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ABSTRACT

This study set out to introduce pre-service teachers to a visual and artistic teaching technigue combining
science and art that they could make use of in their science/physics classes to provide students with an
entertaining lesson that achieves the learning of the considerably abstract concept of the model of the
atom. In the light of this knowledge, the purpose of this paper is to introduce an active and entertaining
example of teaching technique that brings science and art together by using the art of Turkish ebru, or
paper marbling, which has been around for thousands of years, to make atomic models that have
developed and evolved over the centuries. The primary approach of the study is to produce the atomic
models of Dalton, Thomson, Rutherford, Bohr as well as modern atomic models with the art of marbling,
using a fine-tipped metal tool called biz (awl) to drop different colors of pigment into water and then
apply these colors to paper, creating marbling designs depicting the model of the atom.

Keywords: Atomic models, marble art, physics education.
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Bu ¢alisma, fen/fizik derslerinin oldukg¢a soyut bir konusu olan atom modellerinin dgretiminde, fen/fizik
Ogretmenlerinin  derslerinde kullanabilecekleri, 0Ogrencilere eglenceli ve yaparak Ogrenmeler
saglayabilecek, bilim ve sanatin i¢ ige gectigi bir gorsel ve sanatsal dgretim etkinligini tanitmak igin
hazirlanmistir. Bu bilgiler 1s18inda, bu ¢alismanin amact binlerce yillik Ebru sanati yolu ile, yiizyillar
icinde gelisen atom modellerini yaparak, bilim ve sanati bir araya getiren aktif ve eglenceli bir 6rnek
Ogretim teknigini tanitmak; bu Ogretim tekniginin etkililigini degerlendirmektir. Caligmanin temel
yaklagimi, bilim tarihi boyunca ortaya konulmusg olan Dalton, Thomson, Rutherford, Bohr ve Modern
Atom modellerini ebru sanati yoluyla, farkli renk boyalari, "biz" adi verilen metal ince bir u¢ yardimu ile
su tizerine damlatma islemi yapip; sonrasinda kagit {izerine alarak, atom modeli igerikli ebru desenleri
olusturmaktir.

Anahtar Kelimeler:: Atom modelleri, ebru sanati, fizik egitimi.

* Bu c¢aligma 10-12 Eyliil 2015 tarihlerinde ODTU’de gerceklestirilen II. Ulusal Fizik Egitimi
Kongresi’nde sozlii bildiri olarak sunulmustur.
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INTRODUCTION

Ned Hermann, an artist, physicist and educator, asserts that the brain is the source of all
creativity and that it is not only one part of the brain that is effective in creativity but the entire
organ. The left hemisphere of our brain controls the logical, verbal, reasoning, abstract,
numerical functions while the right hemisphere controls the non-verbal, concrete, intuitive
thinking functions. As a result, the development process of the brain needs the teaching and
learning processes brought about by both hemispheres. The educational programs in Turkey
are predominantly focused on developing the left side of the brain. The development of the
right side of the brain is made possible with art education. School programs that concentrate on
one-directional development cause children and young people to be deprived of a sense of the
aesthetic, and in fact foster a drop in productivity in the areas that they are designed to
promote. This is because the human brain functions as a whole and if it does not encounter the
right stimuli at the right times, especially during the developmental stage of life, deficiencies
are created that cannot be remedied in later years (Buyurgan & Buyurgan, 2012).

In this context, it can clearly be seen how important it is to create a teaching plan that
combines a logical and computational course like science or physics, which serves the purpose
of addressing the left hemisphere of the brain but also relies greatly on creativity and
imagination, with artistic activities that depend on visual sensations in order to activate the
entire brain. Yalgin, Yigit, Siiliin, Bal, Bastug, and Aktas (2003) have pointed to the benefits
of including more visual materials in the science teaching process, emphasizing at the same
time that schools need to use visual tools to address students' talents of perception in
responding to knowledge, aesthetics, art and symbolic representations (Yalgin et al., 2003). In
the scan of the literature, it was found that there are only a negligible number of studies in
Turkey or in the rest of the world on incorporating the art of marbling into science courses as a
teaching technique (Cil, Celik, Ma¢in, Demirbas, & Gok¢imen, 2014; Tirkoguz, 2008;
Tirkoguz & Yayla, 2010).

In the study by Yalgin et al. (2003) on the Learning about Matter unit in a science
course, the use of audio-visual materials featuring the commingling of color, light and motion
was found to create a significant difference in learning compared to traditional methods and
was effective in creating a student profile that showed an interest in the course. Similarly,
Tirkoguz (2008), in a study on elementary school level science classes, concluded that when
the art of ebru or marbling, the Japanese art of origami, the art of photography or other visual
arts were used in an experimental group of pupils, these children learned concepts more easily
than the students in the control group, they were academically more successful, felt freer in
learning by doing and developed more positive attitudes toward the setting which gave them
this learning experience. In their study, Cil et al. (2014) examined the benefits that marbling
art offers science teaching as they used this traditional form of art to teach elementary school
teacher candidates the subjects of basic solutions and indicators. The researchers reported that
the pre-service teachers developed a positive attitude toward this teaching activity and were
stimulated to feel curiosity about a chemical substance.

In the light of this knowledge, this study set out to introduce pre-service teachers to a
visual and artistic teaching technique combining science and art that they could make use of in
their science/physics classes to provide students with an entertaining lesson that achieves the
learning of the considerably abstract concept of the model of the atom. Discussing the
effectiveness of such a technique was another objective of the research. First, time was allotted
to learning about the various models of the atom, a subject that has occupied minds throughout
history, and then the art of ebru and the actual sequence of the activity was explored.
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A. The Art of Ebru (Marbling)

Ebru, or marbling, is a decorative art that uses water thickened with substances such as
salt, sugar, kitre (tragacanth, a type of herbal gum), starch as well as cumin flour, carrageen,
pasta liquid to paint on fabric, glass, ceramic, wood, leather and many other surfaces with
earth oxide pigments (iron oxide, zinc oxide, etc.) and herbal dyes (indigo) rather than oils.
Although it is impossible to say exactly when this art became known, it is recognized to have
its origins in the eighth century and continues to this day. The art flourished in Turkistan
(Sonmez, 2007), and is now described as a decorative art that transfers designs of clouds,
colorful, wavy, undulating lines onto paper in marbling patterns (Balibeyoglu, 1998). In the
west, the paper that is used for ebru is named "marbled paper" due to its patterns resembling
the veins of marble. In French, it is called "papier marbré" and "marmor paier" in German. In
Arabic, the paper is "varaku'l-miicezza," or "veined paper." One view defines the origin of the
word as coming from the Persian "ebr" meaning "cloud.” When the letter "i" is used as a suffix
denoting relationship, the word "ebri" then signifies, "like a cloud, cloud-like, nebulous." As
one of the most important of the paper decoration arts, ebru is a highly valued form of
aesthetic and art (Balibeyoglu, 1998).

B. The Activity
Before the Ebru Activity

Before starting the activity, the needed supplies are prepared and put on a table. These
include first of all a marbling pan, a very fine-tipped awl (called biz) (No. 3), a medium awl
(No. 14) and a thick (No. 40) awl, kitre (tragacanth), pigments of yellow, green, brown, red,
white and blue, paper cut to the size of the pan, newspapers to clean off the surface of the
gummy water, the diagrams of the atomic model to be replicated and brief notes on the
historical development of the art, from past to present.

Dalton Atomic Model (1803) Thomson Atomic Model (1897) Rutherford Atomic
Model (1912)

Bohr Atomic Model (1913) Modern Atomic Model
(1930) Jo Lt

~

_____

Figure 1. Diagrams of the Atomic Models Used in Ebru Activity

(Reference: http://odevloji.blogspot.com.tr/p/atom-modelleri.html, 10 September, 2017)
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Figure 2. Pan Figure 3. Tragacanth

Figure 4. Awls Figure 5. Pigments

Kitre (tragacanth): This is the sap of the tragacanth herb that is found on the prairies in
southern and southeastern Turkey which is used to increase the density of the water so that the
pigments remain on the surface without sinking. This herbal juice seeps out of the plant and
remains on the stalk, forming a crust. The crust is removed and made into powder or mixed
with water and prepared as a ready-made material to be used in the craft. It was this ready-
made Kitre that was used in the research. The ready-made gum was preferred for the sake of
convenience so that the teacher or students would not have to make an additional effort to
produce this. On the other hand, if the needed time can be allotted (2 days) to produce the
appropriate amount that would be needed, it is also possible for an individual to produce this
material.

Pan: The pans used in the craft of ebru are rectangular containers of aluminum, plastic
or zinc of a depth of approximately 6 cm. In this study, the ebru activity was carried out in a
hard plastic pan.

Awl: This is a metal-tipped tool that is used to give the ebru a shape

Ox-gall: This is liquid used because of its acid content to keep the pigments floating on
the gummy water, keeping them from sinking and allowing them to spread over the surface of
the water.

Pigment: For centuries, earth-based pigments originating from naturally colored rocks
and plants have been used in marbling. The most prominent feature of the pigments is that they
are insoluble and do not contain oil. Insoluble store-bought pigments of yellow, green, brown,
red, white and blue were used in the study. The store-bought kind was preferred because the
precise amount of ox-gall to be used in the preparation of the pigments would have been a
needless challenge for both the teacher and the students since mixing the right amounts is a
matter of experience.
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The Ebru Activity Procedure

The procedure used to create a visualization of the atomic model through the art of
marbling is as described below.

1) The herbal gum (tragacanth/kitre) is first poured into the pan at the start of the
marbling activity and water is added to achieve the desired density. The gum by itself is
extremely dense. As the water is being added, the gum is stirred manually or with the help of a
wooden stick. The air bubbles appearing on top of the gummy liquid as the water is being
added are picked up with pieces of newspaper or by hand.

2) The gummy liquid is tested by dropping drops of pigment into the water to see if they
are able to swirl and expand. The degree to which the colors swirl and expand depends upon
the amount of pigment, the amount of ox-gall contained in that color, and the density of the
gum. As the colors expand, the decision is made as to which colors will be used in the atomic
model and where. The colors that expand the most can be used for the nucleus, neutrons and
protons and the lesser expanding colors for the electrons and orbits in the model.

3) Using a fine-tipped (No. 3) awl to produce the orbits, neutrons, protons and electrons
will make creating a successful model easier. The awls of medium thickness (No. 14) and
thicker (No. 40) can be used to produce the positive side of the Dalton and Thomson atomic
models during the process of dropping in the colors.

4) To create the marbled atomic model desired, the awl must be dipped into the pigment
briefly and then dropped into the gummy liquid in droplets with the awl dipping in and out.
The process of adding drops into the gummy liquid may be repeated two or three times.

Figure 6. Adding the Drops of Pigment

5) When different colors are used, the pigment on the tip of the awl should be cleaned
with the help of a piece of newspaper before introducing another color.

6) After the image of the atomic model is created, the paper is bundled up as seen in the
figure and then set down carefully while the awl is lightly moved over the paper. The paper is
then removed from the pan with the help of the awl by pulling it over the closer edge of the

pan.
! , =

Figure 7. The process of carrying the ebru visual onto the paper

7) When the image of the atomic model is removed from the pan, the paper is left to dry
in a horizontal position.
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C. Marbled Atomic Model Samples at the End of the Ebru Activity

Figure 8. Marbled Sample of the Dalton Atomic Model

Figure 9. Marbled Sample of the Thomson Atomic Model

Figure 10. Marbled Sample of the Rutherford Atomic Model

- -

Figure 11. Marbled Sample of the Bohr Atomic Model
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Figure 12. Marbled Sample of the Modern Atomic Model
D. Applications of the Ebru Activity

This activity was carried out for the first time under the TUBITAK (Scientific and
Technological Research Council of Turkey)-sponsored project under Code 4005 entitled,
"Activities of Science Teachers in Izmir in Training for Active Learning Education-1" and
included 40 Science teachers participating in the applied training from different regions in
Turkey. In another application, this time with 25 pre-service physics teachers taking the first-
year course on Introduction to Physics at a state university in Turkey, the changes in the
atomic model drawings of the teacher candidates and their explanations before and after the
activity were studied.

Figure 13. Ebru Activity with Physics Teacher Candidates

It was observed that the pre-service physics and science teachers found it very exciting
and entertaining to create atomic models using the art of marbling. A comparison of the pre-
service physics teachers' drawings and explanations before and after the activity revealed that
the teachers stated that they had not known before the activity about the historical order of the
atomic models or had not been able to remember what they looked like. At the end of the
activity, most of the teacher candidates correctly described the historical order and their model
drawings were in conformity with scientific representations.

E. Limitations

It may be said that the method of drawing the orbits in the marbled atomic models by
adding drops to the liquid is a limitation to this study. Since during the activity, it was
impossible to draw equal and continuous circles on the surface of the water, these lines were
produced in dotted form.
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GENISLETILMIS O0Z
Amac ve Onem

Fen/fizik gibi mantiksal ve sayisal bir ders olarak beynin sol yarim kiiresine hizmet eden
bir egitimin yani sira, yaraticilik ve hayal giiciiniin de ¢cok énemli oldugu fen/fizik 6gretiminde,
gorsellik {izerine kurulu sanatsal etkinliklerden yararlanarak beynin biitiiniinii aktive edebilecek
bir 6gretim planlamanin ne denli 6nemli oldugu agiktir. Yal¢in ve arkadaslar1 (2003) etkili bir
fen Ogretimi slirecinde gorsel 6gretim materyallerine daha ¢ok yer verilmesinin énemine ve
okullarin, gorsel araglarla 6grencilerin bilgi, estetik, sanat ve sembolik diizenlemeleri algilama
yeteneklerine cevap vermesi gerekliligine vurgu yapmuslardir (Yal¢in, Yigit, Siilin, Bal, Bastug
ve Aktas, 2003). Yapilan alanyazin taramasinda Tiirkiye'de ve diinyada ebru sanatinin fen
derslerinde bir 6gretim teknigi olarak kullanildigi yok denecek kadar az sayida aragtirmaya
rastlanmistir (Cil, Celik, Macin, Demirbas ve Gok¢imen, 2014; Tiirkoguz, 2008; Tiirkoguz ve
Yayla, 2010).

Tiirkoguz (2008) tarafindan ilkdgretim diizeyi fen bilgisi dersinde yapilan ¢aligmada, ebru
sanati, Japon origami sanati, fotograf sanat1 gibi gorsel sanat etkinliklerinin kullanildigi deney
grubundaki 6grencilerin, kontrol grubu 6grencilerine gore konuyla ilgili kavramlar1 daha iyi
ogrendikleri, daha basarili olduklari, kendilerini daha &zgiir hissettikleri yaparak yasayarak
O0grenme deneyimi yasatan ortamlarin kendilerinde daha olumlu tutumlar gelistirdikleri yoniinde
sonuclara ulagildig1 goriilmistiir. Cil ve arkadagslar1 (2014) tarafindan yapilan bir aragtirmada,
ebru sanatinin fen 6gretimine etkileri incelenmis; ilkogretim diizeyi 6gretmen adaylarina temel
¢ozeltiler ve indikatorlerin 6gretimi bu geleneksel sanat aktivitesi yoluyla gergeklestirilmistir.
Ogretmen adaylarinin bu 6gretim aktivitesine yonelik pozitif tutumlar gelistirdikleri ve bir
kimyasal maddeye yonelik merak duymalarini sagladigi belirtilmistir.

Bu bilgiler 1s181inda bu c¢aligmada, fen/fizik derslerinin oldukca soyut bir konusu olan
atom modellerinin 6gretiminde, fen/fizik Ogretmenlerinin derslerinde kullanabilecekleri,
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ogrencilere eglenceli ve yaparak dgrenmeler saglayabilecek, bilim ve sanatin i¢ ice gectigi bir
gorsel ve sanatsal 6gretim etkinligini tanitmak; etkilerini tartismak amaclanmaistir.

Ebru Sanan

Ebru kumas, cam, seramik, tahta, deri gibi birgok ylizeye yapilabilen; tuz, seker, kitre ve
kolanin yanisira ¢emen unu, denizkadayifi, nisasta, un, makarna suyu gibi maddelerle
yogunlastirilmig su kullanilan; yagli boyadan daha ¢ok toprak oksit boyalarin (demir oksit,
cinko oksit gibi) ve bitkisel kaynakli boyalarin (¢ivit boyalar) kullanildigi bir siisleme
sanatidir.

ETKINLIK
Ebru Etkinligi Oncesi

Etkinlige baslamadan 6nce ebru teknesi, ¢cok ince uglu (03 numarali) bizler, orta (14
numarali) ve kalin (40 numarali) bizler , hazir kitre ve sari, yesil, kahverengi, kirmizi, beyaz,
mavi renkli hazir boyalar, tekne ebatlarinda kagitlar, kitreli su yiizeyini temizlemek ilizere gazete
kagitlari, yapilacak atom modeli resimleri ve kisa agiklamalar tarihsel gelisiminden giiniimiize
gelis sirasina gore masa tistiinde hazirlanir.

Kitre: Boyalar1 suyun yiizeyinin {izerinde kalmasini saglayan ve yogunlugunu artirmak
icin kullanilan, Tiirkiye’nin giiney ve giineydogu bolgelerinde kirlarda yetisen yabani bir diken
olan gevenin 6zsuyudur. Geven dikeninin 6zsuyu, bu bitkinin govdesinde aktig1 yerde kurur ve
kabuk halinden toz haline getirilerek ya da su ile yapilmis olarak hazir sekilde satilir.

Tekne: Icinde ebru yapim gerceklestirilen, aliiminyum, plastik ya da ¢inkodan yapilmis
dikdortgen bigimli ve yaklasik 6 cm derinlikli kaplardir.

Biz: Ebruya sekil vermekte kullanilan metal uglu alettir

Boya: Eskiden beri ebru yapiminda dogal boyalar yani dogadaki renkli kayag ve topraklar
ile bitkilerden elde edilen boyalar kullanilmaktadir. Boyalarin en onemli 06zelligi suda
¢oziinmemeleri ve yag icermemeleridir. Bu arastirmada suda ¢oziinmeyen sari, yesil,
kahverengi, kirmizi, beyaz ve mavi renkli hazir boyalar kullanilmistir,

Ebru Etkinligi Strasinda Yapilan Islemler
Atom modellerini ebru sanati yoluyla gorsellestirme swrasinda yapilan islemler agagida
madde madde a¢iklanmigtir.

1) Ebru etkinligine ilk olarak tekneye kitrenin bosaltilip, i¢ine yogunlugunu ayarlamak
iizere igme suyu eklemek ile baslanir. Ciinkii kitre olduk¢a yogundur. Suyu ekleme sirasinda
kitre el ya da tahta bir ¢ubuk yardimiyla karistirilir. Su eklenen kitreli sivinin iizerinde olusan
hava kabarciklar gazete kagidi ve el yardimiyla alinr.

2) Kitreli sivida boyalarin agilabilme ya da biiyiime durumlari biz yardimiyla boya
damlatma denemeleri yoluyla tespit edilir. Boyanin rengine, o rengin 6d sivisini igerme
durumuna ve kitrenin yogunluguna gore boya daha az ya da daha ¢ok agilacaktir. Boyalarin
acilma durumuna goére atom modellerini yaparken hangi rengin nerede kullanilacagina karar
verilir. Daha ¢ok ac¢ilan boyalar ile ¢ekirdek, ndtron, proton; az agilan boyalar ile modele gore
elektronlar ve yoriingeler yapilabilir.

3) Yoriingeler, nétron, proton ve elektron yapilirken ¢ok ince uglu (03 numarali) biz ler
kullanmak iyi bir model olusturmak bakimindan kolaylik saglar. Orta kalinlikta (14 numarali)
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ve kalin biz (40 numarali) Dalton ve Thomson atom modellerinin pozitif kismini yaparken,
biiylik damlatma islemi sirasinda kullanilabilir.

4) Istenilen atom modelinin ebrusunu yapmak iizere basladigimizda, biz' i énce boyaya
kisa siire batirip, kitreli suya damlatirken kisa siireli batirip ¢ikarma islemi yapmak gereklidir.
Ayni1 anda kitreli suya iki ya da iic damlatma islemi ardarda gerceklestirilebilir.

5) Bu islemleri yaparken farkli renk boya kullanilmaya gegildiginde biz in ucundaki boya
bir parca gazete kagidi yardimiyla silinmelidir.

6) Atom modeline ait resim olusturulduktan sonra kagidi sekilde goriildiigii gibi kundak
biciminde yapip, yavasca birakip kagidin iizerinde biz i hafif¢e gezdirdikten sonra, sag alt
ucundan biz yardimiyla kaldirdigimiz kagidi teknenin 6niimiizde duran kenarina temas ettirerek
cekeriz.

7) Atom modeli resmini tekneden aldigimiz kagidi yatay bir konumda sererek kurumaya
birakiriz.

Ebru Etkinligi Uygulamalart

Bu etkinlik, ilk olarak 4005 kodlu TUBITAK (Tiirkiye Bilimsel ve Teknolojik Arastirma
Kurumu) destekli "Fen Bilimleri Ogretmenleri Izmir Aktif Ogrenme Etkinlikleri Egitiminde
Etkinlikleri 1" isimli proje kapsaminda Tiirkiye'nin farkli bolgelerinden katilan 40 Fen Bilimleri
Ogretmeni ile uygulamali olarak gerceklestirilmistir. Daha sonra ikinci olarak yine Tiirkiye'de
bir devlet {iniversitesinde Fizige Giris dersini alan 1. sinif diizeyinde 6grenim goren 25 fizik
Ogretmen adayi ile yapilan diger bir uygulamada 6gretmen adaylarinin atom modelleri ile ilgili
cizimlerinde ve agiklamalarinda, etkinlik 6ncesi ve sonrasi degisimler incelenmistir. Hem fizik
Ogretmen adaylarinin hem fen bilgisi Ogretmenlerinin atom modellerini ebru sanati ile
yapmaktan biiylik bir heyecan duyduklar1 ve ¢ok eglendikleri gdzlemlenmis; fizik dgretmen
adaylarinin  etkinlik Oncesindeki ¢izimleri ve agiklamalar etkinlik sonrasindakilerle
karsilastirildiginda, etkinlik oncesinde atom modellerinin sirasini bilmedigini ya da model
olarak herhangi bir sekil hatirlayamadigini ifade etmisler; etkinlik sonunda ¢ogu 6gretmen
adaymin dogru tarihsel sirada modelleri siralayabildigi ve modele dair ¢izimlerinin bilimsel
modelle uyum i¢inde oldugu gézlenmistir.

Stirliliklar

Aragtirmada ebru sanatt yolu ile yapilan atom modellerinde c¢izilen yoriingelerin
damlatma ile yapilmasi etkinlikteki bir sinirlilik olarak ifade edilebilir. Etkinlik sirasinda su
iizerinde diiz ve esit siirekli bir ¢izgiden olugan ¢ember ¢izme imkaninin olmadig: ve bu yiizden
noktalama yapildig1 vurgulanmalidir.

178



