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*Sorumlu Yazar

Ozet: Bu arastirmamn amaci; ortaokul 6grencilerinin atom ve molekiil kavramlariyla ilgili
zihinsel modellerini belirlemek ve bu modelleri egitim diizeylerine gore karsilastirmaktir.
Aragtirmada betimsel arastirma yontemleri igerisinde yer alan gelisimci aragtirma yonteminin
enlemesine arastirma modeli tercih edilmistir. Arastirmanin katilimei grubunu, toplamda 80
6grenci olmak iizere ortaokul yedi ve sekizinci sinif 6grencileri olusturmustur. Ogrencilerin
atom ve molekiil kavramlari ile ilgili zihinsel modellerinin belirlenmesi i¢in {i¢ boyutlu model
olusturmalar1 istenmis ve bu siirecinde iirlin olusturmalarina yonelik yar1 yapilandirilmis
miilakatlar yiiriitillerek veri toplama siireci gergeklestirilmistir. Arastirmadan elde edilen veriler
icerik analizi teknigine tabii tutularak ¢oziim islemi gerceklestirilmistir. Arastirmanin dikkat
¢eken sonuglarma gore; yedinci smif dgrencilerinin atomun proton ve nétron parcacigini
sekizinci siif 6grencilerinin ise elektron pargacigini zihinsel modeli baglaminda ii¢ boyutlu
modeline yansitmadig ortaya konulmustur. Ayrica molekiil birimlerinin yakin ve uzak olmak
iizere farkli konumlandirilmalari, sinif diizeyi ilerledik¢e uzamsal diistinmelerin farklilagtigini

gostermistir. Ortaokul seviyesinde Ogrencilerin uzamsal, ii¢ boyutlu diisinme ve model
olusturma becerilerini gelistirmeye yonelik iiriin olusturmalarini saglayan ve yil sonu bilim
senliklerinde sunma firsat1 veren etkinlikler ile desteklenmesi Onerilmistir.
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GIRIS

Gecmige bir goz atildiginda filozof Democritus bilim insant Feynman fark etmeksizin, tiim
insanoglunun doga olaylarin1 algilayabilmesi ve zihinlerinde kavramsallagtirabilmesi adina gozlem ve
deneylerin sonucuna yonelik fikirlerine deger bigilmis ve bu fikirler farkli bakis agilar1 altinda gelisime daima
acik tutulmustur. Bu durumun en giizel 6rneklerinden birisi de atom modellerinin gelisim siirecinin giiniimiize
taniklik etmesidir. Atom yapisinin agiklanma arzusu ile bilim insanlarimin fikir ve disiincelerini agiga
¢ikarmak icin model yolu ile sunus sekli, atom modellerinin tarih cetvelinde yerini olusturmustur (Arslan,
2013). Atom modelinin tarihsel gelisim siireci, modelin 6zelliklerinin gelistirebilirligini, sinirladig1 alanlar1 ve
kavramlara agiklik getirerek sonraki caligmalara yol gostermesi bakimindan son derece onemli bir siireci
nitelendirmektedir (Akyol, 2009). Giiniimiizde dgrenciler, atom kavrami ile sosyal aglar aracilifiyla ¢ok kiigiik
yasta kargilagmaktadirlar (Johnstone, 1990) sonrasinda ise fen bilimleri dersinde ortaokul seviyesinden itibaren
yapisi, buylikligi, sekli, modelleri ve molekiil gibi bilesenleri {izerinden &grenme islevselligine devam
etmektedirler (Mili Egitim Bakanlig1, 2024). Ancak atomun yapsi, sekli ve biiyiikliigli 6grencilerin anlamakta
zorluk yasadig1 kavramlardan bir tanesidir (Harrison & Treagust, 1996). Bu bakimdan atom gibi anlagilmasi
zor olan kavramlarin &grencilerin zihinsel siizgeglerinden kolaylikla aktarim yapilabilmesi adina, ilgili
kavramlarm yapisal varliklarinin gozle goriiliir derecede somutlagtirilmasina gereksinim duyulmustur. Bu
sebepten otiiriidiir ki fen bilimleri alaninda kavram Ogretimi esnasinda, modellerin kullanim alanlar ve
gorevleri daha fazla genislemistir (Demirhan, 2015). Modelin bu nitelik yoniinden ele alinmasi, atom ve
molekiil yapisimi igeren bagdasik konularina yonelik, fen kavramlarmin anlagilirhigini artirma hususunda
iistlinliik saglayacaktir.

Model, dzellikleri itibariyle soyut yapisina sahip olan tiim kavramlarin daha iyi algilanmasim saglamak
adma bireylerin zihinlerinde kurguladiklar1 ve zihinsel imajlar sayesinde sorgulamaya tabi tuttuklar1 bir
biitiinii simgelerken (Greca & Moreira, 2000) 6gretim ortaminda anlatilacak konunun daha rahat bir sekilde
aciklanmasin1 ve agiklanan bilgilerin dogrulugunun ispatlanmasma firsat sunmaktadir (Celik, 2015).
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Modellemede ise, hazir materyalin tercih edilmedigi ya da boyutlarindan dolay1 sinif ortamina getirilemeyen
materyalin 6grenci tarafindan bizzat dokunarak hazirlanildigi ve hazirlanan modelin iizerinde yorumlar
yaparak ¢ikarimlarda bulundugu 6grencinin kendi fikrini bilimsel dogruya yaklastirarak anlamli 6grenmeleri
gergeklestiren adimlar yer almaktadir. Bu siirecte bilgi daha anlamli ve kalici hale gelebilirken (Diindar-
Koylahisar, 2012), 6grencilerin duyumsal deneyimleri genis alana yayilir, 6grencilere giiven kazandirilir ve
caligmalar1 eglenceli hale doniisebilir (Boo & Watson, 2001). Ayica yorum, ¢ikarim, neden-sonug iliskisi
gelisen Ogrencilerde bilimsel siire¢ becerileri de derinlesebilir. Gozle goriilemeyen bu dogrultuda da zihinde
canlandirma gereksinimini doguran atom ve yapisi, mikroskobik dogasindan &tiirli soyut ozelligi ile
tanillanmakta ve Ogrenciler iizerinde en fazla algilama zorlugu yasatan bir kavram olarak bilinmektedir
(Demirci, Yilmaz & Sahin, 2016). Bu nedenledir ki fen bilimleri alaninda 6grencilere uzamsal diisiinme, ii¢
boyutlu diisiinme ve yaraticilik becerilerini kazandirabilmek i¢in 6gretim ortaminda modelleme etkinliklerinin
yiiriitiilmesi uygun goriilmektedir (Giines, Giilgigek & Bagc1, 2004). Ogrencilerin modelleme siirecinde bizzat
kendilerinin rol almasi el ve gbz organlarinin birlikte ¢alisacagimi gosterirken bu sayede beyinlerinin birden
fazla yeri uyarilacak ve 6grenme isleminin kalicihig1 da saglanacaktir. Ogrencilerin aktif katilimu ile 6grenme
islevi giiclenecek (Giirdal, Sahin & Caglar, 2001) ve daha fazla etkinlesecektir (Flavia, Ferreira & Justi, 2007).
Ogrenciler bakimindan gérme eylemi, atomun yapisindan dolayr somut olup olmama konusunda karar
kilmalar1 agisindan zihinsel bir zorluktur (Akyol, 2009). Bu anlamda modelleme siirecine dair en 6nemli
asamalardan birinin zihinsel agamalar oldugu acgikca ortadadir.

Dis diinyanin ice yansiyan bilgi gdsterimi zihinsel modellerdir (Rapp, 2005). Bireyler diinya tizerinde
stiregelen olaylar1 ve etrafinda gelisen durumlan aciklayabilme, yordayabilme ve algilayabilmesi i¢in zihinsel
modellerinden yardim alirlar. Ayn1 zamanda da var olan modellerden yararlanarak kendi bakis agilarina goére
yeni bir zihinsel model olustururlar (Kurnaz & Degirmenci, 2012). Ancak zihinsel model temsili bir bilgidir,
spesifik ozellige sahiptir, eksik ve dolaylidir bu yiizden bilimsel bilgi olmadig1 ve kisilerin inaniglarini
savundugu i¢in (Giinbatar & Sari, 2005) 6grencilerin her bir kavram ile ilgili zihinsel modellerine ulasabilmeli
ve varsa yanilgilar/eksiklikler en uygun Ogretim yontem ve teknigi ile giderilmelidir. Literatiirde konu
kapsaminda yiiriitiilen arastirmalar incelendiginde; kimya ve matematik alan1 6gretmen adaylar1 i¢in ¢izim
(Nakipoglu, Karako¢ & Benlikaya, 2002), kimya alan1 6gretmen adaylar1 i¢in goériisme (Ulutas, 2010), fen
bilimleri alan1 6gretmen adaylari i¢in ¢izim ve betimleme (Akyol, 2009) ve ¢izime yonelik agik uglu sorular
(Akalli, 2011), lisans 6grencileri icin goriisme (Park & Light, 2009) ortadgretim ve lisans 6grencileri i¢in
tarama (Demirci vd., 2016), ortadgretim 6grencileri igin agik uclu test (Polat, 2012; Yaseen & Akaygiin, 2016),
anket (Saridas & Unsal, 2019) ve goriisme (Zarkadis, Papageorgiou & Stamovlasis, 2017), ortaokul ve
ortaggretim diizeyindeki 6grenciler i¢in ¢izim (Y1ildiz, 2006), farkl egitim diizeyindeki 6grenciler i¢in ¢izim
(Kaymakci, Orhan & Aycan, 2019) araciligiyla zihinsel modellerinin belirlenmesi gergeklestirilmistir.
Literatlirde ortaokul yedinci smif 6grencilerinin zihinsel modellerini agi8a ¢gikarmak i¢in {i¢ boyutlu model
caligmasi yiirliten az sayida arastirma mevcuttur (Bilge, 2017; Bilge & Bahgeci, 2017; Demircioglu, Aydin-
Altundas & Demircioglu, 2012). Ancak var olan arastirmalarin 6grenci 6grenim diizeyini tek sinif iizerinden
degerlendirmesi, arastirmalar1 bu yoniiyle sinirlandirmagtir.

Fen bilimleri alam (fizik, kimya ve biyoloji) fiziksel-kimyasal degisim, suyun elektrolizi, giinesin dogup
batmasi, ayin evreleri, levha hareketleri, simgek ve yildinnmdan kaynaklanan elektriksel ylik bosalmasi gibi
olay/olgular1 kapsaminda barindirdig1 igin 6grencilerin egitim-6gretime adim attig1 yillarda (ortaokul seviyesi
gibi) gilincel hayatla iligkilendirilen Orneklerle dikkat ¢ekmesi bakimindan multidisiplin alanlara gore
ogrencilerin bakis acgisinda popiiler bir bilim olarak yerini almaktadir (Bilge, 2023). Atom kavrami bu
dogrultuda ele alindiginda; fizik, kimya ve biyoloji alani ile dogrudan iliskili olan disiplinler arasi bir
kavramdir. Fen bilimleri 6gretim programinin (MEB, 2024) ilgili konu alanlar1 dagiliminda; maddenin
tanecikli yapisi ve periyodik sistem (kimya), ampullerin baglanma sekli ve elektrik yiikleri/elektriklenme
(fizik), enerji doniisiimlerine (biyoloji) dair 6grenci kazanimlar igeriklerinde atomun temel pargalart olan
proton, ndtron ve elektrondan sik¢a bahsedilmesi, bu kavramin 6gretim programinda biiylik bir alana
yayildigin gosterirken, disiplinler arasi bir kavram oldugunu da gozler oniine sermektedir. Bu bakis agisina
gore arastirma kapsaminda ele alman konu biitiinliniin ortaokul yedi ve sekizinci smmif 6grenci kazanim
diizeyinde yogun sekilde bulunmasi dikkat cekmektedir. Literatiirde bazi arastirmalar farkli yas gruplarindaki
Ogrencilerin atom ve molekiil kavramini zihinlerinde farkli canlandirdiklarin1 ve bunu zihinsel modellerine
yansittiklarini gostermektedir (Papageorgiou, Angelos & Zarkadis, 2016). Bu baglamda ortaokul diizeyinde
yer alan farkli sinif seviyesindeki 6grencilerin zihinsel diisiinceleri arasindaki farklilagma literatiir agisindan
onem kazanmaktadir. Ogrenciler sadece bulundugu sinif seviyesinde degil egitim-6gretiminin ilerleyen
donemlerinde de atom ve molekiil ile sik¢a karsilagma ihtimali yliksek oldugundan, 6grencilerin her simif
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diizeyinde anlaml 6grenme ile ilerlemesine ciddiyetle yaklasim gosterilmesi gerekebilir. Nitekim egitim siireci
bir trenin vagonlari gibidir ve her lokomotifi birbirini ¢cekme kosuluyla ilerlemektedir (Bilge & Ayvaci, 2018).
Bu 6l¢lide 6nemli goriilen atom ve yapisinin dgrencilerin zihinlerinde nasil sekillendigini bilebilmek, yapilar
arasindaki baglantilarin nasil kurgulandigini 6grenebilmek ve tiim bu islemleri yaparken algilama siirecindeki
yasanan zorluklar1 tespit etmek hem uluslararasi dl¢iitlerde fen bilimleri egitimi alaninin basarisini artiracak
hem de 6grencileri bir¢ok beceri (ii¢ boyutlu ve uzamsal diistinme gibi) konusunda gelistirecektir (Akyol,
2009). Bu dogrultuda 6grencilerin zihinsel modellerinin belirlenmesine ihtiyag duyulmaktadir. Bunun igin
Ogretmenlerin atomun, molekiil gibi tiim bilesenleri konusunda sadece ders kitaplarinda yer alan gosterimler,
cizimler ve agiklamalar ile smirli kalmayip, li¢ boyutlu gosterimler, arttirtlmis gergeklik, animasyon ve
simiilasyon gibi dijital ortam ve araglara bagvurmalar1 gerekmektedir (Yaseen & Akaygiin 2016). Oysaki
yiiriitiilen arastirmalarin ¢ogunlugu (Derman, Kogak & FEilks, 2019; Kaymakci, Orhan & Aycan, 2019;
Kiligoglu, 2019; Kiray, 2016; Saridas & Unsal, 2019; Polat, 2012) zihinsel modelleri incelerken ¢izim, anket,
tarama, acik uclu test veya soru gibi araglarla degerlendirmeyi tercih etmisler ve bunun sonucunda da atom ve
molekiiliin yapisi ile ilgili diislinceleri agiga ¢ikarirken tek boyut diizeyinde sinirh kalmiglardir. Ayrica bahsi
gegen arastirmalar sadece atomun yapisini degerlendirirken molekiiliin yapisini degerlendirme konusunda geri
planda kalmigstir. Literatlirdeki arastirmalarin bu bakis agisi; atom ve molekiiliin yapisini, zihinsel modelin
ifade edilmesine ne kadar katk: saglayabilecegini diisiindiiriirken, 6grencilerin yaraticiliklarini, bilimsel siireg
becerilerini (model olusturma), uzamsal ve {i¢ boyutlu diisiinmelerine yarar saglamasi noktasinda siiphe
uyandirmistir. Yiiriitiilen bu arastirmada ise 6grenme ortaminda atom ve molekiil kavrami ile ilgili temel
kavram 6gretimi anlaminda ilk defa karsilagan 6grenci gruplarinin (ortaokul yedi ve sekizinci sinif) zihinsel
modelleri agiga ¢ikarilirken, {i¢ boyutlu model ¢aligmasi ile desteklenmesi arastirma agisindan kritik bir degere
sahiptir. Daha da 6nemlisi giincellenmis fen 6gretim programimda (MEB, 2024) 6gretimin zenginlestirilmesi
adma farklilagtirillmis 6gretim uygulamalarinin iizerinden model ile 6grenme ¢iktilar1 elde edilmesi egitim
politikas1 yiiriitiiciilerinin en nihai hedefleri arasinda yer almaktadir. Bu baglamda hem literatiire destekte
bulunmak hem de egitimin istenen dogrultuda siirdiirebilirligini saglamak i¢in bu aragtirma dnemli goriilebilir.
Ilgili arastirma problemi dogrultusunda; ortaokul yedi ve sekizinci simf kademesinde yer alan dgrencilerin
atom ve molekiil kavramlariyla ilgili zihinsel modellerini belirlemek ve bu modelleri egitim diizeyi baglaminda
karsilastirmak amaclanmistir. Bu amag ¢ergevesinde agagida yer verilen alt problemlere cevap aranmaistir;

1. Ogrencilerin zihninde nasil bir atom modeli var? Ogrenciler ii¢ boyutlu model ¢alismasinda atomun
yapisi, sekli ve biiyiikliigiinii nasil olusturuyor?

2. Ogrencilerin zihninde nasil bir molekiil modeli var? Ogrenciler ii¢ boyutlu model ¢aligmasinda
molekiiliin yapisi, sekli ve biiyilikliiglinii nasil olusturuyor?

3. “Atom ve molekiil” kavramlari ile ilgili 6grencilerin zihinsel modellerine dair nasil bir farklilagma
vardir?

Arastirmamin Modeli

Bu aragtirmada, betimsel aragtirma yontemlerinden biri olan gelisimci aragtirma yonteminin enlemesine
aragtirma tiirii benimsenerek ¢aligmalar yiiriitilmistiir. Aragtirma kapsaminda enlemesine arastirma tiirliniin
tercih edilmesindeki amag; bir ¢calisma grubu iizerinden uzun zamanl veri toplama islemi zor oldugunda ayni
anda farkli diizeyden degisik gruplarin incelenebilmesi ve bulgularin bir araya getirilerek farkli diizeylerin
Ozelliklerinin saptanabilmesidir (Fraenkel & Wallen, 2003). Yiiriitiilen arastirmada yedi ve sekizinci sinif
Ogrencilerinin “atom ve molekiil” olmak {izere ayn1 kavramlar iizerinde zihinsel modellerinin belirlenmesi
hedeflendiginden enlemesine arastirma metodu arastirmanin dogasina uygun bulunmustur.

Calisma Grubu

Aragtirmanin katilimci grubunu Giresun iline bagli bir kurumda, ortaokul diizeyinde 6grenimine devam
eden yedi ve sekizinci sinif 6grencileri olugturmaktadir. Yedinci sinif seviyesinde 40 6grenci olmak iizere 20
kadm ve 20 erkek 6grenci, sekizinci sinif seviyesinde 40 6grenci olmak iizere 20 kadin ve 20 erkek 6grenci ile
toplamda 80 grenci ile arastirma gerceklestirilmistir. Ogrencilerin zihinsel modellerinin sinif diizeyine baglh
olarak nasil bir degisim sergileyecegini gorebilmek amaciyla yedi ve sekizinci sinif 6grencilerinin yer aldig
arastirmada amacl Ornekleme yontemi tercih edilmistir (Sahin, 2009). Katilimci grubunda yer alan
Ogrencilerin tiimii goniilliiliik esasina dayali olarak belirlenmis olup, aragtirmanin etik kurallar1 gercevesinde
ogrencilere Oy, Os, ... Ogo  seklinde kodlamalar verilmistir.
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Tablo 1

Katilimer Grubunun Ozellikleri

OKkul Tiirii 7. Simf 8. Simf
A Okulu 10 Kadin-10 Erkek 10 Kadin-10 Erkek
B Okulu 10 Kadin-10 Erkek 10 Kadin-10 Erkek
N=40 N=40
Miilakata Katilim 3 Kadin-3 Erkek 3 Kadin-3 Erkek
Saglayan Ogrenci

Tablo 1 incelendiginde katilimci grubunda iki farkli sinif kademesinin yer aldig1 goriilmektedir. Tabloya
gore A okulunda yedinci sinif seviyesinde 10 kadin ve 10 erkek 6grenci olmak {izere 20 6grencinin, sekizinci
smif seviyesinde 10 kadin ve 10 erkek O6grenci olmak iizere 20 6grencinin yer aldig1 anlagilmaktadir. B
okulunda ise yedinci sinif seviyesinde 10 kadin ve 10 erkek 6grenci olmak iizere 20 6grencinin, sekizinci sinif
seviyesinde ise 10 kadm ve 10 erkek 6grenci olmak iizere 20 dgrencinin yer aldig1 goriilmektedir. Ug boyutlu
model calismasina katilim saglayan toplamda 80 6grenciden rastgele secilim saglanarak her kademeden 6
ogrenci (3 Kadin-3 Erkek) secilmek tizere 12 6grenci ile miilakat yapilmustir.

*Arastirmada A ve B okul kurumunun tercih edilme sebebi niteliginde herhangi bir 6zel tutum
bulunmamakla birlikte okul blinyesinde yeterli sayida 6grenciye ulasmak ve var olan 6grencilerin goniilliiliik
esas1 goz oniinde tutuldugundan, her iki okulda kurumunda da uygulama yiiriitiilmesi uygun bulunmustur.

Veri Toplama Araci

Arastirmadan elde edilen veriler, 0grencilerin {i¢ boyutlu model galigmasi ve miilakat sorularina
verdikleri cevaplar araciligiyla toplanmistir. Veri toplama siirecinde ii¢ boyutlu ¢caligma yapilmasi, 6grencilerin
atom ve molekill kavraminin yapisi, sekli ve biiyiikliiglinii boyutlandirmas1 bakimindan kolay olmasi ve
kavrami somutlastirirken inceleme firsati sunmasidir (Giines & Celikler, 2010). Ug¢ boyutlu model siirecini
degerlendirmek icin Ogrencilerin sozel ifadelerini agiga c¢ikarmak ve siireci desteklemek igin yari
yapilandirilmig miilakat sorular1 hazirlanmistir. Yari yapilandirilmis miilakat sorular arastirmacilarin
belirledigi anahtar sézciikler ilizerinden hazirlanmigtir. A¢ik uglu bir sorgulama siireci takip edilerek bilgi,
Ogrenme ve anlama diizeylerinin belirlenmesi i¢in miilakat sorular1 dnemli bir yere sahiptir (Karamustafaoglu,
Karamustafaoglu & Yaman, 2005). Arastirmanin i¢ gegerligini saglamak adina ti¢ fen bilimleri alan uzmaninin
gorilisiine danisilmis ve miilakat sorulari icerigindeki 9 sorudan 4 soru g¢ikarilmisgtir. Arastirma sorularinin
sinirlandirilmasindaki asil sebep ise aragtirma siirecinde sonda sorularina gerek duyulmamasidir. Bu sebepten
otiirii 6grencilerin atom ve molekiil kavramini aragtirma oncesinde bildigi varsayildigindan tanima ydnelik
(Atom Nedir?, Molekiil Nedir? gibi sorular) sorular akigtan ¢ikarilmistir. Sorularin uygulamaya hazir hale
getirilmesi i¢in 15 6grenci ile pilot uygulama gerceklestirilmistir. Pilot ¢alisma tamamlandiktan sonra yari
yapilandirilmis miilakat sorular1 degerlendirilmistir ve son hali agsagida sunuldugu gibi derlenmistir:

1. Atomu zihninde nasil canlandirtyorsun, neye benzetiyorsun? Atomun yapisina dair nasil bir model
kurguluyorsun?

2. Modelleme siirecinde atomun yapisi, sekli ve biyiikliigii ile ilgili hangi unsurlara dikkat ettin, nasil
bir model olusturmak istedin? Neden bu modeli tercih ettin?

3. Molekiilii zihninde nasil canlandiriyorsun, neye benzetiyorsun? Molekiiliin yapisina dair nasil bir
model kurguluyorsun?

4. Modelleme siirecinde molekiiliin yapisi, sekli ve biiylikligii ile ilgili hangi unsurlara dikkat ettin,
nasil bir model olugturmak istedin? Neden bu modeli tercih ettin?

Verilerin Toplanmasi ve Analizi

Ug boyutlu model olusturma siirecinde aragtirmanin yiiriitiiciileri (2 arastirmaci) yer alirken ayrica siireci
takip etme bakimindan bir fen bilimleri alan uzmani da arastirma siirecine dahil olmustur. Model olugturma
stireci 6ncesinde malzeme se¢imi yapilirken arastirmanin etik kurallar ¢ergevesinde birtakim sinirlandirmalar
yapilmistir (Malzemelerin kesici, yanici ve delici nitelikte olmamasi hususunda uyarilarda bulunulmustur).

1145



Trakya Egitim Dergisi, 15(3) 2025, 1142-1186

Model olusturma esnasinda Ogrencilere herhangi bir ydnlendirme yapilmamakla birlikte 6grencilerin
kendilerine 6zgii zihinsel imgeleri g6z 6niinde bulunduruldugundan arastirma siireci yalnizca gozlenmistir.
Miilakat siirecinde ise her iki aragtirmaci da farkli sinif diizeylerinde veri toplanirken ayn1 anda bulunmustur.
Buna gore 2 haftalik siire¢ dahilinde model olusturma siirecine dair yiiriitillen uygulama tamamlanirken bir
haftalik siire¢ dahilinde ise miilakatlar yapilarak veri toplama islemi tamamlanmistir (Toplamda 12 ders saati).

Bu arastirmada elde edilen veriler igerik analizi teknigi ile ¢dziimlenmistir. i¢erik analizinin temelinde
toplanan verileri agiklayabilecek kavramlara ve iligkilere ulasma amaci vardir (Yildinnm & Simsek, 2011). Bu
analiz tekniginde ortaya ¢ikarilan kodlar ve kodlar aras1 benzerliklerin belirlenmesi ve kategorilendirilmesi
s0z konusudur. Analiz siirecinin baslangic asamasinda ham veriler gdzden gecirilmistir ve arastirmacilar
tarafindan tek tek incelenerek siralanmistir. Bu islemin etik kurallar dahilinde yapilmasinin ardindan alaninda
uzman olan kisilerin goriisleri dahilinde verilerin kodlama iglemi yapilmistir. Son olarak her bir kodun kategori
ve temasi belirlenmistir. Bu asama farkli bir uzman tarafindan yinelenerek kod-kategori ve temalarin teyidi
yapilmistir ve aragtirmacilar tarafindan son bir degerlendirme yapilarak analiz siireci tamamlanmustir.

Aragtirmada gecerlik ve giivenirligi saglamak i¢in inandiricilik, aktarilabilirlik, tutarlik ve teyit
edilebilirlik stratejileri kullanilmistir (Shenton, 2004). I¢ gecerlilikle ilgili olan inandiricilik i¢in arastirma
kapsaminda 6grencilere sorulacak sorular i¢in uzman goriisii esas alinmigtir. Ayn1 zamanda inandiricilig
artirmak i¢in dgrencilerden elde edilen goriisler bulgular kisminda dogrudan aktarilmigtir. Arastirmanin dis
gecerligi ile ilgili olan aktarilabilirlik kapsaminda veri toplama ve analiz siireci detayli bir sekilde sunulmustur.
Arastirmanin tekrar edilebilirligi ve gilivenirligi ile ilgili olan tutarlilik (Lincoln & Guba, 2013) kapsaminda
elde edilen veriler iki aragtirmaci tarafindan ayri ayn yaziya doniistiiriilmiis ve sonrasinda ise aragtirmacilar
farklilik olusan noktalar1 birlikte tartigarak ortak bir karar {izerinde uzlagsma saglanmistir. Gilivenirligi
hesaplamak i¢in kodlayicilar aras1 giivenirlik formiilii kullanilmaktadir (Glivenirlik = Gortis Birligi / Goriis
Birligi + Goriis Ayriligi x 100). Kodlayicilar arast %80 ve lizeri giivenirlik diizeyi iyi olarak kabul
edilmektedir (Miles & Huberman, 1994). Arastirmada, her iki kodlayici arasindaki kodlamalar karsilastirilmis
ve iki kodlayict arasinda 10 kod {izerinde goriis ayriligi yasanmistir. Buna gore yapilan hesaplamada %82
oraninda bir deger bulunmustur. Hesaplama sonucunda kodlayicilar arasinda istenen giivenirlik diizeyine
ulasildigina karar verilmistir.

Arastirmanin Etik Izinleri

Bu aragtirmanin planlanmasi, uygulanmasi, verilerin toplanmasi ve verilerin analizine kadar
gergeklesen tiim siireclerinde “Yiksekdgretim Kurumlan Bilimsel Arastirma ve Yaym Etigi Yonergesi”
kapsaminda uyulmasi gereken tiim kurallarina titizlikle yaklasim gosterilmistir. Yonergenin ikinci boliimiine
ait olan “Bilimsel Arastirma ve Yaym Etigine Aykir1 Eylemler” basligi adi altinda belirtilen eylemlerin higbiri
gerceklestirilmemistir (Ogrencilerin ii¢ boyutlu model olusturma siirecinde kesici, yanici, delici, patlayici
hicbir arag-gere¢ bulundurulmamigtir ve Ogrencilerin, tehlike arz edecek durumlar ile karsi karsiya
gelmesinden ciddiyetle sakimilmigtir).

Bu aragtirmanmn yazim silirecinde bilimsel, etik ve alinti kurallarina uyulmus olup, arastirma
kapsaminda elde edilen veriler lizerinde herhangi bir tahrifat yapilmamistir ve bu aragtirma herhangi bir
akademik yayim ortamina degerlendirme igin gonderilmemistir.

Etik kurul izin bilgileri

Etik degerlendirmeyi yapan kurul adi: Trabzon Universitesi Sosyal ve Beseri Bilimler Bilimsel Arastirma ve
Yaym Etik Kurulu

Etik degerlendirme karar tarihi: 15.03.2024

Etik degerlendirme belgesi say1 numarasi: 2023-3/2.10

BULGULAR

Bu béliimde ortaokul yedi ve sekizinci sinif 6grencilerinin atom ve molekiil kavramlarina iligkin zihinsel
modellerinin incelenmesi ve karsilagtirilmasi dogrultusunda her bir alt problemden elde edilen bulgulara yer
verilmistir.
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Ortaokul Ogrencilerinin Atom Kavramu ile Ilgili Zihinsel Modellerine Yonelik Elde Edilen Bulgular

Ortaokul yedinci sinif dgrencilerinin “Atom” kavramina yonelik {i¢ boyutlu model ¢alismasindan ve
yar1 yapilandirilmig miilakatlardan elde edilen veriler tablo ve sekiller araciligiyla sunulmustur.

Tablo 2

Yedinci Sinif Ogrencilerinin Atom Kavramina Yonelik Verileri

Kategoriler Frekans Frekans Yiizdesi Katilmel Kodlan
Geometrik Sekil 9 %22,5 0105015016020025020030034
Bilimsel Model 8 %20 0204013017026027028 Oss
Renkli Delikler 7 %17,5 03014015019031035037

Halka 6 %15 0509032033036030

Takim Yildizlar 4 %10 06012024040

Bluetooth Aglari 3 %7,5 0702102

Meyve Dilimi 2 %5 0102

Oriimcek Ag1 1 %2,5 Ow

Tablo 2 incelendiginde yedinci siif 6grencilerinin {i¢ boyutlu model ¢aligmasindan elde edilen verilere
gore 8 farkli kategorinin olustugu goriilmektedir. Kategoriler; geometrik sekil, bilimsel model, renkli delikler,
halka, takim yildizlari, bluetooth aglari, meyve dilimi ve ériimcek ag1 seklinde siralanmistir. Ogrencilere
yoneltilen “Atomu zihninde nasil canlandiriyorsun, neye benzetiyorsun? Atomun yapisina dair nasil bir model
kurguluyorsun? Modelleme siirecinde atomun yapisi, sekli ve biiyiikliigii ile ilgili hangi unsurlara dikkat ettin,
nasil bir model olusturmak istedin? Neden bu modeli tercih ettin?” sorularina yonelik elde edilen veri
diyalogunun kisa bir kesiti sunulmustur:

O1: Zihnimde cekirdek etrafinda elips seklinde donen elektronlar canlaniyor. Modelimde proton ve
elektronlarin yerini belirleyebildim ancak notronlar bunun neresinde kalyyor tam olarak ifade edemiyorum.
Yamldigimi model iizerinde gériince daha iyi algilayabildim. (Geometrik Sekil)

O7: Zihnimde cekirdegi cevize benzettim. Cekirdek atomun beyni gibi. Cevizin yapisi da bir beyin gibi
sonugta. Cekirdegin igerisinde proton ve nétron var. Disinda bluetooth dalgalar: gibi katmanlar var. Bu
yiizden modelimi dalgalara benzeyen azdan ¢oga dogru genisleyen tellerden olusturdum. (Bluetooth Aglary)

O17: Bir tane bilim adami vard: (+) ve (-) yiiklii seyleri iiziimlii keke benzetmisti. O bilim adaminin
diigtindiigii gibi canlandirdim atomu. Elektronlar eksi yiikliidiir protonlar ise arti yiiklii birbirini egitliyor.
Ancak ne anlama geldigini bilmiyorum. Modelimde renkli ponpon kullandim ve atom par¢alarinin ayurt
edilmesini sagladim. (Bilimsel Model)

O23: Atomu zihnimde meyveleri benzetiyorum. Mesela ¢ilegin disindaki tanecikler atom gibi. Veya
limonu kestigimizde icinde ¢ekirdekleri var ayrica dilimleri katman gibi duruyor. Ug boyutlu modelimi
olustururken ¢ekirdegin olmasina dikkat ettim. (Meyve Dilimi)

Oss: Atom kitaplarda renkli oldugundan atomun temel parcaciklarimn renkli oldugunu diisiiniiyorum.
Su gibi renksiz olmaz. Bu yiizden modelimi kendi etrafinda siirekli donen bir mekanizma olarak yapmaya
calistim. Modelin iizerinde donen elektronlar ¢ok sayida var. (Renkli Delikler)

Ortaokul yedinci siif dgrencilerinin atom kavramu ile ilgili zihinsel modellerine yonelik ii¢ boyutlu
model ¢aligmalar Sekil 1, Sekil 2 ve Sekil 3’ te yer verilmistir.
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Sekil 1

Renkli Delikler Modeli

Sekil 2

Halka Modeli

Sekil 3

Meyve Dilimi Modeli

Yanda sunulan gérsel incelendiginde Osskodlu 6grencinin
iic boyutlu model ¢aligmasinda; mum ip, tahta boncuk, pul ve
kiiciik plastik top kullandigr goriilmektedir. Yedinci smif
Ogrencisi katmandan olusan ve katman {izerinde elektronlari olan
bir model ¢aligmasi yapmistir. Modelin ortasinda pullarin dagimik
halde bulundugu gériilmektedir. Ogrenciye gore katmanlarin orta
kisminda ¢ekirdegi sembol eden bir yap1 bulunmaktadir. Modele
gdre proton ve ndtronun varliginin olup olmadigi belirsizdir.

Yanda sunulan gorsel incelendiginde Ois kodlu
Ogrencinin {i¢ boyutlu model g¢aligmasinda; plastik halka ve
metal diigmeler kullandigi anlasilmaktadir. Yedinci simif
Ogrencisi zihninde canlandirdigi modelini; katmanlarin halka
seklinde dizildigi ve her bir halkanin igerisinde elektronlar yer
almasi seklinde bigimlendirmistir. Model ortasinda ise ¢ekirdek
yer almistir ancak proton ve nétrondan bahsedilmemistir.

Yanda sunulan gdrsel incelendiginde O, kodlu
Ogrencinin ii¢ boyutlu model c¢alismasinda; oyun hamuru
kullandig1 goriilmektedir. Yedinci smif Ogrencisi zihninde
limon dilimi ile atomun benzestigini modeline yansitirken
dilim halinde olan pargalarin {izerindeki beyaz yuvarlaklarin
cekirdegi temsil ettigi anlasilmaktadir. Modelin iizerinde
elektron, notron ve proton parcaciklari yer almamustir.
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Ortaokul sekizinci sinif 6grencilerinin “Atom” kavramina yonelik ii¢ boyutlu model ¢aligmasindan ve
yar1 yapilandirilmig miilakatlardan elde edilen veriler tablo ve sekiller araciligiyla sunulmustur.

Tablo 3

Sekizinci Sinif Ogrencilerinin Atom Kavramina Yonelik Verileri

Kategoriler Frekans Frekans Yiizdesi Katilmei Kodlari

Geometrik Sekil 9 %22,5 041044049055057064071075076
Bilimsel Model 8 %20 04505105805906506607:078
Bowling Topu 7 %17,5 043046060067074077050
Renkli Kiireseller 5 %12,5 05204706807007s

Gezegen Sistemi 4 %10 050054063069

Aygicegi 3 %7.,5 053056073

Deniz Kabugu 2 %5 043062

Futbol Takim Amblemi 1 %2,5 Os1

Omlet 1 %2.5 O

Tablo 3 incelendiginde sekizinci sinif Ogrencilerinin {i¢ boyutlu model ¢aligmasindan elde edilen
verilerin 9 farkli kategori adi altinda yer aldig1 goriilmektedir. Tabloya gore kategoriler; geometrik sekil,
bilimsel model, bowling topu, renkli kiireseller, gezegen sistemi, ay¢icegi, deniz kabugu, futbol takim amblemi
ve omlet seklinde siralanmistir. Ogrencilere yoneltilen “Atomu zihninde nasil canlandiriyorsun, neye
benzetiyorsun? Atomun yapisina dair nasil bir model kurguluyorsun? Modelleme siirecinde atomun yapisi,
sekli ve biiyilikliigii ile ilgili hangi unsurlara dikkat ettin, nasil bir model olugturmak istedin? Neden bu modeli
tercih ettin?” sorularma yonelik elde edilen veri diyalogunun kisa bir kesiti sunulmustur:

Ou: Atom yuvarlak kiireseldir, pinpon topu da kiiresel o yiizden benzetmek icin ideal bir arag. Atomun temel
parcalarinin farkly renkte olabilecegi konusunda eminim. Ben elektronlar: yapmamistim zihnimde yoktu, yani
simdi modele ekledim. Proton ve nétronlar farkly oldugu icin ayr renklerde yaptim. (Renkli Kiireseller)

Ous. Atomu deniz kabugu gibi diisliiyorum. Ug¢ boyutlu model ¢alismamda oyun hamurundan deniz kabugu
yaptim ve katmanlarinda elektron dagilimim gosterdim. Ciinkii ben ders kitaplarinda anlatilan ii¢ boyutlu
modelle ayni olmasini istemiyorum. Ben de kendi kendime bir varsayim attim ortaya ve boyle bir model yaptim.
(Deniz Kabugu)

Osa. Zihnimde giines sistemindeki gibi bir sey aklima geldi ilk basta. Ama farkli renklerde. Atomun i¢ yapisinda
proton ve nétronlar yapisik halde bulunuyor ve bunlar hareketsiz. Modern atom teorisinde oldugu gibi
elektronlar hareketli. (Gezegen Sistemi)

Oss: Elektronlarin siirekli hareket ettigi bir dairesel yapt diye kurguluyorum atomu. Ciinkii gercekte atomun
zart var. Oradan da esinlenerek bunu yaptim. Ug boyutlu model ¢alismasinda zihnimizde canlandirmak kolay

ama modeli olusturmak zor ¢iinkii el becerisi gerektiriyor. (Geometrik Sekil)

Ortaokul sekizinci sinif dgrencilerinin atom kavramu ile ilgili zihinsel modellerine yonelik ti¢ boyutlu
model ¢aligmalar1 Sekil 4 ve Sekil 5 te yer verilmistir.
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Sekil 4

Deniz Kabugu Modeli

Yanda sunulan gérsel incelendiginde Oss kodlu 6grenci
i boyutlu model ¢alismasinda; oyun hamuru, plastik top ve
boncuk kullanmigtir. Sekizinci simif 6grencisi hamurun
izerine dikey cizgiler ile katman seklini vermis ve modelin
iist kismma boncuklar ekleyerek elektronlar1 gostermistir.
Modelin i¢inde duran plastik top ise ¢ekirdek gorevini
almigtir. Cekirdegin igerisinde proton ve notron parcacigi
yer almistir (Cekirdegi temsil eden top distan bakildiginda
tiimsek seklinde goriiliiyor).

Sekil 5

Takim Amblemi Modeli

Yanda yer verilen gorsel incelendiginde Og1 kodlu
Ogrencinin {i¢ boyutlu model ¢alismasinda; oyun hamuru
kullandig1 goriilmektedir. Ogrenci modelinde bir futbol
takiminin amblemini atomun i¢ yapisina benzettigini, dista
duran yildizlarin elektron oldugunu belirtmistir. Modelin
merkez kismindan igeriye dogru biyliyerek ilerleyen
¢emberlerin katman oldugu, ortada duran yapragin ise
cekirdegi temsil ettigi modele yansitilmistir.

Ortaokul Ogrencilerinin Molekiil Kavramu ile lgili Zihinsel Modellerine Yonelik Elde Edilen Bulgular

Ortaokul yedinci sinif 6grencilerinin “Molekiil” kavramina yonelik ii¢ boyutlu model ¢alismasindan ve
yar1 yapilandirilmig miilakatlardan elde edilen veriler tablo ve sekiller araciligiyla sunulmustur.

Tablo 4

Yedinci Sinif Ogrencilerinin Molekiil Kavramina Yonelik Verileri

Kategoriler Frekans Frekans Yiizdesi Katilmel Kodlan
Geometrik Sekil 9 %22,5 0208010013016017016024030
Su Maymunu 7 %17,5 0307015020020032036

Havai Fisek 7 %1,5 09012014028021035040
Kozalak 6 %15 01018023033037039

Sabun Kopiigii 4 %10 06021022034

Cingirak 3 %7,5 04025038

Akciger Alveolleri 2 %35 0102

Ahtapot 2 %S5 05026
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Tablo 4 incelendiginde yedinci sinif 6grencilerinin {i¢ boyutlu model ¢aligmasindan elde edilen verilerin
9 farkli kategori ad1 altinda toplandig1 goriilmektedir. Tabloya gore kategoriler; geometrik sekil, su maymunu,
havai fisek, kozalak, sabun kopiigii, ¢ingirak, akciger alveolleri ve ahtapot seklinde siralanmustir. Ogrencilere
yoneltilen “Molekiilii zihninde nasil canlandiriyorsun, neye benzetiyorsun? Molekiiliin yapisina dair nasil bir
model kurguluyorsun? Modelleme siirecinde molekiiliin yapisi, sekli ve biiyiikliigii ile ilgili hangi unsurlara
dikkat ettin, nasil bir model olusturmak istedin? Neden bu modeli tercih ettin?”” sorusuna yonelik elde edilen
veri diyalogunun kisa bir kesiti sunulmustur:

O7: Ben atomu su maymunu gibi cogalan yuvarlaklar gibi diisiindiim. Modelimde yumusak ici dolu kiirelerin
bir araya gelmesiyle birlikte molekiiller olusturdum. Aymi cins atomlardan olusanlar element molekiilii, farkh
cins atomlardan olusanlar bilesik molekiiliinii temsil ediyor. Molekiillerin arasinda bosluk birakmadim,
yapisik oldugunu diistiniiyorum. (Su Maymunu)

O17: Tek bir sey nasil desem, sekilde gordiigiiniiz gibi ¢ekirdege bagh gibi boyle ... burada da elektronlar var.
Su an gazi yaptim. Gaz da mesafe birbirinden uzak ve kivrimli. Katida birbirine ¢ok yakin ve dik bir sekilde
oluyordu. Yani aklimdakine gére sivi da biraz ayri yani boyle biraz aciklik var aralarinda. Ortada bir ¢ekirdek
var. (Geometrik Sekil)

Os3: Molekiil bir seyin atomlardan olusan biitiinliigiidiir. Eger ii¢c boyutlu yaparsak katmanlarim
ayarlayabiliriz. Ben kozalagin par¢alarimi gévde olarak diisiindiim ve iizerine atoma benzeyen led 15181
koydum. (Kozalak)

Oss: Nétrler donerken buradan hayali bir ¢izgi ile cekirdege dogru ilerliyor ve gekirdek ikiye ayrilip proton ve
elektrona doniisiiyor. Notrler buradan dondiik¢ce ¢ogaliyorlar ve hig tiikenmiyorlar. Molekiiller tipki havai
fisek gibi askida kaliyor. ... Co elementinin molekiilii CO dur. Iki biiyiik harf yan yana geldiginde ilgili
elementin molekiiliinii olusturuyor. (Havai Fisek)

Ortaokul yedinci sinif 6grencilerinin molekiil kavramu ile ilgili zihinsel modellerine yonelik ti¢ boyutlu
model ¢aligmalar1 Sekil 6 ve Sekil 7° de yer verilmistir.

Sekil 6

Kozalak Modeli

Yanda sunulan gorsel incelendiginde Os; kodlu
Ogrencinin ii¢ boyutlu model ¢alismasinda; bir kozalak ve
kablolu led 151k kullandig1 goriilmektedir. Yedinci simif
Ogrencisi element molekiiliinii modellerken led isiklarin
iizerinde sarmal sekilde dolanan hasirlarin katman oldugunu
ve igindeki 15181n ¢ekirdek oldugunu belirtmistir. Govde
gorevinde yer alan kozalak ile atomlarin bitisik halde oldugu
anlagilmaktadir.
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Sekil 7

Su Maymunu Modeli

Yanda sunulan gérsel incelendiginde O; kodlu égrenci
iic boyutlu model c¢aligmasinda; ince kum ve suya
konulunca hacimleri sisen bir kimyasal yap1 kullanmistir.
Kimyasal yapilar kaygan oldugundan dolay1 alt zeminde
kum kullanilarak yuvarlak yapilar sabitlenmistir. Yedinci
simif dgrencisinin modelinde atomik ve molekiiler yapili
bilesiklerin modellendigi, element molekiiliiniin ayni renkli
yapidan olustugu, bilesik molekiiliiniin ise farkli renklerden
olustugu anlagilmaktadir. Molekiillerin biiyiikligi esit
boyuttadir ve bitigik halde bulunmaktadir.

Ortaokul sekizinci sinif dgrencilerinin “Molekiil” kavramina yonelik ii¢ boyutlu model ¢alismasindan
ve miilakatlardan elde edilen veriler tablo ve sekiller araciligiyla sunulmustur.

Tablo 5

Sekizinci Sumif Ogrencilerinin Molekiil Kavramina Yonelik Verileri

Kategoriler Frekans Frekans Yiizdesi Katihmci Kodlan

Geometrik Sekil 10 %25 042046049052054056055059064066
Turunggil Agact 9 %22,5 047048053057065067071072078
Emoji 8 %20 043055060063070073074079
Damar Tabaka 6 %15 041050063069075050

Uziim Bagi 4 %10 044062076077

Brokoli 2 %5 051061

Halter 1 %2,5 Ous

Tablo 5 incelendiginde sekizinci simif 6grencilerinin ii¢c boyutlu model calismasindan elde edilen
verilerin 7 farkli kategori adi altinda toplandig1 goriilmektedir. Tabloya gore kategoriler; geometrik sekil,
turunggil agaci, emoji, damar tabaka, iiziim bagi, brokoli ve halter seklinde siralanmugtir. Ogrencilere
yoneltilen “Molekiilii zihninde nasil canlandiriyorsun, neye benzetiyorsun? Molekiiliin yapisina dair nasil bir
model kurguluyorsun? Modelleme siirecinde molekiiliin yapisi, sekli ve biiytikliigii ile ilgili hangi unsurlara
dikkat ettin, nasil bir model olusturmak istedin? Neden bu modeli tercih ettin?”” sorusuna yonelik elde edilen
veri diyalogunun kisa bir kesiti sunulmustur:

Ouo. Zihnimde pinpon topunu atom olarak diisiindiim bunlar1 birlestirecegiz ortaya molekiil ¢cikacak. Molekiiliin
yapist dikdortgen olmak zorunda degil her sekil olabilir tiggen de olabilir. Molekiilleri bir arada tutabilsin
diye aralarinda uzantilar var. (Geometrik Sekil)

Ous: Molekiil bir arada bulunan dairesel sekiller olarak geliyor aklima. Portakal agact gibi mesela dallar ile
portakallar bir arada duruyor tipki atomlarin bir araya gelince molekiiller olusturmasi gibi. (Turuncgil
Agac)

Oss. Giinliik hayatta telefon klavyelerinde kullandigumiz emojilerin bir arada durmast gibi geliyor aklima.

Emojiler halay ¢eken insanlar gibi birbirine tutunuyor, belirli bir grubu olusturuyor bunlarda molekiilii
olusturuyor. (Emoji)
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Ortaokul sekizinci sinif 6grencilerinin molekdil kavramu ile ilgili zihinsel modellerine yonelik ii¢ boyutlu
model ¢aligmalar Sekil 8 ve Sekil 9° da yer verilmistir.

Sekil 8

Geometrik Sekil Modeli

Sekil 9

Emoji Modeli

Yanda sunulan gorsel incelendiginde O kodlu
Ogrencinin ii¢ boyutlu model ¢alismasinda; renkli kiiresel

] toplar, plastik ¢ubuk, demir bilye ve miknatish plastik

cubuk kullandig1 goriilmektedir. Sekizinci sinif 6grencisi
element molekiilii ve bilesik molekiiliinii temsil eden
modeller olusturmustur. Modeller kare, {iggen gibi
sekillerden olusmustur. Modeller iizerinde renkli toplarin
birlesiminde ¢ubuklar kullanilmistir. Atomu temsil eden

| demir bilyelerin arasinda da miknatishi ¢ubuklar yer

almigtir.

Yanda sunulan gorsel incelendiginde Oss kodlu
Ogrencinin li¢ boyutlu model ¢aligmasinda; tahta gubuk ve
yuvarlak yapiskanlar kullandig1 anlagilmaktadir. Sekizinci
smmif Ogrencisi molekiili olusturan atom yapilarinin
yuvarlak oldugunu modeline yansitirken atomlar1 bir
arada tutan uzunluklarin oldugunu model iizerinde
belirtmistir. Molekiil modellerinin bilesik ya da elementi
temsil ettigi hakkinda yorumsuz kalinmistir. Ayrica
molekiilii olusturan atomlarin biiyiikliigii ayn1 ebattadir.

Ortaokul Ogrencilerinin Atom ve Molekiil Kavramina Yénelik Zihinsel Modellerinin Karsilastirilmasi

Aragtirma grubu igerisinde yer alan 6grencilerin atom kavramina yonelik goriislerinin simif diizeyi
degiskenine gore kavramsal acidan karsilastirilmasi agagida yer verilen Tablo 6’da gosterilmektedir.

Tablo 6

Atom Kavramina Yonelik Tiim Suflara Ait Veriler

Yedinci Simif Sekizinci Simf
Kategori Frekans Kategori Frekans
Geometrik Sekil %22,5 Geometrik sekil %22,5
Bilimsel Model %20 Bilimsel model %20
Renkli Delikler %17,5 Bowling topu %17,5
Halka %15 Renkli kiireseller %12,5
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Tablo 6 (Devam)
Yedinci Simif Sekizinci Simif
Kategori Frekans Kategori Frekans
Takim Yildizlart %10 Gezegen sistemi %10
Bluetooth Aglari %7,5 Aycigegi %7,5
Meyve Dilimi %S5 Deniz Kabugu %S5
Oriimcek Ag1 %2,5 Futbol takim amblemi %2,5

Omlet %2,5

Tablo 6 incelendiginde atom kavramina ait zihinsel modellerin gelisimsel olarak incelenmesinde her iki
smif diizeyinden toplamda 17 kategori elde edildigi goriilmektedir. Tabloya gore yedinci smif diizeyinde 8
kategori, sekizinci siif diizeyinde 9 kategori yer alirken, geometrik sekil ve bilimsel model kategorisinin her
iki simif diizeyinde ortak kategoride yer aldigi anlasilmaktadir. Tabloda her iki ortak kategorinin diger
kategorilere gore yiiksek ve ayni frekans (f=%42,5) degerinde oldugu goriilmektedir.

Aragtirma grubu igerisinde yer alan 6grencilerin molekiil kavramina yonelik goriislerinin sinif diizeyi
degiskenine gore kavramsal agidan karsilagtirilmasi asagida yer verilen Tablo 7°de gosterilmektedir.

Tablo 7

Molekiil Kavramina Yonelik Tiim Siniflara Ait Veriler

Yedinci Stmf Sekizinci Simif

Kategori Frekans Kategori Frekans
Geometrik Sekil %22,5 Geometrik Sekil %25
Su Maymunu %17,5 Turunggil Agact %22,5
Havai Fisek %1,5 Emoji %20
Kozalak %15 Damar Tabaka %15
Sabun Kopiigii %10 Uziim Bagi %10
Cingirak %7,5 Brokoli %S5
Akciger Alveolleri %S5 Halter %2,5
Ahtapot %5

Tablo 7 incelendiginde molekiil kavramina ait zihinsel modellerin gelisimsel olarak incelenmesinde her
iki smif diizeyinden 15 tane kategori elde edildigi goriilmektedir. Tabloya goére yedinci smif diizeyinde 8
kategori, sekizinci smif diizeyinde 7 kategori yer alirken, geometrik sekil kategorisi her iki simif diizeyinde
ortak kategoride yer almaktadir. Tabloda molekiil kavramina iliskin geometrik sekil kategorisine yonelik
zihinsel modele sahip olan 6grencilerin daha fazla oldugu gortiliirken, sekizinci simif 6grencilerinin frekans
degerinin (f=%25) yedinci sinif frekans degerine (=%22,5) gore daha fazla oldugu anlasilmaktadir.

TARTISMA VE SONUC

Aragtirmanin tartisma ve sonug¢ bolimii; aragtirma kapsaminda sinif diizeyi faktoriiyle ele alinan
ortaokul yedi ve sekizinci sinif 6grencileri ile atom ve molekiil kavramlarina yonelik zihinsel modelleri dikkate
aliarak ilgili basgliklar halinde literatiir caligsmalari ile karsilagtirilarak degerlendirilmistir.

Yedinci siif dgrencilerinin atom kavramina dair elde edilen {i¢ boyutlu model galigmalarindan
anlagildig1 tizere, Ogrencilerin zihinlerinde canlandirdiklart modellerin igeriginde elektron parcaciginin
ozellikle vurgulandig1 ve miilakat stirecinde siklikla bahsedildigi tespit edilirken bilhassa da nétron pargacigi
hakkinda yorumsuz kalindigina tanik olunmustur. Bu tespit edilen durum aynm1 zamanda geligkili bir hususu
ortaya koymustur. Baz1 dgrencilerin miilakat siirecinde atoma dair kullandiklar1 ifadelerde ndtron ve proton
parcaciklarindan az da olsa bahsetmesi ile model iizerinde gosterme egilimine yonelik ¢ekimser davranmasi
tezatlik olusturmustur. Bu bulgu zihinsel model belirleme siirecinde sozel ifadelerin 6grenme tizerindeki
yetersizligini ortaya koyarken, iic boyutlu modellerin 6grencileri ger¢ek durum ile karsilastirma hususunda
daha somut ¢ikt1 sundugunu kanitlar nitelikte olmustur. Bir diger yandan atomun temel pargaciklarinin yerinin
karistirilmas1 bazi dgrencilerde kavram yanilgisi oldugu yéniinde siiphe uyandirmistir. Ug boyutlu model
olusturma siirecinde atomun temel parcaciklarina dair kavram yamlgist yasayan O; kodlu &grencinin
yanilgisini model aracilifiyla algilamasi modeli, bu yanilgilardan kurtarabilen bir ara¢ olarak benimsedigini
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ortaya koyarken bulguya yapilan yorumu da ayrica giiclendirmistir. Literatiirde yer alan bazi ¢aligmalar,
atomun temel pargaciklarina dair ¢arpici sonuglar elde etmistir. Cokelez ve Dumon (2005) 6grencilerin atom
ve molekiil konusunda kavram yanilgilarini inceleyen bir caligmada, 6grenciler atom ve molekiil kavramlarini,
temel parcaciklart olan proton-ndtron, notron-elektron, iyon-yiikli parcacik gibi betimlediklerinden,
aragtirmada bu parcaciklarin birbiri ile karistirildig1 sonucuna ulagilmistir. Literatiir calismasinda tespit edilen
durum yiiriitillen bu arastirmanin bulgusu ile benzerlik gosterirken, atomun her {i¢ par¢acigindan birinin
bahsedilmemesi {i¢ boyutlu model ¢aligmalarinda belirgin bir sekilde géze carpmistir. Literatiirde yiiriitiilen
diger ¢aligmalarda ise {i¢ boyutlu modelin kavram yanilgilarin tespit etme ve bu yanilgilarin giderilmesinde
yardimc1 bir ara¢ oldugundan bahsedilmesi (Demircioglu, Altuntag-Aydin & Demircioglu, 2012; Ergiin, 2013)
bu aragtirmanin ilgili bulgusunu destekler niteliktedir. Literatiirde atomun yapisim ¢izim teknigi gibi tek
boyutta ele alan ¢aligmalarin, 6grencilerin géziinden atomun yapisini ortaya ¢ikarabilme siirecinde verimli bir
sonuca ulasamadiklari agikardir (Ormanct & Balim, 2014; Sahin, 2016). Bu baglamda hem bu ¢alismanin
bulgulart hem de ilgili literatiir caligmalar1 atom kavramina dair zihinsel model belirleme siirecinde, zihinsel
modelin atomun temel parcaciklar ile ilgili kavram yanilgilarini belirledigi sonucuna ulasirken, bu ¢caligmanin
bulgular1 zihinsel modeli sozel olarak ifade etme veya ¢izim teknigi gibi tek boyutta ele alan yontem-
tekniklerin yerine zihinsel modelleri simgeleyen ii¢ boyutlu model ¢aligmalarina gerek oldugunu bir kez daha
gdzler Oniine sermistir.

Yedinci smif 6grencilerinin atoma dair ii¢ boyutlu modellerinden elde edilen bir diger kategoride ise
dikkat ¢eken bir bulguya rastlanmigtir. Atom kavramimi zihninde renkli delikler seklinde canlandiran bir
Ogrencinin {i¢ boyutlu model ¢alismasinda (Bkz Sekil 1) atomun temel parcaciklarini ayri renkler ile
sekillendirdigine tanik olunmustur. Ayrica ilgili tabloda atomun yapisinin renkli olabilecegini ifade eden farkli
ogrencilerin oldugu da bulgular arasindadir. Bu tespit edilen bulgu atomun gdsterimindeki bazi olumsuz
durumlarin varligin ortaya koyarken; 6grenci iletisimi saglanirken tercih edilen akademik dil, gorsel kaynaklar
ve sosyal aglarda kavram yanilgisim olusturacak video igerikleri gibi faktdrler durumun kaynagina etken
olabilecegi yoniinde ¢ikarim saglamistir. Atom denildiginde tstiinkorii bir elips ¢izilmesi zihinde dairesel bir
yapinin olugmasi ve internet aglarinda yillardir degismeyen atom 6rneklerinin dgrencilere dgretici niteliginde
sunulmasi, 0grencilere standart bir bakis agisi sunarken yanlis 6grenmelerine sebebiyet olusturan durumun
kartopu gibi ilerlemesini de maalesef ki negatif yonde ivmelendirmektedir. Literatiirde yer alan bir ¢aligmada
(Bilge, 2017) yedinci simif dgrencilerinin atom ve molekiil kavramina dair zihinsel model belirlenmesi
stirecinde {i¢ boyutlu model ¢aligmas: ylritiilmiis ve 6grencilerin renk unsuru ile ilgili kavram yanilgisi
igerisinde olduklar1 tespit edilmistir. Literatiir ¢alismasinda elde edilen sonug, bu calismanin bulgusunu
destekler niteliktedir. Ayrica gegmisten giiniimiize yiiriitiilen bazi aragtirma sonuglari da atoma dair ifadelerde,
renk unsurunun kavram yanilgisina yol agtigindan dnemle bahsetmektedir (Bilge & Bahgeci, 2017; Harrison
& Treagust, 2000b; Yalcin, 2011; Yegnidemir, 2000). Bu anlamda elde edilen bulgular dogrultusunda kavram
Ogretimi siirecinde zihinsel model belirlenmesinin eksik Ogrenmelere engel olabilecegi gergegi apagik
ortadadir.

Atoma dair zihinsel modelini bilimsel model cercevesinde ele alan bir yedinci simif 6grencisinin,
Thomson atom modelinden etkilendigi saptanmistir. Bahsi gecen 6grenci, zihinsel modelini liziimlii kek
seklinde dile getirdiginden, modern atom teorisinden uzaklastigini bu bulgu ile gostermistir. Bu durumun
ortaya c¢ikmasindaki temel sebebi, ders ortaminda edinilen bilgilere yordamak pek de zor olmayacaktir.
Nihayetinde atom modeli cetvelinde her bir modelin giincellenerek bilimsel modellere son halinin verildigi,
diger modellerin ise gegerliligini yitirdiginin vurgulanmasi gerekirken maalesef ki 6grencilerin zihinlerinde
bilgi kirliliginden &teye gidilememistir. Ilgili durumu simgeleyen benzer bulgulara literatiirde rastlamak
miimkiin goriinmektedir. Oyle ki; ortaokul 6grencilerinin atomik yapi ile ilgili zihinsel modellerinin
belirlenmesi iizerine yiiriitiilen bir aragtirmada, 6grencilerin zihinsel modellerinin tutarli olmadig1 ve en fazla
tutarsizligin Bohr atom modelinde oldugu sonucuna ulagilmistir (Zarkadis, Papageorgiou & Stamovlasis,
2017) bagka bir ¢calismada ise ortadgretim seviyesindeki 6grencilerin atoma dair zihinsel modelini Rutferford
atom modeline gére tanimladiklar1 saptanmstir (Saridas & Unsal, 2020). Gegmiste egitimcilerin, ortaokul
seviyesinde bulunan 6grencilere atomun yapisi ile ilgili ilk ifadelerinde basitce “Giines sistemi modeli” ya da
“Medyatik model” gibi ifadelere yer vermesi, 6grencilerin zihinsel modellerinde gergek atomdan farkli bir
yapilanma olusturmasinin sebebi niteligindedir (Yildiz, 2006). Aragtirma bulgusu dogrultusunda giincelini
koruyan bu sorun, 6gretmenlerin yanlis ifadelerinin sorgulanmasinin ihtiyagtan daha ¢ok zorunluluk oldugunu
ortaya koymustur. Ustelik hem ortaokul hem de ortadgretim seviyesinde atom ve molekiil yapisinm usuliine
uygun sekilde Ogretilmesine yonelik heniiz yanitlanamayan sayisiz sorular ve elestirilerin var oldugu
giindemini korurken, ge¢miste de benzer sorunlarin literatiire yansimasi (Gillespie, 1991; Hawkes, 1992;
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Shiland, 1995; Tsaparlis, 2002) fen bilimleri alan bilgisine yonelik 6gretim yetersizligi ile ilgili tespit edilen
problemin her donem ayni olmasini ve degismezligini kaginilmaz kilmaktadir.

Sekizinci smif 6grencilerinin atom kavramu ile ilgili zihinsel modellerini simgeleyen kategorilerin
arasinda yer alan renkli kiiresel kategorisi, aragtirma kapsaminda tespit edilen benzer durumlarin ispati
niteligindedir. Oyle ki; model iizerinde atomun temel pargaciklar1 arasindaki farkin renkten
kaynaklanabilecegini ifade eden 6grencilerin olmasi zihinsel model belirleme siirecinde kavram yanilgilarmin
ortaya ¢ikabilecegini bir kez daha gdzler 6niine sermistir. Hem 6grenci ifadeleri hem de olusturulan ti¢ boyutlu
model 6rmegi atomun temel pargaciklarinin eksik &grenildigini gosterirken &grencileri yanilgiya diisiiren
faktorlerin okul ders ara¢ gerecleri gibi yardimci kaynaklarm olabilecegi ihtimalini giliglendirmistir.
Nihayetinde LGS’ye hazirlanan 6grencilerin bulunduklar1i déneme bakildiginda; atomun yapisinin renkli
olabilecegini test usulil kitaplarda yer alan gorsellerden dolay: zihinsel diisiincelerine kodlayabilecekleri,
rahatlikla ifade edilebilir. Ayrica yedinci sinif kademesinden bir iist sinif kademeye gecildigi siiregte atoma
dair tespit edilen yanilgilarin benzerligini korumasi, sinif seviyesi ilerledikce 6grencilerin 6n 6grenmelerindeki
bilgi kirliliginin diizeltilmedigi siirece iist kademelerde de yerini korudugunu gostermektedir. Literatiir
calismasinda, &grencilerin atom ve molekiile dair kavram yanilgist igerisinde olduklan dile getirilirken
(Kiligoglu, 2019) o6zellikle ortaokul ¢agindaki &grencilerin soyut 6zelliginden dolay1 kavramlart algilayip
ogrenmekte ve somut hale getirmekte zorlandiklarindan, ileriki 6grenimlerinde de devam edecek bu durumun
ve ilgili fen bilimleri konularin1 da etkileyebilecegi, fen bilimleri egitiminde dgrenilecek olan kavramlarin
ogrencilerin dogru sekilde anlamlandirmalar i¢in dogru yontem, teknik ve 6gretim araglar1 kullanilmasinin
gerekliliginden bahsedilmistir (Ince & Celikler, 2021). Literatiir calismalar yiiriitiilen arastirmanin bulgularini
bu yoniiyle desteklemektedir.

Sekizinci siif 6grencilerinin bulgulari arasinda, ii¢ boyutlu model ¢alisma siirecinde atomun boyutu ile
ilgili yapilandirma sorunu yagamalar1 goze ¢arpmustir. Zihinsel diislincelerinde elektronun varligini diizlemsel
olarak ele alan baz1 6grenciler {i¢ boyut olusturma siirecinde zorlandiklar1 tespit edilmistir. Bu zorlanmalari
elektronlarin ydriingedeki gelisigiizel sekilde yer almalarina baglamak miimkiindiir. Ayrica ayn1 bulgu, Oss
kodlu 6grencinin -ii¢ boyutu canlandirmak kolay fakat olugturmak zor- ifadesi ile zihinsel model olusturma
stirecinde ii¢ boyutlu diisiinme yetenegini pratige dokmenin sinirlayici bir faktor olabilecegini gozler 6niine
sermistir. Hatirda tutulan bilgiler ile yeni bilgiyi yorumlayabilmek, ezber ile bilginin zihinde kaliciligim
saglamanin ardindan algilanan bilgi dogrultusunda zihinsel modelini olusturmak (Gtines, vd. 2004) her ne
kadar kolay gibi goriinse de ii¢ boyutlu diisiinme yetenegini gelistirebilmek ve 6grenme {izerine katkisini
saglamak adina fen bilimleri dersinde model olusturma etkinliklerinin sikliginin artirilmasi gerekmektedir.
Nitekim son giincellenen fen bilimleri 6gretim programina gére (MEB, 2024) dogrudan gozlemlenemeyen
olaylarin uygun gorsel, model, animasyon ve simiilasyon gibi dijital igeriklerin 6grenme ortamlarina dahil
edilmesinin saglanmasi ve kavramsal igerikle biitiinlestirilen model olusturma siirecinin bilimsel sorgulama ve
miihendislik tasarim dongiisii dikkate alinarak, glincel 6gretim yaklasim ve yontemleri ile zenginlestirilmesi
ogrencilerin farklilastirilmig 6gretim ihtiyaglarini1 giderecektir. Alana 6zgii beceriler arasinda yer alan -model
olusturma becerileri- ifadesinin 6grenci kazanimlar iceriginde {i¢ boyutlu modele doniistiiriilme yeteneginin
gelisimine 6zellikle yedi ve sekizinci sinif diizeyinde vurgulandigi goze ¢arparken (MEB, 2018) bu hususlarin
ticlincli siif diizeyinde de gereksinim dogurmasi (MEB, 2024) ve yeniden ele alinmasi model yoluyla
Ogretimin dnemini korumustur.

Yedinci smif 6grencilerinin molekiil kavramina yonelik zihinsel modellerinden elde edilen bulgularin
genelinde 6grencilerin atomlarin bir araya gelmesiyle olusan bir yapiy1 molekiile benzettikleri tespit edilmistir.
Ancak miilakat siirecinde molekiil kavramimi geometrik sekil olarak canlandiran bir 6grencinin molekiilii
maddenin ii¢ hali (kati, sivi ve gaz) seklinde betimledigi, atom taneciklerinin hal degisim sirasindaki
konumlarin1 molekiile benzettigi saptanmigtir. Bir bagka bulgu da ise molekiilii su maymunu sekline benzeten
ogrencinin (Bkz Sekil 7), {i¢ boyutlu model ¢alismasinda atomik yapili bilesik ve molekiiler yapili bilesigi
karigtirdigina tanik olunurken, ilgili molekiilii olusturan atom cinsinin bilylikligiinii dikkate almadig ve ortaya
konan modellerde farklilagmaya gitmedigi goriilmiistiir. Elde edilen bulgular 6grencilerin tanim diizeyinde
edindikleri bilgileri uygulama siirecine gelisigiizel aktardiklarim gdstermistir. Oyle ki zihinsel modelini havai
fisege benzeten Oss kodlu égrenci ii¢ boyutlu modeli i¢in CO (Karbonmonoksit) bilesigi ve Co (Kobalt)
elementine yonelik ifadesinde -iki biiyiik harf yan yana gelmesiyle birlikte ilgili elementin molekiilii olusuyor-
seklinde agiklamasi, yapilan bu yorumu gili¢lendirmektedir. Oysaki CO bir bilesik molekiil tiiriidiir ancak Co
elementinin molekiilii degildir. Arastirmanin bulgularina dayanarak zihinsel modellerin alan bilgisi konusunda
ogrencilerin anlaml 6grenmesini perdeleyen yonlerini ortaya ¢ikarmada ve zihinsel siireglerinde beliren yanlis
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Ogrenmeleri tespit etme de yardime1 olabilecegini sdylemek pek de yanlis olmayacaktir. Literatiirde yer alan
baz1 galigmalarda zihinsel modelin 6gretilen konunun azlik/gokluk miktar1 hakkinda 6lgiit sunabileceginden
bahsedilmesi (Ciltas & Isik, 2012; Kurnaz & Degirmenci, 2012; Yiizbasioglu, 2015) arastirma bulgusunu bu
yoniiyle desteklemektedir.

Sekizinci sinif 6grencilerinin molekiil kavramina yonelik zihinsel model 6rneklerinden (turunggil agaci,
iiziim bagi, damar tabaka) anlasilacagi iizere arastirma kapsaminda yer alan ¢ogu 6grenci molekiiliin yapisini
atomlarin arasindaki baglarin varligima gore gruplandiriyor olabilecegi yonilinde ¢ikarim yaptirmistir.
Ogrencilerin olusturduklari ii¢ boyutlu model 6rneklerinde kiirdan, ¢ubuk, tel gibi baglamsal materyallerin
yuvarlak bir yapiya entegre edilmesi, arastirmacilara bu yorumu yaptirmistir. Ogrenci bulgularinda tespit
edilen bu durum 6grencilerin molekiiler ve atomik yapiy1 ayirt edemedikleri sonucunu dogurmustur. Oysaki
basit seker gibi atomik yapili bilesiklerin arasinda da bag yapisinin olabilecegi s6z konusu iken, 9. sinif 6gretim
programina dahil edilen kimyasal bag tiirlerini (2013 yili 6gretim programinda 7 ve 8. sinif diizeyinde yer
almaktadir) bu yas seviyesinde farkli sekilde yorumlamalarini, 6gretim programi igerigindeki konularm
hafifletilmesine baglamak miimkiindiir. Arastirma kapsaminda tespit edilen bu durum literatiir caligmalarinda
ciddi sonuglar vermistir. Oyle ki; zihinsel modellerin gegmis dgrenmelerin etkisi altinda kaldigin1 éne siiren
bazi galigmalar (Nakipoglu, 2019; Nakipoglu & Yildirim, 2020) her ne kadar 6grenmenin 6gretim ile
degisebilecegi gercegi yadsinamaz bir unsur olsa da ilk 6grenmeler zihinsel modeller iizerinde dnemli bir
etkendir ve kimi zaman degisime direng gosterebilir, seklinde aciklik getirmistir (Taber, 2003). Ilgili ¢alismalar
(Nakipoglu, 2019; Nakipoglu & Yildinnm, 2020) o6grencilerin kimyasal baglar konusundaki &grenme
eksikliklerinin ortadgretim diizeyinde devam edecegini hatta {iniversite diizeyine gelindiginde ise bu
eksikliklerin kolay yolla giderilemeyecegini 6nemle vurgulamistir. Bu baglamda kimyasal baglar konusunda
yasanilan 6grenme ihtiyacinin dgrenciler iizerinde gozle goriiliir derecede hissedilmesi, fen bilimleri 6gretim
programinin bu bakis agis1 altinda gézden gecirilmesini kaginilmaz kilmaktadir.

Tablo 6 incelendiginde yedi ve sekizinci sinif 6grencilerinin atom kavramina dair zihinsel modellerinin
sadece geometrik sekil ve bilimsel model kodunda farklilagmasi goze carpmustir. Ancak her iki sinif diizeyinin
zihinsel modelini temsil eden geometrik sekil modeli incelendiginde; sekizinci sinif 6grencilerinin proton
parcacigindan daha fazla bahsettigi, yedinci siif &grencilerinin ise elektron parcacigimi daha fazla dile
getirdigi fark edilmistir. Sekizinci simif Ogrencilerinin “Periyodik sistemde, grup ve periyotlarin nasil
olusturuldugunu acgiklar” (MEB, 2018) kazanimimda atom numarasi ile periyot grup bulma durumlarim
benimsediginden proton pargacigimi 6n plana ¢ikardigi, yedinci simif 6grencilerinin ise elektron bulutu ve
katman kavramlarindan etkilenmesi sonucu model {izerinde elektronun yerini ve varligin1 gosterme egiliminde
olabilecekleri ¢ikarimi yapilmistir. Yedinci smif Ogrencilerinin elektron parcacigini daha fazla dile
getirmelerinin altinda yatan diger 6nemli sebebini; ders ortaminda ge¢misten giiniimiize bilimsel modellerin
doniisiimlerine deginirken, elektronlarin yeri ve olup/olmamasina gore degisim evresinin siklikla tekrar
edilmesine baglamak miimkiin gibi durmaktadir. Tespit edilen durumlar 6grenci gelisiminin 6gretim
programindaki kazanimlarina gore sekillenebileceginin sonucunu dogurmaktadir.

Tablo 7 incelendiginde yedi ve sekizinci siif 6grencilerinin molekiil kavramina dair zihinsel modelini
simgeleyen geometrik sekil kategorisine gore ortak kodda birlestigi goriilmesine ragmen; yedinci smif
Ogrencilerinin li¢ boyutlu model galigmasinda molekiil pargalarini, kendisini olusturan yapiya bitigik halde i¢
ice yapilandirmasi, sekizinci smif 6grencilerinin ise molekiilii olusturan kisimlarda belirli uzunluklar
simgeleyen malzemeleri tercih etmesi dikkat ¢ekmistir. Iki 6grenci kademesi arasindaki bu farklilasma simif
seviyesi ilerledik¢ce uzamsal diisiinme yeteneklerinin gelisim diizeylerine gore farklilik gosterebilecegini
ortaya koymustur. Bu farklilagma aragtirmanin seyri agisindan olumlu gibi goriinsede yedinci sinif diizeyinde
atom ve molekiilii olusturan baglarm varliginin yok sayilmasi, sekizinci sinif seviyesinde ise atomlarin
arasindaki bagin yok sayilmasi ve sadece molekiilii olusturan baglarin varliginin modellere yansitilmasi, eksik
ogrenmelere sebebiyet olusturmaktadir. Oyle ki Bilge (2017) tarafindan yiiriitiilen bir calismada, yedinci simif
Ogrencilerinin atom ve molekill kavramina dair zihinsel modellerini ii¢ boyutlu modellerine yansitirken,
Ogrencilerin atom ve molekiil arasindaki baglardan bahsettigi bulgularda yerini almistir. Literatiir
calismasimdaki bahsi gegen bulgular, 6grencilerin zihinsel modellerini daha zengin igerikli ifadelerle
betimledigini ve ii¢ boyutlu modellerin temsili olan nesneye daha yakin ger¢ek oldugunu ortaya koymustur.
Bu ¢alismada elde edilen bulgular dogrultusunda yedinci simiftaki eksik 6grenmelerin sekizinci sinif diizeyini
derinden etkiledigini gostermistir. Bu baglamda aragtirma kapsaminda sikca dile getirildigi iizere 6gretim
programimin hafifletilmesinin bir diger smnif diizeyini olumsuz etkileyecegini 6ngérmek ¢ok zor bir durum
degildir.
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Ortaokul yedi ve sekizinci sinif kademe 6grencilerinin atom ve molekiil kavramlartyla ilgili zihinsel
modellerinin belirlenmesi ve siif diizeyi baglaminda bu modellerin karsilagtirilmasi amaciyla {i¢ boyutlu
modeller iizerinden degerlendirmeler yapilan arastirmada; zihinsel model belirlenmesinin kavram 6gretimi
stirecinde belirleyici faktor oldugu ortaya konulmustur. Ayrica 6grencilerin zihinsel modellerinin ii¢ boyutlu
modele aktariminda gecirilen siirecin 6grenci deneyimine katkis1 ve 6grenci diizeylerinin gelisimi lizerinden
degerlendirme olanagi sunmasi agisindan model ve modelleme siirecine dair yiiriitiilen tiim etkinliklerin fen
bilimleri alanma katkida bulunacagina inanilmaktadir. Igerigi geregi soyut ozellik gosteren kavramlarin
somutlastirilmasi i¢in kullanilan modellerin 6grenme siirecini kolaylastiracagi muhakkaktir (Giines & Celikler,
2010). Son olarak modeller; karmasik yap1 ve fikirleri sadelestirerek anlasilir kilmasi, duyu organlar ile
algilanmayan cisim, ara¢ ve eylemleri algilanabilir hale biiriindiirmesi, siif ortamima tagmamayan olgular
inceleme sans1 sunmasi, 6gretmenlerin soyut diigiinceyi agiklamasina yardim ederek kavramin anlagilirligini
artirmasi, zaman ve sozciik grubundan azami derecede yararlanilmasina olanak yaratmasi, egitime canlilik
katmasi, ilizerinde calisilacak olaylarin fikir, iglem ve siireglerin sirali bir sekilde gozlenmesini saglamasi,
ogrencilerin 1ilgisini ¢ekerek konunun oOgretilmek istenen kismia yogunlagtirmasi, 6grenme istegini
giidiilemesi, Ogretilen konu iizerinde uygulama sansi sunarak Ogrencilerin siirece dahil olmalarina katki
sagladigindan, fen bilimleri egitiminde roliiniin ve éneminin biiyiik oldugu bir gercektir (Diiskiin & Inal,
2015).

ONERILER

1. Aragtirma kapsaminda Ogrencileri atomun temel pargaciklarina yonelik kavram yanilgilarina
stirtikleyen faktorlerin arasinda akademik dil, gorsel kaynaklar ve sosyal aglardaki video igerikleri gibi
yardimci kaynaklarin yer almasi, kavram 6gretimi 6ncesinde yardime1 kaynaklarin yeterliliginin aragtirilmasi
ve kontroliiniin saglanmasini gerekli kilmaktadir.

2. Sekizinci sinif 6grencilerinin atom kavraminin yapisimi modelledigi siire¢ dgrencilerin li¢ boyutlu
diisiinme ve uzamsal becerilerinin gelisimine kolaylik sagladigindan, fen bilimleri 6gretim programinda iig
boyutlu modele doniistiirme niteligindeki tim Ogrenci kazanimlarina uygun etkinliklerin artirilmasi
oOnerilebilir.

3. Yedi ve sekizinci simif 6grencilerinin molekiil kavramina dair zihinsel modellerini temsil eden ti¢
boyutlu modelleri molekiil kavramini eksik ya da yanlis 6grendiklerini agia ¢ikardigindan, bir iist sinifa
baglam kurulan kavram ve konularin daha iyi anlagilabilmesi adina 6gretmenlerin dénem basinda 6grencilerin
hazirbulunugluklarin1 ve 6n 6grenmelerini tespit etmek i¢in tanima amach 6l¢me degerlendirme araglarini
kullanmalar tavsiye edilebilir.

4. Arastirma kapsaminda 6grencilerin alan bilgisinin azlik ¢okluk miktarimi belirleme siirecinde zihinsel
model belirleyici unsur gorevini istlendiginden O6gretmenler, &grencilere siireg (bigimlendirici)
degerlendirmesi yaparken test, yazili ya da sdzel bilgilerine bagvurmak yerine zihinsel modellerini agiga
cikaran etkinlikler yiirlitmeleri 6grenciler agisindan yarar saglayacaktir.

5. Atom ve molekiil kavramlarinin alt-iist sinif seviyesi baglaminda dgrencilerin 6grenmesi iizerindeki
roliinii derinden etkilemesi arastirmaya yon verdiginden, dgretim programindaki revize etme ¢aligmalarinin
sadece belirlenen sinif diizeyine odaklanmamalarinin gerekliligini ve 6grenci kazanimlarimin alt-list sinmif
seviyesine uygun olacak sekilde bi¢imlendirmelerini 6nemli kilmaktadir.

6. Ortaokul seviyesi 6grencileri akran grubu niteliginin iletisimsel yoniine olumlu aktarim sagladigi ig¢in
ogrencilerin eksikliklerini gidererek birbiri {lizerinden G6grenme becerisinin gelisimine katki saglayan
ortamlarin yaratilmasi, yiiriitiilen bu arastirmaya nazaran grup ¢alismasi seklinde uygulanmasi, arastirmacilara
farkl bir bakis agis1 kazandirma bakimindan 6nemli goriilebilir.

7. Literatiire katki saglayacak ileriye yoOnelik olan arastirmalar igin; giincel fen bilimleri 6gretim
programinda “Bir kavramim modelini olusturur” ilisikli kazanimlar {izerinden y1l sonu bilim senligi siirecinde
sunum yapilmasi kosuluyla modelleme ¢alismalarinin sikliginin artirilmasi dnerilebilir.

1158



Hakan Sevki Ayvaci, Emine Bilge

KAYNAKCA

Akilli, M. (2011). Fen bilgisi egitimi 2. suif ogrencilerine “Atomun yapisi” konusunun 3D modelleri
yardimiyla ogretimi (Yaymmlanmamis doktora tezi). Atatiirk tiniversitesi, Egitim Bilimleri Enstitiisi,
Erzurum.

Akyol, D. (2009). Fen alanlarinda 6grenim goren iiniversite 6grencilerinin zihinlerindeki atom modellerinin
incelenmesi (Yayimlanmamis yliksek lisans tezi). Dokuz Eyliil Universitesi, Egitim Bilimleri Enstitiisii,
[zmir.

Alkan, 1. (2015). Mitoz béliinme ogretimi icin kavramsal degisim odakli bir modelin (materyal) gelistirilmesi
(Yaymmlanmamus yiiksek lisans tezi). Indnii Universitesi, Egitim Bilimleri Enstitiisii, Malatya.

Arslan, A. (2013). Modellemeye dayali fen 6gretiminin ilkogretim 6grencilerinin anlama, hatirda tutma,
yaraticuik diizeyleri ile zihinsel modelleri tizerine etkisi (Yayimlanmamis yiiksek lisans tezi). Akdeniz
Universitesi, Egitim Bilimleri Enstitiisii, Antalya.

Aydm, G. (2011). Ogrencilerin "Hiicre bolinmesi ve kalitim" konularindaki kavram yanilgilarinin
giderilmesinde ve zihinsel modelleri iizerinde yapilandirmact yaklasimin etkisi (Yayimlanmams
doktora tezi). Dokuz Eyliil Universitesi, Egitim Bilimleri Enstitiisii, [zmir.

Ayvaci, H. S., Ultay, E. & Mert, Y. (2012). 9. sinif fizik gretim programinda yer alan teknoloji tasarim
kazanimlarmin uygulanabilirligine yonelik 6gretmen gorislerinin  belirlenmesi. Ondokuz  Mayis
Universitesi Egitim Fakiiltesi Dergisi, 31(1), 20-43.

Bilen, N. (2015). Ortaokul matematik dersi besinci sinif égretim programinin 6gretmen goriislerine gore
matematiksel model ve modelleme ag¢isindan incelenmesi (Yayimlanmamis yiiksek lisans tezi). Atatiirk
Universitesi, Egitim Bilimleri Enstitiisii, Erzurum.

Bilge, E. (2017). 7. sumf 6grencilerinin atom ve molekiil konusunda sahip olduklari zihinsel modellerin
belirlenmesi (Yaymmlanmamus yiiksek lisans tezi). Karadeniz Teknik Universitesi, Egitim Bilimleri
Enstitiisii, Trabzon.

Bilge, E., & Bahgeci, S. (2017). Ortaokul 7. siif 6grencilerinin atom ve molekiil modelini olusturma siirecinde
izledikleri yollarin degerlendirilmesi. Journal of Instructional Technologies and Teacher
Education, 6(1), 21-35.

Bilge, E. & Ayvacy, H. §. (Ekim, 2018). Fen bilimleri ogretmen adaylarinin soru hazirlama becerilerinin
Yenilenmis bloom taksonomisine gore incelenmesi. 11. Uluslararasi Ogretmen Egitimi ve Akreditasyon
Kongresi’nde sunulmus sozlii bildiri. Recep Tayyip Erdogan Universitesi, Rize.

Bilge, E. (2023). Fen bilgisi ogretmen adaylarmmin kapsayici egitim ¢ergevesinde ogretim yapabilmesine

yonelik ogretim modiilii tasarlanmast ve degerlendirilmesi (Yayimlanmamis doktora tezi). Trabzon
Universitesi, Lisanstistii Egitim Enstitiisii, Trabzon.

Boo, H. K. & Watson, J. R., (2001). Progression in high school students’ (aged 16-18) conceptualizations
about chemical reactions in solution. Science Education, 85, 568-585.

Biiyiikoztiirk, S., Cakmak, E., Akgiin, O. E., Karadeniz, S. & Demirel, F. (2016). Bilimsel arastirma yontemleri
[Scientific research methods] (22. baski). Ankara: Pegem A Yayincilik.

Cokelez, A. & Dumon, A. (2005). Atom and molecule: Upper secondary school french students™
representations in long-term memory. Chemistry Education Research and Practice, 6(3). 119-135.

Cokelez, A. & Yalgm, S. (2012). IIkdgretim 7.sinif dgrencilerinin atom kavramu ile ilgili zihinsel modellerinin
incelenmesi. Elementary Education Online, 11(2), 452-471.

1159



Trakya Egitim Dergisi, 15(3) 2025, 1142-1186

Celik, B. (2015). Beginci sinif kesirler konusunun ogretim siirecinin matematiksel modeller agisindan
incelenmesi (Yayimlanmamis yiliksek lisans Tezi). Atatiirk Universitesi, Egitim Bilimleri Enstitiisii,
Erzurum.

Cepni, S. (2009). Arastirma ve proje ¢alismalarina giris (gelistirilmis 4. baski). Trabzon: Celepler
Matbaacilik.

Ciltas, A. & Isik, A. (2012). Ilkdgretim matematik dgretmeni adaylarmin dizi ve serilerle ilgili zihinsel
modellerinin belirlenmesi. Erzincan Universitesi Egitim Fakiiltesi Dergisi, 14(2), 167-182.

Demirci, S., Yilmaz, A. & Sahin, E. (2016). Lise ve liniversite 6grencilerinin atomun yapist ile ilgili zihinsel
modellerine genel bir bakis. Tiirkiye Kimya Dernegi Dergisi, Kisim C: Kimya Egitimi, 1(1), 87-106.

Demircioglu, G., Altuntag-Aydin, M., & Demircioglu, H. (2012). Kavramsal degisim metninin ve ii¢ boyutlu
modelin 7. smf Ogrencilerinin atomun yapisin1 anlamalarina etkisi. Bayburt egitim fakiiltesi
dergisi, 7(2), 70-96.

Demirhan, E. (2015). 3D model tasarlamanin fen bilgisi ogretmen adaylarimin akademik basarilari, problem
¢ozme  becerileri, bilimsel yaraticihklar: ve siirece ydnelik algilarina  etkisinin incelenmesi
(Yayimlanmamis doktora tezi). Marmara Universitesi, Egitim Bilimleri Enstitiisii, Istanbul.

Deniz, D. & Akgiin, L. (2014). Ortadgretim 6grencilerinin matematiksel modelleme ydnteminin siuf igi
uygulamalarina yonelik gorisleri. Trakya Universitesi Egitim Fakiiltesi Dergisi, 4(1), 103-116.

Derman, A., Kogak, N., & FEilks, 1. (2019). Insights into components of prospective science teachers’ mental
models and their preferred visual representations of atoms. Education Sciences, 9(2), 154.

Diindar-Koylahisar, T. (2012). [lkogretim 8. simif Ogrencilerinde ozdeslikleri modelleme becerilerinin
incelenmesi: Origami ile modellenmesi (Yayimlanmamis yiksek lisans tezi). Ondokuz Mayis
Universitesi, Egitim Bilimleri Enstitiisii, Samsun.

Diigkiin, I. & Unal, 1. (2015). Modelle 6gretim ydnteminin fen egitimindeki yeri ve dnemi. Mehmet Akif Ersoy
Universitesi Egitim Bilimleri Enstitiisii Dergisi 4(6), 1-18.

Ergiin, A. (2013). Atom ve molekiil konusunda kavram yanilgilar: ve bunlart iyilestirmek icin 6rnek etkinlikler
(Yayimlanmamus doktora tezi). Gazi Universitesi, Egitim Bilimleri Enstitiisii, Ankara.

Flavia, P., Ferreira, M. & Justi, R. (2007). Teachers' role in planning and conducting modelling activities in
science teaching. [Electronic version]. Journal of Science Education. 8(2), 66-70.

Fraenkel, J.R., & Wallen, N. E. (2003). How to design and evaluate research in education (5th Ed.). New York:
Mcgraw-Hill Publishing.

Gillespie, R.J. (1991). What is wrong with the general chemistry course?. Journal of Chemical Education,
68(3), 192-194.

Greca, I. M. & Moreira, M. A. (2000). Mental models, conceptual models, and modelling. International
Journal of Science Education, 22(1), 1-11.

Giinbatar, S. & Sar1, M. (2005). Elektrik ve manyetizma konularinda anlasilmasi zor kavramlar i¢in model
gelistirilmesi. Gazi Egitim Fakiiltesi Dergisi, 25(1), 185-197.

Gilines, M. H. & Celikler, D. (2010). The Investigation of Effects of Modelling and Computer Assisted

Instruction on Academic Achievement. The International Journal of Educational Researchers, 1(1), 20-
27.

1160



Hakan Sevki Ayvaci, Emine Bilge

Glines, B., Giilgicek, C. & Bagci, N. (2004). Egitim fakiiltelerindeki fen ve matematik 6gretim elemanlarinin
model ve modelleme hakkindaki goriislerinin incelenmesi. Tiirk Fen Egitimi Dergisi, 1(1), 35-48.

Giirdal, A., Sahin, F. & Caglar, A. (2001). Fen egitimi ilkeler, stratejiler ve yontemler. Istanbul: Marmara
Universitesi.

Berber, N. C. & Giizel, H. (2009). Fen ve matematik 6gretmen adaylarinin modellerin bilim ve fendeki roliine
ve amacina iliskin algilar1. Selcuk Universitesi Sosyal Bilimler Enstitiisii Dergisi, (21), 87-97.

Hacisalihoglu, M. (2013). 6. sinif dgrencilerinin proje ve performans gorevieriyle ilgili goriisleri ve
karsilastiklart giicliikler (Yayimlanmamis yiiksek lisans tezi). Karadeniz Teknik Universitesi, Egitim
Bilimleri Enstitiisii, Trabzon.

Harrison, A. G. & Treagust D. F. (1996). Secondary students’’mental models of atoms and molecules:
implications for teaching chemistry, Science Education, 80(5), 509-534.

Harrison, A. G. & Treagust, D. F. (2000b). Learning about atoms, molecules, and chemical bonds: A case
study of multiple-model use in grade 11 chemistry. Science Education, 84(3), 352-381.

Hawkes, S. J. (1992). Why should they know that?. Journal of Chemical Education, 69(3), 178-181.

Ince, N. & Celikler, D. (2021). 7. sinif “Maddenin Tanecikli Yapis1” konusunda kullanilan egitsel oyunlarin
ogrencilerin farkindaliklarina etkisi. Buca Egitim Fakiiltesi Dergisi, 51,495-519.

Karamustafaoglu, S., Karamustafaoglu, O. & Yaman, S. (2005). Fen ve teknoloji egitiminde kavram 6gretimi.
M. Aydogdu & T. Kesercioglu (Eds.). llkégretimde Fen ve Teknoloji Ogretimi (ss. 25-54). Ankara: Ani
Yaymcilik.

Karagdz, O. & Saglam-Arslan, A. (2012). Ilkogretim 6grencilerinin atomun yapisma iliskin zihinsel
modellerinin analizi. Tiirk Fen Egitimi Dergisi, 9(1), 132-142.

Kaymakei, G., Orhan, T.Y. & Aycan, H.S. (2019). Mental models of the students from different levels of
education about the structure of atom, Bati Anadolu Egitim Bilimleri Dergisi, 10(1), 14-27.

Kilgoglu, F. (2019). “Maddenin Tanecikli Yapisi” Konusunun Model ve Modellemelerle Ogretiminin
Ogrencilerin Basarisi ve Atomla 1igili Zihinsel Modelleri Uzerine Etkisi (Yayimlanmamis yiiksek lisans
tezi). Trabzon Universitesi, Lisansiistii Egitim Enstitiisii, Trabzon.

Kiray, S. A. (2016). The Pre-Service Science Teachers' Mental Models for Concept of Atoms and Learning
Difficulties. International Journal of Education in Mathematics, Science and Technology, 4(2), 147-
162.

Kogak, E. (2006). Ilkégretim 5. simf ogrencilerinde “sindirim ve gorevli yapilar”, “bosaltim ve gorevli
yapilar” ve “Cicekli bir bitkiyi tantyalim” konularinin modelle ogretiminin 6grenci basarisina etkisi
(Yayimlanmamus yiiksek lisans tezi). Atatiirk Universitesi, Fen Bilimleri Enstitiisii, Erzurum.

Lincoln, Y. S. & Guba, E. G. (2013). The constructivist credo. California, CA: Left Coast Press.

Kurnaz, M. A. & Degirmenci, A. (2012). 7. simf 6grencilerinin giines, diinya ve ay ile ilgili zihinsel modelleri.
1lkégretim Online 11(1),137-150.

Miles, M. B., & Huberman, A. M. (1994). An expanded sourcebook: Qualitative data analysis (2nd ed.).
Thousand Oaks, CA: Sage.

Mili Egitim Bakanligi [MEB]. (2018). Fen bilimleri dersi ogretim programi (ilkokul ve ortaokul 3, 4, 5, 6, 7
ve 8. siniflar). Ankara: Talim ve Terbiye Kurulu Bagkanligi.

1161



Trakya Egitim Dergisi, 15(3) 2025, 1142-1186

Mili Egitim Bakanligi [MEB]. (2024). Fen bilimleri dersi ogretim programi (ilkokul ve ortaokul 3, 4, 5, 6, 7
ve 8. siniflar). Ankara: Talim ve Terbiye Kurulu Bagkanligi.

Nakiboglu, C. (2019). Kimya 6gretmen adaylarinin metalik yapr ile ilgili zihinsel modelleri ve metalik bag ile
ilgili kavramalar1. Karaelmas Egitim Bilimleri Dergisi, 7(1), 133-144,

Nakiboglu, C., Karakog, O. & Benlikaya, R. (2002). Ogretmen adaylarinin atomun yapsi ile ilgili zihinsel
modelleri. Abant Izzet Baysal Universitesi Egitim Fakiiltesi Dergisi, 2(2), 88-98.

Nakiboglu, C. & Yildirim, $. (2020). Ortadgretim dgrencilerinin metalik bag ile ilgili algilari, metalik bagi
tamimlamada kullandiklar1 metaforlar ve yaptiklar1 benzesimler. Mugla Sitki Ko¢gman Universitesi
Egitim Fakiiltesi Dergisi [MSKU Journal of Education], 7(1), 1-11.

Olkun, S. & Toluk, Z. (2003). [lkogretimde etkinlik temelli matematik égretimi. Ankara: Am Yayncilik.

Ormanci, U. & Balim, A. G. (2014). Ortaokul 8grencilerinin madde konusuna yonelik fikirleri: Cizim ydntemi.
Elementary Education Online, 13(3), 827-846.

Ozdamar K. (2001). Ornekleme Y&ntemleri. SPSS ile Biyoistatistik. (4. Bask).

Papageorgiou, G., Angelos, M., & Zarkadis, N. (2016). Students’ representations of the atomic structure — the
effect of some individual differences in particular task contexts. Chemistry Education Research and
Practice, 17,209-219.

Park, E.J. & Light, G. (2009). Identifying atomic structure as a threshold concept: Student mental models and
troublesomeness. International Journal of Science Education, 31(2), 233-258.

Polat, Z. (2012). Ogrencilerin atom konusundaki zihinsel modelleri ile ders kitaplarindaki atom gorsellerinin
karsilastiriimast. (Yaymmlanmamis yiiksek lisans tezi). Bogazigi Universitesi Fen Bilimleri Enstitiisii,
Istanbul.

Rapp, D. N. (2005). Mental models: Theoretical issues for visualizations in science education. John K. Gilbert
(Ed.), In Visualization in science education (pp. 43-60). Springer Netherlands.

Saridas, N. & Unsal, Y. (Haziran, 2020). Ortaégretim 12. simif 6grencilerinin atom kavramina yonelik zihinsel

modellerinin incelenmesi. 5th International EMI Entrepreneurship & Social Sciences Congress sunulan
bildiri, Gostivar/N. Macedonia.

Shenton, A. K. (2004). Strategies for ensuring trustworthiness in qualitative research projects. Education for
Information, 22, 63-75.

Sahin, B. (2009). Metodoloji. A. Tanridégen (Eds.). Bilimsel arastirma yontemleri (ss. 109-130). Ankara: Ani
Yaymcilik.

Sahin, Y. (2016). Drama teknigi ile zenginlestirilmis SE ogretim modelinin 6grenci basart ve tutumlarina
Yyonelik etkileri: Maddenin tanecikli yapisi ve karisumlar. (Yayimlanmamig yiiksek lisans tezi). Giresun

Universitesi, Egitim Bilimleri Enstitiisii. Giresun.

Shiland, T.W. (1995). What’s the use of all this theory? The role of quantum mechanics in high school
chemistry textbooks. Journal of Chemical Education, 72(3), 215-219.

Taber, K. S. (2003). Mediating mental models of metals: Acknowledging the priority of the learners’ Prior
learning. Science Education, 87,7 32-758.

Tarciso-Borges, A. & Gilbert, J. K. (1999). Mental models of electricity. International Journal of Science
Education, 21(1), 95-117.

1162



Hakan Sevki Ayvaci, Emine Bilge

Tsaparlis, G. (2002). Quantum-chemical concepts: Are they suitable for secondary students?. Chemistry
Education: Research and Practice in Europe, 3(2), 129-144.

Ulutas, B. (2010). Kimya egitimi 6grencilerinin kimyasal baglar konusundaki zihinsel modelleri ve bilissel
haritalar: (Yaymmlanmamus yiiksek lisans tezi). Gazi Universitesi, Egitim Bilimleri Enstitiisii Ankara.

Yalgm, S. (2011). [lkégretim 7. Sinif 6grencilerinin atom kavrama ile ilgili zihinsel modelleri (Y ayimlanmamus
yiiksek lisans tezi). On Dokuz May1s Universitesi, Egitim Bilimleri Enstitiisii, Samsun.

Yaseen, Z. & Akaygiin, S. (2016). Lise 6grencilerinin atom ile ilgili zihinsel modellerinin ders kitaplarindaki
gorseller ile karsilagtirilmasi. Mehmet Akif Ersoy Universitesi Egitim Fakiiltesi Dergisi, 40, 469-490.

Yegnidemir, D. (2000). Temel egitim 8. sinif ogrencilerinde madde ve maddenin tanecikli bosluklu hareketli
yapist ile ilgili yanls kavramlarin tespiti ve giderilmesi (Yayimlanmamis yliksek lisans tezi). Gazi
Universitesi, Fen Bilimleri Enstitiisii, Ankara.

Yildinm, A. & Simsek, H. (2011). Sosyal bilimlerde nitel arastirma yontemleri (6. baski). Ankara: Seckin
Yaymcilik.

Yildiz, H. T. (2006). llkigretim ve ortadgretim ogrencilerinin atomun yapist ile ilgili zihinsel modelleri
(Yayimlanmamis yiiksek lisans tezi). Balikesir Universitesi, Fen Bilimleri Enstitiisii, Balikesir.

Yiizbasioglu, M. K. (2015). Ses konusuyla ilgili 6grenci zihinsel modellerinin incelenmesi (Yayimlanmamis
yiiksek lisans tezi). Kastamonu Universitesi, Fen Bilimleri Enstitiisii, Kastamonu.

Zarkadis, N., Papageorgiou, G., & Stamovlasis, D. (2017). Studying the consistency between and within the

student mental models for atomic structure. Chemistry Education Research and Practice, 18(4), 893-
902.

1163



ISSN :2630-6301
Publisher : Trakya University

Trakya Journal of Education

Vol. 15, No. 3, 1142-1186, 2025
DOI: 10.24315/tred.1457972

Research Article

Comparison of Mental Models of Secondary School Students on the Concepts of "Atom and
Molecule': An Example of a Three-Dimensional Model

Hakan Sevki Ayvaci!
Emine Bilge'"

"Trabzon University, Department of
Mathematics and Science Education,
Trabzon, Turkey

hsayvaci@gmail.com

>Trabzon University, Department of
Mathematics and Science Education,
Trabzon, Turkey

Abstract: This study aims to determine the mental models of secondary school students about
the concepts of atoms and molecules and to compare these models according to their education
levels. In the study, the transverse research model of the developmental research method, a type
of descriptive research, was employed. The study's participant group consisted of secondary
school students in seventh and eighth grade, totalling 80 students. Students were asked to create
three-dimensional models to determine their mental models related to the concepts of atoms and
molecules. In this process, semi-structured interviews were conducted to gather data and inform
the development of the product. The data obtained from the research were subjected to content
analysis, and the solution process was carried out. According to the remarkable results of the
research, it has been revealed that seventh-grade students do not accurately represent the proton
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electron particle in the context of their mental model. In addition, the different positioning of
the molecular units, near and far, showed that spatial thinking differed as the grade level
progressed. At the secondary school level, it is recommended to support students with activities
that enable them to create products that improve their spatial, three-dimensional thinking and
model-building skills, and provide them with the opportunity to present their work at end-of-
year science festivals.
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INTRODUCTION

When we examined the past, philosophers such as Democritus and Feynman, regardless of their differing
philosophical perspectives, valued the ideas that emerged from observations and experiments, enabling all
human beings to perceive natural phenomena and conceptualize them in their minds. These ideas were always
kept open to development from different perspectives. One of the best examples of this situation is that the
development process of atomic models is witnessing the present day. The desire to explain the atomic structure
and the way scientists present their ideas and thoughts through models to reveal them has created a place for
atomic models in the history of science (Arslan, 2009). The historical development process of the atomic model
is a critical step in guiding subsequent studies by clarifying the evolution of the model's features, the areas and
concepts it encompasses (Akyol, 2009). Today, students are exposed to the concept of atoms at a very young
age through social networks (Johnstone, 1990). Afterwards, they continue to learn through components such
as structure, size, shape, models, and molecules from the middle school level in the science course (Ministry
of National Education, 2024). However, the structure, shape, and size of the atom are concepts that students
often struggle to understand (Harrison & Treagust, 1996). In this respect, to easily transfer concepts that are
difficult to understand, such as atoms, through the mental filters of the students, it was necessary to concretize
the structural aspects of the relevant concepts visually. For this reason, during the teaching of concepts in the
field of science, the usage areas and tasks of the models have expanded more (Demirhan, 2015). Considering
the model in terms of this quality will provide superiority in increasing the comprehensibility of science
concepts for compatible issues, including atomic and molecular structure.

The model symbolizes a whole that individuals construct in their minds and are subject to questioning
through their mental images, thereby providing a better understanding of abstract concepts in terms of their
characteristics (Greca & Moreira, 2000). Additionally, it facilitates the explanation of the subject in the
teaching environment more easily and provides evidence of the accuracy of the information disclosed (Celik,
2015). In modeling, on the other hand, materials that are not preferred or cannot be brought into the classroom
environment due to their size are prepared by the student by touching them personally. The student makes
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inferences by commenting on the prepared model, and some steps bring his idea closer to scientific truth,
facilitating meaningful learning. In this process, information can become more meaningful and permanent
(Dundar-Koylahisar, 2012). In addition, students' sensory experiences are widespread, and as a result, they
gain confidence, making their work more enjoyable (Boo & Watson, 2001). In addition, scientific process
skills can be further developed in students who acquire the ability to interpret, infer, and understand cause-
and-effect relationships. In this direction, which cannot be seen with the naked eye, the atom and its structure,
which creates the need for visualization in the mind, are diagnosed with their abstract feature due to their
microscopic nature and are known as a concept that causes the most difficulty in perception on students
(Demirci, Yilmaz & Sahin, 2016). For this reason, it is considered appropriate to conduct modeling activities
in the teaching environment to provide students with spatial thinking, three-dimensional thinking, and
creativity skills in the field of science (Gunes, Gulcicek, & Bagci, 2004). The fact that students participate in
the modeling process themselves demonstrates that the hand and eye organs work together effectively. At the
same time, multiple parts of their brain will be stimulated, ensuring the permanence of the learning process.
With the active participation of students, the learning function will be strengthened (Gurdal, Sahin & Caglar,
2001). It will also become more active (Flavia, Ferreira & Justi, 2007). For students, seeing is a mental
challenge in terms of deciding whether an object is concrete or not, due to the structure of the atom (Akyol,
2009). In this sense, one of the most important stages of the modeling process is the mental stage.

The inward representation of information of the external world is mental models (Rapp, 2005).
Individuals draw on their mental models to explain, predict, and perceive the ongoing events in the world and
the situations around them. At the same time, they utilize existing models to create a new mental model from
their perspective (Kurnaz & Degirmenci, 2012). However, the mental model is a representative piece of
information; it has specific features, is incomplete and indirect, and since it is not scientific knowledge, it
defends people's beliefs (Gunbatar & Sari, 2005). Therefore, students should be able to develop their mental
models about each concept. If there are any misconceptions or deficiencies, they should be addressed using
the most appropriate teaching method and technique. When the researches carried out within the scope of the
subject in the literature are examined; drawing for pre-service teachers in the field of chemistry and
mathematics (Nakipoglu, Karakoc & Benlikaya, 2002), interview for pre-service teachers in the field of
chemistry (Ulutas, 2010), drawing and description for pre-service teachers in the field of science (Akyol, 2009)
and open-ended questions for drawing (Akilli, 2011), interview for undergraduate students (Park & Light,
2009), screening for secondary and undergraduate students (Demirci et al., 2016), open-ended test for
secondary school students (Polat, 2012; Yaseen & Akaygun, 2016), questionnaire (Saridas & Unsal, 2019) and
interview (Zarkadis, Papageorgiou & Stamovlasis, 2017), drawing for secondary and secondary school
students (Yildiz, 2006), drawing for students at different education levels (Kaymakei, Orhan & Aycan, 2019)
that researches was. Few studies in the literature have conducted three-dimensional model studies to reveal the
mental models of secondary school seventh-grade students (Bilge, 2017; Bilge & Bahceci, 2017; Demircioglu,
Aydin-Altundas, & Demircioglu, 2012). However, the fact that existing research evaluates the level of student
education over a single class has limited the research in this aspect.

Since the field of science (physics, chemistry and biology) includes when students step into education
events/phenomena such as physical-chemical change, electrolysis of water, rising and setting of the sun, phases
of the moon, plate movements, electrical charge discharge caused by lightning and lightning, it takes its place
as a popular science in the perspective of students compared to multidisciplinary fields in terms of attracting
attention with examples associated with daily life (such as secondary school level) (Bilge, 2023). When the
concept of an atom is considered in this context, it is an interdisciplinary concept directly related to the fields
of physics, chemistry, and biology. In the distribution of the relevant subject areas of the science curriculum
(MEB, 2024); the frequent mention of protons, neutrons and electrons, which are the basic parts of the atom,
in the contents of student achievements on the granular structure of matter and the periodic system (chemistry),
the way light bulbs are connected and electric charges/electrification (physics), energy conversions (biology),
shows that this concept is spread over a large area in the curriculum and reveals that it is an interdisciplinary
concept. From this perspective, it is noteworthy that the entire subject discussed within the scope of the
research is intensely explored in terms of achievement among secondary school seventh- and eighth-grade
students. Some studies in the literature indicate that students from different age groups visualize the concepts
of atoms and molecules differently in their minds and reflect this in their mental models (Papageorgiou,
Angelos, & Zarkadis, 2016). In this context, the differentiation between the thoughts of students at different
grade levels at the secondary school level gains importance in terms of the literature. Since students are likely
to encounter atoms and molecules frequently, not only at their current grade level but also in later stages of
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education, it may be necessary to take a serious approach to student progress and meaningful learning at each
grade level. The training process is akin to the wagons of a train, where each locomotive proceeds on the
condition that it attracts the others (Bilge & Ayvaci, 2018). Knowing how the atom and its structure, which is
considered so important, is shaped in the minds of students, learning how the connections between structures
are constructed, and identifying the difficulties in the perception process while doing all these operations will
both increase the success of the field of science education in international standards and develop students in
many skills (such as three-dimensional and spatial thinking) (Akyol, 2009). In this direction, there is a need to
determine the mental models of the students. For this reason, teachers should not only be limited to the
representations, drawings, and explanations in textbooks about all components of the atom, such as molecules,
but also apply these concepts to digital media and tools, including three-dimensional representations,
augmented reality, animation, and simulation (Yaseen & Akaygun, 2016). However, the majority of the
researchers (Derman, Kocak & Eilks, 2019; Kaymakci, Orhan & Aycan, 2019; Kilicoglu, 2019; Kiray, 2016;
Saridas & Unsal, 2019; Polat, 2012) preferred to evaluate mental models with tools such as drawings,
questionnaires, scans, open-ended tests or questions, and as a result, they were limited to a single-dimensional
level while revealing ideas about the structure of atoms and molecules. In addition, while the research evaluates
only the structure of the atom, it has remained in the background when evaluating the structure of the molecule.
While this point of view, as presented in the literature, suggests the structure of the atom and molecule and
how much it can contribute to the expression of the mental model, it has raised doubts about the usefulness of
students' creativity, scientific process skills (model building), and spatial and three-dimensional thinking. In
this research, while revealing the mental models of student groups (seventh and eighth grades of secondary
school) who encounter the concept of atoms and molecules for the first time in terms of teaching the basic
concept of atoms and molecules in the learning environment, it has a critical value in terms of research to
support them with three-dimensional model work. More importantly, to enrich teaching in the updated science
curriculum (MEB, 2024), one of the ultimate goals of education policymakers is to achieve learning outcomes
through a model that incorporates differentiated teaching practices. In this context, this research is considered
important for both supporting the existing literature and ensuring the sustainability of education in the desired
direction. In line with the relevant research problem, it aimed to determine the mental models of students in
the seventh and eighth grades of secondary school regarding the concepts of atoms and molecules, and to
compare these models in the context of educational level. Within the framework of this purpose, answers to
the following sub-problems were sought:

1. What kind of atomic model do students have in their minds? How do students create the structure,
shape, and size of the atom in their three-dimensional model work?

2. What kind of molecule model do students have in mind? How do students construct the structure,
shape, and size of the molecule in the three-dimensional model study?

3. What is the difference between the concepts of "atom and molecule" in terms of students' mental
models?

METHOD

In this study, research was conducted using the transverse research type of developmental research method,
a type of descriptive research method. The purpose of choosing the type of transverse research within the scope
of the research; when long-term data collection through a study group is difficult, it is possible to examine
different groups at different levels at the same time and to combine the findings to determine the characteristics
of different levels (Fraenkel & Wallen, 2003). In the research, since it was aimed to determine the mental
models of seventh and eighth grade students on the same concepts, namely "atom and molecule", the transverse
research method was found to be suitable for the nature of the research.

Participant Group

The study's participant group consists of seventh- and eighth-grade students who continue their
education at the secondary school level in Giresun Province. There are 20 female and 20 male students, with
40 students at the seventh-grade level. There are 20 female and 20 male students, including 40 eighth-grade
students. The research was carried out with a total of 80 students. To investigate how the mental models of
students change with increasing grade level, the purposeful sampling method was employed in the study
involving seventh- and eighth-grade students (Sahin, 2009). All students in the participant group were selected
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voluntarily, and coding was assigned to them within the framework of the research's ethical guidelines (S1,
S2, ... S80).

Table 1

Characteristics of the Participant Group

School Type Class 7 Class 8

School A 10 Female-10 Male 10 Female-10 Male

School B 10 Female-10 Male 10 Female-10 Male
S=40 S=40

Student Participating in 3 Female-3 Male 3 Female-3 Male

the Interview

Upon examining Table 1, it becomes apparent that the participant group comprises two distinct grade
levels. According to the table, there are a total of 20 students, 10 female and 10 male students, at the seventh-
grade level in school A. It is understood that there are 20 students at the eighth-grade level, 10 female and 10
male students. School B has 20 students, consisting of 10 females and 10 males, at the seventh-grade level. At
the eighth-grade level, there are 20 students, consisting of 10 female and 10 male students. A total of 80
students who participated in the three-dimensional model study were randomly selected, and 12 students were
interviewed, with six students selected from each level (three female and three male).

* Although there is no special attitude in the reason for choosing A and B school types in the research,
it was found appropriate to carry out the practice in both schools, since it is necessary to reach enough students
within the school and to consider the voluntary principle of the existing students.

Data Collection Tool

The data of the study were obtained through the three-dimensional model study and the answers given
by the students to the interview questions. A three-dimensional study in the data collection process enables
students to visualize the structure, shape, and size of the concepts of an atom and molecule, providing an
opportunity to examine these concepts while embodying them (Gunes & Celikler, 2010). To evaluate the three-
dimensional model process, semi-structured interview questions were prepared to elicit the verbal expressions
of the students and to support the process. Semi-structured interview questions were prepared based on the
keywords determined by the researchers. Interview questions play a crucial role in assessing the level of
knowledge, learning, and understanding through an open-ended inquiry process. (Karamustafaoglu,
Karamustafaoglu & Yaman, 2005). To ensure the internal validity of the research, the opinions of three science
field experts were consulted, and four questions were removed from the original nine questions in the
interview. The main reason for limiting the research questions is that there is no need for probe questions in
the research process. For this reason, since it is assumed that students know the concepts of atom and molecule
before the research, questions about definitions are removed from the flow. A pilot application was conducted
with 15 students to prepare the questions for practice. After the pilot study was completed, semi-structured
interview questions were evaluated, and the final version was compiled as follows:

1. How do you visualize the atom in your mind, what do you compare it to? What kind of model do you
build about the structure of the atom?

2. What elements did you pay attention to regarding the structure, shape and size of the atom during the
modeling process, and what kind of model did you want to create? Why did you choose this model?

3. How do you visualize the molecule in your mind, what do you make it look like? What kind of model
do you build about the structure of the molecule?

4. What factors did you pay attention to regarding the structure, shape and size of the molecule during
the modeling process, and what kind of model did you want to create? Why did you choose this model?

Data Collection and Analysis
While two researchers participated in creating a three-dimensional model, a science field expert was

also involved in the research process, closely following it. While choosing materials before the model creation
process, some limitations were imposed within the framework of the research's ethical rules (warnings were
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issued that the materials should not be sharp, flammable, or piercing). Although no guidance was provided to
the students during model creation, the research process was observed, taking into consideration the students'
unique mental images. During the interview process, both researchers were present simultaneously, collecting
data at different grade levels. Accordingly, while the application carried out on the model creation process was
completed within 2 weeks, the data collection process was completed by conducting interviews within one
week (12 lessons in total).

The content analysis technique was used to analyze the data obtained in this study. The basis of content
analysis is to reach concepts and relationships that can explain the collected data (Yildinnm & Simsek, 2011).
This analysis technique enables the determination and categorization of codes and their similarities. At the
beginning of the analysis process, the researchers individually reviewed and sorted the raw data. After this
process was carried out by the ethical rules, the data coding process was conducted in consultation with experts
in the field. Finally, the category and theme of each code were determined. A different expert repeated this
stage, and the code categories and themes were confirmed. The analysis process was completed by making a
final evaluation by the researchers.

In the research, credibility, transferability, consistency, and verifiability strategies were used to ensure
validity and reliability (Shenton, 2004). For the credibility related to internal validity, expert opinion served as
the basis for the questions asked of the students within the scope of the research. At the same time, to increase
credibility, the opinions obtained from the students were directly conveyed in the findings section. Within the
scope of transferability, which relates to the external validity of the research, the data collection and analysis
process are presented in detail. The data obtained within the scope of consistency regarding the reproducibility
and reliability of the research were written separately (Lincoln & Guba, 2013) by the two researchers. Then,
the researchers discussed the points of difference together and reached a consensus on a common decision.
The inter-coder reliability formula is used to calculate reliability, where reliability is defined as Consensus /
(Consensus + Disagreement) x 100. A reliability level of 80% or more between coders is considered good
(Miles & Huberman, 1994). In the study, the encodings between the two coders were compared, and a
difference of opinion was found on 10 codes. Accordingly, a value of 82% was found in the calculation. As a
result of the calculation, it was determined that the desired level of reliability among the coders had been
achieved.

Ethical Permissions of Research

Throughout all stages of this research, from planning and implementation to data collection and analysis,
all rules outlined in the "Higher Education Institutions Scientific Research and Publication Ethics Directive"
have been strictly adhered to within the scope of this Directive. None of the actions specified under the heading
"Actions Against Scientific Research and Publication Ethics", which belongs to the second part of the
Directive, have been carried out (In the process of creating three-dimensional models of the students, no sharp,
flammable, piercing, explosive tools and equipment were kept, and the students were seriously avoided from
encountering dangerous situations).

During the writing process of this research, scientific, ethical, and citation rules were followed. No
falsification was made of the data obtained within the scope of the research, and this research was not submitted
to any academic publication for evaluation.

Ethics committee permission information

Name of the committee that made the ethical evaluation: Trabzon University Social Sciences and Humanities
Scientific Research and Publication Ethics Committee

Ethical evaluation decision date: 15.03.2024

Ethics review issue number: 2023-3/2.10

FINDINGS

. In this section, the findings obtained from each sub-problem, in line with the examination and
comparison of the mental models of secondary school seventh and eighth-grade students regarding the
concepts of atoms and molecules, are included.
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Findings on Secondary School Students' Mental Models of the Concept of Atom

The data obtained from the three-dimensional model study of the concept of "Atom" and semi-structured
interviews with seventh-grade students at a secondary school were presented in tables and figures.

Table 2

Seventh Grade Students' Data on the Concept of Atom

Categories Frequency  Frequency Percentage Participant Codes
Geometric Shape 9 %22,5 S1S5515516520825529530S 34
Scientific Model 8 %20 S284513517826527528S38
Colored Holes 7 %17,5 S3S14S18519S31S35S37

Ring 6 %15 S850S532533536539
Constellations 4 %10 S6S12524S540

Bluetooth Networks 3 %7,5 S7S21S822

Fruit Slice 2 %S5 S11S23

Spider 1 %2,5 S1o

When Table 2 is examined, it is evident that eight distinct categories are formed based on the data
obtained from the three-dimensional model study of seventh-grade students. Categories include geometric
shapes, scientific models, colored holes, rings, constellations, Bluetooth networks, fruit slices, and spiders.
"How do you visualize the atom in your mind? What do you make it look like? What kind of model do you
build about the structure of the atom? What elements did you pay attention to regarding the structure, shape,
and size of the atom during the modeling process, and what kind of model did you want to create? Why did
you choose this model?" was asked of the students. Below is a brief section of the data dialogue obtained:

Si: In my mind, electrons come to life spinning around the nucleus in an elliptical shape. I've been able
to locate protons and electrons in my model, but I can't really articulate where the neutrons fit into that. When
1 saw on the model that I was wrong, [ was able to perceive it better. (Geometric Shape)

Sy: In my mind, I likened the kernel to a walnut. The nucleus is like the brain of the atom. After all, the
structure of the walnut is like a brain. There are protons and neutrons in the nucleus. On the outside there are
layers like bluetooth waves. So, I built my model out of wires that expand from less to more, which look like
waves. (Bluetooth Networks)

Si7: There was one scientist who likened things loaded with (+) and (-) to raisins. I visualized the atom
as that scientist thought. Electrons are negatively charged, while protons are positively charged, equalizing
each other. But I don't know what it means. In my model, I used colored pompoms and allowed the atomic
particles to be distinguished. (Scientific Model)

Sas: [ liken the atom to fruits in my mind. For example, the particles outside the strawberry are like
atoms. Or when we cut the lemon, it has seeds in it, and the slices look like layers. When [ created my three-
dimensional model, I paid attention to the presence of a core. (Fruit Slice)

S3s: Since the atom is colored in books, I think the elementary particles of the atom are colored. It will
not be colorless like water. That's why I tried to make my model as a mechanism that constantly rotates around

itself. There are a large number of electrons rotating on the model. (Colored Holes)

Three-dimensional model studies of secondary school seventh grade students' mental models related to
the concept of atom are given in Figure 1, Figure 2 and Figure 3.
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Figure 1

Colored Holes Model

Figure 2

Ring Model

Figure 3

Fruit Slice Model

When the image presented on the side is examined, in
the three-dimensional model study of the student with the code
S3s, it is seen that he used wax rope, wooden beads, stamps,
and small plastic balls. A seventh grader worked on a model
consisting of layers with electrons on each layer. In the middle
of the model, it is seen that the scales are scattered. According
to the student, there is a structure in the middle of the layers
that symbolizes the core. According to the model, it is unclear
whether protons and neutrons are present.

When the image presented on the side is examined, in
the three-dimensional model study of the student with the code
S14, it is understood that he used plastic rings and metal buttons.
The seventh grader envisioned his model in such a way that the
layers are arranged in a ring, with electrons located in each
ring. In the middle of the model is the nucleus, but there is no
mention of protons and neutrons.

When the image presented on the side is examined, in
the three-dimensional model study of the student with the code
S»3, it is seen that he uses playdough. While the seventh-grade
student reflects the similarity of the lemon slice and the atom
in his mind, it is understood that the white circles on the sliced
pieces represent the nucleus. There are no electron, neutron, or
proton particles in the model.
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The data obtained from the three-dimensional model study of the "Atom" concept of secondary school
eighth grade students and semi-structured interviews were presented through tables and figures.

Table 3

Eighth Grade Students' Data on the Concept of Atom

Categories Frequency Frequency Percentage Participant Codes
Geometric Shape 9 %22,5 S41S44S49S55557564571S75576
Scientific Model 8 %20 S45S51558S59S65566572578
Bowling Ball 7 %17,5 S43S46S60S67574577S80
Colorful Sphericals 5 %12,5 S52S47568S70S78

Planetary System 4 %10 S50S54S63S69

Sunflower 3 %7,5 S53S56573

Seashell 2 %5 S48Se2

Football Team Emblem 1 %2,5 Se1

Omelette 1 %2,5 N

When Table 3 is examined, it is evident that the data obtained from the three-dimensional model study
of eighth-grade students are categorized under nine different headings. Categories are based on the table's
geometric shapes, scientific models, bowling balls, colorful spheres, planetary systems, sunflowers, seashells,
football team emblems, and omelets. "How do you visualize the atom in your mind? What do you make it look
like? What kind of model do you build about the structure of the atom? What elements did you pay attention
to regarding the structure, shape, and size of the atom during the modeling process, and what kind of model
did you want to create? Why did you choose this model?" was asked of the students. Below is a brief section
of the data dialogue obtained:

S4r: The atom is round spherical, and the ping-pong ball is spherical so it's an ideal tool for analogy. 1
am sure that the elementary parts of the atom can be of a different color. I didn't make the electrons. I didn't
have them in my mind, so now I've added them to the model. Since protons and neutrons are different, [ made
them in separate colors. (Color Sphericals)

Sus: 1imagine the atom as a seashell. In my three-dimensional model work, I made a seashell out of play
dough and showed the distribution of electrons in its layers. Because I don't want it to be the same as the three-
dimensional model described in textbooks. So, I came up with an assumption and made such a model.
(Seashell)

Ssa: At first, I thought of something like the solar system in my mind. But in different colors. Protons and
neutrons are attached to the internal structure of the atom and they are motionless. As in modern atomic
theory, electrons are mobile. (Planetary System)

Sss: I construct the atom as a circular structure in which electrons are constantly moving. Because, in
reality, the atom has a membrane. Inspired by that, I did it. In three-dimensional model work, it is easy to
visualize in our minds, but it is difficult to create the model because it requires manual dexterity. (Geometric
Shape)

Three-dimensional model studies of secondary school eighth grade students' mental models related to
the concept of atom are given in Figure 4 and Figure 5.
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Figure 4

Seashell Model

Figure 5

Team Emblem Model

When the image is presented on the side, the
student with code Sss in the three-dimensional model study
used playdough, plastic balls, and beads. The eighth grader
layered the dough with vertical lines and added beads to
the top of the model to show the electrons. The plastic ball
inside the model has taken the role of the core. There are
proton and neutron particles in the nucleus (The ball, which
represents the core, appears to be a bump when viewed
from the outside).

When the image on the side is examined, in the
three-dimensional model study of the student with the code
Se1, it is seen that he uses playdough. In his model, the
student likened the emblem of a football team to the
internal structure of an atom, stating that the stars standing
outside represent electrons. The model reflects that the
circles growing inward from the central part represent
layers, and the leaf in the middle represents the core.

Findings on Secondary School Students' Mental Models of the Concept of Molecules

The data obtained from the three-dimensional model study of the concept of "Molecule" and semi-
structured interviews of the seventh grade students of secondary school were presented through tables and

figures.

Table 4

Seventh Grade Students' Data on the Concept of Molecules

Categories Frequency Frequency Percentage Participant Codes
Geometric Shape 9 %22,5 S2S8S0S13S16517519S24S30
Water Monkey 7 %17,5 S3S7815520S29832S36

Firework 7 %1,5 S9S12S14828521S35S840

Cones 6 %15 S1S18523533S37S39

Soap Bubbles 4 %10 S6S21522S34

Rattle 3 %7,5 S4S25S3s

Lung Alveoli 2 %5 S11S27

Octopus 2 %5 S5S26
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When Table 4 is examined, it is seen that the data obtained from the three-dimensional model study of
seventh grade students are collected under 9 different categories. Categories are with according to the table he
geometric shape is listed in the form of a water monkey, fireworks, cones, soap bubbles, rattles, lung alveoli
and octopus. "How do you visualize the molecule in your mind, what do you make it look like? What kind of
model do you build about the structure of the molecule? What factors did you pay attention to regarding the
structure, shape and size of the molecule during the modeling process, and what kind of model did you want
to create? Why did you choose this model?" the students were asked. Below is a short section of the data
dialogue obtained for the question is presented:

Sy: I thought of the atom as a round multiplying like a water monkey. In my model, I created molecules
with a combination of soft filled spheres. Those consisting of atoms of the same type represent the element
molecule, and those consisting of atoms of different types represent the compound molecule. I didn't leave a
gap between the molecules and I think they were adherent. (Water Monkey)

Si7: As we can see in the figure, it seems to depend on the core. There are electrons here as well. I've
done the gas right now. The gas is also distant and meandering in distance. It was very close to each other
and perpendicular to each other on the floor. So, according to what I have in mind, the liquid is also a little
bit separate, so there is a little bit of an opening between them. There is a core in the middle. (Geometric
Shape)

S33: A molecule is the totality of something made up of atoms. If we make it three-dimensional, we can
adjust its layers. I thought of the parts of the cone as the body and put an atom-like LED light on it. (Cone)

Sss: As the neutrals rotate, they move towards the nucleus with an imaginary line, and the nucleus splits
into two and turns into protons and electrons. Neutrals multiply as they return from here and never run out.
The molecules are suspended like fireworks. ... The molecule of the element Co is CO. When two capital letters
are next to each other, they form the molecule of the relevant element. (Fireworks)

Three-dimensional model studies for the mental models of the seventh-grade students related to the
concept of molecules are given in Figure 6 and Figure 7.

Figure 6

Cone Model

When the image presented on the side is examined, in
the three-dimensional model study of the student with the
code Os; it is seen using a cone and wired LED light. While
modeling the element molecule, the seventh-grade student
stated that the mats coiled around the LED lights are layers
and the light inside is the core. It is understood that the atoms
are adjacent to the cone in the shape function.
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Figure 7

Water Monkey Model

When the image presented on the side is examined,
the student with the code S7 in the three-dimensional model
study used fine sand and a chemical structure that swelled
in volume when placed in water. Since the chemical
structures are slippery, round structures are fixed using sand
on the subfloor. In the seventh-grade student's model, it is
understood that atomic and molecular structured
compounds are modeled. The element molecule consists of
a structure with the same color, and the compound molecule
consists of a structure with different colors. The molecules
are equal in size and are adjacent in size.

The data obtained from the three-dimensional model study of the concept of "Molecule" of the eighth
grade students of secondary school and the interviews were presented through tables and figures.

Table 5

Eighth Grade Students' Data on the Concept of Molecules

Categories Frequency Frequency Percentage Participant Codes
Geometric Shape 10 %25 S42846549S 5255456558550 64S66
Citrus Tree 9 %22,5 S47S48S53S57S65S67571S72S78
Emoji 8 %20 S43S55S60S68370S73574579

Vein Layer 6 %15 S41S50863S69S75Ss0

Vineyard 4 %10 S44S62576577

Broccoli 2 %S5 Ss1Se1

Barbell 1 %2,5 Sas

When Table 5 is examined, it is seen that the data obtained from the three-dimensional model study of
eighth grade students are collected under 7 different categories. Categories are with according to the table
geometric shape, citrus tree, emoji, vein layer, vineyard, broccoli and barbell. "How do you visualize the
molecule in your mind, what do you make it look like? What kind of model do you build about the structure
of the molecule? What factors did you pay attention to regarding the structure, shape and size of the molecule
during the modeling process, and what kind of model did you want to create? Why did you choose this model?"
the students were asked. Below is a short section of the data dialogue obtained for the question is presented:

S4r: In my mind, I thought of the ping-pong ball as an atom, and we will combine them, and the molecule
will emerge. The structure of the molecule does not have to be rectangular. It can be any shape. It can also be
triangular. There are extensions between them so that it can hold the molecules together. (Geometric Shape)

Sas: Molecules come to mind as circular shapes that coexist. Like an orange tree, for example, branches
and oranges stand together, just as atoms come together to form molecules. (Citrus Tree)

Sss: It comes to my mind that the emojis we use on phone keyboards in daily life stand together. Emojis
cling to each other like people pulling a halay, forming a certain group and forming a molecule in them.
(Emoji)

Three-dimensional model studies for the mental models of secondary school eighth-grade students
related to the concept of molecules are given in Figure 8 and Figure 9.
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Figure 8

Geometric Shape Model

Figure 9

Emoji Model

When the image presented on the side is examined, in
the three-dimensional model study of the student with the
code Ou, it is seen that he uses colored spherical balls, plastic
rods, iron balls and magnetic plastic rods. The eighth-grader
created models representing the element molecule and the
compound molecule. The models are made up of shapes
such as squares and triangles. Rods are used in the
combination of colored balls on the models. Between the
iron balls representing the atom, there is also magnetic rods.

When the image presented on the side is examined,
in the three-dimensional model study of the student with
the code Oss it is understood that he used wooden sticks
and round adhesives. While the eighth-grade student
reflected in his model that the atomic structures that make
up the molecule are round, he stated on the model that
there are lengths that hold the atoms together. There is no
comment on whether molecular models represent
compounds or elements. In addition, the size of the atoms
that make up the molecule is the same size.

Comparison of Secondary School Students' Mental Models of the Concept of Atom and Molecule

The conceptual comparison of the views of the students in the research group on the concept of atom
according to the grade level variable is shown in Table 6 below.

Table 6

Data For All Classes of Atoms

Seventh Grade Eighth Grade
Categories Frequency Categories Frequency
Geometric Shape %22,5 Geometric Shape %22,5
Scientific Model %20 Scientific Model %20
Colored Holes %17,5 Bowling Ball %17,5
Ring %15 Renkli kiireseller %12,5
Constellations %10 Planetary System %10
Bluetooth Networks %7,5 Sunflower %7,5
Fruit Slice %5 Seashell %5
Spider %?2,5 Football Team Emblem %?2,5
Omelette %2,5
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When Table 6 is examined, it is seen that a total of 17 categories were obtained from both class levels
in the developmental examination of mental models of the concept of atom. According to the table, there are
8 categories at the seventh-grade level and 9 categories at the eighth-grade level, while the geometric shape
and scientific model category are in the common category at both grade levels. In the table, it is seen that both
common categories are higher than the other categories and have the same frequency value (f=%42,5).

The conceptual comparison of the views of the students in the research group on the concept of molecule
according to the grade level variable is shown in Table 7 below.

Table 7

Data for All Classes of Molecular Concept

Seventh Grade Eighth Grade

Categories Frequency Categories Frequency
Geometric Shape %22,5 Geometric Shape %25
Water Monkey %17,5 Citrus Tree %22,5
Firework %1L,5 Emoji %20
Cones %15 Vein Layer %15
Soap Bubbles %10 Vineyard %10
Rattle %7,5 Broccoli %5
Lung Alveoli %S5 Barbell %2,5
Octopus %S5

When Table 7 is examined, it is seen that 15 categories are obtained from both grade levels in the
developmental examination of mental models of the concept of molecules. According to the table, there are 8
categories at the seventh-grade level, 7 categories at the eighth-grade level, while the geometric shape category
is in the common category at both grade levels. In the table, it is seen that there are more students who have a
mental model for the geometric shape category related to the concept of molecule, while it is understood that
the frequency value of the eighth-grade students is higher than (f=%25) the seventh-grade frequency value
(=%22,5).

DISCUSSION AND CONCLUSION

The discussion and conclusion part of the research was evaluated by comparing it with relevant literature
studies under the same headings, considering the mental models of middle school seventh- and eighth-grade
students, who were considered within the scope of the grade level factor. As understood from the three-
dimensional model studies conducted by seventh-grade students on the concept of atoms, it was determined
that the electron particle was especially emphasized in the content of the models they envisioned in their minds
and was frequently mentioned during the interview process. At the same time, it was witnessed that there was
no comment about the neutron particle. This situation also revealed a contradictory issue. It was a contradiction
that some students mentioned neutron and proton particles briefly in the expressions they used about atoms
during the interview process yet abstained from showing them on the model. While this finding revealed the
inadequacy of verbal expressions in learning for the mental model determination process, it proved that three-
dimensional models offer more concrete outputs when comparing students with real-life situations. On the
other hand, the confusion about the location of the elementary particles within the atom has raised suspicions
among some students that there may be a misconception. In the process of creating a three-dimensional model,
the perception of the error of the student with the code O1 who had a misconception about the elementary
particles of the atom, through the model, revealed that he adopted the model as a tool that can save from these
misconceptions, and strengthened the interpretation of the finding. Several studies in the literature have yielded
striking results regarding the elementary particles that comprise the atom. In a study by Cokelez and Dumon
(2005) examining students' misconceptions about atoms and molecules, it was concluded that these particles
were confused with each other in the study, as the students described the concepts of atoms and molecules as
proton-neutron, neutron-electron, and ion-charged particle, which are not elementary particles. While the
situation identified in the literature study is like the findings of this research, the fact that one out of every three
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particles of the atom is not mentioned has been striking in three-dimensional model studies. In other studies,
as mentioned in the literature, the three-dimensional model is identified as a helpful tool in detecting and
eliminating misconceptions, which supports the relevant finding of this research (Demircioglu, Altuntas-
Aydin, & Demircioglu, 2012; Ergun, 2013). It is evident that studies that deal with the structure of the atom in
a single dimension, such as the drawing technique used in literature, cannot yield an efficient result in revealing
the structure of the atom from the students' perspective. (Ormanci & Balim, 2014; Sahin, 2016). In this context,
both the findings of this study and the related literature studies have concluded that the mental model of the
concept of an atom influences misconceptions about its elementary particles. In addition, the findings of this
study have once again demonstrated the need for three-dimensional model studies that represent mental
models, rather than methods or techniques that address the mental model in one dimension, such as verbal
expression or drawing techniques.

In another category, which was derived from the three-dimensional models of the atom created by
seventh-grade students, a striking finding was observed. It was observed that a student, who visualized the
concept of an atom as colored holes in his mind, represented the elementary particles of the atom with different
colors in his three-dimensional model work. Additionally, it is one of the findings that different students state
that the structure of the atom can be represented in the relevant table. While this finding reveals the existence
of some negative situations in the representation of atom factors, such as the academic language preferred in
student communication, visual resources, and video content that may create misconceptions on social
networks, it has led to the inference that this may be a factor in the source of the situation. When it comes to
atoms, the cursory drawing of an ellipse, the formation of a circular structure in the mind, and the presentation
of atom examples that have not changed for years on the internet networks to the students as an instructive,
while providing a standard perspective to the students, unfortunately accelerates the snowballing progress of
the situation that causes them to learn wrong. In a study in the literature (Bilge, 2017), a three-dimensional
model study was conducted to determine the mental model of seventh-grade students regarding the concepts
of atoms and molecules. The study revealed that the students held misconceptions about the color element.
The results obtained in the literature study support the findings of this study. Some research results from the
past to the present also mention that the color element leads to misconceptions in expressions about the atom
(Bilge & Bahceci, 2017; Harrison & Treagust, 2000b; Yalcin, 2011; Yegnidemir, 2000). In line with the
findings obtained, determining a mental model in the concept teaching process can prevent incomplete
learning. It was determined that a seventh-grade student who handled his mental model of the atom within the
framework of the scientific model was influenced by the Thomson atomic model. With this finding, the student
in question showed that he had moved away from modern atomic theory, as he expressed his mental model in
the form of a grape cake. The primary reason for this situation's emergence can be attributed to the knowledge
gained in the course environment. Finally, while it should be emphasized that each model in the atomic model
table was updated and the scientific models were finalized, the other models lost their validity. Unfortunately,
information pollution cannot be avoided in the minds of students. It seems possible to come across similar
findings symbolizing the relevant situation in literature. In a study conducted to determine the mental models
of secondary school students related to atomic structure, it was concluded that the students' mental models
were inconsistent, with the most incredible inconsistency observed in the Bohr atomic model (Zarkadis,
Papageorgiou, & Stamovlasis, 2017). In another study, it was found that secondary school students defined
their mental model of the atom based on the Rutherford atomic model (Saridas & Unsal, 2020). In the past,
educators included expressions such as "Solar system model" or "Mediatic model" in their first statements
about the structure of the atom to students at the secondary school level, which is the reason why students
created a different structure in their mental models than the real atom (Yildiz, 2006). This problem, which
remains current considering the research findings, has revealed that questioning teachers' false statements is
more of a necessity than a luxury. Moreover, while maintaining the agenda that there are numerous unanswered
questions and criticisms regarding the proper teaching of atomic and molecular structure at both secondary
and secondary school levels, similar problems have been included in the literature in the past (Gillespie, 1991;
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Hawkes, 1992; Shiland, 1995; Tsaparlis, 2002). This situation makes it inevitable that the problem identified
regarding the inadequacy of teaching in the field of science is the same and unchanging every semester.

The colorful spherical category, which is among the categories that symbolize the mental models of
eighth-grade students about the concept of atoms, is evidence of similar situations identified within the scope
of the research. The fact that some students believe the difference between elementary particles in the atomic
model may be due to color has once again revealed that misconceptions can arise in the process of developing
a mental model. While both the student statements and the three-dimensional model example showed that the
elementary particles of the atom were incompletely learned, they strengthened the possibility that the factors
that misled the students could be auxiliary resources, such as school course materials. Finally, when we
examine the period of students preparing for the "High School Entrance Exam," it can be easily stated that the
structure of the atom can be visualized and encoded in their thoughts due to the visuals in the test-style books.
In addition, the similarity of misconceptions about the atom in the transition from the seventh-grade level to
the next grade level indicates that the information pollution in the pre-learning of students, as the grade level
progresses, persists in the upper levels unless corrected. In the literature study (Kilicoglu, 2019), it is stated
that students are misconceived about atoms and molecules, especially secondary school students have
difficulty in perceiving, learning and making concepts concrete due to their abstract nature, and this situation
that will continue in their future education and may affect related science subjects, the correct method,
technique and teaching for students to make sense of the concepts to be learned in science education correctly
(Ince & Celikler, 2021). Literature studies support the findings of the research in this respect.

Among the findings for the eighth-grade students was a noted configuration problem with the size of
the atom during the process of working on a three-dimensional model. It has been determined that some
students who consider the presence of the electron plane in their thoughts have trouble in the process of creating
three-dimensional objects. This difficulty can be attributed to the random placement of electrons in their orbits.
In addition, the same finding presented a result with this expression because the student with the code O55
said that it is easy to animate three dimensions, but challenging to create them. In this situation, it has been
shown that incorporating the ability to think in three dimensions into practice can be a limiting factor in the
process of creating a mental model. It is stated that to interpret new information effectively, one must keep the
existing information in mind, ensure its permanence through memorization, and then create a mental model
aligned with the perceived information (Gunes et al., 2004). However, although it may seem straightforward,
it is essential to increase the frequency of model-building activities in science lessons to develop three-
dimensional thinking skills and enhance learning. As a matter of fact, according to the recently updated science
curriculum (MEB, 2024), ensuring that digital content such as appropriate visuals, models, animations and
simulations of events that cannot be directly observed is included in learning environments, and enriching the
model creation process integrated with conceptual content with up-to-date teaching approaches and methods,
taking into account the scientific inquiry and engineering design cycle, will meet the differentiated teaching
needs of students. While it is striking that the expression -model creation skills", which is among the field-
specific skills, is emphasized especially at the seventh and eighth grade levels in the context of student
outcomes, the fact that these issues also create a need at the third-grade level (MEB, 2024) and their
reconsideration have shown the importance of teaching through modeling.

The findings obtained from the mental models of seventh-grade students regarding the concept of
molecules revealed that the students likened a structure formed by the combination of atoms to a molecule.
However, during the interview process, it was determined that a student who simulated the concept of a
molecule as a geometric shape described the molecule as three states of matter (solid, liquid, and gas) and
compared the positions of atomic particles during state changes to those of molecules. In another finding, it
was determined that a student who likened the molecule to the shape of a water monkey (See Figure 7)
confused the compound's atomic structure with its molecular structure in the three-dimensional model study.
It was observed that the student did not consider the size of the type of atom that makes up the relevant
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molecule and did not choose to differentiate in the models presented. The findings showed that the students
randomly transferred the knowledge they acquired at the definition level to the application process. So much
so that in the three-dimensional model of the student with the code O35, who compares his mental model to
fireworks, his explanation for the CO (Carbon Monoxide) compound and the Co (Cobalt) element is as follows:
The molecule of the relevant element is formed when two capital letters come together. This statement
reinforces the interpretation made. However, CO is a type of compound molecule. However, it is not a
molecule of the element Co. Based on the research findings, it would not be incorrect to say that mental models
can help reveal aspects of students' meaningful learning in terms of field knowledge and detect false learning
that appears in their mental processes. In some studies, the literature mentions that the mental model can
provide a criterion for assessing the amount of scarcity or abundance of the subject taught, which supports the
research findings in this respect (Ciltas & Isik, 2012; Kurnaz & Degirmenci, 2012; Yuzbasioglu, 2015).

As can be seen from the examples of mental models of eighth-grade students for the concept of
molecules (citrus tree, vineyard, vascular layer), most of the students involved in the research group structure
the molecule according to the presence of bonds between atoms. The integration of contextual materials, such
as toothpicks, sticks, and wires, into a round structure in the three-dimensional model examples created by the
students led the researchers to this interpretation. This situation, as determined in the student findings, led to
the conclusion that the students were unable to distinguish between molecular and atomic structure. However,
while there may be a bond structure between atomic compounds such as simple sugar, it is possible to attribute
the different interpretations of the types of chemical bonds included in the 9th grade curriculum (which are
included in the 2013 curriculum at the 7th and 8th grade levels) to the mitigation of the subjects in the
curriculum at this age level. This situation, as determined within the scope of the research, has yielded
significant results in the literature studies. Although some studies suggest that mental models are influenced
by past learning, the fact that learning can change with teaching is an undeniable factor. Initial learning is a
crucial factor in shaping mental models (Nakipoglu, 2019; Nakipoglu & Yildirim, 2020). He also clarified that
it can sometimes resist change (Taber, 2003). Relevant studies have emphasized that students' learning
deficiencies in chemical bonds persist at the secondary education level, and even at the university level, these
deficiencies cannot be easily eliminated (Nakipoglu, 2019). The fact that students visibly feel the need to learn
about chemical bonds makes it inevitable to review the science curriculum from this perspective.

Upon examining Table 6, it is striking that the mental models of seventh- and eighth-grade students
regarding the concept of an atom differ only in terms of geometric shape and scientific model code. However,
when the geometric shape model, which represents the mental model of both grade levels, is examined, it is
noticed that eighth-grade students discussed the proton particle more, while seventh-grade students discussed
the electron particle more. It was inferred that eighth-grade students in the achievement of "Explain how groups
and periods are formed in the periodic system" (MEB, 2018) brought the proton particle to the fore as they
adopted the atomic number and period group finding situations. Seventh-grade students were introduced to the
concepts of electron clouds and atomic layers. They may show the location and presence of the electron on the
model because of being affected by the concepts of electron cloud and layer. Another important reason why
seventh-grade students express the electron particle more when referring to the transformations of scientific
models from the past to the present in the classroom is that it seems possible to attribute this to the frequent
repetition of the change phase, according to the location and presence of electrons. The identified situations
lead to the conclusion that achievements in the curriculum can shape student development.

When Table 7 is examined, it is evident that seventh- and eighth-grade students are united in a standard
code according to the geometric shape category that symbolizes the mental model of the concept of molecules.
It was noteworthy that seventh-grade students structured the parts of the molecule in a way that was intertwined
with the adjacent structure formed in the three-dimensional model study. In contrast, the eighth-grade students
preferred materials that symbolize specific lengths. This differentiation between the two levels of students
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revealed that spatial thinking abilities may differ according to their developmental levels as the grade level
progresses. Although this differentiation seems to be positive in terms of the course of the research, ignoring
the existence of the bonds that make up the atom and molecule at the seventh-grade level, ignoring the bond
between atoms at the eighth-grade level and reflecting the existence of only the bonds that make up the
molecule in the models causes incomplete learning. To such an extent that, in a study conducted by Bilge
(2017), seventh-grade students reflected on their mental models of the concepts of atoms and molecules using
three-dimensional models while discussing the bonds between atoms and molecules. The literature study
revealed that students described their mental models with richer expressions, and that the three-dimensional
models were closer to the representative object and more representative of reality. In line with the findings of
this study, it has been revealed that incomplete learning in the seventh grade has a profound impact on the
eighth-grade level. In this context, as frequently stated within the scope of the research, it is not difficult to
predict that easing the curriculum will adversely affect another level.

In the research, evaluations were made on three-dimensional models to determine the mental models of
secondary school seventh and eighth grade students about the concepts of atoms and molecules and to compare
these models in the context of grade level, it has been revealed that the determination of the mental model is
the determining factor in the concept teaching process. In addition, it is believed that all activities carried out
on the model and the modeling process will contribute to the field of science, particularly through the transfer
of students' mental models to the three-dimensional model and the opportunity to evaluate them, thereby
enhancing student development. Indeed, the models used to concretize concepts that have abstract properties
due to their content will facilitate the learning process (Gunes & Celikler, 2010). Additionally, the models
have the feature of simplifying complex structures and ideas, making them more understandable. This enables
objects, tools, and actions that are not perceived by the sense organs to become perceptible, providing the
opportunity to examine phenomena that cannot be replicated in the classroom environment, and helping
teachers explain abstract concepts. After all, the models that is a fact that it has a significant role and importance
in science education as it increases the comprehensibility of the concept, allows maximum use of time and
word group, adds vitality to education, attracts the attention of students and concentrates on the part of the
subject to be taught, motivates the desire to learn, and contributes to the inclusion of students in the process by
offering the chance to apply on the subject taught (Duskun & Inal, 2015).

SUGGESTIONS

1. Within the scope of the research, the inclusion of auxiliary resources such as academic
language, visual resources, and video content on social networks among the factors that lead students
to misconceptions about the elementary particles of the atom necessitates investigating and
controlling the adequacy of auxiliary resources before teaching the concept.

2. Since the process in which eighth-grade students model the structure of the atomic concept
facilitates the development of students' three-dimensional thinking and spatial skills, it can be
recommended to increase activities suitable for all student outcomes in the science curriculum that
are converted into three-dimensional models.

3. Since the three-dimensional models of seventh and eighth grade students' mental models of
the concept of molecules reveal that they have learned the concept of molecules incompletely or
incorrectly, it may be recommended that teachers use recognition assessment tools to determine
students' readiness and pre-learning at the beginning of the semester in order to understand better the
concepts and topics that are contextualized for the next grade.

4. Within the scope of the research, since the mental model acts as a determining factor in the
process of determining the amount of scarcity and abundance of students' domain knowledge, it will
be beneficial for students to carry out activities that reveal their mental models instead of resorting to
test, written or verbal information while evaluating the process (formative) of the students.

5. Since the fact that the concepts of atoms and molecules deeply affect the role of the concepts
of atoms and molecules on students' learning in the context of lower-upper grade level directs the
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research, it is important that the revision studies in the curriculum should not focus only on the
determined grade level and that the lower-upper grade level should shape student outcomes.

6. Since secondary school students provide a positive transfer to the communicative aspect of
peer group quality, creating environments that contribute to the development of students' learning
skills by eliminating their deficiencies, and applying them in the form of group work according to
this research, can be seen as important in terms of giving researchers a different perspective.

7. For the subsequent research that will contribute to the literature, in the current science
curriculum, it may be suggested to increase the frequency of modelling studies, provided that a
presentation is made during the year-end science festival process through the achievements related to
"Creates a model of a concept".
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