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Ozet

Biyoinformatik insan dahil tiim biyolojik tiirlerin genomlarina, protein sekanslarina ve proteinlerin ti¢ boyutlu
yapilarina, metabolik yol veri tabanlarina, hibridoma bilgilerine ve biyogesitlilige bagh bilgilerine ait niceleyici
verilerin toplanmasmi amaclamaktadir. Biyoinformatik konusunda yeterli ¢alisma olmamasi gergekligine
dayanarak, mevcut fen bilgisi 6gretmenleri ile fen bilgisi 6gretmen adaylarinin biyoinformatik ile ilgili goriisleri
biyoinformatik egitiminin tilkemizdeki durumunu resmetmesi agismmdan 6nemlidir. Bu nedenle bu arastirmada
Tiirkiye’deki devlet okullarinda gorev yapan ortaokul fen bilgisi 6gretmenleri ile ortaokul fen bilgisi 6gretmen
adaylarmin biyoinformatik farkindaliklarinin belirlenmesi amaglanmistir. Arastirmanin deseni olarak durum
calismasi belirlenmistir. Arastirmaya 25 fen bilgisi 6gretmeni ve 30 fen bilgisi 6gretmeni adayr katilmistir.
Aragtirmanin verilerin katilimeilarin dort agik uglu sorudan olusan bir ankete verdikleri yamitlar araciligiyla
toplanmistir. Yazili goriislerin alinmasindan sonrasinda toplanan verilerin analizi i¢in nitel igerik analizi
kullanilmigtir.  Arasgtirmanin bulgulari genel olarak incelendiginde biyoinformatik ile genetik ve biyoloji
bilimlerinin katilimcilar tarafindan iliskilendirildigi ve 6zellikle de biyoinformatik kapsaminda genetik ile bilisim
teknolojilerinin yakin iliskide oldugu ortaya konulmustur.
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Giris

Genetik verilerde meydana gelen devasa artis verilerin nasil saklanacagi konusunda bir
bosluk olusturmaktadir. Bu noktada verilerdeki artisin bir sonucu olarak, bilgisayarlar biyolojik
aragtirma igin vazgegilmez hale gelmistir. Bilgisayarlarin kullanulmasi biiyiik miktarlarda veriyi
depolayabilme kolaylig1 ve dogada gozlemlenen karmasik dinamikleri arastirmas: nedeniyle idealdir
(Luscombe, Greenbaum, ve Gerstein, 2001). Genetik ¢alismalarin artmasiyla her gecen giin miktar1
artan biyolojik verilerin saklanmasi, depolanan bu verilerin istendigi zaman ¢agrilmasi, bu verilerin
diizenlenmesi ve analiz edilmesi multidisipliner bir bilim olan biyoinformatigin dogmasini
saglamigtir. Biyoinformatigin farkli tanimlari olmasma ragmen ortak olarak biyoinformatik, biyo-
molekiillerle ilgili ham verilerin diizenlenmesi, analiz edilmesi ve saklanmasi siirecinde matematik,
istatistik ve bilgi teknolojilerinden faydalanan disiplinler arasi bir bilim dali olarak tanimlanabilir
(Unel, Onal, Cetin, Keles ve Pektas, 2018). Biyoinformatigin amagclari su sekilde &zetlenebilir
(Bandyopadhyay ve Pal,2007):

1) Biiyiik bir biyolojik veri setinin iiyeleri arasinda farkl iligkilerin tiretildigi sekilde bir bilgi

edinmesini saglamak i¢in yeni algoritma ve modellerin gelistirilmesi;

2) Niikleotid ve amino asit dizileri, protein alanlar1 ve protein yapilari dahil olmak tizere

gesitli veri tiirlerinin analizi ve yorumlanmasi;

3) Farkl bilisim tiirlerinin verimli bir sekilde erisilmesini ve yonetilmesini saglayan araglarin

gelistirilmesi ve uygulanmasidir.

Biyoinformatigin en 6nemli gorevi ise insan dahil tiim biyolojik tiirlerin genomlarina, protein
sekanslarina ve proteinlerin ii¢ boyutlu yapilarina, metabolik yol veri tabanlarina, cell-line (hiicre
hatt1), hibridoma bilgilerine ve biyo-gesitlilige bagli bilgilerine ait niceleyici verilerin toplanmasidir
(Polat ve Karahan, 2009). Biyoinformatik terimi giiniimiizde olduk¢a popiiler olmasina ragmen gok
yeni bir disiplin degildir. 1869 yilinda DNA'nin Fiedrich Miescher tarafindan izole edilmesi ile
baslayan siireci Lotka ve Volterramin (1926) matematiksel modellemesi takip etmis; ancak
hesaplamal1 biyoloji ¢aligmalari ile biyoinformatigin birbirine karistirilmamasi gerektigini ifade eden
aragtirmacilar, 1951 yilinda Pauling ve Corey tarafindan yapilan proteinlerin ikincil yapilarini tahmin
etme calismalar1 biyoinformatigin kokenini olusturmakla birlikte 1953 yilinda Watson ve Crick’in
DNA’nin sarmal yapisimi ortaya koymasi biyoinformatik alanina nemli katkilar saglamistir (Unel,

vd., 2018).

Temel molekiiler ve genetik siireclerin anlasilmasmnda ve karmasik verilerin analizi ve
yorumlanmasi i¢in yeni yontemler gelistirilmesinde en etkin kurum olan “National Center for

Biotechnology Information (NCBI) 1988'de kurulmustur (Polat ve Karahan, 2009). Biyoinformatik
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alamindaki en énemli projelerden biri olan Insan Genom Projesi (IGP) ise Ekim 1990 da baglamustir ve
ABD Enerji Bakanlig1 ve Ulusal Saglhik Enstitiisii tarafindan koordine edilen 13 yillik bu proje 2003

yilinda tamamlanmistir (Akin, Biirge, Cevirici, Sahin, Sahin, ve Sahin, 2014).

Gittik¢e daha fazla sayida egitim kurumu, devlet kurumu ve isletme, diinyadaki IGP’nin
ilerlemesine bagl olarak daha fazla biyoinformatisyene olan ihtiyaci kabul etmistir (Zhong, Zhang,
Ma, ve Zhang, 2003). Bu noktada biyoinformatigin egitimin igerisine entegrasyonu oldukga biiytik bir
Oneme sahip olmustur. Ancak biyoinformatik egitimi bircok yarar saglamakla birlikte, bir takim
zorluklar1 da beraberinde getirmektedir. Biyoinformatigin egitime dahil edilmesinin sagladig:

olanaklar ti¢ kategoriye ayrilabilir (Cummings ve Temple, 2010):
¢ Biyoinformatigin yasam bilimine ve ilgili miifredatlara uygulanabilirligi

e Fen bilimleri Ogretim programlarinda Ogrencinin Ogrenmesini tesvik etmek igin

biyoinformatigin uygunlugu
e Ogrencilerin bilgisayar ve teknoloji ile ilgili deneyim ve teknolojiye olan ilgileri.

Buna karsin biyoinformatigin egitime daha fazla dahil edilmesinin ontindeki en biiyiik

zorluklar1 soyle siralayabiliriz (Cummings ve Temple, 2010):
e Gerekli altyapinin ve lojistik destegin saglanmasinda karsilasilan giigliikler

e Biyoinformatik Ogretim programlarinda yeterince yer almamasi ve Ogretmenlerin

biyoinformatik hakkinda var olan bilgilerinin sinirh olmasi

e Biyoinformatigin kapsamini genis olmasi ve &grencilerin sosyokiiltiirel yapilarmin gesitlilik

gostermesi

Biyoinformatik 6gretimi adina ilk yaklasimlar {iniversitelerde kisa kurs programlar: seklinde
diizenlenmistir. Bununla birlikte George Mason Universitesi, diinyadaki biyoinformatik alaminda ilk
doktora programini baslatmistir (Gollery, 2006). Bunu, ¢cogunlukla lisansiistii diizeyinde, bazilar1 da
lisans diizeyinde olan, diinya ¢apinda cesitli iiniversiteler ve kurumlar tarafindan baglatilan 6rgiin
egitim programlari izlemistir (Koch ve Fuellen, 2008; Kulkarni-Kale, Sawant, ve Chavan, 2010; Ojo, ve
Omabe, 2011, Wood ve Gebhardt, 2013). Ornegin Almanya’da bulunun {iniversitelerin 14’
biyoinformatik ile ilgili lisans diizeyinde dersler vermeye baslamistir (Koch ve Fuellen, 2008). Benzer
olarak, Avrupa Molekiiler Biyoloji Laboratuvar1 (The European Molecular Biology Laboratory) 2010
yilindan itibaren 6gretmenlerin biyoinformatik ile ilgili olan farkindaliklarini artirmak amaciyla
calistaylar diizenlemektedir (Wood ve Gebhardt, 2013). Ulkemizdeki biyoinformatik ile ilgili 6gretim
programlar1 sadece lisans ve lisansiistii programlarinda yer almaktadir. Cogunlukla tip, eczacilik,

biyoloji, biyomiihendislik, genetik, molekiiler tip, biyofizik boliimii 6grencileri i¢in diizenlenen 6zel

597



KEFAD Cilt 21, Say1 1, Nisan, 2020

kisa kurs programlari dogrultusunda calismalar gerceklestirilmektedir. Alan yazin taramasinda
Tiirkiye’de biyoinformatigin egitimi ya da egitimde kullanimu ile ilgili yapilan ¢alismalarin olmadig;,
bunun aksine biyoinformatik ile ilgili yapilan ¢alismalar ve arastirmalar incelendiginde hastaliklarin
tedavisi, bitkiler hayvanlar mantarlar, viriisler ve insalar {izerindeki DNA ve RNA analizi ¢alismalar:
ile protein yapilar tizerine yogunluk gosterdigi saptanmistir (Durmus-Tekir, 2013; Calibas1 vd., 2014;
Kartal, 2015; Oztemur, Aydos ve Giir-Dedeoglu, 2015; Karaca, 2018; Cubuk, 2019; Cakir, 2019).

Milli Egitim Bakanligl tarafindan yayimlanan 2018 ilkogretim fen bilimleri Ogretim
programlarinda biyoinformatik konu bashgi net olarak ifade edilmemekle birlikte Ogretim
programinin 6zel amagclar: kisminda (MEB, 2018a) “sosyobilimsel konular: kullanarak muhakeme yetenegi,
bilimsel diisiinme aliskanliklar: ve karar verme becerileri gelistirmek” ifadesi kullanilarak biyoinformatik
konu baghgmin programa dahil edilebilecegi diisiiniilebilir. Ayrica ortadgretim biyoloji, kimya ve
fizik Ogretim programlar1 gercevesinde de 6zel amaglar kisminda asagidaki ifadeler yer almaktadir

(MEB, 2018b, ¢, d) ;

e Canlilardan esinlenilerek gelistirilen teknolojilerin farkina varmalari ve benzer yenilikler

yapmak i¢in istekli olmalary,

e Bilim ve teknolojinin insanin ve diger canlilarin yasamlarma olan etkilerini

degerlendirebilmeleri,

o Bilimsel ¢aligmalarda ve toplumsal hayatta etik degerlere sahip olmanin ve bu degerlere

uygun davranmanin gerekliligini ve 6nemini kavramalari,

e Sosyobilimsel konular (bilimle iligkili tartismali sosyal konular) hakkinda bilingli

degerlendirmeler yapabilmeleri,

e Bilisim teknolojilerini kullanarak edindikleri bilgileri kimyanin sembolik diline ve bilimsel

icerige uygun olarak diizenlemeleri, sunmalari, raporlastirmalari ve paylasmalari

e Farkl enerji kaynaklarmin kullanimma yonelik sosyobilimsel olaylarla ilgili ¢ikarimda

bulunmalari,
o Islevsel projeler, kapsamli ve 6zgiin tasarimlar, buluslar iiretebilmeleri,

Bu ifadeler biyoinformatik konu baghgimin agikca ifade edilmese de programlara dahil
edilmeye calisildig1 gostermektedir. Ancak mevcut 6gretim programlarmin konular bakimindan
yogun olmas: yaninda, fen bilimleri derslerinin ders saatlerinin az olmas1 biyoinformatik gibi 6zel
konu bagliklarinin yeterince ilkdgretim ve ortadgretim kademesinde islenememesine sebep

olabilmektedir.
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Tirkiye’de biyoinformatik ve egitimi ile ilgili yeterli calisma olmamasi gergekligine
dayanarak, mevcut fen bilgisi 6gretmenleri ile fen bilgisi 6gretmen adaylarinin biyoinformatik ile ilgili
goriisleri biyoinformatik egitiminin iilkemizdeki durumunu resmetmesi agisindan 6nemlidir. Bu
nedenle bu arastirmada Tiirkiye’deki devlet okullarinda gorev yapan ortaokul fen bilgisi 6gretmenleri
ile ortaokul fen bilgisi Ogretmen adaylarmin biyoinformatik farkindaliklarmin belirlenmesi

amaclanmistir. Arastirmanin amacina uygun olarak asagidaki sorulara yanit aranmistir:

1. Fen bilgisi ogretmenlerinin ve Ogretmen adaylarimin biyoinformatik ve calisma

alanlari ile ilgili diistinceleri nelerdir?

2. Fen bilgisi 6gretmenlerinin ve dgretmen adaylarnin biyoinformatik bilgi kaynaklar:

hakkindaki farkindaliklar: ne diizeydedir?

3. Fen bilgisi d6gretmenlerinin ve 0gretmen adaylarinin insan genom projesi hakkinda

farkindaliklar1 ne diizeydedir?
Yoéntem
Arastirma Modeli

Arastirma nitel arastirma desenlerinden durum calismasi niteligindedir. Durum ¢alismasi,
gozlem, goriisme, dokiiman analizi gibi nitel veri toplama yontemlerinin kullanildigi, durumlar
dogal ortaminda gercekgi ve biitiinciil bir sekilde derinlemesine inceleyen bir arastirma yontemidir
(Yildirim ve Simsek, 2013; Creswell, ¢ev. 2016). Bu arastirmada fen bilgisi 6gretmenleri ile fen bilgisi

O0gretmen adaylarinin biyoinformatik ile ilgili goriisleri durum calismasi ile analiz edilmistir.
Calisma Grubu

Bu calisma 25 fen bilgisi 6gretmeni ve 30 fen bilgisi 0gretmen adayi ile yiirtitiilmiigtiir.
Katilimcilar segilirken amagli 6rnekleme yontemlerinden maksimum cesitlilik ve kolay erisilebilir
orneklem tekniklerinden yararlanilmigtir. Maksimum gesitlilik 6rneklemesinde aymi olgu ile ilgili
farkli goriiglerin alinmasi hedeflenirken, kolay erigilebilir 6rneklem ile erigsilmesi kolay bireyler
secilmistir (Yildirim ve Simsek, 2013). Calisma grubu Karadeniz bolgesinin bir ilinde gorev yapmakta
olan fen bilgisi 6gretmenleri ile ayni ildeki {iniversitede 6grenim goren fen bilgisi 6gretmen adaylar:

ile gontilliiliik esasia dayali olarak segilmistir.
Verilerin Toplanmasi

Veriler 4 adet agik uglu soruyla olusturulan goriisme formu araciligi ile toplanmistir. Goriisme
formu Fen bilgisi dersi dgretmenlerinin ve dgretmen adaylarmin biyoinformatik ile ilgili bilgi ve

goriislerini belirlemek amaciyla olusturulmustur. Gorlisme formunda yer alan toplamda 4 soru
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olusturulurken detayl bir alan yazin taramasi yapilmustir. Bu sorular alan yazin taramasi sonucunda
elde edilen ve arastirmacilarin kendi {irettikleri sorulardir. Fraenkel ve Wallen'e (2001) gore veri
toplama enstriimani, ¢alisma gegerliliginin onemli bir pargasidir: bir arastirmaci, enstriimanlarin
otomatik olarak gegerli oldugunu varsayamaz. Bu calismada da, gelistirilen enstriiman uygulamadan
once iki uzman tarafindan incelenmistir. Uzmanlardan gelen doniitler sonucunda sorular iizerinde

gereken degisiklikler yapilarak enstriimana son hali verilmistir.
Verilerin Analizi

Yazili goriislerin alinmasindan sonra toplanan verilerin analizi i¢in nitel igerik analizi
kullamilmistir. Nitel igerik analizinde amag elde edilen verileri betimleyebilecek kavramlara ve
iliskilere ulasmaktir. Nitel icerik analizinde verilerin kodlanarak kategorilestirilmesi, temalarin
bulunmasi, verilerin kodlara ve temalara gore diizenlenmesi ve tarumlanmasi ve bulgularin

yorumlanmasi agamalar1 birbirini izlemektedir (Yildirim ve Simsek, 2013).

Veri analizine yazili goriislerden elde edilen verilerin ¢oziimlenmesiyle baslanmistir.
Calismada her bir soruya ait cevaplara yonelik iki arastirmaci tarafindan kodlar olusturulmustur. Bu
kodlar sayilarak bazi kodlar gruplandirilmistir (Patton, 2002). Kodlayicilar aras: giivenirlik Miles ve
Huberman’'in (1994) formiiliine gére % 89 olarak hesaplanmustir. Iki kodlayic1 arasindaki anlasmazlik

giderildikten ve kodlar konusu netlestirdikten sonra kodlayic1 giivenirligi % 100'e ulagmuistur.
Bulgular

Arastirmaya katilan 0gretmen ve Ogretmen adaylarmin “Biyoinformatik nedir?” sorusuna

verdikleri yanitlar dogrultusunda olusturulan kategoriler ve frekanslari1 Tablo 1 de verilmistir.

Tablo 1. Arastirmanin birinci sorusuna verilen yanitlar

Kodlar Ogretmen Ogretmen Aday1
f % f %
Genetik bilgi inceleme - modelleme 12 48 11 37
Farkli disiplinlerin ¢aligma birlikteligi 8 32 10 34
Genetik bilgi depolama 8 32 8 27
Biyoloji / Canli bilgisi 6 24 4 13
Hastaliklara ¢dziim bulma 0 0 2 7
Biyolojinin alt dah 0 0 3 10
Genetik bilgi hesaplama 1 4 0 0
Bilgim yok 0 0 2 7

Tablo 1 genel olarak incelendiginde biyoinformatik ile genetik ve biyoloji bilimlerinin
katilimcilar tarafindan iligkilendirildigi ve 6zellikle de biyoinformatik kapsaminda genetik ile bilisgim

teknolojilerinin yakin iligkide oldugu ortaya konulmustur. Daha detayl olarak Tablo 1’de goriildiigii
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gibi arastirmaya katilan Ogretmenlerin %48i ve Ogretmen adaylarmin %37’si biyoinformatigin

insanlarin genetik bilgilerinin bilgisayar ortamlarinda detayli incelenmesi ve/veya bu bilgilerin

bilgisayar araciligiyla modellenmesi olarak tanimlamistir. Ayrica 6gretmenlerin %32’si ile 6gretmen

adaylarinin %34t genetik bilimi, bilgisayar, matematik, istatistik ve bilgi teknolojileri gibi farklh

disiplinlerin birlikte ¢alismasi oldugunu ifade etmistir. Ogretmenlerin %32’si ile 6gretmen adaylarmin

%27’si de canli genetigi lizerine calismalar, genlerle ilgili yapilan ¢alismalarin kapsamli verilerinin

elde edilmesi yani genetik bilgi depolama olarak ortaya koymustur. Bununla birlikte sadece 2

O0gretmen adayimin biyoinformatik konusunda bilgisi olmadigini iddia etmesi fen bilimleri alaninda

ister 6gretmen ister 6gretmen aday1 olsun biyoinformatik hakkinda ¢ogunlukla bilgi sahibi oldugunu

gostermistir. Birinci soruya katilimcilarin verdikleri yanitlardan alinan ekran goriintiileri asagidaki

gibidir.
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Sekil3. S15 kodlu 6gretmen adayinin birinci soruya verdigi yamnt
Aragtirmaya katilan 6gretmen ve 6gretmen adaylarmin biyoinformatigin calisma alanlari ile
ilgili soruya verdikleri yarutlar dogrultusunda olusturulan kategoriler ve frekanslar1 Tablo 2 de

verilmigtir.

Tablo 2. Arastirmanin ikinci sorusuna verilen yamitlar

Ogretmen Ogretmen Aday1

Kodl
odiar £ % £ %

Genetik
Hastalik tedavi
Tip

—_
(@)}
(@
B
—_
[ON]

43

Biyoloji

End{istri

Teknoloji
Biyoteknoloji
Eczacilik

Kotiiye kullanim
Bilgisayar miithendislik
Kimya endiistrisi
Biyomiihendislik

Tlag sanayi

Gida

Kok hiicre

Dogal denge bozulma
DNA degisiklik
Teknolojik canli
Tarim

Biyolojik silah

Yapay organ
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Genel olarak Tablo 2 incelendiginde ¢ok farkli alanlarin katilimcilar tarafindan ortaya
konuldugu goriilmiistiir. Ancak dikkat cekici olarak bu alanlarin ¢ogunlukla birbirleri ile baglantil
olmasidir. Tablo 2’de goriildiigii gibi biyoinformatigin calisma alaninin en siklikla genetik oldugu ve
genetik ile iligkili olarak hastaliklarin tedavisi, tip, biyoloji alanlarinin oldugu ifade edilmisgtir.
Bununla birlikte eczacilik, bilgisayar miihendisligi, kimya endiistrisi ve biyomiihendislik alanlarmin

da varligindan bahsedilmistir. Daha diisiik oranda ila¢ sanayi, kok hiicre, DNA degisikligi, tarim,
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biyolojik silah ve yapay organ gibi farkli alanlarda ifade edilmistir. Tkinci soruya katilimcilarin

verdikleri yanitlardan alman ekran goriintiileri asagidaki gibidir.

2) Bioinformatigin calisma alanlari hakkinda ne distiniiyorsunuz?
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Sekil4. T2 kodlu 6gretmenin ikinci soruya verdigi yanit

2) Bioinformatigin calisma alanlari hakkinda ne diisiintiyorsunuz?
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Sekil5. T20 kodlu 6gretmenin ikinci soruya verdigi yanit

2) Bioinformatigin ¢alisma alanlari hakkinda ne disiniyorsunuz?
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Sekil6. S22 kodlu d6gretmen adaymnin ikinci soruya verdigi yanit
Aragtirmaya katilan Ogretmen ve Ogretmen adaylarmin “Biyoinformatik bilgisine hangi
kaynaklardan ulagsacagmizi diisliniiyorsunuz?” sorusuna verdikleri yanitlar dogrultusunda

olusturulan kategoriler ve frekanslar1 Tablo 3 de verilmistir.

603



KEFAD Cilt 21, Say1 1, Nisan, 2020

Tablo 3. Arastirmanin iigiincii sorusuna verilen yamitlar

Ogretmen Ogretmen Aday1
Kodlar

f % £ %
Internet 17 68 23 77
Makale 12 48 8 27
Dergi 6 24 7 23
Kitap 5 20 7 23
Yiiksekogretim kurumu 5 20 0 0
Veri taban1 4 16 7 23
Tez 4 16 3 10
Tip merkezi 3 12 1 3
Uzman 1 4 13
Bilgim yok 0 0 4 13

Gelisen teknoloji sayesinde tiim katilimcilar agisindan bilgi edinme noktasi olarak internet en
basi cekmektedir. Bunun yani sira makale, dergi ve kitaplar 0gretmen ve 6gretmen adaylarinin bilgi
edinme kaynaklari arasinda bulunmaktadir. Ogretmen adaylarindan hig biri yiiksekdgretim
kurumlarini bilgi edinme kaynag: olarak ifade etmemis olmas: dikkat ¢ekicidir. Ancak yine 6gretmen
adaylar1 uzmanlar1 bilgi edinme kaynag: olarak gormektedir. Bununla birlikte uzmanlarin en basta
yiiksekogretim kurumlarinda bulunabilecegini goz ardi etmigtir. Ogretmen adaylarina yonelik
bakilacak olursa %13'litkk bir kistm da biyoinformatik bilgi kaynaklar1 hakkinda bilgisi olmadigin
ifade etmistir. Uciincii soruya katilimcilarin verdikleri yanitlardan aliman ekran goriintiileri asagidaki

gibidir.

3) Bioinformatik bilgisine hangi kaynaklardan ulasacaginizi disintyorsunuz?
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Sekil7. 526 kodlu d6gretmen adaymnin {igiincii soruya verdigi yanit
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3) Bioinformatik bilgisine hangi kaynaklardan ulasacaginizi diigtintiyorsunuz?
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Sekil8. T6 kodlu 6gretmenin tiglincii soruya verdigi yamt

3) Bioinformatik bilgisine hangi kaynaklardan ulasacaginizi dustiniiyorsunuz?
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Sekil9. S29 kodlu 6gretmen adayinin iiglincii soruya verdigi yanit
Aragtirmaya katilan Ogretmen ve Ogretmen adaylarinin insan genom projesi ¢iktilar:
hakkindaki diislincelerini ifade ettikleri soruya verdikleri yanitlar dogrultusunda olusturulan

kategoriler ve frekanslar1 Tablo 4 de verilmistir.

Tablo 4. Arastirmanin dérdiincii sorusuna verilen yamtlar

Ogretmen Ogretmen Aday1
Kodlar

f % f %
Hastaliklarin tedavisi 11 44 10 33
Hastaliklarin tanulanmasi 11 44 10 33
Genel olumlu ifadeler 10 40 4 13
Genlerin 6zellikleri belirleme 9 36 14 47
Genlerin degistirme 9 36 1 3
Genel olumsuz ifadeler 3 12 2 7
Gen aligverisi saglanmasi 2 8 0 0
Dogal dengenin bozulmasi 1 4 0 0
Organ naklinin gerceklesmesi 1 4 0 0
Bilgi yok 0 0 11 37
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Tablo 4’e genel olarak bakildiginda katiimcilar insan genom projesinin ¢iktilarmin
¢ogunlugunu hastaliklarin tan ve tedavilerinin olumlu sonuglari {izerine oldugunu ifade etmislerdir.
Ayrica Ogretmenler genlerin Ozelliklerini belirleme ve gen degisimi konusunda %36'lik paralel
yaklasim sunarken, 6gretmen adaylar1 genlerin ozelliklerinin belirlenmesi sonucuna ulasirken gen
degisimi konusunda daha diisiik bir oran ortaya koymuslardir. Dahasi gen aligverisi, dogal denge
bozulmasi ve organ nakli gibi énemli baghklarda da 6gretmen adaylar: fikir sahibi olmadiklarini
ortaya koymuslardir. Ogretmen ve dgretmen adaylarmin insan genom projesi giktilarinin olumlu ve
olumsuz sonuglarina yonelik sdylemlerine bakildiginda da her iki grup da olumlu sonuglarindan
daha ¢ok bahsetmislerdir. Dordiincii soruya katilimcilarin verdikleri yamitlardan alinan ekran

goriintiileri asagidaki gibidir.

4) insan genom projesi ciktilari hakkinda ne diistiniiyorsunuz?
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Sekil10. S28 kodlu 6gretmen adayinin dordiincii soruya verdigi yanit

4) Insan genem projesi ¢iktilar hakkinda ne dustniyorsunuz?
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Sekil11. T22 kodlu 6gretmenin dordiincii soruya verdigi yanit
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4) Insan genom projesi ¢iktilari hakkinda ne diisiiniiyorsunuz?
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Sekil12. T16 kodlu 6gretmenin adayinin dérdiincii soruya verdigi yanit

Sonug, Tartisma ve Oneriler

Arastirmadan elde edilen bulgular incelendiginde arastirmaya katilan 6gretmen ve 6gretmen
adaylarinin biyoinformatigi genetik ile iliskilendirdikleri ortaya ¢ikmistir. Biyoinformatik temel olarak
biyo-molekiiller ile ilgili olan verilerin teknoloji yardimiyla analiz edilmesi ve saklanmasi siireci
oldugundan, katiimcilarin biyoinformatik ile iligkili kavram imajlarinda genetik biliminin yer almasi
beklenen bir sonuctur. Alan yazinda biyoinformatik ile ilgili yapilan ¢alismalar da incelendiginde
(Luscombe, Greenbaum ve Gerstein, 2001; Koch ve Fuellen, 2008) biyoinformatigin genetik ile birlikte
tanimlamanin tercih edildigi goriilmektedir. Tanimma da uygun olarak katilimcilarin yarisindan
fazlas1 biyoinformatigin genetik ve teknolojinin bir arada kullanilmasi ile ilgili oldugunu ifade
etmislerdir. Campbell’in (2013) calismasinda da siklikla katilimc1 6grenciler biyoinformatigi “yeni”

bilgisayarl biyoloji olarak ifade etmislerdir.

Bununla birlikte hem &gretmenlerin hem de 6gretmen adaylariin biyoinformatigin ¢alisma
alanlar1 hakkinda ¢ok cesitli bilgiler verdigi goriilmiistiir. Ancak bu bilgilerin dogrulugunu ve
gincelligini takip etme agisindan canli bir mecra olan internet hemen akillarina gelirken,
biyoinformatik konusunda uzman olarak nitelendirilebilecek akademisyen, miihendis ve benzeri
uzman kisileri diislindiiklerini daha az ifade etmislerdir. Alan yazinda yapilan calismalarda da
(Wefer, 2006, Smith, 2007, Cummings ve Temple, 2010) yapmis oldugu ¢alismada da biyoinformatigin
gelismekte bir alan oldugundan konu ile ilgili bilgilere erisimde yazili ve gorsel kaynaklarin yeterli

sayida olmadig ifade edilmistir.

Ayrica insan genom projesinin ¢iktilar1 hakkinda katilimcilarin goriigleri incelendiginde,
hemen hemen hepsi hastaliklarin tan1 ve tedavi siiregleri ile gen oOzelliklerinin belirlenmesi ve
degistirilmesi siiregleri hakkinda goriis bildirmislerdir. Fakat organ nakli asamasinda hem iilkemizde
hem de diinyada dondér bulunamamasi sebebiyle bir¢ok insanin hayatini kaybetmesine ragmen
katilimcilarin ¢ok az bir kismi1 organ naklinin bu projenin yardimiyla kolaylastirilabileceginin farkina
varamamislardir. Arastirmanin ikinci sorusunda ifade edilen biyoinformatigin ¢alisma alanlar ile
ilgili olarak, biyoinformatigin kotiiye kullanilabilecegini diisiinen katilimci orani %8 iken, organ nakli
konusunda diisiincesini ifade eden katilimci orani ise sadece %4'tiir. Biyoinformatik ile ilgili bilgilerin

kottiye kullanimi ile ilgili olarak Trinidad ve meslektaslarinin (2012) insan genomu ile iligkili
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arastirmalarda izin konusundaki ¢alismalarinda bulduklarina benzerlik gostermektedir. Adi gegen
calismada da katiimcilar elde edilen bilgilerin arastirma disina tasinabilecegi hakkinda endiseleri
oldugunu ifade etmislerdir. Bu noktada sosyobilimsel ¢alisma alanlarinin toplumsal etikler ile ¢atisma
icinde oldugu ve bu alanlarin gelismesini engelleyen en temel sebeplerden biri oldugunu
sOyleyebiliriz. Arastirmanin katilimcilarinin en fazla sayida bu soruya iligskin bilgisinin olmadig: da
ortaya ¢ikmustir. Bu durum bu projenin igeriginden ve sonuglarindan gerek 6gretmen gerek 6gretmen

adaylarina yeterince bilgilendirme yapilmamis olmast ile iliskilendirilebilir.

Bu sonuglardan yola cikarak, biyoinformatigin tamimlanmasi ve calisma alanlar1 ile bu
bilimsel ¢alismalarin insanliga sunabilecegi yararlarin egitim programlari igerisine genis entegrasyonu
saglanmalidir. Bununla birlikte gelecegin Ogretmenleri olan Ogretmen adaylarmin yetistirilmesi
esnasinda da biyoinformatik ve onunla ilgili ¢calismalarin tanitilmasi kisa kurslar halinde degil de
Orgiin egitimin bir parcasi haline getirilmelidir. Ayrica bu baglamda ilkokul 3.smif seviyesinden
itibaren fen bilimleri derslerinde biyoinformatigin gercek amacinin insanliga faydali olmak oldugu
ogretilmelidir. Boylece kiiglik yaslardan itibaren alman faydaci egitimin biyoinformatigin kotiiye

kullanim oranimi ciddi oranda diisiirecegi diistiniilebilir.
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Introduction

The huge increase in genetic data creates a gap in how data is stored. At this point, as a result
of the increase in data, computers have become indispensable for biological research. The use of
computers is ideal because of the ease of storing large amounts of data and the complex dynamics
observed in nature (Luscombe, Greenbaum, and Gerstein, 2001). The increase of genetic studies, the
storage of biological data, the amount of which increases day by day, the need for calling back and the
need for editing and analysing these data have led to the birth of a multidisciplinary science, called
bioinformatics. Although bioinformatics has different definitions, it can be defined as an
interdisciplinary branch of science that uses mathematics, statistics and information technologies in
the process of organizing, analysing and storing bioinformatics, biomolecules of raw data (Unel, Onal,
Cetin, Keles and Pektas, 2018). The objectives of bioinformatics can be summarized as follows

(Bandyopadhyay and Pal, 2007):

1) Developing new algorithms and models to ensure that information from different members

of a large set of biological data are produced as they are produced;

2) Analysis and interpretation of various data types, including nucleotide and amino acid

sequences, protein domains and protein structures;

3) Management and implementation of various types of information to be accessed in an

efficient manner.

The most important task of bioinformatics is to collect quantitative data on genomes, protein
sequences and three-dimensional structures of proteins, metabolic path databases, cell
line, hybridoma information and biodiversity related information (Polat and Karahan,
2009). Although the term bioinformatics is very popular today, it is not a very new discipline. The
process that started with the isolation of DNA by Fiedrich Miescher in 1869 was followed by the
mathematical modelling of Lotka and Volterra (1926). However, the researchers stated that
computational biology studies and bioinformatics should not be confused with each other.
Meanwhile, the studies of predicting the secondary structures of the proteins made by Pauling and
Corey in 1951 formed the origin of the bioinformatics. In 1953, Watson and Crick revealed the helical

structure of DNA and made significant contributions to the bioinformatics field (Unel, et al., 2018).

“National Center for Biotechnology Information (NCBI), which is the most effective institution
for understanding basic molecular and genetic processes and developing new methods for analysing
and interpreting complex data, was established in 1988 (Polat and Karahan, 2009). The Human

Genome Project (IGP), one of the most important projects in the field of bioinformatics, started in
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October 1990 and this 13-year project coordinated by the US Department of Energy and the National
Health Institute was completed in 2003 (Akin, Biirge, Cevirici, $ahin, Sahin, and Sahin, 2014).

More and more educational institutions, government agencies and businesses have accepted
the need for more bioinformaticians due to the progress of the IGP in the world (Zhong, Zhang, Ma,
and Zhang, 2003). At this point, the integration of bioinformatics into education has been of great
importance. However, even though bioinformatics education provides many benefits, it also brings
some difficulties. The possibilities of inclusion of bioinformatics in education can be divided into three

categories (Cummings and Temple, 2010):
¢ Applicability of bioinformatics to life science and related curricula
o Eligibility of bioinformatics to encourage student learning in science education programs
¢ Students' interest and experience in computer technology

On the other hand, the biggest challenges to further inclusion of bioinformatics in education

can be listed as follows (Cummings and Temple, 2010):
¢ Difficulties in providing the necessary infrastructure and logistic support

e Lack of adequate coverage in bioinformatics education programs and limited knowledge of

teachers about bioinformatics
¢ Wide scope of bioinformatics and diverse sociocultural structures of students

The first approaches in the name of bioinformatics education are organized in universities as
short course programs. However, George Mason University has launched the first doctoral program
in bioinformatics in the world (Gollery, 2006). This was followed by formal education programs
initiated by various universities and institutions around the world, mostly at the postgraduate level
and some at the undergraduate level (Koch and Fuellen, 2008; Kulkarni-Kale, Sawant, and Chavan,
2010; Ojo, and Omabe, 2011; Wood and Gebhardt, 2013). For example, 14 of the universities in
Germany started to offer undergraduate level courses on bioinformatics (Koch and Fuellen,
2008). Similarly, the European Molecular Biology Laboratory (The European Molecular Biology
Laboratory) related to bioinformatics of teacher organises workshops since 2010 in order to increase
their awareness of bioinformatics (Wood and Gebhardt, 2013). Curriculum related to bioinformatics in
our country is only included in undergraduate and graduate programs. Studies are carried out in line
with special short course programs, organised mostly for students of medicine, pharmacy, biology,
bioengineering, genetics, molecular medicine and biophysics. In the review of literature in Turkey, the
number of studies about the instruction of bioinformatics or the use of bioinformatics in education are

insufficient. On the contrary, studies related to bioinformatics examined the treatment of diseases,
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plants, animals and fungi on the virus, built DNA and RNA analysis studies and showed intensity on
protein structures (Durmus-Tekir, 2013; Calibas: et al., 2014; Kartal, 2015; Oztemur, Aydos and Giir-
Dedeoglu, 2015; Karaca, 2018; Cubuk, 2019; Cakar, 2019).

In the elementary science curriculum published in 2018, although not expressed clearly by the
following specific objective " using socio-scientific threads reasoning ability, develop scientific thinking habits
and decision-making skills”, it can be deduced that bioinformatics topics can be included in the teaching
process. In addition, in the framework of secondary education biology, chemistry and physics
education curricula, the following statements are included in the specific purposes section (MoNE,

2018b, ¢, d);

e Of fresh inspiration from living creatures, to realise the technology developed and to be

willing to make similar innovations

¢ To be able to evaluate the effects of science and technology on the lives of humans and other

creatures

¢ To comprehend the necessity and importance of having ethical values and act in accordance

with these values in scientific studies and social life

e To be able to make informed evaluations about sociological issues (controversial social issues

related to science)

e To arrange, present, report and share the information they have acquired using information

technologies in accordance with the symbolic language and scientific content of chemistry
¢ To make inferences about sociological events related to the use of different energy sources
e To produce functional projects, comprehensive and unique designs and inventions

These statements show that there was an attempt to include the topic of bioinformatics in the
curricula, although it was not explicitly stated. However, in addition to the fact that the current
curriculum is intense in terms of subjects, lessons in science classes can cause special topics such as

bioinformatics to not be processed adequately in primary and secondary education levels.

Based on the fact that there is not enough researches about bioinformatics and its education in
Turkey, it is important to determine the science teachers’ and the prospective teachers” opinions about
the situation of bioinformatics education. Therefore, this study aims to determine the bioinformatics
awareness of middle school science teacher and of prospective science teachers. The following

research questions are formed according to the aim of study:
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1. What are the opinions of science teachers and prospective teachers on

bioinformatics and their fields of study?

2. What is the level of awareness of science teachers and prospective teachers

about bioinformatics information sources?

3. What is the awareness of science teachers and prospective teachers about the

human genome project?
Method

Research Model

This study is designed as a case study. It is a research method that uses qualitative data
collection methods such as case study, observation, interview and document analysis. It examines the
situations in a natural and holistic way in a natural environment (Yildirim and $Simsek, 2013; Creswell,
trans. 2016). In this study, the opinions of science teachers and science teacher candidates about

bioinformatics were analysed by case study.
Working Group

This study was carried out with 25 science teachers and 30 prospective science
teachers. Easily-accessible and maximum variation sampling techniques were used as the sampling
methods. In the maximum diversity sampling, the aim is to get different views about the same
phenomenon, while individuals that are easy to access with an easily-accessible sample were selected
(Yildirim and Simsek, 2013). The study group was selected on a voluntary basis, with science teachers
working in a province of the Black Sea region and science teacher candidates studying at the

university in the same province.
Collection of Data

The data were collected through an interview form created with four open-ended
questions. The interview form was created to determine the knowledge and views of science teachers
and prospective teachers about bioinformatics. While creating four questions in the interview form, a
detailed literature review was conducted. These are the questions obtained as a result of the literature
review. According to Fraenkel and Wallen (2001), the data collection instrument is an important part
of study validity; a researcher cannot assume that instruments are automatically valid. In this
study also, developed instrument both before applying it skilled was examined. As a result of

feedback from experts on the changes needed on the question made arak instrument a is finalized.

Data Analysis
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Qualitative content analysis was used to analyse the data collected after the written opinions
were received. In qualitative content analysis, the aim is to reach concepts and relationships that can
describe the data obtained. In qualitative content analysis, the stages of coding and categorizing data,
finding themes, organizing and defining data according to codes and themes and interpreting the
findings follow one another (Yildirim and Simsek, 2013). Data analysis of this study started with
the analysis of the data obtained from written opinions. Codes were created by two researchers as
answers to each question. Some codes are grouped by counting (Patton, 2002). The reliability

coefficient was calculated as %89 by the formula Miles and Huberman (1994).
Findings

The categories and frequencies created along with the answers of participants to the question

"What is Bioinformatics?" are given in Table 1.

Table 1. The answers given to the first research question

Teacher PT
Codes ¢ % ‘ %
Genetic information analysis - modelling 12 48 11 37
Working cooperation of different disciplines 8 32 10 34
Genetic information storage 8 32 8 27
Biology/Living information 6 24 4 13
Finding solutions to diseases 0 0 2 7
Sub-branch of biology 0 0 3 10
Genetic information calculation 1 4 0 0
I'have no idea 0 0 2 7

When Table 1 is analysed, it can be deduced that participants have associated bioinformatics,
genetics and biology sciences and especially in the context of bioinformatics, genetics and information
technologies are closely related. As seen in Table 1, 48% of teachers and 37% of prospective teachers
who participated in the study defined bioinformatics as a detailed study of human genetic
information in computer environments and/or modelling this information via computer. In addition,
32% of teachers and 34% of prospective teachers stated that different disciplines such as genetic
science, computer, mathematics, statistics and information technologies work together. Thirty-two
percent of the teachers and 27% of the teacher candidates have also revealed studies on living genetics,
obtaining comprehensive data on genes such as genetic information storage. However, the fact that
only two prospective teachers claim that they do not have knowledge about bioinformatics has shown
that they are mostly knowledgeable about bioinformatics. The screenshots taken from the responses of

the participants to the first question are as follows.
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Figure 1. T21 coded teacher's answer to the first question

(Eng.: 1) What is bioinformatics? Please explain. Answer: Bioinformatics is to study living science via
computers. It facilitates storage, gathering, and achieving biological data.

) /). COne A4E 4 A e F= el
l NSaq Penetigin. N /e Aoy e elenre e Orn
'/ s o =) N “ff ) /f»ﬂ P | V=i = k iodde /-
: ¢ = Are
€ Y -~ > e /

(n
)
3
0
\

Figure 2. The answer given by T6 coded teacher to the first question

(Eng.: It is a technology-assisted branch of genetic science that leads to investigate human genetics in
detail, to model the gene arrangement in virtual environment and to investigate genetic structure).
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Figure 3. S15 coded prospective teacher’s answer to the first question

(Eng.: It is to store and use biological and genetic data by means of computers).

The categories and frequencies created along with the answers of participants to the question

about the study field of bioinformatics are given in Table 2.

Table 2. Answers to the second question of the research

Teacher PT
Codes
f % f %
Genetic 16 64 13 43

Disease treatment 8 32 8 27
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When Table 2 is examined, it can be seen that very different fields are put forward by the
participants. However, it is noteworthy that these areas are mostly interconnected. As it can be seen in
Table 2, the field of study of bioinformatics is stated to be the most frequent genetics, and in relation to
genetics, there are areas of treatment, medicine and biology. However, the existence of the fields of
pharmacy, computer engineering, chemical industry and bioengineering are also mentioned. To a
lesser extent, it has been expressed in different fields such as the pharmaceutical industry, stem cell,
DNA change, agriculture, biological weapon and artificial organ. The screenshots taken from the

responses of the participants to the second question are as follows.

2) Bioinformatigin calisma alanlari hakkinda ne diistintiyorsunuz?
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Fig4. T2 coded teacher's answer to the second question

(Eng.: 2) What do you think about the study field of bioinformatics? Answer: It can be useful if ethical
issues are well considered. The cures can be found for patients. Moreover, the diseases can be
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prevented by replacing the gene responsible for the disease. Nowadays, this situation can be used
privately in bad ways. Selected human can be created).

2) Bioinformatigin calisma alanlari hakkinda ne diisiiniiyorsunuz?
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Figure 5. T20 coded teacher's answer to the second question

(Eng.: 2) What do you think about the study field of bioinformatics? Answer: I can see it as a branch
that can be used for producing artificial organs instead of organ donation).

2) Bioinformatigin ¢alisma alanlari hakkinda ne dustiniyorsunuz?
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Figure 6. S22 coded teacher candidate's answer to the second question

(Eng.: 2) What do you think about the study field of bioinformatics? Answer: It is a prospective health
investment to heal the infected genes and to store healthy genes).

The categories and frequencies created along with the answers of participants to the question

"From which sources do you think you will reach the information of bioinformatics?" are given in

Table 3.

Table 3. Answers to the third question of the research

Teacher PT

Codes

f % f %
Internet 17 68 23 77
Article 12 48 8 27
Journal 6 24 7 23
Book 5 20 7 23
Higher education institution 5 20 0 0
Database 4 16 7 23
Thesis 4 16 3 10
Medical centre 3 12 1 3
Expert 1 4 4 13
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I have no idea 0 0 4 13

Because of the developing technology, the internet is at the forefront as a point of obtaining
information for all participants. In addition, articles, journals and books are among the sources of
information for teachers and prospective teachers. It is noteworthy that none of the teacher candidates
stated higher education institutions as a source of information. However, teacher candidates see
experts as a source of information. However, the fact that specialists can be found primarily in higher
education institutions was ignored. In terms of prospective teachers, 13% stated that they did not
know about bioinformatics information sources. The screenshots taken from the responses of the

participants to the third question are as follows.

3) Bioinformatik bilgisine hangi kaynaklardan ulasacaginizi disiiniyorsunuz?
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Figure 7. S26 teacher candidate's answer to the third question

(Eng.: From which sources do you think will you reach the information of bioinformatics? Answer:
Articles published in Google Scholar, the book titled “Special subjects in Biology” (Pegem), scientists
studied about bioinformatics, scientific journals, databases like NCBIL, MEDLINE, Pamed, BLASTN,
BALSTX).

3) Bioinformatik bilgisine hangi kaynaklardan ulasacaginizi diisiintiyorsunuz?

Figure 8. T6 coded teacher's answer to the third question

(Eng.: From which sources do you think will you reach the information of bioinformatics? Answer:
Bioinformatics information can be reached through the foundations that have high technological
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opportunities, that follow latest developments in medicine and that are really engaged in these
developments).

3) Bioinformatik bilgisine hangi kaynaklardan ulasacaginizi dustiniiyorsunuz?
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Fig9. 529 coded teacher candidate's answer to the third question

(Eng.: From which sources do you think will you reach the information of bioinformatics? Answer: It
can be reached easily in the internet. We can gain knowledge by reading the books written about this
topic).

The categories and frequencies created along with the answers of participants to the question
about their thoughts regarding the human genome project outputs of bioinformatics are given in

Table 4.

Table 4. Answers to the fourth question of the research

Teacher PT
Codes
f % f %
Treatment of diseases 11 44 10 33
Diagnosis of diseases 11 44 10 33
General positive statements 10 40 4 13
Determining the properties of genes 9 36 14 47
Changing genes 9 36 1 3
General negative statements 3 12 2 7
Providing gene exchange 2 8 0 0
Disruption of natural balance 1 4 0 0
Organ transplantation 1 4 0 0
No information 0 0 11 37

As can be observed in Table 4, the participants stated that the majority of the outputs of the
human genome project is on the positive results of the diagnosis and treatment of diseases. In
addition, while teachers offered a 36% parallel approach to determining the properties of genes and
gene replacement, prospective teachers showed a lower rate about gene replacement while reaching
the result of determining the properties of genes. Moreover, pre-service teachers showed that they did

not have ideas on important topics such as gene exchange, natural balance disruption and organ
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transplantation. When the discourses of the teachers and prospective teachers about the positive and
negative results of the human genome project outputs are analysed, it can be observed that both
groups talked more about their positive results. The screenshots taken from the responses of the

participants to the fourth question are as follows.

4) insan genom projesi ciktilari hakkinda ne diistiniyorsunuz?
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Fig10. S28 coded teacher candidate's answer to the fourth question

(Eng.: 4) What do you think about the human genome project outputs? Answer: Human genome
project is common project of all human beings because the DNA arrangement of humans refers to all
ages. The products are also important because they can be used to cure diseases like breast cancer,
colon cancer and Mediterranean anaemia).
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Fig11. T22 coded teacher's answer to the fourth question
(Eng.: 4) What do you think about the human genome project outputs? Answer: I think that it is a
useful and practical project that can be used for prospective diseases because all knowledge and all
diseases of humans are recorded).
4) Insan genom projesi ¢iktilari hakkinda ne diisiiniiyorsunuz?
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Fig12. T16 coded teacher's answer to the fourth question
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(Eng.: 4) What do you think about the human genome project outputs? Answer: - I think that in the
future, we can reach easily and rapidly the information about human diseases. — Acceleration of donor
scanning in organ transplantation. — Discover the genetic properties of human beings).

Conclusion, Discussion and Implications

When the findings obtained from the research were examined, it was revealed that the science
teachers and prospective teachers who participated in the research associate bioinformatics with
genetics. Since bioinformatics is the process of analysing and storing data related to biomolecules with
the help of technology, it is an expected result that the science of genetics will be included in the
concept images related to bioinformatics. When studies on bioinformatics in the literature are also
examined (Luscombe, Greenbaum and Gerstein, 2001; Koch and Fuellen, 2008), it is seen that
bioinformatics is preferred to be defined with genetics. In accordance with its definition, more than
half of the participants stated that bioinformatics is related to the combination of genetics and
technology. In Campbell's (2013) study, participant students frequently expressed bioinformatics as

"new" computed biology.

It has been seen that both science teachers and prospective teachers give a wide range of
information about the fields of work of bioinformatics. However, while the internet, which is a lively
medium in terms of following the accuracy and currentness of this information, comes to mind
immediately, science teachers and prospective teachers have expressed less than they think with
regard to academicians, engineers and similar experts who can be qualified as bioinformatics
experts. It is stated that bioinformatics is an emerging field in the studies carried out in the literature
(Wefer, 2006; Smith, 2007; Cummings and Temple, 2010) and that there is not a sufficient number of

written and visual resources in accessing information about the subject.

In addition, when the opinions of the participants about the outcomes of the human genome
project were examined, almost all of them expressed their opinions about the diagnosis and treatment
processes of the diseases and the processes of determining and changing gene
characteristics. However, although many people lost their lives due to the absence of donors both in
our country and in the world during organ transplantation, few of the participants could not realize
that organ transplantation can be facilitated with the help of this project. With regard to the study
areas of bioinformatics expressed in the second question of the study, the rate of participants who
think that bioinformatics can be abused is 8%, while the rate of participants who express their
thoughts on organ transplantation is only 4%.Meanwhile, as for the abuse of bioinformatics
information, Trinidad and colleagues (2012) show similarity to what they found in their studies on

permits in research related to the human genome. In the aforementioned study, the participants stated
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that they had concerns that the information obtained could be taken out of the research. At this point,
we can say that sociological fields of study are in conflict with social ethics and it is one of the main
reasons preventing the development of these fields. It was also revealed that the participants of the
study did not have the greatest number of knowledge about this question. This may be related to the
content and results of this project, with the fact that the teacher and prospective teachers were not

adequately informed.

Based on these results, the definition and scope of bioinformatics and the broad integration of
the benefits these scientific studies can offer to humanity should be provided within the education
programs. However, during the training of prospective teachers who are future teachers, the
introduction of bioinformatics and related studies should be included in formal education rather than
in short courses. In this context, it should be taught that the real purpose of bioinformatics is to be
beneficial to humanity in science lessons starting from the third grade of primary school. Thus, it can
be thought that utilitarian education from a young age will significantly reduce the abuse rate of

bioinformatics.
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