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Oz

Giiniimiizde fen bilimleri ve sosyal bilimlerde ortaya ¢ikan yeni bilgiler, matematiksel modellerin
kullanildigr  bilgisayar yazilimlar1 yardimiyla islenerek, bu bilgilerin olgunlastiriimasi
saglanmaktadir. Biyolojik siireclerin matematiksel olarak ac¢iklanmasi olarak ifade edilebilen,
uygulamali matematigin bir alt dali olan biyomatematik (matematiksel biyoloji) biyolojik bilginin
matematikle modellenmesi ve gosterimi anlamina gelmektedir. Biyomatematigin konu alanm ve
gelisen mesleki uygulamalardaki yeri genistir. Bu nedenle, gelecegin yetigkinleri olan ortadgretim
Ogrencilerinin, biyoloji-matematik boliimleri lisans-lisansiistii 6grencilerinin ve bu konuya dair ilk
bilgileri aktaran Ogretmen adaylarmin yetistirilmesi 6nem tagimaktadir. Bu calismanin amaci,
Tiirkiye’deki biyomatematik arastirmalarini ve biyomatematik egitimini inceleyerek gelecege iligkin
cikarimlar yapilmasidir. Calismada nitel arastirma ydntemlerinden dokiiman incelemesi yontemi
tercih edilmistir. Veri toplama siirecinde ise biyomatematik bilimini konu edinen arastirmalara ve
biyomatematik bilimi {izerine egitim veren kurum ve programlara iliskin dokiimanlara ulasilmistir.
Ulasilan dokiimanlar icerik analizi ile c¢Oziimlenmistir. Analizler sonucunda iilkemizde yapilan
arastirmalarda biyomatematik kavraminin heniiz kavramsal olarak yerlesmedigini sdylemek
miimkiindiir. Bu durum sadece bilimsel arastirmalar ile sinirli kalmayip biyomatematik egitiminin de
yliksekdgretim programlarinda tam anlamiyla yerini alamadigini1 gosterebilir. Calismada elde edilen
sonuglar biyomatematigin Oneminin ¢ok yoOnlii olarak incelenmesi adma yapilacak yeni

aragtirmalarin gerekliligini gostermektedir.
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Giris

Bilim ve teknolojinin ilerlemesi, canlilarin genetik yapilarinin aydinlatilmasindan, cografi
bilgi sistemleri igin uydular yapilmasma kadar birgok alandaki gelismeleri beraberinde
getirmistir. Giinlimiizde fen bilimlerinden sosyal bilimlere degin hayatimizin her alaninda
ortaya ¢ikan bu yeni bilgiler, matematiksel modellerin kullanildig1 bilgisayar yazilimlari
yardimiyla iglenmekte ve biiyiikk miktarda verinin olgunlastirilmasi saglanmaktadir (Eaton,
LaMar ve McCarthyc, 2020). Bu nedenle, elde edilen her tiirlii bilginin diizenlenmesinin
gittikge 6nem kazandig1 21. ylizyilda, bilimsel verinin anlamlandirilmasinda matematik ve
bilgisayarli islemlerin dne ¢ikacag: agiktir. Ozellikle uygulamali matematigin bir alt alani
olan biyomatematik (matematiksel biyoloji) biliminin, glinlik yasamin birebir i¢inde olan
biyolojik bilimlerdeki verileri nicel olarak degerlendirilmesi ve biyoloji, matematik ve
bilgisayar bilimlerini kapsayan disiplinlerarasi ¢aligmalar yapmasi gittik¢e daha fazla dikkat
cekmektedir. Oyle ki, artik biyomatematik bilimi uygulamalarinmn, genglerin Kariyer
planlarinda yerini almast kaginilmazdir (Akman, Eaton, Hrozencik, Jenkins ve Thompson,
2020).

Matematiksel biyoloji, teorik biyoloji, nicel biyoloji, hesaplamali biyoloji gibi farkli
isimlerle anilan ve uygulamali matematigin bir alt dali olan biyomatematik kavraminin
gittikge popiiler oldugunu ve merak uyandirdigini sdylemek yanlis olmaz. Akman ve
digerleri (2020) 2000’11 yillarin basindan beri Amerika Birlesik Devletleri’nde matematiksel
biyoloji aragtirmalarimi ve egitimini desteklemek i¢in bir¢ok profesyonel kurulus oldugunu
ve devlet tarafindan finanse edilen enstitiilerin ortaya ¢iktigini belirtmektedirler. Bununla
beraber, biyomatematik alaninda yapilan c¢alismalarin tanitilmasi ve lisans-lisansiistii
diizeylerde etkili bir egitim verilerek eleman yetistirilebilmesi i¢in ilk ve ortadgretimden
itibaren Ogrencilerin  bu konulara 6zendirilmesi ve yonlendirmelerin yapilmasi
gerekmektedir. Jungck, Robeva ve Gross (2020) ise, 2020 yili itibariyle, diinyada yaklasik
200 kurumun biyomatematik ve biyoinformatikle ilgili lisans ve/veya yiiksek lisans

programlari sundugunu bildirmektedirler.

Diinyada biyomatematik aragtirmalarina ve egitimine verilen dnemin giin gectikce
artmasina ragmen, kavramin Tirkce literatiirde ¢cok az yer aldig1 goriildiigiinden, iilkemizde
biyomatematik kavrammin heniiz kavramsallasamadigi  sdylenebilir.  Dolayisiyla
biyomatematik kavrami yerine farkli kavramlar (teorik biyoloji, biyoistatistik
biyoenformatik, matematiksel modelleme, modelleme vb. gibi) alan yazinda yer almaktadir.

Esasen kullanilan farkli kavramlarin biyomatematigin 6ziinii yansittigi disiiniilebilse de
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iilkemizde biyomatematik kavramimnin kullanimi ve biyomatematigin 6nemi heniiz tam

olarak tartisilmamistir. Bu baglamda ¢alismanin amacini, Tiirkiye’de biyomatematik bilimi
ve iligkili oldugu alanlarda yapilmis arastirmalarla, bu alanlardaki egitim-6gretim
faaliyetlerinin incelenmesi olusturmaktadir. Ulkemizdeki mevcut durumun ve bu alana
yonelik farkindaligin tespit edilmesinin, gelecegin biyomatematik uzmanlarini yetistirmek
ve diinyada biyomatematik alanindaki gelismeleri yakalayabilmek agisindan 6nemli olacagi

distiniilmektedir.
Biyomatematigin Kapsam

Canlilarin anlasilmasi ic¢in yapilan arastirmalar araciligiyla tanimlanan verilerin nicel
ifadelere doniistiiriilmesi i¢in kullanilan biyomatematik multidisipliner bir ¢alisma alanidir.
Kisaca biyolojik yap1 ve siireclerin matematik sembolleriyle agiklanmasi olarak ifade
edilebilen biyomatematik, elde edilen verilerin formiillere dokiilmesi, modellenmesi ve
gosterimi anlamia gelmektedir (Gordon, 1993). Uygulamali matematigin i¢inde yer alan
biyomatematigin, arag¢ ve teknikler araciligiyla nicel sembollerle ifade edilen biyolojik
sistemleri, hareket ve davramiglart Glgerek, simiile edebildigi bildirilmektedir (Gordon,
1993). Biyolojideki teorik ilkelerin gelistirilmesi yanini vurgulamak i¢in daha onceleri
kullanilan teorik biyoloji kavraminin giiniimiizde genisledigi ve matematiksel uygulamalari
da iceren, kapsayici bir kavram olan biyomatematik kavrami ile ifade edildigi sOylenebilir

(Montévil ve Mossio, 2015; Longo ve Soto, 2016).

Biyomatematik araciligiyla deney sonucunda heniiz tahmin edilemeyen ozellikler,
matematik  formiillerinin  kullanimiyla ortaya c¢ikartilabilir ve genis bigimde
yorumlanabilirler. Ornegin avlanma ile ilgili dengeleri korumak igin iireme c¢agindaki
baliklarin ne kadarinin avlanmasinin dogru olacagini bilmek gerekir ki, Gordon’a (1993)
gore teorik ya da matematiksel bir biyolog balik popiilasyonunun nasil degisecegi hakkinda
tahminlerde bulunmak i¢in matematik denklemleri diizenleyerek modeller kurar ve
bilgisayar programlarini formiile ederek ¢oziimleri arastirir. Ayrica kulugkahanelerde
kirlilik, habitat tahribati, kagak avlanma veya stoklamanin etkilerini agiklamak Onem
tagimaktadir; hastaliklarin teshisi i¢in gereken zararsiz rontgen dozunun tespit edilmesinde
ya da beyinde sinir hiicrelerinin ¢aligma prensibinin yapay zeka ile simiilasyonu ya da gen
haritalarmin hazirlanmasi gibi konular biyomatematik ile cevap bulabilir (Gordon, 1993).
Ornegin Weisstein (2011), zamana (t) bagli olarak su (W) seviyesindeki degisikliklerin,
dere, yagmur ya da diger kaynaklardan eklenen akisa bagl oldugunu ve buharlasmayla su
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kullanimina bagli azalmanin diferansiyel bir matematik denkleme (dW/dt) konabilecegini

belirtir (Akt: Bodine, Panoff, Voit ve Weisstein, 2020).

Gordon’a (1993) gore, biyomatematikgilerin yaptigi hesaplamalar ve kurduklar
matematiksel modeller, biyoloji konularini, toplumsal bir ger¢eveye tasimakta ve bilimin
giinlik hayatimizdaki etkilerinin altin1 ¢izmektedir. Arastiriciya gore bunun nedeni,
biyomatematigin yaptigi hesaplamalarin bilimsel deneyler, toplumlarin saglikla ilgili
davraniglari, tedavi miidahaleleri, akrabalik tespitleri ve doga koruma planlarma etki
edebilmesi, hatta kamu politikalarina yon verebilmesinden kaynaklanmaktadir. Bu durum,
biyomatematigin hem bilimsel verinin yorumlanmasi hem de giinlik hayatimiza bilim ve
teknolojinin sonuglarmi yansitmakla ilgili ciddi bir etki alani bulundugunu acikg¢a

gostermektedir.

Biyolojinin farkli alanlardaki deneysel sonuclarin genellenebilmesi ve biiyiik
Olcekler i¢in anlamlandirilabilmesinde biyomatematigin is gordiigii soylenebilir. Eaton ve
digerleri (2020), glinimiizde bircok matematik ve biyoloji arastiricisinin, yasam bilimlerini
nicel olarak ele almanin biyomatematigin 6énemini 6ne ¢ikardigini ve biyoloji miifredatlarina
matematiksel/nicel teknikleri dahil etmek igin genis revizyon oOnerilerinde bulunulmasi

gerektigini bildirmektedirler.
Biyomatematik Egitimi

Biyomatematigin konu alaninin genisligi ve gelecegi insa etmedeki potansiyeli anlasildik¢a,
meslek secimlerini yapmak isteyen ortadgretim Ogrencileri, uzmanliklarini ilerletmek
isteyen biyoloji-matematik boliimleri lisans-lisansiistii  6grencileri ve hatta O6gretmen
adaylarmin konuya ilgisi konusulmaya baslanacaktir. Arastiricilar, makine Ogrenimi,
matematiksel modelleme, hesaplama/simiilasyon ve biiyiikk verinin bir araya getirilmesiyle
genomlarin agiga ¢ikarildigr ve gen diizenlemesinden kisisellestirilmis tibba kadar giden
acilimlara sebep olan veri zenginliginin muazzam bir potansiyeli oldugunu bildirmektedirler
(Robeva, Jungck ve Gross, 2020). Bununla beraber, Robeva ve digerleri (2020) veri bilimi
yoluyla gerceklesen kesiflerin ayn1 zamanda zararli etik ve sosyal sonuglarla, kétii niyetli
olarak kullanilabilecek olmasina da dikkati ¢ekmekte; gizlilik ve etik normlara iliskin
politikalar ve hazirliklarla yonlendirilmesi gerektiginin altini ¢izmektedirler. Buna gore,
sadece gelismeleri takip etmek agisindan degil, potansiyel olumsuzluklar: 6nlemek agisindan
da iilkelerin biyomatematik konularinin farkinda olmasi ve yetkin elemanlar yetistirmesi

Onem tasimaktadir.
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Akman ve digerleri (2020) matematik, biyoloji ve bilgisayar bilimlerinin birlikte

calismaya baglamasiyla gelisen multidisipliner c¢aligmalarin artmasi ve biyomatematik
aragtirma ve uygulamalarinda uzman insan kaynaginin karsilanabilmesi igin, ilk ve
ortadpgretimden itibaren egitimlerin verilmeye baslanmasi ve sonrasinda lisans-lisansiistii
ogrencilerin de bu bakis acgisiyla yetistirilmesi gerektigini bildirmektedirler. Mayes, Long,
Huffling, Reedy ve Williamson (2020) ise hesaplama, "bliylik veri" ve istatistiksel
modellemelerin  biyologlar i¢in giderek daha gerekli beceriler haline geldikge
biyomatematigin hem ortadgretim hedeflerinde hem de lisans egitimi i¢in nicel becerilere
vurgunun artacaginin tahmin edildigini bildirmektedirler. Arastiricilar egitimdeki bu
yenilenme ve degisim ihtiyacina karsilik verilmesiyle, lise diizeyinde biyomatematikle ilgili
tanitimlar yapilarak kariyer se¢imlerini yonlendiren ve liniversite diizeyinde uzmanlagsmay1
saglamak amaciyla bu konudaki egitimin temel bilesenlerini degerlendiren ve Kariyer
imkanlarin1 ¢ogaltan egitimlerin hazirlanabilecegini belirtmektedirler (Akman ve digerleri,
2020). Yetistirilecek biyomatematik uzmanlarinin hizmet verebilecekleri yerlere Ornek
olarak, hastanelerin analiz birimleri, saglik bakanliginin gesitli birimleri, hastalik kontrol
merkezleri, ila¢ firmalari, as1 firmalari, liniversitelerin ilgili boliimlerinde arastirmaci ve
egitmen, arastirma enstitiilerinde akademik kariyer medikal firmalarin aragtirma-gelistirme
birimleri, tibbi cihaz gelistirme firmalari, fen, matematik, jeoloji, egitim fakiilteleri vb. 6rnek
verilmektedir (Gordon, 1993).

Akman ve digerleri (2020), Amerika Birlesik Devletleri’nde matematik ve biyoloji
egitimi reformunu gergeklestirmeye calisan dort orgiitin (Mifredat Konsorsiyumu Agi-
Curriculum Consortium Network/BioQUEST, Kolejler ve Universitelerarasi Biyomatematik
Ittifaki-Intercollegiate Biomathematics Alliance/IBA, Nicel Lisans Biyoloji Egitimi ve
Sentezi-Quantitative Undergraduate Biology Education and Synthesis/QUBES, MathBench
Biyoloji Modiilleri), ¢abalarinin, biyomatematik egitimini iyilestirmenin yollarin1 arayanlara
fikir verebilecegini ve biyomatematikle ilgili egitim kurumlari, egitimci ve &grenci
topluluklarinin amaglarina ulasmalarinda verimli bir ortam sunabilecegini belirtmektedirler.
Bununla beraber, giinliik hayat problemlerine ait verilerin, anlaml1 ve uygulanabilir bilgilere
doniistiiriilmesinde etkin olan biyomatematigin, gelecegin 6gretim anlayisinda da s6z sahibi
olmaya bagladig1 soylenebilir. Nitekim, biyomatematik egitimi, Fen-Teknoloji-Miihendislik-
Matematik (FETEMM, Science-Technology-Engineering-Mathematic [STEM]) egitimine
dayali 6grenme etkinliklerinde de kendini gostermektedir. Biyomatematikle ilgili birimlerin

kendi yapilarina destek saglayan egitim odakli gabalarmnin, esasen ortaokul ve liselerdeki
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egitim altyapilarinin da 6zel bir egitim yaklasimi olan FETEMM egitimini benimsemelerine

destek oldugu bildirilmektedir (Aikens, 2020). Ancak, Aikens (2020) egitim-6gretim
alanindaki FETEMM yaklagiminin hala 6grencilere yeterince ulasamadigini ve dgrencilerin
fen, teknoloji, miihendislik ve matematik alanlarin1 birbirine ve biyolojiye nadiren
baglayabildiklerini bildirmektedir. Bu baglamda, Amerika Birlesik Devletleri’nde
matematik ve biyoloji egitimi reformunu gergeklestirmeye calisan dort farkli 6rgiitlenmenin,

-----

bildirilmektedir (Akman ve digerleri, 2020).

Nitelikli bir biyomatematik egitimi yapilmasinda, egitici kadronun varligi da 6énem
tasimaktadir. Biyomatematik konusunda kendine giivenen ve basarili olacagina inanan
Ogretmenlerin, biyomatematik alaninin hizla gelismesine destek olabilecegi diisiiniilmelidir.
Seshaiyer ve Lenhart (2020) Ogretmenlerin matematiksel modellemede arastirma
deneyimlerine katilmasinin, egitim-6gretim uygulamalarinin gelistirilip, donistiiriilmesine
cok yardimci olabileceginin altini ¢izmekte ve 6grencilere hem matematik hem de biyoloji
alanlartyla daha yakindan ilgilenmelerini saglayabilecegini bildirmektedirler. Ogretmenlerin
hizmet i¢i ve 6ncesinde biyomatematik konularini kavrayabilmelerinin saglanmasi ve egitim
faaliyetlerinin yiirliyebilmesinin, bir¢ok egitici materyalin olusturulmasi ve egitici ortamin
hazirlanmasin1 da zorunlu kilacagi agiktir. Cozzens ve Roberts (2020) biyomatematik
konularin1 igeren matematik dersi 6gretmenlerinin biyolojiyi anlamalari, biyolojik olay ve
stirecleri 1yi acgiklayabilmeleri; yasam bilimleri 6gretmenlerinin de matematikten kaygi
duymadan ders yapabilmeleri gerektigini bildirmektedir. Bu nedenle egitmenler igin egitim
kurslari, materyaller (kitaplar, uygulama modiilleri ve bilgisayar yazilimlar gibi),
disiplinleraras1 ortakliklar, iletisim ve daha fazla kadronun tahsis edilecegi boliimlere ihtiyag

bulundugunu bildirmektedirler (Cozzens ve Roberts, 2020).
Arastirma Problemi

Bu c¢alismanin amaci Tiirkiye’de biyomatematik arastirmalarinin ve biyomatematik
egitiminin incelenmesidir. Bu amag¢ dogrultusunda asagida siralanan alt problemlere yanit

aranmistir:

1. Tirkiye’de biyomatematik bilimini konu edinen arastirmalarin (kitap, proje, patent,

atolye, tez, makale, bildiri olarak) dagilimi nasildir?
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2. Tirkiye’de biyomatematik bilimi iizerine caligmalar yapan Ogretim elemanlarinin,

biyomatematik bilimine iliskin egitim veren kurumlarin ve programlarin dagilimi

nasildir?
Smirhliklar

Disiplinlerarasi ve yeni bir bilim alami olan biyomatematik arastirmalari, lilkemizde
akademik kaynak, uzman ve lisansiistii ogrenci eksiklikleri nedeniyle, biyomatematik
(matematiksel biyoloji) seklinde tek bir kavram altinda yer almamaktadir. Bu nedenle,
calisma yiiritiilirken biyomatematik (matematiksel biyoloji) kavraminin yani sira, konu
alanlar1 igerisinde yer alan biyoenformatik (biyoinformatik), matematiksel modelleme,
modelleme, simiilasyon, yapay zeka, geomatik ve biyometri (biyometrik) terimleri de
secilerek, arastirilmistir. Bununla beraber, biyomatematik kavrami ile ilgili olmasina
ragmen, farkli alanlarda, ¢ok genis bigimde kullanilan biyoistatistik ve bilgisayar
kavramlarina, verilerde yaniltici bir sisme yaratmamak i¢in ¢alismada yer verilmemistir. Bu
baglamda caligmanin amaci dogrultusunda, biyomatematik alanina iliskin arastirma ve

egitimler yukarida siralanan kavramlarla birlikte ele alinarak arastirilmislardir.
Yontem

Bu g¢alismanin amaci kapsaminda, Tirkiye’de biyomatematik arastirmalar1 ve
biyomatematik egitimi, nitel arastirma yontemlerinden dokiiman incelemesi yontemi ile
incelenmistir. Simgek (2009) tarafindan dokiiman incelemesi yontemi, ¢alismada hedeflenen
olay ya da olgular ile ilgili bilgi i¢eren yazili kaynaklarin incelenmesi seklinde agiklanmustir.
Bu calisma dokiiman analizi yonteminde izlenen yollara uygun olarak; (1) dokiimanlara
ulagsma, (2) orijinalligi kontrol etme, (3) dokiimanlar1 anlama, (4) veriyi analiz etme, (5)

veriyi kullanma (Yildirim ve Simsek, 2016) asamalar1 dogrultusunda gergeklestirilmistir.

Bu calisma bir dokiiman inceleme calismasi oldugundan etik kurul iznine gerek

duyulmamustir.
Veri Toplama Siireci

Calismanin veri toplama siirecinde biyomatematik bilimini konu eden arastirmalarin (kitap,
proje, patent, atdlye, tez, makale, bildiri) ve biyomatematik bilimi iizerine ¢alismalar yapan
ogretim elemanlarinin, biyomatematik bilimine iliskin egitim veren kurumlarin ve

programlarin belirlenmesine iizerine bir dokiiman belirleme ¢alismasi yapilmistir.
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Biyomatematik ve ilgili kavramlarin yer aldigi dokiimanlara ulasmak amaciyla

Yiiksekdgretim Kurulu resmi internet sayfalart (YOK Akademik Arama, 2021; YOK Atlas,
2021; YOK Istatistik 2021; YOK Ulusal Tez Merkezi, 2021) taranmustir. Yiiksekdgretim
kurumu resmi internet sayfalarinda biyomatematik (matematiksel biyoloji), biyoenformatik
(biyoinformatik), matematiksel modelleme, modelleme, simiilasyon, yapay zeka, geomatik

ve biyometri (biyometrik) terimlerini iceren taramalar yapilmisgtir.

Siire¢ boyunca yapilan taramalar resmi kaynakli siteler araciligiyla gergeklestirildigi
icin elde edilen dokiimanlarin orijinalligi sorgulanmamis ve toplam 4 kaynaktan elde edilen

dokiimanlar incelenmistir.
Veri Analizi

Bu asamada ilk olarak elde edilen dokiimanlara iligkin anlamlandirma islemi
gerceklestirilmistir. Alt problemlerin gerekliligi dogrultusunda arastirma tiirlerinin sayist,
Ogretim eleman1 sayisi, lisans programlart ve bu programlarin agilis tarihi, lisansiistii
programlar, arastirma merkezleri ve bu merkezlerin agilis tarihi gibi kategoriler belirlenerek

bu dogrultuda analiz siirecine gegis yapilmistir.

Dokiimanlarin analiz edilmesinde igerik analizi kullanilmistir. Cohen, Manion ve
Morrison (2007) igerik analizini basit¢e yazili verilerin dzetlenmesi ve raporlanmasi siirecCi
olarak tamimlamuslardir. Igerik analizi sonucunda dokiimanlardan elde edilen sayisal
verilerin frekans dagilimlar yapilmis, verilerin bir kismi ise sekil ve tablo haline getirilerek
betimsel olarak degerlendirilmistir. Bu sayisal veriler, kategorilere ayirarak karsilastirma

yapmay1 saglamaktadirlar.
Gecerlik, Giivenirlik Onlemleri

Calismanin giivenirligini saglamak icin, calismada takip edilen tiim siire¢, acik ve net bir
bicimde paylagilmistir. Ayrica arastirmanin isteyen arastirmacilar tarafindan ele
alinabilmesini kolaylastirabilmek adina, ¢alisma kapsaminda incelenen sayfalar ¢alismanin

sonunda Ek A boéliimiinde listelenmislerdir.

Calismanin veri setlerinde say1 tespitine yonelik hatalar olmamasi i¢in taramalar
aragtirmacilar tarafindan farkli zaman dilimlerinde gerceklestirilmistir. Boylelikle veri

setlerinin son sekli verilmistir.
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Bulgular

Tiirkiye’de biyomatematik aragtirmalarmmin ve biyomatematik egitiminin incelendigi bu

calismada elde edilen dokiimanlarin analizi dogrultusunda elde edilen bulgular arastirma

sorular1 bazinda verilmistir:

“Tirkiye’de biyomatematik bilimini konu edinen arastirmalarin (kitap, proje, patent,

atblye, tez, makale, bildiri olarak) dagilim nasildir?” Sorusuna iligkin Bulgular

Tirkiye’de biyomatematik (matematiksel biyoloji) ve ilgili kavramlar1 (biyoenformatik-

biyoinformatik, matematiksel modelleme, modelleme, simiilasyon, yapay zeka, geomatik,

biyometri-biyometrik) konu edinen aragtirmalarin igerik analizine iliskin bulgulari Tablo

1’de verilmistir.

Tablo 1. Biyomatematik ve I1gili Kavramlar: Konu Edinen Arastirmalarin Icerik Analizi

Kavramlar Kitap  Proje Patent Atolye Tez  Makale Bildiri
Biyomatematik 5 3 5 5
(Matematiksel

Biyoloji)
Biyoenformatik 53 156 2 12 91 93 212
(Biyoinformatik)
Matematiksel 42 138 3 185 182 288

Modelleme

Modelleme 261 2393 21 55 2617 1392 2400

Simiilasyon 64 1630 25 23 2034 918 2162

Yapay Zeka 292 483 20 13 433 459 763

Geomatik 15 1 1 9 16 23

Biyometri 38 236 18 2 285 307 424
(Biyometrik)

Toplam 750 5056 87 109 5657 3372 6277
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Tablo 1’e gore biyomatematik veya bir diger adiyla matematiksel biyoloji alaninda

yer alan bildiri sayis1 5 iken, biyoenformatik (biyoinformatik), matematiksel modelleme,
modelleme, simiilasyon, yapay zeka, geomatik, biyometri (biyometrik) seklindeki ilgili
kavramlar eklenerek inceleme yapildiginda sayr 6277°’ye c¢ikmistir. Bu dogrultuda
biyomatematik ve ilgili kavramlara iliskin en fazla aragtirmanin bildiri tiirtinde yapildig,
bunu tezler ve projelerin takip ettigi sOylenebilir. Ancak yapilan bu tez ve proje
aragtirmalarinin  sonuglarinin makaleye ayni yogunlukta donlismedigi goriilmektedir.
Tiirkiye’de biyomatematik kavrami kullanilarak yapilmis kitap, patent ve atdlye caligmasi
olmamasi da dikkat ¢eken bir diger bulgudur. Elde edilen bu bulgular dogrultusunda
iilkemizde yapilan caligmalarda biyomatematik (matematiksel biyoloji) kavraminin heniiz
kavramsal olarak yerlesmedigi ancak daha ¢ok ilgili kavramlar dogrultusunda arastirmalarin

yapildig: dikkati cekmektedir.

Tiirkiye’de biyomatematik ve ilgili kavramlara iliskin tez tiirlinde yapilmis
caligmalarin sayica fazla olmasi nedeniyle bu calismalarin hangi alanlarda yapildigi da

incelenmistir.

Ziraat, Balik¢ilik Teknolojisi, Su Uriinleri, Biyoloji, Biyomiihendislik, Biyoteknoloji,
Botanik, Tibbi Biyoloji, Radyoloji ve Niikleer Tip, Morfoloji, Genetik, Mikrobiyoloji,
Molekiiler T1p, Anatomi, Biyokimya, Alerji ve Immiinoloji, Hemsirelik, Zooloji,
Noroloji, Onkoloji, Parazitoloji, Eczacilik ve Farmakoloji, Uyusturucu Aliskanligi ve
Alkolizm, Fizyoloji, Klinik Bakteriyoloji ve Enfeksiyon Hastaliklari, Endokrinoloji ve
Metabolik Hastaliklar, Adli Tip, Dis Hekimligi, Biyofizik, G6z Hastaliklar1, Kadin
Hastaliklar1 ve Dogum, Dermatoloji, Genel Cerrahi, Biyoistatistik, Miihendislik
Bilimleri, Metaliirji Miihendisligi, Kimya Miihendisligi, Makine Miihendisligi, insaat
Miihendisligi, Bilgisayar Miihendisligi, Petrol ve Dogal Gaz Miihendisligi, Gida
Miihendisligi, Cevre Miihendisligi, Endiistri Miithendisligi, Deprem Miihendisligi,
Elektrik-Elektronik Miihendisligi, Ormancilik ve Orman Miihendisligi, Madencilik ve
Maden Miihendisligi, Jeoloji Miihendisligi, Jeofizik Miihendisligi, Fizik ve Fizik
Miihendisligi, Matematik, Enerji, Savunma ve Savunma Teknolojileri, Uluslararasi
Mliskiler, Hukuk, Agag Isleri, Endiistri Uriinleri Tasarim, Bankacilik, Istatistik, Bilgisayar
ve Kontrol, Isletme, Kamu Yo6netimi, Iletisim Bilimleri, Sivil Havacilik, Bilim ve
Teknoloji, Kimya, Jeodezi ve Fotogrametri, Cografya, Egitim ve Ogretim, Saglik Egitimi,
Teknik Egitim, Psikoloji, Antropoloji, Spor

Sekil 1. Biyomatematik ve ilgili kavramlara iliskin lisansiistii calismalarinin yapildig

alanlar



M, Yilmaz, M, C.Simsek ve N, Turanli / Pamukkale Universitesi Egitim Fakiiltesi Dergisi, 57, 356-381, 2023 367
Sekil 1°de gorildiigi gibi, Tiirkiye’de biyomatematik ve ilgili kavramlara iliskin tez

caligmalar1 75 farkli alanda gerceklestirilmistir. Ozellikle biyomatematikle ilgili
biyoenformatik, matematiksel modelleme, modelleme, simiilasyon, yapay zeka, geomatik,
biyometriyle ilgili olan kavramlarda su friinlerinden adli tibba, genel cerrahiden cevre
mihendisligine, matematikten hukuka, isletmeden egitim ve 6gretime kadar bir¢cok alanda
lisanstistii ¢alismalar1 kapsamaktadir. Buna gore, biyomatematik kavraminin anahtar kelime
olarak tek basina kullanilmadig1 goriilmektedir. Ayrica biyomatematik kavrami tam olarak
yerlesmemis olmasina ragmen, biyomatematik ve ilgili kavramlar dogrultusunda hemen her

alanda lisansiistii ¢alismalar bulunmaktadir.

“Tiirkiye’de biyomatematik bilimi iizerine caliymalar yapan 6gretim elemanlarinin,
biyomatematik bilimine iliskin egitim veren kurumlarin ve programlarin dagilhim

nasildir?” Sorusuna lliskin Bulgular

Tiirkiye’de biyomatematik bilimi iizerine c¢alismalar yapan 6gretim elemanlarinin,
biyomatematik bilimi iizerine egitim veren kurumlar ve programlar1 belirleyebilmek icin
incelenen dokiimanlar, 6gretim elemani sayisi ve unvani, lisans ve lisansiistii program sayist,
lisans boliimleri, lisansiistii boliimleri ve arastirma merkezleri baglaminda icerik analizine

tabi tutulmustur.

Tirkiye’de biyomatematik ve ilgili kavramlara iliskin caligmalar yapan o6gretim

elemanlarinin sayis1 Sekil 2°de verilmistir:

Matematiksel
Modelleme: 0

Biyoenformatik
(Biyoinformatik): 142

Modelleme: 507 | | Simiilasyon: 104

Yapay Zeka: 1411

Geomatik: 0

Biyometri

(Matematiksel (Biyometrik): 170

Biyoloji): 0

Biyomatematik I

Sekil 2. Biyomatematik ve ilgili kavramlara iliskin ¢calismalar yapan ogretim elemanlarinin

sayisi

Sekil 2°de goriildiigli gibi, kendisini biyomatematik¢i olarak nitelendiren arastirmact

bulunmazken; biyomatematik ve ilgili kavramlara iliskin ¢alismalar yapan arastirmaci sayisi
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2334’tiir. Biyomatematik ve ilgili kavramlara iliskin ¢alisma yapan 6gretim elemanlarinin

unvan bazinda dagilimlar1 Tablo 2’de verilmistir:

Tablo 2. Biyomatematik ve Ilgili Kavramlara Iliskin Calisma Yapan Ogretim Elemanlarinin

Unvana Gére Dagilimi

Profesor Docent Dr.Ogretim Ogretim Arastrma  Toplam

Uyesi Gorevlisi  Gorevlisi

Ogretim
Elemam
Biyomatematik 0 0 0 0 0 0
(Matematiksel
Biyoloji)
Biyoenformatik 22 12 58 18 32 142
(Biyoinformatik)
Matematiksel 0 0 0 0 0 0
Modelleme
Modelleme 103 73 184 52 95 507
Simiilasyon 19 13 49 5 18 104
Yapay Zeka 166 124 525 280 316 1411
Geomatik 0 0 0 0 0 0
Biyometri 51 22 56 16 25 170
(Biyometrik)
Toplam 361 244 872 371 486 2334

Tablo 2°de goriildiigii gibi, biyomatematik ve ilgili kavramlara iligkin ¢alisma yapan
ogretim elemanlari arasinda en yiiksek say1 872 ile Doktor Ogretim Uyeleri’dir. Elde edilen
bu Ogretim elemani sayilar1 biyomatematigin Tiirkiye’de heniiz gelismekte olan, yeni bir

alan oldugunu disiindiirmekle beraber, biyomatematik alaninda uzmanlagmis bilim
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insanlarinin da bulunmadigim1 gostermektedir. Ayrica bu durum, biyomatematik egitimi

verebilecek 6gretim eleman1 zayifligi agisindan da dikkate degerdir.

Biyomatematik ve ilgili kavramlarin egitiminin verildigi lisans programlart ve bu

programlarin agilis tarihleri Tablo 3’te verilmistir.

Tablo 3. Biyomatematik ve Ilgili Kavramlara Iliskin Egitim Verilen Lisans Programlar: Ve

Actlis Tarihleri

Kavramlar Lisans Lisans Fakiilte Universite Program
Program Programm Acihist
Sayis1
Biyomatematik
(Matematiksel
Biyoloji)
Biyoenformatik Yasam ve Doga  Abdullah Giil 2014
Biyoenformatik 9 Bilimleri Fakiiltesi ~ Universitesi
(Biyoinformatik) Biyoenformatik Miihendislik ve fstinye 2021
ve Genetik  Doga Bilimleri Universitesi
Fakiiltesi
Matematiksel
Modelleme
Modelleme
Simiilasyon - --- - -
Yapay Zekd ve  Miihendislik Ankara 2020
Veri Fakiiltesi Universitesi
Miihendisligi
Yapay Zekd  Miihendislik ve Bahgesehir 2020
Miihendisligi  Doga Bilimleri Universitesi

Fakiiltesi
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Yapay Zeka Miihendislik Hacettepe 2019
Miihendisligi Fakiiltesi Universitesi
Yapay Zeka > YapayZekive Bilgisayarve  listanbul Teknik 2020
Veri Bilisim Fakiiltesi Universitesi
Miihendisligi
Yapay Zeka Miihendislik TOBB Ekonomi 2019
Miihendisligi Fakiiltesi ve Teknoloji
Universitesi
Geomatik Miihendislik Hacettepe 2009
Miihendisligi Fakiiltesi Universitesi
Geomatik ~ Miihendislik ve Istanbul Okan 2016
Miihendisligi  Doga Bilimleri Universitesi
Fakiiltesi
Geomatik 4
Geomatik  Ingaat Fakiiltesi  Istanbul Teknik Bilinmiyor
Miihendisligi Universitesi
Geomatik Miihendislik Zonguldak  Bilinmiyor
Miihendisligi Fakiiltesi Biilent Ecevit
Universitesi
Biyometri

(Biyometrik)

Tablo 3’e gore biyomatematik ve ilgili kavramlarin egitiminin verildigi lisans
programlarinin sayis1 11°dir. Bunlar arasinda en erken acilis tarihi 2009 tarihi ile Hacettepe
Universitesi Geomatik Miihendisligi’ne aittir. Ancak Tablo 3’te dogrudan biyomatematik
programi olmasa da biyomatematikle ilgili kavramlara iliskin alanlardaki lisans
programlarinin son yillarda hizla artan bir sekilde agilmaya basladig1 ve sadece son ii¢ yi1lda
acilan lisans programlar1 sayisinin 6 oldugu goriilmektedir. Lisans programlarinin
cesitlerinin ise Ozellikle geomatik, yapay zeka ve biyoenformatik alanlarinda yogunlagtiklar
tespit edilmistir. Ayrica son yillarda 6zellikle yapay zeka boliimlerinin ac¢ildigr da dikkati

cekmektedir. Bu durum, Tiirkiye’de biyomatematikle ilgili lisans programlarina olan
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ihtiyacin fark edildigini ve saymin hizla arttigin1 ancak tek basina biyomatematik alanimin

g0z ard1 edildigini de gostermektedir.

Biyomatematik ve ilgili kavramlarin egitimin verildigi lisansiistii programlar1 Tablo

4’°te verilmistir.

Tablo 4. Biyomatematik ve Ilgili Kavramlara Iliskin Egitim Verilen Lisansiistii Programlar:

Kavramlar Lisansiistii = Lisansiistii Universite Universite
Program Program Sayis1
Sayis1

Biyomatematik

(Matematiksel

Biyoloji)
Abdullah Giil, Afyon Kocatepe,
Demiroglu Bilim, Diizce, inéni,
Kocaeli, Mugla Sitk1 Kogman,
Biyoenformatik ) .
Necmettin Erbakan, Tiirk-Alman,
Van Yiiziincii Yil
Biyoenformatik 3 12
(Biyoinformatik) Biyoinformatik ve Karadeniz Teknik
Islemsel Biyoloji
Tarimsal Nigde Omer Halisdemir

Biyoinformatik

Matematiksel

Modelleme

Modelleme

Simiilasyon - --- - -

Eskisehir Osmangazi, Isparta

Yapay Zeka Uygulamali Bilimler, Kiitahya

Saglik Bilimleri, Necmettin
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Erbakan
Yapay Zeka ve Istanbul Teknik
Yapay Zeka 3 Veri Miihendisligi 6
Yapay Zeka Hacettepe
Miihendisligi
Ol¢me Firat
Fotogrametri Hacettepe
Geomatik 4 4
Jeodezi Hacettepe
Geomatik Istanbul Teknik, Zonguldak Biilent
Miihendisligi Ecevit
Akdeniz, Ankara, Aydin Adnan
Menderes, Bing6l, Bursa Uludag,
Canakkale Onsekiz Mart,
Cukurova, Ege, Erciyes, Eskisehir
Osmangazi, Harran, Igdir, Isparta
Uygulamali Bilimler,
Kahramanmaras Siit¢ii Imam,
Kirsehir Ahi Evran, Ondokuz
Biyometri ve Mayis, Selguk, Siirt, Tekirdag
Genetik Namik Kemal, Tokat
Biyometri 3 Gaziosmanpasa, Usak, Van o8

(Biyometrik) Yiiziinci Y1l

Veterinerlik Atatiirk, Bursa Uludag, Erciyes,
Biyometrisi Ondokuz Mayis

Orman Hasilati  Bursa Teknik, Cankir1 Karatekin,

ve Biyometri Istanbul, Karabiik, Kastamonu

Tablo 4’e gore, biyomatematik ve ilgili kavramlarin egitiminin verildigi lisansiistii

programlarinin sayis1 13’tiir. Lisansiistii programlarmin yogunlastigi ¢esitlerin ise 6zellikle
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geomatik, biyoenformatik (biyoinformatik), biyometri (biyometrik) ve yapay zeka alanlari

oldugu tespit edilmistir.

Biyomatematik ve ilgili kavramlarina iliskin cesitli ¢aligmalarin yapildig1 arastirma

merkezleri Tablo 5’te verilmistir.

Tablo 5. Biyomatematik ve Ilgili Kavramlarmma Iliskin Arastirma Merkezleri Ve Acilis

Tarihleri
Kavram Arastirma Arastirma Merkezi Universite Arastirma
Merkezi Merkezi Ac¢ilis1
Sayis1

Biyomatematik
(Matematiksel
Biyoloji)

Ureme Bilimleri ve Ileri Biyoinformatik inénii Universitesi 2019

Biyoenformatik Uygulama ve Arastirma Merkezi

(Biyoinformatik) 2  Biyoistatistik ve Biyoinformatik Saglik Bilimleri 2017

Uygulama ve Arastirma Merkezi Universitesi

Matematiksel  ---

Modelleme
Veri Analitigi ve Mekansal Veri [zmir Bakirgay 2019
Modelleme Uygulama ve Arastirma Universitesi
Merkezi

Simiilasyon ve Modelleme Uygulama Necmettin Erbakan 2016

ve Arastirma Merkezi Universitesi

Tasarim ve Onmodelleme Uygulama ve Orta Dogu Teknik 2017

Arastirma Merkezi Universitesi

Tiirk Silahli1 Kuvvetleri Modelleme ve Orta Dogu Teknik  Bilinmiyor

Simiilasyon Arastirma ve Uygulama Universitesi
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Modelleme 6 Merkezi

Simulasyon ve Modelleme Arastirma  Saglik Bilimleri 2017

ve Uygulama Merkezi Universitesi

Havacilik ve Uzay Modelleme Tirk Hava Kurumu 2014
Simiilasyon Uygulama ve Arastirma Universitesi

Merkezi

Ileri Diizey Simiilasyon ve Endoskopik Acibadem Mehmet 2013
Cerrahi Egitim Uygulama ve Aragtirma  Ali Aydinlar

Merkezi Universitesi
Kompozit Arasgtirma Egitim ve Balikesir 2018
Simiilasyon Uygulama ve Arastirma Universitesi
Merkezi
Mesleklerarasi isbirligi ve Simiilasyon Hacettepe 2014
Egitim, Uygulama ve Arastirma Universitesi
Merkezi
Endoskopik Cerrahi ve Simiilasyon Kiitahya Saglik 2019
Egitim Uygulama ve Arastirma Bilimleri
Merkezi Universitesi
Saglikta Inovasyon ve Simiilasyonla ~ Lokman Hekim 2020
Simiilasyon 9 Egitim Uygulama ve Arastirma Universitesi
Merkezi

Simiilasyon ve Modelleme Uygulama Necmettin Erbakan 2016

ve Arastirma Merkezi Universitesi

Tiirk Silahli Kuvvetleri Modelleme ve Orta Dogu Teknik  Bilinmiyor

Simiilasyon Arastirma ve Uygulama Universitesi

Merkezi

Savunma Saglik Hizmetleri Simiilasyon Saglik Bilimleri 2017
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Uygulama ve Arastirma Merkezi Universitesi
Havacilik ve Uzay Modelleme Tiirk Hava Kurumu 2014
Simiilasyon Uygulama ve Arastirma Universitesi
Merkezi
Yapay Zeka ve Biiyiik Veri Uygulama Erciyes Universitesi 2020
ve Arastirma Merkezi
Yapay Zeka ve Veri Analitigi Gazi Universitesi 2021
Uygulama ve Arastirma Merkezi
Yapay Zeka Caligmalar1 Uygulama ve Istanbul Arel 2020
Aragtirma Merkezi Universitesi
Yapay Zeka ve Veri Bilimi Uygulama  Istanbul Teknik 2018
ve Arastirma Merkezi Universitesi
Tipta Yapay Zeka Uygulama ve  Istinye Universitesi 2018
Aragtirma Merkezi
Saglikta Yapay Zeka Caligmalari [zmir Bakircay 2020
Uygulama ve Arastirma Merkezi Universitesi
Yapay Zeka ve Veri Analitigi [zmir Demokrasi 2020
Uygulama ve Arastirma Merkezi Universitesi
Yapay Zeka ve Veri Bilimi Uygulama Izmir Katip Celebi 2021
ve Arastirma Merkezi Universitesi
Yapay Zeka 16 s Bankasi Yapay Zeka Uygulama ve ~ Kog Universitesi 2020
Aragtirma Merkezi
Yapay Zeka Uygulama ve Arastirma Konya Teknik 2020
Merkezi Universitesi
Robotik ve Yapay Zeka Teknolojileri  Orta Dogu Teknik 2020

Uygulama ve Arastirma Merkezi Universitesi
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Yapay Zeka ve Veri Madenciligi Pamukkale 2020

Uygulama ve Arastirma Merkezi Universitesi

Yapay Zeka ve Veri Bilimi Uygulama Sakarya Uygulamali 2020
ve Arastirma Merkezi Bilimler

Universitesi

Yapay Zeka Uygulama ve Arastirma Sakarya Universitesi 2010

Merkezi

Yapay Zeka Sistemleri ve Veri Bilimi ~ Sivas Cumhuriyet 2019

Uygulama ve Arastirma Merkezi Universitesi
Yapay Zeka ve Akilli Sistemler Uskiidar 2018
Uygulama ve Arastirma Merkezi Universitesi

Geomatik 1 Geomatik Uygulama ve Arastirma Istanbul Kiiltir ~ Bilinmiyor

Merkezi Universitesi

Biyometri

(Biyometrik)

Tablo 5’e¢ gore, biyomatematik ve ilgili kavramlara iliskin lisansiistii egitiminin
verildigi ve cesitli calismalarin yapildigt 34 arastirma merkezi bulunmaktadir. Bu
merkezlerin agirlikli olarak bilgisayar teknolojilerinin kullanildig1 yapay zeka ve simiilasyon
caligmalar1 yapan merkezler oldugu goriilmekle beraber, modellemeyi One ¢ikaran
merkezlerinde bulundugu tespit edilmistir. Ancak yine tek basina biyomatematik kavramini

iceren merkez bulunmadig: da dikkati gekmektedir.
Sonug¢, Tartisma, Oneri

Bu calismanin amaci Tiirkiye’deki biyomatematik aragtirmalarimi ve biyomatematik
egitimini inceleyerek gelecege iliskin ¢ikarimlar yapilmasidir. Bu amag¢ dogrultusunda
caligmada iki alt probleme yanit aranmistir. Birinci alt problemde Tiirkiye’de biyomatematik
bilimini konu edinen arastirmalara odaklanilmistir. Tiirkiye’de biyomatematik kavramini
konu edinen ¢ok az c¢alisma (5 proje, 3 tez, 4 makale, 5 bildiri) bulunmaktadir. Oysa Gordon
(1993) biyomatematik alanindaki arastirmalarin patlama gibi bir hizda ilerledigini

belirtmektedir. Calismanin sonuglarma gore, Tiirkiye’de ozellikle biyomatematigin tez
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konularinin eklenmesi i¢in anahtar kelime olarak kullanilmadigi ancak biyomatematikle

ilgili kavramlara (biyoenformatik, matematiksel modelleme, modelleme, simiilasyon, yapay
zeka, geomatik, biyometri) iliskin su iriinlerinden egitime kadar farkli alanlarda (75 alan)
lisansiistli tez ¢alismalari bulundugu goriilmektedir. Bu durum, aslinda Tiirkiye’de bilim
camiasinda biyomatematik uygulamalarinin genis bir bigimde lisansiistii caligmalarda
kullanildig1, ancak uygulamali matematigin bir alt alani olan biyomatematik alaninin

taninmadigini netlestirmektedir.

Calismanin ikinci alt probleminde ise Tirkiye’de biyomatematik bilimi ve
biyomatematik biliminin iliskili oldugu alanlardaki egitim-6gretim faaliyetlerine
odaklanilmistir. Ulkemizde kendini “biyomatematik¢i” olarak nitelendirilen 6gretim elemani
bulunmamaktadir. Bu durum esasen biyomatematik biliminin Tiirkiye akademi camiasinda
yer edinmediginin, bu bilim dalinin benimsenmediginin ve bu alan iizerine c¢alismalarin
yapilmadiginin apagik gostergesidir. Buna gore, Tirkiye’de bir¢ok bilim insam
biyomatematikle ilgili calismalar yapmalarina ragmen kendilerini biyomatematik alaninda
uzman kabul etmemekte ya da bu alanin bilim ve yiliksek 6gretim kurumu camiasinda
taninirliginin ve kabul edilme durumunun olmadigini diisiindiikleri tahmini yiiriitiilebilir. Bu
durum multidisipliner bir alan olan arastirmalarin yiiriitildiigiiniin ancak bu alanin
ogretimine dair emek verebilecek 6gretim {iyesi sayisinin da azhigim gosterdiginden dikkate
degerdir. Bu durumu destekler bir diger sonug ise Tiirkiye’de tek basma biyomatematik
alaninda lisans ve lisansiistli programlarinin olmamasidir. Bununla beraber biyomatematikle
ilgili kavramlarin egitiminin verildigi lisans programlarinin sayist 11 iken, lisansiistii
programlarinin sayis1 13’tiir. Buna gore, 2009 tarihinden itibaren Hacettepe Universitesi
Geomatik Miihendisligi’nin acilisiyla birlikte baslayan siirecte, son {i¢ yilda 6 lisans
programi agildig1 goriilmektedir. Lisans programlarinin gesitlerinin ise 6zellikle yapay zeka,
geomatik ve biyoenformatik alanlarinda yogunlastigi tespit edilmistir. Benzer durumun
lisansiistii programlarda da yasandigi soylenebilir. Biyomatematikle ilgili kavramlarin
egitiminin verildigi lisansiistii programlarinin sayisi 13 olup, lisansiistii programlarinin ise
ozellikle biyoenformatik (biyoinformatik), biyometri (biyometrik) ve yapay zeka alanlarinda
yogunlastig1 tespit edilmistir. Bu sonuglar, Tiirkiye’de biyomatematikle ilgili lisans ve
lisansiistii programlarina olan ihtiyacin fark edildigini ve sayinin hizla arttifini ancak tek
basina biyomatematik alanmin goz ardi edildigini de gostermektedir. Oysa alan yazin
incelendiginde Jungck ve digerleri (2020) 2020 yili itibariyle, diinyada yaklasik 200

kurumun biyomatematik ve biyoinformatikle ilgili lisans ve/veya yiiksek lisans programlari
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sundugunu bildirmektedirler. Biyomatematik egitimin ilkdgretim seviyesine inmesinin

gerekliliginin konusuldugu diinyada, lilkemizin bu gelismelerin gerisinde kalmamas: igin,
daha fazla farkindalik yaratan ¢aligmalarin yapilmasi gerekmektedir. Bu baglamda
tilkemizin lisans ve lisansiistii biyomatematik egitimi dahil olmak {izere, anaokulundan
iiniversiteye kadar her egitim dilizeyinde disiplinlerarasi yaklasim iceren uygulamalar ve
etkili FETEMM egitimleri yapilarak biyomatematik alanina ilgi arttirilabilir. Robeva ve
Laubenbacher (2009) 2003 yilinda, Ulusal Arastirma Konseyi'nin BIO2010 raporuyla,
gelecegin “nicel biyologlarini” egitmek i¢in miifredatin yeniden yapilandirilmasinin tavsiye
edildigini bildirmiglerdir. Dolayistyla biyomatematik biliminin kavramsallastirilmast i¢in
gerekli caligmalarin  Oncelikle miifredatlarin  yeniden yapilandirilmasmin  gerekliligi
yadsmnamaz bir gercektir. Bressoud’un (2020) gelecegin biyomatematik¢ilerinin
yetistirilmesindeki temel zorluklarin, 6grencilerin katilimi ve derslerin icerigi (miifredat)

oldugunu belirtmesi de bu durumu destekler niteliktedir.

Tiirkiye’de biyomatematik ve ilgili kavramlar1 hakkinda gesitli ¢calismalarin yapildig:
34 arastirma merkezi bulunmaktadir. Bu arastirma merkezlerinde yapilan calismalarin
agirlikl olarak bilgisayar teknolojileriyle ilgili yapay zekd ve simiilasyon konular1 basta
olmak tizere modelleme konularmi da hedef aldigi, ancak yine biyomatematik alanina
ozellesmenin olmadigr goriilmektedir. Ayrica, biyomatematik kavramini iceren merkez
bulunmadig: da dikkati ¢cekmektedir. Bu durum, Tiirkiye’de biyomatematik arastirmalar1 ve
ozellikle egitiminin nitelikli ve yogun bi¢imde yapilamayacagini diislindiirmektedir.
Bununla birlikte Akman ve digerleri (2020), 2000°1i yillarin basindan beri Amerika Birlesik
Devletleri’'nde matematiksel biyoloji arastirmalarini ve egitimini desteklemek i¢in bircok
profesyonel kurulus oldugunu ve devlet tarafindan finanse edilen enstitiilerin ortaya ¢iktigini

bildirmektedirler.

Tiirkiye’de lisansiistii caligmalara etkin ydnlendirmenin yapilacagi lisans ve
ortadgretim asamalarinda biyomatematik egitiminin gii¢lii olmamasi, hizla gelisen 6nemli
bir alanda Tiirkiye’nin geride kalabilecegi endisesini de dogurdugundan, ortadgretimde
FETEMM, lisans egitiminde ise biyomatematik derslerinin yer almasina dncelik verilmesi
oOnerilebilir. Ayrica ¢alismanin bulgularindan, giinliik hayatimiz1 etkileyen biyolojik konu
basliklarinda {ilkemizin biyomatematikten faydalanarak hizli atilimlar yapmasi, patentler
almas1 ve biyomatematik biliminin gelisimi i¢in lisansiistii seviyedeki arastirmalarla ilgili
destekler verilmesi gerektirmektedir. Bu baglamda {ilkemizde hem ilk ve ortaggretim hem

de lisans ve lisansiistii seviyelerde biyomatematik bilimine yonelik yapilan g¢alismalari
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destekleyen ve bu alanda ¢alisma yapilmasini tanitip, tesvik eden kurulus ve uygulamalarin

eksikliginin giderilmesi onerilebilir.

Etik Kurul izin Bilgisi: Bu calisma bir dokiiman inceleme ¢alismasidir. Dolayisiyla etik

kurul iznine gerek duyulmamustir.
Yazar Cikar Catismasi Bilgisi: Yazarlar ¢ikar catismasi olmadigini beyan etmektedir.

Yazar Katkisi: Calismaya 1. yazarin katkisi %40, 2. yazarin katkis1 %35 ve 3. yazarin
katkis1 %25 olarak belirlenmistir.
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Abstract

Recent developments in physical and social sciences have led to greater clarity in practical
applications with the help of computer software of mathematical models. Biomathematics
(mathematical biology), a branch of applied mathematics, can be defined as a field which employs
mathematical models and abstractions of the living organisms to examine biological systems.
Considering the comprehensive nature of biomathematics as well as its status in the professional
practices, it is vital that secondary school students, undergraduates and postgraduates majoring in
biology and mathematics as well as teacher candidates should be knowledgeable about the matter at
hand (i.e., mathematical biology). The aim of the current study is to yield future-oriented
implications through examining research on biomathematics as well as education in biomathematics.
The data for the current study are subject to document analysis, a form of qualitative research to
analyze documentary evidence and answer specific research questions. The data come from existing
research studies on biomathematics as well as documents produced by institutions which disseminate
original research findings and other information relevant to the interface of biology and the
mathematical sciences. All collected data were examined via content analysis. The findings of the
study reveal that considering the previous research conducted within our country, the notion of
biomathematics has not become established conceptually to date. Importantly, the situation is not
only restricted to studies carried out so far, but it is also related to how a small place is allocated to
biomathematics in higher education. The current study has important implications for understanding
the importance of multilayered function of biomathematics, which thus requires further research on

the matter at hand.
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Introduction

Advances in science and technology have led to developments in several areas from
illuminating the genetic structure of living creatures to making satellites for geographical
information systems. The new information which emerges in any area of life today from
physical sciences to social sciences is processed through computer software in which
mathematical models are used and thus, a great number of data are developed (Eaton,
LaMatar and McCarthyc, 2020). Therefore, it is evident that mathematical and computer-
based procedures will come into prominence in making sense of scientific data in the 21st
century, when the regulation of any information obtained gains increasing importance. The
fact that biomathematics (mathematical biology) -a sub-area of applied mathematics-
evaluates the data in biological sciences quantitatively and that it performs interdisciplinary
studies containing biology, mathematics and computer sciences becomes more and more
remarkable. As a result, it is now inevitable that biomathematics is included in the youth’s

career plans (Akman, Eaton, Hrozencik, Jenkins and Thompson, 2020).

It would not be wrong to say that biomathematics -which is also labelled as
mathematical biology, theoretical biology, quantitative biology and computational biology
and which is a sub-area of applied mathematics- is gaining more and more popularity and
arouses curiosity. Akman et al (2020) state that there are several professional institutions and
that institutions sponsored by the government emerged in the USA so as to support studies
and education in mathematical biology in the early 2000s. In addition to that, students
should be urged and directed to such subjects beginning with elementary and secondary
education to introduce individuals to studies in biomathematics and to raise individuals in
the area by offering effective undergraduate and post-graduate education. Jungck, Robeva
and Gross (2020) report that approximately 200 institutions throughout the world offer

undergraduate/post-graduate education in biomathematics and bioinformatics.

Biomathematics has not been conceptualized yet in Turkey because the word is
rarely available in relevant literature in Turkey even though the importance of research and
education in biomathematics increased in the world day by day. Thus, different words
(theoretical biology, biostatistics, bioinformatics, mathematical modelling, modelling, etc.)
instead of biomathematics are used in the literature. Even though these different concepts are
reflective of the essence of biomathematics, the use of the concept and the importance of
biomathematics has not been discussed yet in Turkey. Therefore, this study aims to

investigate the studies performed in biomathematics and in areas related to it and the
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educational-instructional activities in those areas in Turkey. It is thought that identifying the

current situation and awareness of the area will be important in training experts in

biomathematics and in catching up with the developments in the area across the world.
The Scope of Biomathematics

Biomathematics, which is used in transforming the data described through studies performed
to understand living creatures, is a multidisciplinary area of study. In brief, it is described as
explaining biological structures and processes in mathematical symbols and it means
formulating, modelling and representing the obtained data (Gordon, 1993). The area- which
is within applied mathematics- is said to measure the biological systems and movements and
behaviors which are described in quantitative symbols by means of instruments and
techniques and to simulate them (Gordon, 1993). It may be stated that the concept of
theoretical biology used previously to emphasize the development of theoretical principles
in biology has today expanded and changed into the concept of biomathematics which
includes mathematical applications and which is an inclusive term (Montévil and Mossio,

2015; Longo and Soto, 2016).

Properties which cannot be estimated as a result of experiments through
biomathematics can be revealed by using mathematical formulas and be interpreted
extensively. For example, it is necessary to know to what extent the fish at reproductive age
should be hunted so as to keep the hunting balance. Thus, Gordon (1993) also argues that a
mathematical biologist makes models by formulating mathematical equations so as to make
predictions as to how fish population changes and searches for solutions by formulating
computer programmers. Besides, it is important to describe the effects of pollution, habitat
destruction, poaching or stockpiling on hatchery; and issues such as calculating the harmless
dose of x-ray for the diagnosis of illnesses, preparing simulations for the working principle
of nerve cells in the brain with the help of artificial intelligence or preparing gene maps can
be answered by using biomathematics (Gordon, 1993). Weisstein (2011), for instance, says
that the changes water levels (W) depending on time (t) are dependent on flow from rivers,
rain or from other sources and that reduction due to evaporation and use of water can be
stated in a mathematical equation (dW/dt) (Cited in Bodine, Voit and Weisstein, 2020).

According to Gordon (1993), calculations made by experts of biomathematics and
the mathematical models they establish put the subjects of biology into a social framework
and highlight the effects of science on our daily life. According to the researcher, the reason

for it is that the calculations made by biomathematics can influence scientific experiments,
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health-related behaviors of societies, treatment interventions, identification of blood relation

and nature protection plans and that it can lead public policies. All these demonstrate clearly
that biomathematics has large sphere of influence in interpreting the scientific data and in

reflecting the results of science and technology into our daily life.

Thus, it may be said that biomathematics functions well in generalizing the
experimental results of biology in different areas and in making sense in large scales. Eaton
et al (2020) point out that several researchers of mathematics and biology today reveal the
importance of biomathematics by considering life sciences quantitatively and that
recommendations shold be made to include mathematical/quantitative techniques in biology

curricula.
Biomathematics Education

As the broadness of the domain of biomathematics and its potential to build the future is
understood, the interest that secondary education students who want to choose a career, the
undergraduate and post-graduate students of biology and mathematics departments and even
pre-service teachers who wish to improve their expertise take in the subject will be talked of.
Researchers contend that the richness of data which result in various developments ranging
from revealing the genome and gene regulation to personalised medicine by putting
machinery education, mathematical modelling, computation/simulation and a great deal of
data together has huge potential (Robeva, Jungck and Gross, 2020). In addition to that,
Robeva et al (2020) call attention to the probability that discoveries made with data science
can be used maliciously with harmful ethical and social consequences, and stress the need
for directing such discoveries in policies and preparations for confidentiality and ethical
norms. Accordingly, it is important for countries to be aware of the subjects of
biomathematics and to train competent staff both in pursuing the developments and in

preventing the potential hitches.

Akman et al (2020) argue that education should be offered at the stages of
elementary and secondary school and then undergraduate and post-graduate students should
be trained with this perspective in order for multidisciplinary studies to increase with the
cooperation between mathematics, biology and computer sciences and to meet the need for
expert human resources in biomathematics research and applications. Mayes, Long,
Huffling, Reedy and Willimson (2020), however, state that as computation, “big data” and
statistical modelling become the skills more and more necessary for biologists, it is

predicted that emphasis on quantitative skills will increase in the secondary education goals
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of biomathematics and in undergraduate goals of it. Researchers claim that relevant training

which consider the basic components of training and which increase career opportunities can
be prepared by introducing mathematical biology at high school level through responding to
this need for renewal and change in education (Akman et al., 2020). The places where
experts of biomathematics to be trained can serve include the analysis departments of
hospitals, various departments of the Ministry of Health, centers for disease control,
pharmaceutical companies, vaccination companies, relevant research departments of
universities, research institutes, the research and development units of medical firms,
medical device companies and faculties of science, mathematics, geology and education of

universities (Gordon, 1993).

Akman et al (2020) say that the efforts of the four organizations which try to make
reforms in mathematics and biology education in the USA (Curriculum Consortium
Network/BioQUEST, Intercollegiate = Biomathematics  Alliance/IBA, Quantitative
Undergraduate Biology Education and Synthesis/QUBES, MathBench Biology Modules)
can give an idea to individuals who search for ways to improve education in biomathematics
and that they can provide student clubs with effective environments to attain their goals.
Additionally, it can also be said that biomathematics - which is effective in transforming the
data for daily life problems into meaningful and applicable knowledge- will begin to have a
voice in future education. Thus, education in mathematical education also manifests itself in
learning activities which are based on science-technology-engineering-mathematics (STEM)
education. It is claimed that the education-oriented efforts of bodies related to
biomathematics which provide support to their own structure mainly support to adopt STEM
education which is a special approach of education of educational infrastructure in
secondary schools and high schools (Aikens, 2020). Yet, Aikens (2020) thinks that STEM
approach in the area of education and instruction is not adequately accessible to students and
that students can hardly ever combine science, technology, engineering and math’s to each
other and to biology. In this context, the four different organizations which try to make
reforms in mathematics and biology education in the USA have a goal in common that is to
say, including biomathematics in teaching so as to promote student achievement (Akman et
al., 2020).

Teaching staff is also important in offering good quality education in
biomathematics. Teachers who have self-confidence in biomathematics and who believe in

success are thought to support the rapid development of the domain of biomathematics.
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Seshaiyer and Lenhart (2020) emphasise that teacher’s participation in research experiences

in mathematical modelling can help to develop and transform educational-instructional
practices and claim that such participation can enable students to have closer interest in
mathematics and biology. It is clear that making teachers understand the subjects of
biomathematics through in-service and pre-service training will necessitate to create various
educational materials and to prepare educational environments. Cozzens and Roberts (2020)
suggest that mathematics teachers should understand biology which contain the subjects of
biomathematics, explain the biological events and processes well and that life sciences
teachers should perform teaching without having concerns about mathematics. Therefore, it
is pointed out that departments in which training courses, materials (books, application
modules and computer software, etc.) interdisciplinary partnership communication and more

staff is available for educators are needed (Cozzens and Roberts, 2020).
Research Problem

This study aims to analyse biomathematics studies and biomathematics education in Turkey.

Adhering to its purpose, the current study seeks answers to the following sub-problems:

1. What is the distribution of studies (books, projects, patents, workshops, theses,

articles, presentations) concerning biomathematics in Turkey?

2. What is the distribution of the university lecturers who study biomathematics, the

institutions and programmers which offer education in biomathematics?
Limitations

Studies in biomathematics, which is an interdisciplinary and a new area of science, are not
referred to in one single concept as biomathematics (mathematical biology) due to lacks in
academic resources, experts and post-graduate students. Therefore, the terms bioinformatics,
mathematical modelling, modelling, simulation, artificial intelligence, geomatics and
biometrics were also chosen and researched beside the term biomathematics (mathematical
biology) in conducting this study. However, the term biostatistics and concepts related to
computer were not used so as not to cause misleading expansion in the data despite their
relationships with the concept of biomathematics. In this context, the studies and education
related to the domain were investigated with the above-mentioned concepts in accordance

with the purpose of this study.
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Method

Within the scope of this study, biomathematics studies and biomathematics education in
Turkey were analysed in the method of document analysis a method of qualitative research.
Simsek (2009) describes document analysis as analysing the written sources which contain
information on the events and phenomena targeted in a study. This current study was
conducted at the stages of (1) reaching the documents, (2) checking if they are original, (3)
understanding them, (4) analysing the data, and (5) using the data (Yildirim and Simsek,
2016).

Ethics committee approval was not required in this study due to the fact that it was a

document analysis study.
Data Collection Process

Document identification work was done on studies concerning biomathematics (books,
projects, patents, workshops, theses, articles. Presentations), university lecturers who study
the domain and institutions and programmers which offer education in the domain in the

data collection process.

The official web pages of higher education council (YOK Akademik Arama, 2021;
YOK Atlas, 2021; YOK Istatistik 2021; YOK Ulusal Tez Merkezi, 2021) were scanned in
order to reach the documents which contained the concept of biomathematics (mathematical
biology) and the concepts related to it. Scanning was made on the web pages for the term’s
biomathematics (mathematical biology), bioinformatics, mathematical modelling,

modelling, simulation, artificial intelligence, geomatics and biometrics.

The originality of the documents was not questioned because scanning was made on
sites with official resources, and as a result, documents obtained from 4 resources were

analysed.
Data Analysis

First, the documents obtained were made sense of at this stage. In accordance with the
requirements of the research questions, categories such as the types of studies, the number of
lecturers, undergraduate programmers and the opening dates of the programmers, post-
graduate programmers, research centers and the opening dates of the centers were

distinguished and the analyses were started accordingly.
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The documents were put to content analysis. Cohen, Manion and Morrison (2007)

define content analysis simply as the process of summarising and reporting the written data.
The frequency distributions of the quantitative data were made, some of the data were
tabulated and considered descriptively at the end of the content analysis. The numerical data

were divided into categories and thus comparison was made possible.
Validity and Reliability Measures

All the process followed was shared clearly so as to attain reliability in the study. Besides,
the pages analysed were given at the end of this study in Appendix A to facilitate access by

other researchers.

Scanning was made by the researchers at different times to prevent errors to occur in
determining the number in data sets. In this way, the data sets were given the final shape.

Findings

The findings obtained in this study -which analysed biomathematics studies and
biomathematics education in Turkey- were presented on the basis of research questions as in

the following:

The findings for the question of “What is the distribution of studies (books, projects,
patents, workshops, theses, articles, presentations) concerning biomathematics in
Turkey?”

The findings for the content analysis of the studies concerning the concept of
biomathematics (mathematical biology) and relevant concepts (bioinformatics, mathematical
modelling, modelling, simulation, artificial intelligence, geomatics, biometrics) are shown in
Table 1.
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Table 1. The Content Analysis of the Studies Concerning Biomathematics and Relevant

Concepts
Concepts Books Projects Patents Work Theses Articles  Presenta
shops tions
Biomathematics  --- 5 3 5 5
(Mathematical
Biology)
Bioinformatics 53 156 2 12 91 93 212
Mathematical 42 138 3 185 182 288
Modelling
Modelling 261 2393 21 55 2617 1392 2400
Simulation 64 1630 25 23 2034 918 2162
Artificial 292 483 20 13 433 459 763
Intelligence
Geomatics 15 1 1 9 16 23
Biometrics 38 236 18 2 285 307 424
Total 750 5056 87 109 5657 3372 6277

According to Table 1, while the number of presentations in biomathematics -that is
to say, in mathematical biology- is 5, the number goes up to 6277 if the analysis is repeated
by adding the relevant concepts (bioinformatics, mathematical modelling, modelling,
simulation, artificial intelligence, geomatics, biometrics). Thus, it may be said that the
greatest number of studies related to the concepts were in the form of paper presentations-
which was followed by theses and projects. However, it was found that the theses and
projects produced were not transformed into articles in the same intensity. It was a

remarkable finding that there were no studies in the form of books, patents and workshops
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which used the concept of biomathematics in Turkey. The findings demonstrated that

biomathematics (mathematical biology) had not been a widely-accepted concept yet but that
studies had been conducted mostly on relevant concepts.

Because the studies in Turkey concerning biomathematics and relevant concepts in
the form of these were greater in number, they were also analysed according to the areas

they were conducted in.

Agriculture, fishery technology, water products, biology, bioengineering, biotechnology,
botany, medical biology, radiology and nuclear medicine, morphology, genetics,
microbiology, molecular medicine, anatomy, biochemistry, allergy and immunology,
nursing, zoology, neurology, oncology, parasitology, pharmaceutics and pharmacology,
drug habits and alcoholism, physiology, clinical bacteriology and infectious diseases,
endocrinology and metabolic diseases, forensic medicine, dentistry, biophysics, eye
diseases, obstetrics and gynaecology, general surgery, biostatistics, engineering sciences,
metallurgical engineering, chemical engineering, mechanical engineering, civil
engineering, computer engineering, petroleum and natural gas engineering, food
engineering, environmental engineering, industrial engineering, earthquake engineering,
electrical and electronic engineering, forestry and forest engineering, mining and mining
engineering, geological engineering, geophysical engineering, physics and physics
engineering, mathematics, energy, defence and defence technologies, international
relations, law, woodwork, industrial product designing, banking, statistics, computer and
control, management, public administration, communication sciences, civil aviation,
science and technology, chemistry, geodesy and photogrammetry, geography, education
and instruction, health education, technical education, psychology, anthropology, sport

Figure 1. The areas in which post-graduate studies concerning biomathematics and

relevant concepts were conducted

As clear from Figure 1, thesis studies on biomathematics and relevant concepts were
performed in 75 different areas in Turkey. The concepts related to bioinformatics,
mathematical modelling, modelling, simulation, artificial intelligence, geomatics and
biometrics -which are related to biomathematics- involved post-graduate studies of various
areas from water products to forensic medicine, from general surgery to environmental
engineering, from mathematics to law, from management to education and instruction.
Accordingly, it was found that the concept of biomathematics was not used on its own as a
key word. Besides, post-graduate studies were available in relation to biomathematics and
relevant concepts in almost any area despite the fact that biomathematics was not a widely

used concept.
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The findings for the question “What is the distribution of the university lecturers who

study biomathematics, the institutions and programmers which offer education in

biomathematics?”

The documents analysed to determine the lecturers who studied biomathematics and the
institutions and programmers which offered education in biomathematics were put to
content analysis according to the number and title of lecturers, university departments, post-
graduate education departments and research centers.

The number of university lecturers who study biomathematics and relevant concepts

in Turkey is shown in Figure 2.

‘Modelhng: 507| ‘ Simulation: 104 I
Modelling: 0 ‘ Artificial |

Intelligence: 1411

Biomformatics:142 I

Geomatics: 0 |

(Mathematical
Biology): 0

Biomathematics
| ‘ Biometrics: 170 |

Figure 2. The number of lecturers who study biomathematics and relevant concepts

It is clear from Figure 2 that there are no researchers who consider themselves as
biomathematicians; on the other hand, the number of researchers who perform studies on
biomathematics and relevant concepts is 2334. The distribution of the university lecturers

who study biomathematics and relevant concepts according to their title is shown in Table 2.
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Table 2. The Distribution of the University Lecturers Who Study Biomathematics and

Relevant Concepts according to their Titles

Professor Associate Assistant Lecturer Research Total

Professor  Professor Assistant  Teaching
Staff
Biomathematics 0 0 0 0 0 0
(Mathematical
Biology)
Bioinformatics 22 12 58 18 32 142
Mathematical 0 0 0 0 0 0
Modelling
Modelling 103 73 184 52 95 507
Simulation 19 13 49 5 18 104
Artificial 166 124 525 280 316 1411
Intelligence
Geomatics 0 0 0 0 0 0
Biometrics 51 22 56 16 25 170
Total 361 244 872 371 486 2334

As clear from Table 2, the greatest number of lecturers who study biomathematics
and relevant concepts is 872 the assistant professor. The number both makes us think that
the area is a newly developing area in Turkey and indicates that experts are not available yet
in the area. Besides, the finding is also remarkable in that the number of lecturers who can

offer education in biomathematics is small.

The undergraduate programmers which offer education in biomathematics and in

relevant concepts and their dates of opening are shown in Table 3.
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Table 3. The Undergraduate Programmers Which Offer Education in Biomathematics and

Relevant Concepts, and their Dates of Opening

Concepts The number of Undergraduate  Faculty University Opening
Undergraduate  Program Dates of
Programs Program

Biomathematics
(Mathematical

Biology)
Bioinformatics Faculty of Life and Abdullah Giil 2014
Natural Sciences University
Bioinformatics 2 Bioinformatics Faculty of Istinye University 2021

and Genetics Engineering and

Natural Sciences

Mathematical

Modelling
Modelling
Simulation
Artificial Faculty of Ankara University 2020
Intelligence and  Engineering
Data
Engineering
Atrtificial Faculty of Bahgesehir 2020
Intelligence  Engineering and University
Engineering Natural Sciences
Acrtificial Faculty of Hacettepe 2019
Intelligence Engineering University
Atrtificial Engineering




370 M. Yilmaz, M. C. Simsek, & N. Turanli / Pamukkale University Journal of Education, 57, 356-381, 2023

Intelligence 5

Artificial Faculty of Istanbul Technical 2020
Intelligence and Computer and University
Data Informatics

Engineering Engineering

Artificial Faculty of TOBB University 2019
Intelligence Engineering of Economics &
Engineering Technology
Geomatics Faculty of Hacettepe 2009
Engineering Engineering University
Geomatics Faculty of Istanbul Okan 2016
Engineering  Engineering and University

Natural Sciences

Geomatics 4 Geomatics  Faculty of Civil Istanbul Unknown
Engineering Engineering Technical
University
Geomatics Faculty of Zonguldak  Unknown
Engineering Engineering Biilent Ecevit
University
Biometrics

According to Table 3, the number of undergraduate programmers which offer
education in biomathematics and in relevant concepts is 11. Of them, geomatics engineering
programmed -which was opened in 2009- was the one which was opened the earliest. It is
also evident from Table 3 that undergraduate programmers- not directly biomathematics but
rather in areas about the concepts related to biomathematics - have been opened increasingly
in recent years. Thus, 6 programmers were opened only in the last three years. As to the
types of the programmers, they were mostly in the areas of geomatics, artificial intelligence
and bioinformatics. It is also remarkable that departments of artificial intelligence were

opened in recent years. The situation indicates that the need for relevant undergraduate
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programmers was noticed and that the number of such programmers increase rapidly but that

the area of biomathematics on its own was ignored.

The post-graduate programmers which offer education in biomathematics and

relevant concepts are shown in Table 4.

Table 4. The Post-graduate Programmers Which Offer Education in Biomathematics and

Relevant Concepts

Concepts The Number of  Post-graduate Universities The
Post-graduate Programmers Number of
Programmers Universities

Biomathematics

(Mathematical

Biology)
Abdullah Giil, Afyon
Kocatepe, Demiroglu Bilim,
Diizce, Inénii, Kocaeli, Mugla

Sitk1 Kogman, Necmettin

Bioinformatics Erbakan, Tiirk-Alman,
Van Yiiziinci Yil
Bioinformatics and Karadeniz Teknik
Bioinformatics 3 Computational 12
Biology
Agricultural Nigde Omer Halisdemir

Bioinformatics

Mathematical
Modelling

Modelling

Simulation

Eskisehir Osmangazi, Isparta

Artificial University of Applied

Sciences, Kiitahya Health
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Intelligence

Sciences, Necmettin Erbakan

Artificial Intelligence

and Data Engineering

Istanbul Technical

Artificial 3 6
Intelligence Artificial Hacettepe
Intelligence
Engineering
Measuring Firat
Photogrammetry Hacettepe
Geomatics 4 Geodesy Hacettepe 4
Geomatics Istanbul Technical, Zonguldak
Engineering Biilent Ecevit
Akdeniz, Ankara, Aydin
Adnan Menderes, Bing6l,
Bursa Uludag, Canakkale
Biometrics and Onsekiz Mart, Cukurova, Ege,
Genetics Erciyes, Eskisehir Osmangazi,
Harran, Igdir, Isparta
University of Applied
SciencesKahramanmaras Siit¢li
Imam, Kirsehir Ahi Evran,
Ondokuz Mayzis, Selcuk, Siirt,
Tekirdag Namik Kemal, Tokat
_ _ Gaziosmanpasa, Usak, Van
Biometrics 3 Viiginei Yil 28
Veterinary Atatiirk, Bursa Uludag,
Biometrics Erciyes, Ondokuz Mayis

Forest Yield and

Biometrics

Bursa Technical, Cankiri
Karatekin, Istanbul, Karabiik,

Kastamonu
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According to Table 4, the number of post-graduate programmers which offer

education in biomathematics and relevant concepts is 13. The areas of education are
intensely geomatics, bioinformatics, biometrics and artificial intelligence.

Table 5 below shows the research centers which study biomathematics and relevant

concepts.

Table 5. The Research Centers Which Study Biomathematics and Relevant Concepts and
their Dates of Opening

Concepts  The Number Research Centers Universities Opening Dates
of Research of Research
Centers Centers

Biomathematics
(Mathematical

Biology)

Center for Reproductive Sciences and  Inénii University 2019
Advanced Bioinformatics Application

and Research
Bioinformatics 2

Biostatistics and Bioinformatics ~ University of Health 2017

Application and Research Center Sciences
Mathematical — ---
Modelling
Data Analytics and Spatial Data [zmir Bakirgay 2019
Modeling Application and Research University
Center
Simulation and Modeling Application Necmettin Erbakan 2016
and Research Center University
Modelling 6 . i — i
Design and Premodeling Application Middle East 2017
and Research Center Technical
University
TAF Modeling and Simulation Middle East Unknown

Research and Development Center Technical
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University

Simulation and Modeling Research and University of Health 2017

Application Center Sciences
Aerospace Modeling Simulation The Turkish 2014
Application and Research Center Aeronautical
Association
University

Advanced Simulation and Endoscopic Acibadem Mehmet 2013
Surgery Training Application and Ali Aydinlar
Research Center University

Composite Research Trainingand  Balikesir University 2018

Simulation Application and Research

Center
Center for Interprofessional Hacettepe 2014
Collaboration and Simulation University

Education Practice and Research

Endoscopic Surgery and Simulation Kiitahya Health 2019
Training Application and Research ~ Sciences University
Center
Education Application and Research Lokman Hekim 2020
Center with Innovation and Simulation University
Simulation 9 in Health

Simulation and Modeling Application Necmettin Erbakan 2016

and Research Center University
TAF Modeling and Simulation Middle East Unknown
Research and Development Center Technical
University

Defense Health Services Simulation University of Health 2017

Application and Research Center Sciences

Aerospace Modeling Simulation The Turkish 2014
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Application and Research Center Aeronautical
Association
University
Artificial Intelligence and Big Data  Erciyes University 2020
Application and Research Center
Artificial Intelligence and Data Gazi University 2021
Analytics Application and Research
Center
Artificial Intelligence Studies Istanbul Arel 2020
Application and Research Center University
Artificial Intelligence and Data Science Istanbul Technical 2018
Application and Research Center University
Avrtificial Intelligence Application and Istinye University 2018
Research Center in Medicine
Artificial Intelligence Studies in Health  Izmir Bakircay 2020
Application and Research Center University
Artificial Intelligence and Data [zmir Democracy 2020
Analytics Application and Research University
Center
Atrtificial Intelligence and Data Science Izmir Katip Celebi 2021
Application and Research Center University
Isbank Artificial Intelligence Kog University 2020
Application and Research Center
Artificial Intelligence Application and Konya Technical 2020
Research Center University
Robotics and Artificial Intelligence Middle East 2020
Technologies Applications and Technical
Research Center University
Artificial Intelligence and Data Mining Pamukkale 2020
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Artificial 16 Application and Research Center University

Intelligence Artificial Intelligence and Data Science Sakarya University 2020

Application and Research Center  of Applied Sciences

Artificial Intelligence Application and Sakarya University 2010

Research Center

Artificial Intelligence Systems and  Sivas Cumhuriyet 2019
Data Science Application and Research University

Center

Artificial Intelligence and Intelligent  Uskiidar University 2018
Systems Application and Research

Center

Geomatics 1  Geomatics Application and Research  Istanbul Kiiltiir Unknown
Center University

Biometrics -

According to Table 5, there are 34 research centers where post-graduate education in
biomathematics and relevant concepts is offered and various studies are carried on. Even
though they were the centers where heavily computer technology is used and studies on
artificial intelligence and simulation are conducted, the ones which prioritized modelling
were also found. However, it was remarkable that there were no centers which were

concerned only with the concept of biomathematics.
Conclusion, Discussion and Recommendations

This study aimed to investigate biomathematics studies and biomathematics education in
Turkey and to make inferences accordingly. In accordance with its purpose, the current
study sought answers to two research problems. The first problem focused on the studies
concerning biomathematics. It was found that a very small number of studies (5 projects, 3
theses, 4 articles and 5 presentations) were available in this respect. Gordon (1993), on the
other hand, argues that such studies in the area have been increasing very rapidly. The
results obtained in this study demonstrated that biomathematics was not used as a key word
in theses in Turkey but that post-graduate theses were produced in 75 different areas from
water products to education in relation to the concepts associated with biomathematics

(bioinformatics, mathematical modelling, modelling, simulation, artificial intelligence,
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geomatics, biometrics). It was a finding which indicated that biomathematics applications

were in fact widely used in post-graduate studies in Turkey but that the area -which is a sub-
area of applied mathematics- was not recognised.

The second research problem focused on educational activities in biomathematics
and in relevant areas in Turkey. There are no university lecturers who consider themselves
as experts of mathematical biology (biomathematicians) in Turkey. The situation indicates
clearly that biomathematics has not found a place or has not been exactly adopted and thus,
studies have not been conducted in Turkey. Accordingly, many scientists in Turkey do not
consider themselves as experts in the area despite their studies on biomathematics and they
do not think that the area has recognition or acceptance in science environment and in the
council of higher education. The situation is worth considering because it shows that
multidisciplinary studies have been conducted but that the number of lecturers who can
teach the area is small. Another finding, which was supportive of the situation, was that
undergraduate and post-graduate programmers on biomathematics as an independent area
were not available in Turkey. On the other hand, while the number of undergraduate
programmers which offered education in concepts related to biomathematics was 11, the
number of post-graduate programmers was 13. In the process which started with the opening
of geomatics engineering programmed in Hacettepe University in 2009, six undergraduate
programmed were opened in 3 years. The undergraduate programmers offered education
especially in the areas of artificial intelligence, geomatics and bioinformatics. It may be said
that the situation is also similar in post-graduate education. The number of post-graduate
programmers which offer education is 13 and the programmers are heavily concerned with
bioinformatics, biometrics and artificial intelligence. The results are indicative of the fact
that the need for undergraduate and post-graduate programmers in the area has been noticed
and the number of such programmers have increased rapidly but that the area on its own has
been ignored. Yet, it was found on literature review that Junck et al (20209 argued that
approximately 200 institutions in the world offered undergraduate and/or post-graduate
education in biomathematics and in bioinformatics in 2020. More studies which raise
awareness should be performed in order for our country not to fall behind the developments
in today’s world- where the need for offering education in biomathematics at elementary
school level is talked of. In this context, interest in the area of biomathematics can be
increased in Turkey by employing applications which involve interdisciplinary approaches

at every stage of education from kindergarten education to university education and from
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undergraduate education to post-graduate education and by offering STEM education.

Robeva and Laubenbacher (2009) reported that it was recommended in 2003 with BIO2010
report of the National Research Council that the curricula should be re-structured in order to
train the “quantitative biologists” of the future. Therefore, it is an undeniable reality that the
curricula should be re-structured to conceptualize biomathematics. The fact that Bressoud
(2020) suggests that the main difficulty in training the biomathematicians of the future is

students’ participation and the course content (curricula) is also supportive of this.

34 research centers in which studies on biomathematics and relevant concepts are
conducted are available in Turkey. The studies conducted in those centers are mostly
concerned with artificial intelligence and simulation- which are associated with computer
technologies- and with modelling but they do not specialize in the area of biomathematics
independently. There are not centers which are concerned with the concept of
biomathematics, either. The situation makes us think that research on and education in
biomathematics cannot be conducted in good quality and intensely in Turkey. Akman et al
(2020), on the other hand, argue that there are several professional organizations to support
mathematical biology research and education in the USA and that institutes sponsored by the

government emerged.

It may be recommended that STEM education should be available in secondary
school education and courses in biomathematics should be offered in university education
due to the fact that biomathematics education is not strong enough in Turkey at the stages of
university education and secondary school education- which will offer guidance in post-
graduate studies- and that the weakness causes concerns that Turkey may fall behind in this
rapidly developing area. Besides, the findings obtained in this study also demonstrate that
our country should leap forward by making use of the subjects of biomathematics which
influence our daily life and should also obtain patent and give support for the development
of the science of biomathematics. It may be suggested in this context that the lack for
organizations and applications which introduce, support and encourage the studies
concerning biomathematics at elementary school education and secondary school education

and undergraduate and post-graduate education levels should be eliminated.
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