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Investigation of secondary
school students’ cognitive
structure about the concept
of atom through the drawing

technique'
Abstract
In the current study, the purpose is to determine the
secondary school students’ cognitive structure

related to the concept of atom by using the drawing
technique. The study was conducted with the
participation of 90 5, 6t 7t and 8t grade students
in 2016-2017 school year. The students were asked
two open-ended questions to illustrate the concept
of atom in their minds and to explain where they
have learned the information expressed in their
drawings about the atom so that the atom models in
their minds could be elicited. The students’
responses to these questions were categorized by
means of qualitative analysis and frequencies were
calculated for them. At the end of the study, it was
determined whether the atom models drawn by the
students are false or acceptable. It was seen that the
students rarely illustrated nucleus and electrons in
their drawings and they wusually drew spheres.
Moreover, the students stated that they learned this
information mostly from different textbooks or the
Internet.

Keywords: Atom; cognitive structure; drawing
technique; secondary school students.
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Ortaokul 6grencilerinin atom
kavramina ilisikin biligsel
yapilarinin ¢izim teknigi ile
incelenmesi

Ozlem Eryilmaz Mustu®
Sare Ucer’

Ozet

Cocuklar, etraflarinda olan olaylara karst agint
merakliditlar ve kavramlara kendileri kisisel anlamlar
yiiklemektedir. Ogrencilerin kavramlart
anlayabilmeleri icin kavramlarin zihinlerine dogru bir
sekilde kodlanmast gerekmektedir. Bu calismada;
ortaokul 6grencilerinin atom kavramu ile ilgili bilissel
yapilatinin ¢izim teknidi ile belirlemesi amaclanmistir.
2016-2017 egitim Ggretim yit bahar déneminde
gerceklestirilen ¢alisma; 5., 6., 7. ve 8. siuflarinda

Ogrenim gormekte olan toplam 90 ortaokul
Ogrencisiyle gerceklestirilmigtir. Calismada
Ogrenciletin  zihinlerindeki ~ atom  modellerini

belitlemek amactyla atom kavramu ile ilgili bir ¢izim
yapmalart ve bu cizdikleri sekle ait bilglyi nereden
ogrendiklerini ifade edebilmeleri icin iki adet agik
uclu  soru sorulmustur. Ogrencilerin  verdikleri
cevaplar nitel analiz yontemiyle kategorilere ayrilmis
ve frekans degerleri elde edilmistir. Arastirma
sonucunda Ogrencilerin ¢izdikleri atom modellerinin
yanlts veya kabul edilebilir seviye oldugu
beliflenmigtir. Ogrenciletin  ¢izimlerinde nadiren
cekirdek ve elektronlara yer verdigi genellikle kire
seklinde ¢izim yaptklant gorilmektedir.  Ayrica
ogrencilerin  bu  bilgilere genellikle farkli ders
kitaplarindan veya internetten &grendiklerini ifade
ettikleri tespit edilmistir.

Anahtar Kelimeler: Atom; biligsel yapy; ¢izim
teknigi; ortaokul 6grencileri.
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1. Girig

Kavram, bir nesnenin veya distncenin zihindeki soyut ve genel tasarimi olarak
tanimlanmaktadir (Url-1). Kavramlar; varliklar, olaylar, insanlar ve disiinceler benzerliklerine gére
gruplandirildiginda gruplara verilen ortak adlardir (Kaptan & Korkmaz, 2001, s.21). Cocuklar,
etraflarinda olan olaylara karst asirt meraklhidirlar ve kavramlara kendileri kisisel anlamlar
yuklemektedir.

Ogrenme, Ogrenciler ezbere degil kavramsal anlama gerceklestirdiklerinde basariyla
gerceklesmis olur (Ozden, 2003). Ogrenciler, bir kavrami anlamli Sgrenirken bilgi, kavrama,
uygulama, analiz, sentez ve degerlendirme alt basamaklarinmn sirayla gelismesi beklenir (Ayvact &
Devecioglu , 2008). Her bir kavramin anlamli 6grenme basamaklarinda basariyla gelismesi bir sonra
Ogrenilecek olan alternatif kavramlarinda da temelini olusturmaktadir (Ciftci & Cokelez, 2012).
Kavram 6grenme biitiin 6grenmelerin temelini olusturan bir anahtardir (Ulgen, 2001). Bu sebeple
fen egitiminde kavram 6grenme 6nemli bir yer tutmaktadur.

Bireyler kavramlart adlandirdiginda, zihinlerinde olusan resimler, o kavramin imajdir
(Atasoy, 2004). Bireyler cevrelerindeki olay ve olgulart anlayarak tasvir ederler ve zihinsel modeller
gelistirirler. Her zihinsel model, bilginin temsilidir, dolaylidir, kisiseldir ve bilimsel degildir (Yice,
2013). Ogrenciler bir kavrami anlayip, 6ziimseyebilitlerse o kavram ile ilgili dogru zihinsel modeller
gelistirebilirler. Ogrencilerin kavramlari anlayabilmeleri icin kavramlarin zihinlerine dogru bir sekilde
kodlanmasi gerekmektedir. Literatlir incelendiginde atom kavramu ile ilgili 6grencilerin zihinsel
modellerini inceleyen bir ¢ok ¢alisma yapildigi gérilmektedir (Harrison & Treagust, 1996; Yildiz,
2006; Akyol, 2009; Yalgin, 2011; Cokelez A. , 2012; Cokelez & Yalein, 2012; Karagoz & Saglam
Arslan, 2012; Yaseen & Akaygtn, 2016). Harrison & Treagust, (1996) calismalarinda birgok
6grencinin atomu buytk bir ¢ember icinde kiigik daire olarak gosterdiklerini tespit etmislerdir.
Mlkégretim égrencilerinin biiyitk cogunlugunun zihnindeki atom modelinin “giines sistemi modeli”
oldugunu belirlemistir (Yal¢in, 2011; Karagéz & Saglam Arslan, 2012). Akyol, (2009) ¢alismasinin
sonucunda Fen alaninda 6grenim goren tniversite 6grencilerinin buytik ¢ogunlugunun Rutherford
atom modeline benzer ¢izimler yaptiklarini gézlemistir. Baska bir arastirmada 6gretim Oncesinde
ogrencilerin  ¢ogunlugunun atomu berk kureler seklinde dusiindigti Ogretim sonrasinda ise
ogrencilerin zihinlerinde beliren atom modelinin Bohr Atom Modeli oldugu gorilmustiir (Cokelez
& Yalein, 2012; Yaseen & Akaygtin, 2016 ). Baybars & Kiiciikozer, (2014) ¢alismalarinda 6gretim
oncesinde fen bilgisi 6gretmen adaylarininn giines sistemine benzer ifadeler ve gizimler
kullandiklarini, Ogretim sonrasinda ise elektron bulutu modeline benzer ifade ve ¢izimler
kullandiklarint belirlemislerdir. Ozgiir & Bostan, (2007) Ilkégretim grencilerinin atom kavrami ile
ilgili kavram yanigilarint inceledikleri calismalarinda Ggrencilerin ¢izdikleri atom modellerinin
cogunlukla Bohr ve Rutherford atom medelleri olduklarini tespit etmislerdir. Ortaokul 6grencileriyle
yapilan diger bir ¢alismada 6grencilerin zihinlerindeki atom modellerini gizerken yuvarlak sekilde ya
da gekirdek ile yoriingelerden olusan bir model ¢izdikleri belirlenmistir (Ormanct & Balim, 2014).
Yirmi yilt askin bir stiredir atomun yapisina ait zihinsel modelleri iceren ¢alismalar yapilmakta ve
arastirmactlar  bu konu hakkindaki kavram yanidgilarinin  duzeltiimesi konusunda Oneriler
sunmaktadir (Demirci, Yilmaz, & Sahin, 2010). Ogrencilerin zihinlerindeki kavramlarin imajlarin
belirlenmenin en kolay yollarindan biri zihinlerindeki kavramlari resme donustiirmektir (Yice,
2013). Bu galismada da ortaokul 6grencilerinin atom kavramu ile ilgili zihinlerindeki imajlarin ve
bilissel yapilarinin ¢izim teknigi ile belirlemesi amaglanmustir.

2. Yontem
2.1 Arastirmanin Modeli

Bu arastirmada nitel arastirma desenlerinden durum calismast yaklasimi kullanilmustir.
Durum ¢alismast; giincel bir olguyu kendi gercek yasam gergevesi iginde galisan, olgu ve iginde
bulundugu icerik arasindaki sinirlarin kesin hatlariyla belirgin olmadigt ve birden fazla kanit veya veri
kaynagmnin mevcut oldugu durumlarda kullanidan bir arastirma yontemidir (Yidirim & Simsek,
2010, 5.289).
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2.2 Orneklem

Arastirma, 2016-2017 egitim 6gretim yili ikinci déneminde 5., 6., 7. ve 8. sinifta 6grenim
gormekte olan toplam 90, ortaokul 6grencisinin katilimiyla gergeklesmistir. Calismaya 5. siniftan 16,
6. smiftan 27, 7. smiftan 22, 8. smiftan 25 Sgrencisi olmak tzere toplam 90 ortaokul 6grencisi
katdmustir. Calismada uygun 6rnekleme yontemi kullandmustir. Uygun 6rnekleme zaman ve isgiict
acisindan olusan smurhliklar nedeniyle 6rneklemin  kolay uygulama yapilabilecek birimden
secilmesidir (Biytkoztirk vd., 2008, 5.90).

2.3 Verilerin Toplanmasi

Arastirmada 6grencilerin atom kavrami ile ilgili bilissel yapilarmnmn ¢izim teknigi ile tespit
etmek amactyla atom kavramu ile ilgili bir ¢izim yapmalari ve bu ¢izdikleri sekle ait bilgiyi nereden
ogrendiklerini ifade etmeleri icin iki adet a¢ik uclu soru sorulmustur.

2.4 Verilerin Analizi

Arastirma verilerinin analizinde Ogrencilerin ¢izimleri nitel analiz yontemlerinden igerik
analizi yontemiyle incelenmis, frekans ve yiizde degerleri elde edilerek sonuglar yorumlanmistir.
Icerik analizi, belirli kurallara dayal kodlamalarla bir metinin baz1 sézciiklerinin daha kiiciik icerik
kategorileri ile 6zetlendigi sistematik, yinelenebilir bir tekniktir (Buytikoztirk vd., 2008, s.263).

Agtk uglu sorulardan elde edilen verilerin analizinde 6grencilerin cevaplart “dogru”; “kabul
edilebilir”; “yanlis” ve “cevap vermeme” seklinde 4 kategoride toplanmustir. Olusturulan kategoriler
2 arastirmaci ve bir fen egitimi uzmani tarafindan incelenmistir. Bu kategoriler;

Dogru: Soru ile ilgili bilimsel fikirlerin tamamint iceren cevaplar bu kategoriye yerlestirilmistir.
Kabul edilebilir: Gegerli olan cevabin bir yoniint iceren, fakat biitiin yonlerini icermeyen veya
gecerli cevabin bazi yonleriyle birlikte bazi yanlis anlamalart iceren 6grenci cevaplart bu kategoriye

yetlestirilmistir.
Yanhs: Sorulan soruyla ilgisi olmayan ve bilimsel degerden yoksun &grenci cevaplart bu grupta
toplanmistir.

Cevap Vermeme: Ogrencilerin bos biraktiklart veya hatirlamtyorum, aciklayamiyorum, bilmiyorum
seklinde verdikleri cevaplar bu kategoriye dahil edilmistir.

3. Bulgular

Bu bolimde ¢alismaya katilan ortaokul 6grencilerinin agik uglu sorulara verdikleri cevaplarin
yer aldigr kategoriler tablolar halinde verilerek yorumlanmigtir.

Ogtrencilerin “Atom denildiginde zihninizde olusan sekli ¢iziniz?” sorusuna verdikleri
cevaplarin frekans (f) ve ylizde (%) degerleri tablo 17 de verilmistir.

Tablo 1. Ogrenciletin “Atom denildiginde zihninizde olugan sekli ¢iziniz?” sorusuna verilen cevaplarin
frekans (f) ve yiizde (%) degerleri

Cevaplar 5. smuif 6. smif 7. smuf 8. stf

f % f % f % f %
Dogru 0 0 0 0 0 0 0 0
Kabul edilebilir 2 13 0 0 3 14 4 16
Yanlig 13 81 27 100 18 82 21 84
Cevap Vermeme 1 6 0 0 1 4 0 0
Toplam 16 100 27 100 22 100 25 100

Tablo 1 incelendiginde “Atom denildiginde zihninizde olusan sekli ¢iziniz?” sorusuna 5., 6.,
7ve 8. smif Ogrencilerinin dogru ¢izimler yapamadiklart goriilmektedir.  Ogrenci cizimleri
incelendiginde 5. smif ogrencilerin %13, 7. sinif 6grencilerin %14 ve 8. smif 6grencilerinin %16
oraninda kabul edilebilir cizimler yaptiklart tespit edilmistir. Ogrencilerin siklikla yanlis cizimler
yaptigt belitlenmistir. Ayrica 5. ve 7. smiftan toplam 2 6grencinin bu soruya cevap vermedigi tespit
edilmistir.
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Ogtrencilerin “Atom denildiginde zihninizde olusan sekli ¢iziniz?” sorusuna verdikleri yanlis
ve kabul edilebilir cevaplar tablo 2’ de verilmistir.

Tablo 2. Ogrencilerin “atom denildiginde zihninizde olugan gekli iziniz?” sorusuna verdikleri yanlis ve kabul
edilebilir cevaplarin frekans degetleri

Kategoriler 5.smmf 6.smif 7.smf 8. siuf
Kabul Edilebilir  Cekirdek Yoriingesinde Elektronlar 2 0 3 4
ici Dolu 1 2 1 4
Cekirdek ve Parcaciklarla Dolu 1 0 0 0
Kiire I¢i Pargaciklarla Dolu 4 1 1 3
I¢i Bomba dolu 1 2 1 0
ici Bos 0 3 5 3
Cekirdek Etrafinda Bos Yoriingeler 0 0 3 3
Yanhg Yériingeler 0 0 0 2
Bomba 0 4 0 0
Bomba Firlaticisi 0 4 0 0
Nokta 0 0 3 0
Mermi 0 8 0 0
Tlgisiz 6 3 4 5
Bilmiyorum 1 0 1 0
Toplam 16 27 22 25

Tablo 2 incelendiginde yanlis cevap veren ortaokul Ggrencilerinin zihinlerindeki atom
seklinin siklikla kiire seklinde oldugu ve bu kiireyi i¢i parcaciklarla dolu, i¢i bomba dolu, i¢i dolu
veya ici bos sekilde cizdikleri goriilmektedir. Ogrencilerin bu cizimler ile ilgili 6rnekler sekil 1’de
verilmektedir.

Sekil 1- Ogrencilerin atom ile ilgili kure §ekhndek1 glzunlerme ormekler

Baz1 6grenciler ise yoriinge, mermi, bomba, bomba firlaticis, nokta ve ilgisiz sekiller
cizmiglerdir. 5. siuf 6grencilerinin genellikle kiire ve ilgisiz sekiller gizdikleri, 6. sinif 6grencilerinin
ise bomba, mermi gibi patlayict maddeler cizdikleri goriilmektedir. Bu ¢izimlerden bazi 6rnekler
sekil 2’de goriilmektedir.

- il
< y

i

i

K

il

Sekil 2- Ogrenciletin atom ile ilgili bomba-patlayici madde gizimlerinden 6rnekleri
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7. ve 8. swiftaki bazi 6grencilerin ¢ekirdek ve etrafina bos yoringeler ya da sadece
yoriingeler cizdikleri belirlenmistir. Ogrencilerin cevaplart ile ilgili 6rnek cizimler sekil-3’de
verilmistir.

Sekil 3- Ogrenciletin atom ile ilgili cekirdek ve gevresinde bog yoriingeler gizimlerine 6rnekler

Ogtrencilerin kabul edilebilir cevaplart incelendiginde 5. smifta 1, 7. sinifta 3 ve 8. sinifta 4
ogrencinin ¢ekirdek etrafinda yoringe ve yoringe tzerinde elektronlarin bulundugunu belirten
sekiller cizdikleri tespit edilmistir. Ogrencilerin bu ¢izimlerine ait 6rnekler sekil 4’te verilmektedir.
Ayrica 5. ve 7. smiflardan toplam 2 Ogrencinin bu soruya bilmiyorum cevabmi verdikleri
gorilmektedir.

Sekil 4- Ogrencilerin atom ile ilgili ¢izimlerinden kabul edilebilir cevaplara 6rnekler

Tablo 3: Ogrencilerin “atom denildiginde zihninizde olugan sekli ¢iziniz?” sorusuna verdiginiz cevab1 hangi
kaynaktan 6grendiginizi agiklayiniz.” sorusuna verdikleri cevaplarin frekans (f) degerleri

Ogrenci cevaplari frekans (f)
5. stuf 6. stuf 7. stuf 8. stf
Kitap Popiiler bilim kitab1 3 0 3 0
Fen bilimleri ders kitab1 1 1 2 14
Tiurkge ders kitabi 0 3 0 0
Sosyal Bilgiler kitab1 0 3 0 0
Test kitab1 2 0 0 2
Derste Fen bilimleri 6gretmeni 0 0 0 3
Tlkokul 6gretmeni 0 2 0 0
Tiirkge Ogretmeni 0 3 0 0
Internet 0 1 1 0
Medya 3 6 1 0
(Gazete-tv-film-belgesel)
Arkadag- Aile 1 0 4 0
Kendim 5 7 7 3
Bilmiyorum 4 1 3 3
Gordim 1 0 0 0

Tablo 3 incelendiginde 5. sinif 6grencilerinin 5’inin soruya verdikleri cevabi kendi distincesi
olarak belirttigi, 4iniin ise cevaplarinmn kaynagini bilmedigi goriilmektedir. Diger 6grencilerin ise
cevaplarini genellikle kitaplar, medya ve aile-arkadaslarindan 6grendigini ifade ettigi belirlenmistir.
Bu kitaplar arasinda test kitaplari, fen bilimleri ders kitab1 ve popiiler bilim kitaplar1 yer almaktadur.

6. sinif 6grencileri atom kavrami ile ilgili yaptiklari ¢izimi 6grendikleri kaynagy siklikla Ttirkce
ders kitabi, sosyal bilgiler kitabi, Ttirkce 6gretmeni, ilkokul 6gretmeni, medya ve internet seklinde
ifade etmiglerdir. Ayrica 7 6grencinin soruya verdikleri cevabr kendi dustincesi olarak belirttikleri
gorilmektedir. 7. smif 6grencileri sorunun cevabini fen bilimleri ders kitabindan, popiiler bilim
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kitabindan, arkadas-aile bireylerinden 6grendiklerini ifade etmislerdir. 7 6grencinin soruya verdikleri
cevabt kendi distincesi olarak belirttikleri, 3 6grencinin de cevabin kaynagini belirtmedigi
gorilmektedir. 8. smif 6grencilerinin ise siklikla cevaplarint fen bilimleri ders kitabindan kitab1 ve
fen bilimleri 6gretmenlerinden Ogrendikleri gérilmektedir. 3 Ogrencinin soruya verdikleri cevabi
kendi diistincesi olarak belirttikleri, 3 6grencinin de cevabin kaynagini belirtmedigi gérilmektedir.

4. Tartisma

Ortaokul 6grencilerinin atom kavramu ile ilgili bilissel yapilarinin ¢izim teknigi ile belirlemek
amactyla yapilan arastirma sonucuna gore ortaokul 6grencilerinin zihinlerinde atom ile ilgili dogru
imajlar olmadig1 ve dogru ¢izimler yapamadiklari tespit edilmistir. Ogrencilerin cogunun genellikle
yanlis cevaplar verdigi, 7. ve 8. smif Ogrencilerinin bazilarinin ise smnurli sayida kabul edilebilir
cevaplar verdigi goriilmiistiir. Ogrenci cizimleri incelendiginde 5. smnif grencilerinin bir kisminin
atomu i¢i farkli maddelerle dolu kiire bir kisminin ise bilimsel bilgiler ile uyusmayan cevaplar verdigi
ve bu cevaplarin genellikle kendi fikitleri ya da aile-arkadas ortamlarindan edindikleri gérilmektedir.
7. ve 8. smuf Ogrencilerinin yanls ¢izimleri incelendiginde 6grencilerin “kiire” seklinde ¢izimler
yaptigi ve i¢inin dolu oldugunu gosterdikleri ya da sadece ¢ekirdek ve etrafinda bos yoriingeler
cizdikleri tespit edilmistir. Ogrencilerin bu imajlara kaynak olarak ise kendi fikirlerinin yant sira aile-
arkadas ve cesitli kitaplari kaynak gostermislerdir. Bu sonu¢ Ggrencilerin  atomun  yapisint
zihinlerinde dogru bir sekilde yapilandirmadiklarmin bir gostergesidir. Ogrencilerin cizimlerinden
kire seklinde cizimler yapan Ogrencilerin atomu top veya kiire seklinde ifade eden Dalton Atom
modelin veya ders kitaplarinda tzimli kek olarak sik¢a yer alan Thomson atom modelinin etkisi
altinda kaldiklart séylenebilit. Bu durum literatirdeki diger calismalar ile de uyum icerisindedir.
Griffiths & Preston (1992), Tezcan & Salmaz (2005), Cokelez & Yalgin (2012) ve Karagoz &
Saglam Arslan (2012)’ calismalarinda Ogrencilerin atomu genellikle berk kiireler seklinde ifade
ettikleri sonuglarina ulasmuslardir. Cekirdek ve bos yortngeler cizen 6grencilerin ise merkezinde
cekirdek olan ve ders kitaplarinda stkca yer alan Rutherford atom modeli gosterimlerinden
etkilendikleri gorilmustiir. Yaseen & Akaygin (2016) calismalarinda 6grencilerin ders kitaplarinda
Dalton ve Bohr Atom modellerinin siklikla resmedildigini ifade etmislerdir. Bu durumun ¢alisma
sonucuna da yansidigi sOylenebilir.

0. smuf Ogrencilerinin yanlis cevaplarina bakildiginda 6grencilerin siklikla bomba, bomba
firlaticis1 ve mermi gibi patlayici sekiller ¢izdikleri ve bu bilgileri Tiirkge, sosyal bilgiler kitabi, Tiirkce
ogretmeni veya ilkokul 6gretmeni gibi farklh disiplinlerdeki derslerde 6grendikleri belirlenmistir. Bu
sonug farkll disiplinlerle ilgili derslerde gecen atom ile ilgili kavraminin 6grencilerin zihinlerindeki
atom imajin1 degistirdigini gostermektedir.

Ogtrencilerin kabul edilebilir cevaplarda nétron ve proton iceren bir cekirdek ve etrafinda
yoriingede elektronlarin oldugu belirlenmistir.  Bu sonu¢ 6grencilerin ders kitaplarmdaki Bohr
Atom modeli ¢izimlerinden etkilendikleri ve elektronun cekirdek etrafinda bulunma ihtimali ile ilgili
yanlis anlamalara sahip oldugu seklinde ifade edilebilir. Bu sonu¢ Nakiboglu & Karakog (2002),
Tsaparlis & Papaphotis, (2009), Cokelez A. (2012), Ozgiir & Bostan (2007) ve Ormanct & Balim
(2014 Gn bireylerin zihinsel modellerinin Bohr Atom Modeline benzer yapida oldugunu
belirledikleri ¢alismalarla da uyum igerisindedir. Benzer sekilde Harrison & Treagust, (1996) ve
Karagoz & Saglam Arslan, (2012)in ¢alismalarinda 6grencilerin elektronun konumu ile ilgili yanlis
anlamalara sahip oldugunu ifade etmislerdir.

5. Sonug

Ogrencilerin giinliik hayatta kullandiklari ve 6n égrenmeleri olan kavramlar ile dogru veya
yanlis kavramalarin tespit edilmesi ve Ogrenilen kavramin nereden Ogrenildiginin belirlenmesi
anlamli 6grenmenin gerceklesmesi agisindan 6nemlidir. Bu sebeple 6grencilerin kavramlar ile ilgili
zihinlerinde olusturduklar: yanlis imajlarin tespit edilip diizeltiimesi ve dogru bilginin dogru
kaynaklardan aktaridmast Ogrenci basarisint da olumlu etkileyecektir. Bu ¢alisma ortaokul
ogrencilerinin atom kavramu ile ilgili bilissel yapilarmnmn ¢izim teknigi kullanarak tespit etmek
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amactyla yapilmustir. Arastirma sonuglarina bakildiginda ortaokul 6grencilerinin atom kavrami dogru
bir sekilde resmedemedikleri ve zihinlerindeki atom imajinin genellikle yanlis kavramlarla
iliskilendirdikleri gorilmektedir. Bu durum &grencilerin atomun yapismnt dogru bir sekilde
anlamadiginin ve konuyu o6grenemediginin bir gostergesidir. Ogrencilerin bu imajlart farkls
kaynaklardan 6grendiklerini ifade ettikleri belirlenmistir. Ogrencilerin glinliik hayatta 6grendikleri
yanlts kavramlar ile geldikleri ve bunlarin degistirilmesinin olduke¢a gii¢ oldugu ve bu zorlugun
Ogrenme surecine yansidigt bir kez daha gortlmustir. Arastrma sonucunda farkli derslerde
kullandan fen kavramlarinin Ggrencilerin  zihninde yanlis imajlar olusmasmna neden oldugu
belirlenmistir. Ayrica ders kitaplarinda yer alan gorsellerin dogru kullanilmamast da 6grencilerin
kavramlar ile ilgili dogru imaj olusturmalari i¢in bir etkendir. Bu baglamda ders kitaplarinda yer alan
model, resim ve benzetmelerin 6grencilerin gunlitk hayattan kazandiklar1 yanlis kavramlari giderecek
sekilde hazirlanmast, uzman kisiler tarafindan incelenmesi ve simiilasyon, animasyon vb. ti¢ boyutlu
uygulamalarin kullanilmasi 6nerilmektedir. Ayrica 6gretmenlere modelleme, kavram 6gretimi,
kavram gelistirme ve kavram yanigilart konusunda hizmet ici egitimler verilmesi gerektigi
dustuntlmektedir.
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Extended English Summary

Concept is defined as an abstract and a general design of an object or a thought in the mind

(Url-1). Concepts are the common names given to entities, events, humans and thoughts when they
are grouped on the basis of their similarities (Kaptan, 1999). Children are highly curious about the
events happening around them, and they assign their own personal meanings to concepts.
Learning occurs successfully when students realize conceptual understanding rather than
memorization (Ozden, 2003). While students are learning a concept meaningfully, the sub-stages of
knowledge, comprehension, application, analysis, synthesis and evaluation are expected to develop
sequentially (Ayvact & Devecioglu , 2008). Successful development of each concept at the stages of
meaningful learning lies the ground for the alternative concepts to be learned later (Ciftci &
Cokelez, 2012). Concept learning is the key to all learning (Ulgen, 2001). Therefore, concept
learning has a significant place in science education.

The pictures occurring in the minds of individuals when they name concepts are the images
of these concepts (Atasoy, 2004). Individuals describe events and phenomena in their environments
by understanding and developing mental models. Every mental model is a representation of
knowledge, which is indirect, personal and not scientific (Yiice, 2013). If students can understand
and internalize a concept, they can develop the correct mental models for that concept. For
students to understand concepts, they need to correctly code them in their minds. When the
relevant literature is reviewed, it is seen that there is a large amount of research focusing on the
investigation of students’ mental models about the concept of atom (Harrison & Treagust, 1996;
Yildiz, 2006; Akyol, 2009; Yalgin, 2011; Cokelez A. , 2012; Cokelez & Yalcin, 2012; Karagoz &
Saglam Arslan, 2012; Yaseen & Akaygin, 2016). In their study, Harrison & Treagust, (1996)
reported that many students drew atom as a small sphere within a larger circle. It was also found
that the atomic model in the minds of most elementary school students is “the solar system model”
(Yalgin, 2011; Karagoz & Saglam Arslan, 2012). As a result of the study by Akyol (2009), it was
revealed that high majority of the university students produced the drawings of atom similar to the
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Rutherford atomic model. In another study, while majority of the students were found to be
thinking of atom as berk spheres prior to the instruction, then following the instruction, the atomic
model emerging in their minds were found to be the Bohr Atomic Model (Cokelez & Yalgin, 2012;
Yaseen & Akaygiin, 2016 ). Baybars & Kiciikézer(2014) found that while the pre-service science
teachers produced drawings similar to the solar system prior to the instruction, following the
instruction, they started to produce drawings more similar to the electron cloud atomic model.
Ozgiir & Bostan, (2007) investigated the elementary school students’” misconceptions related to the
concept of atom and found that the atomic models drew by the students are mostly the Bohr and
Rutherford atomic models. For more than twenty years, research focusing on the mental models of
the structure of atom has been conducted and many suggestions have been made to correct
misconceptions related to the structure of atom (Demirci, Yilmaz, & Sahin, 2016). One of the
casiest ways to determine the images of concepts in students' minds is to transform them into
paintings (Ytce, 2013). In this regard, the purpose of the current study is to determine the
secondary school students’ cognitive structures about the concept of atom through the drawing
technique.

Method

The current study employed the case study approach, one of the qualitative research
designs. The case study is a research method used to explore an up-to-date phenomenon in its
natural environment where the border between the phenomenon and the context surrounding it is
not clear and there are more than one evidence or data source (Yildirim & Simsek, 20106).

Sampling

The study was conducted with the participation of ninety 5%, 6", 7" and 8" grade secondary
school students in the spring term of 2016-2017 school year. Of the participating students, 16 are
fiftth graders, 27 are sixth graders, 22 are seventh graders and 25 are eighth graders. The study
employed the convenience sampling method. The convenience sampling refers to the selection of
the sampling from the unit where application can be easily conducted due to time and labor-
induced limitations (Buytkoztirk vd., 2016).

Data Collection

The students were asked two open-ended questions to produce drawings about the concept
of atom and to explain where they have obtained the information leading them to produce their
drawings.

Data Analysis

In the analysis of the collected data, content analysis was employed; thus, percentages and
frequencies were calculated and then they were interpreted. Content analysis is a systematic,
repeatable technique in which certain words of a text are summarized by smaller content categories
with a certain rule-based coding (Buytikoztiirk vd., 2016).
In the analysis of the students’ responses to the open-ended questions, the responses were grouped
under four categories as “correct”, “acceptable”, “false” and “no response”. The categories formed
were examined by two researchers and science education specialist. These categories are as follows;
Correct: Responses including all the scientific ideas related to the question are collected in this
category.
Acceptable: Responses including some but not all the aspects of the correct answer or including
some false understanding as well as some correct understanding are grouped in this category.
False: Irrelevant responses or responses having no scientific value are grouped in this category.
No response: If students do not give any response or give a response such as “I do not
remember”, “I cannot explain” or “I do not know”, then they are included in this group.
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Findings

In this section, the categories including the secondary school students’ responses to the
open-ended questions are presented in tables and then interpreted.
The frequencies (f) and percentages (%) of the responses given to the question “Can you draw the
picture of the image that comes to your mind when you hear the word azo22” by students are given
in Table 1.

Table 1. Frequencies (f) and percentages (%) of the responses given to the question “Can
you draw the picture of the image that comes to your mind when you hear the word arom?”

Responses 5" grade 6" grade 7" grade 8" grade
f %o f % f % f )
Correct 0 0 0 0 0 0 0 0
Acceptable 2 13 0 0 3 14 4 16
False 13 81 27 100 18 82 21 84
No response 1 6 0 0 1 4 0 0
Total 16 100 27 100 22 100 25 100

As can be seen in Table 1, the drawings of the students to depict the image of atom in their
minds are mostly false. Only 13% of the 5 graders, 14% of the 7" graders and 16% of the 8"
graders were able to produce acceptable drawings. Most of the students produced false drawings
and a total of 2 students from 5" and 7" grades did not give any response to this question.
The false and acceptable responses of the students given to the question “Can you draw the picture
of the image that comes to your mind when you hear the word afon?” are given in Table 2.

Table 2. Students’ false and acceptable responses to the question “Can you draw the
picture of the image that comes to your mind when you hear the word aton?”

5th 6th 7th 8th

Acceptable  Nucleus Electrons at its orbit 2 0 3 4

It is full 1 2 1 4

It is full of nuclei and particles 10 0 0

Sphere It is full of particles 4 1 1 3

It is full of bombs 1 2 1 0

It is empty 0O 3 5 3

False Nucileus Empty orbits around it 0O 0 3 3

Orbits O 0 0 2

Bomb 0 4 0 0

Grenade thrower 0 4 0 0

Dot 0O 0 3 0

Bullet 0 8 0 0

Irrelevant 6 3 4 5
Don’t know 1 0 1 00
Total 16 27 22 25

When Table 2 is examined, it is seen that the image of atom in the minds of the students
giving false answers is mostly in the form of a sphere and this sphere is depicted as full of particles,
full of bombs, full or empty. Some students drew orbit, bullet, grenade thrower, dot or produced
irrelevant drawings. While the fifth grade students mostly drew a sphere or produced irrelevant
drawings, the sixth grade students drew explosives such as bomb and bullet. Some seventh and
eighth graders; on the other hand, drew nucleus and empty orbits around it or only orbits. When
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the students’ acceptable responses are examined, it is seen that one 50 grader, three 70 graders and
four 8" graders produced drawings showing orbits around the nucleus and electrons on the orbit. A
total of 2 students from 5" and 7" grades gave the answer “I do not know””.

Table 3: Frequencies (f) of the students’ responses to the question “Can you explain where
you have obtained the information leading you to produce your drawing?”

Sth 6th 7th 8th

Book Popular science book 3 0 3 0
Science textbook 1 1 2 14
Turkish textbook 0O 3 0 0
Social studies textbook 0O 3 0 0
Test book 2 0 0 2
In the class Science teacher O o0 0 3
Elementary school teacher 0 2 0 0
Turkish teacher 0 3 0 O
Internet 0 1 1 0
Media 3 6 1 0
(Newspaper-TV-Film-Documentary)
Friend- Family 1 0 4 0
Myself 5 7 7 3
I do not know 4 1 3 3
I saw 1 0O 0 O

When Table 3 is examined, it is seen that 5 fifth grade students stated that their responses
to this question are a result of their own thinking and four of them do not know the source of the
information. Other students’ responses show that in general they have learned from books, media
and family-friends. These books include test books, science textbooks and popular science books.
The most popular sources mentioned by the 6" graders as the source of their knowledge are
Turkish textbook, social studies textbook, Turkish teacher, elementary school teacher, media and
internet. Moreover, 7 students stated that their responses to this question are the result of their own
thinking.

The sources mentioned by the 7" graders are science textbook, popular science books,
friends-family members. Seven 7" graders stated that their responses are a result of their own
thinking and 3 of them did not mention the source of their knowledge.

The sources frequently mentioned by the 8" graders as the source of their knowledge are science
textbooks and science teachers. Three of the 8" graders pointed to their own thinking as the source
of their responses and three students did not state any source for their responses.

Discussion

The findings of the current study conducted to determine the secondary school students’
cognitive structures about the concept of atom revealed that most of the secondary school students
did not have correct images of atom in their minds and did not produce correct drawings. In
general they provided false answers and the 7" and 8" grade students gave a limited number of
acceptable responses. When the drawings of the 5 grade students were examined, it was found
that while some of them are of the opinion that atom is a kind of sphere filled with different
materials, some others provided responses not complying with scientific views and this false
information is generally of their own production or has been learned from friends or family
members. When the false drawings of the 7" and 8" graders were examined, it was found that they
generally produced drawings of a sphere as filled with materials and they only drew a nucleus with
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empty orbits around. The students showed their own ideas, family members and friends and
various books as the source of these images. This is an indication that the students have not
accurately constructed the structure of atom in their minds. Thus it can be argued that the students
depicting atom as a sphere in their drawings have been affected by Dalton illustrating atom as a ball
or a sphere and by the Thomson atomic model frequently included in textbooks as the raisin pie.
These findings concur with those reported by some studies in the literature (Griffiths & Preston,
1992; Tezcan & Salmaz , 2005; Cokelez & Yalgin, 2012; Karagdz & Saglam Arslan, 2012) stating
that students mostly illustrate atom as a sphere. Moreover, Yaseen & Akaygtn (2016) reported that
in student textbooks the Dalton and Bohr Atomic models are frequently illustrated. This is believed
to have affected the results of the current study.

When the false responses of the 6" graders were examined, it was found that the students
mostly drew explosives in their drawings such as bomb, grenade thrower and bullet and such
drawings are the result of information they obtained from Turkish textbooks, social studies
textbooks, Turkish teachers or elementary school teachers. This shows that the concept of atom
studied in classes related to different disciplines change the image of atom in students’ minds.

In the students’ acceptable responses, it was determined that there are some illustrations
depicting a nucleus including a neutron and proton and electrons at the orbit around it. This
indicates that the students have been affected by the illustrations of the Bohr Atomic model in
textbooks and that they hold some misconceptions about the likelihood that electrons can be
around the nucleus. This finding is in compliance with the findings reported by Nakiboglu &
Karakog, (2002), Tsaparlis & Papaphotis (2009) and Cokelez (2012) stating that individuals’ mental
models have a similar structure to the Bohr Atomic Model. Similarly Karagdz & Saglam Arslan
(2012) and Harrison & Treagust (1996) pointed out that students have misconceptions about the
location of the electron.

Results

Determination of students’ prior knowledge about concepts they use in their daily lives,
their correct or false conceptions and the source of these conceptions is important for meaningful
learning to occur. Elicitation of the false images formed in students’ minds about concepts and
their correction and directing students to correct sources of information will have positive effects
on students’ achievement. The current study was conducted to determine the secondary school
students’ cognitive structures of the concept of atom through the drawing technique. When the
research findings are evaluated in general, it can be argued that secondary school students cannot
illustrate the concept of atom accurately and they generally associate the image of atom in their
minds with wrong concepts. This indicates that the students have not understood the structure of
atom accurately and not mastered the subject of atom. It was also determined that they have
learned the images they hold in their minds from different sources. It was once more proved that
students come to the class with alternative concepts they have learned in their daily lives and it is
quite difficult to change these alternative concepts and this negatively affects the learning process. It
was also found that science concepts used in different courses result in the formation of false
images in students’ minds. Moreover, proper use of illustrations in textbooks is also effective in
terms of students’ creating accurate images of concepts in their minds. In this regard, it can be
suggested that models, drawings and analogies used in textbooks should be designed under the
leadership of specialists to help students get rid of their misconceptions and that three-dimensional
applications such as simulations and animations should be used. Furthermore, teachers should be
informed about modeling, concept teaching, concept development and misconceptions through in-
service trainings.
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