki 6zellik dogru kurulamadig i¢in bu metaforda elenmistir.

5.Asama: Dogru gelistirilen metaforlara uygun kategoriler olusturulmustur ve metaforlar
kategorilere uygun olarak kodlanmistir. Ayrica metaforlarin potansiyel ya da fiili sonsuzluk

kategorileri de bu asamada olusturulmustur.
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6.Asama: Metaforlarin cinsiyete ve potansiyel-fiili sonsuzluk kategorisine gore dagilimi,
metafor sayilar1 ve toplam metafor sayilari, metaforlarin kategorilere yerlestirilmis hali MAXQDA-
MaxMaps programi kullanilarak tablolastirilmis ve gorsellestirilmistir. Gorsellerdeki kalin ve ince

cizgiler frekans sikligini gostermektedir.

Aragtirmada kategorilere ulagiirken daha once bu konuda yapilmig arastirmalardaki
kategoriler de g6z oniine alinmistir. C)rnegin “Sonsuzluk ruh gibidir, ...”, “Sonsuzluk ahiret gibidir,
...”, “Sonsuzluk higlik gibidir, ...” gibi metaforlar metafizik kavramlar olarak kategorize edilmistir.
Benzer sekilde diger metaforlarda arastirma kapsaminda olusturulan kategorilere yerlestirilmistir.
Ornegin “yol”, “sayilar” gibi kodlar ilk olarak “yasamda kullanilan &geler” kategorisi altinda
toplanmis ancak daha sonra daha genel olmasi i¢in “yol” kodu “doga ve cevre” kategorisinde ve

“sayilar” kodu ise “ders” kategorisi altinda toplanmuistir.

Potansiyel ve fiili sonsuzlukla ilgili ayrim yapilirken metaforlarin daima devam eden bir siireg
olarak sonsuzluk metaforlar1 potansiyel sonsuzluk, bir biitiin ya da aralik iginde sonsuzluk belirten
metaforlarin fiili sonsuzluk olarak kodlanmistir. Ornegin “Sonsuzluk sevgi gibidir, sevgi de
sonsuzdur ¢iinkii birisini seviyorsak onu kaybetsek bile sevgimiz hi¢ bitmez ve sevmeye hep devam
ederiz.” ve “Sonsuzluk bir yol gibidir ¢iinkii nerede ve ne zaman bitecegi belli olmaz.” metaforlarinda
oldugu gibi metaforik bag kurulan 6gelerin stirekli daima devam eden bir siirece sahip oldugu tespit

edilmis ve bu metaforlar potansiyel sonsuzluk olarak degerlendirilmistir.
Gegerlilik ve Giivenirlik

Veri toplama asamasinda lise Ogrencilerinin goniillii katilim1 esas almmustir. Gegerliligi
saglamak icin metaforlara, kod, kategori ve cinsiyete gore ayrintii sekilde yer verilmistir. Yine
arastirmanin veri analiz siirecinde olusturulan 7 kategoriye nasil ulasildigi agik bir sekilde ifade
edilmis ve Ogrenci alintilarma yer verilmistir. Arastirmada elde edilen 75 metaforun her birine

bulgular kisminda yer verilmistir.

Aragtirmanin giivenirligini saglamak igin, arastirmada ulasilan 7 kategori altinda verilen
metaforlarin s6z konusu kategoriyi temsil edip etmedigini teyit etmek amaciyla uzman goriisiine
basvurulmustur. Bu amag¢ dogrultusunda matematik egitiminde uzman bir 6gretim tiiyesi tarafindan
incelenerek uzman goriisii alinmistir. Uzlasilmayan kategorilerde ise metaforlara iligkin aragtirmaya
sahip olan {iciincii bir uzmana basvurulmustur. Arastirma kapsaminda Ogretim iiyesine 75 adet
Ornek metaforlarin alfabetik siraya gore dizili oldugu bir liste ve 7 kategorinin adlarini igeren bir liste
verilmistir. Uzmandan bu iki listeyi de kullanarak birinci listedeki 6rnek metaforlar: ikinci listedeki 7
kategoriyle (hicbir metafor imgesini disarida birakmayacak sekilde) eslestirmesi istenmistir. Daha
sonra, aragtirmacinin elde etti§i kategori ve metaforlara iligkin kodlar ile uzmanin yaptig
eslestirmeler karsilagtirilmistir. Tlk arastirmaci bazi metaforlari “yasamda kullanilan 6geler” adli bir

kategoride degerlendirmistir. Ancak daha sonra aralarinda uzlasarak bu kategoriyi kaldirmislar ve
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buradaki metaforlar1 diger kategorilerin igerisine yerlestirmislerdir. Benzer sekilde ilk arastirmact
“canl1” kategorisini “etkisi siiren” olarak kategorize etmis ikinci arastirmaci “canli” olarak kodlanmasi
gerektigini belirtmistir. Uctincii uzmanin goriisii ve varilan uzlas: sonrasinda ise bu kategorinin ismi
“canl1” olmas1 yoniinde goriis birligine varilmistir. Bu karsilastirma neticesinde arastirmaci ve uzman
arasindaki goriis birligi ve goriis ayrilig1 sayilar tespit edilerek arastirmanin giivenirligi Miles ve
Huberman'in (1994: 64) formiilii (Giivenirlik = goriis birligi/goriis birligi + goriis ayrilig1) kullanilarak
hesaplanmistir. Nitel calismalarda, arzu edilen diizeyde bir uyumun saglanmasi i¢in uyum
ylizdesinin %90 ve {lizeri olmasi gerekmektedir. Gilivenirlik c¢alismasi kapsaminda goriisiine
basvurulan uzman dort metaforu (aile (3) ve anne (1)) arastirmacinin olusturdugu kategorilerden
farkli bir kategoriyle iliskilendirilmistir. Ayrica bir kategori isminde fikir ayriliginda diistilmiistiir. Bu
arastirmaya 0zgii olarak gerceklestirilen giivenirlik ¢alismasinda Giivenirlik=70/ (70+5) =0.93 bir baska

deyisle %93 liik bir uzlasma (giivenirlik) saglanmistir.
Arastirmanin Etik izinleri

Yapilan bu calismada “Yiiksekogretim Kurumlar1 Bilimsel Arastirma ve Yayin Etigi
Yonergesi” kapsaminda uyulmas: belirtilen tiim kurallara uyulmustur. Yonergenin ikinci boliimii
olan “Bilimsel Arastirma ve Yayimn Etigine Aykir1 Eylemler” bashg: altinda belirtilen eylemlerden

higbiri gerceklestirilmemistir.
Etik kurul izin bilgileri: Etik degerlendirmeyi yapan kurul adi: Necmettin Erbakan Universitesi
Etik degerlendirme kararinin tarihi:18 Aralik 2020
Etik degerlendirme belgesi say1 numarasi: 162
Bulgular

Arastirmanin bu boliimiinde aragtirma problemlerine gore sirasiyla sonsuzluk kavrami ile
ilgili olusturulan tiim metaforlara ve metaforlara yonelik olusturulan kategorilere yer verilmistir.
Daha sonra sonsuzluk kavramina iliskin olusturulan metaforlarin cinsiyete gore ve sonsuzluk tiiriine
gore dagilimlarina yer verilmistir. Elde edilen siklik degerleri tablo, grafik ve kullanilan veri analiz

programi yardimiyla olusturulan gorseller ile sunulmustur.
Lise Ogrencilerinin Gelistirdikleri Metaforlarin Dagilimina iliskin Bulgular

Arastirmanin ilk problemi olan “Lise 6grencilerinin sonsuzluk kavramina iligskin gelistirdikleri
metaforlar nelerdir?” iliskin olusturulan tiim metaforlar ve metaforlara yonelik olusturulan kodlara
yer verilmigtir. Ilk olarak Lise ogrencilerinin sonsuzluk kavramma iliskin gelistirdikleri tiim

metaforlar ve frekanslar1 Tablo 1’de gosterilmistir.
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Tablo 1. Ogrencilerin sonsuzluk kavram ile ilgili gelistirdikleri gecerli metaforlar

Metaforun Adi Frekans () Yiizde Metaforun Adi Frekans (£ Yiizde

Kiz Erkek Toplam (%) Kiz Erkek Toplam (%)
Sevgi 4 2 6 8,00%  Derin diisinmek 1 0 1 1,33%
Hayat 5 0 5 6,67%  Kalp ve duygular 1 0 1 1,33%
Oliim 2 3 5 6,67%  Higlik 0 1 1 1,33%
Zaman 1 4 5 6,67%  Miizik dinlemek 0 1 1 1,33%
Hayal kurmak 4 1 5 6,67%  Anne 0 1 1 1,33%
Uzay 3 1 4 5,33%  Dilek tutmak 0 1 1 1,33%
Gokylizii 2 1 3 4,00%  Sayilar 0 1 1 1,33%
Ask 1 2 3 4,00% Matematik 1 0 1 1,33%
Aile 2 1 3 4,00%  Ders siiresi 0 1 1 1,33%
Mutluluk 3 0 3 4,00% Ruh 1 0 1 1,33%
Oliimsiizliik 1 2 3 4,00%  Ulasilamayan zirve 1 0 1 1,33%
ozgﬁrlﬁk 1 1 2 2,67%  Deniz 1 0 1 1,33%
Ahiret 0 2 2 2,67%  Karadelik 1 0 1 1,33%
Dipsiz kuyu 1 1 2 2,67%  Mutsuzluk 1 0 1 1,33%
Yol 1 1 2 2,67%  Okyanus 1 0 1 1,33%
Ozlem 2 0 2 2,67%  Evreni bilebilmek 1 0 1 1,33%
Atatiirk 1 1 2 2,67%  Toplam 44 31 75 100%
Bitmeyen olaylar 0 2 2 2,67%

Tablo 1 incelendiginde 6grencilerin sonsuzluk kavramu ile ilgili toplam 75 adet gegerli metafor

gelistirdigi goriilmektedir. Metaforlar 6grenci sayisina gore siralandiginda: ogrenciler sonsuzluk

kavramimi en ¢ok ‘sevgi’ ile ifade etmislerdir (n=6, %8). Sevgiden sonra ‘hayat, 6liim, zaman, hayal

kurmak’ ile ifade etmiglerdir (n=5, %6,67). Ogrenciler 3. sirada sonsuzlugu ‘“uzay’ ile ifade etmislerdir

(n=4, %5,33). Ogrencilerin 4. olarak sonsuzlugu benzettigi kavramlar ‘ask, gokyiizii, aile, mutluluk,

oliimsiizlik’ tiir (n=3, %4). Yine metaforlar incelendiginde 5. sirada ‘6zgiirliik, dipsiz kuyu, hatira yol,

Atatiirk, ahiret, bitmeyen olaylar’ olarak ifade ettikleri belirlenmistir (n=2, %2,67). Toplamda birer

tane soylenerek 6.sirada olan metaforlar ‘para, kalp ve duygularda yasatmak, derin diistinmek, hiclik,

miizik dinlemek, anne, dilek tutmak, sayilar, matematik dersi siiresi, matematik, ruh, ulasilamayan

zirve, deniz, karadelik, mutsuzluk, okyanus, evrenin her alanini bilebilmek’ seklindedir (n=1, % 1,33).
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Duygular (17) Metafizik Kavramlar (22)

Bilingli Eylemler (11)

Sonsuzluk (75)

Astrolojik Kavramlar (8)
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Doga ve Gevre (8)

Sekil 2. Sonsuzluk metaforuna iliskin kategoriler
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Ders (3)

]

Canli (6)

Sonsuzluk kavramina iligskin olusturulan kategoriler gorsel olarak asagida sunulmustur. Sekil

2’de arastirma kapsaminda olusturulan kod ve alt kategoriler arasindaki iliski gorsellestirilmis

aralarindaki ¢izgi kalinliklar: ait oldugu koda iliskin frekans yogunlugunu, kodlarin yaninda yer alan

rakamlar ise kodlarin frekansin ifade etmektedir.

Ayrica ogrencilerin gelistirdikleri gegerli metaforlarin kategorileri ve o kategorideki toplam

metafor sayisi ile ilgili kategorideki kodlar ve frekanslari ile yiizdeleri ise Tablo 2.de gosterilmistir.

Tablo 2. Sonsuzluk kavramina yonelik olusturulan metaforlar ve kategorileri

Toplam Yitzde
Kategoriler Metaforlar Metafor ?Oj )
Sayis1 °
Metafizik Ruh (1), olim (5), olimstizliik (3), ahiret (2), zaman (5), ” 29 33%
Kavramlar hayat (5), higlik (1) o
Duygular ?evgl (6), mutluluk (3), ask (3), mutsuzluk (1), 6zgtrliik (2), 17 22.67%
Ozlem (2)
Bilindi Ulasilamayan zirve (1), miizik dinlemek (1), evrenin her
Byl & ) alanmi bilmek (1), derin diisiinmek (1), kalp ve duygularda 11 14,67%
ylemier yasatmak (1), hayal kurmak (5), dilek tutmak (1)
Astrolojik e . 0
Kavramlar Uzay (4), gokylizii (3), karadelik (1) 8 10,67%
Doga ve Cevre Okyanus (1), dipsiz kuyu (2), yol (2), deniz (1), bitmeyen g 10,67%
olaylar (2)
Canlh Aile (3), anne (1), Atatiirk (2) 6 8,00%
Ders Matematik (1), matematik dersi siiresi (1), sayilar (1) 3 4,00%
Toplam 75 100%

Tablo 2 incelendiginde sonsuzluk kavramina iliskin 6grencilerin gelistirdigi gecerli metaforlar

‘metafizik kavramlar, duygular, bilingli eylemler, astrolojik kavramlar, doga ve cevre, canli, ders’
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olmak tizere 7 kategori altinda toplanmistir. Sonsuzluk kavraminin en ¢ok “hayat”, “6lim”,
“olimsiizlitk” gibi metafizik kavramlari ile aciklandig1 goriiliirken bunu sirasiyla duygular ve bilingli
eylemler kategorileri takip etmektedir. Sonsuzluk kavramina iligkin en az gelistirilen metafor ise
matematik dersi ile ilgilidir. Asagida bu kategorilere iliskin metaforlar ayrintili bir sekilde ifade

edilmisgtir.

‘Metafizik Kavramlar’ ile ifade edilen sonsuzluk: Ogrencilerin olusturduklari metaforlardan 22
(%29,33) tanesi, sonsuzlugu metafizik kavramlarla iliskilendirmistir. Bu kategori altinda iiretilen

metaforlar Sekil 3’te gosterilmistir.

@] ]

Olim (5) Zaman (5)

]

rayat (S)\ ﬁmsuzluk ®

/ Metafizik Kavramlar (22) \

@] @]

Ahiret (2) Hiclik (1)

]

Ruh (1)
Sekil 3. Metafizik kavramlar kategorisine iliskin kodlar

V/Ti

Sekil 3’e gore metafizik kavramlar kategorisinde en sik tekrarlanan kodlar “zaman”, “6liim”,
hayat” olmustur. Bunlar1 sirasiyla “6liimstizliik”, “ahiret”, “ruh” ve “higlik” kodlar: takip etmistir.
Metafizik kavramlar kategorisini olusturan metaforlara genel olarak baktigimizda oOgrencilerin

sonsuzluk kavrammi ruhani ifadelerle iliskilendirdikleri goriilmektedir. Ogrencilerin bu kategori

altinda belirtmis olduklar1 metaforlara iliskin dogrudan alint1 6rnek ciimleleri asagida gosterilmistir.

“Sonsuzluk ruh gibidir ¢iinkii 6lsek bile her zaman var olacak.” (K42)

“Sonsuzluk oliimsiizliik gibidir ¢iinkii hi¢ 6lmezsin yani yok olmazsin hep var olursun.”
(K38)

“Sonsuzluk ahiret gibidir ¢iinkii ahiretin sonu olmayacak ve hep devam edecek.” (K104)
“Sonsuzluk zaman gibidir ¢iinkii biz var olsak da olmasak da hep devam edecek.” (K2)
“Sonsuzluk hayat gibidir ¢iinkii hayatin da sonu belli degildir.” (K76)

“Sonsuzluk higlik gibidir ¢linkii sonsuzluk gibi hi¢ligi de bilmeyiz ve bilecegimizden emin
olamayiz.” (K71)

‘Duygular’ ile ifade edilen sonsuzluk: Ogrencilerin olusturduklari metaforlardan 17 tanesi (%22,67),
sonsuzluk kavramini duygularla iliskilendirmislerdir. Bu kategori altinda iiretilen metaforlar frekans

degerleri goz oniine alinarak $Sekil 4'te sunulmustur.
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Sekil 1. Duygular kategorisine iliskin kodlar
Sekil 4’e baktigimizda bu kategori altinda en ¢ok tekrarlanan metaforun “sevgi” ve daha sonra

V7]

sirasi ile “mutluluk, “agk”, “6zlem”, “ozgiirliik” ve “mutsuzluk” oldugu goriilmektedir. Duygular
kategorisine baktigimizda 6grencilerin sonsuzluk kavramini giinlitk yasamda hissettikleri duygularla
iliskilendirdiklerini ifade edebiliriz. Ogrencilerin bu kategori altinda belirtmis olduklari metaforlara
iligkin alint1 ctimleleri su sekildedir:

“Sonsuzluk sevgi gibidir, sevgi de sonsuzdur ¢linkii birisini seviyorsak onu kaybetsek bile
sevgimiz hi¢ bitmez ve sevmeye hep devam ederiz.” (K6)

“Sonsuzluk ask gibidir ¢linkii ne kadar bittigini diisiinsek bile derinlerde bir yerde hep
yasamaya devam eder.” (K63)

“Sonsuzluk mutsuzluk gibidir c¢linkii mutsuzlukta basladigi zaman hi¢ sona ermeyecek
gibidir.” (K95)

‘Bilingli Eylemler’ ile ifade edilen sonsuzluk: Katilimcilarin olusturduklari metaforlardan 11 tanesi
(%14,67), sonsuzluk kavramini yaptiklar: bilingli eylemlerle iliskilendirmislerdir. Bu kategori altinda

iiretilen metaforlar, frekans degerleri goz dniine alinarak Sekil 5'te sunulmustur.
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Sekil 5. Bilingli eylemler kategorisine iliskin kodlar

Sekil 5’e gore bilingli eylemler kategorisinde yer alan metaforlar esit siklikta kullanilmis olup
“evrenin her alanmi bilmek”, ulasilamayan zirve”, “dilek tutmak”, “hayal kurmak”, kalp ve
duygularda yasatmak” ve “derin diisiinmek” seklindedir. Bilingli eylemler kategorisini olusturan
metaforlara genel olarak baktigimizda insanlarin bilingli olarak ve isteyerek yaptiklar1 hayal kurmak,
derin diistinmeler gergeklestirme, dilek tutmak gibi eylemlerden olustuklarimi sdyleyebiliriz.
Katilimcilarin bu kategori altinda belirtmis olduklar1 metaforlara iliskin alint1 climleleri asagidaki
gibidir:

“Sonsuzluk ulasilamayan zirve gibidir ¢iinkii orasi hi¢bir zaman bilinmez, goriilmez, ¢iktikca
cikilir, gittikge gidilir, bitmez ve ulasilmaz.” (K49)

“Sonsuzluk derin diisiinmek gibidir ¢iinkii insan derin diisiinmeye baslaymca o
diisiincelerden bir tiirlii ¢tkamaz ve kendini sonu gelmeyen, smirsiz diisiincelerde bulur.”
(K86)

“Sonsuzluk kalp ve duygularda yasatmak gibidir ¢iinkii canlilar sonsuz yapan biraktiklar
izlerdir. Biz bu izleri kalbimizle ve duygularimizla sinirsiz bir sekilde yasatabiliriz.” (K84)

‘Astrolojik Kavramlar’ ile ifade edilen sonsuzluk: Ogrencilerin olusturduklari metaforlardan 8
tanesi (%10,67), sonsuzluk kavramini astrolojik kavramlarla iligskilendirmislerdir. Astrolojik kavramlar

kategorisi altinda tiretilen metaforlarin frekans degerleri Sekil 6’da sunulmustur.
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Sekil 6. Astrolojik kavramlar kategorisine iligskin kodlar
Sekil 6’y1 inceledigimizde en sik tekrarlanan astrolojik kavram “uzay” ve daha sonra sirast ile
“gokylizi” ve “karadelik” olmustur. Astrolojik kavramlar kategorisini olusturan metaforlara genel
olarak bakildiginda ogrencilerin sonsuzluk kavramim uzay ve uzaya iliskin kavramlarla
iligkilendirdikleri goriilmektedir. Ogrencilerin astrolojik kavramlar kategorisi altinda belirtmis
olduklar1 metaforlara iliskin alint1 climleleri asagida gosterilmistir:

“Sonsuzluk uzay boslugu gibidir ¢iinkii uzay boslugu ugsuz bucaksizdir.” (K53)

“Sonsuzluk karadelik gibidir ¢iinkii karadelik her seyi kendine ¢eken ve seni bir bilinmeyene
gotiiren seydir. Sonsuzlukta bdyledir bilinmeyene yolculuktur tipk: karadelik gibi.” (K57)

“Sonsuzluk gokytizii gibidir ¢linkii sonuna erisilmez, iginde her seyi kapsar.” (K65)
‘Doga ve Cevre’ ile ifade edilen sonsuzluk: Katilimcilarin olusturduklari metaforlardan 8 tanesi

(%10,67)., sonsuzluk kavramimmi doganin ve cevrede karsilasilan olaylarla iliskilendirmistir. Bu

kategori altinda {iretilen metaforlar frekans degerlerine gore Sekil 7’de sunulmustur.

]
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Sekil 2. Doga ve gevre kategorisine iligskin kodlar
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Sekil 7'ye gore doga ve cevre kategorisi altinda yer alan metaforlardan en sik tekrarlanan
“bitmeyen olaylar” ve “yol” kodlar1 olmustur Bunlar1 sirasiyla esit siklikta kullanilan “dipsiz kuyu”,
“okyanus” ve “deniz” kodlar1 takip etmektedir. Ogrencilerin bu kategori altinda belirtmis olduklari

metaforlara iliskin alint1 ctimleleri asagida ifade edilmistir:

“Sonsuzluk okyanus gibidir ¢iinkii o kaynaklar hi¢ bitmez ve tiitkenmez.” (K27)

“Sonsuzluk bir yol gibidir ¢linkii nerede ve ne zaman bitecegi belli olmaz.” (K23)

“Sonsuzluk dipsiz bir kuyu gibidir ¢iinkii sonu olsa bile sonuna ne zaman ulasacagimizi

bilemeyiz.” (K51)

“Sonsuzluk bitmeyen olaylar gibidir ¢linkii siirekli devam eder ve sonu yoktur.” (K96)
‘Siirekli Hissedilen’ ile ifade edilen sonsuzluk: Ogrencilerin olusturduklar1 metaforlardan 6 tanesi

(%8) stirekli hissedilen kategorisi ile iligskilendirilmistir. Bu kategori altinda tiretilen metaforlar,

frekans degerlerine gore Sekil 8’de sunulmustur.

Aile (3) .
Atatiirk (2)

]

Canl (6)

Anne (1)
Sekil 8. Canli kategorisine iligskin kodlar
Sekil 8’e gore canli kategorisi altinda en sik kullanilan kod “aile” bunu siras ile “Atatiirk”, ve
“anne” takip etmektedir. Canli kategorisini olusturan metaforlara genel olarak baktigimizda Atatiirk,
aile ve anne gibi etkisi kisilerin {izerinde etkisi devam eden kavramlarla iligskilendirdikleri
goriilmektedir. Ogrencilerin bu kategori altinda belirtmis olduklar1 metaforlara iligkin alint ciimleleri
asagida ifade edilmistir:

“Sonsuzluk aile gibidir ¢iinkii bir aile hep ailedir. Ailemizi kaybetsek bile hi¢ yok olmazlar ve
her zaman ailemiz olmaya devam ederler.” (K3)

“Sonsuzluk Atatiirk gibidir ¢linkii bizler igin yaptiklar1 hi¢ unutulmayacak ve her zaman
bizimle yasayacaktir.” (K48)

‘Ders’ ile ifade edilen sonsuzluk: Ogrencilerin olusturduklari metaforlardan 3 tanesi (%4) matematik
dersi ile iliskilendirilmis ve ders kategorisi olarak ifade edilmistir. Bu kategori altinda {iretilen

metaforlar, frekans degerleri goz oniine almarak Sekil 9’da sunulmustur.
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Sekil 9. Ders kategorisine iliskin kodlar

Sekil 9’a gore ders kategorisi altinda yer alan metaforlar esit sikhikta kullanilmis olup
“matematik dersi siiresi”, “matematik” ve “sayilar” seklinde kodlanmaistir. Ders kategorisi olusturan
metaforlara genel olarak bakildiginda matematik dersinde zamanin ge¢cmemesi, matematigin ezeli ve
ebediligi ve bu dersin temel bir elemani olan sayilarla iliskilendirdikleri goriilmektedir. Katihmcilarin
ders kategorisi altinda belirtmis olduklari metaforlara iliskin alinti 6rnek ciimleleri asagidaki
gosterilmistir:

“Sonsuzluk sayilar gibidir ¢iinkii sayilar siirekli devam eder ve bitmez.” (K68)

“Sonsuzluk matematik dersi siiresi gibidir ¢iinkii derste zaman hi¢ ge¢miyor.” (K36)

“Sonsuzluk matematik gibidir ¢tinkii asla bitmez, okula basladigimdan beri matematik var ve
siirekli insanlarin hayatinda olacak, hig bitmeyecek.” (K41)

Lise Ogrencilerinin Gelistirdikleri Metaforlarin Cinsiyete Gore Dagilimma Iliskin

Bulgular

Arastirmanin ikinci probleminde lise 6grencilerinin olusturduklari metaforlarin cinsiyetlere
gore dagilimma bakilmistir. Ogrencilerin olusturdugu metaforlarin cinsiyetlerine gére dagilimi Sekil

10’da gosterilmistir.
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Sekil 10. Kiz ve erkek 6grencilerin sonsuzluk metaforuna iliskin olusturduklar: kategorilere iliskin
radar grafigi

Sekil 10 incelendiginde sonsuzlugu kiz 6grenciler erkek 6grencilere gore daha ¢ok duygular,
astrolojik kavramlar ve bilingli eylemler ile ifade ettikleri gortiliirken erkek &grencilerin ise kiz
Ogrencilere gore daha ¢ok metafizik kavramlarla ve doga ve gevre ile ifade ettikleri goriilmektedir.
Ayrica Tablo 3'te 6grencilerin olusturdugu metaforlarin cinsiyetlere gore dagilimimin frekans ve

ylizdeleri verilmistir.

Tablo 3. Sonsuzluk kavramina iliskin olusturulan metafor kategorilerin cinsiyete gore dagilim

Kiz Erkek Toplam
Kategoriler - -
Frekans  Yiizde (%)  Frekans  Yizde (%) Frekans Yiizde (%)
Metafizik Kavramlar 10 13,33% 12 16,00% 22 29,33%
Duygular 12 16,00% 5 6,67% 17 22,67%
Bilingli Eylemler 8 10,67% 3 4,00% 11 14,67%
Astrolojik Kavramlar 6 8,00% 2 2,67% 8 10,67%
Doga ve Cevre 4 5,33% 4 5,33% 8 10,67%
Canli 3 4,00% 3 4,00% 6 8,00%
Ders 1 1,33% 2 2,67% 3 4,00%
Toplam 44 58,67 % 31 41,33% 75 100%
Lise Ogrencilerinin Gelistirdikleri Metaforlarin Sonsuzluk Cesidine Gére Dagilimina
fliskin Bulgular

Arastirmanin iglincii probleminde ise metaforlarin cesitleri acisindan lise Ogrencilerinin
olusturduklar1 metaforlar potansiyel ve fiili sonsuzluk agisindan incelenmistir. Elde edilen bulgular

Tablo 4’te gosterilmistir.
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Tablo 4. Sonsuzluk tiirlerinin dagilim

Metafor Tiirii Frekans Yizde
Potansiyel Sonsuzluk 75 100%
Fiili Sonsuzluk 0 0%

Toplam 75 100%

Tablo 4 incelendiginde Ogrencilerin olusturdugu metaforlarin tamaminin potansiyel
sonsuzlukla ilgili oldugu tespit edilmistir. Yani 6grenciler sonsuzlugu daha ok siirekli devam eden
ve bitmeyen bir siire¢ olarak ifade etmektedirler. Gercekten de 6grencilerin olusturduklar: metaforlar

v ”oou v

incelendiginde “... siirekli devam eder ve bitmez”, “... sonuna erigilmez”, “... bitmez ve ulagilmaz”, “... hep

“

devam edecek” wve “... éliimiin bir sonu yoktur” gibi potansiyel sonsuzlugu anlatan ciimlelerle ifade
etmislerdir. Ogrencilerin fiili sonsuzlukla ilgili herhangi bir metafor olusturamamalar1 &grencilerin

verdikleri 6rneklerin tamaminin giindelik yasamdan 6rnekler olmasindan kaynaklanabilir.
Tartisma ve Sonug

Bu arastirmada, lise 6grencilerinin sonsuzluk kavramina yonelik algilar1 metaforlar yoluyla
incelenmistir. Arastirma kapsaminda lise 6grencileri sonsuzluk kavramina yonelik toplam 75 adet
gecerli metafor {iretmislerdir. Uretilen metaforlar; duygular, canli, astrolojik kavramlar, doga ve cevre,
metafizik kavramlar, ders, gilinlitk yasamda kullanilan 6geler, bilingli eylemler olmak iizere 7 kategori
altinda toplanmistir. Ogrenciler sonsuzluk kavramimi en ¢ok metafizik kategorisindeki kavramlar
kullanarak ifade etmislerdir. Bu kategoriyi sirasi ile “duygular”, “bilingli eylemler”, “astrolojik
kavramlar”, “doga ve cevre”, “canli” kategorileri takip etmistir. Sonsuzlugun en az matematik dersi
ile iliskilendirildigi goriilmiistiir. Ogrencilerin gelistirdigi metaforlarin agirhklh olarak metafizik
kavramlar1 kullanarak ifade etmenin yami sira giinlitk yasamla ve sonu olmayan durumlarla
iliskilendirdigi sdylenebilir. Benzer sekilde ortaokul 6grencileri de sonsuzlugu uzay, evren, ozgiirliik,
sevgi, ask, Oliim, gokylizli, sayilar gibi kavramlarla iliskilendirdigi (Bozkus ve digerleri., 2015),
ogrencilerin sonsuzluk ile ilgili algilarmin giinlitk yasamdan &nemli derecede etkilendigi tespit
edilmistir (Celik ve Aksan, 2013; Kim ve digerleri., 2005; Maria ve digerleri., 2009, Singer ve Voica,
2008) ve bu arastirmada elde edilen metaforlar ile benzerlik gostermektedir. Matematiksel sonsuzluk
kavrammin ogrencilerde tam olarak yerlesmedigi ve sonsuzluk kavrami algisimin diger yas ve
simiflardaki lise Ogrencilerine benzer oldugu belirlenmistir. Farkli smif diizeyinde yapilan
calismalarda da (ig,leyen, 2013, Bozkus ve digerleri., 2015) 6grencilerin sonsuzluk kavramina iliskin
algilarinin daha ¢ok giinliikk yasamdan dogrudan etkilendigi tespit edilmistir. Ayrica Ogretmen
adaylarinin da sonsuzluk kavramini “sembol, sonsuz elemanlardan olusan kiime” seklinde bir obje
olarak algiladig1 (Sirmaci ve Ozdemir, 2016) diisiiniildiigiinde sonsuzluk kavramimin ortaokuldan

iiniversite diizeyine kadar yeterince dogru algilanmadig1 sonucuna varilabilir.

Arastirma sonuglarindan elde edilen bir baska sonug ise kiz 6grenciler daha ¢ok duygular ve

astrolojik kavramlarla ilgili metaforlar olustururken, erkek O&grenciler ise daha ¢ok metafizik
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kavramlarla ilgili metaforlar olusturmuslardir. Gerek erkek gerekse de kiz ogrenciler olsun
ogrencilerin biiyiik ¢cogunlugunun sonsuzlugu soyut ve sezgisel olarak ifade ettigi goriilmiistiir. Kiz
ogrencilerin sevgi, ask gibi daha duygusal kodlar kullanmas1 yaratilig geregi kadinlarin duygusal
olmasi ile agiklanabilir. Benzer sekilde kiz 6grencilerin astrolojik kavramlarla ilgili daha ¢ok metafor
kurmalar1 kadinlarin astrolojiye daha ¢ok ilgi duymalari ile de agiklanabilir. Arastirma kapsaminda
kaynak ve konu arasinda yanlis bag kuran ve bu nedenle 6rneklem diginda tutulan yaklasik 36
metaforun biiyiik ¢cogunlugunun erkek 6grenci olmasi da sonsuzluga iliskin metafor olusturmada kiz
Ogrencilerin erkek Ogrencilere gore daha basarili oldugu seklinde yorumlanabilir. Ancak bu
arastirmada elde edilen sonuglarin aksine daha ¢ok fiili sonsuzlugun ele alindig1 bir arastirmada
(Pehkonen, Hannula, Maijala ve Soro, 2006) sonsuzlukla ilgili gorevlerde erkeklerin kizlardan daha iyi
cevaplar verdigi tespit edilmistir. Buradan giinliitk yasamla iliskilendirilerek kurulan potansiyel
sonsuzluga iliskin durumlarda kizlarin, fiili sonsuzluga iliskin durumlarda erkeklerin daha basaril

oldugu soylenebilir.

Aragtirmanin en 6nemli bulgularindan bir tanesi de 6grencilerin sonsuzlugu matematiksel
olarak ifade etmekten c¢ekinmeleridir. Metaforlar arasinda sadece {i¢ metafor matematik ile
iligkilendirilmistir. Ogrencilerin matematik ile ilgili olusturduklari metaforlarin matematik ders
siiresinin ge¢gmemesi, matematik dersinin hi¢ bitmemesi siirekli yasamda matematigin karsilarina
¢itkmasi ve sayilarin siirekli devam etmesi ile ilgili oldugu yani dogrudan kavramsal bir sonsuzluk
anlayis ile ilgili olmadig1 goriilmektedir. Sadece ti¢ metaforun matematik dersi ile iliskilendirilmesi
ogrencilerin  sezgisel anlayisla gelistirmis olduklar1 sonsuzluk kavramimi formal olarak
Oogrenmelerinde ve anlamlandirmalarinda basarili olamadiklarinin (Fischbein, 2001; Jirotkova ve
Littler, 2004) bir gostergesi olabilir. Sonsuzluk kavraminin bireyler tarafindan giinliik yasamda
kavramsal boyutta deneyimlenememesi bunun bir sebebi olabilecegi gibi (Monoghan, 2001; Tall, 2001)
sonsuzlugun dogrudan modellenememesi de (Pala, 2016) sonsuzluk kavraminin matematiksel olarak
ifadesinin Oniinde bir engel olmus olabilir. Arastirmada Ogrencilerin matematiksel sonsuzlugu
kullanmamalar1 ve yasamdan Orneklerle ifade etmeleri Pala ve Narlimin (2012) &grencilerin
sonsuzlugu yasadiklari sonlu gevre ile iliskili kavramlarla anlattiklar: ve sonsuzluk tanimini okul dist
deneyimleriyle yaptiklar1 sonucu ile ortiismektedir. Ayrica Isleyen’in (2013) yaptigi calisma da
Ogrencilerin matematiksel sonsuzluk anlayisindan uzak olmalar1 bu arastirma sonuglariyla

uyusmaktadir.

Arastirma kapsaminda elde edilen bir diger sonug ise 6grencilerin tamaminin metaforlarinin
potansiyel sonsuzluk igermesidir. Gelistirilen biitiin metaforlarda sonsuzluk 6grenciler tarafindan
bitmeyen, sinirsiz, baslangici ve sonu olmayan, siirekli devam eden, ulasilamayan, her seyi kapsayan
bir kavram olarak algilanmistir. Potansiyel sonsuzluk fikri sezgiler ile ¢elismediginden bireyler
tarafindan anlamlandirilabilirken fiili sonsuzluk fikrini igeren durumlarin dogrudan sezgiler ile

acgiklanamayacak olmasi (Fischbein, 2001) bu durumun ortaya ¢ikmasinda bir neden olabilir. Siirekli
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sonlu olan seyler ile mesgul olan ve sonlu gergeklere odaklanan zihnimiz, fiili sonsuzlugu mantik
semalarimizin disinda biraktig1 icin (Fischbein, 2001) yeterince algilayamamaktadir. Ayrica biligsel
olgunluk agisindan ele alindiginda 6grencilerin fiili sonsuzluga iliskin kavramsal yapilarmin 15 yasina
kadar olusmamaktadir (Nunez, 1993). Ilgili aragtirmanin rneklemi 15 yas iistii dgrenciler olmasina
ragmen hala fiili sonsuzluga iliskin kavramsal bir yap1 olusmamistir. Benzer sekilde sonsuzluk
kavramimin arastirildigi c¢alismada (Celik ve Aksan, 2013) 6gretmen adaylarnin da sonsuzluk
kavramini daha ¢ok potansiyel sonsuzluk seklinde algiladiklarini ortaya koymaktadir. Bu da ilerleyen
yaslarda da fiili sonsuzlugun anlasilmasinin bir hayli gii¢ oldugunu gostermektedir. Arastirmacilarin
da sonsuzlugu potansiyel sonsuzluk olarak incelemeleri (Dubinsky ve digerleri., 2005) arastirmanin
sonuglar1 ile paraleldir. Ogrencilerin fiili sonsuzluk anlayisina sahip olmamalari, sonsuzlugu bir
matematiksel nesne olarak gormeyislerinden (Petty, 1996) kaynaklanabilir. Zira 6grencilerde fiili
sonsuzluk algilarinin olmayisinin bir neticesi olarak metaforik kurulan iligkilerin de sonsuzlugun

matematiksel kavramsal yoniiniin sinirli bir sekilde ortaya ¢ikmasina bir nedeni olarak gosterilebilir.

Sonsuzluk ortaokuldan itibaren dolayli ve dogrudan ogrencilerin karsisina ¢ikmaktadir.
Ogrencilerin bazi matematiksel kavramlari anlamalari, konulari yapilandirabilmeleri igin
sonsuzlugun ne ifade ettigini anlamalar1 gerekmektedir. Arastirma sonuglar1 6grencilerin sonsuzlugu
sezgisel olarak veya yasamla iligkilendirerek ifade ettiklerini gostermektedir. Ogrencilerden birinin
(K58) sonsuzlugu 0/0 belirsizligi olarak ifade etmesi fakat bir sebep agiklayamamasi da matematiksel
sonsuzlugun algillanmadigini kanitlar niteliktedir. Ogrencilerin matematiksel sonsuzlugu ifade
edemedikleri ve sonsuzlugu matematiksel kavramlarla iliskilendiremedikleri tespit edilmistir. Bunun
nedeni Narli ve Narli'min da (2012) belirttigi gibi matematik programlarinda sonsuzluk kavraminin
Ogretiminin yer almamasi olabilir. Bu eksiklik 151, dogru pargasi, seriler, diziler, limit, tiirev, integral
gibi kavramlarin anlasilmasmi ve yapilandirilmasini zorlastiracagl ve 6grencilerin 6grenmelerine bir
engel olacag diistiniilmektedir. Smirli bir aralikta sonsuz elemanin olabilecegi fikrinin yani fiili
sonsuzlugun anlasilmasi ancak rasyonel ve reel sayilar kiimesi Ogrenildikten sonra daha olas1
goriilmektedir. Ogrencilerin ortaokulun sonuna dogru karsilastigi reel sayilar kavraminin ve
uygulamalarimin 6grencideki iki nokta arasinda sonsuz sayida nokta olabilecegi fikrini okulda
yeterince 6grenememis olmasi ve bu kavrama iliskin algilarin1 tamamen giinliik hayattaki deneyimleri
tizerinde olusturmasi sonsuzluk kavraminin anlamlandirilmasinin 6niindeki en 6nemli engellerden
birisidir.

Oneriler

Aragtirmadan elde edilen sonuglara gore O0grencilerin sonsuzluk kavramina iliskin algilar
daha ¢ok giinliik hayattan etkilenmektedir. Ancak giinliik hayatla iliskili sonsuzluk algis1 matematik
egitimi agisindan sorun yaratmaktadir. Ciinkii baz1 matematiksel kavramlarin matematikteki anlami

ile giinlitk yasamdaki anlami birbirinden farklidir. Sonsuzlukta bu kavramlardan bir tanesidir.
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Ogrencilerin sonsuzluk kavramina iligkin giinliik yasamdaki deneyimlerinin 6nemli olmasina ragmen
bazen bu durum O6grencilerin ilgili kavrami formal bir egitim almaksizin, sahsi deneyimlerinden
netice olarak ortaya ¢ikan birinci sezgileriyle 6grenmesine ya da yanlis kavram imajlari ile eslemesine
neden olabilir. Giinlitk yasam deneyimlerine bagli olusan sonsuzluk algisinin matematiksel
sonsuzlugun anlasilmasina yeterince katki sunmadig1 bu arastirma kapsaminda da goriilmiistiir. Bu
nedenle bu kavramin okul matematiginde 6zel bir baslikla ele alinmasa bile ayrintili bir sekilde ifade
edilmesi, yas ve sinif seviyesine uygun bir sekilde 6grenciye aktarilmasi gerekmektedir. Ozellikle bu
kavramin sezdirilmesi yerine acik¢a tartisilmalidir. Zira sonsuzluk kavraminin kullanilarak
olusturulan limit, tiirev ve integral gibi ileri matematik kavramlarina temel tegkil ettigi
diistintildiigiinde bu kavramin sezgilerle ve tesadiifi giinlitk hayat deneyimleriyle 6grenilmesinin

oniine bu sekilde gecilebilecegi diisiiniilmektedir.

Ogrencilerin sonsuzluk kavramma iligkin kurduklari metaforlart matematikle ¢ok az
iliskilendirmeleri ~ 6grencilerin  sonsuzlugu  matematiksel olarak iligkilendiremediklerini
gostermektedir. Ozellikle sonsuzluk kavrammin soyut bir kavram olarak &grenilmesinin oniine
gecilmesi ve anlamlandirilabilmesi igin Geogebra, Desmos gibi dinamik matematik ve geometri
yazilimlarindan destek alinabilir. Olusturulan dinamik &grenme ortamlar ile 6grencilerin grafik
iizerinde ya da say1 dogrusunda iki nokta arasinda sonsuz sayida nokta olabilecegine iliskin anlaml
¢ikarimlar yapabilecegi etkinliklere yer verilmelidir. Bu yazilimlarin ozellikle siirgii araglar
kullanilarak sonsuza yaklasim durumunda nasil bir degisim gozlemlendigi iizerinde tartismalar
yapilmalidir. Ozellikle iki nokta arasinda sonsuz nokta olusturma etkinligi (noktalarin olusumunu

siirgiiye baglayarak) bu durumu somutlastirmak grencilerde fiili sonsuzluk algisini da gelistirecektir.

Arastirmadan elde edilen sonuglara gore sonsuzluk kavramina iliskin metaforlarinin diisiik
diizeyde de olsa cinsiyet baglaminda degistigi tespit edilmistir. Ogrencilerin cinsiyetinden
kaynaklanan ilgi alanlarina yakin metaforlar olusturduklar: dikkate alindiginda sonsuzluk kavramina
iliskin giinlitk yasamla iligskilendirmede her iki cinsiyetin dikkatini cekecek sekilde Orneklerin

verilmesi Onerilmektedir.

Arastirma sonuglarina gore Ogrencilerin sonsuzlugu siirekli artan ya da azalan bir nesne
olarak tanimlamasi, sonsuzlugu fiili sonsuzluk olarak ifade etmelerinin dniinde bir engel oldugunu
distindtirmektedir. Ogrencﬂerin fiili sonsuzluga iliskin hi¢bir metafor olusturmamalar1 6grencilerin
bu sonsuzluk tiiriinii giinlitk yasamla iliskilendiremedikleri seklinde yorumlanabilir. Bu nedenle
smifta yapilacak egitimlerde fiili sonsuzlugun somutlastirilabilecegi giinlitk yasam orneklerinin
Ogrencilerle  paylasilmasi bu  sonsuzluk tiriiniin  Ogrenciler tarafindan daha iyi
anlamlandirilabilecegine katki sunacag1 diistintilmektedir. Zira Tall (2001), 6grencilerde potansiyel
sonsuzlukla ilgili olan birincil sezgilerin olmasina ragmen, almman egitimle Ogrencilerde, fiili

sonsuzlukla ile ilgili ikincil sezgilerini destekledigini ifade etmistir. Bu nedenle 6zellikle 6grencilerde
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fiili sonsuzlugun sezgisel olarak algilanmasi ve sonsuzluk olarak ifade edilebilmesi i¢in sonsuzluk

kavramin 6gretiminde fiili sonsuzluga daha fazla agirlik verilmesi 6nerilmektedir.

Arastirma, sonsuzluk kavramina iliskin metaforik algilarinin belirlenmesi amaciyla
fenomenolojik bir yaklasimla simirlandirilmistir. Bu nedenle lise &grencilerinin bu algilari eylem
arastirmasi ve durum ¢alismasiyla 6zellikle goriisme yoluyla daha derinlemesine incelenebilir. Ayrica
arastirma lise 6grencileri ile sinirlandirilmistir. Bu nedenle egitim fakiiltelerinde 6grenim goren sinif,
fen bilgisi ve matematik Ogretmen adaylarinin dahil edildigi bir arastirma da gerceklestirilebilir.
Ogrencilerin sonsuzluk kavramina iligkin olusturduklari metaforlar fiili ve potansiyel sonsuzluk
baglaminda kategorize edilmistir. Bundan sonraki calismalarda fiili ve potansiyel sonsuzluk
durumlar1 teknoloji destekli 6grenme ortamlarinda daha derinlemesine incelenebilir ve 6grencilerin

tiili sonsuzlugu anlamlandirabilecegi 6grenme ortamlar tasarlanarak arastirmalar gerceklestirilebilir.
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Introduction

As a result of efforts to overcome difficulties in conceptual understanding, and the fact that it
is the basis for teaching advanced analysis topics in the curriculum, the concept of infinity has been a
major focus for centuries and has attracted the attention of mathematics educators (Akbulut and
Akgtin, 2005; Narli and Narli, 2012). Although it is mostly employed in undergraduate mathematics,
it is intuitively included in the secondary-school curriculum and implicitly found in the high-school
curriculum at the basic level. The concept of infinity is also needed in teaching primary-school
curricula concepts such as line, plane, repeating decimals containing infinitely many digits, pi, and
irrational numbers (Ozmantar, 2008). Given that it is considered as a basic concept in terms of
mathematics education (Kim, Sfard and Ferrini-Mundy, 2005), and considering that students'
understanding of this concept may affect their learning about other mathematical topics and concepts
such as limits and repeating decimal expansion the importance of studies on the understanding of this

concept is clear (Celik and Aksan, 2013),.

Although its importance in mathematics education is known, the difficulty in understanding
the concept epistemologically, and the fact that the concept is not handled under a specific topic
heading in the middle and high school curriculum, are among the obstacles to understanding infinity.
The abstract nature of the concept plays an important role in the formation of these barriers (Falk,
Gassner, Ben-Zoor, and Ben-Simon,1986; Kolar and Cadez, 2012). Since our mental schemas are only
compatible with finite realities, the concept of infinity contradicts our intuition (Fischbein, Tirosh, and
Hess, 1979). Therefore, students have seen the concept of infinity as a difficult and time-consuming
concept to learn (Bozkus, Ucar, and Cetin, 2015). It is known that, particularly before high-school
education, getting students to perceive infinity using intuitive or random learning poses a problem in
learning the concept of infinity (Fischbein, 2001; Jirotkova and Littler, 2004). In other words, the
inability to give clear answers about how meaningful and correct the perceptions developed by
students regarding the concept of infinity are suggests that these intuitions and learnings may lead to

misinterpretations and conceptual contradictions regarding the concept of infinity.
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Knowing how accurate perceptions of the concept of infinity are and what other ideas these
perceptions rely on is essential in terms of advanced mathematics teaching. Infinity is a concept that
is frequently used in secondary- and undergraduate-level mathematics and forms the basis of
important mathematics topics, such as sequences, series, limit, continuity, derivatives, and integrals.
However, it was determined that the perceptions of the students regarding the concept of infinity
were more related to examples from everyday life rather than referring to mathematical infinity, and
that they defined infinity in more physical ways (Celik and Aksan, 2013; Maria, Thanasia, Katerina,
Constantinos, and George, 2009; Singer and Voica, 2008). It is also known that students' intuitions
about infinity are not age-dependent (Singer and Voica, 2003) and that there are similar
understandings of infinity among primary school students and doctoral students (Aztekin, 2008). For
the reasons stated, knowing how this concept, which is the basis for the teaching of topics such as
limits, sequences, and series in high school education, is perceived by high-school students will
facilitate its teaching. In addition, knowing the perceptions of high school students regarding the
concept of infinity may provide clues about what kind of activities and examples teachers should use
while teaching infinity. There are studies on perceptions of infinity among secondary-school students
(Bozkus et. al., 2015; Yildirim and Kesan; 2017) and, in particular, among teacher candidates (Aztekin,
2008; Celik and Aksan, 2013; Pala and Narli, 2018). This study aimed to determine how high-school
students perceived the concept of infinity, which is an abstract concept, through the metaphors they
used, how the metaphors produced varied according to gender, and to reveal the types of metaphors

employed.
Actual and Potential Infinity as Types of Infinity

While two types of infinity, actual and potential infinity, are mentioned in the literature
(Fischbein et. al., 1979; Fischbein, 2001) the concept can also be categorized into dynamic and static
infinity. According to Fischbein, potential infinity refers to infinite processes and infinite sets. That is,
potential infinity is always an ongoing process (Dubinsky, Weller, McDonald, and Brown 2005), and
in Aristotle's words, it refers to a finite value at any moment in the process (as cited in Dubinsky et.
al., 2005). In this sense, potential infinity can be mentioned when discussing the establishment of
natural numbers. This is because when a new number is added to a natural number, a different
number is attained from the previous natural number, and the process of adding continues (Dubinsky
et. al., 2005). Fischbein stated that we cannot grasp all the natural numbers, but that a natural number
comes after every natural number, and therefore we can intuitively understand potential infinity.
However, this situation cannot be said to be valid for actual infinity. According to Fischbein (2001),
since we are constantly preoccupied with things that are finite and focus on finite facts, actual infinity
remains outside our logic, and we cannot completely grasp it. An infinite point on a line segment and
the infinity of the real numbers can be given as examples to make sense of the actual infinity, because

the line segment is a whole and contains infinite points on it. However, the existence of the same
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number of points online segments of different lengths, or the fact that one-to-one matching can be
made between infinite even natural numbers and natural numbers, even if the number of elements of
these two sets cannot be counted, makes it difficult for the human mind to understand this situation.
Aristotle claimed that the human mind cannot perceive the infinite part in a whole and is not capable
of thinking about the infinite process in the whole (Dubinsky et. al., 2005). The conclusion to be
drawn from this is that while the idea of potential infinity does not contradict intuitions and is easy to
understand, situations and examples that contain the idea of actual infinity cannot be explained

directly by intuition.

In the literature, potential infinity is more often equated with dynamic infinity. In other
words, the continuous and unending process of potential infinity means that infinity is a dynamic
process (Kolar and Cadez, 2012). Number sequences leading to infinity can be given, e.g. 1, 2,3, 4, ...;
that is, the absence of end of numbers can be given as an example of dynamic infinity. Static infinity,
on the other hand, is more identified with actual infinity, and infinity is considered as a whole. For
example, the idea that "all numbers are infinite" shows that the student can think of infinity as a
whole, that is, express it as static infinity. For better understanding, if the concepts of dynamic and
static infinity are compared, students focus on the steps of an endless process in dynamic infinity,
while they focus on the whole process in static infinity. For example, a student's use of the expression
"infinity is something that has no end" indicates dynamic infinity, while the expression "infinity

consists of an infinite number" indicates infinity as a whole, that is, as static infinity.

Along with the difficulties in understanding its different types, the concept of infinity is
known to play a role in the emergence of some paradoxes. Some of these are Galileo's Paradox,
Bolzano's and Dedekind's Definitions, Cantor's Theorem, Hilbert's Infinite Hotel (Akbulut and Akgiin,
2005), and Zeno's Arrow, and Achilles and the Tortoise Paradoxes (Pala and Narli, 2018). Although
the understanding of infinity underlying these paradoxes has been thought about for years, the
meaning of infinity in mathematics began to be examined with George Cantor's concept of the
"infinite set". Cantor stated that many factors are put into play in the interpretation of the concept of
infinity (Pala ve Narli, 2018). Mathematical researchers have also studied these factors in the
understanding of infinity. There are studies on learning infinity (Singer and Voica, 2008), the
perception of infinity and its relationship with problem-solving (Singer and Voica, 2003), and the
perceptions of teacher candidates (Celik and Aksan, 2013), primary-school students (Narli and Narls,
2012), and secondary-school students (Bozkus et. al., 2015; Yildirim and Kesan, 2017) about the
concept of infinity. Numerous studies (Akbulut and Akgiin, 2005; Dubinsky et. al., 2005; Jiretkova and
Littler, 2004; Monaghan, 1986, 2001; Pala and Narli, 2018; Yildirim and Kesan, 2017) have been carried
out on the historical development of the concept of infinity. When the studies are reviewed, the

common results are that students perceive infinity intuitively, that their life experiences have an effect
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on how they perceive infinity (isleyen, 2013), and they perceive it as a never-ending, continuous

process (Monaghan, 2001).
Challenges in Teaching Infinity

Aristotle stated that the human brain was not be sufficient to understand and perceive actual
infinity, and that therefore potentially infinity was more perceptible and meaningful (Dubinsky et al.,
2005; Ozmantar, 2010). Therefore, while students do not have difficulty understanding potential
infinity, they have difficulty in understanding actual infinity (MEB, 2018). For example, while the fact
that the natural numbers continue to increase one by one and have no end is compatible with
students' idea of infinity, the infinite fraction in the range of [0,1], whose boundaries are certain, is
incompatible with this. In addition, students have specific ideas about the concepts of finite and
infinite, i.e. that "finite, has certain limits", while "infinity has no limit" (Singer and Voica, 2003).
Therefore, it can be stated that students have difficulty making sense of the limitation of infinity to
certain points (Bozkus et. al., 2015). Similarly, the fact that students think that everything has an end
and that they have no daily experience of infinity (Isleyen, 2013) as well as the inability to visualize or
model the concept of infinity (Bozkus, 2014), are other reasons for the difficulties that students

experience regarding infinity.

Students’ perception that infinity is an object or a number, or teaching based on this logic, is
another obstacle to learning this concept. Infinity is taught to many students as being the largest
number possible, so students continue this learning, and this may lead to misconceptions and

difficulties in learning the concept in the future (Sierpinska, 1987).
The Concept of Infinity in the Curriculum

Infinity is a concept encountered in the mathematics curriculum at every grade of secondary
education. The concept of infinity is included in concepts such as finite and infinite sets, finding the
solution set of inequalities with real numbers, infinite geometric sequences, and the limit of
uncertainty (Ozmantar, 2008). Expressions related to the concept of infinity are used twice with the
expression “infinite set” in the unit of sets, and with the expression “operations with nested roots
going to infinity are not included in rooted expressions” in the unit of square roots in the secondary
education mathematics curriculum. As can be seen, although the concept of infinity is included at
every grade, it is not discussed under a separate heading in the curriculum. As a result, students are
taught with the assumption that they know about concept of infinity. In addition, the concept of
infinity is transmitted in an intuitive way in the lessons. For example, figures such as eo-o, oo/c cause
students to perceive infinity as an operable number (Kabael, Barak. And Ozdas, 2015). In addition,
the use of an expression such as "n goes to infinity" is an important factor in students' perception of
infinity as a destination or a very large number (Nesin, 2002). There are also problems in associating

the concept of infinity with daily life in classroom teaching. Especially in problems to be solved with

1136



KEFAD Cilt 24, Say1 2, Agustos, 2023

the help of geometric series, finding the formula with a sum that goes to infinity gives rise to
contradictions such as the perception of infinity as a number or the impossibility of performing that
action infinitely (Ozmantar, 2008). The concept of infinity, which even mathematicians avoid
studying, is not a concept that students can learn on their own and through intuition. Therefore, in
teaching this concept, a conceptual understanding should be preferred rather than an intuitive
understanding. In other words, the concept of infinity should be addressed in an adequate manner,

and as much as is necessary, during lessons.
Using Metaphors to Understand Infinity

The word “metaphor”, which is emphasized in numerous studies, derives from the Greek
word "metapherein”. “Meta” means "change" and “pherein” means 'reliance" (Levine, 2005).
Metaphors are defined as the conceptual relations that enable individuals to better define their
perceptions and attitudes about any concrete or abstract phenomenon, situation or process. If our
conceptual system is mostly metaphorical, then we can explain our way of thinking, every
phenomenon we experience, and everything we do daily by using metaphors (Lakoff and Johnson,
2005). Accordingly, metaphors establish a relationship between two dissimilar phenomena and
allowing one specific mental schema to be projected onto another mental schema. The present study
was needed because examining an abstract concept such as infinity using metaphors will facilitate the
emergence and concretization of images and perceptions of the concept of infinity in the subconscious

of the students.

How do people who have nothing to do with anything regarding infinity perceive infinity in
their daily lives? Since noone has a direct experience with actual infinity, we need to use metaphors to
understand and think about infinity (Stewart, 2003; Ananthaswamy, 2003). However, according to
Lakoff and Nufiez (2000), the idea of infinity is something within our control, and we invented it to
understand some of the attributes of what we see and experience in the physical world. Lakoff and
Nunez (2000) put forward the role of metaphors as "the basic tools by which abstract thinking is made
possible" and stated that the most basic way to understand and conceptualize the concept of infinity is
to understand it through metaphors, which they call "the basic metaphor of infinity (BMI)". Lakoff and
Nunez (2000) argues that we conceptualize numbers through metaphor, which we perceive as points

on a line (as cited in Stewart, 2003; Ananthaswamy, 2003).

There are many studies of metaphors related to mathematics education. There are studies of
pre-service teachers' metaphors about the different roles of the mathematics teacher (Fleener,
Pourdavood and Fry 1995), the mathematics metaphors of pre-service mathematics teachers (Giiler,
Akgtin, Ogal, and Doruk, 2012), pre-service teachers' perceptions about mathematics, mathematics
lessons, and mathematics topics (Sahin, 2013), pre-service teachers' mathematics metaphors (Giiner,

2013), perceptions of mathematics department students about proof (Aktas C. and Aktas Y, 2013),
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metaphors about pre-service teachers' attitudes towards mathematics (Brady and Winn, 2014),
metaphors of pre-service mathematics teachers regarding the concept of mathematics (Erdogan et al.,
2014), metaphors of secondary school students about mathematical problems and the variety of
metaphors according to their grade (Sezgin-Memnun, 2014), mathematical metaphors of gifted
students (Arikan and Unal, 2015), university students' perceptions of mathematics problems (Uygun
et al., 2016), pre-service teachers' mathematics examples (Saglam Kaya, 2017), primary-school teacher
candidates' perceptions of the concept of mathematical literacy, metaphorical perceptions of pre-
service mathematics teachers on mathematics and mathematics teaching (Demirkol and Ergin, 2017),
students' perceptions of mathematics lessons and mathematics teachers (Yetim Karaca and Ada, 2018),
metaphorical perceptions of secondary school students towards mathematics (Cetinkaya, Ozgoren,
Orakci, and Ozdemir 2018), and Turkish-Italian students' metaphors about the concept of the
mathematics teacher (Peker, 2018). However, no study of metaphors specifically related to infinity has

been found. It is thus considered that the study will make a significant contribution to the literature.
Purpose of the Study

This study aimed to reveal the perceptions of high-school students about the concept of
infinity through the metaphors they used. It was thought that examining an abstract concept such as
infinity with the help of metaphors would reveal the students' subconscious perceptions of the
concept of infinity and the concretization of these perceptions. For this purpose, answers were sought

to the following sub-problems:
1.What metaphors are developed by high-school students regarding the concept of infinity?

2.What is the distribution of the metaphors produced by high-school students according to

gender?

3.What is the distribution of the metaphors produced by high-school students in terms of

potential and actual infinity?
Method

This study used phenomenology, one of the qualitative research techniques. Phenomenology
is a pattern used to investigate phenomena that we encounter in daily life, that we are aware of but do
not understand in detail and deeply (Yildirim and Simsek, 2018). The study aimed to examine high
school students' perceptions of the concept of infinity through the metaphors they used. In recent
years, metaphor has been considered a powerful mental tool that an individual can use to understand
and explain a highly abstract, complex, or theoretical phenomenon (Yob, 2003). Metaphors are mental
tools that guide and shape our thoughts about the formation and functioning of processes, events, and
phenomena and help make sense of them. This study aimed to reveal in detail the perceptions of

high-school students about the concept of infinity and the meanings they attributed to the concept.
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Participants

A total of 76 high school students, 46 females (60.5%) and 30 males (39.5%) studying in a
province in Central Anatolia in the 2018-2019 academic year participated in the study. The
participants were determined by the criterion sampling method. In criterion sampling, situations that
meet specific criteria are determined (Baltaci, 2018). The criterion within the scope of this study was
that the students were 12th-grade students. The reason for this criterion was that the students would
have encountered infinity in topics such as limit, derivative, and sequence, and would have
knowledge about mathematical infinity. The study was started with a total of 111 students, 64 females
(57.66%) and 47 males (42.34%), but after the classification of the metaphors, 36 metaphors were found

to have made a wrong connection between the topics, and the sources of these were excluded.
Data Collection

In accordance with ethical rules, the voluntary participation and informed consent of each
student were the basis of the study. Before the study, the students were briefly informed about the
study, voluntary participation consent forms were distributed to the students, and it was stated that
participation in the study was voluntary. Then, the students who agreed to participate in the study
were given blank sheets on which the sentence, “Infinity is like..., because...” was written, in order to
reveal their metaphors regarding the concept of infinity. Students were asked to complete this
sentence in their own words and were given 10 minutes to do this. In line with the research problems,

the students were also asked to indicate their gender on the form.
Data Analysis

To analyze the metaphors developed by the participants, the content analysis method, which
is one of the qualitative data analysis methods, was used. The main purpose of content analysis is to
reveal facts hidden in the data. The data were analyzed, and categories were produced according to
the data obtained. Then, the data were encoded into categories (Yildirim and $Simsek, 2018). In the
content analysis process, MAXQDA qualitative data analysis software was used in coding the data,
identifying the themes, organizing the themes, and defining and interpreting the findings. The data
obtained from the documents were computerized and transferred to the MAXQDA software. Figure 1

shows the process of data analysis.
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Numbering and Coding of - Participants were coded as P and their b
Stage 1 —p I paper numbers
Metaphors s were written next to them
Identifring Blank or . N There was no elimination at this stage as there was no
Incomplete Papers Stage2 —p blank paper
Categorizing Metaphors ) Within the scope of the study, metaphors were
According to Variables Stage 33— categorized as females and males
Identifiing Metaphors that are
Correctly Linked betweenthe | Stage 4 —p» 36 metaphors that made a false connection between
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Developed Meta : using Maxqda software
Saving the Tables Created .
. . The final metaphors were computerized in the form
with m%?;gﬂf tothe  f—Stage6—p- of MaxMap table and radar graph.

Figure 1: Process of data analysis.
Stage 1: The papers on which the metaphors are written were numbered. Participants were
coded as P, and their paper numbers were written next to them. For example, “P5” indicates the 5th

student.

Stage 2: The metaphors were read one-by-one. Since there were no blank papers, no data was

eliminated at this stage.
Stage 3: The metaphors were listed by gender.

Stage 4: The metaphors listed were re-read. Forceville (2002) stated that for something to be a
metaphor, it must have a source and a subject and that the property of the source that is attributed to
the subject must be found. Considering this criterion, the metaphors were defined as either true or

false. 34 metaphors with incorrect relationships between the subject and the source were eliminated.

For example, one student (P58) wrote the figure “0/0” as a “metaphor” and wrote that the
reason for that was that “We study a lot of math, I can't think of anything else.” Since a correct
connection between the metaphor and its cause could not be established, that is, a correct relationship
could not be found between the source to the subject, this metaphor was eliminated. Another student
(P10) said, "Infinity is like endless wandering because when you first start you are afraid, then over
time you get used to it and start learning.” Since the relationship between the source and the subject

could not be established correctly, this metaphor was eliminated.
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Stage 5: Categories were produced in accordance with the correctly developed metaphors and
the metaphors were coded according to the categories. The potential or actual infinity categories of the

metaphors were also created at this stage.

Stage 6: The distribution of metaphors according to gender and potential-actual infinity
category, the number of metaphors and the total number of metaphors, and the categorization of
metaphors were tabulated and visualized using MAXQDA-MaxMaps software. Thick and thin lines in

the visuals indicate frequency frequency.

The categories in previous studies on this subject were also taken into consideration while
reaching the categories in the research. For example, metaphors such as "Infinity is like the soul, ...",
"Infinity is like the afterlife, ...", "Infinity is like nothingness, ..." were categorized as metaphysical
concepts. Similarly, other metaphors were placed in the categories created within the scope of the
research. For example, codes such as "road" and "numbers" were first categorized under the category
of "elements used in life", but then the "road" code was categorized under the category of "nature and
environment" and the "numbers" code was categorized under the category of "lesson" in order to be

more general.

When making the distinction between potential and actual infinity, metaphors of infinity as a
process that always continues were coded as potential infinity, while metaphors that indicate infinity
within a whole or a range were coded as actual infinity. For example, as in the metaphors "Infinity is
like love, and love is eternal because if we love someone, even if we lose them, our love never ends
and we always continue to love" and "Infinity is like a road because you never know where and when
it will end.", it was determined that the elements with which metaphorical bonds were established

had a continuous, always ongoing process and these metaphors were evaluated as potential infinity.
Validity and Reliability

In the data collection phase, the voluntary participation of the students was ensured. The
metaphors were listed by code, category, and gender to ensure validity. How the seven categories
were produced during the data analysis process was clearly stated, and quotes from the students were

included. Each of the 75 metaphors obtained in the study was included in the Findings section.

To ensure reliability, expert opinion was sought to confirm whether the metaphors given
under the seven categories found in the study represented the category in question. For this purpose,
they were examined by an expert who was a faculty member in mathematics education, and a second
expert opinion was also obtained. A third expert, who had studied metaphors, was consulted in
categories where consensus could not be reached. Within the scope of the study, the faculty member
was given a list of 75 sample metaphors arranged in alphabetical order and a list containing the names
of the seven categories. Using both of these lists, the expert was asked to match the sample metaphors

in the first list with the seven categories in the second list without excluding any metaphor. Then, the
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codes related to the categories and metaphors obtained by the researcher and the pairings made by
the expert were compared. Similarly, the first researcher categorized the category of "living things" as
"the effect of which lasts" and the second researcher stated that it should be coded as "living". After the
third expert's opinion and the consensus reached, it was agreed that the name of this category should
be "living things". After the third expert's opinion and the consensus reached, it was agreed that the
name of this category should be "constantly felt". As a result of this comparison, the numbers of
agreements and disagreements between the researcher and the expert was determined and the
reliability of the study was calculated using the formula of Miles and Huberman (1994: 64) (Reliability
= consensus/consensus + disagreement). The expert whose opinion was sought within the scope of the
reliability study associated four metaphors (family (three) and mother (one)) with a different category
from the categories produced by the researcher. There was also a disagreement on a category name.
In qualitative studies, the percentage of compliance should be 90% and above to achieve the desired
level of reliability. In the reliability study conducted specifically for this research, Reliability=70/ (70+5)

=0.93, in other words, a consensus (reliability) of 93% was achieved.
Ethical Issues

The Scientific Research and Publication Ethics Directive". No actions specified under the
second part of the directive, "Actions Contrary to Scientific Research and Publication Ethics" were

carried out.

Ethics committee approval information: Name of the committee that made the ethical evaluation:

Necmettin Erbakan University
Date of ethical evaluation decision: 18 December 2020.
Ethical evaluation document number: 162

Findings

This section presents all the metaphors related to the concept of infinity and the categories
produced for the metaphors in order according to the research problems. The distribution of the
metaphors produced for the concept of infinity according to gender and infinity type is then included.
The frequency values obtained are presented with tables, graphs and visuals produced with the help

of the data analysis software used.
Findings regarding the Distribution of Metaphors Developed by High School Students

All metaphors and codes produced are included regarding the first research question of the
study, "What metaphors are developed by high-school students regarding the concept of infinity?”
All the metaphors developed by the high-school students regarding the concept of infinity and their

frequencies are presented in Table 1.

1142



KEFAD Cilt 24, Say1 2, Agustos, 2023

Table 1. Valid metaphors developed by students about the concept of infinity

Name of the Frequency (f) Percentage Name of the Frequency (f) Percentage
Metaphor Female  Male  Total (%) Metaphor Female Male  Total (%)
Love 4 2 6 8.00% E;f:ls:g 1 0 1 133%
Life 5 0 5 6.67% Nothingness 1 0 1 1.33%
Death 2 3 5 6.67% Listen to music 0 1 1 1.33%
Time 1 4 5 6.67% Mankind 0 1 1 1.33%
Dreaming 4 1 5 6.67% Mother 0 1 1 1.33%
Space 3 1 4 5.33% Making wishes 0 1 1 1.33%
Sky 2 1 3 4.00% Numbers 0 1 1 1.33%
Romance 1 2 3 4.00% Mathematics 1 0 1 1.33%
Mathematics
Family 2 1 3 4.00% Lesson 0 1 1 1.33%
duration

Happiness 3 0 3 4.00% Soul 1 0 1 1.33%
Immortality 1 2 3 400% E;fainable 1 0 1 1.33%
Freedom 1 1 2 2.67% Sea 1 0 1 1.33%
Afterlife 0 2 2 2.67% Black hole 1 0 1 1.33%
Bottomless well 1 1 2 2.67% Unhappiness 1 0 1 1.33%
Road 1 1 2 2.67% Ocean 1 0 1 1.33%
Longing 2 0 2 2.67% zgllfe‘f:g the 1 0 1 1.33%
Atatiirk 1 1 2 2.67% Toplam 44 31 75 100%
Never-ending 0 ’ ) 267%

events

In Table 1, the students developed a total of 75 valid metaphors for the concept of infinity.
When the metaphors were ranked according to their frequency, the students expressed the concept of
infinity most through “love” (n=6, 8%), followed by “life”, “death”, “time”, “dreaming” (n=5, 6.67%).
In third place, the students expressed infinity with “space” (n=4, 5.33%). The fourth most frequent
concepts that students likened to infinity were “love”, “sky”, “family”, “happiness” and
“immortality” (n=3, 4%). In fifth place, the students expressed infinity with "freedom”, “bottomless
well”, “memory”, “road”, “Atatiirk”, “afterlife”, “never-ending events" (n=2, 2.67%). The metaphors
that ranked sixth and were each stated once in total were “money”, “heart”, “emotions”, “thinking
deeply”, “nothingness”, “listening to music”, “humanity”, “mother”, “making wishes”, “numbers”,
“duration of mathematics lessons”, “mathematics”, “soul”, “unattainable peak”, “sea”, “black hole”,

77 77

“unhappiness”, “ocean”, “knowing every area of the universe” (n=1, 1.33%).
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Emotions (17) Metaphysical Concepts (22)

] (] &

Conscious Actions (11) Lesson (3)

Infinity (75)

]

Astrological Concepts (8) Living Creatures (6)

]

Nature and Environment (8)

Figure 2. Categories related to the metaphors for infinity.
Figures for the categories produced for the concept of infinity are presented below. In Figure
2, the relationship between the codes and subcategories produced within the scope of the study is
visualized. The line thicknesses represent the frequency density of the code it belongs to, while the

numbers next to the codes represent the frequency of the codes.

Table 2 shows the categories of valid metaphors developed by the students, the total number
of metaphors in the categories, the codes in the relevant category and their frequencies and

percentages.

Table 2. Categories of the metaphors regarding concept of infinity

Total Percentage
Categories Metaphors Number of (%) 8
Metaphors °
Metaphysical Soul (1), death (5), immortality (3), afterlife (2), time (5),
. . 22 29,33%
Concepts life (5), nothingness (1)
Emotions Love (6), happm.ess (3), romance (3), unhappiness (1), 17 22.67%
freedom (2), longing (2)
Unattainable peak (1), listening to music (1), knowing
Conscious every area of the universe (1), thinking deeply (1),
. . . . . 11 14,67%
Actions keeping alive in the heart and emotions (1), dreaming
(5), making wishes (1)
Astrological
4), sk lack hole (1 10,67%
Concepts Space (4), sky (3), black hole (1) 8 0,67%
Nature and the Ocean (1), bottomless well (2), road (2), sea (1), never- g 10.67%
Environment ending events (2) R
Living . . o
Creatures Family (3), mother (1), Atatiirk (2) 6 8,00%
Lessons Mathematics (1), duration of mathematics lessons (1), 3 4,00%
numbers (1)
Total 75 100%
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As can be seen in Table 2, valid metaphors developed by the students regarding the concept of
infinity were grouped under seven categories: "metaphysical concepts”, “emotions”, “conscious
actions”, “astrological concepts”, “nature and environment”, “living creatures”, and “lessons". The
concept of infinity was mostly explained with metaphysical concepts such as "life", "death" and
"immortality", followed by the categories of emotions and conscious actions, respectively. The fewest

metaphors used for the concept of infinity related to mathematics lessons. The metaphors related to

these categories are explained in detail below.

Infinity expressed by 'Metaphysical Concepts': Twenty-two (29.33%) of the metaphors produced by
the students associated infinity with metaphysical concepts. Figure 3 shows the metaphors produced

under this category.

@] Cl

Death (5) Time (5)

Gl
e ‘5\ ﬁortality ®)

]

/ Metaphysical Concepts (22) \
@] ]

Afterlife (2) Nothingness (1)

]

Soul (1)

Figure 3. Codes related to the metaphysical concepts category.

As can be seen in Figure 3, the most frequently repeated codes in the category of metaphysical

"non

concepts were “time”, “death” and “life”. These were followed by the codes "immortality", "afterlife",
"soul" and "nothingness", respectively. Considering the metaphors that made up the category of
metaphysical concepts in general, it can be stated that students associated the concept of infinity with

spiritual ideas. The students’ statements in this category are presented below.

"Infinity is like the soul because it will always exist even if we die.” (P42)

"Infinity is like immortality because you never die, so you don't disappear, you always exist.”
(P38)

"Infinity is like the afterlife because there will be no end to the afterlife, and it will always
continue." (P104)

"Infinity is like time because it will always continue, whether we exist or not.” (P2)
"Infinity is like life because the end of life is not certain.” (P76)

“Infinity is like nothingness because, like infinity, we do not know about nothingness, and we
cannot be sure that we will know.” (P71)
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Infinity expressed by 'Emotions': Of the metaphors produced by the students, 17 (22.67%) associated

the concept of infinity with emotions. The metaphors produced under this category are presented in

Figure 4, taking into account the frequency values.

@]

Love (6)

@ Unhappiness (1)
Happiness (3)

Emotions (71)\ ]

Freedom (2)

Cll

Romance(3)

]

Longing (2)

Figure 4. Codes related to the emotions category.

As can be seen in Figure 4, the most repeated metaphor under this category was "love",

followed by "happiness”, “romance”, "longing", "freedom" and "unhappiness", respectively.

Examining the category of emotions, we can state that students related the concept of infinity to the

emotions they feel in daily life. The statements produced by the students in this category were as

follows:

"Infinity is like love, and love is eternal because if we love someone, even if we lose them, our
love never ends, and we will always continue to love." (P6)

"Infinity is like romance because deep down it always lives, no matter how much we think
that it is finished." (P63)

“Infinity is like unhappiness because once unhappiness begins, it seems like it will never
end.” (P95)

Infinity expressed by 'Conscious Actions: Of the metaphors produced by the participants, 11

14.67%) associated the concept of infinity with conscious actions they performed. The metaphors
P y Yy P %

produced under this category are presented in Figure 5, taking into account the frequency values.
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© ] ]

Unreachable Peak (1) Knowing Every Area of the
Universe (1)

@]

Listening to Mm ‘//f-ﬂ_;k Deeply (1)
Aus Actions (11)

Making a Wish (1) To Keep it Alive in the Heart
and Feelings (1)

]

Dreaming (5)

Figure 5. Codes related to the conscious actions category.

As can be seen in Figure 5, the metaphors in the Conscious Actions category were used
equally frequently and included “knowing every area of the universe”, “the unattainable peak”,
“making wishes”, “dreaming”, “keeping [someone/thing] alive in the heart and emotions”, and
“thinking deeply”. Examining the metaphors that make up the category of conscious actions in
general, we can state that they consisted of actions that people do consciously and willingly such as
dreaming, deep thinking, and making wishes. The statements produced by the participants in this
category were as follows:

"Infinity is like the unattainable peak because it is never known, it is never seen, it goes as it
goes, it does not end, and it is not reached.” (P49)

"Infinity is like thinking deeply because when a person begins to think deeply, he cannot get
out of those thoughts and finds himself having endless and unlimited thoughts.” (P86)

“Infinity is like keeping [someone/thing] alive in the heart and emotions, because it is the
traces they leave that make live infinite. We can experience these traces in our heart and with
our emotions in an unlimited way.” (P84)

Infinity expressed by 'Astrological Concepts': Eight (10.67%) of the metaphors produced by the
students related the concept of infinity to astrological concepts. The frequency values of the metaphors

produced under the category of astrological concepts are presented in Figure 6.
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Space (4)

Astrological Concepts (8)

Sky (3)

Figure 6. Codes related to the astrological concepts category.
As can be seen in Figure 6, the most repeated astrological concepts were "space”, "sky" and
"black hole", respectively. When the metaphors that make up the category of astrological concepts

were examined, it was determined that the students associated the concept of infinity with space and

concepts related to space. The statements produced by the students in this category were as follows:

"Infinity is like the vacuum of space because the vacuum of space is vast.” (P53)

"Infinity is like a black hole because a black hole is what attracts everything and leads you to
an unknown. That is the case in infinity, a journey into the unknown, just like a black hole.”
(P57)

"Infinity is like the sky because its end is not reached, it encompasses everything in it.” (P65)
Infinity expressed by 'Nature and the Environment': Eight (10.67%) of the metaphors produced by
the participants related the concept of infinity to the events encountered in nature and the
environment. The metaphors produced under this category are presented in Figure 7 taking into

account the frequency values.

]

QOcean (1)

]

Bottomless Well (1) \ @
@ Never Ending Events

(2)
Nature and Environment

(8)

Gl Cll

Road (2) Sea (1)

Figure 7. Codes related to the nature and environment category.
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As can be seen in Figure 7, the most repeated codes in the environment category are "never-
" n

ending events", "road", "bottomless well", "ocean", and "sea", respectively. The statements produced

by the students in this category were as follows:

“Infinity is like an ocean because those resources never run out." (P27)
"Infinity is like a road because you never know where or when it will end.” (P23)

"Infinity is like a bottomless well because even if it has an end, we don't know when we'll
reach its end.” (P51)

"Infinity is like never-ending events because it goes on and on and has no end." (P96)
Infinity Expressed by 'Living Creatures'": Six (8%) of the metaphors produced by the students were
associated with the category of living creatures. The metaphors produced under this category are

presented in Figure 8, taking into account the frequency values.

@]

Family (3)
Y Ataturk (2)

]

Living Creatures (6)

]

Mother (1)

Figure 8. Codes related to the living creatures category.

As can be seen in Figure 8, the most repeated codes under the category of living creatures
were "family”, "Atatiirk" and "mother", respectively. Examining the metaphors that made up the
category of living creatures, it was determined that the students associated the concept of infinity with
beings whose influence is constantly felt, such as Atatiirk, the family, one’s mother. Some of the
statements produced by the students in this category were as follows:

"Infinity is like a family because a family is always a family. Even if we lose our family, they
will never disappear and will always be our family.” (P3)

"Infinity is like Atatiirk because what he did for us will never be forgotten and he will always
live with us.” (P48)

Infinity expressed by 'Lessons’: Three (4%) of the metaphors produced by the students were
associated with the mathematics course and placed into the lessons category. The metaphors

produced under this category are presented in Figure 9, taking into account the frequency values.
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Figure 3. Codes related to the lessons category.

As can be seen in Figure 9, the metaphors under the course category were used equally
frequently and were coded as "duration of the mathematics lesson”, "mathematics”, and "numbers".
Examining the metaphors that made up the category of lessons, it was determined that the students
associated the concept of infinity with the slow passage of time in the mathematics course, the infinity

of mathematics, and numbers, which are an essential element of this course. Some of the statements

regarding produced by the students in this category were as follows:

"Infinity is like numbers because numbers keep going on and don't end.” (P68)
"Infinity is like math class time because time never passes in class.” (P36)

"Infinity is like math because it never ends, there's been math since I started school, and it's
always going to be in people's lives, it's never going to end.” (P41)

Findings Regarding the Distribution of Metaphors Developed by High School Students by
Gender

To answer the second research question, the distribution of metaphors produced by high
school students was examined by gender. Figure 9 shows the distribution of the metaphors produced

by the students by gender.
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Figure 10. Radar chart of categories produced by male and female students for the metaphor of
infinity.

As can be seen in Figure 9, female students expressed infinity more through ideas related to
emotions, astrological concepts and conscious actions than male students, while male students
expressed infinity more with metaphysical concepts and ideas related to nature and the environment
than female students. Table 3 shows the frequencies and percentages of the distribution of the

metaphors produced by the students by gender.

Table 3. Distribution of categories produced for the concept of infinity by gender.

Female Male Total
Categories Percentage Percentage Percentage
Frequency Frequency Frequency

(%) (%) (%)
Metaphysical Concepts 10 13.16% 12 15.79% 22 28.95%
Emotions 13 17.11% 4 5.26% 17 22.37%
Conscious Actions 8 10.53% 3 3.95% 11 14.47%
Astrological Concepts 6 7.89% 2 2.63% 8 10.53%
Nature and the 4 5.26% 4 5.26% 8 10.53%
Environment
Living Creatures 4 5.26% 3 3.95% 7 9.21%
Lesson 1 1.32% 2 2.63% 3 3.95%
Total 46 60.53% 30 39.47% 75 100%

Findings Regarding the Distribution of Metaphors Developed by High-school Students by
Type of Infinity

To answer the third research question, the metaphors produced by the high-school students

were examined in terms of potential and actual infinity. The findings are shown in Table 4.



Dev Habaci, S., & Cetin, i.

Table 4. Distribution of types of infinity

Metaphor Type Frequency Percentage
Potential Infinity 75 100%
Actual Infinity 0 0%
Total 75 100%

As can be seen in Table 4, all of the metaphors produced by the students were related to
potential infinity. In other words, the students represented infinity more as a continuous and endless
process. Indeed, when the metaphors produced by the students were examined, it was determined
that they expressed infinity with phrases describing potential infinity, such as, "it continues and never
ends”, “the end is not reached”, “it does not end and cannot be reached”, “it will always continue”,
and “there is no end to death”. The fact that the students could not produce any metaphor about

actual infinity may be because all of the examples given by the students were examples from everyday

life.
Discussion and Conclusion

In this study, high-school students' perceptions of the concept of infinity were examined
through metaphors. Within the scope of the study, high-school students produced a total of 75 valid
metaphors for the concept of infinity. The metaphors produced were grouped under seven categories:
emotions, living creatures, astrological concepts, nature and the environment, metaphysical concepts,
lessons, items used in daily life, and conscious actions. Students expressed the concept of infinity
mostly using metaphysical concepts. These concepts were followed by emotions, conscious actions,
astrological concepts, nature and the environment and living creatures, respectively. It was
determined that infinity was associated least with mathematics lessons. It can be stated that the
metaphors developed by the students were predominantly related to daily life and related to
situations that have no end. Similarly, in previous studies, it has been determined that secondary-
school students also associate infinity with concepts such as space, the universe, freedom, love,
romance, death, the sky and numbers (Bozkus et. al., 2015), and that students' perceptions of infinity
are significantly affected by daily life (Celik and Aksan, 2013; Kim et. al.,, 2005; Maria et al., 2009,
Singer and Voica, 2008). In addition, the metaphors found in previous studies are similar to the
metaphors obtained in this study. It was found that the concept of mathematical infinity is not fully
established in the students and that high-school students’ perception of the concept of infinity was
equivalent to the perceptions of students at other age and grades. In studies conducted at different
grade levels (Bozkus et. al., 2015; Isleyen, 2013), it was found that students' perceptions of the concept
of infinity were directly affected by daily life. In addition, considering that teacher candidates perceive
the concept of infinity as an object in the form of a "symbol, a set of infinite elements" (Sirmac1 and
Ozdemir, 2016), it can be concluded that the concept of infinity is not perceived adequately from

secondary school to university-level.
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Another result obtained in the study was that while the female students mostly produced
metaphors with emotions and astrological concepts, the male students mostly produced metaphors
with metaphysical concepts. It was observed that the vast majority of students, whether male or
female, expressed infinity abstractly and intuitively. The fact that the female students used more
emotional codes such as love and romance can be explained by the fact that women are emotional by
nature. Similarly, the fact that the female students produced more metaphors about astrological
concepts can be explained by the fact that women are more interested in astrology. Within the scope
of the study, about 34 metaphors that made a wrong connection between the source and the subject
were excluded from the sample. The fact that the majority of excluded metaphors were produced by
male students can be interpreted as female students being more successful than male students in
creating metaphors for infinity. However, in studies dealing with actual infinity (Pehkonen, Hannula,
Maijala, and Soro, 2006), it was found that males gave better answers than females in tasks related to
infinity. On this basis, it can be stated that females are more successful in situations related to
potential infinity, in that it can be related to daily life, while males are more successful in situations

related to actual infinity.

One of the most important findings of the study is that the students hesitated to express
infinity mathematically. Only three metaphors were associated with mathematics. It was determined
that the metaphors produced by the students about mathematics were related to the slow passage of
the mathematics lesson, the sense that mathematics lessons were never-ending, the constant
occurrence of mathematics in life, and the endless continuation of numbers; that is, they were not
directly related to a conceptual understanding of infinity. The fact that only three metaphors were
associated with mathematics lessons may indicate that the students had not been successful in
formally learning and making sense of the concept of infinity that they had previously developed
intuitively (Fischbein, 2001; Jirotkova and Littler, 2004). The inability to conceptually experience the
concept of infinity in daily life (Monoghan, 2001; Tall, 2001) and the inability to model infinity directly
(Pala, 2016) may also have been an obstacle to the mathematical expression of the concept of infinity.
The fact that students did not use mathematical infinity in the current study, but rather expressed it
with examples from daily life, coincides with the conclusion of Pala and Narli (2012) that students
explain infinity with concepts related to the finite environment they live in and that they define
infinity using their out-of-school experiences. Isleyen (2013) found that students are far from
understanding mathematical infinity. The result of Isleyen's (2013) study is compatible with the results

of this study.

Another result obtained within the scope of the study is that all the metaphors produced by
the students contain potential infinity. Infinity was perceived as an unending, unlimited, endless,
continuous, unreachable, all-encompassing concept in all the metaphors produced by the students.

Since the idea of potential infinity does not conflict with intuition, it can be interpreted by individuals,
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while situations involving the idea of actual infinity cannot be directly explained by intuition
(Fischbein, 2001); this may be the reason why this situation occurred. Our minds, which are
constantly busy with finite things and focusing on finite facts, cannot adequately perceive actual
infinity because it is outside of our logical schemes (Fischbein, 2001). In addition, in terms of cognitive
maturity, students' conceptual structures regarding actual infinity are not formed before the age of 15
(Nunez, 1993). However, in studies conducted with pre-service teachers (Celik and Aksan, 2013), it
has been revealed that the concept of infinity is perceived more as potential infinity. This shows that it
is very difficult to understand the actual infinity at later ages. One investigation of infinity as potential
infinity (Dubinsky et. al., 2005) is in line with the results of this study. Students' lack of understanding
of actual infinity may be due to their failure to view infinity as a mathematical object (Petty, 1996).
The students’ lack of perception of actual infinity can be seen as a reason for the limited emergence of

the mathematical-conceptual aspect of infinity in metaphorical relationships.

The concept of infinity has been directly or indirectly encountered by students since middle
school. Students need to understand what infinity means in order to understand some mathematical
concepts and to be able to structure topics. The study results reveal that the students discussed infinity
intuitively or in relation to life. The fact that one of the students (P58) expressed infinity as “0/0”
uncertainty but could not explain a reason proves that mathematical infinity was not perceived. It
was found that students could not express mathematical infinity and could not relate infinity to
mathematical concepts. The reason for this may be that, as Narli and Narli (2012) indicate,
mathematics curricula do not include teaching of the concept of infinity. This deficiency will make it
difficult to understand and construct concepts such as half-line, line, series, sequences, limit,
derivative, and integrals, and will be an obstacle to students’ learning. The idea that there can be
infinite elements in a finite range, that is, actual infinity, seems more likely to be understood only after
the set of rational and real numbers is learned. The most significant obstacles to the understanding of
the concept of infinity are that students do not learn enough about the concept of real numbers and
their applications by the end of secondary school, the fact that students did not learn enough at school
about the idea that there can be an infinite number of points between two points, and that they formed

their perceptions of this concept entirely on their experiences in daily life.
Suggestions

According to the results of the study, the students' perceptions of the concept of infinity were
mostly affected by daily life. However, the perception of infinity as associated with daily life produces
problems in terms of mathematics education, because the meaning of some concepts in mathematics
and their meaning in daily life are different from each other. Infinity is one of these concepts.
Although students' experiences of the concept of infinity in daily life are important, sometimes this

causes students to learn the concept without formal education, using the first idea that emerges as a
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result of their personal experiences, or mapping it to a false image of concepts. It was observed within
the scope of this study that the perception of infinity arising from daily life experiences did not
contribute sufficiently to the understanding of mathematical infinity. Therefore, even if this concept is
not addressed as a separate topic in school mathematics, it should be expressed in detail and
transmitted to the student in accordance with age and grade level. In particular, this concept should
be discussed openly instead of being left to the students” own ideas. Considering that the concept of
infinity is the basis of advanced mathematical concepts such as limit, derivative and integral, this

concept should not be learned by intuition and random daily life experiences.

The fact that the metaphors the students have produced for the concept of infinity were hardly
associated with mathematics showed that the students could not relate to infinity mathematically. In
particular, to prevent the concept of infinity from being learned as an abstract concept and to make
sense of it, support can be obtained from dynamic mathematics and geometry software such as
Geogebra and Desmos. With the dynamic learning environments produced, activities should be
included where students can make meaningful inferences that there can be an infinite number of
points between two points on the graph or in a sequence of numbers. Discussions should be held on
how this software changes in the case of approaching infinity, especially by using slider tools. In
particular, the activity of creating an infinite point between two points (by connecting the formation of
points to the slider) will embody this situation and will also improve the students” perception of actual
infinity.

It was determined that the metaphors used for the concept of infinity changed in the context
of gender, albeit at a low level. Considering that students produce metaphors which are close to their
interests, and that these may be influenced gender, it is recommended that examples be given in a

way that will attract the attention of both genders in associating the concept of infinity with daily life.

The finding of the study that the students defined infinity as an object that is constantly
increasing or decreasing suggests that there is an obstacle to expressing infinity as actual infinity. The
fact that the students did not produce any metaphor about actual infinity can be interpreted as
showing that the students were not able to relate this type of infinity to daily life. For this reason, it is
considered that including daily life examples in which actual infinity can be embodied in classroom
education will contribute to students' understanding this type of infinity better. Tall (2001) stated that
although there are primary intuitions in students that are related to potential infinity, the education
received supports the secondary intuitions about actual infinity in the students. Therefore, it is
recommended that more weight be given to actual infinity in teaching the concept of infinity, so that

the actual infinity can be perceived intuitively by the students and expressed as infinity.

The study was limited to a phenomenological approach in order to determine metaphorical

perceptions related to the concept of infinity. Therefore, it is possible to examine these perceptions of



Dev Habaci, S., & Cetin, i.

high school students more profoundly through action research and case study, and especially via
interviews. In addition, the study was limited to high school students. Thus, it is also possible to
conduct a study including preservice classroom, science and maths teachers who receive education in
faculties of education. What the students created related to the concept of infinity were categorized in
the context of actual and potential infinity. Further studies can examine actual and potential infinity
statuses more profoundly in tech-advanced learning environments. The studies can be conducted by

designing learning environments where students can make sense of actual infinity.
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