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ONsSOz

Universitelerin en éncelikli gérevlerinden birisi, egitim verilen uzmanlik alanindaki bilimsel gelismelere
katki yapmak ile birlikte 6grenilen bilginin uygulanmasinda gtincel ilerleme ve kosullara 6zgu egitim plani
uygulamak, bilgi kazanimlarinin sonuglarini yasama gegirmektir.

Tarkiye Universiteleri icin buguinki bilimsel diizeyin Ustinde ilgi ¢ekici, toplumun gereksinimlerine ¢ézim
olacak arastirma ve bilimsel g¢alismalar yapmak hedefi bulunmaktadir. Egitim faaliyetlerine iligkin
calisma ve yeniliklere agik, genis kapsamli arastirici yeteneklere sahip kisilere galisma ortami sunulmasi
gerekir. Bu tir tercihler Universitelerin ve bunlara bagdh birimlerin gelismesine olanak saglayabilir ve
Tuarkiye Universiteleri uluslararasi taninmis Universiteler ile rekabet etme glicl kazanabilir.

Ozellikle tlkesinin gelecegdi olan geng kusagi, bu kapsamda mutlaka cesaretlendirmek ve kendilerine
bilimsel 6zgunlik ile arastiricilik gérevi almalari igin her tarli kolaylik saglamak gereklidir.

istanbul Rumeli Universitesi Miihendislik ve Doga Bilimleri Fakiiltesi ev sahipliginde Egitim Ogretim
Yilinin bahar yariyilinda olmak uzere “Rumeli Muhendislik Egitimi Sempozyumu” adi altinda yilda bir
defa gergeklestiriimesi planlanmis ulusal bilgi séleninin dordiincist 7 - 8 Kasim 2024 Tarihlerinde
gercgeklestirilmigtir. Muhendislik Egitimi Sempozyumu adh bu bilgi séleni ile sosyal, ekonomik ve
teknolojik gelismelere paralel kimlik degistirmekte olan tGniversitelerin miihendislik bélimlerinde nitelikli
verimli egitim 6gretim faaliyetlerine katki saglamak amaclanmaktadir.

Universitelerin miihendislik bélimlerinin ulusal ve uluslararasi ortamda iyi bir yerinin olmasi ve egitim
faaliyetlerinin strdurdlebilirligi, dikkatle ve 6zenle uygulanacak asamali bir plani ve slreci
gerektirmektedir. Mihendislik boélimlerinde, program akreditasyonu hedefli kalitenin ve basarinin
saglanabilmesinde 6grenci sayisindaki artis, yeni bolimlerin agilma gereksinimi, artan Universite sayisi,
yurtdisi Universiteler ile etkilesim, mesleki ¢esitliligin artmasi ve daha az akademik personelin yetismesi
nesnel ve objektif olarak degderlendirilmelidir.

Universitenin gelisimine ve isminin duyulmasina katki saglayacak arastirma gelistirme (AR-GE)
faaliyetlerinin, 6grencilerin ve akademisyenlerin yasamlarinin ortak bir pargasi haline getiriimesi
gereklidir. Akademisyenler ve 6grenciler igin hazirlanacak kisisel gelisim programlarina gore basarili
akademisyenlerin ve dgrencilerin 6dillendiriimesinin bir kurum gelenegi haline gelmesi ¢gok 6nemlidir.
Ogrenciler, tlke icin dnemli bir kaynaktir, egitim gérdigu mihendislik bdliminin vitrini ve gelecegdin
yetismis nitelikli isglcudar.

4 .Rumeli Muahendislik Egitimi Sempozyumu kapsaminda bir tanesi yurtdisi katilimi bildiri ve sekiz tanesi
Tarkiye’'den bildiri olmak tzere toplam dokuz bildiri sunulmustur.

4 .Rumeli Muhendislik Egitimi Sempozyumu kapsaminda sunulmus bildirilerin tam metinlerinden olusan
kitabin birinci béliminde yurtdigindan olanlar ve yurtigcinden olanlar Tirkge olarak, kitabin ikinci
bélimiinde ise yurtdisindan olan bir bildiri ve yurtiginden olan sekiz bildiri ingilizce olarak basiimistir.
Sempozyumda s6zli sunulmus Dbildirilerin  akademik ylkselmelerde bilimsel yayin olarak
degerlendirmeye alinmasi Turkiye Cumhuriyeti Kiltir Bakanli@ ilgili biriminden alinmis ISBN numarali
elektronik kitap olarak erisime agilmasi ile saglanmistir. 4.Rumeli Muhendislik Egitimi Sempozyumu
Bildirileri kitabinin amaclanan hedeflerin tutturulmasinda izlenecek yontemleri, somut uygulama
planlarini ortaya koyan bir kaynak olusturmasini dilerim.

Prof. Dr.-Ing. Ahmet CAN
) Sempozyum YOdneticisi
8 Kasim 2024 Hali¢/Beyoglu - ISTANBUL
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FOREWORD

One of the primary duties of universities is to contribute to scientific developments in the field of
specialization in which they are trained, to implement an educational plan specific to current
developments and conditions in the application of the knowledge learned, and to put into practice the
results of knowledge gains.

For Turkish universities, it is aimed to conduct research and scientific studies that will be interesting
above the current scientific level and will be a solution to the needs of the society. A working environment
should be provided to people who are open to studies and innovations related to educational activities
and have a wide range of investigative skills. Such preferences may enable the development of
universities and their affiliated units, and Turkish universities may gain the power to compete with
internationally recognized universities.

In this context, it is necessary to encourage the young generation, who are the future of the country, and
to provide them with every opportunity to undertake research duties with scientific originality.

The fourth of the national knowledge feast, which was planned to be held once a year under the name
of "Rumeli Engineering Education Symposium", hosted by Istanbul Rumeli University Faculty of
Engineering and Natural Sciences, in the spring semester of the Academic Year, was held on 7-8
November 2024. The aim of this knowledge festival called Engineering Education Symposium is to
contribute to qualified and efficient education and training activities in the engineering departments of
universities that are changing their identities in parallel with social, economic and technological
developments.

The good place of engineering departments of universities in the national and international environment
and the sustainability of educational activities require a gradual plan and process to be implemented
carefully and meticulously. In engineering departments, in order to achieve the targeted quality and
success in program accreditation, the increase in the number of students, the need to open new
departments, the increasing number of universities, interaction with foreign universities, the increase in
professional diversity and the training of fewer academic staff should be evaluated objectively

Research and development (R&D) activities that will contribute to the development of the university and
its reputation should be made a common part of the lives of students and academicians. It is very
important that rewarding successful academicians and students according to the personal development
programs to be prepared for academicians and students becomes an institutional tradition. Students are
an important resource for the country, the showcase of the engineering department they study and the
qualified workforce of the future.

Within the scope of the 4th Rumeli Engineering Education Symposium, a total of nine papers were
presented, one of which was a paper with international participation and eight of which were from Turkey.
Prof. Dr.-Ing. Ahmet CAN

Symposium Manager

8 November 2024 Golden Horn/ Beyogdlu - ISTANBUL
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TURKIYE CUMHURIYETI YUKSEKOGRETIMINE
ALMAN BILIM INSANLARININ KATKILARI

Ahmet CAN )
Prof. Dr.-Ing., Istanbul Rumeli Universitesi Miihendislik ve Doga Bilimleri Fakiiltesi
ahmet.can@rumeli.edu.tr ORCID: 0000-0002-1460-6615

OzZET

Universiteler Glkenin bilgi toplumu olmasi ile ekonomik kalkinma ve insanlarin refahi icin en temel tasi
olusturmaktadir. Universitelerde egitim alanlara saglam evrensel bilginin aktarilmasi, yenilikgi buluslar
ile sonucglanacak bilimsel arastirma faaliyetlerinin strdirilmesi, hem kendi toplumu hem de tim insanlik
icin katma deger anlami tasimaktadir.

Bu galisma ile 6nce insanlik tarihinde Universite olgusuna kisa bir bakis ve ardindan Tuarkiye Cumhuriyeti
kurulusu 6ncesinde ve sonrasinda Turk Universitelerinin gegirdigi degisim agiklanmigtir.

Ozellikle Mustafa Kemal Atatiirk’iin ve déneminin egitim bakanlarinin Tiirkiye Cumhuriyeti kurulugundan
sonra Onceki adi Darulfinun olan birinci diinya savasi 6ncesi ve sonrasi Almanya’dan Turkiye'ye
siginmig Alman bilim insanlarinin katkilari ile hazirlanmis iyilestirme plani ile istanbul Universitesi adi ile
kurulmus ve egitim 6gretime baslamis Universite sireci degerlendirilmistir.

Anahtar Kelimeler: Dardlfunun, Atatirk’an Yuksek Ogretim Reformu, istanbul Universitesi, Tiirkiye'ye
siginmis Alman Bilim Insanlari, Einstein’in Atatirk’e Mektubu,

GiRiS

Universite, antik gagda 6greten ve dgrenen birlikleri anlaminda ve daha sonra on dokuzuncu ylzyilda
bilimlerin tamamini ifade eden universitas litterarum seklinde kullanilmistir. “Universite” sézcligi Latince
kokenlidir ve univeritas magistrorum et scolarium, acik anlamiyla &grenci, &gretenler ve &6gretim
elemanlar birligi anlamini tasir,[1].

Universitenin, diger bir ifadesi ALMA MATER seklindedir. Bu tanim ile bilimin yenilenmesi
aciklanmaktadir ve bu sayede bilim insanlari tarafindan Uretilen bilginin insanliga en yeni ve faydal
olacak bigcimde dénustirtlmesi tanimlanmaktadir.

Antik cagda Eflatun ve Aristo egitim kurumlari agmiglar ve bunlarda felsefe, mantik, doga bilimleri ile tip
alanlarinda buyuk katilimli bicimde egitim vermislerdir.

Daha sonra orta ¢agin basina kadar cesitli (iniversite 6zelliginde kurumlar, Tiirk — islam bilim insanlari,
yenigagin baslarina degin gergeklestirdikleri egitim ile Universite egitiminin temeli sayilabilecek kurumlar
ile insanlik tarihi icin blylk 6neme sahip gérev Ustlenmislerdir,[2].

Universite igin en belirleyici unsurlarin baginda mesleki dayanisma gelir. Bununla, akademisyenlerin,
6grencilerin ve mezunlarin olusturduklari birliktelik olusmalidir. Bunun yaninda her meslek alaninda bu
birlikteligin hedefinde uluslararasi olmak olgusu bulunur.

Meslek uzmanlik alanlarindaki bu uluslararasi olma olgusu, kendisine 6zel bir yol belirlerken ayni
zamanda yerli-yabanci mezunlarin birbirlerini anlayabilecekleri editim uygulamalarinin gerceklesmesi
de UNIVERSITE araciligiyla hayat bulmaktadir.

TURKIYE CUMHURIYETi ONCESi UNIVERSITE

Tuarkiye'nin en eski Universitesinin_istanbul Universitesi oldugu ve 1453 yilinda kuruldugu
savunulmaktadir. Bununla Osmanli Imparatorlugu'nda Avrupa tarzi ilk Universite Darulfinun'un
adlandirilarak Istanbul'un fethinin ertesi gini olan 30 Mayis 1453'te Fatih Sultan Mehmet'in emriyle


mailto:ahmet.can@rumeli.edu.tr
https://tr.wikipedia.org/wiki/Osmanl%C4%B1_%C4%B0mparatorlu%C4%9Fu
https://tr.wikipedia.org/wiki/Dar%C3%BClf%C3%BCnun
https://tr.wikipedia.org/wiki/%C4%B0stanbul%27un_Fethi
https://tr.wikipedia.org/wiki/II._Mehmed
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kurulan Sahn-1 Seman medreselerine dayandiriimaktadir ve istanbul Universitesinin kurulusunun bu
tarihte oldugu savunulmaktadir, [2],[3].[4].

Glinimuizde istanbul Universitesi'nin ilk kurulusu, Fatih Sultan Mehmet'in ingilizce ‘The Court of Eight
Colleges’ adhi Fatih Medresesini kurulusu ile baslamistir. Fatih Medresesinin gelistiriimesi
saglanabilseydi, Oxford veya Cambridge Universiteleri benzeri olabilecegi iddia edilmektedir. istanbul
Universitesi ilk kurulusunun Tanzimat Déneminde gergeklestirildigi ve 1846 yilinda Dar-il Finun (Fenler
Evi) adi altinda egitime bagladidi da agiklanmaktadir.

Tarkiye’de batili anlamda, adi Universite olmamakla birlikte batil anlamda yuksekdgretim kurumlari,
orduyu islah etmek amaciyla kurulmustur.

Bunlar, 1773 yili “MUhendishane-i Bahri-i Himayun”, 1796 yili “Mihendishane-i Berri-i Himayun”, 1827
yili “Mekteb-i Tibbiye” ile 1834 yili “Mekteb-i Harbiye” ismi ile kurulmustur,[5]. Bu askeri yiksekokullarda,
mesleki ve askeri bilgiler yaninda matematik, kimya fizik, biyoloji, astronomi, vb. bilim alanlarinda dersler
verilmigtir.

Ayrica, tarih, cografya, hukuk, ekonomi vb. sosyal bilimlerle ilgili bilgiler de verilmistir. S6z konusu askeri
yuksekokullarin, Turk toplumunun dislncesinin modernlesmesi, demokratik yonetim ve ¢agdas egitim
kapsaminda blyuk hizmeti dokunmustur.

Sivil yuksekodgretim kurumlarina baslangi¢c ve dérnek olusturmus 6gretim dili Turkge olan bu askeri
okullar, Fransizca, Almanca ve Ingilizce gibi yabanci dillerin egitim programlarina girmesine sebep
olusturmustur. Ayrica, gezi, gézlem, inceleme, tanitim, laboratuvar vb. deneyim esaslarina dayanan
modern egitim yontemlerinin 6gretimde kullaniimasina énculik etmistir.

Batili anlamda Turkiye’nin ilk Gniversitesi kayitlara 1863 yilinda girmistir. Dersler, zamanin Unlu pasalar
ve dusundrleri tarafindan verilmistir. Dersler, fen bilimleri alanindan fizik, kimya, biyoloji ve sosyal
bilimler alanindan astronomi, tarih, cografya konularinda halktan insanlarin izledigi konferanslar olarak
verilmistir, sadrazam ve nazirlar tarafindan izlenmistir,[6].

Dardlfinun sikhkla kapanmasi yasanmistir, bunun sebepleri tutucu gruplarin baskisi, surekli kadrolu
o6gretim elemanlarinin slrekli olmamasi ve uygun nitelikte 6grenci kaynagr durumundaki Universite
oncesi egitim kurumlarinin yetersizligi nedenler olarak siralanabilir.

Bunlarla Dardlfinun 1. Mesrutiyete kadar 6nemli bir Gniversite olarak varlik gésterememistir.

ATATURK VE YUKSEKOGRETIM REFORMU

Ataturk, yliksekogretim gérmus insan eksikligini, Tirkiye Cumhuriyeti'nin kurulmasi siirecinde en énemli
konu olarak degerlendirmistir.

Gergeklestirmek istenilen devrimler bilimin 1s1ginda strdurilebilir olabilirdi. Bu sadlandiktan sonra Turk
toplumu Uretebilir, sinai olarak kalkinabilir ve kultirel anlamda ¢ada uygun ilerleyebilirdi. Bunun
saglanmasi icin modern &zelliklere sahip bir Universitenin kurulmasini en énemli gereklilik olarak
gérmustar.

Tarkiye Cumhuriyeti’'ni 1923 yilinda bagimsiz bir ulus devlet olarak kuran Gazi Mustafa Kemal Atatirk'an
baslattigi devrimlerin en énemlilerinden birisi 1933 yilinda gergeklestirilen tniversite reformudur.
Sadece bilimle ilgilenen bir tniversite hedeflemistir. Bu Universitenin analiz etmesini bekledigi konular;
Tdrkiye'nin jeolojisi, dogal ve ekonomik cografyasi, iklimi, gicek ve bitkileri, kara ve deniz hayvanlarinin
antropolojisi, tarihi, sanayisi ve kuiltiri olarak sayilabilir. Bunlari gergeklestirirken diger 6nemli bir hedefi
de; "Yabanci dahiler bile bizi kurtaramaz; Bizi kurtaran kendimiz olacagiz. Yabancilarin goéris ve
dislncelerinden faydalanabiliriz ama bunu yaparken ¢ok dikkatli olmaliyiz" seklinde agiklamistir[7],[14].
Bu kapsamda Egitim Bakani Dr. Resit Galip'e Universite projesinin diglinceden uygulamaya gegciriimesi
gorevi verilmigtir. Ardindan tim calismalari tam eksiksiz yapacak bir komisyon kurulmustur.

Ataturk her firsatta Universite 6grencileri ve 6gretim Uyeleri ile bir araya gelmis ve Universitelerin cagdas
dunyadaki ihtiya¢ ve gereksinimlerine gore kurumsallagmasi ve gelismesini arzu etmistir. Bunun igin
Tarkiye Universitelerinin yurtdigi Universitelerle rekabet edecek bilimsel ¢galismalari yirttmelerini strekli
sekilde desteklemis ve déneminde gdrev yapan Egitim Bakanlarina geregi i¢in tam yetki vermistir.
Tuarkiye Cumhuriyeti kurulus zamanlarinda Universitenin kaynagini olusturan toplam 23 lisede 1241
6grenci egitim aliyordu ve 1938 yilina gelindiginde 25 bin 6grencinin egitim aldigi 6grenci sayisi ile lise
sayisI 82 olmustur,[7].

Tirkiye Cumhuriyeti hiikiimeti, Giniversite reformu galismalari kapsaminda o zaman Isvigre’de yasayan
Profesdr Malche isimli bir Aiman bilim insanini Turkiye’ye davet etmistir ve Profesér Malche 16.01.1932
tarihinde istanbul’a gelmistir. Profesér Malche ilk olarak Bagbakan ve Egitim Bakani ile gériismiistiir.
Ardindan Darulfiinun emini (Rektdru), fakiltelerin reisleri (Dekanlari), 6gretim elemanlari ve 6grencilerle
toplantilar yapmistir. Gerekli bilgi ve belgeleri toplamak amaciyla dersleri ve cesitli 6gretim
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uygulamalarini izlemistir. Bunlarla ilgili bilgiler icin Darilfiinun 06gretim elemanlar tarafindan
doldurulmak Uzere bir anket hazirlamistir ve uygulamistir. Tlrkiye Cumhuriyeti Gniversitelerinin cagdas
tiniversite diizeyi icin Profesér Malche, Mart 1932'de Avrupa’dan Isvicre ve Fransa’daki tiniversiteleri ve
Universitenin kaynagini olusturan liseler icin de Hollanda’daki liseleri incelemistir. Profesér Malche,
anket sonuglarini degerlendirerek 29 Mayis 1932'de 49 makaleden olusan 95 sayfalik bir rapor hazidamistir.
"istanbul Dariiffiinun Raporu'nda istanbul Dariifinun'da egitm ortaga§ olarak degerlendiriimis ve arastimaya,
konusmaya ve distinmeye yer olmadidi belirtiimistir. Bu rapor, kittiiphane eksikligini ve mevcut kitiphaneler
arasindaki igbirligi eksikligini, koleksiyonlarin yetersizligi, dusik bitgce ve daha birgok sorun
aciklanmistir,[7],[8]. Ataturk, Universite reformunun ve Turkiye'de yeni bir Gniversitenin kurulmasinin
temelini olusturacak olan bu raporu dikkatlice okuyup notlar almistir. Ancak Malche'nin yliksekdgretimle
ilgili dnerilerini yetersiz bulmug ve daha kapsaml bir "kilttrel planlama"dan s6z etmistir,[7],[9],[10].
Profesér Malche raporunda, istanbul Universitesi’nin, 6zerkligini zedelememek icin (iniversiteyi kendi
kaderine terk etmenin dogru olmadigini belirtmistir. Raporunun igerigini 6gretim icerikleri ve yontemleri
izerinde yogunlastirmistir. Ozellikle ders notlarinin higbir degisiklik yapiimadan ve ¢ok fazla yikli bilgi
ile uzun yillardir okutuldugunu gézlemlemistir. Bireysel ¢alisma ve arastirmalar kapsaminda var olani
tekrar eden, dustinme ve tartisma unsurlari bulunmayan ortagag egitim yénteminin uygulandigi tespit
edilmigtir.

Yiksekogretim reformu esnasinda Dardlfiinun ile yagam iginde ve devrim faaliyetleri arasinda yogun bir
isbirliginin olmasi gerekliligi Gizerinde durulmustur. Yeni kurulacak Universitenin teskilat yapilanmasinda
eski Dardlfinundaki gibi Tip, Hukuk, Fen ve Edebiyat Fakiltelerinin bulunmasini 6nermistir. Cok 6zel
bir hedef tanimlanmamis ise ilahiyat Fakiiltesi ile Edebiyat Fakiiltesinin birlestirimesi tavsiye edilmistir.
Profesér Malche raporunu 27.09. 1930-18.09.1932 tarihleri arasi egitim bakani Esat Bey gorevi
sirasinda sunmustur. Raporda agiklanan eksikliklerin giderilmesi 19.09.1932- 13.08.1933 tarihleri
arasinda egitim bakani olan Dr. Resit Galip Bey egitim bakanligi déneminde gergeklestirilmistir.
Oncelikle iyilestirme girisimlerinde basarisizlikla kargilagiimamasi i¢in dnemli bir hedef segilmistir. Bu
sebeple, eski Dariilfiinunun tamamen kapatilarak yerine yeni bir Universite kurulmasi karari alinmistir.
Bununla ilgili olarak Turkiye Cumhuriyeti Egim Bakanhdi bir kanun tasarisi hazirlama calismalari
gerceklestirmis ve Profesér Malche’den de “Universite iyilestirme Programi” hazirlamasi istenmistir.
Devaminda, “Universite lyilestirme Programi” disiinceden uygulamaya gegirilirken danismanlik
yapmasi igin Profesér Malche ile yeni bir sézlesme yapilmistir. Béylece, Profesér Malche’nin raporu
“Universite lyilestirme Programi” olarak benimsenmistir. Tiirkiye Cumbhuriyeti Blyik Milet Meclisi,
Dariilfiinun kapatilip yerine 31 Mayis 1933 tarihinde istanbul Universitesi ve bunu takiben Ankara
Universitesi kurulmasini onaylamistir,[11]. istanbul Universitesi'nin kurulusu 1 Adustos 1933 olarak
kayitlara gegmis olup resmen egitim 6gretim faaliyetlerine 19 Kasim 1933 tarihinde baslamistir.
Tarkiye Cumhuriyeti kurulduktan sonra 1927 ile 1930 yillari arasinda Universitelerde 63dretim elemani
olarak goérevlendiriimek Uzere yabanci Ulkelere dgrenciler gdnderilmistir. Bu 6grencilerden 501 dgdrenci
yurt disindaki 6grenimlerini basarili doktora ¢calismalari ile tamamlamislar Tarkiye'ye geri ddnmdaslerdir.
Yurtdisinda degisik bilim alanlarinda egitim almis ve geri dénmis bu gencler, 1932 ile 1933 vyillari
arasinda yeni kurulmus istanbul Universitesi’nde goreviendirilmistir. Tiirkiye Cumhuriyeti’nde 1933-1934
egitim o6gretim yilinda 3.147 dgrenci Universite 6grenimine basladidi ve 1947 yilina gelindiginde
neredeyse yuzde ellisi kiz 6grenci olmak lizere 6grenci sayisi yaklasik U¢ katina gikarak 10.178 6grenci
sayisina yukselmistir,[7].

ALBERT EINSTEIN'DAN ATATURK’E MEKTUP

Birinci dinya savasl sonrasi Almanya’da iktidara gelen Hitler ydnetimindeki nasyonel-sosyalist
diktatérlik rejiminin baskisi altindaki Alman bilim adamlari, sanatg¢ilari ve politikacilari Tarkiye'ye
siginmiglardir. Ayni zamanda, Bu Alman bilim adamlarindan olusan grup tarafindan isvigre'de onursal
baskanligini Profesér Albert EINSTEN'In yaptigr “OSE” isimli dernegi kurmuslardir. Dernegim Gyeleri
bilim insanlarn dinyanin cesitli Ulkelerine gé¢men olarak gitmisler ve Universitelerde akademik
gorevlerde galismiglardir. Daha sonra diinyaca Unli bir bilim insani olacak Profesér Albert Einstein
Tarkiye Cumhuriyeti'ni kuran Gazi Mustafa Kemal Atatirk’e asagidaki mektubu yazmistir ve
Turkiye’deki Universitelerde seckin Alman bilim insanlarinin g¢alismak arzusunda olduklarini
aciklamistir,[12].



4. RUMELI MUHENDISLIK EGITiIMI SEMPOZYUMU / 4nd RUMELI ENGINEERING EDUCATION SYMPOSIUM
7-8 Kasim 2024 / November 7-8, 2024
Beyoglu-Halig, ISTANBUL

- > -
UNION DES soCIETES “OSE cpin
POUR LA PROTECTION DE LA SANTE
DES POPULATIONS JUIVES ‘nng‘;mp; M 11D TIRIWD
ComiTé O'HONNEUR YWJbJNr) 1”’” 1‘“9

Brof. A. EINSTEIN, Prisident. Teu
Peof. A. BESREDKA, Vicw-Petsidont - Pacis.
Peof. RADCLIFFEN. SALAMAN, V.. Peérident - Loudres PARIS XVII) LE 17 sﬁi’telﬂbe!‘, 195%

4, Rue Roussel
SOoCKTES AFFILIRES

ALLEVAGNE.
ANOLETERRE. f 3 o —+—
DANTZIG, "’TT___-_‘ Y
ETATS-UNIS, LIEK

ASBA AN . -
LETTONIE. CC O?]MZUH:YET_L?E‘—!L- M VM

LITHUANIE,

POLOGNE (T. 0. 2 %
ROUMANIE. 8'10-5]5 ;

Your Excellency,

nis

4s Zonorsry President of the World Union "OZE" I beg
to epply to ¥our Excel.ency to sllow £dirty professors end doctors
from Germany to continue their scientific enc¢ medicsl work in
Turkey. *he ebove mentioned cennobt prectise further in Germsny
on 2ccount of the lews governing there now. The ma Jority of these
i men possess vast experience, knowledge end scientific merits and
< E could prove very useful when setiling in o new country.

t of » grest number of epplicents our Union hes chosen

o fourty experieénced specielists end prominent schoisrs, and is

Ny o heréwitn applying to Your Excel.ency to permit these men to sottle
1ot anc presctise in your country. These scientists are willing to

BN 4 work for & yesr without fny remunoretion in ony of your 1n§t1tutions
i \ eccording to two orders of your Government. i

"osK" 4. RUE ROUSSEL -
[
’

v In supporting this spplication, I take the liberty to
- { express myv hope, thot in grenting this recuest your Government
28 2 wils not only perform en ect of high humanity, dut will slso
e bring profit to your own country.

Advases Tédgrapninue @

I have the honour to be,

Your E¥xcellency's obedient sepvant,
¥ ooy

2 L el 2 DI

. ] e g

. ) (Prof. Albert Einstein)

His Exceliency

The Fresident of the Caebinet of iiinisters
of the Turkish Republic.

/. Z ..’_ — S B B LJ‘/({
l/c’/J':.‘/ﬁ_. N_d.f:\it(}. % /( / <

Lot D : o |
gl —— "fJ ot b /(/ . ‘,% A /Q‘sz
l/ 0?,-_‘\/2%: //_. /7\%“ .7‘.4..“-./1/7_(' £, o ~
/«;:‘, o 2 gt s

P

g >’
g K “~p

f._
-~

UNION DES SOCIETES “OSE, Almanya

POUR LA PROTECTION DE LA SANTE ingiltere

DES POPULATIONS JUIVES Dansing

(OSE Topluluklar Birligi, o Amerika Birlesik Devletleri
Yahudi Nifusun Sagliginin Korunmasi igin kurulmustur) Letonya

Onur Komitesi Litvanya

Prof. A. EINSTEIN, Baskan Polonya (T.0.2)

Prof. A. BESREDKA, Baskan Yardimcisi-Paris Romanya

Prof. RADCLIFFEN, SALAMAN, Bsk. Yardimcisi-Londra
PARIS (XVII), LE 17 September, 1933
T.C. BASBAKANLIK CUMHURIYET ARSI Vi
Maarif Vekaleti’'ne
ismet



4. RUMELI MUHENDISLIK EGITiIMI SEMPOZYUMU / 4nd RUMELI ENGINEERING EDUCATION SYMPOSIUM
7-8 Kasim 2024 / November 7-8, 2024
Beyoglu-Halig, ISTANBUL

9.10.933
“Ekselanslari,

Topluluklar Birligi OSE’nin Onursal Bagkani olarak Almanya’daki gelismelerden korkan Profesér ve
Doktorlarin Turkiye’de bilimsel ve tibbi calismalarina devam etmelerine izin verilmesi igin Ekselanslarina
basvuruda bulunmami rica ettiler. Yukarida belirtilenler, su anda orada gegerli olan yasalar nedeniyle
Almanya’da daha fazla bulunamazlar. Bu bilim adamlarinin gogunlugu engin deneyime, bilgi ve bilimsel
degerlere sahiptir ve yeni bir Glkeye yerlestiklerinde ¢ok faydal olabilirler.
Birligimiz, cok sayida bagvuru arasindan, 6nde gelen kirk deneyimli uzman ve 6nde gelen bilim adamini
segmis olup, bu Kkisilerin Ulkenize yerlesmelerine ve c¢alisma yapmalarina izin verilmesi igin
Ekselanslarina basvuruyorum. Bu bilim adamlari hikimetinizin emriyle herhangi bir kurumunuzda bir
yil boyunca herhangi bir tGcret almadan g¢alismaya hazirdirlar.
Bu basvuruyu desteklerken, Hikimetinizin bu talebi yerine getirerek yalnizca ytksek bir insani davranis
sergilemekle kalmayip ayni zamanda kendi Ulkenize de katma deger kazandiracagini umdugumu ifade
etme 6zgulrligimu kullanmaktan onur duyuyorum.
Ekselanslarinin itaatkar hizmetkari
Islak imza (Prof. Albert Einstein)

Ekselanslari

Tuarkiye Cumhuriyeti Bakanlar Kurulu Bagkani,

TURKIYE’DE YUKSEKOGRETIME KATKI YAPMIS ALMAN BILIM INSANLARI

Birinci Dinya Savasindan once Turkiye ve Almanya’nin ittifak devletleri olmasi, egitim ve kdltdr
alanlarinda da isbirligine yol agmistir. Mudur olarak Prof. Dr. Franz Schmidt’in gérevlendirildigi Alman
Egitim ve Kuiltir Enstitiisti istanbul Dariilfiinun biinyesinde istanbul’da kurulmustur. Enstitiide 1915 ile
1918 yillari arasinda Almanyali ve Avusturyali degisik bilim alanindan toplam yirmi bilim adami
calismistir. Pedagoji ve Psikoloji alaninda Dr. Anschiitz, Semitik Dillerde Dog. Dr. Bergstasser, Ural-
Altay Dilleri alaninda Dog. Dr. Giese, Eskigag Tarihi konusunda Prof. Dr. Lehmann Haupt, Jeoloji ve
Cografya alanlarinda Dog. Dr. Obst ve Dog. Dr. Penck, Botanik alaninda Dog. Dr. Leick Zooloji alaninda
Prof. Dr. Zarnick, Organik Kimyaci olarak Dog¢. Dr. Hoesch, Anorganik Kimya ve Teknolojik Kimya
alanlarinda Dog. Dr. Arndt ile Dr. Fester, Ekonomi alaninda Prof. Dr. Hoffmann, Maliye sahasinda Dr.
Fleck, Kamu Hukuku alaninda Prof. Dr. Schéborn, Felsefe bilim alaninda Dog. Dr. Jacobi, Medeni Hukuk
alaninda Dr. Nord, Tarih Metodolojisinde Dr. Mordtmann, Arkeoloji ve Eski Paralar alanlarinda Dr.
Ungarn, Alman Dili ve Edebiyati sahasinda Dog¢. Dr. Richter ve Fizik bilim alaninda Prof. Dr. J.
Wiirschmidt olmustur. isimleri ve uzmanlik bilim alanlari yukarida agiklanmig yabanci bilim insanlarinin
gérev yaptigi bu zaman araliginda ilk ciddi bilimsel aragtirmalar Ziya Gokalp ve ismail Hakki Baltacioglu
gibi geng¢ Turk bilim insanlari tarafindan yapilmistir.

Tarkiye Cumhuriyeti kurulduktan sonra Profesér Malche, Profesdr Schwartz ile temasa gecmistir ve
Alman bilim adamlarini Tirkiye'ye yodnlendirmistir,[3],[13]. Profesér Malche ve Profesér Schwartz
Ankara Tren Gari'nda bir araya gelmiglerdir ve Milli Egitim Bakani Dr. Resit Galip baskanhdinda
bakanlikta Ust dizey goérevlilerinin de katildigi bir toplanti gergeklestiriimistir. O yillar Tirkiye'de
diplomasinin ve bilimin dili Fransizca oldugu icin toplantinin dili Fransizca olmustur.. Bu toplanti kararlar
ile Turkiye'de yeni kurulmus Istanbul Universitesi ile Ankara Universitesi'nde géreviendirilecek yabanci
profesorler secgilmistir. Bu yabanci profesorler ile asagidaki ¢calisma dlgutleri karsilikli kabul edilmistir.
a) Aylik maas miktari,

b) Ozlik haklari

c) iki yil iginde Tiirkge 6grenmeleri,

¢) Turkge kitap yazmalari ve

d) Her bilim adaminin kendi alaninda geng Turk asistanlar yetistirmesi,

seklindeki kosullari gériusulmustir ve karara baglanmistir.

Bu toplantidan sonra Zirih'e bir telgraf gdénderen Profesdér Schwartz sonugtan ¢ok memnuniyet
duydugunu ve telgrafinda "-Ug degil, otuz bilim adami" sdzleriyle dile getirmistir.

istanbul Universitesi Iktisat Fakiiltesine miilteci égretim iiyesi olarak gelenlerden biri Profesér Fritz
NEUMARK idi. istanbul Universitesi'nde kurulan iktisat Fakdiltesi’'nin kurucularindan biridir,[14].
Profesor Fritz NEUMARK, 1933 yili Ekim ayinda ¢ok 6zel bir tarih Tirkiye Cumhuriyeti’'nin kurulusunun
onuncu yilinda da istanbul’a gelmistir. Atatiirk Tirkiye’sinin kendisine tanidi§i olanaklarla en verimli
akademik yillarini gecirmistir ve 1953 yilina kadar Tirkiye Cumhuriyetine hizmet etmistir. iktisatcilar
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icinde en taninmis olanlardan bir digeri Profesdér Wilhelm ROPKE idi ve ekonomi égrenim planini
hazirlanmasinda en blyuk etkiye sahip olmustur.

Profesér Alexander RUSTOV, Tirkiye Cumhuriyeti ile imzaladi§i anlasmadaki yikiumlilikler
kapsaminda, bilim uzmanlik alani ile ilgili kitaplar yazma alaninda blyUk ugras vermistir. Bunun yaninda
kiiltiirel-sosyolojik makaleleri Tiirkge diline cevrilerek yayinlanmistir. istanbul’da 1933'den 1949’a kadar
kalmistir ve Tirkiye’ye son derece mutesekkir kalmistir.

Profesér Gerhard KESSLER, canl ders verisi 6grencileri derslere ¢ekmistir ve gergeklestirdigi
seminerler ile uygulamalar seklindeki nitelikli akademik faaliyetleri kadar insani ydnden de yogun sekilde
ilgi gdérmistiir. Profesor Gerhard KESSLER, istanbul Universitesi isletmecilik Profesérligii beraberinde
sosyoloji ile ilgilenmistir ve bu sorumluluk kapsaminda sosyal politika kiirsiisiinde de gorev yapmistir.
Frankfurtta daha 6nce Nurnberg’de Yiksek Ticaret Okulu profesori olan Profesor Alfred ISAAC, bir
Yahudi olarak Almanya’da kalamayacagdini anlamis ve istanbul Universitesi'ne gelmistir. Pedagojik
yetenek sahibi de olan Profestr Alfred ISAAC Tirkge 6grenmistir ve Turkiye'nin isletme ekonomisi ile
ilgili yasalarini, kuruluslarini tanimak igin olaganusti gayret gdstermistir. Alman isletme ekonomistlerinin
isletme ekonomisi bilimini Tirkiye’de 6grenim programina alinmasini saglamistir. Profesor Alfred ISAAC
Tirkiye'de isletme ekonomisi biliminin birinci ve ikinci kusak temsilcilerinden olmustur ve istanbul
universitesi isletmecilik profesori olarak ¢calismistir. Ayni zamanda iyi bir fliit icracisi olan Profesér Alfred
ISAAC ve essiz bir piyona 6gretmeni olan bayan ISAAC mduzikle ile ilgili bir etkinlikte de gérev
almiglardir,[14].

Tarkiye Cumhuriyeti kurulusundan sonra degisik tarihlerde Turkiye’'ye gelen ¢ok sayida farkli bilim
uzmanlhk alanlarindan diger Alman bilim insanlari, politikacilar ile sanatgilar olmustur. Bunlarin en
unluleri sirasiyla Ernst Reuter, Ernst Eduard Hirsch, Hans Reichenbach, Leo Spitzer, Erich Auerbach,
Ernst von Aster, Marchand, RudolfNissen, Alexander Ristow, Friedrich Dessauer, Richard von Mises,
Rudolf Belling, Curt Kosswig, Bruno Taut ve Paul Hindemit olarak adlandirilabilir.

Tarkiye Cumhuriyeti’ndeki giivenli yasamindan sonraki yillarda Almanya’ya donmis olan Ernst Reuter,
Birlesik Aimanya Cumbhuriyeti Berlin Eyaletinin ilk Belediye Bagkani olarak segcilmistir ve bir siire
Almanya Sosyal Demokrat Partisi Bagkanligi yapmistir. Ayrica Ernst Reuter, A. Rustow, G. Kessler, C.
Kosswig ile birlikte 1943 yilinda istanbul'da Nazi ydnetiminin bilim insanlarina karsi tutumunu defalarca

kinayan "Alman Ozgirlik Dernegi" isimli bir denegi kurmustur.

SONUG VE DEGERLENDIRME

istanbul Universitesi'nin temeli ve daha sonra Ankara Universitesi, Almanya'daki Nazi rejiminin
baskisiyla zulim gbéren, sézlesmeli Universiteye bagli Alman bilim insanlariyla kurulmustur. Bu
kapsamda Profes6r Schwartz ve Profesér Malche'nin katkilari gok 6nemli olmustur.

Turkiye’'deki Universite Reformu kapsamindaki gelismeler, Tirklerin ulu énderi Gazi Mustafa Kemal
Ataturk'in Universitelesme konusundaki ileri gérusluliguni ve kapsamh vizyon fikirlerinin ne kadar
dogru oldugunu gdstermistir. Bunun ginimuze yansiyan énemli bir kaniti, 1930 — 1937 yillar arasi
Amerika Birlesik Devletleri elciliginin raporlarina girmis istanbul Universitesi diinya Universiteleri
akademik derecelendirmesinde birinci siradaki Cambridge Universitesinden sonra ikinci sirada ve
Oxford Universitesi'nin éniinde oldugunu gésteren grafiktir,[15].

. . . 5
Sekil 2. Istanbul Universitesi’nin 1930-1937 Arasi Dunya Universiteler Akademik Siralamasindaki yeri
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0zZGECMIS

Ahmet CAN

Tekirdag 1953 yili dogumludur, 1974te Yildiz Teknik Universitesi Makina Fakiiltesi‘nden Makine
Mihendisi unvani alarak mezun olmustur. Aimanya Berlin Teknik Universitesi Enerji ve Streg Teknigi
Enstitisi’nden, “Fachbereich Energie-und Verfahrenstechnik” 1982’de “Yiksek Muhendis “Dipl.-Ing.”
ve 1984'te “Doktor Miihendis “Dr.-Ing.” unvanlarini aimistir. Aimanya Berlin Teknik Universitesi Enerji
ve Sirec Teknigi Enstitiisii Olgme ve Otomatik Kontrol Anabilim Dalinda 1981-1984 aras! “Arastirma
Gérevlisi-Wissenschaftlicher Mitarbeiter” olarak galismistir. 1984 Yilinda Trakya Universitesi,
Muhendislik ve Mimarlk Fakuiltesi‘nde Yardimci Dogent, 1989 yilinda Dogent ve 1997°de Trakya
Universitesi'nde 2012'de Turk Alman Universitesi'nde, 2014 Yilinda istanbul Arel Universitesi'nde ve
2018’de istanbul Rumeli Universitesi’nde Profesdr unvanlarini almistir.

Alman teknolojisinin ve standartlarinin baglangicindan giiniimuze gelisme sirecinin de bir géstergesi
Diinya'da HUTTE Grundlagen der Ingenieurwissenschaften ismi ile Ginlenmis kitap bu giine kadar
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OZET

Teknolojinin gelismesiyle birlikte muihendislik uygulamalarinda sayisal analiz yéntemine olan ilgi
artmaktadir. Hesaplamali Akigkanlar Dinamigi sayisal analiz yardimiyla matematiksel denklemleri
¢cozerek akigkan akisi, isi transferi, kimyasal reaksiyonlar vb. olaylarin analizinin olusturulmasina olanak
saglamaktadir. Analizlerin disuk maliyetli yapilabilmesi, kisa sirede elde edilen analiz sonucunun
deneysel sonuglarla ortistiginin kanitlanmasi, Hesaplamali Akiskanlar Dinamiginin endustride
kullanim alanlarini gelistirmistir. Muhendislerin lisans egitimleri sirasinda Hesaplamali Akigkanlar
Dinamigi ile proses analizini 6grenmeleri gesitli sektorlerdeki gelisme agik alanlarda yenilikgi ¢ozimler
saglayabilmelerine olanak saglamaktadir.

Anahtar Kelimeler: Muhendislik, HAD, Sayisal analiz

1. Girig

Her gegen gun gelismekte olan teknoloji, zaman ve finansman kayiplari, olugabilecek risklerin
yonetilebilmesi agisindan endustride var olan alanini genigletmektedir. Bu durum mihendislik
uygulamalarina iliskin ¢dzimleme yontemlerinden biri olan sistemin matematiksel olarak ifade
edilmesini saglayan modellere yonelimi artirmistir. Olusturulan bu modeller, sureglerdeki kritik
degiskenlerin niceliksel ifadesini ortaya cikartarak var olan yapilarin ve benzer sistemlerin farkli
Olgeklerinin optimizasyonuna olanak saglamaktadir.

Belirli parametreler baz alinarak olusturulan modeller sayesinde incelenmek istenilen faktorlerin sisteme
etkisi incelenebilir ve bu sayede yiiksek verim elde etmek icin sistemin optimum kogullari éngdrulebilir.
Parametrelerin sayisi ve karakteristik 6zellikleri ne kadar detayli incelenmek istenirse, olusturulacak
modellerin karmasikligi da dogrusal oranda artmaktadir. Bu karmasiklik, analiz ediimek modelin
dogrulugunu ve guavenilirligini etkileyebilirken, ayni zamanda kullanicilar igin de ydnetim ve uygulama
zorluklari dogurabilmesinden dolay! sistem modellemesi i¢in en uygun matematiksel ydntemlerin
secilmesi hususu blyik 6nem arz etmektedir.

Mevcut olan verilerden yararlanilarak secilen matematiksel yontemleri bilgisayar destekli simulasyon
programlarina aktararak proseslerin sayisal ifadesi hizli ve etkin bir sekilde gergeklesebilir. Simulasyon,
her cesit reel prosesin veya fiziki sistemin belirli bir zaman igerisinde yeniden olusturuimasi ve bu
proseslerin ¢iktilarinin detayli bir sekilde degerlendiriimesi anlamina gelmektedir, bu da simulasyonlarin
muhendislik sureclerinin tasarim asamasinda kritik bir rol oynamasini saglamaktadir. Olusturulan
simullasyonlarin en buyuk avantajlarindan biri sistemlerin optimizasyon slreglerinde yasanan zaman
kayiplarini minimize etmektir (Giler ve imamoglu, 2020).
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Ekipman tasarim slreglerinde bilgisayar destekli simllasyon programlarinin kullanilmasi, yeni ve
gelismis sistem tasarimlarinin gelistiriimesinin yani sira mevcut ekipmanin hesaplamali similasyonlar
yoluyla optimizasyonunu da kolaylastirir. Bu sayede verimlilik artar, isletme maliyetleri azalir, 6nemli
Olgiide maliyet tasarrufu saglanir, gelistirme sureleri hizlanir ve fiziksel deneylere olan bagimlilik azalir.
1960 ve 70'lerde, ginumizde kisisel bilgisayarlarda rahatlikla c¢alistirilabilen HAD uygulamalarini
yurutmek igin milyonlarca dolara mal olan slper bilgisayarlarin kullanildigi géz énitne alindiginda,
hesaplama kapasitesindeki hizli biyimenin énemi daha iyi anlasiimaktadir. Bu dénisum, sayisal
tekniklerin akademik ve endustriyel alanlarda daha erisilebilir hale gelmesine olanak tanimig ve gerekli
donanimin edinilme maliyetlerini azaltmistir (Maliska, 2023; Tu vd. 2018).
HAD, sayisal analiz yardimiyla matematiksel denklemleri ¢ozerek akiskan akisini, isi transferini,
kimyasal reaksiyonlari ve akiskan hizinin hem uzamsal hem de zamansal alan ¢éztUmlerini verimli bir
sekilde geligtirebilmesini igin yilksek hizdaki dijital bilgisayarlarda gergeklestirilien bilgisayar
programlarinin veya yazilim paketlerinin kullaniimasini iceren sayisal simulasyonlar yoluyla akiskan
akisinin incelenmesidir. Akiskanlarin neredeyse her alanda var olmasi ve sistem performansi Gzerindeki
etkileri, HAD'nin diger birgok disiplin tarafindan yaygin bir sekilde benimsenmesi anlamina gelmektedir.
(Aslam Bhutta vd., 2012; Norton vd., 2007). HAD artik birgok endustride ¢ok glcli ve yaygin bir ydntem
haline gelmistir ve her bir g6zim matematiksel fizigin, sayisal ydntemlerin, kullanici araylzlerinin ve son
teknoloji gorsellestirme tekniklerinin zengin bir dokusunu yansitmaktadir (Norton ve Sun,2006).

2. Hesaplamali Akigkanlar Dinamiginin Ana Hatlan

. Modelleme: incelenen fiziksel sistemin geometrisi ve akiskan ézellikleri belirlenir.

. Ag Olusturma: Geometri, hesaplamalarin yapilabilmesi icin bir ag yapisina donastirulir. Bu
ag, cesitli hticrelerden olusur ve akigkanin hareketinin hesaplandidi alani temsil eder.

. Denklemler: Navier-Stokes denklemleri gibi temel akiskanlar dinamigi denklemleri, akisin
davranisini tanimlamak igin kullantlir.

. Coziimleme: Bu denklemler sayisal yontemler kullanilarak ¢dézilir. Genellikle sonlu fark, sonlu
eleman veya sonlu hacim yéntemleri gibi teknikler uygulanir.

. Sonuglarin Yorumlanmasi: Elde edilen sonuglar analiz edilmek istenilen parametreler ile ilgili

detayl bilgi verir (Qin, 2022).

Hesaplamali Akigkanlar Dinamiginin temelini bilgisayar bilimi, akigkanlar dinamigi ve matematik
olusturur (Sekil 1).

Hesaplamali Mihendislik
Akiskanlar (Akigkanlar
Dinamigi (HAD) Dinamigi)

Bilgisayar
Bilimi

Sekil 1. Hesaplamali akigkanlar dinamigini olusturan temel bilesenler

Geleneksel olarak hem deneysel hem de analitik ydntemler birbiriyle gt¢li bir sekilde baglantihdir ve
birbirinden bagimsiz degildir. Akiskan dinamiginin ¢esitli yonleri akislarin incelemesinde, ekipman ve
endustriyel sureclerin tasariminda mihendislere yardimci olmak igin kullaniimistir (Sekil 2).
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Deneysel Analitik
Akiskanlar Akiskanlar
Dinamigi Dinamigi

~N_

Hesaplamah
Akiskanlar
Dinamigi

Sekil 2. Akigkanlar dinamigi problemlerini gozmek kullanilabilen temel yaklasimlar

3. Hesaplamali Akigkanlar Dinamiginin Avantajlari

Hesaplamali akiskanlar dinamigi, akiskan akiginin, agirlik kayiplarinin, kitle ve isi transferinin
detayli incelenmesine olanak tanir. Bu sayede muhendisler, bir sistemin performansini optimize
edebilir ve akigkanlarin davranislarini detayli bir sekilde anlayarak, tasarim sireglerinde daha
bilingli kararlar alabilirler.

HAD simulasyonlari ¢ogu zaman daha hizh ve dustuk maliyetli bir ¢ézim sunar. Tasarim
asamalarinda maliyetli fiziksel prototipler, uzun siiren deneyler yerine sanal modeller
kullanarak, birgok etmenin verimli kullanilmasini saglar.

Muhendislerin simile edilen bir model Ulzerinden farkli senaryolari gelistirmelerine olanak
taniyarak birden fazla olasiligi hizlica degerlendirmelerine yardimci olur.

Fiziksel ortamda yapilmasi tehlike arz edebilecek élgimlerin ortam kosullarini birebir saglayarak
deneyi yapilmasi istenen modelin ayrintili bir similasyonunu yapar. Olglim sirasinda
dogabilecek sorunlari en aza indirger.

Modelleme siurecinde odlgcekten bagimsiz sonuglar elde etmeye olanak tanir. Bu avantaj
laboratuvar d&lgcegindeki deneylerin sonuclarinin bayuk dlgekli sistemlere uygulanmasini
kolaylastirir.

Uretimdeki sorunlarin sadece sonuglarini dedil, ayni zamanda nedenlerini de ortaya gikarmaya
yardimci olur.

Tasarim optimizasyon sireglerini destekler. Simulasyonlar, tasarim degisikliklerinin etkilerini
anlik olarak gosterir, bu da mihendislerin daha iyi, verimli ve hizli tasarimlar gelistirmesine
olanak tanir.

Muhendislerin ve &grencilerin akigkanlar mekanigini uygulamali olarak &grenebilmesinde
oldukga faydalidir. Etkili bir egitim araci olarak kullanilabilir (Stfer vd, 2016; Xia, ve Sun 2002;
Szubel, 2023).

4. Hesaplamali Akigkanlar Dinamiginin Uygulama Alanlari

HAD, énemli endustrilerde muhendislik dizayn ve analiz ortaminin ayrilmaz bir pargasi haline gelmigtir.
Kolay uygulanabilir bir tasarim araci olarak kullanilmasi, uzun émurliligu gelistirmesi, kayiplari
azaltmasi icin ihtiya¢ duyulan ekipman ve sureclerdeki akis karakteristikleri hakkinda énemli bilgiler
saglamasi Hesaplamali Akiskanlar Dinamiginin bircok alanda kullanabilmesini saglamaktadir.
Endustrideki uygulama alanlarindan bazilari sunlardir:
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4.1. Havacihk

Hesaplamali Akiskanlar Dinamidi havacilik sektérinde oldukga énem arz eden hava tasitlarinin
aerodinamik tasarimlari ve bu tasarimlarin analiz sureglerinde kritik bir rol oynamaktadir. Ugaklarin
performansini optimize etmek, hava akisinin etkileri incelenerek ugus guvenligini artirmak, kanatlarinin
kaldirma kuvvetini artirma ve suriklenmeyi minimize etmek amaciyla kullaniimaktadir. Sekil 3'te bir ugak
kanadi Uzerindeki basing dagihmi gosteriimektedir (Url-1). Kabin havalandirmasi ve ugaklardaki yolcu
konforunun artiriimasi i¢in havalandirilma ve iklimlendiriimesinde de hesaplamali akiskanlar dinamigine
basvurulmaktadir. Sekil 4'te helikopterlerin tasarim ve performans analizi igin ileri ugusta sabit olmayan
ylzey basinci dagilimi simile edilmistir (Stejil ve Barakos, 2008). HAD aerodinamik performans
hakkinda detayl bilgiler sunarak daha verimli ve yenilik¢i tasarimlara olanak tanimaktadir (Spalart ve
Venkatakrishnan, 2016; Cao vd 2022; Fuiji 2005; Rizzi ve Luckring 2019).

Sekil 3. Kanat tzerindeki basing dagilimi simulasyonu

¥ = 250° ¥ = 260° ¥ = 270°

Sekil 4. farkli rotor azimut agilarinda ileri ugusta sabit olmayan yizey basinci dagilimi

4.2. Tarim ve Hayvancilik

Tarim ve hayvancilik, gida Uretiminin temel taglarini olusturan kritik sektorlerdir. Bu alanlarda verimliligi
artirmak ve surdurilebilir uygulamalar gelistirmek hem ekonomik hem de gevresel agidan buyik énem
tasimaktadir. Yogun uretim sistemlerinde istenen gevresel kosullarin muhafaza edilebilmesi havalandirma
sisteminin tasarimina ve performansina baglidir. Birgok ¢alisma, hayvan ve bitkisel Uretim sistemlerinde
hava akisinin tretim verimliligiyle alakasini kanitlamistir. Hayvansal tretimde, nemi ve gubre gazlarini
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uzaklastirmak, distik sicakliklardan, yagmurdan korunmak igin hava akisinin kontrol edilmesi gerekir. Sekil
5’te igerisinde inek bulunan bir ahirin havalandirmasini incelemislerdir (Norton vd.,2007).
Bitkisel Uretimde ise, sera ortami Uizerinde iyi bir kontrol gerekmektedir; tUretim sisteminin, blyime mevsimi
boyunca rln igin normal bitki biyimesi ve gelisiminin karakteristik sicaklik araliginda sorunsuz bir sekilde
calismasi gerekmektedir. Sekil 6’da seranin yan duvarlarinda ve tavaninda simile edilen gines akisi
incelenmistir (Saberian ve Sajadiye 2009). Kapali alan Uretim sistemlerinde yer alan olgularin karmasikhigi
nedeniyle, gevresel degiskenleri tam olarak kavranabilmesi igin gereken bilgi miktari hem ilgili fizige hem de
analiz araclariyla iligkili hassasiyet duzeyine baglidir. HAD gibi sayisal modelleme teknikleri, sanal bir
ortamda cesitli tasarim kosullari altinda havalandirilan mekanlarin iklim degiskenlerini dogru bir sekilde
o6lgmenin etkili bir yolunu sunmaktadir. Bdylece, henlz ortadan kaldiriimamis olsa da hesaplamali
akigkanlar dinamigi fiziksel deney miktan blyik 6l¢iide azaltilabilir (Norton vd. 2007).

Al B C

Sekil 6. Seranin yan duvarlarinda ve tavaninda simule edilen gunes akisi

4.3. Saghk

Son yillarda biyomedikal ve saglik arastirmalari uygulamalarinda fizyolojik akiglarin analizinde, tibbi
cihazlarin optimizasyonunda hesaplamali akigkanlar dinamiginin kullaniminin arttigi gézlenmektedir.
Hesaplamali akigkanlar dinamiginde komplike yapilarindan kaynakli fizyolojik akiglarinin analiz
edilebilmesi icin saglikgilar, mihendisleri, bilgisayar bilimcilerini ve matematikgileri iceren disiplinler
arasi bir yaklagim gerektirir. Sekil 7’de Kardiyovaskiiler sistemde HAD similasyonlarina, Sekil 8’de ise
Solunum sisteminde HAD simulasyon Ornegi gosterilmektedir (Basri vd. 2016). Kardiyovaskidiler tip,
HAD'In su anda kullanildigi en yaygin biyomedikal arastirma alanidir, bunu Ust ve alt solunum tibbi
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yakindan takip etmektedir. HAD ayrica beyin omurilik sivisi, sinovyal lipidler ve hiicre igi siviyi inceleyen
aragtirmalarda da kullaniimaktadir. Hesaplamali tibbin gelecekteki gelisimi ve evrimi mihendislik,
bilgisayar bilimleri biyomedikal arastirma uzmanlari arasinda yakin is birligini gerekecegini
gostermektedir (Rea, P. M. (Ed.). 2021; Basri vd. 2016).

Sekil 8. Solunum sisteminde CFD simulasyon érnegi

4.4. Otomotiv

HAD, otomotiv tasarimi ve Uretiminde uzun zamandir énemli bir unsur olmustur. Havacilik ve
aerodinamik endustrilerinin yani sira otomotiv _mihendisliginde de arastirma ve uygulamada
hesaplamali akigkanlar dinamiginin kullanimi benimsenmistir; bu nedenle HAD kullanimi, en zorlu
kosullar icin bile mihendislik simllasyon araci olarak birgok disiplinde iyi ve saglam bir sekilde
yerlesmistir. Hesaplamali akiskanlar dinamigi, proseslerin analiz srelerini kisaltmak, enerji verimliligini
artirmak, otomotiv sektdriindeki kati standartlari ve spesifikasyonlari kargilamak i¢in mevcut
muihendislik bilesenlerini ve sistemlerini optimize etme, arag¢ ici ortami iyilestirme ve dnemli dis
aerodinamikleri detayl bir sekilde analiz edebilme olanagi saglamistir. Sekil 9’da tam dlgekli bir formula
arabasi ve bir motosiklet etrafindaki kararsiz akisin ylzey basincinin anlk goérintileri similasyonu
yapilmigtir (Hirschel ve Krause, (Ed.) 2009). Ozellikle HAD, gii¢ aktarma organlari ve motor analizleriyle
emisyonlari azaltarak; aerodinamik incelemelerle yakit ekonomisini, dayanikliligi ve performansi
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artirarak otomotiv sektori icin ciddi ve Olgllebilir sonuglar gostermistir (Tu vd. 2018, Hirschel ve Krause,
(Ed.) 2009).

Sekil 9. Tam dlcekli bir formula arabasi ve bir motosiklet etrafindaki kararsiz akisin yuzey basincinin
anlik géruntileri

4.5. ingaat

Hesaplamali Akiskanlar Dinamigi, insaat sektériinde 6zellikle erken tasarim asamalarinda énemli bir rol
oynamaktadir. Buyuk ingaat projelerinin maliyetleri milyonlarca dolari bulabilmekte, bu nedenle tasarim
sureclerinin en bagtan dogru bir sekilde ydnlendiriimesi ingaat sektdrl icin oldukgca kritik hale
gelmektedir. HAD, sanal bilgisayar destekli modeller olusturarak, insaat sureci baglamadan dnce
tasarimin tim yonlerini detayli bir sekilde kesfetmeye olanak tanir. Bu sayede, ¢ok daha az zaman ve
maliyetle analiz yapilabilir. HAD similasyonlari, yapinin aerodinamik &zelliklerini ve c¢evresel
etkilesimlerini degerlendirerek, tasarimin givenilirligini artirir. Sekil 10°’da Ug farkli akis tipi icin tiggen
catida basing dagihmi gosteriimektedir (Fouad vd.2018). Elde edilen ilave bilgiler, tasarim 6nerisine
olan guveni pekistirir ve potansiyel riskleri azaltir. Hesaplamali akiskanlar dinamigi, asir boyutlandirma
ve olusabilmesi 6n goérilen asin spesifikasyon gibi yliksek miktardaki ek maliyetlerin dnliine gegerek,
projelerin butcelerine ciddi derecede olumlu katki saglar (Tu vd. 2018; Llaguno-Munitxa vd. 2017, Fouad
vd. 2018).

Sekil 10. Ug farkli akis tipi icin Giggen catida basing dagilimi

4.6. Tekstil

Hesaplamali Akigkanlar Dinamigi, tekstil sektérinde de énemli bir ara¢ olarak 6ne ¢ikmaktadir. Kumas
tasariminda, boyama slreglerinde ve tekstil sektdrinde yodun enerji tlketimine sahip kurutma
sistemlerinin optimizasyonunda hesaplamali akigskanlar dinamiginin kullanimi oldukga yaygindir. Sekil
11°de kumasin birden fazla yondeki sicaklik dagilimi simule edilmistir (Shen vd. 2021). Sekil 12'de ise
kumaglarin kurutulmasi i¢in kullanilan ram makinesindeki farkli agiklik oranlari ve farkli dize agilari igin
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dize deliklerinden gecen akisin akim cizgileri gosteriimektedir (Sigirci ve Erdogan,2022). Ayrica,
hesaplamali akiskanlar dinamigi ile tekstil Uretim tesislerindeki havalandirma sistemlerinin akis
dinamiklerini analiz edilerek, is ortamini dolasiyla konfor sartlarinin iyilestiriimesi yapiimaktadir. Tim bu
uygulamalar, tekstil Gretiminde verimliligi artirmak ve Urin kalitesini yukseltmek igin kritik bir rol
oynamaktadir (Cherif vd. 2011; Sigirci ve Erdodan 2022).

(a) (b) (c)

Sekil 11. Kumas 6n (a), kumas arka (b) ve kumas yan (c) igin sicaklik dagihminin similasyonu

Sekil 12. Tekstilde kumaslarin kurutulmasi igin kullanilan ram makinesindeki farkli agiklik oranlari ve
farkl dize agilari i¢in diize deliklerinden gegen akisin akim gizgileri

4.7. Enerji

Hesaplamali Akiskanlar Dinamigi, enerji sektérinde verimlilik, Gretimde guvenlik ve surdurulebilirligi
artirmak igin énemli bir aractir. Yenilenebilir enerji, fosil yakitlar, nikleer enerji ve enerji depolama gibi
cesitli alanlarda hesaplamali akigkanlar dinamigi sikga uygulanmaktadir. Kiiresel isinmanin artmasiyla
devletlerin konvansiyonel enerji kaynaklarinin kullaniminin azaltiimaya ydnelik tesvik planlar
yenilenebilir enerji sektdriinin 6nemini gun gectikge artirmaktadir, Yenilenebilir enerjide HAD riizgar
turbini tasarimlarinin optimize edilmesinde ve glnes enerjisi sistemlerinde termal yonetimin
saglanmasinda kritik bir rol oynamaktadir. Sekil 13’ te rlizgar tirbini kanadindaki basincin dagilhimi
gosterilmektedir (Kaminsky vd. 2012). Riizgar akis modelleri, tiirbin yerlesimlerinin belirlenmesine ve
aerodinamik performansin artiriimasina yardimci olurken; gines kolektdrleri ve fotovoltaik sistemlerde
verimli 1s1 transferini saglar. Halen yogun kullanimi olan fosil yakit endustrisinde ise HAD, yanma
sureglerinin optimizasyonu ve emisyon tahminleri icin kullanilir. Enerji santrallerinde, HAD
simulasyonlari, yanma odalarinin ve baca gazi aritma sistemlerinin tasarimini iyilestirir. NUkleer eneriji
santrallerinde ise, sogutma sivisi akiglarinin ve potansiyel ariza senaryolarinin modellenmesi, tesislerin
glvenli calismasini saglar. Sekil 14’te Taohuajiang nukleer enerji santrali sogutma kulesinin difiizyon
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lokusunun simiile edilmis hali gésteriimektedir (Wang vd. 2019). Enerji depolama sistemlerinde de HAD
onemli bir rol oynamaktadir. Batarya teknolojisinde, elektrolit akisi ve sicaklik dagilimlarinin
modellenmesi, performansi artirirken; termal enerji depolamada isi1 esanjorlerinin ve depolama
tanklarinin tasarimini optimize ederek etkili 1s1 transferi saglar (Mahdi vd. 2024;Hoéhne vd. 2010; Alaimo
vd. 2015; Dixit vd. 2020; Wu vd. 2012, Szubel, 2023).

Sekil 13. Rizgar tiurbini kanadindaki basincin dagilimi

Bd

¢ Track: Particle Residence Time (s)
X 0.00000 716.74 1433.5 2150.2 2867.0 3583.7

Sekil 14. Taohuajiang nikleer enerji santrali sogutma kulesinin difiizyon lokusunun simule edilmis
gOsterimi

5. Miihendislikte Hesaplamali Akigkanlar Dinamiginin Gelecegi

Hesaplamali akiskanlar dinamigi (HAD), endustriyel uygulamalarda giderek daha belirgin bir rol
oynamaktadir ve prsoseslerdeki yogun kullaniminin 6ndmuzdeki yillarda daha da glglenmesi
beklenmektedir. Bilgisayar simulasyon teknolojilerinin hizli gelisimi, HAD "in tekniklerinin ve modellerinin
gelisimi ile dogrudan iligkilidir. Disen donanim maliyetleri ve hizlanan hesaplama sureleri,
muhendislerin HAD programlarini daha yaygin ve etkili bir sekilde kullanmalarina olanak tanimaktadir.
Bu gelismeler, karmasik sistemlerin analizinde daha dogru sonuglar elde edilmesini saglarken,
muUhendislerin tasarim sirecinde daha hizli degerlendirmeler yapabilmelerini mimkin kilmaktadir.
HAD ’in gelecekteki konumu, sadece bir hayal degil, bircok sektérde gerceklesmesi beklenen bir
gerceklik haline gelecektir. Hesaplamali akiskanlar dinamiginin endustriyel tasarim sireglerine entegre
edilmesi, yakin gelecekte fiziksel prototipler Uretmek yerine dijital simllasyonlarla tasarim slrecinin
basindan sonuna kadar yonetilmesine olanak tanir. Boylece, maliyetlerin disurilmesi ve zamanin etkin
kullanimi saglanirken, yenilik¢i Urdinlerin daha hizh bir sekilde piyasaya sunulmasi mimkin olacaktir.

Atomlar ve molekiiller arasindaki etkilesimleri fizik kanunlarina dayanarak arastirmak igin hesaplamal
akigkanlar dinamigi molekuler dinamikler gibi diger tekniklerle birlestirilebilir. Ginimizde, halen yogun
kullanimi olan petrolin kaynaklarindaki azalma ve mevcut rezervuarlarin birinci ve ikinci yasam
doénemlerinin gegmesi nedeniyle, gelismis petrol geri kazanim yéntemlerinin kullanilmasi buyik énem
tasimaktadir. Simdiye kadar, tim nanopartikillerin petrol geri kazanim faktéri Gzerindeki etkisini
hesaplamali akigkanlar dinamiginden yararlanilarak dikkate alan belirli ve dogru bir iliski sunulamamasi,
arastirmacilarin nanopartikillerin ¢ap ve seklindeki degisiklikler, temel akiskandaki nanopartikil
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konsantrasyonu gibi farkli etkileri incelemek igin fazla maliyet olmadan nanopartikiil enjeksiyon
sureglerini arastirmasina olanak tanimaktadir. Hesaplamali akiskanlar dinamigi rezervuar dlgeginde
petrol geri kazanim sureglerini simile etme potansiyeline sahiptir. Son yillarda teknolojideki gelismelere
bagli olarak ve gugli bilgisayarlarin ortaya c¢ikmasiyla, gelismis petrol geri kazanim sureglerinde
simullasyon ydéntemlerinin kullaniminin tercih orani ve 6énemi artmaktadir. Gelecekte akigkanlar
mekaniginin bir dali olan hesaplamali akigkanlar dinamigi yénteminin, gelismis petrol geri kazanim
sureglerini incelemek ve simile etmek igin daha uygun bir yontem olmasi éngdrulmektedir (Jafari vd.
2020.)
Otomotiv, havacilik, enerji ve insaat gibi alanlarda, HAD teknolojilerinin entegrasyonu, mihendislik
tasarimlarini daha givenilir, etkili ve sirdirilebilir hale getirecektir. Ozellikle, yapay zeka ve makine
ogrenimi gibi yeni teknolojilerin HAD ile birlesmesi, simllasyon sireglerini daha da gelistirecek ve
muhendislik alaninda devrim niteliginde degisikliklere yol acabilir. Bu sayede, gelecekte karmasik
sistemlerin analizi ve optimizasyonu, giinimizde ve ge¢gmiste mimkiin olmayan bir diizeye ulasacagina
inanilabilir (Tu vd. 2018; Runchal, (Ed.) 2020).

6. Sonug

Gunimuzde teknolojinin ilerlemesiyle beraber mihendislik uygulamalarinda sikga kullanilan analiz
metotlarindan biri de sistem hakkinda matematiksel ifade imkani sunan modellere dayanmaktadir.
Kullanilan bu modeller bilgisayar destekli simtlasyon programlari aracihigiyla hizli, etkin, ekonomik ve
guvenlik riskleri icermeyen yeni sistemlerin olusturulmasina var olan sistemlerin ise optimizasyonuna
blylk oranda fayda saglamaktadir. Hesaplamali akiskanlar dinamiginin sayesinde deneysel
uygulamalarin bilgisayar ortaminda analizinin yapilabilmesi, HAD ’in teorik kavramlar ve pratik
uygulamalar arasinda bir kdpri goérevi gordiiguni dogrulamaktadir. Bu durumun muhendislik egitimine
entegre edilmesi, muhendislik egitimi sirasinda anlasiimasi gu¢ karmasik akiskan davranislarini,
deneysel olarak uygulaniimasi oldukga zor ve maliyetli olan sistemlerin analizlerini gorsellestirerek
dgrencilerin temel muhendislik kavramlarini daha iyi anlamalarina yardimci olabilecegini kanitlar
niteliktedir. Ayrica Hesaplamali Akigkanlar Dinamigi sayesinde 6grenciler endistrideki gelismelerden
geride kalmayarak sektérdeki muhendislerin optimizasyona ihtiyaci olan proseslerin ¢ézimlerinden
esinlenerek yeni projeler Uretebilirler. Bu projeler égrencilerde ekip g¢alismasi bilincini artirilmasina
dolasiyla giderek insanlarin asosyallesme yolunda ilerledigi dinyamizda iletisim becerilerinin
gelismesine katki saglayabilir. Hesaplamali Akiskanlar Dinamiginin kullanim alanlarinin ve amaglarinin
surekli genislemesi 6grencileri yeni teknolojiler ve metodojiler hakkinda bilgi almasini sadlayarak surekli
6grenme kultarinG tesvik eder. Hesaplamali Akigkanlar Dinamiginin muhendislik mufredatlarina
eklenmesi, 6grencilerin mezuniyet sonrasinda kariyerlerinde piyasaya, teknolojik gelismelere hakim ve
analiz becerisi ylksek birer mihendis olmalarini saglar.
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OzZET

Makale, Universitelerin ve Ozellikle égretmenlerinin gelisimine kisa bir tarihsel bakis sunmaktadir.
Yiksekogretim Kurumunun statisinu ve 6dretmenler ve Universiteler icin gereksinimlerini tanimlayan
"Studium generale" terimi acgiklanmistir. Edinme prosedurleri ve her bir unvanin ayirt edici 6zellikleri,
o6gretmenlerin segimi ve maasglari analiz edilir.

Bu arastirma, Bulgaristan ve Turkiye'de kisisel kimligin olusturulmasi ve korunmasi igin yeni yéontemlerin
arastiriimasi ve uygulanmasiyla ilgili yeni bir bilimsel yonin gelistiriimesini tesvik etmelidir. Uygulanan
bilimsel ve uygulamali gérevler, mihendislik disiplinlerinin egitiminde kisisel mesleki kimlik, ulusal kimlik
ve ahlaki gelisim i¢in bir model ve yontemlerin gelistiriimesidir.

Anahtar Kelimeler: Kigisel Kimlik Olusumu

1. GIRIS

Ogretmenlerin galismalarindaki ana anlar, yetenekli ve bilgili kisilerin deneyim, bilgi ve yeteneklerini
deneyimsiz, cahil veya yetersiz bilgi sahibi bireylere derinlemesine aktarmada egitim, 6gretim ve
arastirma faaliyetleridir. Tarihin farkli donemlerinde bu farkli sekillerde yapildi. Burada odak noktasi, ilk
universitelerin ortaya ¢iktigi Orta Cag'dir. Universite kelimesi ayni zamanda bir evren, dgretmenler ve
ogrenciler toplulugu anlamina gelir ve aralarindaki iligkiyi tanimlar ve béyle bir kurumun Gyeleri olarak
belirli hak ve yukumlulikleri vardir. Bu haklar ve yukumlalikler, belirli Yiksek Okullarda (HS)
uygulanmalari igin imparatorluk, papalik ve eyalet yasalari, kararnameler, ydnetmelikler ve
yonetmelikler ile diizenlenir. Calismanin veya "Studium generale" statlsl, belirli bir otorite tarafindan
belirlenir, onaylanir ve mesgrulastirilir ve Universitenin ve benzerlerinin kurulmasindan sonra bile
yurdrltge girebilir. "Studium generale" terimi, yerel ve daha sonra diger bolgelerden 6grencileri egitme
araglarina sahip bir okul anlamina gelir [1]. Ornekler Napoli ve imparator II. Frederick'in ilk kararnamesi,
Prag ve Kral Charles IV, Uskip igin Car Boris Ill ve Bulgaristan'da HS'nin kurulmasi icin Ulusal Meclis
kararnameleri vb. ikinci varyantin érnekleri, 1229'da Papa IX. Gregoriy'nin en eski kararnamesi ile
Toulouse Universitesi, bu statiiyi ancak 1291'de elde eden Bologna Universitesi, 1292'de kurulugundan
77 yil sonra Paris Universitesi ve bu giine kadar drnekler var. 13. yiizyilda, biri en énemli finansman
olan iki ayricalik, "Studium generale" statiisini garanti altina aldi ve bununla iligkilendirildi:

1* Universite, Vicenza-1204 ve Pisa 1343 gibi dini hayirseverlerden sahip olmadan ve onlarla iglem
yapmadan gelir elde etme hakkina sahiptir. 1207'de Papa Ill. Innocentius, bu ayricaligi yalnizca daha
yuksek standartli okullarla sinirlamaya ¢alisti ve 1219 tarihli Papa Ill. Honorius'un bogasi, ilahiyat
okullarinda 6gretmen olarak gdrev yapan din adamlarina, kurumun i¢c egemenliklerinde ikamet etmeden
5 yillik bir siire igin gelir elde etme hakki verdi.

2* Use obicva docenti ayricalidi — "Studium generale" den alinan yiiksek lisans veya doktora derecesine
sahip basarili mezunun yeni sinavlara girmeden baska herhangi bir Universitede pedagojik yontemleri
dgretme ve uygulama hakki. Ozellikle Bulgaristan'da, deneyimli égretmenlerin ilk "habilitasyonlari"
Katolik Kilisesi tarafindan Chiprovtsi'de yapildi [2]. Bati'da bu, Universitelerin mezunlarina - evrensel
gecerliligi olan | diplomalarini 6greten ylksek lisans - vermeleri gerektigi anlamina gelir. Bu hareketlilik,
Universite profesdrlerinden olusan genis bir topluluk yaratir. Uzmanlik alanlarinin genis bir uygulamasi
ile bir 6gretim diplomasi verme olanagina sahip olmayan okullar "Studium particulare" veya yerel,
bolgesel statliye sahiptir. Bu okullar, bir sehrin veya piskoposluk bélgesinin sinirli bir bélgesinin
ihtiyaglarini kargilamak i¢in piskoposlar tarafindan kurulabilir ve genellikle Katolik'tir, (Sekil 1).
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1308'den beri gelecegi insa ediyoruz
Sekil. 1. Perugia, Napoli, Ingolstadt, Lublin'deki ambleminde ilan edilen Gniversitenin durumu

Daha sonra, "Studium generale" terimi, Papa IV. Innocentius'un bir kararnamesiyle Roma'da bir tane
kurdugunda, 1244-5'te Roma'daki gibi daha fazla iniversitenin ortaya ¢ikmasiyla daha genis bir yasal
anlam kazandi. Gelecek yiizyilda, "Studium generale" ile ilgili bilgiler, 6gretmenlerin Gcretleri, 6gretim
yontemleri, 6grenci yasaminin organizasyonu, sinavlar ve derecelerin verilmesi ile ilgilenen Kastilya
Krali Alfonso X - Siete Partidas'in yasal kodu tarafindan saglanmaktadir. Ogretmenlik mesleginin
herhangi bir Universitenin temel, yapici bir bileseni olarak tanimlandigi "Studium generale" igin iki
gereklilikten bahsedilmektedir: Okul, trivium ve quadrivium'un yedi disiplinini (dilbilgisi, retorik, mantik,
aritmetik, geometri, astronomi, mizik) 6greten profesoérlere sahip olmalidir. Ayrica medeni hukuk ve
kilise hukuku profesorleri de olmalidir.

Orta Cag Universiteleri higbir durumda kendilerini kilisenin bir devami olarak tanimlamak istemediler ve
bagimsizliklarini aradilar. Toplumda dusuindrler, bilim adamlari, yazarlar, 6gretmenler olarak ortaya
cikan insanlar, entelijansiya adi verilen yeni bir sosyal tabaka olusturdular. Yansima ve 6gretimin kendisi
arasindaki baglanti ile karakterize edildi ve bu sekilde sadece otoritesini degil, ayni zamanda toplumdaki
statlislinu de insa etti. Yeni kurulan sinif, klasik Latin dilinden anahtar terimleri 6diing alarak ayirt edici
Ozellikleri olan nitelikleri veya Nisanlari ile varliginin temellerini atti - usta, doktor ve profesor. Yiksek
lisans veya doktora 6gretebilirdi, ancak bu zorunlu degildi (su an ile personelin %30'una kadar oldugu
gibi). Bir kisinin adina bir derece eklendiginde veya ondan dnce geldiginde, bu, sahibinin okudugu
disiplinde maksimum bilgiye ulastigi anlamina gelir. Orta Cag'in sonlarinda, bu derecenin sahibi ayni
zamanda gergek bir sosyal prestij kazandi ve bu da ona ayricalikli, soylu ve zengin insanlarin diinyasina
erisim sagladi. Bu profesorler - ustalar veya doktorlar "naipler" olarak adlandiriimaya baslandi -
Almanca'dan hikimdar anlamina gelen ve ¢gok gegmeden monarsiler igin bile bir kelime haline gelen
bir terim. Orta Cag'in sonlarinda, hukuk ve tip fakultelerindeki diizenli vekillerden daha dusuk otoriteye
sahip olmasina ragmen, daha istikrarli bir konuma sahip yeni bir tiir naip ortaya ¢ikti (cogunlukla liberal
sanatlar fakultelerinde). Kolejlerdeki (liseler) vekiller bdyledir. Bir veya her iki dereceyi elde etme
prosedurinun kendisinin on ikinci yluzyil kadar erken bir tarihte kurulmus oldugu varsayilir, ancak bunun
daha da erken olmasi miimkindir. Uzerinde daha ayrintili olarak durmak alakali ve giinceldir.

Yuksek lisans derecesi veya bilimsel doktor derecesi hakki veren sinavlar temel olarak 3 bélimden
olusuyordu. Ogretmenlik hakkini elde etmek icin adayin "public" veya "conventus" adi verilen Gglnci
bir sinavi ge¢gmesi gerekiyordu. Aday tezini herkese sundu ve ardindan sectigi bir konu hakkinda
ogrencilerle bir tartisma yapti. 'TeZ' terimi, 'gatisma, tartisma, kapsamli tartisma' anlamina gelen Latince
'dissertatio' kelimesinden turetilmistir. Mezunlara verilen derecelerin terminolojisine gelince, liberal
sanatlarda bir ylksek lisans derecesinden bahsedilir, hukuk ve mihendislikte bir doktoradan bahsedilir
ve teoloji ve tipta baska varyantlar da vardir. 13. ylzyilin sonlarina dogru, tyelerini belirli bir ilkeye goére
ayiran doktora kolejleri ortaya ¢ikti, (Sekil 2).
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Sekil. 2. Profesorler Toplantisi, Paris Universitesi, Ortagag El Yazmasl. Salamanka Universitesi 800
Centenario. Bir Ortagag Universite Binasi Sahnesi, Laurence de Voltolina, 1355 [1]
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Unvan, ritbe veya makam s6z konusu oldugunda, profesor (Latince'den: profesdr "bir sanat veya
bilimde uzman, 6gretmen, en yiksek ritbeli 6gretim gorevlisi olarak kabul edilen kisi") bir Gnivdir.
Dilegiyle, belirli bir alanda buytk bilgiye sahip bir kisi ima edilir. 12. ve 13. ylzyillarda, birkag istisna
disinda tim profesdrler din adamiydi. 13.-14. ylzyillarda ¢cok daha fazla "laik profesérden” bahsedilir ve
genel olarak bu egilim 15. ylzyilda da korunmustur. Orta Cagd'da bile, medeni hukuk ve kilise hukuku
gibi iki uzmanlik alaninda ders veren profesorler vardi. Artik akademik pozisyonu doldurma prosediirleri
her Universitenin igletme ydnetmeliklerinde mevcuttur ve bazi Ulkelerde bir komitede
merkezilestirilmistir.

Soru 6nemlidir, Universitelerin faaliyetlerine iliskin mevcut dizenlemeler agisindan égretmenler nasil
secildi? Her seyden once Fakiilteler Konseyi tarafindan (Paris'te durum buydu); Universite
profesdrlerinin (Oxford ve Yas, Romanya'da) veya Doktorlar Koleji'nin (Avignon'da) genel toplantisi ve
ikincisi, profesor ile Universite veya baska bir dis kurum arasinda imzalanan bir s6zlesme yoluyla -
ornegin Universitenin temsilcisi olarak hizmet verdikleri belediye veya sehir. Bugln bile, érnegin
Almanya'da, yerel Belediye Meclisi, Milli Egitim Bakanhgi'na, daha dogrusu Parlamento'ya bir talepte
bulunur ve uygun oldugu takdirde, bdlge igin belirli bir uzmanlk alaninda bir profesor talep eder.
Sozlesmede o6gretmenlerin hem goérevleri hem goérev siiresi hem de Ucretleri belirtildi. Bazi
Universitelerde profesérler krallar veya sansdlye ve danismanlari tarafindan atanir. Ornegin, yine
Bologna'da rektor, en etkili profesérlerden hangisinin Universite Konseyi'ne girmesi gerektigini secti.
Orta Cag'in sonunda, bir entelektiiel olan ortagag 6gretmeninin ortadan kaybolmasina yol agan bir siireg
basladi. Bilimsel ve kiiltirel sahnede yeni bir 6gretmen tiri ortaya ¢ikti - en Unlileri Rotterdam'li
Erasmus (Sekil 3) ve pedagog Jan Comenius olan himanistler. 14. ve 15. ylzyillar boyunca, onuru
ayaklar altina alinan Universite "basarisizliklarinin" buylk bir kismi, bagarili 6gretmenlerin -
entelektuellerin ortadan kalkmasina hazirlandi ve yardim etti.
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Sekil 3. I. Kant, Martin Luther ve J. Comenius ve Hollandali himanist Rotterdamli Erasmus onuruna
basilan posta pullari [Kisisel arsiv, 4]

Orta Cag'in sonundaki Universite profesoérl, kentin ve siyasetin kamu iglerine "istemsizce" dahil oldu. Bu
o6gretmenlerin bircogu yargiclar, politikacilar, kamuya mal olmus kisiler, hatta papalar haline gelir ve bu
da iktidar arzularini guglendirir. Ayricalikh siniflarin bir pargasi haline gelirler ve iktidara muidahale
ettikten sonra ahlaki degerlerini kaybetmeye baglarlar. Ornegin Bologna'da profesérler farkinda olmadan
parti cekismelerine karistilar ve bu nedenle otoritelerinin ve sayginliklarinin cogunu kaybettiler. Oldukga
az sayida yerde, 6grencilerden licret almadan belirli maaslar alarak ders vermeye basladiklari bolimler
kurulur. Béylece, bu profesorler sehir, bolgesel veya federal otoritelere bagimli hale gelir ve Gniversiteler
Ozerkliklerini kaybeder. Profesorlerin kisisel yeteneklerini ve bilimin ¢ikarlarini g6z 6ninde
bulundurmadan, profesorlerin 6gretmesi gereken 6gretim materyallerini dizenlemeye ve belirlemeye
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baslarlar. Dahasi, sadece Unlilerden, ancak onlar tarafindan secilen ailelerden 6gretmenleri empoze
etmeye baslarlar. Butin bunlar sadece Martin Luther'in Reformu'na ve Almanya'daki profesérlerin,
isvicre'de Hildrich Zwinglis ve Heinrich Billinger'in, Hollanda'da digerlerinin vb. isyanlarina yol agmadi.
Odeme yontemleri ikiye indirgenmistir: bir faaliyet/disiplin icin belirli bir miktara kadar konsantre edilmis
veya saat cinsinden yapilan derslere gére saatlik olarak farklilastiriimis. ilk yol, érnegin Aimanya'da veya
o6deme kosullarini belirleyen yararlanicilar ve diktatorlik rejimlerinde, tutulan pozisyon igin belirli hizmet
gereksinimlerinin (6zelliklerinin) oldugu durumlarda gecerlidir. ikinci ve daha esnek yol, daha liberal
yasalara sahip Ulkelerde bulunan veya yeni kurulan demokrasilerin kosullarinda faaliyet gdsteren
Universitelerde goértlmektedir. Profesérlerin maaglarinin ayrintili bir galismasi [5]'te 6nerilmektedir.

2. ETKILENME

Ana konuya odaklanalim - meslek olarak 6gretmenlik, pedagojik beceriler, 6gretim metodolojisi ve
dgretim kariyeri. Anlasildigi gibi, ortagag Universite profesérleri loncasi homojen degildi. ilahiyat
fakultelerindeki hocalarin bliylik bir kismi tarikatlara mensuptu ve hareket kabiliyetleri tyesi olduklari
tarikatlarin dtzenlemeleriyle sinirlaniyordu. Bu nedenle, uygulamada, Universitelerin yasaminda ve
yonetiminde 6nemli bir rol oynamadilar. Bati Avrupa'nin hemen hemen her yerinde goézlenen ana
fenomen, bir grup profesyonel "naip" in kademeli olarak ortaya ¢ikmasidir. Genellikle "diizenli" olarak
anilirlardi ve "olaganUstu" égretmenlerle karsilastirilirlardi. Prensip olarak, hukuk, dodal-matematik ve
muhendislik bilimlerinin temsilcileriydiler. Buradan, pedagojik agidan faaliyetlerinde bir ayrim oldugu
farki takip eder. Her disiplinde, en 6nemli olan ve daha derinlemesine incelenen temel metinler ve daha
az temel olan ve daha hafif incelenen ek metinler vardir. Bu ek materyallerin 6gretimi genellikle ustalara,
bazen de doktorlara emanet edildi. Ana siniflar, siniflari Doktor sinifi veya Yuksek Lisans sinifi olarak
adlandirilan ana vekiller tarafindan verildi. Tamamlayici materyallerle ilgili dersler genellikle 6gleden
sonra yapildi ve daha az énemli olarak kabul edildi ve gogu zaman sinav miifredatinda bile yer almadi.
Bu gelenek bu gline kadar korunmustur.

Meslek olarak o6gretmenlik ydntemleri hakkinda bilgi Gniversite kararnameleri, yonetmelikleri ve
mifredatlari ile saglanmaktadir. Orta Cag boyunca, 6gretmenlik normal, tam zamanl bir meslek haline
geldi. Ogretmen-profesériin asil gorevi, mifredattaki metinler (zerine ders vermekti. Genellikle
sabahlariydilar ve simdi oldugu gibi bir bucuk saatten iki saate kadar siirdiiler. Universitelerdeki ve
kolejlerdeki 6gretim gorevlileri her gin ders vermek zorunda kaldilar.

Uygulamada, hafta sonlari, dini bayramlar, ciddi tartisma guinleri, sinavlar ve yaz tatilleri disuldigunde,
bunlari ¢alistirmak igin 130 ila 150 glin arasinda bir siire kalmaktadir. Korunan tanikliklara gére,
Bologna'daki Roma hukuku rektdrleri derslerine su unsurlari dahil ettiler: metnin her béliminun kisa bir
aciklamasi; herhangi bir yasanin igceriginin agiklanmasi; metni akil yiritme esliginde okumak; metnin
anlamini yeniden kesfetmek; icerik ve genel notlardaki geliskilerin agiklanmasi; Daha fazla agiklama; bu
ders verme unsurlarinin numaralandiriimasi, uUniversite tUziklerinin karmagik metinlerin aceleyle
okunmasini yasakladidini ve igtihat calismasinda kati bir sira oldugunu gdstermektedir. Bugtinden
o6grenebilecegimiz bir sey. Doktorlar 6gleden sonra cesitli konularda veya seminer egzersizlerinin
prototipi Uzerinde tartismalar yaptilar. Ortagag Universitesinde temel bir kural, haftada birden fazla
tartisma olmamasiydi. Bu, dizenli vekillere belirli bir tartismaya hazirlanmalari ve dersleri takip etmeleri
igin zaman verdi. Ogrencilerin katiimasi gerekiyordu ve her naip yilda az sayida tartisma yuritiiyordu.
Tartismaya hazirlanmasi igin, naibin kitiphanesinde cgesitli kitaplarin kopyalari bulunmus olmaliydi.
Anlasmazligin sona ermesinden sonra, naip yorumlari kaydetti ve yayinlanmak tzere verdi. Ogrenciler
arasinda bu gekilde yayildilar.

Pedagoijik bir bakis agisina gore, profesérler tarafindan égretimde uygulanan stratejiler ve teknikler igin,
ikincisi, XIIl. yizyilin bagindan sonra keskin bir sekilde artan sdzlikgulere ve gezici olanlara ayrilabilir.
Latince'den gelen sézlik, XI. yiizyildan 13. yiizyila kadar italya'da (Roma, Ravenna, Pavia, Verona) ve
Fransa'da (Orléans, Montpellier, Toulouse) Roma hukukunu &gretmek ve ardindan uygulamada
oncelikli olarak uygulamak igin ortaya ¢ikan hukukgular okulunun adidir. Bologna'dan ve diger
Universitelerden ilk doktorlar eserlerini tek bir sesle sistemlestirdiler (Latince Glossa ordinaria-dil,
konusma, arka arkaya bir sey sdyledi, ancak ayni zamanda bir metinde not anlamina da gelebilir) ve
retorik, edebiyat ve Agretim metodolojisi gibi disiplinleri 6gretti ve yasal kavramlar ve kategoriler
araciligiyla bunu hayata empoze etti.

Marjinal (veya kenar bosluklarinda) ve satirlararasi parlakliklar (veya satir aralarinda), 6zellikle
metinlerde not alma (agiklamalar) yoluyla ayirt edilir. Siradan insanlar icgin, parlaticilar, dilsel ifadede
hangi yasal anlamin sakh oldugunu acikladi ve entelijansiya icin, en yuce sebep ifade edildi ve yazih
kelimeye indirgendi. ki ylizyil sonra, bu grup postglossators (yorumcular) ve legates olarak ayrildi. ilki
nicelik olarak baskindi ve Rénesans déneminde 16. yluzyilin basina kadar himanistleri bilime skolastik
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yaklagsimlari nedeniyle elestirdi. Daha da énemlisi, Arapgadan metinleri tercime etmek gibi diger bilgi
dallarindan yeni ydntemler kullandilar.

Ozellikle Bulgaristan icin, sézliikgiler, Manasseh Chronicle gibi Ikinci Bulgar Kralligi'ndan belgeleri
yaziya doktiler ve tercime ettiler. Boylece, pedagojide tarihsel-filolojik analiz yontemini tanittilar ve
insanlar i¢in - mevcut mevzuatin temeli olan bir dizi Kod, norm ve varsayimin baslangicini belirlediler.
Batdn bunlar 6gretimde daha fazla 6zgurliik anlamina gelir. Bu sozllkgulerin muhalifleri, kuru bir teorik
yonelim veya ulusal hukuka yonelik bir yonelim ile karakterize edilen dogmatistlerdi (mirasgilar). Onlar
icin daha da o6nemli olan, sadece Almanya'daki degil, ayni zamanda Hollanda'daki Bati Avrupa
Universitelerini de resmi danisma haklarina sahip olmalari igin getirmeleridir.

HS'deki yetkili arastirma laboratuvarlarinin prototiplerini ve eski kitanin muteakip siyasi doktrinlerinin ve
felsefi 6gretilerin ortaya ¢ikisini gérebilirsiniz. Kapali diistiince bigimi, bir biitin iginde aceleye getirilmis,
dikissiz fragmanlar ve gelecekteki insanlarin bilimsel gelisimini belirleyen kavramsal eskizler yerine,
derinlemesine monografiler, el yazmalari ve belirli alanlardaki eserler olarak risalelerin dayatiimasina
da yol agmistir. Habilitasyon ¢alismalari, kararnameler, 6zetler, bilimsel raporlar vb. gibi birlesik metinler
ortaya ¢ikti ve onaylandi. bilimin farkh alanlarindaki 6zel ihtiyaglara gére. Dustncenin iletkenleri ve
bilginin tasiyicilari, bilginin gliic oldugunun ve vyetistiriimesi gerektiginin ¢ok iyi farkindaydilar.

Bdylece, 17. yuzyilda, devletin 6rgitlenmesine, medeni hukuka ve empoze edilen disince tarzina
yonelik farkli bir diinya gériisi ile iki ana akim kuruldu - ingiliz-Fransiz ve Aiman-isvigre ve bu farklilasma
temel bir 6neme sahip olmasa da, fark bugiin hala hissediliyor. ispanyol (Salamanca) ve Portekiz
(Coimbra) liniversiteleri, incelenen dénemde iber Yarimadasi disindan dgrenci kabul etmedi. O zaman
sonug, Aydinlanma'nin ortaya c¢ikmasidir! Felsefede ve insanlarda 6z farkindalik ve davranigin
olusumunda da farkli egilimler vardir. Liberalizm ve Immanuel Kant yonetimindeki ahlakin énceligi ve
Almanya'da Georg W. F. Hegel yonetimindeki ruhun doruk noktasi ve ingiltere'de Isaac Newton
liderligindeki naturalist filozoflar hakkindadir. Amerika'nin sémurgelestiriimesi bagliyor!

Daha sonra, vb. gérinir. Goéttingen Universitesi'nden Gustav Hugo ve Friedrich Savina tarafindan
kurulan, 6grenmede 6zgurligi ve bagimsiziigi ile taninan ve Almanya'da B. Niebuhr, Ehring, Grimm
Kardesler vb. tarafindan devam ettirilen tarihi bir okul. Tabii ki, 1789'daki Bliylik Fransiz Devrimi'nin
oOncesi ve sonrasl, 6zgurligl sevme slregleri Fransa'ya da yansidi. Bu ayni zamanda egitimin sadece
hukuk ve tip bilimlerinde degil, ayni zamanda tarih, felsefe, doga matematik bilimleri vb. Universitelerde
o6gretim stratejisi, sadece Fransa ve Almanya'da degil, artik krallar ve merkezi yararlanicilar tarafindan
degil, Medeni Kanun, insan haklari beyannamesi, ticaret, mulkiyet vb. i¢in kurallarin getiriimesiyle
ekonomideki yeni kosullar tarafindan belirlendi. Ne yazik ki, uzun sirmez.

Napolyon'un iktidara gelmesi ve émir boyu konsll segilmesiyle durum kokten degisti. Komisyonlar
kuruldu, hatta materyalin tutarli ve mantikli 6gretimini basit ve anlasilir bir dille izleyen ve belirleyen ve
iktidarin ¢ikarina nedenler getiren normlar getiren bir Napolyon yasasi bile kabul edildi. On yil sonra,
Almanya'da da benzer faturalar gikarildi. Dogal olarak, s6zde Romantik okulu gelistiren muhalifler ortaya
cikti. Genel olarak Roma hukuku, Hristiyan dinine sahip Ulkelerde kurulur. Demokrasi miicadele etti ve
yakin tarihte ¢esitli ddnim noktalarindan gecerek yine de kazand.

Oz farkindaligin olusumu icin pedagojik 6gretim yontemleri, diger alanlara atifta bulunmadan,
baslangicta diyalektiktir. Bdliumlere ayrilma tanitilir, dersler profesoérler ve ustalar/doktorlar tarafindan
yonetilen derslere ayrilir. Bir dersin ve halka acik bir tartismanin bilesenleri de tanimlanmigstir. Tezler
gelecekteki 6gretim icin provalar olarak kabul edildi, 6gretilen materyalin incelemeleri ve 6zetleri gibi
diger bilimsel galisma turleri de tanitildi. Sadece unutulmus 6gretim-metodik tavsiyeleri, bolimlerdeki
bilimsel seminerleri ve diger benzer olaylari 6grenebilir ve hatirlayabiliriz. Daha sonra, en temeli buglin
hala gecerli olan Ucretsiz bilimsel arastirma olan yeni yéntemler ortaya ¢ikti.

Modern zamanlarda, 6gretmenlerin kisisel kimligi ve yuksek 6gretim sistemi, basta belirsiz "Avrupa
kiltird" olmak Uzere diger konularla karnstirimaktadir [6]. Egitimli ve egitimsiz insanlara ortak bilgi
semalari empoze edilir - basitlestirme ve maddi yasama bagimlilik. Bilgi genellikle yuzeyseldir ve
arkasinda genellikle ekonomik, politik ve ideolojik nedenlerle manipulasyon yatar. Bu nedenle
Universitenin bir kurum olarak rolt ¢ok dnemlidir. Yuksek 6grenim almak igin bir ortam olarak, farkl
idealleri test etmek icin azaltilmis bir sosyal ortamdir. Pragmatizmin kurucusu C. Peirce'in tezine gore,
Universite ve birey agik, karsilikh olarak etkileyen sistemler olarak anlagilabilir [6].

Universite ortaminda, bir kisinin kimliginin nitelikleri olusur, ¢iinki Universite, toplumdan daha kiigiik
olarak, daha kolay yénetilebilir ve bunun igin mekanizmalara sahiptir. iki tir Gniversite vardir, birincisi
geleneksel olarak insanlari muhafazakar bir sekilde 6greten ve egiten organizasyon ve bilgi sistemi gibi
kapall hiyerarsik sistemlerdir. Basarinin ve gelisimin anahtar olarak bilgi, sinirli ideolojilere, gergeklikle
temas eksikligine ve insanlarda orijinal bireysellik kaybina indirgenir. Sonug, kendi kargilagstirmasi igin
higbir kriteri olmayan ve kendi gelisimi i¢in hi¢bir iddiada bulunmayan, ancak her zaman bagkalarini
kinayan bireyin lehine degildir.
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ikinci tiir Gniversiteler, iletisime agik modern bir topluma benzer, ¢linkii 6zgiirlik, insanlarin kullanmasi
icin bir beceri olarak kabul edilir. Byle bir Universite, onu takip edenlerin insasini, 6zglr degerlerin
gecisine dogru esnek bir sekilde modeller ve onlarda dinamik bir didaktik dlslnceyi tesvik eder. Bu tur
degerleri yerlestirmek bir gerceklik haline gelir ve gerceklikle iletisim kurar. Ogrencilerin kendileri
kimlikleri ve onun insasi ile ilgilenirler. Yabanci para biriminde bile bu hareket 6zgurligu ilan edilmistir.
Ornek: Kaliforniya Universitesi, ABD — "In lumine Tuo videbimuslumen" - Sizin diinyanizda i1sig
gorecegiz [7],[8].

Tarkiye'nin yiksekogretim sistemi son birkag on yilda kalite ve standart agisindan buylk oélglide
gelismistir. Ozerk bir Yiiksek Ogretim Konseyi'nde birlesmis iki ve dort yillik tiniversiteler ve sirekli egitim
okullarindan olusur. Turkiye'de yaklasik 60 devlet, kar amaci gitmeyen devlet ve zengin insanlar ve
yabanci yatinmcilar i¢in bir dizi 6zel Universite, hayir kurumlari, egitim kalitesine goére farkli mesleki
profillere ve Ucretlere sahip yuksekdgretim kurumlari, gesitli kurumlarda yabanci egitim, 6érnegin Kibris'ta
(b.a. en az 5) ve hatta gegmiste Bulgaristan ile baglantili Robert Kolej bulunmaktadir. Tirkiye'nin toplam
100'Un Uzerinde Universitesi olan bir Ulke olmasi (n.a. veriler m/u 104 — 105'tir), konuya blylk énem
verilmesi gerekmektedir.

Tirkiye'nin en eski tniversitesi olan Istanbul Universitesi, 1453 yilinda kurulmustur. Posta belgeleri
olaylari, durumlari ve yildénimlerini dogru bir sekilde yansitir ve Universitenin gelisiminde tartismasiz
o6nemli anlar kanitlar. 01/03/1952 tarihinde basilan 1951 tarihli pulda Uni ibaresi gorilmektedir.
Akdeniz'de ekonomik tarim galismalari konulu BM oturumu vesilesiyle istanbul'da. 1959 yilindan bu
yana Ankara'da Univ. Fakiiltesi'nde gegirdigim 25 yil bir markayi yansitiyor. Tarih-Cografya Fakiiltesi ve
25. yilini yine Univ. istanbul'da agtigini gésteren pul, agilis tarihini gésteren bir pul sunar: 25/07/1936-
1961 Orta Dogu Teknik Universitesi, Ankara'da ODTU ve 10 yillik belgesi, 3 adet hatira pulu ve
15/11/1966 tarihli ilk giin kapagi: 1973 yilinda istanbul'da 200 yillik teknik tiniversite igin 100+25 kurusluk
yari posta amagli bir hayir kurumu basimindan ilging bir pul amblemi ile dogrulanmistir.

Avrupa'daki 7. TVU ile gurur duymak yeterince buyuk bir firsat. Yine Universite icin. Ankara'da, ancak
tim VU'nun 50 yili boyunca, 11/13/1996 tarihli bir pul ve ilk giin zarfi basiimistir. Benzer sekilde, 15.000
£ + 2.500 - Turk Lirasi tutarinda bir hayir kurumudur ve filatelik materyaller 6zellikle "Egitim" konusunda
hazirlanmistir. Jibile 1956-2006 yillari arasinda Orta Dogu Universitesi'nde teknik olarak yol tarifi igin
ODTU binasinin éniinde heykel ve para reformu ile tlkedeki belgeleri géstermektedir. ik gin zarfi
15/11/2006 tarihlidir. Bu Uni. diinya siralamasinda ilk sirada yer almaktadir. Fes Lisesi'nin geligimini
go6steren 100. yil damgasi olduk¢a sik. En son bilinen, Turkiye'nin gururu TU'nun 240. yildénima igin
bir hatira blogu 2013 yilinda istanbul'da piyasaya siiriildii (Sekil 4) [13]. istanbul Rumeli Universitesi'nin
de konuyla ilgili materyaller yayinlamasi da uygun olur.
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3. Tartigsmalar ve Sonuglar

Pedagojik hazirligin 6nemi ve 6zellikle teknik ve 6zellikle teknolojik disiplinlerin 6gretmenleri icin buna
duyulan ihtiyag giinimiizde hafife alinmaktadir. Ogretim gérevlileri, 6grencilere ders verecekleri ana
disiplinde rekabetci bir sinavi basariyla gectikten sonra mevcut Yilksek Ogretim Kanunu'na [9] gdre
atanir. Meslek liseleri gibi orta dereceli okullarda zorunlu olan ézel bir 6gretmenlik yeterliligi gerekli
degildir. Gelecekteki 6gretmenin konusunu iyi bilmesi durumunda, onu iyi 6gretebilecegine
inanilmaktadir. iki yoniin farklihdi blydktir ve pedagojik becerilerin kazaniimasi sadece birikmis bir
deneyim meselesi degildir.

lyi bir pedagogun ve mesleginde iyi bir 6gretmenin dersleri, ders verdigi 6grenciler izerinde ¢ok daha
gucla ve etkili bir etkiye sahiptir. Bir Gniversitedeki her profesdr her seyden dnce bir 6gretmendir. Bu
nedenle, 6zellikle geng 6gretmenler icin 6gretim-metodik becerilerin ve aktivite kontrolinin kazanilmasi
icin pedagojik egitim gereklidir. Bu arastirma, Bulgaristan ve Turkiye igin kisisel kimligin olusturulmasi
ve korunmasi igin yeni yontemlerin arastirimasi ve uygulanmasiyla ilgili yeni bir bilimsel yénln
gelistiriimesini tesvik etmelidir. Uygulanan bilimsel ve uygulamali gérevler, mihendislik disiplinlerinin
egitiminde kisisel mesleki kimlik, ulusal kimlik ve ahlaki gelisim icin bir model ve ydntemlerin
gelistiriimesidir ve [10,11,12] 'de ayrintil olarak sunulmustur. Daha spesifik bir metodolojik agidan,
arastirma, dinamik olarak gelisen bir sosyal gevre kosullarinda kisisel ve ulusal kimlik kavramlarinin
belirli bir bilimsel ¢alisma ve yorumlanmasi igin bir temeldir.

Universite hayati, égretmenligin yani sira daha bircok goérevi iginde barindirir. Bunlar dini térenlerdi,
geleneksel ve bazi 6zel durumlarda toplantilar, tatiller ve ciddi ritieller, genellikle kariyer ve akademik
yasamin gerektirdigi faaliyetlerdi. Simdi oldugu gibi, 6gretmenler de idari gérevlerde bulundu - rektor,
dekan, Ucret tahsildarlari vb. Goérevleri bir yillikti ve dizenli bir pozisyondaki profesoérler tarafindan birkag
yil boyunca art arda tutulabilirdi. Ve simdi Turkiye ve Belarus gibi rektérlerin cumhurbaskani tarafindan
onaylandigi ve atandidi Ulkeler var. Otoriter pozisyon isgali uygulamasini sona erdirmek icin, en sik 4
yil boyunca yetkiler getirildi.

Yoéneticilerin gorevleri arasinda dokimantasyonun hazirlanmasi ve surdiriimesi, egitimde cesitli
nitelikteki sorunlarin ¢ézilmesi ve Universitenin halka karsi temsil edilmesi yer aliyordu. Simdi bu
gorevler modern kelimelerle birlesiyor: tasdik, akreditasyon, halkla iligkiler. Bu idari goérevler, simdi
oldugu gibi farkli dgretmenler icin ayni degil, daha yasli ve etkili insanlara emanet edildi ve emanet edildi.
Ancak, tim 6gretmenler gorevlerini gayretle yerine getirmedi, hepsi simdi oldugu gibi yeterince ciddi ve
sorumlu degildi. Profesérlerin gogu zaman programlarinin sadece bir boélimini disaridan temin
etmeleri, hak etmeyen adaylara derece vermeleri, 6grencileri firsatgi amagclar igin kullanmaya
calismalari vb. Onemlidir. Bitin bunlar, ézellikle Bologna'da, 6gretmenleri profesyonel olmayan bir
tutumla izlemek, kontrol etmek ve ise maruz birakmak igin bir grup égrenci - Ogrenci Konseyi'nin
prototipi - olusturmayi gerekli kildi. Orta Cagd'in sonlarina dogru, bu ilgisizlik muazzam bir sekilde
yogunlasti ve neredeyse 6grenciler ve profesdrler arasinda bir savasa yol acti. Akademide 6grenci
demokrasisi icin cesitli kontrol sistemleri ve mekanizmalari ortaya gikmaktadir. Su anda, Ogrenci
Konseyi ana organdir ve diizenlemelerde, genel toplantilarda, ¢esitli konseylerde vb. bulunur.

HS'deki profesdrlerin insanlarda bilgi edinme ve biling olusturma roli son derece 6nemlidir. Cogu
durumda, bu dinya goérisunl, gelecekteki eylemleri ve toplumdaki durumlarini belirler. Yurekle,
Ozveriyle ve insanlikla yapilan bir faaliyet. Bunun nasil ve ne sekilde uygulandidi ve basarildigi higbir
sekilde en 6nemli sey degildir. Tarihten bilinen dogmalari ¢esitli diktatorlerle, rejimlerle, propagandalarla
dayatmayalim. Ayrica, boyle bir kurumda galismak kanunen gerektirse de, bilimsel dereceleri veya
yuksek akademik pozisyonlari olmayan insanlari da affedelim. Ne de olsa, Leonardo da Vinci,
savunulmus bir tezi olmasa bile bir dahidir ve usta Usta Collio Ficheto, ¢ifte habilitasyonu olmayan harika
bir ingaatc¢i ve mimardir.

Bununla birlikte, digtnceyi yénetenler ve bilgiyi tasiyanlar, bilginin en yiksek insan donanimi oldugunu
ve insanlarin disinme, beceri ve yeteneklerini gelistirmesi gerektiginin ¢ok iyi farkinda olmalidirlar.
Ozgiir ve bagimsiz insanlarin kendi gérisleri, kisisel ve mesleki niteliklere dayali eylemleri ve milliyet
konusunda kendine karsi biligsel bir tutumu ile yetistirilmesi icin. Kisacasi — 6z farkindalik ile.

4. DEGERLENDIRMELER
4.1. Entelijansiya, varliginin temellerini, klasik Latin dilinden anahtar terimleri 6diin¢ alarak ayirt edici

Ozellikleri olan nitelikleri veya Nisanlari ile atti - usta, doktor ve profesor. Yiksekoégretim Kurumunun
statlisiini ve 6gretmenler ve Universiteler igin gereksinimlerini tanimlayan "Studium generale" terimi
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aciklanmistir. Edinme proseddurleri ve her bir unvanin ayirt edici 6zellikleri, 6gretmenlerin segimi ve
maaglari analiz edilir.

4.2. Orta Cag'in sonundaki Universite profesori, halkla iligkiler ve siyasetle ilgilenmeye basladi ve
bilimsel ve kiiltiirel sahnede yeni bir profesor tirl ortaya ¢ikti - hiimanistler. Pedagoijik bir bakis acisina
gére, faaliyetlerinde bir ayrim vardir. Yontemler, materyaller, dgretim zamani degisti. Ogretmenlik
meslegdi, 6gretmenlerin gorevleri ile birlikte kararnamelerle dizenlendi. Pedagojik bir bakis agisina gore,
profesorler tarafindan 6gretimde uygulanan stratejiler igin, ikincisi, 13. ylzyilin basindan sonra keskin
bir sekilde artan sozliikgiilere ve gezici olanlara ayrilmistir. ki ylizyil sonra, bu grup post-glossators
(yorumcular) ve legatlar (dogmatikler) olarak ikiye ayrilir. 17. yizyilda, devletin érgitlenmesine, medeni
hukuka ve empoze edilen disince tarzina yoénelik farkli bir diinya gériisiine sahip iki ana akim kuruldu
- ingiliz-Fransiz ve Alman-isvigre. Universitelerde dgretim stratejisi artik krallar ve merkezi yararlanicilar
tarafindan degil, Medeni Kanun, insan Haklari Beyannamesi, ticaret, miilkiyet vb. ile ilgili kurallarin
getiriimesiyle ekonomideki yeni kosullar tarafindan belirlenmektedir.

4.3. Ulusal ve mesleki bilincin olusumu igin VU'daki profesérlerin rolii belirleyicidir. Oz farkindaligin
olusumu icin pedagojik 6gretim yéntemleri, diger alanlara atifta bulunmadan, baslangigta diyalektiktir.
Daha sonra, en temeli 6zgur bilimsel arastirma olan yeni ydntemler ortaya ¢ikti. Modern zamanlarda,
kisisel kimlik ve ylksek 6gretim sistemi diger konularla karistiriimaktadir. Yiksek 6grenim elde etmek
igin bir ortam olarak Universite, bir kisinin kimliginin ¢esitli ideallerinin ve niteliklerinin olusumu ve test
edilmesi igin azaltlmis bir kamusal ortamdir. Bilgi sahipleri, bilginin en yiksek insan donanimi
oldugunun ¢ok iyi farkinda olmali ve insanlarin dislince, beceri ve yeteneklerini gelistirerek, onlari kendi
gorugleri, kisisel ve mesleki niteliklere dayali eylemleri ve milliyet hakkinda kendine karsi biligsel
tutumlari olan 6zgur ve bagimsiz insanlar olarak egitmelidir.

REFERENCES

[1] MBAHOB [1., CpegHoBeKOBHUTE YHMBEPCUTETU W TeEXHWUTE npenodaeBatenu, The medieval
universities and their professors, Cocus, HBMM, 2011 (in Bulgarian)

[2] KbPTYHOB C., O6pa3soBaHue, Nno3HaHWe, caMocb3HaHne 6bnrapcko, Education, knowledge, self-
awareness Bulgarian, Mabposo, Ekc-npec, 2009, ISBN 978-954- (in Bulgarian)

[3] TwnkoBeH peyHuk Ha gymnTe B Bbnrapckus esuk, Interpretive dictionary of words in the Bulgarian
language, Codus, BAH, Online Etymology Dictionary, 1970

[4] THRIEDE C., Europa — Werte, Wege, Perspektiven, Moenchengladbach, Verlag “IF Publication
Service”, 2000, ISSN 0177-3291 (in Germany)

[5] AITTBAX ®., Paying the Professoriate, Konko ctpyea eaunH npodecop?, How much does a professor
cost? LUIMBO, CALL, 2013

[6] BOI'OAHOB bB., JInyHoCTHa naeHTUYHOCT M cucTema Ha Buclle obpasoBaHue, Personal identity and
system of higher education, UHTepHeT, 2015 (in Bulgarian)

[7] KbPTYHOB C., CumBonu Ha akageMW4HOCTTa BbB BUCLLUMTE y4ebHU 3aBedeHus n TY-Iabposo,
Symbols of academicism in higher education institutions and TU-Gabrovo Mabposo, MHK ,YHutex”,
2006 (in Bulgarian)

[8] KbPTYHOB C., Academic Insignia nnu otnuyaealla ce akageMmyHocT, Mabpo6o, YW B. Anpunos,
ISBN 978-954-683-580-2, 2018 (in Bulgarian)

[9] BakoH 3a BucLieTo obpasoBaHue B bbnrapus, Law on Higher Education, Codus, O6H. [1B. 6p.112 ot
27 Oekemspu 1995r.,...m3m. 1B. 6p.79 o1 13 OkTomBpun 2015

[10] RACHEV Petar, Training in mechanical engineering technology — inovation with traditions in the
future, Sofia, International Scientific Journal "Innovations”, Volume 9, Issue 1/2021, Print ISSN 2603-
3763, p. 19-22

[11] KARTUNOV S., Training in mechanical engineering technology — Reality and inovation with
traditions in the future, 3nd RUMELI ENGINEERING EDUCATION SYMPOSIUM, Silivri, ISTANBUL,
June 22-23, 2023, ISBN 978-605-74264-4-4,p. 1 -5

[12] lzvorska D., S. Kartunov, Modern Education al Technologies in Professional Training of Students
in Technical Institutes of Higher Learning, Cacak, 9" International scientific conference Technics and
Informatics in Education — TIE 2022, Fakulty of Technical Sciences Cacak, ISBN 978-86-7776-262-9,
p. 63-68

[13] KbPTYHOB C., Bucwute yuyunuuwia n obpasoBaHue no cBeTa, NPeAcTaBeHn OT dmnarenusra,
Higher schools and education around the world represented by philately, Mla6poso, 2020 (in Bulgarian)

27


https://stumejournals.com/journals/author/petar-rachev
https://portal.issn.org/resource/issn/2603-3763
https://portal.issn.org/resource/issn/2603-3763

/' 4. RUMELI MUHENDISLIK EGITIMI SEMPOZYUMU / 4nd RUMELI ENGINEERING EDUCATION SYMPOSIUM
7-8 Kasim 2024 / November 7-8, 2024
Beyoglu-Hali¢, ISTANBUL

Ozgecmis

Stefan Kartunov

Prof.Dr. Stefan Kartunov, 13 Mayis 1956'da Bulgaristan'in Gabrovo sehrinde dogdu. TMET "D-r Mezunu
N. Vasiliadi" ve 1977'den 1982'ye kadar Gabrovo Teknik Universitesi'nde "Hassas Miihendislik" dersini
takip etti. 1982'den 1988'e kadar Gabrovo Enstitlisii "Mekatronik" te teknoloji uzmani ve dnde gelen
teknoloji uzmani olarak calisti. Doktora derecesi, 1992 yilinda Sofya Teknik Universitesi'nde "Teknolojik
sireglerin yardiml tasarimi” konulu tezini bagariyla savunmustur. 2000 yilinda "Uretim Teknolojileri"
spesifikasyonunda habilitasyon. Halen "Bilgisayar Destekli Tasarim" TU- Gabrovo alaninda profesordir.
20 kitap yayinladi ve 150'den fazla makale ve rapor yayinladi. Arastirma ilgi alanlari mikro ve
nanoteknolojide CAD/CAM sistemleri ve bunlarin elemanlari i¢in tasarim suregleridir. 2021'den itibaren
emekli profesor,

Gabrovo Teknik Universitesi, Bulgaristan.

5300 Gabrovo, Str. Hadji Dimitar 4, skartunov@abv.bg, https://orcid.org/0000-0001-7709-9369.

28


mailto:skartunov@abv.bg

4. RUMELI MUHENDISLIK EGITIMi SEMPOZYUMU / 4nd RUMELI ENGINEERING EDUCATION SYMPOSIUM
7-8 Kasim 2024 / November 7-8, 2024
Beyoglu-Hali¢, ISTANBUL

Muhendislik Egitimi: Turkiye
ve Almanya’daki Muhendislik Egitimi Kargilagtirmasi
Prof. Dr. ilhami KiZIROGLU

OSTIM Teknik Universitesi Ogretim Uyesi(Hacettepe Universitesi Em.Ogr.Uyesi)
ikiziroglu@gmail.com

Ozet

Muhendislik egitiminde en dnemli uyum matematik ve doga bilimleri arasinda gergeklesir. Bu

cercevede egitilenler mevcut bilgi ve birikimlerini kullanarak yeniliklere agik bir editimden gecirilmelidir.
Bu suregte en fazla Gzerinde durulmasi gereken konu teknolojik ve bilimsel gelismeleri izleyerek yeni
tasarim ve kesifler yaparak taze bilgilere ulasirlar. Bu nedenle diger bilim dallarinda oldugu gibi
Mihendislikte de bilim ve bilgi Gretimi kavramlari nem kazanir. Bunun saglanmasi icin de Universiter
egitim basamaklari ihdas edilmis ve Universiteler aciimistir. Bu ¢alismada muihendislik egitiminin
tarihgesine deginilmistir. Anadolu cografyasinin bu gergevede tarihi sirecte oynadigi rol Uzerinde
durulmustur.
Miihendislik gesitleri hakkinda bilgi paylagimi yapiimis ; MUDEK hakkinda bilgi verilmistir. Mithendislik
egitiminin gliniin gereksinimine uygun olmasi i¢in mihendislik ve teknoloji programlarini denetimi ile
ilgili bilgi verilmistir. Turkiye ve Almanya’daki muhendislik egitimi hakkinda kisaca bazi genel bilgiler
verilmistir.

Anahtar sozciikler: Miihendislik egitimi, mihendislik c¢esitlerii, MUDEK, Almanya’daki
muihendislik

1. Bilim Kavrami

Toplumsal gelisim slrecinde ve Ust seviyelere c¢ikilmasinda, muahendislik bilgisinin Uretildigi
Universitelerde akademik calismalarin oynadidi rol tartisilamaz. Bilim ve Universitenin gelisiminde
cesitlilik, slreklilik ve uygun olmayanin , yani eskiyenin ayiklanarak elenmesi ile yeniliklerin
yayginlasmasi séz konusudur. Universitelerde Uretilen miihendislikle ilgili bilim, verileri degil, olgulari
oncelemek zorundadir. GUnimuzin en 6nemli sorunsali yerlesim alanlarinin kurulusu, depremle
yasamin zorluklarini yenici bir yasam bigiminin éncelenmesidir. Ozellikle gevre sorunsali, kiiresel
Isinma ve iklim degisimine bagl olarak biyolojik cesitliligin tehdit edilmesi. Bunun ortaya konarak
tartisma ortami yaratilmasi ve alinacak 6nlemlerin neler olabileceginin gindeme sokulmasi gerekir.
Bunlarin en az zararla gegistiriimesinde muhendislik bilimleri énemli gorevler Ustlenir. Yapilan
akademik calismalar da toplum, katmanlarinin gereksinimlerini karsilamahdir. Bilimsel c¢aligsmalarin
nerede baslayip, nerede bitirilmesi konusunun da ¢ok iyi belirlenmis olmasi gerekir.

Muhendislik bilimleri cogu kez bilim hafizasini kullanir. Burada daima tutarliik ve mantiga
uygunluk; anlasilirlik ve gergekle ters disulmemesi beklenir. T.H.Huxley Bilim egitilmis ve orgitlenmis
bir sagduyudur derken, aslinda bu durumu kastetmektedir. Bilim insanlarinin bilimle ilgilenmelerinin
temel nedeni, doymak bilmeyen merak ve yasadigi diinyayi daha iyi tanima ve anlama arzusudur. Diger
bir nedeni de bilimin diinyanin gli¢ ve kaynaklarini denetleme araci olarak kullanma istegidir. Bu istegi
arzulayan insan topluluklarinin varhgini ilk énce Anadolu'da gorebiliriz. Mihendisligi ilgilendiren
sehirlesme kiltirindn ve yerlesim asamasinin ilk adimlarinin Anadolu’da Karahan ve Gobekli Tepe
orneklerinde oldugu gibi basladigi gortlmektedir. $Sehirlesme olgusunun 8000 yil 6nce ortaya ¢iktigi ve
Catalhdylkte yapilan kazilarda, muhendislik uygulamalan ile en vyiksek boyutlara ulastigi
anlasiimistir(Kiziroglu, 2023, s.137).

2. Mihendislik Bilimlerinin Tarih¢esi (MBT)

Muhendislik tarihinin zamanla gelisimi ve evrilmesi olgusu Mezopotamya'da, 6zellikle Dicle ve
Firat arasindaki bolgede yurutilen calismalarla ortaya konmustur.  Bu lokalitede medeniyet kuran
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Simerlerin diinyada bilinen ilk mihendislik galismalarini gerceklestirdikleri bilinir. Babil ve Asurlular
zamaninda ortaya c¢ikan muhendislik eserlerinin ilkleri olusturdugu varsayilmaktadir. Babil krali
Hammurabi’'nin ortaya koydugu yasal uygulamalarin giinimuzde de gegerli oldugu goralir.

MBT tarih 6ncesi donemlere kadar geri gitmektedir. Cogu bilim dallari gibi kékenini Anadolu ve
insanindan almaktadir. Mezopotamya’nin ileri kiltirinin yasandigi Gébekli Tepe ve diinyanin en eski
MO 15 000 yil énce yerlesim bolgesi olan Karahan Tepe’de de énemli bir yliksek kiiltiir gelismis ve orasi
insaat(muhendislik, statik) unsurlari ile tanismistir. Burada da 250 adet “T” formlu dikili tas (Sekil 1) ve
2, 5 m yuksekliginde bir insan heykeli
bulunmustur. Yaklasik MO 6000/15000 yil énce Mezopotamya'nin erken gelismis uygarliklarinda ilk
muhendisler tapinak ve saray okullarinda yetistirilmistir. Teknik mekanik olarak birgok muhendislik bilimi
igin temel bir disiplin olan mekanik de dahil olmak uzere ilk bilimler antik Anadolu’da ortaya ¢ikmistir.

Muhendislik mesleginin tarihi ge¢migine bakilirsa bu meslegdin en eski egitim ve uygulamalarinin
Anadolu oldugunu, Gébekli Tepe ve Karahan Tepe’deki kalintilardan anlamak mUmkudndar(Sekil 1).
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Sekil 1. Dinyanin en eski yerlesimi, Karahan Tepe ve Gobekli Tepe’de ¢ok yuksek diizeyde mihendislik

unsurlarini gérmek mumkindur.

Muhendislik egitimi ginimuzde yeni gereksinimleri karsilamak igin en son
teknolojileri kullanma yollarini aramayi yeglemistir. Ozellikle elektronik, bilgisayar, internet ve robotik
teknolojisi, mikroelektronik, nanoteknoloji, iletisim ve ulasim teknolgjisini gelistirmistir. Mihendislik
egitiminde bazi sorulara yanit aranmalidir. Onlari da asagidaki ana bailiklar halinde vermek
mumkindur:

1- Universitelerdeki miihendislik egitiminde disiplinler arasi égretimin énemi nedir?

2-Turkiye ve Almanya'daki Universitelerde ve uygulamali bilimler Universitelerinde egitim diizeyi
nasildir?

3- Bu baglamda yiksekdgretimin hangi etkileri ve gergeve kosullari 6nemlidir?

4- Disiplinlerarasi 6gretimin entegrasyonu hangi hedeflerle iliskilidir ve bu yolda hangi
engeller vardir?

5- Turkiye ve Almanya'daki Universitelerde ve uygulamali bilimler tniversitelerinde
disiplinler arasi 6gretim su anda nasil organize edilmektedir?

6-Turkiye ve Almanya'daki Universiteler ve uygulamali bilimler tniversitelerinde
6gretimi diizenlemek igin hangi segenekler kullaniliyor?

7- Turkiye ve Almanya'daki teknik lisans programlarinin gesitliligi asagidakiler agisindan
nasil gelismektedir
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8-Disiplinlerarasi yonelim ve ag olusturma?

9- Disiplinlerarasi egitim, gelecekte miuhendislik egitimine, ideal olarak nasil entegre
edilmelidir?

10- Turkiye, AlImanya ve yurtdisinda gelecek odakli egitime yodnelik yenilikgi
yaklasimlara 6rnek teskil edebilecek modeller var mi1?
insanoglunun basardigi bazi dnemli teknolojik gelismelerin kronolojisi Tablo 1°’de gérilmektedir.

Tablo 1. Teknolojik Kesiflerin Kronolojisi (Ozgep, 2007; Alpaarslan ,2011; Kiziroglu, 2023)

MO 13 000 Mihendisligin Anadolu’daki, Karahan Tepe’deki ilk uygulamalari

MO 11 000 Gobekli Tepe’de devasa boyutlu situnlarin kullanildi§i inang evlerinin ingaasi

MO 5000-7000 Cebirin bulunmasi; Stimerlerin ilk kez yaziyi kullanmalar

MO 4240: Bu, Misirlilarin takvimi kullanmasi, rakamlari kullanma, geometri statik ve mimariyi
oncelemeleri, tagiyici sitemleri gelistirmeleri ile baglamistir.

MO 3200 civari: Siimerler yaziyi bulmasi ve tekerlegi kullanmalari dnemlidir.

MO 3000 civari: Babilliler abakiisu icat etmesi.

MO 700: Ege kiyilarina yerlesmis olan Lidya’lilarin, ticarette ilk kez para kullanmasi.

MO 10 civari: Vitrunius’un ilk vinci Roma’da tasarlayip kullanmasi.

MS 800- 999: Bir kesisin ilk kez mekanik bir saati kullanmasi, Bagdat'ta agilan Bilgi Evinde ibn’i Sina
ve El Bruni gibi tip ve Bir vinci eczacilikta énemli arastirmalar yapmiglardir. El Bruni Jeodezi Biliminin
kurucusu olmustur.

1000 civari: Cinlilerin barut kullanmasi

1045 Pi Cheng Cin’de matbaa harflerini bulmustur

11. yy.’da ilk Universite acildi

1400-1500"ler: Kitap Uretiminde J.Gutenberg'iin baski makinelerini kullanarak ilk kitabi matbaada
basmasi. Ali Kusgu Astronomi ve matematikle ilgili arastirmalar yuritti ve Mekanik Biliminin kurucusu
oldu. El Cezeri ilk robotik prototipini gelistirmis, Sibernetik biliminin temelini atmistir,

1569: Flaman haritaci Mercator, harita yapma yontemini gelistirdi.

1592: Cisimleri en az 30 kez buiyiterek gozlemlerini yuriiten Galileo, bir teleskop kesfetti

1642: Blaise Pascal, ilk toplama aletini gelistirdi.

1643: Evangelista Torricelli, civali barometre ile hava basincini 6lgmeyi basardi.

1656: Christian Huygens, Galileo tarafindan énerilen duyarli bir sarkacl saat gelistirdi

1665: Robert Hooke, gelistirdigi yeni mikroskobuyla, canlilarin en klglk yapisal birimi olan gozeleri
kesfetti ve bunlara “Celula’ adini verdi.

1668: Aynali teleskobun isaac Newton’ tarafindan bulunmasi

1698: Thomas Savery, su altindaki madenlerden, suyu disari pompalamada ilk buhar makinesini
kullanmasi. .

1783: ik buharli geminin Marquis de Jouffroy d*Abbans tarafindan kullaniimasi.

1783: bir sicak Hava balonunun Montgolfier Kardesler tarafindan ugurulmasi

1801: Nautilus adli denizaiti gemisinin ilk yolculugunu yapmasi. Alexander von Humboldt Giiney
Amerika ve Rusya gezileri sonucunda fiziki cografya ve ekolgji biliminin temellerini atti.

1804: ilk buharl lokomotifin Richard Trevithick ve ekibince raylar tizerinde yiiritilmesi.

1814: Friedrich Konig cok ilkel ve elle yavas c¢alisan matbaa yerine, ¢ok daha hizli olan buharli
matbaayi gelistirerek kitap basimini artirdi.

1815: Humphry Davy, maden Uretiminin artmasi ve modern yontemlerle kazaniimasini saglamada
6nemli rolu olan bir madenci lambasini buldu.

1819: Augustus Siebe insanlarin derin sularda daha derinde emniyetle calismasini igin basingh bir
dalgic elbisesi gelistirdi

19.-20.-21.yy Bilim sanayi devriminin baslamasi. Watson ve Crick Biyoteknoloji, Genetik Miihendisligi,
insan Genom Projesinin yiritilmesi ve Gen Teknolojisindeki ilerlemeler.DNA Sekans Analizi ve
Biyoinformatikin dogmasi. Biyolojik verilerin depolanmasi ve analizinde kullaniimak tzere bilgisayar
programlarinin gelistiriimesi. J.Presper Erchert ve John W. Mauchly , yuksek islem hizina sahip ilk
elektronik sayisal bilgisayari gelistirdiler.
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insan beyninin, yaratici yetenedi ortaya konarak, en son yenilikleri gelistirmeyi segmistir.
Glnumizde mevcut bilgiyi en iyi kullanan toplumlarin, yeni teknolojik gelismelere imza attiklari
gorulmektedir. Burada mevcut bilgi analizi ve uygulamalari streglerinin nesilden nesile aktariimasi nem
kazanmistir. Boylece insanlidin gunluk gereksinimleri karsilanmaya baglanmigtir. Bu bilgi ve deneyim
birikimi ile yeni yapilanmalar, strecgler ve Urlnlerin elde edilmesine c¢alisiimistir. Bu durum bir
muUhendislik konusudur. Yasami kolaylastiran gesitli teknolojik tGrlnlerin kullanima sunulmasi ile karasal,
sucul ve atmosferde birgok yeniligin ortaya ¢iktigr gérulmustar.

Teknik bilginin blyUk bir kismi, zaman iginde daha da uzmanlasan gesitli zanaatlar araciligiyla
aktariimistir. En eski meslek gruplarini genel demirci, kili¢ ustasi, tava demircisi ya da nalbantlar
olusturmustur. Orta Cag'da loncalar da teknik zanaat konusunda uzmanlasmis kurumlar olarak ortaya
cikmigtir. Rénesans teknolojinin gelismesine taniklik etti: Leonardo da Vinci gibi miihendisler mekanik
Uzerine kitaplar okudular ve bircok yeni makine yarattilar. LdaVinci daha da ileriye gitmis, matematik
bilmeyenler kitaplarimdan bir sey anlamazlar diyerek, mihendisligin en temel bilim dali olan matematigi
one gikarmistir. Eflatun, actigi akademisinin giris kapisina ¥ Geometri bilmeyenler iceri giremez” diye
yazmistir. Yaklasik 1550'den itibaren uzmanlasmis teknik literatir yazmaya baslanmistir. 17. ve 18.
yuzyillarda doga bilimleri giderek teknolojiye ydnelmis: teknoloji uygulamali bir doga bilimi olarak
anlasiimigtir.

Selguklu Turkleri Bagdat'ta Nizamiye Medresesinde muhendislik egitimini baslatmislardir.
Osmanl Tirkleri 1463 yilinda istanbul’da, istanbul Medresesinde mithendislik egitimini stirdirmuslerdir.
Osmanlilarda Mihendislik egitiminin yogunlagsmasina sanayi devrimi surecinde 1775 yilinda Tersane-i
Amirede kurularak Hendesehanede baslanmistir. Bu kurum daha sonralari 1781 yilinda Mihendishane
adini almigtir. Daha sonra deniz muhendishanesi kurulmus ve orada ¢alisanlarin egitimi ile tersanenin
modernlestiriimesi icin Teknik Okul dizeyinde bir kurulusa gecilmigtir. Nizam-1 Cedid hareketi ve
yenilesme slrecinde 3. Selim’le(1789-1807) birlikte 1793 yilinda kumbaraci ve lagimci topgularin
egitimi icin Muhendishane-i Cedide adinda bir Mihendishane kurulusu devreye girmistir. Bu kurum
1806 yilinda imparatorluk Kara Miihendishanesi(Miihendishane-i Berri-i Hiimayin) adiyla egitime
gecmistir.

Fransa'da Ecole polytechnique de dahil olmak tizere miihendisler icin okullar kuruldu. 19.
yuzyillda Almanca konusulan dlkelerde birgok mihendislik okulu kuruldu. Bunlardan bazilarn teknik
kolejlere yukseltildi, bu kurumlara 1900 civarinda doktora verme hakki tanindi ve bdylece akademik
olarak Universitelere esit hale geldi.

3. Turkiye’de Miithendislik Egitimi

Muhendis, ¢cok modern diistince ve yaklasimlar ortaya koyup yeniliklere imza atar. . Verdigi ve
uyguladigi yontemlerle toplumun yasamini degistirip, yeniliklere agik hale getirir. Mihendislik yepyeni
bir dislince sistematiginin hayata gegcirildigi bir matematiksel diisinme becerisidir. Muhendislik, tim
yeni bilgileri, akil ve deneyimle sentezlemeler yaparak insanliga yararli olusumlari ortaya koyma olarak
da ifade edilir.

Miihendislik; bilimi, ekonomiyi, zamani ve fiziksel kaynaklari en iyi sekilde degerlendirip,
optimum ¢é6ziim arayisi igerisinde olmaktir. Miihendisligin en temel amaci miihendislik mantigi
ile hareket edip,, dogal kaynak ve giiciin, ekonomik olarak insanlik yararina sunulmasidir.

20. yuzyilda ¢ok sayida yeni disiplin ortaya ¢ikti - cogunlukla mevcut alanlarin uzmanlagmalari
veya mevcut alanlar arasindaki arayuzlerde gelisme dénemi baglamistir. Ayni zamanda sonlu elemanlar
yontemi gibi bilgisayar destekli teknolojilerle guglendirilen bilimsel sire¢ de artmistir. Turkiye’de dort
yillik egitim sonunda mezun olan muhendislere yiksek mihendis unvani verilmistir(1926 yilinda).
istanbul Universitesi 1933 yilinda bir kanun ile Dariilfiinun kapatimasindan sonra Alman bilim
insanlarinin katkisi olarak devreye girmis ve egitime baglamistir. istanbul Teknik Universitesi ise en
modern ve kapsamli Universite kanunlarindan birisi olan ingaat mihendisligi yasasi ile kurulmustur.

Muhendislik egitim tarihi tanzimat dénemi ile birlikte baslamistir. Ogrenciler igin zihinsel ve
kisisel yeteneklerini var olan noktadan en yiiksek seviyeye gikarmayi hedefler. Alaninda iyi yetismis
bilgi sahibi mezun ve bilim adami yetistirmek icin her turlu arastirma ve egitimin verilmesi kurulan bu
Universitelerin en temel gorevleri arasindadir.
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O doénemde istanbul Universitesi, mihendis yetistirmeyi Ustlenmistir. Mezun sayilari bu
donemlerde ¢ok az iken, Istanbul Teknik Universitesi'nde elektrik fakiiltesi ilk agilan fakiiltelerinden
biridir. Oradan 1937 yilinda 18 kisi, 1938'de 7 kisi, 1939 yilinda 6 kisi de elektromekanik ylksek
muhendisi olarak mezun olmustur. 1937 yilinda elektromekanik alaninda elektronik kismi ile Muhabere
Subesi birlestirilerek 1940 yilinda 7 elektromekanik mihendisi, 6 elektrik mihendisi, 1942 de ise 11’er
adet elektrik ve elektromekanik yliksek mihendisi mezun olmustur. Ugak ve deniz ingaat muhendisligi
bolumleri, 1942/1943 déneminde agiimistir.

Muhendislik egitimini Ustlenen kurumlar, oralarda okuyan &grencilerin zihinsel ve bireysel
yeteneklerini artirip gelistirmeye yarayan programlari uygulamistir. Bunlar bireylerin tasarim
yeteneklerini gelistirme ve tasarim yeteneklerini artirici dizeylerde olmalidir. Bu seviyede yetisen
mezun muihendislerin lisans ve ylksek lisans egitim basamaklarinda yaratici ve ginidn kosullarini
karsilayan diizeyde yetistiriimesi gerekir. Deprem kusagindaki Glkemizde insaatlarin depreme dayanikli
olma zorunlugunu, muhendislik egitimi alan &grencilerin i¢sellestirilerek yetistiriimis olmasi gerekir.
Matematik ve temel bilimleri mihendislik bilgilerini uygulamaya yonelik ¢ercevede devreye sokulmalidir.
Muhendislik mesleginin Grtind olacak bir yatirimin analizi ve analiz sonuglarinin yorumlanmasi en temel
yaklasimlardir.

» Bir miihendis, cesitli alan ve olaylarda sorunlari ¢6zmek ve verimliligi artirmak icin, teknik sistemleri
ve sdiregleri planlar, gelistirir ve optimize ederek kullanima hazir hale getirme stratejisini uygular.

- Miihendislik alaninda bir derece tamamlanarak “miihendis” is unvani elde edilebilir. Buradan alinacak
egitim ile diger tlke miihendisleri ile rekabete girmek miimkdiin olacaktir.

-Mﬁhendisler isguicli piyasasinda oldukga ilgi gériir. Glinlimiizde bagta Avrupa, Amerika ve dogal

olarak Tirkiye'de de farkli mihendislere gereksinim duyulur. Hatta bazi mihendislik (bilgiislem,
nanoteknoloji, robotik, yazilim vb.) dallarina olan ihtiyac yliksek oldugu igin, bu dallarda yetisen
mlihendislere olan talep her gegcen daha da artmaktadir.

Tablo 2. Cesitli lisans egitimi alan, mezunlarin egitim ve ogretim alanlarina gore istihdam orani,
2022(TUIK, 2023’ e gore)

Egitim ve 6gretim alanlari Toplam(%) | Erkek(%) Kadin(%)
Doga bilimleri, matematik ve istatistik 71,8 80,4 66,1
Bilisim ve iletigsim teknolojileri 76,2 78,1 72,8
Miihendislik, imalat ve ingaat 78,4 80,4 74,8
Tanm, ormancilik, balik¢ilik ve veterinerlik 68,6 74,0 59,5

Lisans mezunlarinda kayitl istihdam orani 2022 yilinda %71,7 olarak gergeklesti (TUIK, 2023). Lisans
mezunlarinin kayith istihdam orani 2021 yilinda %71,1 iken, bu oran 2022 yilinda %71,7 olarak
gerceklesti.

Lisans seviyesinde en yuksek kayitli istihdama sahip olan bélimler 6zel egitim 6gretmenligi

(%96,0), tip (%94,3), elektrik 6gretmenligi (%91,3), elektronik Ogretmenligi (%90,6) ile otomotiv
o6gretmenligi (%90,1) oldu.

33




4. RUMELI MUHENDISLIK EGITIMi SEMPOZYUMU / 4nd RUMELI ENGINEERING EDUCATION SYMPOSIUM
7-8 Kasim 2024 / November 7-8, 2024
Beyoglu-Hali¢, ISTANBUL

96,0

95
93 4

91 4

&9
| I l
85 -

Ozel edgitinm Elzkirik Elektronik Crtomotie Bilgisayar Eilgisayar Ebelik Hemgirelik Metal
agretmenidi afretmeniigi o@retmenligi &retmenligi ogretmenidi | sistemiern Bgretrvend gi
agretmenli i

En yUksek kayitli istihdam oranina sahip lisans bolumui %96,0 ile 6zel egitim 6gretmenligi oldu.
Muahendisligin en eski ve en genis ¢calisma alanina sahip dali makine mUhendisligidir. Son yarim
ylzyilda kendi igcinden metalurji, gemi, ugak, endUstri, otomotiv, mekatronik gibi yepyeni dallar
¢iksa da, alan genisligi cok az daralmistir.

4. Bilgiye Ulagma

Gunimuzin sundugu olanaklar dl¢iisiinde her bireyin yeni ve gelismis bilgilere
ulasmasi mimkin. Bundan yarim asir 6nce bu mimkin degildi. Clnki bilgisayar ve onunla Uretilen
bilgiye ulasiimasi hi¢ de kolay, hatta mimkun bile degildi. Oysa glinimuizde her bireyin evinde, cebinde
ya da kurumunda bilgisayari ile bilgi kaynagina ulasmasi, sinirsiz ve fazla masraf edilmeden mimkan.
Diger bir belirtecle artik bilgiye ulasmanin bedeli ¢ok dustu.

Egitim sureglerinde, diger bir ifade ile mihendislik egitiminde kullanilan arag geregler
de gelisti. Tepegbz(saydam asetatlara cesitli renkteki fosforlu kalemler kullanilarak hazirlanan ders
notlari sunulmasi), slayt makinesi artik mazide kaldi diyebiliriz. TUm bunlara karsin kara tahta ve tebesir
hala glncelligini (MIT veya Harward gibi) en gelismis Universitelerinde bile slirmektedir.

Bunlara ek olarak e-6grenme ortamlari ¢ok aktiiel; yani 6greten ve 6grenenin ayni ortamda
bulunmasina gerek kalmadan online olarak egitim verilebiliyor. Nitekim ¢odu arkadasimiz ve farkl
Universitelerde covid doéneminde derslerini online olarak 6grencileri ile paylasmislardir. Bu sektorde
biylk asama kaydedildigini belirtmek istiyorum(Bir animi sizlerle paylasmak isterim, Hacettepe
Universitesinde derslerin  Almanca verildigi bir Fen Bilimleri Egitimi Bolimini kurmakla
gorevlendirilmistim. Bélimde bes Alman Prof. Ders vermek izere gorev almisti. Bizim gibi Aimanya’da
doktora egitimini tamamlamig bazi arkadaslarimiz da katki yapiyordu, acaba online egitim yapabilir
miyiz disiincesi ile Heidelberg Universitesine bagvuruldu, bizden yiiz elli bin mark talep edilince vaz
gecildi, (simdi bedava). Online egitim klasik muhendislik egitimi (insaat, makine, elektrik/elektronik, fizik
ve kimya) dallarinda gerekli olmayabilir; ancak sistem muhendisligi, genetik muhendisligi,
biyomuhendislik, enerji mihendisligi, yazilim muhendisligi, robotik alan mihendisligi gibi bazi spesifik
ve guincel muhendislik dallarinda online egitime gecilmesi 6nerilebilir.

Muihendis (Ing.), teknoloji veya muhendislik alaninda diploma sahibi uzmanlar igin
korunan mesleki unvandir. Aimanya'da “muhendis” mesleki unvani sadece bilim veya teknoloji alaninda
Universite egitimini tamamlamis kisiler tarafindan kullanilabilir. Mihendis olarak egitim, teknik kolejlerde,
Universitelerde, uygulamal bilimler Gniversitelerinde veya bir meslek akademisinde ikili egitim programi
olarak gerceklestirilebilir.

5. Bir miihendis ne is yapar?

Muhendisler, akademik dereceye sahip teknisyenler olarak, teknik zorluklarin
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Ustesinden gelme konusunda uzmanlagir ve cesitli teknik alanlarda yeniliklerin gelistiriimesine ve
uygulanmasina belirleyici bir katkida bulunurlar. Rolleri, uzmanhgda ve sektore bagl olarak degisebilen
¢ok cesitli gérev ve sorumluluklari kapsar.

Miihendisler genellikle yeni teknolojik ¢6ziimler gelistirmek veya mevcut teknolojileri
iyilestirmek icin kapsamli arastirmalar ydrttirler. Verileri analiz eder, deneyler yapar ve bulgularini pratik
ve verimli ¢oziimler gelistirmek icin kullanirlar. Gerek Almanya ve gerekse Tirkiye'de miihendislik
egitiminin temel ilkeleri bu yénde gelistirilmigtir. Bu ilkeler dinyanin tim gelismis Ulkelerinde mihendislik
egitimi strecinde dikkate alinir. Egitim programlari ona gore geligtirilir.

6. Mihendislik Gesitleri

Alman Muhendisler Birligi'nin 2023 yili 4. ¢eyregi i¢in hazirladi§i Mihendislik
skalasina gére mihendisler, sekiz meslek kategorisine ayriliyor

-Hammadde (retimi ve ¢ikariimasinda mihendislik meslekleri

-Muhendislik meslekleri plastik tretimi ve kimya endustrisi

-Metal islemede miihendislik meslekleri

-Makine ve otomotiv miihendisligi alanindaki miihendislik meslekleri

-Enerji ve elektrik mihendisligi

-Mihendislik meslekleri teknik aragtirma ve dretim kontrolii

-Miihendislik meslekleri insaat/etiit/yapi teknolojisi, mimarlik

-Diger miihendislik meslekleri

Gerek Almanya ve gerekse Tiirkiye’de mihendislik dallari ¢cok 6zellesmigtir. Asagidaki listede
su anda egitim veren miihendislik birimleri ve ¢egitleri hakkinda bilgi verilmektedir.

Muhendislikteki tipik uzmanlik alanlari makine mihendisligi, elektrik Mihendisligi (Kontrol mih.,
telekominikasyon muh.; radyo muh.; sistem muh.), yenilenebilir enerji mih.; Optik muhendisligi,
otomotiv miuhendisligi, proses muhendisligi ve insaat muhendisligidir. Ayrica, 6rnegin kimya
muhendisligi(biyomolekiler mih.(genetik mih.) veya endulstri mihendisligi, malzeme muhendisligi
(metalUrji mih., seramik muh., polimer mihendisligi, kristal muh., korozyon mih. mihendisligin kimya
veya ekonomi gibi diger disiplinlerle birlestiren disiplinler arasi uzmanliklar da vardir. Bu gesitlilik,
muihendisligin genigligini ve derinligini yansitmakta ve muahendislerin uzmanliklari aracihigiyla teknik
gelisime ve yenilige nasil énemli Olglide katkida bulunduklarini géstermektedir. Mihendislik dallari
zaman icinde hem Turkiye hem de Almanya’da genis bir spektrum icinde yer almakta ve buna gore
egitim verilen birimlerin gelistigi goriilmektedir: Ornegin,

A- Bilgisayar Miihendisligi :
(1-Yazilim Muhendisligi, 2-Donanim Muhendisligi; 3-Ag Mihendisligi), 4-Proses mih. 5-Dogal ve insan
yapimi malzemeler, 6-Malzemelerin makinelerle etkilesimi, 7- Atik ve kirlilik kontrol().

B- insaat miih.

1-Cevre muh., 2- Belediye ve sehir mih.3- Jeofizik muh., 4- Jeoteknik mih. 5-Maden mih. 6-Yapi mah.
7-Deprem mih., 8-mimari muh.); 9-Su kaynaklari mih.(a-Hidrolik mah., b-Nehir mih., c-Kiyi muh., d-
Yeralti suyu mih.).

C-Biyomuihendislik

(1-Biyomedikal muh.,2- Biyoinformatik, 3-Biyomekanik, 4-Biyomalzeme, 5-Biyomedikal optik,  6-
Biyoteknoloji; 7-Tibbi gériintileme, 8-Néromiihendislik,9- ilag miih., 10-Rehabilitasyon miih., 11-Doku
mih., 12-Biyoakustik, 13-Biyokimya mih.,14- Biyolojik sistem mih.15-Biyomedikal muih. 16-
Biyomolekiler mih.,17-Biyokaynak mih., 18-Biyoproses mih., 19-Hicresel mih., 20- Gida muh., 21-
Genetik mih. 22-Mikrobiyolojik mih. 23-Molekiler mih., D-Endistri mih.,

1-imalat miih., 2-Sistem miih.,3-insaat miih., 4-Giivenlik miih.,5-Giivenirlik mih.

E- Mekatronik muh.,
1-Enstrimantasyon mih., 2-Optomekatronik muh., 3-Biyomekatronik miih.

F-Nukleer enerji muh.
1-Medikal fizik, 2-Nukleer yakit, 3- Niikleer reaktor, 4- Radyasyondan korunma, 5- Flizyon enerjisi.

G-Nanomuhendislik
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1- Malzeme nano muihendisligi; 2- Biyosensorler, 3-Doku miihendisligi), 4- Enstrimantasyon muh., 5-
Elektronik nano mih.;

H- Petrol ve dogalgaz miih., 1-Rezervuar miih., 2-Sondaj miih., 3-Uretim miih.;
i- Tekstil muh.
1- Giyim muh., 2- Kum_as muh.,3- Endiistri ve 4- Uretim miih., 5-Tekstil mihendisligi yonetimi , 5-
Islak islem muh., 6- Iplik mUh.
K- Orman Miihendisligi
L- Ziraat Miihendisligi

Tablo 3. 2014-2021 (Dahil) yillar arasinda Temel Muhendislik Programlarindan mezun olan 6grencilerin
yillara ve programlara goére dagilimi-Toplam Mezun Sayilar (Turk Universitelerinden)

Temel Miihendislik Programlari 2014 2015 2016 2017 2018 2019 2020 2021 TOPLAM1
Bilgisayar Miihendisligi 3965 4730 5379 5925 6643 7129 7638 8950 50359
2 Biyomiihendislik 436 597 662 900 13051573 1889 2115 9477
3 Maden Miihendisligi 1003 1106 1149 1007 845 770 603 606 7089
4 Deniz Bilimleri ve Teknolojisi Mih. 681 722 883 887 905 980 923 964 6945
5 Elektrik ve Elektronik Miih. 5349 6079 7211 8475 8933 9470 10669 11730 67916
6 Endiistri Mithendisligi 3517 3753 41654896 5463 5721 6259 6645 40419
7 Makine Mihendisligi 6698 8076 942010279 11717 12654 13801 15233 87878
I8 Harita Miihendisligi 1151 1265 14101537 1683 1645 1783 1651 12125
9 Havacilik ve Uzay Miih. 160 186 219 244 260 340 522 436 2367
10 Jeoloji Miihendisligi 2404 2446 2341 2003 1604 1259 994 916 13967
11 Kimya Mihendisligi 1886 2093 2089 2112 2099 2030 1784 1883 15976
12 insaat Miihendisligi 5053 5822 6885 8090 9155 9906 11242 12198 68351
13 Metallirji ve Malzeme Miih. 1265 1569 1957 2140 2254 2323 2477 2796 16781
114 Fizik Miihendisligi 247 217 156 207 173 125 122 149 1396
[15 Gida Miihendisligi 2297 2578 2613 2940 3500 33653466 3288 24047
16 Cevre Miihendisligi 1943 1983 2321 2319 2428 2325 2407 2107 17833
| 17 isletme Miihendisligi 108 122 139 165 190 224 232. 256 1436
18 Matematik Miihendisligi 226 292 279 286 293 323 281 263. 2243
[]19 Meteoroloji Miihendisligi 39 40 36 55 38 38 66 61 373
l20 Niikleer Enerji Miihendisligi 32 28 25 17 25 31 50 48 256
[21 Optik ve Akustik Miihendisligi 0O 0 0 00O 5 12 20

22 Otomotiv Miihendisligi 50 174 360 496 630 636 823 880 4049
123 Petrol ve Dogal Gaz Miih. 102 194 239 162 177 194 221 198 1487
124 Tekstil Miihendisligi 810 673 689 720 724 580 556 623 5375
125 Diger 3442 3039 2184 16221057 954 710 821 13829
Toplam 42864 47784 52811 57484 62101 64600 69530 7483 472011

26-Orman Miuh’nden.1998 1999 2000 2001 2002 2003 2004 2005 2006 2007 2008 TOPLAM

Mezun olanlarin sayisi 311 351 370 241 383 439 375 369 370 401 415 4125

6.Nasil miihendis olunur?
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Fransa’da, Ecole Polytechnique, Ecole Centrale, ENSTA gibi prestijli miihendislik mektepleri “Grandes
Ecoles”: Lise sonrasi 2 sene hazirlik okullarinda okuyup sonra, sinavlarla siralaniyorlar... « Fransa da
Universitelere ise giris sinavi yok.

* Almanya da benzer. HZB... Abitur...

* ABD de Universiteye bizzat bagvuru dosyasi sunuluyor: Lise ortalamasi, Referanslar, SAT skoru,
alinan ekstra dersler vb.

-Alman Muhendislik Yasasi'nin (IngG) 1. maddesine gdre, yalnizca en az Ug yil suren teknik
veya bilimsel bir alanda bir dereceyi basariyla tamamlayan kisiler “mihendis” mesleki unvanini
kullanabilir. Bir Universiteden, uygulamali bilimler Universitesinden veya teknik ylksekokuldan mezun
olarak muhendis olabilirsiniz. MUhendislik alaninda lisans derecesi genellikle 6 yariyil, yani Gg yil strer.
Bunu takip eden yiksek lisans derecesi genellikle 4 yariyil veya 2 yil slirer ve ddrencilere daha
derinlemesine uzmanlasma ve daha yuksek bir yeterlilik kazanma firsati verir.

-Ogrenciler, egitimleri sirasinda makine miihendisligi, elektrik miihendisligi, insaat
muhendisligi veya ¢cevre muhendisligi gibi alanlarda uzmanlasmaktadir. Bu uzmanlasma, derinlemesine
bilgi ve beceri edinmek igin cok 6nemlidir. Stajlar veya ¢alisan 6grenci pozisyonlari araciliyiyla kazanilan
pratik deneyim de muihendislik programinin dnemli bir parcasidir. Bunlar, teorik bilgilerin pratikte
uygulanmasini ve is dinyasina dair i¢gori kazanilmasini mimkun kilar.

-ister lisans ister yiiksek lisans programinda olsun, bitirme tezi égrencilere teknik bir
konu Uzerinde yogun bir sekilde ¢alisma ve bagimsiz ¢ézimler gelistirme firsati verir.

-Yuksek lisans derecelerini tamamladiktan sonra, mezunlar doktora yapma firsatina da sahiptir.
Muhendislik doktorasi, uzmanlik gerektiren bir konunun daha derinlemesine bilimsel olarak
incelenmesini saglar ve akademik bir kariyerin veya endUstride zorlu pozisyonlarin kapisini agabilir.
Doktora asamasi genellikle badimsiz arastirma c¢alismalarini igerir ve bir tezle tamamlanir.
Muhendislere yeni bilimsel bilgiler edinme ve kendi yenilik¢i ¢dzimlerini gelistirme firsati sunar.

7. Muhendislere ne kadar talep var? Beklentiler ve isgiicii piyasasi

Mduhendisler, teknik uzmanliklari ve yenilikgilik yetenekleri nedeniyle isgticu
piyasasinda her zaman talep gérmektedir. Alman Muahendisler Birligi'nin 2023'n 4. ¢eyregine iligkin
Muhendislik Monitdri'ne gére, mihendislere olan talep 108.210 bos pozisyonla yiiksek seyretmektedir.
Ancak talep, is kategorileri arasinda 6énemli farkliliklar gostermektedir. Toplam 44.080 bos pozisyonla
en cok vasifli ingaat muhendisligi mesleklerinde aranmaktadir. En az bos pozisyon 2023'Un 4.
ceyreginde sadece 540 bos pozisyonla metal isleme mihendisligi mesleklerinde bulunmaktadir.

Bir 6nceki yilin gceyregine oranla, insaat muhendisligi mesleklerindeki acik is
sayisi %0,8 artarken, teknik arastirma ve Uretim kontroli alanindaki agik is sayisi %7 artmistir.

Metal isleme muhendisligi ile makine ve otomotiv mihendisligindeki bos
pozisyon sayisi da %1,2 oraninda artmistir. Plastik Uretimi ve kimya endustrisindeki muhendislik
meslekleri bos pozisyonlarda %16,7'lik bir disus kaydetmistir.

Enerji ve elektrik mihendisligi (-%13,4), diger mihendislik meslekleri
(-%10,5) ve hammadde Uretimi ve ¢ikarimi (-%1,2) alanlarindaki muhendislik meslekleri igin bos
pozisyon sayisi da dismustur. Ayni ddnemde, ayda ortalama 41.837 kisi bir mihendislik mesleginde i
ariyordu.

Muhendislere yonelik gelecekteki talep, demografik gelismelerden,
dijitallesmenin ilerlemesinden ve iklimin korunmasina odaklaniimasindan guiglu bir sekilde etkilenmeye
devam edecektir. Son on yilda muhendislik mesleklerindeki istihdam yizde 51 oraninda artarak bu
sektordeki dinamik gelisimin acik bir isareti olmustur. Bu artis 06zellikle Bavyera ve
Berlin/Brandenburg'da sirasiyla yizde 1,5 ve 1,3 puan ile belirgin olmustur.

Bu olumlu gelismelere ragmen, mihendislik ve bilgisayar bilimleri alanindaki
dgrenci sayilarinda bir diisiis gdzlemlenmektedir. Federal Istatistik Ofisine goére, ilk Universite
doénemindeki 6grenci sayisi 2016'da 143.400 iken 2022'de 125.600'e dismustur. Bu gelismenin isglcl
piyasasi Uzerinde uzun vadeli bir etkisi olabilir ve kalifiye eleman sikintisini daha da kétulestirebilir.
Tarkiye’de 219 fakiltedeki 1274 programda mihendislik egitimi alan 6grenci sayisi 2014-2015
déneminde 350.000°dir. Mihendislik programlarindan her yil mihendis tnvani alarak mezun olanlarin
sayisl ise yaklasik 35.000’dir. Diinyada ise mevcut 60.000 miihendislik okulundan yilda 4 milyon mezun
verilmektedir.
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Tablo 4. 2023 yaz doneminde muhendislik lisans programlarinda kayitli 6grenci sayisi
asagidaki gibidir(AlImanya Universitelerinde)

Konu alani Ogrenci sayisi

insaat miihendisligi 56.560 6grenci

Elektrik muhendisligi/elektronik 71.844 dgrenci

Genel mihendislik 51.727 dgrenci

Makine muhendisligi/ proses mihendisligi  140.769 6grenci

Malzeme Bilimi ve Malzeme Muhendisligi 6.592 dgrenci

Trafik MUhendisligi, Gemi Muhendisligi 23.920 6grenci

Endustri mUhendisligi ile ing. Uzmanlik 58.902 dgrenci

Uzmanlhga gére mithendis maag verileri

Uzmanlik Baglangi¢ maasi Ortalama maas

ingaat mihendisligi 49,105 €52,310 €
Elektrik mihendisligi €50,114 €55,133
Otomotiv muhendisligi €48,243 €55,927

Makine mihendisligi €51,272 €57,413
Mekatronik €50,947 € 55,201
Endustri Mahendisligi €51,474 56,130 €

Bir mUhendis olarak, gesitli alanlarda ve sistemlerde sorunlari ¢ézmek ve verimliligi artirmak icin teknik
sistemleri ve suregleri planlar, gelistirir ve optimize edersiniz.

Muhendislik alaninda bir derece tamamlayarak korunan “muhendis” is unvanini elde edebilirsiniz.
Almanya’da 2023 yilinda mihendislik yapanlarin sayisi 1.13 milyonu bulmustur. Her yil 19000-22000
muihendise ihtiya¢ vardir. 2024 yilinda 170300 bos muhendis kadrosu bulunmaktadir. 2024 yili ilk
ceyreginde ortalama 44 500 adaya, 150 bin bos kadro sunulmustur. Elektro mihendislerine 5,6 acik
kadro sunumu varken insaat mihendisleri igin 4,3 makine muihendisleri igin 3.7 kadro , enformatikler
icin ise sadece 3 kadro sunumu olmustur. Klasik mihendislik dallari artik o kadar ¢ekici degildir. 10 yil
once Almanya meslek ylksek okullari ve Universitelerinde 350 bin insan okurken, bu sayi simdi 280
bine diismiistiir. informatik egitimi alanlarin sayisi ise 180 binden 260 bine ¢cikmistir ve bunlarin yillik
kazanclari sadece 65 bin avrodur. Su anda ¢alisan muhendislerin yaklasik % 11’i yabancidir.

Muhendisler isglici piyasasinda talep goérmektedir ve su anda 108.210 bos pozisyonla
muihendislere yonelik yuksek bir talep s6z konusudur

Bir mihendis olarak, cesitli alanlarda ve sistemlerde sorunlari ¢ézmek ve
verimliligi artirmak igin teknik sistemleri ve slregleri planlar, gelistirir ve optimize edersiniz.

Muhendislik alaninda bir derece tamamlayarak korunan “muhendis” is unvanini elde
Edebilirsiniz.

8. Bir miihendis ne kadar kazanir?

2024 yilinda bir mihendis yilda ortalama brit 55.698 € kazanacaktir. Muhendisler igin
baslangic maasi yillik brut 46.557 €'dur.

Mesleki deneyimi 20 yildan fazla olan mihendislerin yillik ortalama briit maasi
69.931 €'dur.

Muhendislerin maaglari deneyime, uzmanliga ve sektére bagl olarak degismektedir.
Jobvector tarafindan 1.400'den fazla mihendisle yapilan anketlere dayanan 2023 yilina ait glincel
veriler, cesitli mihendislik disiplinlerindeki ortalama maaslar hakkinda bilgi vermektedir.

9. Miihendislik Egitimi Nasil Olmalidir?

Egitim basamaklarinda cesitli destek ve ¢alismayla Uretilen bilginin topluma katkisi
saglanmalidir. Bu deder yaratma toplumun kalkinma ve gelisimine yaramalidir.
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Klasik Universiter egitimin urettigi bilgi ve yeniliklerin toplum katmanlari ile
paylasiimasi, zaten uUniversiter egitimin en temel mantigini olusturur. Dider bir ifade ile egitim, arastirma
ve Uretilen bilginin topluma aktarilmasi asamalarini Ustlenen birinci, ikinci ve Uglnci kusak
Universitelerin bu gorevlerini cagin gereklerini distnerek yerine getirmeleri en temel gorevleridir.

Bu cercevede program uygulayan kurum sayisi da dinyada en az gesitli basamaklari
icerecek sekilde tasarlanan 600un Uzerinde bir sayiya ulastigini sdyleyebiliriz.,. Ancak dyle giincel ve
cagdas bir miihendislik programi ile 6grenci yetistirmeliyiz ki mezunlarimiz, ayni meslek egitimi
almis yabancilarla rekabet edebilsin. 33 farkli tirde fakultede 75 farkli mdhendislik programi
vardir(2015 yili i¢in). Bunu saglamak da en yeni ydntem ve metotlarla egitim ve uygulamalardan
gececek mezunlarimiz, yabancilarla her konuda rekabet edebilsin. Bunu temin eden llke ve
Universiteler Snemli bir misyonu da Ustlenmig olacaktir:

Ozellikle miifredat yenileme, yerinde uygulama ve stajlarin en iyi sekilde denetimi,
muhendislik egitimini rekabet edebilir 6zellige kavusturacaktir.

Her yil en glincel yontem ve degerlendirme uygulamalari derecelendirilen
muihendislik editimi hem ulusal hem de uluslar arasi 6lgeklerde degerlendirmelere tabi tutulmaktadir.
Bdylece muhendislik editimi sunan kurumlarla ilgili bilgiler hem bu egitimleri yeni segecek 6drencilere
hem de sanayi sektoru ile iletisime yarayacaktir.

Mihendislik egitimine génul veren kisilere kurumun en son yillarda yaptidi toplumsal
katki hakkinda bilgi verecek, hem de ileriki ddnemde Ustelendikleri misyonu aciklamada yardimci
olacaktir. Kurumun taninirlik, seffaflik ve verimliligi hakkinda ilgilileri bilgilendirmis olacaktir. Bu strecte
ilgili mUhendislik biriminin bir kalite glvence standardi yakalamasi son derece dnemlidir.

Egitimde izlenen yol ve sistemlerin giincel rekabet edebilir dizeyde
gercgeklestiriimesini ezbere dayali bir sistem yerine audio-vizuel(yaparak uygulama ve 6grenme) sistemi
on plana gikarmalari beklenir. Aslinda bu sadece Universite doneminden énce de verilmesi gereken bir
uygulama olmalidir.

Egitim kurumlarinin ve 6zellikle mihendislik egitimi verenlerin, nasil bir uygulamayi
yurittiiklerine 6zgii ulusal akreditasyon ajansi MUDEK burada devreye girmektedir.

10. MUDEK nedir?

MUDEK 2011 yilinda Washington Accord Uyesi (Signatory) olmustur. Tirkiye’deki miihendislik
egitim akreditasyonundan sorumlu YOK tarafindan taninirligi olan bagimsiz ve sivil bir girisimdir. Gerek
ulusal ve gerekse Uluslararasi egitsel rekabetin oldugu Ulkelerarasi uygulamalara 1sik tutmayi 6ne alan
ve bilgilendirici bir gérev Ustelenen bir ajanstir.

MUDEK degerlendirme olgiitleri 10 baslik altinda toplanmistir (Platin, 2011): Ogrenciler,
Program Egitim Amagclari, Program Ciktilari, Sirekli lyilestirme,
Egitim Plani, Ogretim Kadrosu,. Altyapi, Kurum Destedi ve Parasal Kaynaklar, Organizasyon ve Karar
Alma Siireci, Programa Ozgu Olgltler, Universitenin 3. Misyon uygulamalari(varsa belirtimelidir)

Akredite ettigi tim programlar 2011 yilindan itibaren diger Washington Accord uyeleri tarafindan
esdeger olarak taninmaktadir. MUDEK, 2009 yilindan itibaren EUR-ACE Bachelor Etiketi verme ile
yetkilendirilmistir (Akreditasyon listesi, 2018).

-Muhendisligin profesyonel ve mesleki alan oldugu bilinciyle hareket edilmelidir..

-Muhendislerin bilimsel egitimi baglaminda, disiplinler arasi bilginin ve temel niteliklerin
odaklanmis iglevi, 6ncelikle halihazirda edinilmis olan ve gelecekte edinilecek olan bilginin kullaniimasi
olacaktir

- Calisma dinyasinin mesleki, kisisel ve sosyal yonleriyle uyum iginde ve kisinin kendi
eylemlerinin sosyal ve toplumsal yonleri (izerine disinmesi hedeflenir,

- Bu bilgiyi mihendislik disiplini disindaki kisilere, yani muhataplarina uygun bir sekilde
aktarabilmek ve uygulayabilmek i¢in

- Kendi uzmanlik ve mesleki sinirlarinin 6tesinde elestirel bir sekilde kategorize
edebilmelidir,

- Yeni medyay! kullanip toplumsal gelismeleri dikkate alarak, bilgilerini strekli
glncelleyebilmeli ve

- Bilgiyi diger disiplinler icin erigilebilir ve baglanabilir dizeyde tutmak ve korumak
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11.Akreditasyon Uygulamalari:

MUDEK Tarafindan 01 Ekim 2018 itibariyla Akreditasyon alan (devlet ve vakif Giniversiteleri) mevcut
53 farkli Universitedeki 201 fakiltenin 277 muhendislik bélimi akreditasyon almistir. Bu sayi
yetersizdir. Yuksekdgretim kurumlarinda kalite galismalari bir yandan surdarultrken, bir yandan da
akreditasyon icin hazirliklarin tamamlanmasi uygun olacaktir.

Akreditasyon sureci Universitelerin ilgili bolimlerindeki Gyelerin enerji ve ¢alisma performasinin
farki yaratmasi ile iligkili bir 6zveri mekanizmasidir. Calisanlarin zaman ve enerjisini alan ¢alismalardir.
Bu yizden dniversite Ust yonetimi 6gretim elemanlarinin akreditasyon sireci ile ilgili sorun olarak
gordukleri konularda (ders yuklerinin agir olmasi, dgretim elemani basina disen 6gdrenci sayisinin
fazlahg, fiziksel ortamlarin yeterli olmamasi, izleme ve degerlendirme calismalarinin yetersizligi,
o6grenci ve oOgretim elemanlarinin goruslerinin yeterince alinmamasi, kalite guvencesi ile ilgili
hususlardaki eksiklikler gibi) gerekli hususlarin iyilestiriimesi ve dnlemlerin alinmasi noktasinda yardimci
olmalidir.

12.Miihendislik Egitiminin lyilestiriimesine Yonelik Oneriler

Tarkiye’de diger gelismis Ulkelerde oldugu gibi, Mihendislik egitiminin ilkégretimden
Universiteye kadar her asamasinin, uzmanlarca toplumun gereksinimine goére dizayn edilip
degerlendiriimesini sart kosar

a-Ders planlamalarinda muhendisligin temelini olugturan temel mihendislik bilimlerine gereken
o6nem verilmeli, temel ve mesleki derslerdeki kuramsal ve uygulamali bilgiler birlikte yurdtilmeli,

b-Ogretim liye ve dgrenciler her zaman iletisim halinde olmalidir.

c- Kaliteli bir mihendislik egitiminin liseden baslamasi olduk¢a dnemlidir.

d-Lisede mesleki egitimine baslayip Universite de devam ettirerek mezun olan bir miihendisin
sadece faklltede mesleki becerisini kazanan birisine goére daha nitelikli olacagi asikardir.

Muhendislik ve mihendis islerindeki istihdam sikintisini gidermek igin kaliteli bir mihendislik
egitimi mutlaka gereklidir. Dinyada 600’Un Gzerinde muhendislik okulu, fakiltesi ya da mihendislik
egitimi veren kurum olup, buralardan egitim alan 1-2 milyon insan vardir. Bunun %50’si Cin’de ve % 25'i
Hindistan’dadir. O halde bu insanlarla rekabet edecek egitim slreclerinden gecilmesi gerekiyor.
Tirkiye’de 170’ten fazla mihendislik fakiltesinden 30 binin izerinde mezun yetisiyor. Yani hem yurt
icinde hem de yurt disinda muhendislik egitimi alan kesimlerle rekabete giriimesi gerekiyor. Bu nedenle
mufredat iyilestiriimesi ve glinin gereksinim ve ihtiyaglarina yonelik ¢ok yonla egitim uygulamalar
sarttir.

Yaklasik 30 vyildir gelismis Ulkelerin miuhendislik egitimini hizla yeniden sekillendirme
konusunda yodun calismalar ylritmekte oldugu ve benzeri gelismelerin Ulkemizde de acilen
uygulamaya alinma gereksinimi oldugu ve bu c¢alismalarin Bologna surecinin gereklerini de yerine
getirecek sekilde yurutilmesine zaman gegirmeden baslanmalidir.

Muhendislik egitiminde yeni teknolojiler takip edilip, teoriye ve yeteri kadar pratiJe dnem
verilebilirse kalite arttirilabilir. Kaliteli bir mihendislik egitimi sonucu nitelikli mihendisler yetisecedi igin,
hem kendiliginden yeni isgici alanlari agilacak, hem de var olan agik isgucu alanlari nitelikli
muihendislerle kapanmis olacaktir.

13-Almanya'da Mihendislik Egitimi

Gunlik yasamimizda kullandigimiz hemen hemen her Uriin ve unsurun tretiminde Makine
Mihendisligi gérev almaktadir. ingaat sektériiniin ise vazgegilmez elemanlari arasindadir. Hem
makine, hem de anilan diger mihendislik dallarinda basarinin yolu,
a-lyi kurumlarda staj yapmak,
b-Staj sirasinda disiplinli,
c-Caligkan ve
¢-Merakli olmak,
d-Teknoloji yarismalarinda gruplara katiimak,
e-Yabanci dile 6nem vermek ve
f-Bilgisayara hakim olmak, mesleki agidan 6n planda tutulacak noktalardir.

40



4. RUMELI MUHENDISLIK EGITIMi SEMPOZYUMU / 4nd RUMELI ENGINEERING EDUCATION SYMPOSIUM
7-8 Kasim 2024 / November 7-8, 2024
Beyoglu-Hali¢, ISTANBUL

Almanya'da Miuhendislik egitim sistemi, 6zellikle mUhendislik alaninda, ylksek standartlari,
uygulamali yaklasimi ve arastirma ve gelistirmeye verdigi gicli 6nem ile taninmaktadir. Minih Teknik
Universitesi, Berlin Teknik, Braunschweig Teknik Universiteleri, RWTH Aachen Universitesi ve
Karlsruhe Teknoloji Enstitlist gibi Almanya tniversiteleri, bu alanda program sunan en prestijli kurumlar
arasindadir.

Ogrencilerin otomotiv endiistrisinin zorluklarina iyi hazirlanmalarini sadlayarak teorik bilgi ve
pratik deneyimin bir karisimini saglarlar. Bu sistem, 6grencilerin sadece teorik bilgi kazanmasini
saglamakla kalmayip, ayni zamanda alanda uzmanlasmak igin gerekli olan pratik becerileri ve gergek
dinya deneyimini de gelistirmelerini saglamak igin tasarlanmistir.  Almanya’da otomotiv mihendisligi,
ingaat, endustri, vd muhendislik programlari genellikle kuramsal ¢alisma ve pratik uygulamalarin bir
karisimini tamamlar.. Kurslar tasarim, mekanik, elektronik ve malzeme bilimi dahil olmak Gzere otomotiv
muhendisliginin cesitli ydnlerini kapsar. Bu program, matematik, fizik ve mihendislik ilkelerine dayanan
yogun bir mifredat igerir. Ogrenciler, karmasik miihendislik sorunlarini ¢gézmek, yenilikgi tasarimlar
gelistirmek ve otomotiv teknolojileri Uzerinde c¢alismak igin, genis bir bilgi birikimi ve teknik beceri
gelistirmelidir. Mifredat, en son teknolojik gelismelere ve endUstri ihtiyaclarina uygun olacak sekilde
siklikla glncellenir. Almanya'da Otomotiv Mihendisligi de dahil olmak Uzere Mihendislik alanindaki
lisans programlarinin tamamlanmasi genellikle 3-4 yil sirmektedir. Bu, Ulkedeki lisans muhendislik
programlarinin genel suresiyle tutarlidir.

1995 yilindan beri uygulanan *“Socrates Programi” ile yiiksek egitimle ilgili Avrupa Birligi
vatandagligi bilincini olusturmayi hedefleyen ve “Erasmus” modeli uygulamasi ile Turk mihendislik
egitimi alan 6grenciler, diger brangalrda oldugu gibi, bazi Avrupa (ilkelerinde egitim alabilirler. Bu
projenin amaci, 21. yizyilda uluslararasi entegrasyonu yaratacak ve yasatacak Kkitleleri egitmektir.
Kiresel ve bdlgesel bicekte gobriilen, egitim ve meslek alanlarindaki bu hareketlilik ve gegigler ile lilkeler
arasinda giderek kalkan sinirlar, uluslararasi kurumsallasmayi zorunlu hale getirmektedir. Bunun
sonucunda da egitim sistemleri etkilenecek alinacak diplomalarin karsilikli taninmasi, “akreditasyon”
(eskredilendirme-diploma esdegerliligi) ile konusu ve mesleki yetki hakkinin kullaniimasini diizenleyen
mesleki kurumsallasmalar, uluslararasi boyut kazanmaktadir. Egitim kurumlarinin, uluslararasi
dlizeyde, sahip olduklari niteliklerinin onaylanmasi, kabul edilmesi ya da bir standart gergevesinde
tanimlanmasi; yani‘akreditasyon” sisteminin ydirirliikte oldugu (lkelerde, “diploma kullanim hakki” ile
“meslek uygulama yetkisi” taninmig olacaktir. Bundan Tiirk Mihendislik egitimi alan égrencilerimizin
yararlanmasi gerekir.
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OZET

Parkinson hastaligi, dliinya ¢capinda milyonlarca insani etkileyen kronik bir beyin rahatsizligidir. Beyinde,
hareketi kontrol eden dopamin adl kimyasal Greten hiicreler 6ldiglnde veya hasar gérdigiinde ortaya
¢ikar. Bu durum; hareket, denge ve durusla ilgili sorunlara neden olarak Parkinson hastaligini tetikler.
Geleneksel yontemlerle Parkinson teshisi; zaman alici, yorucu ve manuel hatalara agik bir stregtir. Bu
nedenle, Parkinson ve benzeri hastaliklarin belirtilerini tespit etmek amaciyla gesitli yapay zeka (YZ2)
teknolojileri gelistiriimistir. Bu makale, Parkinson hastaliginin teshisine yénelik bir el yazisi tahmin
modeli énermektedir. Onerilen model, Derin Transfer Ogrenme’yi kosinlis tavlama zamanlayicisi
(cosine annealing scheduler) ile birlestirmekte ve asirn 6drenmeyi (overfitting) 6nlemek icin L2
regularization yontemini kullanmaktadir. Model, VGG16 tabanh bir Evrisimli Sinir Ag1 (Convolutional
Neural Network - CNN) mimarisine dayanmaktadir. Parkinson hastalari ve saglikh bireylerin el yazisi
orneklerini iceren PaHaW veri seti kullanilarak egitilen bu model, %73,33'lik en yilksek ortalama
dogruluga ulasmistir.

Anahtar Kelimeler: Parkinson, el yazisi, VGG16, kosiniis tavlama, Transfer Ogrenme

1. Giris

Parkinson hastaligi, beyin sinir hiicrelerindeki hasarin dopamin seviyelerini dislirmesiyle ortaya ¢ikar.
Elde titreme, kas sertligi, denge kaybi, el yazisinda kig¢ilme, uyku bozuklugu ve vicudun éne egilmesi
gibi kontrolsuiz belirtiler gésterir. Yavas ilerleyen bir nérolojik hastaliktir. Daha ¢ok 60 yas uzeri kigilerde
gorulen bu hastalik, beynin dejeneratif yani ilerleyici hastalik gruplari arasinda yer alir.

Hastaligin geleneksel tanisi ise genellikle klinik belirtilerin degderlendiriimesine dayanir. Birlesik
Parkinson Hastali§i Derecelendirme Olgegi (The Unified Parkinson’s Disease Rating Scale - UPDRS);
hastanin ylz ifadesi, yazma, ylrime, konugma ve ¢izim gibi ¢esitli motor semptomlarini dederlendiren,
en yaygin kullanilan klinik derecelendirme 6lgeklerinden biridir. Ancak bu yontem yanlis siniflandirmaya
yol acgabilir. Clnkl Parkinson'un erken evrelerindeki motor olmayan semptomlar hafiftir ve sadece
g6zlemle motor degerlendirme zordur.

Teknolojinin gelismesiyle YZ, Parkinson gibi nérolojik hastaliklarin teshisi ve yonetiminde yeni firsatlar
sunmustur.

Makalenin ikinci béliimiinde literatiir taramasina yer veriimigtir. Uglincii bdlimde g¢alismanin
metodolojisi agiklanmistir. Dordinct bélimde, énerilen metodolojiyle birlikte kullanilan veri setine ait
sonuglar sunulmustur. Besinci bdlimde ise c¢alismanin genel sonuglari, eksiklikleri ve gelecekteki
arastirma konulari ele alinmigtir.

Bu baglamda, g¢alismamizda elle ¢izilmis spiral ve dalga desenlerinden olusan PaHaW veri seti
kullanilarak Parkinson hastaliginin teshisine yonelik VGG16 tabanl bir CNN modeli dnerilmistir. VGG16;
Onceden egitiimis modeller arasinda daha hizli olmasi, daha az hesaplama glict gerektirmesi ve kiigcik
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veri setlerinde daha iyi performans sergilemesi nedeniyle tercih edilmistir. Onerilen modelde, kosinls
tavlama zamanlayicisi (cosine annealing scheduler), L2 regularizasyon yontemi ve veri artirma teknikleri
kullanilarak modelin performansi artirilmaya ve asiri 6grenme (overfitting) engellenmeye caligiimigtir.

2. Literatiir

YZ'nin tip ve saglik hizmetlerinde kullanimi izerine birgok arastirma yapilmistir [1-4]. Son dénemde
giderek daha fazla akademik arastirmaci, Parkinson gibi gesitli norolojik hastaliklari tespit etmek igin
siniflandirma goérevlerinde farkli makine 6grenimi ve derin 6grenme algoritmalarini denemektedir [5-8,
16]. Ozellikle manyetik rezonans gériintiileme (MRI) ve pozitron emisyon tomografisi (PET) sonuglarini
analiz eden YZ modelleri kullanilarak, hastaliklarin daha dogru ve hizli bir sekilde tespit edilmesine
yoénelik birgok calisma yapilmaktadir. Bunun yani sira, Parkinson hastaliginin teshisinde el yazisi
gOruntilerinin analizi Gizerine de ¢alismalar bulunmaktadir.

Haller ve arkadaslari [9], MRI ve DTI (Diffusion Tensor Image) verilerini kullanarak Parkinson hastaligini
tespit etmeye yardimci bir sistem gelistirmiglerdir. Calisma, beyindeki ince yapisal degisiklikleri analiz
ederek Parkinson teshisini daha hassas ve bireysel dizeyde gergeklestirmeyi hedeflemistir. Calismada
kullanilan veri seti, 40 supheli Parkinson hastasindan olusmaktadir. Arastirmacilar; DTI verilerini,
Destek Vektdr Makinesi (Support Vector Machine - SVM) analizi ile degerlendirerek bireysel diizeyde
%97 dogruluk elde etmislerdir. Calismada gugliu bir SVM modeli kullaniimis olmasina ragmen, kiigik
veri seti nedeniyle genelleme yetenegdi sinirli kalmistir. Ayrica model, asiri 6grenme (overfitting) riski
tasimaktadir. Klinik ortamda genis gapta test edilmemisgtir.

Son ¢ yilda, DaTScan analizinde derin transfer 6grenimini kullanan calismalar da yapilmistir.
DaTScan, hastaya enjekte edildikten sonra 6zel goériintileme ekipmanlariyla kafa taramasi yapilarak
hastalik tespitini saglamaktadir [10]. Bu teknik, Parkinson hastaliginin teshisinde de etkili bir yontem
olarak kullaniimaktadir [11].

Zham ve arkadaslari [12], Parkinson hastaliginin farkli evrelerini ayirt etmek i¢in hiz ve kalem basincini
birlestiren bir indeks (Composite Index of Speed and Pen-Pressure - CISP) énermistir. Calismanin
amaci, Parkinson hastalarinin hastalik siddetini degerlendirmek icin bilgisayar destekli bir spiral ¢izim
yontemi gelistirmektir. Calismaya, 28 saglikli kontrol grubu Uyesi ve 27 Parkinson hastasi olmak Uzere
toplam 55 kisi katilmigtir. Parkinson hastalarinin hastalik siddeti, Unified Parkinson’s Disease Rating
Scale (UPDRS) ve Hoehn ve Yahr (H&Y) Skalasi ile degerlendirilmistir. Basit istatistiksel yontemlerle
yapilan siniflandirma sonucunda CISP, %79,1 dogruluk ile hem Parkinson hastalarini saglikli
bireylerden ayirt etmede hem de hastaliyin siddet seviyelerini belilemede basarili bir performans
gOstermigtir. Ayrica bu ¢alismada, ¢izim sirasinda veriler gercek zamanli olarak analiz edilmig; aninda
sonuglar alinabilmigtir. Ancak CISP, siddet seviyelerinin élgiminde yeterince basarili olamamis ve
hastaligin ilerleyen evrelerini iziememistir. Bu nedenle, yontemin uzun sireli izlemelerde ne kadar etkili
olacag! bilinmemektedir.

Pereira ve arkadaslari ise [13], bilgisayarla gérme teknikleri kullanarak Parkinson hastalarinin yazilarini
analiz ederek hastaligin erken teshisine yonelik bir model gelistirmiglerdir. Calismada, 37 Parkinson
hastasi ve 18 saglikh bireyden olusan toplam 55 katilimciyi igceren HandPD veri seti kullaniimistir.
Katihmcilardan Archimedean spiraller ve dalgalar gizmeleri istenen bir el yazisi testi yapiimistir. Veri
seti, spiral cizimlere dayal olup toplam 373 Ornek icermektedir. Goruntilerin islenmesi ve el yazisi
izlerinin (Handwritten Trace - HT) dijitallestiriimesi icin bulaniklastirma filtreleri ve matematiksel morfoloji
gibi klasik goruntu isleme teknikleri kullaniimistir. Spiral ve el yazisi izlerinin iskeletini ¢ikarmak icin
Zhang-Suen Thinning Algoritmasi uygulanmigtir. Hastaligin teshisi i¢in Gg¢ farkh siniflandirici kullaniimig
olup, %78,9 dogruluk orani ile en iyi performansi Naive Bayes siniflandiricisi sergilemistir. Bu el
yazisina dayal teshis yontemi, MRI gibi pahali ydntemlere kiyasla daha dusuk maliyetli ve hizli sonuglar
saglamistir. Ancak, kullanilan veri setinin dengesiz ve yetersiz olmasi, modelin genelleme yetenegini
sinirlamigtir. Ayrica, temel gorsel ve kinematik 6zellikler yerine daha gelismis 6zellikler ve veri artirma
teknikleri kullanilarak modelin iyilestirilebilecegi 6ngoérilmustur.

Basnin ve arkadaslari [14], Parkinson hastaliginin erken teshisine yénelik mikro-grafik statik el yazisi
cizimlerini analiz eden bir model sunmuslardir. Parkinson hastalarinda goérilen mikro-grafik bozukluklar,
Ozellikle el yazisindaki kiigilme ve titreme gibi degisiklikler, bu teshis yonteminin temelini olusturmustur.
Calismada, iki farkli kiresel veri seti birlestirilerek 136 Parkinson hastasi ve 36 saglikli bireyden olusan
bir veri seti olusturulmustur. Toplamda 808 el yazisi géruntisu iceren bu veri seti, hastalik siddetini
degerlendirmek amaciyla kullaniimistir. Parkinson hastaliginin teshisi igin Transfer Ogrenme yéntemiyle
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VGG-16 mimarisi kullaniimistir. VGG-16, dnceden egitilmis bir model olup son katmanlari Parkinson
verileri ile yeniden egitilmistir. Ayrica, veri artirma teknikleri kullanilarak modelin genelleme yetenegi
gelistirilmistir. Bu model, %90,63 egitim dogrulugu ve %91,36 test dogrulugu saglamistir. Egitim ve test
dogrulugu arasinda ¢ok az fark bulunmasi, modelin iyi bir uyum sagladigini géstermektedir. Ancak, veri
seti dengesizligi ve asirn 6grenme riski, modelin eksik yonleri olarak belirtiimistir.
Das ve arkadaslar da [15], hastalar tarafindan elle gizilen goruntiler aracihidiyla Parkinson hastaligini
tespit etmek igin gelismis bir yéntem arastirmistir. Daha ylksek dogruluk elde etmek amaciyla,
yonlendirilmis gradyan 6zelliklerinin histogramlarini (Histogram of Oriented Gradients - HOG) ve ayrik
dalgacik donisim katsayilarini (Discrete Wavelet Transform - DWT) birlestirmiglerdir. Bu teknikler, kritik
katsayilari belirlemede ve ilgili bilgileri ¢gikarmada 6nemli bir basari gdstermistir. Makine 6grenimi
yontemleri kullanarak hastalik tespitinde daha ylksek dogruluk saglamis ve Ozellikle spiral desen
gorintilerinde Rastgele Orman (Random Forest) ve Destek Vektor Makinesi (SVM) siniflandiricilarinin
etkinligini vurgulamislardir. Ancak ¢alismada kullanilan iki farkli veri seti nispeten kuguktir. Daha blyik
ve cesitli veri setleri kullanilarak modelin genelleme yeteneginin artirilabilecegi gorilmustir. Ayrica,
goruntd tabanli analizde kullanilan DWT ve HOG'nin bazi ince detaylari yakalayamayabilecegi fark
edilmistir. Bu nedenle, daha karmasik derin 6grenme yontemlerinin bu agidan daha etkili olabilecedi 6ne
surtlmustdr.
Shaban [17], spiral ve dalga el yazisi desenlerine dayal tani igin ince ayarl bir VGG19 modelinin
kullaniimasini 6nermistir. Calismada kullanilan veri kiimesi, 102 dalga ve 102 spiral gorintiden
olusmustur. Veri artirma tekniklerinden biri olan goérinti déndidrme, modelin asiri 6grenmesini
engellemistir. Calismada kullanilan CNN modeline 10 katli capraz gecerleme uygulanarak dalga ile
spiral gorintiler igin sirasiyla %88 ve %89 dogruluk elde edilmistir. Makalede modelin eksik yonleri
olarak, veri setinin boyutunun kiglk olmasi nedeniyle genelleme yetenedinin sinirli olabilecegi
belirtiimistir. Bu nedenle, modelin daha buylk veri setleriyle test edilmesi gerektigi belirtiimistir. Ayrica,
Parkinson hastaliginin erken evre teghisi i¢in yalnizca el yazisi analizinin yeterli olmayabilecegi de ifade
edilmistir.
Huang ve arkadaslari ise [18], Parkinson hastaliginin erken teshisi igin Derin Transfer Ogrenmesi’ni
kullanmiglardir. VGG16, VGG19, ResNet18, ResNet50, ResNet101 ve ViT olmak lzere alti derin
6grenme modelini, hastaligi siniflandirmak amaciyla elle gizilmis veri kimelerinde uygulamislardir. Veri
kimesi, elle cizilmis spiral ve dalga goérintilerinden olusmaktadir. Goérlntilerin boyutu; modellerin
performansini, dogrulugunu ve genelleme yetenegini artirmak igin AugMix ve PixMix veri artirma
teknikleriyle genigletilmistir. Ayrica, 6zellikle gorinti siniflandirma gorevlerinde modellerin 6grenme
surecini iyilestirmek amaciyla kosinis tavlama zamanlayicisi (cosine annealing scheduler)
kullaniimigtir. Calismanin sonuglarina gére, VGG19 modeli %96,67'lik en yuksek ortalama dogruluga
ulagsmistir. Ancak modelin eksik yonleri arasinda, veri setinin kiicik olmasi ve Parkinson hastaliginin
erken evre teshisinin zorlugu yer almaktadir. Erken evrede, Parkinson hastalari bazen titreme gibi
belirgin semptomlar géstermeyebilir, bu da teshisi zorlastirabilir.
Yapilan literatir taramasinda el yazisi gérintulerinin, Parkinson hastaliginin teshisinde alternatif ve etkili
bir ydontem olarak 6ne ¢iktigi gorilmektedir. Ancak bu alandaki arastirmalar nispeten az sayidadir.

3. Metodoloji

Sekil 1, calismamizin metodolojisine genel bir bakis saglar.

=

Parkinson
El Yazist
Ven Sefv

Sekil 1. Onerilen model mimarisi.

Sekil 1'de gériildiigl lizere, model el yazisi verilerini kullanarak Parkinson teshisi igin Transfer Ogrenme
ve veri artirma tekniklerinden yararlanmistir. VGG16 tabanli CNN yapisina sahip modelin nihai ¢iktisi;
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0'in saglkli, 1'in Parkinson hastaligini gosterdidi ikili siniflandirmadir. Modelin gelistiriime asamalari
asagida maddeler halinde verilmistir.

3.1. Veri Onisleme (Data Preprocessing)

Bu calismada, Kaggle'dan elde edilen ve Parkinson hastalari ile saglikh bireylerin el yazisi érneklerini
iceren PaHaW veri seti kullaniimigtir. Veri seti nispeten klguktir.102 dalga ile 60 spiral desen
goérintistinden olusmaktadir. Her bir desen grubunda, saglikl bireylere ve Parkinson hastalarina ait
egitim ve test goruntuleri yer almaktadir. PaHaW veri setinin detayli igerigi Tablo 1'de, érnek bir kesiti
ise Sekil 2'de gosterilmistir.

Tablo 1. PaHaW veri seti

Spiral Dalga (Wave)
Testing Saghkh Hastalikh Saghkh Hastalikh
15 gOrintu 15 gorunti 15 gorunti 15 gorinti
Training Saghkh Hastalikh Saghkh Hastalikh
15 goéruntu 15 goérintu 36 gorintl 36 goérintl
Saglikl Bireylerin Cizdigi Spiraller Parkinson Hastasi Bireylerin Cizdigi Spiraller
Sl s
:\, l\ [ \\'\ ( ///'/ ) 1 r / e, )
'/ N A \\\ AR ‘) et ) [ W
NG N (
N (e ‘

Saglikl Bireylerin Cizdigi Dalgalar
Parkinson Hastasi Bireylerin Cizdigi Dalgalar

)

Sekil 2. PaHaW veri setinden 6rnek bir kesit.

Sekil 2'de kesiti verilen PaHaW veri setine ait gérintuler, modele beslenmeden dnce birka¢ adimdan
olusan veri 6n isleme sireglerinden gegirilmistir. Bu slrecglerden biri, verilerin yeniden
boyutlandiriimasidir. Farkli boyutlardaki gdruntilerin ayni modelde islenememesi nedeniyle, tim
gOruntulerin modelin giris katmanina sabit bir boyutta veriimesi gerekmektedir. Bu dogrultuda, tim
goruntuler 128x128 piksel boyutuna yeniden boyutlandiriimistir.

Ayrica, gelistirilen modelde nispeten kuglk bir veri seti kullanildigi igin veri artirma ydntemi
uygulanmigtir. Bu islemle, egitim veri setindeki goéruntiler déndirme, yakinlastirma ve kaydirma gibi
cesitli yontemlerle degistirilerek yeni goéruntiler olusturulmustur. Bdylece model, daha fazla cgesitlilik
gorerek bu cesitliligi 6grenmeye ¢alismistir. Bu ydntemle modelin genelleme yetenegdi artiriimis ve
yalnizca egitim setindeki Ornekleri ezberlemesi ©nlenmisti. Her epoch'ta verilerin rastgele
donusturdlmesi saglanarak modelin her seferinde farkli veri érnekleri gérmesi hedeflenmistir. Bu
sayede, modelin verinin genel yapisini ezberlemek yerine gergcek 6grenme gerceklestirmesi
amaglanmistir. Sekil 3'te, ImageDataGenerator ile artiriimis egitim érnekleri gosterilmektedir.
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Sekil 3. ImageDataGenerator artirmasiyla spiral ve dalga egitim ornekleri.

Bu model ile ikili siniflandirma yapilmistir. Her goérintl ya Parkinson hastasi ya da saglikli olarak
siniflandinimistir. ikili siniflandirma oldugu igin sinif etiketleri 0 (saglikl) ve 1 (Parkinson hastasi) olarak
belirlenmistir. Model, her goruntiiya 0 (saglikli) ya da 1 (Parkinson hastasi) olarak etiketlemistir. Modelin
goruntd verilerini mini-batch'ler halinde egitmesi, bellek kullanimini optimize ederken egitimi de
hizlandirmistir. Calismamizda her adimda 32 goérinti modele verilmis ve her batch ile model
glincellenerek egitim streci daha verimli ve stabil hale getirilmistir. Ayrica, konvollisyon katmanlarinin
ciktisi genellikle gok boyutlu (2D veya 3D) tensorlerdir; bu veriler tam bagli (Dense) katmanlara
gecmeden o6nce tek boyutlu bir vektdre donistirtlmelidir. Bu islem dizlestirme (flattening) olarak
adlandirilir ve galismamizda konvoliisyon katmanlarindan gelen ¢ok (3D) boyutlu veriler tek boyutlu bir
vektore donusturulerek tam bagh katmanlara verilmistir.

3.2. VGG16 Transfer Ogrenme Modelinin Kullaniimasi

VGG16, derin bir CNN modelidir. Buyuk veri setleri Uzerinde egitildidi igin genel Ozellikleri ¢ok iyi
cikarabilir. Ozellikle evrisim ve havuzlama katmanlari sayesinde gériintii verilerindeki 6nemli ériintiileri
(patterns) tanima konusunda bagarihdir. CNN ise tipki VGG16 gibi goruntd siniflandirma, nesne
algilama ve benzeri goéruntu tabanli gdrevlerde kullanilir. CNN mimarisinin evrisimsel yapisi,
goruntulerdeki yerel 6zellikleri yakalayarak basarili sonuglar verir. Modelimizde, VGG16'nin evrigsimsel
yapisi kullanilarak Transfer Ogrenme uygulanmis, (izerine eklenen tam bagh katmanlar ile 6zellestirilmis
bir CNN olusturulmustur. VGG16'nin evrisimsel katmanlari sayesinde, gérunti verileri islenmis ve son
katmanlarda 6zellesmis bir siniflandirma yapilmistir.

Calismamizda; VGG16 modeli 6nceden egitilmis agirliklarla (PaHaW) yiklenmis, ilk katmanlari modelin
Onceden egitilmis bilgisini korumak igin dondurulmustur. Yalnizca son 4 katman serbest birakilarak
yeniden egitilmistir. L2 regularizasyonu ve dropout teknikleri ile asri 6grenme énlenmeye calisiimistir.
Bu anlamda L2 regularizasyonu, makine 6grenimi modellerinde asiri 6grenmeyi (overfitting) dnlemek
icin kullanilan bir tekniktir. Bu teknik, modelin agirliklarini cezalandirarak modelin daha dengeli ve
genelleme yetenegi yiksek olmasini saglar. Modelin karmagikhidini sinirlayarak asir buyik agirliklarin
olusmasini dnler. Ayrica L2 regularizasyonu, kayip fonksiyonuna ek bir terim ekler. Bu terim, modelin
agirliklarinin karelerinin toplamina dayalidir. Asagidaki gibi bir kayip fonksiyonuna uygulanir:

L2 kaybr = orijinal kayip + A * Iw? (1)

(1) numarali denklemde; L2 kaybi modelin varsayilan kayip fonksiyonunu, w2 modelin tim agirliklarinin
karelerinin toplamini, A (lambda) ise L2 regilarizasyon parametresini ifade eder. A parametresi
regularizasyonun guicunu belirler. Buyuk bir A, regularizasyonu artirirken agirliklari daha fazla kisitlar.
Bu anlamda L2 regularizasyonu, modelin agirliklarini sifira dogru kigultmeye calisir. Agirliklarin
karelerinin toplamina dayandidi igin blyuk adirliklar cezalandirilir ve bu agirliklarin kagultilimesi
saglanir. Bu sayede, modelin daha basit ve dengeli bir yapisi olusur. Boylece modelin agiri 6grenmesi
Onlenerek, genelleme yetenegi arttirilir.
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Dropout teknigi ise, makine 6grenimi ve derin 6grenme modellerinde asiri 6grenmeyi (overfitting)
Onlemek icin kullanilan etkili bir regilarizasyon yéntemidir. Bu teknik, her egitim adiminda (her mini-
batch’te) sinir agi icindeki belirli néronlari rastgele segerek devre disi birakir. Yani, néronlarin bir kismi
egitim sirasinda gegici olarak egitime katilmaz. Bdéylece model, her egitim adiminda farkli néron
gruplariyla égrenir ve belirli néronlara veya 6zelliklere agiri bagimli hale gelmesi énlenir. Onerdigimiz
modelde, Dropout her tam bagli (Dense) katmandan sonra uygulanmistir. Katmanlardaki néronlarin
%70'i her egitim adiminda rastgele devre disi birakilmigtir. Bu oran, modelin asiri 6grenmesini 6nlemek
icin glclu bir regularizasyon saglarken modelin her seferinde yalnizca %30'luk bir néron grubu ile
o6grenme yapmasina olanak tanimistir.

3.3. Kosiniis Tavlama Programi (Cosine Annealing Schedule)

Etkili bir 6grenme orani planlayicisi olan kosinlis tavlama planlayicilar, 6zellikle goérinti
siniflandirmasinda makine 6grenimi modellerinin performansini artirmada 6nemli bir rol oynar. Bu
baglamda Loshchilov ve Hutter [19] ise, kosinlUs fonksiyonunun 6grenme oranini dizenledigini, bir
modelin optimum sekilde yakinsamasina yardimci oldugunu ve asiri uyumu 6nledigini savunmuslardir.
Onerdigimiz calismada kosiniis tavlama zamanlayicisi, énceden belirlenmis bir minimuma ulasana
kadar bir kosinUs egrisine gore kademeli olarak azalan ylksek bir 6grenme oraniyla baglamistir. Daha
sonra, 6grenme orani tekrar daha yuksek bir degere yukseltiimistir. Bu déngil, modelin hata manzarasi
icindeki cesitli yerel minimumlari kesfetmesini saglamak igin yinelemeli olarak tekrarlanmigtir. Her
dongide i. ¢alistirma igindeki kosiniis tavlama igin 6grenme orani asagidaki (2) nolu denklemde
gosterilmistir. Burada nimin ve nimax égrenme orani araliklarini tanimlar. Tcur ise gergeklestirilen epoch
sayisini gosterir [18].

TC‘U.T

T;

. 1 ; .
n= n;nin + E (n‘inax - n;nin) * (1 + COS(

* 1)) (2)

Bu yaklasimin veri artirma teknikleriyle birlikte kullanildiginda etkililik gdsterdigi goérilmustir. Bir baska
deyisle, Cosine Annealing ile 6grenme orani dinamik olarak ayarlanarak, egitim sirasinda daha iyi
genellestirme ve daha kararli bir optimizasyon sureci elde edilmistir.

3.4. Model Optimizasyonu ve Egitimi

Bu bolimde, Cosine Annealing ile glincellenmis 6grenme oranini kullanarak Adam optimizatori
olusturulmustur. Bdylece model Adam optimizatori ile derlenmistir.

Bu bdlimde model, spiral ve dalga veri seti Gzerinde egitilmistir. Kullanilan metodun i¢ine egitim verilerini
besleyen veri jeneratérl, her epoch'da ka¢ adim atilacagi, modeli gecerlemek icin kullanilan test veri
seti, gecerleme adimlarinin sayisi, erken durdurma ve 6grenme orani ayarlayicisi dahil edilerek model
egitilmistir.

Modelimizin performansini degerlendirmek icin bazi élgitler kullaniimistir. Bu metrikler, modelin egitim
ve gecgerleme sireglerinde ne kadar iyi performans gdsterdigini anlamamiza yardimci olmustur.
Modelimizde kullanilan en temel metrik dogruluk (accuracy) metrididir. Bu metrik, ikili siniflandirma
problemlerinde en yaygin kullanilan performans oél¢itidir. Modelin genel basarisini anlamaya yardimci
olur. Bu baglamda dogruluk (accuracy), modelin yaptigi dogru tahminlerin toplam tahminlere oranini
gOsterir. Egitim dogrulugu (training accuracy), modelin egitim veri setindeki basarisini ifade ederken,
gecerleme dogrulugu (validation accuracy) ise modelin gecerleme veri seti Uzerindeki performansini
g0sterir. Bu durum, modelin editim verisi disindaki verilere ne kadar iyi genelleme yaptigini anlamamizi
saglar.

Egitim surecinde, egditim dogrulugu ve gegerleme dogrulugu surekli olarak hesaplanmis ve
raporlanmigtir. Bdylece, modelin hem egitim hem de gecerleme setlerindeki performansi yakindan
izlenmisgtir.

Modelin basarisini degerlendirirken kullanilan bir diger énemli 6l¢ut ise kayip (loss) fonksiyonudur.
Kodumuzda, Parkinson hastaigi ve saglikh durumu iki sinif olarak ele alindigindan,
binary_crossentropy kayip fonksiyonu kullaniimistir. Kayip fonksiyonu, modelin tahminlerinin

48



7 4. RUMELI MUHENDISLIK EGITIMI SEMPOZYUMU / 4nd RUMELI ENGINEERING EDUCATION SYMPOSIUM
7-8 Kasim 2024 / November 7-8, 2024

Beyoglu-Halig, ISTANBUL
dogrulugunu 6lgen bir metriktir. Modelin her tahminde yaptigi hatalarin bir gdstergesidir. Bu kayip
fonksiyonunun formli (3) numarali denklemde verilmistir.

N
. 1
lkili Capraz Entropi = —NZ(yilog(pi) + (1 =y)log(1 —py)) 3)

i=1

(3) nolu formilde de gorilecegi lizere;

yi: Gergek sinifi (Parkinson hastasi mi yoksa saglikh mi)

pi: Modelin o sinifa ait olma olasiligi tahminini (sigmoid aktivasyonundan elde edilen gikti)

N: Toplam 6rnek sayisini ifade eder. Bdylece, modelin tahminlerinin gercek degerlere olan yakinhgi
Ol¢llmus olur. Kayip fonksiyonunun disiik olmasi, model tahminlerinin gercek degerlere yakin oldugunu
ifade eder.

Ayrica, kayip fonksiyonunu optimize etmek ve asin 6grenmeyi dnlemek amaciyla Learning Rate
Scheduler ve Early Stopping callback'leri kullaniimistir. Early Stopping; modelin gecerleme kaybinin
(validation loss) 20 epoch sonunda iyilesmediginde, egitim sirecini erken durdurmayi saglamistir.
Bdylece modelin asiri 6grenmesi engellenmistir. Learning Rate Scheduler ise, 6grenme oranini cosine
annealing yontemiyle dinamik olarak ayarlamistir. Béylece, modelin 6grenme suireci optimize edilerek
kayip fonksiyonunun daha etkin bir sekilde diismesi saglanmistir.

Onerdigimiz modele ait degerlendirme metrikleri Tablo 2 ‘de, birkag énemli epoch sonucunda egitim
surecinde gozlemlenen performans degisimi Tablo 3’'de, grafiklerle model performansi da Sekil 4'de
gOsterilmigtir.

Tablo 2. Geligtirilen modelin performans olgutleri

Gecerleme Dogrulugu Egitim Dogrulugu Gecerleme Kaybi
%73,33 %87,5 18,74

Tablo 3. Egitim sirecinde gozlemlenen performans degisimi

Epoch Numarasi Gecerleme Dogrulugu Gecerleme Kaybi
Epoch 1 %50,00 18,7319
Epoch 10 %56,67 16,9498
Epoch 20 %73,33 15,4959
Epoch 50 %73,33 18,7438
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Sekil 4. Spiral ve dalga veri seti Uzerindeki VGG16’nin dogruluk ve kayip egrisi.

3.5. Model Performansi

Calismamizda, gizlilik ve etik kurallar nedeniyle yeterli, kaliteli ve dogru hasta verilerine ulasmakta
zorluklar yaganmistir. Bu nedenle, tahminleme amaciyla internetten elde edilen 17 Parkinson hastasinin
ve ¢evremizden temin edilen 8 saglikh bireyin el yazisi 6rnekleri kullaniimigtir.

Modelimize uygulanan tahminleme islemi sonucunda dogruluk %52,94 olarak belirlenmistir.
Tahminlemeye yonelik karmasiklik matrisi (confusion matrix) ve siniflandirma raporu (classification
report) ise Sekil 5 ve Sekil 6'de gosterilmistir.
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Kansikhk Dizeyi - Dogru Tahmin Edilen 9 Parkinson Hastasi Birey ve 5 Saglikl Birey
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Sekil 5. Tahminlemeye yonelik Karisiklik Dizeyi (Confusion Matrix).
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Sekil 6. Tahminlemeye ybnelik Siniflandirma Raporu (Classification Report).

Tablo 2 ve Tablo 3'teki degerlendirme teknikleri ve egitim suirecinde gézlemlenen performans degisimine
gOre, modelin gecerleme dogrulugu (validation accuracy) %73,33 civarinda oldudu gérilmektedir. Bu
oran, modelin gecerleme veri setindeki siniflandirma goérevinde oldukga bagarih oldugunu
gOstermektedir. Ancak, modelin gegerleme kaybi (validation loss) son epoch'larda biraz yiiksektir. Bu
durum, modelin daha fazla ince ayar yapilmasi veya farkh regillarizasyon yontemlerine ihtiyag
duyabilecegini gostermektedir. Eger gegerleme dogrulugu daha da artirilmak istenirse, modelde
ivilestirmeler yapilabilecedi (6rnedin, daha az dropout uygulamak veya 6grenme oranini degistirmek)
aciktir. Bu sonuclara dayanarak, modelin gecerleme setindeki performansi olduk¢ca makul olmakla
birlikte, gecerleme kaybi izerinde biraz daha ¢alisiimasi gerekmektedir. Parkinson ve saglikh bireylere
ait verilerle egitilen modelin, hi¢ gérmedigi el yazisi géruntilerine ydnelik tahminlerindeki dogruluk orani
%52,94'tir. Bu oran Sekil 5'de gdsteriimektedir. Modele verilen tahmin drneklerinin bir kismi, veri
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teminindeki zorluklar nedeniyle PaHaW veri setinden segildidi i¢in, elde edilen sonuglarin kismen dogru
kabul edilebilecegini gostermektedir. Buna gore, 5 saglikh birey dogru siniflandirilirken, geri kalan 3
saglikli birey yanlis siniflandiriimigtir. Ayrica, 9 Parkinson hastasi dogru siniflandirilmig, geri kalan 8
Parkinson hastasi ise yanls siniflandiriimistir.

4. Sonug

Bu calismada, Parkinson hastaliginin el yazisi analizi ile teshisine ydnelik bir model geligtirilmigtir.
Sonuglar, modelin %73,33 dogruluk oraniyla makul bir performans sergiledigini ortaya koymaktadir. El
yazisi orneklerinin siniflandiriimasi yoluyla Parkinson hastaliginin teshis edilmesi hedeflenmistir. Ancak
veri teminindeki sinirlamalar nedeniyle kullanilan veri setinin boyutu kiiguk kalmis, bu da sonuglarin
genelleme yetenegini kisitlamistir.

Model, VGG16 tabanli bir CNN kullanilarak Transfer Ogrenme ve veri artirma teknikleri ile
desteklenmistir. Asirni 6grenmeyi engellemek amaciyla L2 regilarizasyon ve dropout gibi teknikler
uygulanmistir. Egitim sureci sonunda elde edilen %73,33 dogruluk orani, modelin genel teshiste tatmin
edici bir performans sergiledigini géstermektedir. Ancak validation loss degerinin ylksek kalmasi,
modelin iyilestiriimesi gerektidine ve ek regllarizasyon ydntemlerinin kullanilabilecegine isaret
etmektedir.

Sonug olarak, bu bulgular modelin Parkinson hastaliginin teshisinde kullanilabilecegini goéstermektedir.
Ancak daha fazla ve Kkaliteli veri ile modelin performansi artirilabilir ve genelleme kapasitesi
ivilestirilebilir. Gelecekte vyapilacak calismalar, modelin daha genis c¢apta klinik ortamlarda
uygulanabilirligini test etmek ve performansini gelistirmek amaciyla daha buyik veri setleri Gizerinde
odaklanmalidir.
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PV/Termal Sistemlerinde Termal Yonetim i¢in Olasi
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OzZET

Mevcut PV teknolojisiyle iliskili distk verimlilik sorununun tam olarak ele alinabilmesi i¢in diinyadaki
arastirmacilar ve akademisyenler tarafindan fotovoltaik-termal veya PV/T sistemlerinin potansiyeli
hakkinda bircok arastirma gerceklesmis ve calismalar devam etmektedir. Bu hibrit PV/T sistem tabanl
teknolojinin gegmisi 30 yila dayanmakta olup PV/T kelimesi [PV (fotovoltaik) +T (termal)] kelimelerinden
olusmaktadir. PV hicrelerinde atik i1sI olarak dagitilan ve PV hicrelerinin verimliliginde azalmaya neden
olan gines 1siniminin verimli bir sekilde kullanilmasi amaglanmaktadir. Bu calismada, PV/T
kollektorlerinde termal yonetim icin mevcut olan hava bazli, sivi bazli, faz degisim malzemesi (FDM)
bazli ve 1s1 borusu bazl termal yontemler ele alinmaktadir.

Anahtar Kelimeler: Fotovoltaik-termal (PV/T), faz degisim malzemesi (FDM), 1sI borusu

1. Girig

Fotovoltaik-termal (PV/T) teknolojisinin igerigi, PV moddullerinin galisma sicakhiginin disurilmesi,
sistemin genel enerji verimliliginin iyilestiriimesi ve alan gereksiniminin ve sistem maliyetinin en aza
indirilmesi olarak gruplandirilabilir. Olasi uygulamalariyla birlikte farkh PV/T tekniklerinin kategorik
aciklamasi Sekil 1°de gdsterilmigtir.

PV modiillerinin
galisma sicakhigini

disurmek
Neden Enerji
PV/T verimliliginin
iyilestirilmesi
Alan

gereksinimini ve
sistem maliyetini
en aza indirmek.

Sekil 1. PV/T tekniklerinin kullanim amaci.

Fotovoltaik termal veya PV/T sistemleri, PV panellerinin galisma sicaklidini istenen aralikta tutan ve isi
ve elektrik isi Ureten entegre sistemlerdir. Hiicre sicakligindaki artisin PV modullerinin performansini
disdrdagu, PV moddllerinin gelen gines 1siniminin yalnizca %5-20'sini yararl ise donusturdugu ve
Isinimin dnemli bir kisminin 1siya déntserek PV hicrelerine zarar verdigi calismalarla kanitlanmistir [1-
3]. PV modilinin arka tarafina yerlestirilecek uygun bir mekanizma ile PV modilinin ¢alisma
sicakhgini artiran atik/fazla isinin kullaniimasi PV/T sisteminin ¢alisma prensibini ortaya ¢ikarmaktadir.
Uygun termal yonetim olmadiginda PV modulinin yizey sicakligi 85 °C’ye kadar ¢ikabilmektedir [4].
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Hava, sivi, FDM ve is1 borusu ile 6zellikle binalarda kullanilan PV/T teknikleri Sekil 2'de kategorik olarak
gOsterilmistir. Bir fotovoltaik panel ile diz plakali bir gines termal kollektdérinin tek bir Unitede
birlestiriimesiyle PV/T sistemleri olusturulmaktadir.

PV/T

Tip y { Uygulamalar

| |
ISI o b o | b o | b
REVE] . Giines Termaslektrik
bazl borusu Bina damitma jeneratar
azll bazh e y L y L y

Sekil 2. Farkh PV/T tekniklerinin kategorik agiklamasi.

2. Termal Enerji Yonetimi i¢in PV/T Sistemlerinin Farkh Teknikleri

Termal enerji ydnetimi igin mevcut teknikler su sekilde siralanabilir:
- Hava bazl PV/T sistemleri
- Sivi bazh PV/T sistemleri
- FDM bazh PV/T sistemleri
- lIsI borusu bazli PV/T sistemleri

2.1. Hava Bazli PV/T Sistemleri

Bu sistemler 1si transferi igin havayi kullanir. Havanin kitle akis hizi, hiicre sicakhgini disirmede ve
sistemin genel enerji verimliligini artirmada 6énemli bir rol oynamaktadir. Fakat bu sistemlerin en biyik
dezavantaji isil iletkenligin dusik olmasi ve buyik hacimli havayi islemenin zorlugudur. Saygin vd.
tarafindan yapilan galismada PV paneli termal emici yerine bir hava toplayicisinin (i¢ ylzeyleri siyah
boyali, 2 cm kalinhginda ahsap bir gergeve) icine yerlestiriimistir [5] (Sekil 3). Modiliin Ustiinde ve
altinda hava akisini en iyi sekilde dizenleyerek fazla isiy1 termal uygulamalar igin kullanmayi
amaglamislardir. PV paneli ile hava toplayicinin cam kapagi arasini farkli mesafelerde (3, 5 ve 7 cm)
tutarak deneyler gergeklestirmislerdir. Mesafenin 5 cm oldugu sistemde en yliksek elektriksel verim elde
edilirken 3 cm mesafenin oldugu sistemde en yuksek termal verimlilik elde edilmistir.
Data Loggers

Upper and lowet‘gaps

/N

Glass cover

v pon\ol\\\ T-type Thermocouples

Pyranometer

7 4

Multimeter

Sekil 3. Hava bazl PV/T kollektoriiniin deneysel kurulumu [5].
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2.2. Sivi Bazh PV/T Sistemleri

Bu sistemler farkli emici ve akigkan tirlerine sahip oldugundan termal diizenleme igin en genis teknik
secenekleri sunmaktadir [6]. Hava bazl sistemler ile karsilastirildiginda daha yiksek isil iletkenlikleri ve
daha az hacim gereksinimlerinden dolayr daha avantajlidir. Khelifa vd. ¢alismalarinda PV'nin arka
kismina entegre edilmis bir levha ve boru tipi termal emici ile su isitma amaciyla bir hibrit PV/T sistemi
olusturmuslar ve matematiksel modelini gergeklestirmiglerdir [7] (Sekil 4). Onerilen sistem, PV moddilQ,
Ust cam kapak, tedlar tabakasi, galvanizli gelikten yapilmis 130 cm uzunlugunda levha ve boru tipi
termal emiciden olusmaktadir. Isi transfer akiskani olarak su kullaniimis ve isil kayiplari en aza indirmek
icin sistemin alt ve yan kisimlarina yalitim saglanmistir. Sonug olarak, PV'nin g¢alisma sicakliginda
Onemli bir azalma (%15-20) gorilurken, suyun c¢ikis sicakhdinin 24 °C'den 40 °C'ye ciktidi
g6zlemlenmisgtir.

Glass

Cell PV

Sekil 4. Su isitma igin hibrit PV/T sistemi [7].

Sivi akigkanlardan olan nano akigkanlar, degisen sekilleri, boyutlari ve tipleriyle istenen isi transferi ve
1sil iletkenlik araligina ulagsmak daha etkindirler. Daha iyi bir isil dizenleme ic¢in birden fazla nano
parcacigin bir baz akigkanla birlikte kullanimi ise bagka bir yontemdir ve suda asili nano pargaciklardan
olugsmaktadir [8]. Karami ve Rahimi [9] ¢alismalarinda nano akiskan [su+Boehmit (AIOOH-xH O) 2 ]
bazl PV/T sistemini diz ve sarmal akis kanallari igin incelemislerdir (Sekil5). Sonuglar, nano akigkanin
kullaniminin PV modulinin ¢alisma sicakhigini énemli dlgide azalttigini, diz kanal ve sarmal kanal
tasarimi icin en ylksek modil sicaklik disUmindn sirasiyla 18,33 °C ve 24,22 °C oldugunu
gostermektedir. Ayrica elektriksel verimliliinin sirasiyla %20,57 ve %37,67 oldugu bulunmustur.

(a) ®)
Sekil 5. (a) Duz kanal akis tasarimi (b) sarmal kanal akis tasarimi [8].

2.3. Faz Degisim Malzemesi (FDM) Bazli PVIT Sistemleri

Son yillarda termal enerji yonetimi tabanli uygulamalarda FDM kullanimi olduk¢a yayginlagmistir.
FDM'nin termal enerji transferi, malzemenin durumunun veya fazinin sividan katiya veya katidan siviya
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degistidi sarj veya desarj (eritme veya katilagsma) islemi sirasinda meydana gelir. Baglangigta bir FDM,
doymus durumuna yani erime/katilasma durumuna kadar duyarli bir sekilde isitilir, ardindan FDM
tamamen eriyene kadar sabit sicaklkta gizli i1sisini emer [9]. Stropnik ve Stritih [10], fotovoltaik panelin
elektriksel verimliliginin ve gug¢ ¢ikisinin faz degisim malzemeleri (FDM'ler) kullanilarak artirilabilecegini
incelemigtir. Sekil 6, referans PV ve PV-FDM kullanilarak yapilan deneysel kurulumu gdstermektedir.
Gln boyunca PV-FDM sisteminin panel ylzeyinde gézlemlenen maks. sicaklik farkinin referans PV
panel yuzeyindeki maks. sicaklik farkindan 35,6 °C daha fazla oldugu sonuglarla ortaya ¢ikmistir. Ayrica
PV-FDM sisteminin elektrik ¢iktisinda yillik %7,3'lik bir artis olacadi hesaplamalarda elde edilmistir.

(a) (b)
Sekil 6. (a) Geleneksel PV ile (b) FDM kullanilarak modifiye edilmis PV ile kurulum [10].

2.3. Is1 Borusu Bazli PV/T Sistemleri

Isil performans elde etmek igin kullanilan yontemlerden biri de 1si borusu tabanh PV/T sistemleridir. Atik
1s1 iletken malzeme ile PV modulini i1s1 borusunun buharlastirici kismina baglanir ve bdylece Uretilen
buhar daha az yogun olarak bir 1si borusunun kondenser bélimine dogru kaldirihr ve bdylece gizli
Isisini serbest birakir. Yogunlasan sivi ise buharlastirici bélimine geri diserek 1s1 transfer dongisi
devam eder [11]. Hu vd. farkli egimdeki termal performansini degerlendirmek Uzere iki tip 1s1 borusu
tabanli PV/T sistemi 6nermistir: fitilsiz ve tel 6rgid [12]. Calismaya ait deneysel kurulum Sekil 7°de
gOsterilmistir. Bu sistemde atik 1s1, I1s1 borusunun buharlagsma bélumune iletilir ve daha sonra
yogunlasma bolim araciligiyla sogutma suyu borusuna aktarilir. Sonug olarak fitilsiz 1s1 borulu sistemin
tel 6rgulu sisteme gore edim agisina daha duyarl oldugu bulunmustur. Termal verimlilikler 40 °C egim
agisinda fitilsiz ve tel 6rglll 1s1 borusu igin sirasiyla % 52,8 ve % 51,5 bulunmustur.

water inlet copper sheathing

cooling water pipe

insulation layer

heat pipe

1500 mm

aluminum plate

PV cells

880 mm

Sekil 7. Isi borusu bazli su 1sitma sisteminin semasi [12].
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4. Sonuglar ve Degerlendirme

Mevcut ¢alisma, PV/T kollektdrlerinde termal enerji ydnetimi alanindaki yontemlerin degerlendirmesini
sunmaktadir. PV/T tabanli sistemler tek bir entegre Unitede is1 ve is Ureten, bdylece eneriji tasarrufu ve
daha yiksek enerji verimliligi elde etmek igin uygulanan yéntemlerdir. incelenen tekniklerin 2010
yllindan sonraki kullaniminin grafiksel gosterimi $ekil 8'de gdsterilmektedir [13]. Sivi bazli PV/T
sistemlerinin, verimli termal yonetim acisindan hava bazli PV/T sistemlerinden daha verimli oldugu
anlasiimaktadir. FDM ve 1sI borusu bazli PV/T sistemleri ticari amaglarla kullaniimak lGzere daha da
gelistiriimesi gerektigi anlasiimaktadir.

a5

40 » Hava bazli PV/T

35

30 = Sivi bazh PV/T

25

20 e FDM bazh PV/T
15 16%

ICS) 46% ® Ist borusu bazl PV/T
0 28%

IS9PZNA Wiue|ny ULSyIuyaL

PV/T sistemlerinin siniflandiriimasi

Sekil 8. incelenen tekniklerin 2010 yilindan sonraki kullaniminin grafiksel gésterimi [13].
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OzZET

Yenilenebilir enerji kaynaklari (YEK), bireylerin yagsam kalitesini artiran ve ¢evresel etkileri azaltan temel
bir unsurdur. Muhendislik egitiminde bu kaynaklarin dgretiimesi, gelecedin uzmanlarini yetistirmek
agisindan buylk énem tasimaktadir. Ancak mevcut egitim programlarindaki eksiklikler, strdurulebilir
enerji hedeflerine ulagsmay! zorlastirmaktadir. Yenilenebilir enerji egitimi, farkindaligi artirmak ve
bireyleri sektdre aktif katilima ydnlendirmek igin kritik bir rol oynamaktadir. Ulke érnekleri, yenilenebilir
enerji konularinin egitim sistemlerine entegrasyonunun 6nemini gdstermektedir. Sonug olarak,
yenilenebilir enerji egitimi, hem teknik bilgi saglamakta hem de bireylerin bu alandaki rollerini etkin bir
sekilde Ustlenmelerine yardimci olmaktadir.

Anahtar Kelimeler: Yenilenebilir enerji kaynaklari, egitim, farkindalik, strdardlebilirlik

1. Girig

Enerji hem bireylerin hem de toplumlarin yasam kalitesini dogrudan etkileyen temel bir unsurdur. Ginlik
hayatimizda kullandigimiz her sey, enerji tliketimiyle baglantidir; bu nedenle, enerji verimliligi ve
surdurdlebilir kaynaklarin kullanimi blylk énem tasir. Yenilenebilir enerji kaynaklarina gegis, ¢evresel
etkileri azaltmanin yani sira, ekonomik buyimeyi destekleyerek yeni is olanaklari yaratir. Ayrica,
enerjiye erisim, egitim, saglk ve toplumsal esitlik gibi temel haklarin saglanmasinda kritik bir rol oynar.
Dolayisiyla, enerji yonetimi ve kullanimi, gelecegimizin sekillenmesinde belirleyici bir faktorddr.
Muhendislik egitiminde yenilenebilir enerji kaynaklarinin 6gretilmesi, gelecegin surdurdlebilir
¢ozumlerini gelistirecek uzmanlarin yetistiriimesi agisindan hayati bir éneme sahiptir. Enerji talebinin
giderek arttigi ve iklim degisikligi gibi acil sorunlarin bas goésterdigi glinimuzde, mihendislerin
yenilenebilir enerji teknolojileri konusunda bilgi sahibi olmalari hem c¢evresel etkileri azaltma hem de
enerji glvenligini saglama konusunda kritik bir rol oynamaktadir. Egitim programlarina entegre edilen
yenilenebilir enerji dersleri, 6grencilere bu alandaki yenilikleri takip etme, tasarim becerileri gelistirme
ve enerji sistemlerini entegre etme yetenegi kazandirir. Bdylece, mezunlar, temiz ve surdUrulebilir ener;ji
¢6zUmleri sunarak topluma katkida bulunabilirler.

Yenilenebilir enerji egitiminin énemi, farkindalik yaratma, uzmanlik gelistirme ve bireyleri yenilenebilir
enerji sektorune aktif katilima yénlendirme gerekliligiyle dogrudan iligkilidir. Bu baglamda, mevcut egitim
eksiklikleri endise verici bir durum teskil etmektedir. Yenilenebilir enerji hedeflerine ulagsmak ve iyi
donaniml bir is gliclinl tesvik etmek amaciyla, bu géz ardi edilen unsurlari ele almak ve egitim bilesenini
stratejik planlamaya entegre etmek son derece kritiktir. Kapsamli ve stirdirilebilir bir yaklagim, yalnizca
teknik bilgi sunmakla kalmayip, ayni zamanda bireylerin bu alanda etkin bir sekilde rol alabilmesi igin
gerekli yetkinlikleri kazandirmayi da hedeflemelidir.

Egitim, farkindaligi artirmak, bireyleri egitmek ve sektor aktdrlerini yenilenebilir enerjileri benimsemeye
ve tesvik etmeye hazirlamak agisindan bu enerji gegisinde kritik bir rol oynamaktadir [1]. Yenilenebilir
enerji egitimi, okullarda ve Universitelerde sunulan 6rgiin egitimden mesleki egitime, yerel topluluklarda
gerceklestirilen yaygin editimden halk arasinda farkindalik olusturma faaliyetlerine kadar genis bir
yelpazeyi kapsamaktadir [2]. Bu ¢ok yonli yaklasim, toplumun her kesiminin yenilenebilir enerji
kaynaklari hakkinda bilgi sahibi olmasini sadlayarak, strdurilebilir enerji gdzimlerinin benimsenmesini
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ve uygulanmasini tesvik etmektedir. Birgok Ulkede YEK blylk 6nem tasimaktadir. Almanya,
yenilenebilir enerji egitimi konusundaki en iyi uygulamalariyla sikca érnek gosteriimektedir; Ulke,
yenilenebilir enerji konularini okul, tUniversite ve mesleki egitim mufredatina entegre eden sagdlam bir
egitim sistemi gelistirmistir [3]. Danimarka ise, yenilenebilir enerji alaninda arastirma ve gelistirmeyi
tesvik etmeye yonelik egitim programlar olusturmus, bu sayede 6zellikle agik deniz riizgar sektérinde
inovasyonu ve buyimeyi desteklemeyi amacglamaktadir [4]. Japonya, enerji sorunlari konusundaki
farkindalig1 artirmayi ve yenilenebilir enerji kaynaklarinin, dzellikle gines ve rizgar enerjisi gibi
kaynaklarin benimsenmesini tesvik etmeyi hedefleyen egitim programlarini benimsemistir [5]. Amerika
Birlesik Devletleri ise, 6grencileri, 6gretmenleri ve topluluklari yenilenebilir enerjinin faydalari konusunda
bilgilendirmeyi ve bu kaynaklarin benimsenmesini tesvik etmeyi amaglayan ulusal, eyalet ve yerel
diizeyde cesitli yenilenebilir enerji egitim girisimleri gelistirmistir. Ayrica, ABD'deki Universiteler ve
kolejler, yenilenebilir enerjiyle ilgili cok gesitli teknolojiler ve uygulamalar tzerine egitim sunmaktadir[6]

1.2. Literatiir Ozeti

Yenilenebilir enerji egitimi, sudrdurilebilir enerji sistemlerinin gelisimi agisindan kritik bir rol
oynamaktadir. Egitim programlari, hem teknik bilgi hem de toplumsal farkindali§i artirarak bireylerin ve
topluluklarin yenilenebilir enerji ¢dzimlerine gegis yapmalarini tesvik etmektedir. Ayrica, bu alandaki
arastirmalar, yenilenebilir enerji teknolojilerinin nasil daha etkili bir sekilde &gretilebilecegi ve bu
teknolojilerin toplumda benimsenmesini artiracak stratejilerin gelistiriimesi Uzerinde yogunlagmaktadir.
Yenilenebilir enerji egitimi, sadece muhendislik ve teknik bilgi ile sinirli kalmayip, ayni zamanda politika,
ekonomi ve gevre bilimi gibi disiplinleri de igermektedir. Yenilenebilir enerji egitimi, hem bireyleri hem de
toplumlari gelecegdin surdurdlebilir enerji gdzimleri hakkinda bilinglendirmek igin dnemli bir aragtir. Bu
alandaki gelismeler, enerji ddnisimine ve iklim degisikligiyle miicadeleye katkida bulunacak stratejik
yaklasimlarin temelini olusturacaktir.

Literatlir, gelismekte olan ekonomilerde kentlesme, egitim ve yenilenebilir enerji tiiketimi arasindaki
iliskiye dair 6nemli bulgular vurgulamaktadir. Fang vd. [7], kentlesme ve ekonomik kiresellesmenin
hem yenilenebilir hem de yenilenemeyen enerjiye olan talebi azalttigini, buna karsin gelir dizeyi ve
ilk/orta 6gretimin eneriji talebini olumlu yonde etkiledigini ortaya koymustur.

Garg ve Kandpal [8], yenilenebilir enerji egitimi ve gelismekte olan llkelerdeki zorluklara odaklanan bir
calisma gergeklestirmistir. Yenilenebilir enerji ve kullanimina yonelik egitim imkanlarinin, her yastan
egitimli insan glcunlin saglanmasi agisindan kritik oldugu ifade edilmigtir. Ayrica, bu Ulkelerde lisans
dizeyindeki egitim ile mezuniyet sonrasi kurslarin yeterli dizeyde olmadigina dikkat cekilmigstir.
Gelismekte olan Ulkelerde, yeterli bilgi edinmek isteyenlerin bagka Ulkelere gitmesi yaygindir.
Yenilenebilir enerji alanindaki engellerden biri, bu Ulkelerdeki yiksek igsizlik potansiyelidir. Bu sorunun
asllmasi igin, yenilenebilir enerji konusunda egitim almig bireylere ihtiya¢ oldugu belirtilmistir. Ayrica,
yenilenebilir enerji konusunun miufredata yasa gobre siniflandirilarak eklenmesi gerektigi
vurgulanmaktadir. Yazarlar, gelismekte olan ulkelerde materyal eksikligi ve hizli artan eneriji talebinin
yenilenebilir enerji egitimini zorlastirdigini ifade etmektedir. Bu nedenle, egitim programlarinin titizlikle
planlanmasi ve konunun tim yonleriyle anlasiimasi gerektidi belirtiimektedir. Yenilenebilir enerji
kaynaklari alaninda etkili bir egitim surecinin olusturulmasinin zaman alacagdi sonucuna varilmigtir.
Kandpal ve Garg [9], yenilenebilir eneriji ile ilgili bir ders mufredati taslagl olusturmayi amaglamiglardir.
Yazarlar, toplumun karsilastigi sorunlara ¢6zim bulmanin en etkili yollarindan birinin egitim olduguna
inanmakta ve yenilenebilir enerji egitiminde bilgilendirici ve vyaratici yaklagimlarin dnemini
vurgulamaktadir. Ayrica, enerji egitiminin hedef kitlesinin tim toplumu kapsamasi gerektigini
savunmaktadirlar. Enerji egitiminin hedefleri su sekilde siralanmaktadir:

-Ogrencilerde mevcut enerji krizinin dogasi ve nedenleri hakkinda farkindalik olugturmak.
-Yenilenebilir ve yenilenemeyen enerji kaynaklarinin gesitleri hakkinda bilgi sahibi olmalarini saglamak.
-Ogrencilerin enerji kaynaklarina yoénelik tutum ve degerlerini degistirmek.

-Politika 6nlemleri ile ilgili farkli enerji turlerinin sonuglarini anlamalarina yardimci olmak.

-Gelecekte enerji krizini gdzmeye yonelik alternatif stratejiler nermelerini saglamak.

Yazarlara gore, yenilenebilir enerji egitimi okullarda, kolejlerde, Universitelerde ve diger akademik
kurumlarda farkli seviyelerde sunulmalidir. Sertifika ve diploma programlari, yenilenebilir enerji
sistemlerinin Uretimi, donanimi ve bakimi igin 6zellestiriimis egitimle desteklenmelidir. Dért yillik enerji
muUhendisligi programlari, bu alandaki insan gicu ihtiyacini karsilamak tzere yenilenebilir enerji ve
korunumu ile ilgili dersler icermelidir. Gelismekte olan Ulkelerde, 6zellikle Hindistan'da, Universite
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dizeyinde yenilenebilir enerji egitim programlari artmakta ancak bu alana ydnlendirme yetersiz
kalmaktadir. Yenilenebilir enerji mifredatinin uygun disiplinler gz éniinde bulundurularak hazirlandigi,
ancak gelistiriimesine ydnelik cabalarin az oldugu ifade edilmistir. Ayrica, Universite dlizeyinde bagimsiz
lisans derslerinin 6nerilmesi ve egitim materyalleri ile uygun ders kitaplarinin Snemine vurgu yapilmigtir.
Yazarlar[ 10], 6grenciler arasinda eneriji krizinin dogasi hakkinda farkindalik yaratmayi, yenilenebilir ve
yenilenemeyen enerji kaynaklari hakkinda bilgi vermeyi, yenilenebilir enerjinin topluma etkilerini
degerlendirmeyi 6gretmeyi hedeflemektedir. Enerji egitiminin 6zellikle fizik ve mihendislik bélimlerinde
yer almasi gerektigini savunmuslardir.
Benchikh [11], kuresel yenilenebilir enerji egitimi ve 6gretim programlarini ele aldigi ¢alismasinda,
mevcut ve gelecekteki enerji ihtiyaclarina vurgu yaparak, yenilenebilir enerji egitiminin dnemini
vurgulamistir. Yenilenebilir enerji uzmanlarinin yetistirimesinde ¢ok disiplinli bir egitim gerekliligi
belirtiimistir. Bu bilgiler, mevcut yenilenebilir enerji kapasitesi ile gelecekteki potansiyeli ve bu bilgilerin
pratikte nasil kullanilacagina yodneliktir. Yazar, enerji uzmanlarinin egitim programlarinin dzenle
hazirlanmasi gerektigini belirtmis ve enerjinin toplumlar igin kritik bir ihtiyag oldugunu vurgulamistir.
Ayrica, gelecekteki ekolojik riskler ve ekonomik politikalar nedeniyle yenilenebilir enerjiye olan ihtiyacin
artacagina dikkat gekilmistir. Bu durumun Ustesinden gelmek icin iyi egitimli uzmanlarin yetistiriimesi
gerektigi, ancak mevcut egitim programlarinin yetersiz kaldigi belirtiimistir. Yenilenebilir ener;ji
konusunun énemine yeterince vurgu yapilmadidi, Universite programlarinin bu alanda uzmanlagsmadigi
ve genel olarak bilgilendirme eksikligi oldugu da ifade edilmistir.
Bhattacharya [12], Gniversite dlzeyinde yenilenebilir enerji egitimine ve bu alanin giderek artan dnemine
dikkat gcekmistir. Jain ve arkadaslari [13], Botsvana'da yenilenebilir enerji egitiminin gereksinimlerini,
mevcut durumu ve énerilen egitim programlarini inceleyen bir calisma yapmislardir. Zografakis ve ekibi
[14], 6grencilerin ve ebeveynlerin enerjiyle ilgili davranislarini kaydederek, farkli egitim dizeylerindeki
enerji tutumlarini tanimlamis ve bu davraniglarin enerji egitimine katkilarini ortaya koymustur. Jennings
[15], yenilenebilir ener;ji bilimi, mihendisligi, politikasi ve teknisyeni egitimine dair dersleri tanimlamis ve
bu alanda arastirma yapan uzmanlarin egitimi Gzerine tartigsmalar yapmistir.
Kandpal ve Broman [2], her diizeyde yenilenebilir enerji egitimine duyulan ihtiyacin kiresel olarak
taninmasi Uzerine bir galisma gergeklestirmistir. Arastirmalari, son otuz yilda diinya genelinde birgok
ulkede vyenilenebilir enerji teknolojileri ve ilgili konularda universite programlarinin kurulmasini
vurgulamaktadir.
Lucas vd.[16], yenilenebilir enerji pazarinin beklenen gelisimini engelleyen nitelikli insan kaynagi
eksikligini incelemis, dinya genelindeki egitim arzini anlamak igin yenilenebilir enerjiyle ilgili kiiresel
verileri analiz etmistir. Bulgular, bu eksikligin 6zellikle gelismekte olan llkelerde belirgin oldugunu ve
egitim sistemi ile sanayi talebi arasindaki uyumsuzlugu ortaya koymaktadir. Ayrica, mufredatin
uygunlugundaki tutarsizliklari tespit etmis ve gevrimici egitime dogru bir kayma g6zlemlemigtir.
Zhang vd.[17] ise, kisi bagina dusen petrol rezervlerinin yenilenebilir enerji politikasi gelisimi ile negatif
bir korelasyon gosterdigini, egitim ve siyasi kiresellesmenin ise enerji verimliligi ve yenilenebilir ener;ji
politikalarini olumlu yénde etkiledigini gdstermistir. Bu galismalar, eneriji tiketimini ve politika kararlarini
sekillendiren kentlesme, egitim ve kiresellesmenin karmasik etkilesimini vurgulamaktadir.
Daoudi [18], Fas baglaminda yenilenebilir enerji egitiminin, 2030 Enerji DéntgumuU Projesi igindeki
Onemini degerlendirmektedir. Makalesi, enerji gegisini yonlendirmede egitimin rolli ve belirli hedef
gruplara yonelik egitim girisimlerini inceler. Ayrica, pedagojik yaklasimlar, égrenme araclar ve
egitmenlerin ihtiyag duydugu egitim konularini arastirir. Makalede Fas’taki Surdurilebilir Kalkinma
Hedefleri (SDG'ler) Uzerindeki etkileri ile birlikte, toplum katihmi ve farkindahigin 6énemi de
vurgulanmaktadir.

2. Universite Egitimi

Yiksekogretim ve arastirma kurumlari, yenilik¢i enerji teknolojileri, enerji politikalari ve yenilenebilir
enerji kaynaklarinin (YEK) sosyo-ekonomik etkileri izerine kapsamli ve ¢ok disiplinli ¢alismalar
yuritmektedir. Bu kurumlar, yenilenebilir enerji sistemlerinin tasarimini, uygulanabilirligini ve etkisini
inceleyerek, enerji gegisini destekleyen yeni ¢ozimler gelistirmeyi amaclamaktadir. Ayrica, ener;i
politikalarinin olusturulmasinda kritik rol oynayan veri ve analiz saglamakta, bu alandaki en iyi
uygulamalari ve stratejileri belirlemektedir.
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Bu arastirmalar, hem yerel hem de kiiresel diizeyde sirdurilebilir kalkinma hedeflerine ulagiimasina
katkida bulunmakta, enerji givenligi, ekonomik buyime ve ¢evresel surdirulebilirlik gibi konulara isik
tutmaktadir. Bdylece, yuksekdgretim ve arastirma kurumlari, yenilenebilir enerji alaninda bilingli kararlar
alinmasini saglayacak bilgi birikimini olugturarak, toplumun enerji doniisim sureglerine etkin bir sekilde
katilmasini tesvik etmektedir. Bu ¢abalar, sektdrde yeni bilgi ve inovasyonun olusturulmasina énemli
katkilar saglamaktadir[19]. Egitim ve arastirma sureclerinin entegrasyonu, hem teorik bilgilerin pratige
dénusturdlmesine hem de sektdrdeki yenilikgi uygulamalarin gelistiriimesine zemin hazirlamaktadir. Bu
baglamda, akademik kurumlarin rold, strddrulebilir enerji gdzimlerinin tasariminda ve uygulanmasinda
kritik bir 6neme sahiptir.
Birgok yUksekdgretim kurumu, enerji sistemleri mihendisligi, enerji yonetimi, elektrik mihendisligi ve
diger ilgili disiplinler gibi alanlarda lisans, ylksek lisans ve doktora dizeylerinde kapsamli dereceler
sunmaktadir [20]. Bu programlar, 6grencileri derinlemesine teknik bilgi ve becerilerle donatmayi ve ayni
zamanda yenilenebilir enerjinin ekonomik, sosyal ve gevresel yonlerinin anlasiimasini tesvik etmeyi
amaglamaktadir. Bu yuksekdgretim programlari araciligiyla égrenciler, yenilenebilir enerji sistemi
tasarimi, uygulamasi ve bakimi gibi alanlarda uzmanlk kazanirlar. Ayrica enerji politikasi, ener;ji
ekonomisi, cevresel etki degerlendirmesi ve sudrdurilebilir kalkinma hakkinda bilgi edinirler. Bu
multidisipliner yaklasim, mezunlarin yenilenebilir enerji konusunda butlinsel bir anlayisa sahip olmalarini
ve sektérdeki karmasik zorluklari ve firsatlari ele almak icin iyi hazirlanmalarini saglar.
Enerji sistemleri mihendislidi, enerji ydnetimi, elektrik mihendisligi ve ilgili alanlarda sunulan lisans,
yuksek lisans ve doktora programlari, 6grencilere hem derin teknik bilgi hem de ekonomik, sosyal ve
cevresel perspektifler kazandirmayl amacglamaktadir. Bu programlar, yenilenebilir enerji sistemlerinin
tasarimi, uygulanmasi ve bakimi gibi pratik becerilerin yani sira enerji politikasi, enerji ekonomisi ve
surdurdlebilir kalkinma konularinda kapsamli bilgi sunar.
Multidisipliner bir yaklasim benimseyen bu egitim programlari, mezunlarin yenilenebilir ener;ji
sektoriindeki karmasik zorluklarla basa ¢ikabilmelerini saglarken, ayni zamanda sektérdeki firsatlar
degerlendirebilecek yetkinlikte olmalarini da tesvik eder. Bu baglamda, 63renciler sadece teknik birikim
kazanmakla kalmaz, ayni zamanda ¢evresel etki degerlendirmesi ve surdurulebilirlik ilkeleri hakkinda
derinlemesine anlayis geligtirirler.

3. Turkiye’de Yenilenebilir Enerji Egitimi

Acikgdz [21], Turkiye'deki yenilenebilir enerji editimi Uzerine bir arastirma yapmis ve bu egitimlerin
Ulkemizdeki ve dinya genelindeki yenilenebilir enerji kaynaklarinin gelecegde aktariimasindaki énemini
vurgulamigtir. Enerji konusunun muahendislik disiplinlerinde yeterince derinlemesine islenmedigini,
yalnizca yuzeysel yonlerin ele alindigini gézlemlemistir. Bu nedenle, daha ayrintili bir egitim modeline
ihtiyac oldugunu savunmaktadir. Ayrica, halkin farkindahdini artirmak icin okul seviyesinde temel
kavramlarin Ogretilmesi ve kisa sureli kurslar ile kitle iletisim araglarinin kullaniimasinin faydali
olabilecegini belirtmistir. Universite diizeyinde enerji teknolojileri egitiminin verilmesi gerektigini ve
yuksek lisans seviyesinde daha derin bilgi aktariminin saglanmasinin 6nemini vurgulamistir. Son olarak,
yenilenebilir enerji alaninda kisa sureli egitimlerin de énemli oldugunu ve bu tir ¢calismalara destek
verilmesinin yayginlagsma acisindan faydali olabilecegini ifade etmigtir.

Kecebas ve Alkan [22], resmi ve gayri resmi egitim yontemlerini ele alarak yenilenebilir enerji egitiminin
6nemini vurgulamistir. Yumurtaci ve Kecgebas [23], Turkiye'de yenilenebilir enerji sistemlerini ve
yuksekoégrenim kurumlarindaki egditimi tesvik etmek icin gerekli eylemleri tartismig, mevcut egitim
yetersizliklerini aciklamig ve iyilestirme énerileri sunmustur.

Karabulut ve arkadaslari [24], Turkiye'deki Universitelerde yenilenebilir enerji egitimi Uzerine bir
arastirma gercgeklestirmistir. Bu ¢alismada, yenilenebilir enerji kaynaklarinin 6gretimi hakkinda bilgi
edinmek amaciyla olusturulan bir anket, ¢esitli iniversitelerde 6grenim géren 6grencilere uygulanmistir.
Arastirma bulgulari, jeotermal, gines ve rizgar enerjisi gibi konularin yiliksek lisans diizeyinde
ogretildigini, diger yenilenebilir enerji kaynaklarinin ise lisans seviyesinde verildigini gdstermistir. Ancak
lisans dlzeyindeki egitimin, 6grencilerin ilgisini ¢gekmekle sinirh kaldigi tespit edilmigtir. Ayrica,
yenilenebilir enerji konusundaki en kapsaml bilgilere muhendislik fakultelerinde ulasildigi, ancak bu
bilgilerin genellikle yizeysel ve ansiklopedik dizeyde oldudu anlasiimistir. Bu bulgular dogrultusunda,
Turkiye'deki Universitelerde yenilenebilir enerji egitiminin yeterli seviyede olmadidi sonucuna variimistir.
Bu durum, mezunlarin pratik becerilerinin yetersiz kalmasina ve dolayisiyla igsizlik sorunlarinin ortaya
cilkmasina yol acmaktadir. Ayrica, yenilenebilir enerji egitiminde kullanilan materyallerin
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hazirlanmasinin ve edinilmesinin maliyetli oldugu da belirtiimistir. Sonug olarak, yenilenebilir ener;ji
egditimi icin 6zel bir programin eksikligi ve bu egditimi verecek uzmanlarin azlig1 vurgulanmigtir. Arastirma,
yenilenebilir enerji egitiminin yetersiz oldugunu ve bu alana daha fazla énem verilmesi gerektigini ortaya
koymustur. Kegebas ve Alkan [25], c¢alismalarinda, Turkiye'de her yas grubuna uygun egitim
programlarinin gelistiriimesine yonelik 6neriler ve beklentiler sunmus, ayrica halkin farkindaligini
artirmaya yonelik programlar énermislerdir.

4. Yenilenebilir Enerji Endiistrisinde Egitimin Rolu

Egitim, sdrdurdlebilir bir toplumun gelisiminde kritik bir rol oynamakla birlikte, yenilenebilir ener;ji
muhendisligi egitiminde de dnemli bir yere sahiptir. Bu egitim, sosyal dedisimi tesvik eden bir arag
olarak, yeni teknolojiler hakkinda farkindalik olusturur ve mihendis adaylarina gerekli bilgi ve becerileri
kazandirir.

Yenilenebilir enerji mihendisligi editimi, hem teknolojilere giiven olusturarak hem de bu teknolojilerin
etkili bir sekilde kullaniimasini saglayarak topluma katkida bulunur. Ancak, yenilenebilir enerji endistrisi,
muhendislik egitimine duyulan ihtiya¢ ve bu egitimin pazar gelisimi ile giiven olusturmada oynadigi roli
siklikla g6z ardi etmektedir. Bilgisayar ve havacilik gibi yiuksek teknoloji sektdrlerinde oldugu gibi,
yenilenebilir enerji mihendisligi de egitimle glglendiriimelidir.

Yenilenebilir enerji mihendisligi egitiminde saglanan temel islevler sunlardir:

Kamu bilincini artirarak teknolojiye dair anlayisi derinlestirmek,

Tlketici givenini gelistirmek,

Yenilenebilir enerji sistemlerinin tasarimi, kurulumu ve bakimi igin nitelikli teknik personeli egitmek,
Yenilik¢gi sistemler ve teknolojiler gelistirecek miuhendislerin yetistiriimesi,

Sektér hakkinda bilgi sahibi, etkili politikalar tretebilecek mihendis ve analistlerin yetistiriimesi,
Gelecekteki musterilere danismanlik ve destek saglayacak uzmanlarin egitimi.

Deneyimler, bu alanlara énem veren muhendislik programlarinin, rekabetci ve yuksek teknoloji
pazarinda basarili oldugunu, bilgi ve egitime yatinm yapmay! ihmal edenlerin ise iyi Urtnlere sahip
olsalar bile basarisizlikla karsilastigini gostermektedir.

5. Sonuglar ve Degerlendirme

Yuksek6grenim ve mesleki uygulama sureclerinde surekli ve katilimci egitim saglamak, yaraticihdi ve
yenilikciligi tesvik etmek acgisindan hayati 6neme sahiptir. Bu baglamda, mihendislik fakdlteleri ve
meslek kuruluslari ile etkili bir iletisim ag1 kurmak, kisa vadede ortak seminerler ve yayinlar diizenlemek
gereklidir. Bu tur ig birlikleri, yenilenebilir enerji alaninda bilgi paylasimini ve deneyim aktarimini artirarak
sektérdeki uzmanlagsmay destekleyecektir.

ilerleyen asamalarda, ilgili egitim kurumlarinda enerji ydnetimi, yenilenebilir enerji sistemleri ve
teknolojileri konularinda dersler verilmesi énem arz etmektedir. Ayrica, bu alanlarda tasarimci ve
ureticilerin  egitiimesi ve sertifikalandiriimasi, sektérdeki standartlarin  yUkseltiimesine katki
saglayacaktir. Yenilenebilir enerji ancak kapsamli ve sistematik bir egitimle derinlemesine tanitilabilir;
bu nedenle egitimin igerigi, egitmenlerin nitelikleri, egitim dokimanlari ve materyallerinin kalitesi, egitim
seviyeleri ve diplomalarin gegerliligi kritik konular olarak 6ne ¢ikmaktadir.

Egitim, egitim fakUlteleri, enstitiler ve arastirma merkezleri tarafindan sunulmakta olup, bu kurumlara
bagh alt bélumler araciligiyla yenilenebilir enerji alaninda uzmanlasmis arastirmacilar ve egitimciler ders
vermektedir. Universitelerdeki egitim materyalleri arasinda kitaplar, geviriler, ders notlari ve giincel
arastirma sonuglari yer almaktadir. Ayrica, bilgisayar veri tabanlari, 6zel yazilimlar ve simulasyonlar,
egitim sireclerini destekleyen énemli araglardir. Modeller ve laboratuvar ekipmanlari, pratik deneyim
sag@layarak egitimin kalitesini artirmaktadir.

Yiksekodgrenim kurumlarinin mihendislik veya benzeri bélimlerinde hem lisans hem de yuksek lisans
dizeyinde yenilenebilir enerji konularinda dersler verilmektedir. Bu programlar, 6grencilere yenilenebilir
enerji alaninda daha derin bilgiler sunmayi hedeflerken, sertifika veya diploma veriimemesi, bu alandaki
egitimin niteligini ve profesyonellik standartlarini etkilemektedir. Dolayisiyla, yenilenebilir enerji
egitiminin kalitesinin artiriimasi ve sektére daha donanimli bireyler kazandiriimasi igin surekli

glincellemeler ve iyilestirmeler gerekmektedir.
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6. Sonug

Enerji, bireylerin ve toplumlarin yasam kalitesini dodrudan etkileyen hayati bir unsurdur. Gunlik
yagsamda kullandigimiz her sey enerji tiketimiyle baglantilidir; dolayisiyla, enerji verimliligi ve
surdurdlebilir kaynaklarin kullanimi biylk énem tagimaktadir. Yenilenebilir enerji kaynaklarina gegis,
cevresel etkileri azaltmanin yani sira ekonomik buyumeyi destekleyerek yeni is olanaklari
yaratmaktadir. Ayrica, enerjiye erisim, egitim, saglik ve toplumsal esitlik gibi temel haklarin
saglanmasinda kritik bir rol oynamaktadir. Bu nedenle, enerji yonetimi ve kullanimi, gelecedimizin
sekillenmesinde belirleyici bir faktordar.

Muhendislik egitiminde yenilenebilir enerji kaynaklarinin 6gretilmesi, strdurtlebilir gdzimler gelistirecek
uzmanlarin yetigtiriimesi agisindan hayati bir SGneme sahiptir. Artan eneriji talebi ve iklim degisikligi gibi
acil sorunlar, muihendislerin yenilenebilir enerji teknolojileri hakkinda bilgi sahibi olmalarini
gerektirmektedir. Egitim programlarina entegre edilen yenilenebilir enerji dersleri, dgrencilere yenilikleri
takip etme, tasarim becerileri gelistirme ve enerji sistemlerini entegre etme yetenegi kazandirir. Bu
sayede, mezunlar temiz ve surdurulebilir enerji ¢dzimleri sunarak topluma katkida bulunabilirler.
Yenilenebilir enerji egitimi, farkindalik yaratma, uzmanlik gelistirme ve bireyleri yenilenebilir enerji
sektorine aktif katihma yénlendirme gerekliligiyle dogrudan iligkilidir. Ancak mevcut egitim eksiklikleri,
endise verici bir durum teskil etmektedir. Yenilenebilir enerji hedeflerine ulasmak ve iyi donanimli bir is
glcund tesvik etmek amaciyla, géz ardi edilen unsurlari ele almak ve egitim bilesenini stratejik
planlamaya entegre etmek son derece kritiktir. Kapsamli ve surdurtlebilir bir yaklasim, yalnizca teknik
bilgi sunmakla kalmayip, ayni zamanda bireylerin bu alanda etkin bir sekilde rol alabilmesi igin gerekli
yetkinlikleri kazandirmayi hedeflemelidir.

Egitim, farkindaldi artirmak, bireyleri egitmek ve sektor aktorlerini yenilenebilir enerjileri benimsemeye
hazirlamak agisindan bu enerji gegisinde kritik bir rol oynamaktadir. Yenilenebilir enerji egitimi, okullarda
ve universitelerde sunulan 6rgiin egitimden mesleki egitime, yerel topluluklarda gerceklestirilen yaygin
egitimden halk arasinda farkindalik olusturma faaliyetlerine kadar genis bir yelpazeyi kapsamaktadir.
Bu c¢ok yonli yaklagim, toplumun her kesiminin yenilenebilir enerji kaynaklari hakkinda bilgi sahibi
olmasini saglayarak sirdurilebilir enerji ¢dzimlerinin benimsenmesini tegvik etmektedir.

Ulke érnekleri, yenilenebilir enerji egitiminin énemini vurgulamaktadir. Almanya, yenilenebilir enerji
konularini egitim muifredatina entegre eden saglam bir sistem gelistirmigtir. Danimarka ise agik deniz
rizgari sektoriinde inovasyonu destekleyen egitim programlari olusturmustur. Japonya, glines ve rizgar
enerjisi gibi kaynaklarin benimsenmesini tesvik eden egitimler sunmaktadir. Amerika Birlesik Devletleri
ise, gesitli yerel dizeyde yenilenebilir enerji egitim girisimleri gelistirmistir.

Sonug olarak, yenilenebilir enerji egitimi hem teknik bilgi sunmakta hem de bireylerin bu alandaki rollerini
etkin bir sekilde Ustlenmelerine yardimci olmaktadir. Bu baglamda, mevcut egitim programlarinin
eksikliklerinin giderilmesi ve yenilenebilir enerji konusundaki farkindahdin artirilmasi gerekmektedir.
Egitim, yenilenebilir enerji sektdrinun sirdirulebilir blylimesini saglamak igin kritik bir unsurdur.
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OzZET

Son yillarda lityum iyon bataryalar gunlik hayatta birgok alanda kullaniimaya basglanmis olup
bataryalarin performanslari sicakliga goére degismektedir. Hem bataryalarin sarj ve desarj durumlarinda
Isi agiga cikarmalari hem de ylksek ortam sicakliklari bataryalarin sicakhgini artirmakta bu ise
bataryanin performansini etkilemektedir. Bataryalardan maksimum verim elde edebilmek igin
bataryalarin sicakliklarinin belirli sicakhk araliginda tutulmasi amaciyla batarya termal ydnetim
sistemlerinin kullaniimasi gerekmektedir.

Bu calismada bataryalarin sicakliga goére performansi ile ilgili yapilan calismalar incelenmis ve
bataryalarin optimum g¢alisma sicakligi bolgesi digindaki performanslari degerlendirilerek batarya termal
yonetim sistemlerine neden gereksinim duyuldugu agiklanmistir.

Anahtar Kelimeler: Lityum iyon batarya, batarya termal yonetim sistemi, sicakliga gore degisen
performans

1. Girig

Glnumizde fosil yakitlarin kullanimi hem rezervlerin azalmaya baslamasi, hem eneriji ihtiyacinin
artmasi, hem yakit fiyatlarinin artmasi, hem de fosil yakitlarin ¢cevreye verdigi zararl etkilerden dolayi
Ulkelerce artik tercih edilmemekte, bunun yerine daha cevre dostu enerji kaynaklari kullanan araglarin
kullanimi tesvik edilmektedir. Bu kapsamda 6zellikle elektrikli araglara olan ilgi son yillarda artmig ve
elektrikli arag satiglari rekor seviyelere ulasmistir. Elektrikli araclar, enerji verimliligini artirarak ve fosil
yakit tiketimini azaltarak gelecekte temiz bir cevre elde etmekte dnemli bir rol oynar [1]. Dlnya ¢apinda
2023'te satilan yeni araglarin yaklagik 4'te 1'i elektrikli araclardir [2]. Elektrikli aracglarda gu¢ kaynagi
olarak nikel-kadmiyum, nikel-metal hidrit, kursun- asit ve lityum iyon gibi degisik tiplerde bataryalar
kullaniimakta olup bu bataryalar arasinda lityum iyon tip bataryalar yiiksek enerji depolama yogunlugu,
uzun pil dmru, dusik agirlik ve dusuk kendinden bosalma hizindan dolayi diger batarya gesitlerine gore
daha ¢ok tercih edilmektedirler [3]. Lityum iyon bataryalar her ne kadar bu avantajlara sahip olsalar da
performanslarinin sicakliga goére degismesi ve sarj/desarj durumunda ylksek isi Uretmeleri gibi bir takim
dezavantajlara da sahiptir [4,5].

Lityum iyon bataryalar, batarya i¢ direncinden ve bataryada gerceklesen reaksiyonlardan dolayi sarj
veya desarj esnasinda yUksek dizeyde isi agiga c¢ikarmakta olup bu durum batarya sicakliginin
artmasina ve batarya veriminin dismesine sebep olmaktadir [6].

Bataryalardan en yiksek dizeyde verim alabilmek i¢in iki dnemli 6l¢it mevcuttur. Bunlardan ilki, batarya
hicre sicakliginin optimum bir aralikta olmasi gerektigi, ikincisi ise batarya modili igindeki sicakhgin
mumkiin oldugunca Uniform olmasi gerektigidir. Batarya hiicre sicakliginin yapilan bazi arastirmalarda
[7,8,9] Sekil 1’de gosterildigi Uzere 15°C - 40°C araliginda tutulmasi gerektigi tespit edilmistir. Ayrica
batarya moduliinden en ylksek verimi alabilmek ve batarya dmrini maksimum seviyede tutabilmek igin
batarya moduli igindeki maksimum sicaklik farkinin 5°C altinda tutulmasi gerekmektedir
[10,11,12,13,14,15]. Dolayisiyla bataryalari maksimum &émirde ve verimde kullanabilmek Uzere
bataryalarin istenilen sicaklik araliginda tutulmasi
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ve bu amac¢ dogrultusunda batarya modulinin termal olarak ydnetiimesi gerekmektedir. Birgok
arastirmaci optimum c¢alisma sicaklik araligi disinda batarya hicrelerini test ederek bataryalarin
performansinin sicakliga gore degisimlerini incelemislerdir. Bu ¢alismada bataryalarin performansinin
sicakliga goére degisimi ile ilgili yapilan g¢alismalar incelenmis ve bataryalarin maksimum verim
sergiledikleri optimum calisma sicakhdi bélgesi disindaki performanslari incelenerek batarya
modiillerinin batarya termal yénetim sistemleri ile termal olarak ydnetilmesinin gerekliligi ortaya
konmustur.
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Sekil Hata! Belgede belirtilen stilde metne rastlanmadi.. Lityum iyon batarya sistemlerinde sarj ve
desarj durumlarinda sicakligin etkisi [16].

15-°C

2. Batarya Performansinin Sicakliga Gére Degisimi

Bircok arastirmada batarya hicreleri veya modilleri farkli ortam sicakliklarinda ve farkli desarj
hizlarinda test edilerek bataryalarin performanslarinin sicakliga goére degisimleri incelenmistir.

Bataryada yuksek miktarda isi birikmesi batarya iginde bir dizi kimyasal reaksiyonu baslatabilecegi ve
sonucunda batarya sicakliginda ilave bir ylkselise sebep olarak patlamalara neden olabilecegdi tespit
edilmigtir [17]. Ortam sicakliginin 45°C seviyelerinde olmasi durumunda eger batarya modulinde
uretilen 1s1 modulden hizl bir bicimde uzaklastiriimaz ise olugan yiksek sicaklik degeri batarya émrinin
hizli bir sekilde dusmesine ve termal kacaklar gibi guvenlik problemlerine sebep olmaktadir [18,19,20].
Yapilan arastirmalarda batarya sicakhdinin izin verilen ¢alisma sicakligi Gzerindeki her 1°C artisinin
batarya dmrunin yaklasik olarak 2 ay azalmasina sebep oldugu tespit edilmigtir [21]. Shim ve ark.
yaptiklari ¢alismada Sekil 2’de gérinddgd gibi bir lityum iyon pilin 60°C’'de 140 kez sarj/desar;j
¢evriminden sonra baslangi¢ kapasitesinin %65’ ini kaybettigini, bu oranin 25°C oda sicakhdinda
yapilan gevrim testlerinde ise sadece %4 oldugunu tespit etmislerdir [22].

Ramadass ve ark. Sony 18650 model lityum iyon bataryalari oda sicakliginda, 45°C, 50°C ve 55°C’ de
test etmiglerdir. 500 adet sarj/desarj dongisinden sonra oda sicakliginda yapilan testlerde kapasitede
yaklasik %22.5 civarinda bir disls izlenirken, 45°C ortam sicakliginda yapilan testlerde bu oran
%26,46’ya, 55°C ortam sicakliginda yapilan testlerde ise bu oran %70,56 seviyelerine ¢ikmistir [23].
Wu ve ark. 650 mAh kapasitesindeki Lityum iyon bataryalari 60°C ortam sicakliginda 60 gin
beklettiklerinde batarya kapasitelerinin 20 mAh degerine dustigunu tespit etmiglerdir [24]. Carnovale ve
ark. lityum iyon bataryalarla farkli sicakliklarda yaptiklari sarj/desarj dénglisu testlerinde batarya
Omrinun 20°C ortam sicakliginda 2300 donguye, 50°C ortam sicakliginda 1000 dénguye ve 60°C ortam
sicakliginda ise 500'den daha az dénguye ulastigini tespit etmislerdir [25].
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Sekil 2. Lityum iyon pillerin 25°C ve 60°C’de sarj/desarj dongisu performansi

Ayrica, eder batarya sicakhdi 80-100°C’ye erisirse termal kagak sulreci baslayarak bataryada patlama
riskine neden olmaktadir [26]. Yiksek sicakliklar Sekil 3'de gorindigi gibi 1s1 Greten ekzotermik
reaksiyonlari tetikleyerek batarya sicakliginin daha da artmasina ve batarya icindeki anot ve katot
elektrot arasinda bulunan ve genellikle polietilen veya polipropilen malzemeden Uretilen ayirici tabakayi
eritecek seviyeye ulagsmasiyla anot ve katot elektrotlarin kisa devre olmasina ve termal kagak slrecini
baslatarak batarya patlamalarina neden olmaktadir.

Artan
Reaksiyon
Hizi

Sicaklik Artisl

Ist Uretimi

Sekil 3. Termal Kagak Sureci

3. Sonug

Lityum iyon bataryalar grek sarj edilirken gerek de desarj edilirken batarya igindeki reaksiyonlardan ve
batarya i¢ direncinden dolay! 1sI agida c¢ikarmaktadirlar. Agida ¢ikan bu isi bataryanin sicakhigini
artirmakta ve bataryanin performansini etkilemektedirler. Sicakligin batarya performansina etkisini
incelemek Uzere birgok arastirma yapilmig olup bataryalarin en iyi performansi 15-40°C arahdinda ve
batarya modull icindeki sicaklik farkinin 5 den az oldugu durumlarda sergiledikleri tespit edilmistir.
Bataryalarin bu sicaklik aralidi disinda yapilan testlerinde batarya sicakligindaki her 1°C artigin batarya
omrinu 2 ay daha kisalttigi, 60°C’de 140 sarj desarj dénglsiinde yapilan testlerde batarya kapasitesinin
%65 azaldigi, 55°C’de 500 sarj desarj donglstinde yapilan testlerde ise batarya kapasitesinin yaklagik
%70 azaldigi belirlenmistir. Bu sonuglar batarya performansinin ve kapasitesinin sicakliga gore degisen
bir performans sergiledigini dolayisiyla bataryalardan maksimum verim alabilmek ve batarya émrini
maksimum seviyede tutabilmek igin batarya termal yonetim sistemleri kullanilarak bataryalarin optimum
sicaklik araliginda tutulmasi gerektigini ortaya koymustur.
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OzZET

Bu arastirma makalesi, toplam kalite yénetiminin mihendislik egitimi ile iligskisini genel anlamda ortaya
koyarak, toplam kalite yonetiminin yazilim gelistirme sireglerine etkisini incelemeyi amacglamaktadir.
Toplam Kalite Yoénetimi ve muhendislik egitimi arasindaki iligki, kalite odakli bir egitim sisteminin
kurulmasini, surekli iyilestirme kultiriiniin benimsenmesini ve mezun olan mihendislerin kalite yénetimi
becerileriyle donatilmasini saglamaktadir. TKY, muhendislik 6grencilerinin bilgi, beceri ve etik degerlere
sahip, kalite odakli profesyoneller olarak mezun olmalarina katkida bulunarak hem bireysel hem de
toplumsal diizeyde olumlu etkiler yaratmaktadir. Calismada, sirekli iyilestirme sirecinde kullanilan bir
model olan, W. Edwards Deming'in gelistirdigi PUKO Dénglisii (Planla-Uygula-Kontrol Et-Onlem Al)
ayrica ele alinmaktadir. Elde edilen bilgiler dogrultusunda toplam kalite yénetiminin bilgi teknolojileri ve
yazilim gelistirme alanindaki kullanimi, sirecin her agsamasinda kaliteyi artirmakta ve hata énlemeye
yonelik stratejilerle risk ydnetimini etkin hale getirdigi sonucuna varilmaktadir.

Anahtar Kelimeler: Toplam Kalite Yonetimi (TKY), Yazilim Gelistirme Siregleri (YGS), Muhendislik
Egitimi, Yazihm Gelistirme Yasam Dongiisti (YGYD), PUKO Déngiisii

1. Girig
1.1. Toplam Kalite Yonetimi

Toplam Kalite Yénetimi (TKY), organizasyonun tim seviyelerinde kalite odakli bir ydnetim yaklagimidir.
Temel amaci, musteri memnuniyetini artirmak ve uzun vadede surdirulebilir rekabet avantaji elde
etmektir. TKY, yalnizca Urin veya hizmet kalitesine odaklanmakla kalmaz; ayni zamanda
organizasyonun tim sureglerini surekli iyilestirme, verimlilik artirma ve galisan memnuniyeti saglama
yoninde yonetir. Bu yonetim modeli, birgok farkl ilkeye dayanir ve tim g¢aliganlarin katilimini tesvik
eder.

Bir ydnetim Ogretisi olan toplam kalite ydnetimi, uygulandigi her alanda kalitenin artiriimasini
hedeflemektedir. Toplam kalite yonetiminin amaci, uygulandigi alanlarda, kaliteyi test edecek
muhataplarin (musteriler vs.) istek ve beklentileri dizleminde verilen hizmetin kalitesini ylkseltmektir.
Bu ise genel olarak verimliligin artirlmasina baghdir. Toplam kalite 6gretisinde kalite ve verimliligin
artinlmasi i¢cin toplam Kkalite yonetiminin uygulandidi alandaki c¢alisanlarin memnun olmasina,
isteklendiriimesine ve mdukafatlandiriimasina, bagsari 6lcme ve degerlendirme metotlarinin
kullanilmasina, organizasyonun kusursuz hale getiriimesine, takim calismasina énem verilmesine,
performansi yuksek organizasyonlarin tecriibelerinden istifade edilmesine, strateji olusturulmasina ve
benzeri amaclara agirlik verilmektedir (Aktan, 2012).
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Toplam kalite yonetiminin uygulanabilecegi ve hatta uygulandigi takdirde kesinlikle dizgln bir igin

ortaya c¢ikacagi- sureclerden olusan yazilim gelistirme alaninda, kalitenin ortaya konmasi igin sireg

yonetimi elzem hale gelmistir. Stire¢ yonetimi ise sureglerin devamli ve bir diizen iginde takip edilmesi
ve gelistirilmesi icin yapilan faaliyetler batintdur (Yavuz ve Senturk, 2013).

1.2. Toplam Kalite Yonetimi (TKY) Uygulamalarinda Temel Unsurlar

Toplam Kalite Yonetimi (TKY) uygulamalarinda temel unsurlar, kaliteyi strdirilebilir bir sekilde artirmak
icin gereken temel yapi taslarini olusturur. TKY'nin basarili bir sekilde uygulanabilmesi i¢in bu unsurlar,
organizasyonun her seviyesinde aktif bir sekilde hayata gecirilmelidir. Iste TKY’nin temel ilkeleri:

Tablo 1. W. E. Deming'in 14 ilkesi
TOPLAM KALITE YONETIMINDE TEMEL
UNSURLAR
Miisteri odaklilik

Siirekli iyilestirme

Tam katilim

Veri ve Olgiimlere Dayal Karar Verme
Ust yonetimin liderligi ve sorumlulugu
Siire¢ Odakl Yaklagim

Sistematik Yaklagim

Egitim ve Geligim

Is birligi ve lletisim

Hata bulma degil, hata 6nleme

Kalite kontrolii butiin siuireglere yayma

olarak ifade edilebilir (Erdem, 2023).
1.2.1. Miusteri Odaklilik

e TKY’de misteri memnuniyeti en 6nemli basari kriteridir. Bu unsur, i¢c ve dis misterilerin
beklentilerini anlamayi ve kargilamayi amaglar. Kalitenin nihai degerlendirmesini masteri yapar,
dolayisiyla Uriin ve hizmetlerin migsteri beklentilerine uygun olmasi gerekir.

e Mdsteri geri bildirimi, Grin ve hizmetlerde yapilacak iyilestirmelerde rehber olarak kullanilir.

1.2.2.  Siirekli lyilestirme (Kaizen)

e TKY’nin merkezinde yer alan surekli iyilestirme felsefesi, her sire¢ ve faaliyetin gelisime acik
oldugu anlayisina dayanir. Japon ydnetim felsefesinden gelen Kaizen terimi, kliglik ama surekli
adimlarla organizasyonun performansini artirmay! ifade eder.

e Surekli iyilestirme, hata oranlarini azaltir, verimliligi artirir ve kaliteyi daha surdurulebilir hale
getirir.

1.2.3. Tam Katilim ve Ekip Caligmasi
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TKY, yalnizca yonetim seviyesinde degil, organizasyonun tim dizeylerinde kalite anlayisinin
benimsenmesini gerektirir. Her galisanin kalite surecine katilmasi tesvik edilir ve bu katihm igin
gerekli egitimler saglanir.

Ekip calismasi, bireysel katkilarin toplu bir sinerjiye ddnusmesini saglar. Boylece tum
galisanlarin slreg iyilestirmeye katki sunmasi, daha verimli ve motive bir is glict olusturur.

1.2.4. Veri ve Olgiimlere Dayali Karar Verme

TKY, kararlarin verilmesinde veri analizi ve istatistiksel metotlarin kullaniimasini gerektirir. Karar
alma surecinde verilerin analitik olarak degerlendiriimesi, sorunlari daha dogru tespit etmeye ve
¢6zim Uretmeye olanak tanir.

Kalite yonetiminde kullanilan kontrol gizelgeleri, grafikler ve 6lgim araglari, organizasyonel
sureclerin performansini izlemek igin etkili yontemlerdir.

1.2.5. Liderlik ve Ust Yénetimin Katilimi

Ust yénetimin TKY siirecine olan baglihgi, kalite kiiltiriiniin organizasyon genelinde yerlesmesi
icin kritik onem tasir. Yoneticiler, kalite hedeflerini belirler ve c¢alisanlari bu hedefler
dogrultusunda motive eder.

Liderlerin 6rnek teskil etmesi ve kalite yonetimi prensiplerine bagl kalmalari, tim calisanlari bu
surece daha bagh hale getirir.

1.2.6. Siire¢ Odakl Yaklagim

TKY, kaliteyi yalnizca Urln veya hizmette degil, tim is slreclerinde saglar. Her slreg, girdiler
ve ¢giktilar agisindan degerlendirilir ve sireg iyilestirme ¢alismalari yapilir.

Bu yaklasim, stureglerdeki degiskenlikleri kontrol altina alarak tutarlih@i artirir ve nihai kalitenin
korunmasina katki saglar.

1.2.7. Sistematik Yaklagsim

TKY, organizasyonun tim bélumlerinin birbiriyle uyumlu ve bir btin olarak ¢alismasini saglar.
Organizasyon bir sistem olarak goérilir ve bu sistem igindeki alt siregler surekli birbiriyle
baglantil sekilde degerlendirilir.

Sistemin birbiriyle uyum icinde ¢alismasi, organizasyonel verimliligi artirir ve kalite hedeflerine
ulagsmada kolaylik saglar.

1.2.8. Egitim ve Geligim

TKY’de caliganlarin egitimi, kaliteye katki saglamalari i¢in dnemlidir. Calisanlarin bilgi, beceri
ve yetkinliklerini artirmak icin surekli egitim programlari dizenlenir.

Egitim, calisanlarin kalite sireglerinde daha bilingli ve yetkin olmalarini saglayarak suireg¢
iyilestirme calismalarina aktif olarak katilmalarini mimkun kilar.

1.2.9. s birligi ve iletigim

TKY’de basarili sonuclar elde edebilmek icin organizasyon icindeki bolimler arasi iletisim ve is
birligi 6nemlidir. Bu unsur, bilgilerin daha hizli ve dogru bir sekilde paylasiimasini sadlayarak
kalite yénetimi strecine hiz kazandirir.

lyi bir iletisim, hatalarin azaltiimasina ve kalite yénetiminin daha etkili hale gelmesine yardimci
olur.

1.2.10. Hatalari Onleyici Onlemler
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e TKY, hatalari énceden tespit edip gidermeye ydnelik ¢alismalar tesvik eder. Boylece kaliteyi
dusurebilecek faktorler 6nceden belirlenir ve énlem alinir.
o Proaktif kalite kontrol araglari kullanilarak, hatalarin minimum seviyede tutulmasi saglanir.

1.2.11. Kalite Kontrolii Biitiin Siireclere Yayma

e igletmelerin, organizasyonlarin kalite kontroliinii yalnizca son driine degil, tim sireglere
yaymasinin gerekliligini benimser. Onleyici kontrol, veri toplama ve analizi, iyilestirme
faaliyetleri, sorumluluk paylasimi ve surekli egitim bu ilke igin énemli stratejilerdir. Kalite
kontroliinu tim slreclere yayarak hatalari 6nlemeyi, verimlili§i artirmayi ve surekli iyilestirmeyi
hedefleriz. Bu prensipleri uygulayan isletmeler, daha yiiksek kalite standartlarina ulasir, misteri
memnuniyetini artirir ve rekabet avantaji elde eder. (Erdem, 2023)

Toplam Kalite Yoénetimi’nde bu unsurlar bir bitin olarak iglenir. Masteri memnuniyeti odakli bir
yaklasimla sureglerin sirekli iyilestiriimesi, tim c¢alisanlarin stirece katilmasi ve veri odakl karar alma
suregleri ile TKY, organizasyonel verimliligi ve rekabet gliclini artirmayl amaglar.

1.3. Toplam Kalite Yonetimi Ara¢ ve Teknikleri
TKY, slreci daha etkin hale getirmek ve iyilestirmek igin birgok arag ve teknik kullanir:
PARETO Analizi: Onemli problemleri belirlemek icin kullanilir.
Balik Kil¢igi Diyagrami: Problemlerin kok nedenlerini analiz etmek igin kullanilan bir tekniktir.
Kontrol Cizelgeleri ve Grafikler: Sire¢ degiskenliklerini gézlemlemek igin kullanilir.
Siireg Haritalari: Surecin detayli olarak anlagiimasi igin adim adim sureg akisini gésterir (Aktan, 2012)
2. Toplam Kalite Yonetimi (TKY) ve Miihendislik Egitimi Arasindaki iligki

Toplam Kalite Yénetimi (TKY) ve muhendislik editimi arasindaki iliski, gelecekteki muhendislerin kalite
ybnetimi anlayisini benimsemelerini saglayarak hem endustri hem de toplum icin ylksek standartlarda
muUhendisler yetistiriimesine katkida bulunmaktadir. TKY’nin temel ilkeleri mihendislik egitiminin her
asamasinda kaliteyi artirmak i¢in kullanilabilir. Bu iligki, kalite odakh bir mihendislik egitim sistemi
kurmayr ve mezun olan mihendislerin is hayatinda etkili ve verimli olmalarini saglamayi
amaclamaktadir.

2.1. Mihendislik Egitiminde Kalite Standartlari
Muhendislik egitimi, bir kurumun sundugu programlarin uluslararasi standartlara uygun olmasini hem
akademik hem de endustriyel acidan gerekli bilgi ve becerileri icermesini gerektirir. TKY, mufredatin bu
standartlara uygun bir sekilde surekli giincellenmesini ve iyilestiriimesini saglar.
Akreditasyon (6rnegin ABET - Mihendislik ve Teknoloji Akreditasyon Kurulu) ve kalite standartlarina

uygun bir egitim, mihendislerin evrensel bilgi ve becerilere sahip olmasini saglar. TKY, bu akreditasyon
sureclerine rehberlik ederek kaliteyi glivence altina alir.
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2.2. Siirekli lyilestirme ve Egitim Miikemmelligi

TKY’nin surekli iyilestirme ilkesi, muhendislik editiminde de uygulanabilir. Egitim programlari, 6grenci
geri bildirimleri, akademik performans degerlendirmeleri ve endistri ihtiyaglarina gore surekli olarak
glincellenir. Bu, mifredatin endistrinin degisen ihtiyaglarina ve teknolojik vyeniliklere gore
glincellenmesini saglar.

Mihendislik egitimi veren kurumlarda Kaizen (sirekli iyilestirme) kltlri ile egitim, 6gretim metotlari ve
altyapi surekli gelistirilebilir. Bu sayede hem 6grencilerin 6grenme deneyimi iyilesir hem de egitimin
kalitesi artar.

2.3. Miisteri Odaklilik ve Paydas Memnuniyeti

TKY’nin musteri odaklilik ilkesi, mihendislik egitiminde ogrencileri ve endustri paydaslarini “musteri”
olarak kabul eder. Ogrencilerin memnuniyeti ve sektordeki ihtiyaclarin kargilanmasi 6nem kazanir. Bu,
mezunlarin istihdam edilebilirligini artirir ve egitim programlarinin sektérle uyumlu olmasini saglar.

Egitim kurumlari, muhendislik alanindaki yenilikleri ve piyasa taleplerini dikkate alarak 6grencilerin
gelisimine katki saglar. Endustri is birligi ile 6grencilerin ihtiyag duyacagi bilgi ve becerilerin égretiimesi
saglanir.

2.4. Veri Odakh Karar Verme ve Kalite Olgiimleme

TKY ilkeleri kapsaminda veri odakli karar verme, miuhendislik egitiminde basariy olgmek icin kullanilir.
Ogrenci performansi, mezuniyet oranlari, is bulma oranlari gibi 6lgitler dizenli olarak analiz edilerek
egitim kalitesi degerlendirilir.

Veriye dayali olarak karar verme, egitim programlarinin objektif dederlendirmesini saglar ve gerekli
iyilestirmeler veriler 1s131inda yapilir.

2.5. Ekip Calismasi ve Liderlik Egitimi

Muhendislik egitimi, TKY’nin ekip ¢alismasi ve liderlik gelistirme ilkelerine uygun olarak tasarlanabilir.
Takim calismasi, muhendislerin projelerde etkin bir sekilde c¢alisabilmesi ve liderlik becerilerini
gelistirmesi agisindan énemlidir.

Muhendislik 6grencileri i¢in grup projeleri, ekip galismasi aktiviteleri ve liderlik egitimleri diizenlenerek
profesyonel hayata hazirlanmalari saglanir. Bu, TKY’nin organizasyonel dizeyde katilimi ve ig birligini
tesvik eden yaklagimini destekler.

2.6. Problem C6zme ve Yenilikgilik

TKY, muhendislik egitiminin problem ¢dzme ve yenilikgiligi tesvik eden bir yapi sunmasina da katkida
bulunur. Ogrenciler, kalite sorunlarina yonelik ¢éztimler gelistirmeye tesvik edilir ve gergek hayattaki
problemlerle basa ¢ikma becerilerini artiran egitim programlari olusturulur.

Yaraticilik, elestirel disinme ve inovasyon gibi beceriler mihendislik mifredatinda yer alarak
ogrencilerin yenilikgi gozimler gelistirebilmeleri desteklenir.
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2.7. Toplam Kalite Yonetimi Egitimi

Muihendislik 6grencilerinin TKY prensipleri hakkinda bilgi sahibi olmalari, gelecekteki profesyonel
yasamlarinda bu prensipleri is ortamina uygulamalarini saglar. Kalite yonetimi egitimi, mihendislerin
sure¢ yonetimi, kalite kontrol ve iyilestirme sireglerinde etkin olmalarini saglar.

TKY prensiplerini 6grenen muahendisler, is yerinde kalite yonetim slreclerine katkida bulunabilir,
problem ¢ézme yetkinliklerini gelistirerek verimliligi artirabilirler.

2.8. Cevresel ve Toplumsal Sorumluluk Bilinci

TKY’nin topluma ve cgevreye karsi sorumluluk ilkesi, mihendislik egitiminde &grencilerin gevresel
surdurulebilirlik ve etik degerlere bagh bireyler olarak yetismesine katki saglar. Surdurulebilir
muhendislik ve ¢evre dostu Uretim suregleri gibi konulara duyarlihg artirir.

Toplam Kalite Yénetimi (TKY), organizasyonun tiim seviyelerinde kalite odakli bir ydnetim yaklasimidir.
Temel amaci, musteri memnuniyetini artirmak ve uzun vadede suirdurUlebilir rekabet avantaji elde
etmektir. TKY, vyalnizca Uurin veya hizmet kalitesine odaklanmakla kalmaz; ayni zamanda
organizasyonun tim sureglerini surekli iyilestirme, verimlilik artirma ve ¢alisan memnuniyeti saglama
yoninde yonetir. Bu yénetim modeli, birgok farkh ilkeye dayanir ve tim g¢alisanlarin katilimini tesvik
eder.

3. William Edwards Deming ve Planla-Uygula-Kontrol Et-Onlem Al (PUKO) Déngiisii

1900 yilinda dogan, Amerikali miihendis William Edwards Deming, elektrik, fizik ve matematik alaninda
uzmanliklar elde etmistir ve toplam kalite yénetimi alaninda birgok ¢alisma kaydetmistir. Amerika ve
Japonya’da danismanlik yapmistir. TKY alaninda ortaya attigi 14 ilke ve PUKO déngiisii birgok
calismaya temel olusturmustur ve pratikte birgok alanda kullaniimis ve kullaniimaya devam edilmektedir
(Erdem, 2023).

W. Edwards Deming'in gelistirdigi PUKO Doéngisi (Planla-Uygula-Kontrol Et-Onlem Al), stirekli
iyilestirme surecinde kullanilan bir kalite yénetimi modelidir. Deming, bu déngiyu, organizasyonlarin
sireglerini sistematik bir sekilde iyilestirmesine yardimci olmak igin gelistirmistir. PUKO Déngus,
Ozellikle Toplam Kalite Yonetimi (TKY), Alti Sigma ve Yalin Yénetim gibi kalite ve verimlilik artirma
yaklasimlarinda énemli bir arag olarak kullanilir.

PUKO Déngiisiiniin Agsamalari

PUKO Dénglisti dért agsamadan olusur ve her agama, siireclerdeki problemleri belirleyip ¢dzerek kaliteyi
artirmay! amagclar:
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Onlem

Al Planla

Kontrol

£t Uygula

Sekil 1. W. E. Deming’in PUKO Déngusii

Planla (Plan):

ilk agama, belirlenen bir hedef dogrultusunda plan yapmayi igerir. Bu agsamada, mevcut durum analiz
edilir, iyilestiriimesi gereken alanlar belirlenir ve bir hedef tanimlanir. Hedefe ulasmak igin yapiimasi
gerekenler, kaynaklar ve stratejiler belirlenir. Ayrica, iyilestirme surecinde kullanilacak olgitler ve
géstergeler secilir. Ornegin, bir tiretim siirecinde verimliligi artirmak icin tretim siiresi veya hata orani
gibi gostergeler belirlenebilir.

Uygula (Do):

Planlama asamasinda belirlenen adimlar bu asamada uygulanir. Yapilan degisiklikler ya da
ivilestirmeler kigUk Olgekli olarak denenir ve sonuglari gézlemlenir. Deneme asamasi olarak da
adlandirilabilen bu asamada, surece iligkin veriler toplanir. Bu, ilerleyen asamalarda yapilacak analizler
icin énemli bir veri kaynagi saglar. Ornegin, Uretim sirecindeki bir iyilestirme, belirli bir makinede veya
bir calisma vardiyasinda denenebilir.

Kontrol Et (Check):

Bu asamada, uygulama slrecinde elde edilen veriler analiz edilir ve sonuglar degerlendirilir. Belirlenen
hedeflerle kargilastirmalar yapilir ve planlanan iyilestirmelerin ne dlglide basariya ulasip ulasmadigi
incelenir. Elde edilen sonuglarin dogrulugunu kontrol etmek ve varsa hatalari veya eksiklikleri belirlemek
amaclyla 6lgim ve analiz yapilir. Ornegin, iyilestirme sonucunda beklenen verim artisi veya hata azaligl
olup olmadigi kontrol edilir.

Onlem Al (Act):

Kontrol asamasinda elde edilen sonuglar analiz edildikten sonra, iyilestirme basarili olmussa bu slre¢
standart hale getirilir ve tim organizasyonda uygulanir. iyilestirmenin kalici olmasi igin belirli bir prosediir
gelistirilir. Eger hedeflenen sonuglara ulagsilamamissa veya baska iyilestirmeler mimkiin goériniiyorsa,
déngi yeniden baslatilir. Bu asamada edinilen bilgiler bir sonraki planlama sirecinde kullanilir. Ornegin,
iyilestirmenin basarili oldugu durumlarda yeni siire¢ organizasyonun genel prosediirlerine entegre edilir.
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Bu dong, surekli olarak siregleri analiz etmek, hatalari tespit etmek, iyilestirme firsatlarini belirlemek
ve siireglerin daha verimli hale gelmesini saglamak icin tekrarlanir. PUKO Dénguisii, sirekli iyilestirme
ve kalite yonetimi igin bir yol haritasi sunar ve isletmelerin surekli olarak daha iyi sonuglar elde etmelerini
saglar. (Deming, 2020).

4. Yazilim Geligtirme Yagsam Dongusii

Yazilim denince akla kod yazimi gelse de yazilim ile alakali herhangi bir proje birgok stregten meydana
gelmektedir. Yazilimin hem uretim hem de kullanim slresi boyunca gegirdigi butin kisimlar yazihm
gelistirme yasam donguisu olarak tanimlanmaktadir (Kagar, 2019:1).

Yazilimlar ¢ikti olarak ele alindiginda bir Grindur ve drtnler gibi yazilim gelistirmenin de bir yasam
dongusu vardir. Bu dongul tek yonlu veya dogrusal oimamakla birlikte birkag ana asamadan olusur.
Yazihm Geligtrme Yasam Dongusi (SDLC - Software Development Life Cycle), yazilimin
planlanmasindan bakimina kadar gecen sireci kapsayan sistematik bir yaklagimdir. SDLC, yazilimin
kaliteli, verimli ve hedeflenen gereksinimlere uygun bir sekilde gelistiriimesini saglamak igin
asamalandiriimigtir. Her asama, yazilimin basarisi i¢in énemli adimlar igerir ve belirli ¢iktilarla diger
asamalara gegis yapilir. Yazilim Gelistirme Yasam DoénglsU’niin ana agsamalari asagida yer almaktadir.

1. Gereksinim Analizi (Requirement Analysis)

Amag: Projenin kapsamini ve hedeflerini belirlemek igin kullanici veya musterinin gereksinimlerini
toplamak ve analiz etmektir. Bu asamada, yazihmin hangi iglevleri yerine getirmesi gerektigi belirlenir.
Kullanicinin ihtiyaglarini tam olarak anlamak igin gereksinim analistleri ve proje paydaslari bir araya
gelerek detayl toplantilar yapar.

Ciktilar: Gereksinim dokimani, proje kapsami ve 6n gereksinim analizi.

2. Sistem Tasarimi (System Design)

Amag: Toplanan gereksinimlere uygun olarak yazilimin mimarisini ve tasarimini olusturmaktir.
Gereksinim analizinden elde edilen bilgiler dogrultusunda yazilimin teknik yapisi, veri akigi ve mimarisi
belirlenir. Veritabani yapisi, kullanici araylzi tasarimi ve yazihm moddillerinin tasarimi gibi detaylar bu
asamada olusturulur.

Ciktilar: Yiksek diizeyde sistem tasarim dokimanlari, veri akis diyagramlari ve veritabani tasarimi.

3. Kodlama (Development/Coding)

Amag: Yazilimin gereksinimlere ve tasarima uygun bir sekilde programlanmasidir. Bu asamada
yaziimcilar, sistem tasarimina gére kod yazmaya baslar. Kodlama silreci, yaziim gelistirme
metodolojisine (Cevik, Selale, Scrum vb.) gore degiskenlik gosterebilir. Kodlama esnasinda temiz kod
yazimi, kod standardizasyonu ve guvenlik dnlemlerine dikkat edilir. Programlama dili yazilim gelistirme
ortami, yazihm gelistirme araglari segimi, veri tabani yonetim sistemi, kodlama kisminda gergeklestirilir
(Yilmaz, 2007).

Ciktilar: Yazihmin tamamlanmig strimu (ilk ¢alisan versiyon).

4. Test Etme (Testing)
Amag: Yaziimin hatasiz, kullanici gereksinimlerine uygun ve gulvenli ¢alistigini dogrulamaktir.
Kodlama asamasi tamamlandiktan sonra yazilim test edilir. Test agsamasi, yaziimin iglevselligini,
glvenilirligini ve performansini kontrol etmeyi amaglar. Birgok farkli test (birim testi, entegrasyon testi,
kabul testi, gtvenlik testi vb.) uygulanir.
Ciktilar: Test raporlari ve dizeltiimis hatalarla glincellenmis yazilim.

5. Devreye Alma (Deployment)

Amag: Test asamasindan geg¢mis olan yaziimin gergek kullanicilar tarafindan kullanilabilir hale
getirilmesidir. Yazilim basarili bir sekilde test edildikten sonra canli ortama aktarilir. BlylUk o6lcekli

80



4. RUMELI MUHENDISLIK EGITiMi SEMPOZYUMU / 4rd RUMELI ENGINEERING EDUCATION SYMPOSIUM
7-8 Kasim 2024 / November 7-8, 2024
Halig, ISTANBUL

projelerde, bu agsamada genellikle beta strim kullanimi veya kismi dagitim yapilir. Kullanicilarin gergek
ortamda yazilimi test etmesi saglanir ve son kullanicilarin geri bildirimleri alinir.
Ciktilar: Canli ortamda ¢alisan yazilim ve kullanici geri bildirimleri.

6. Bakim ve Giincelleme (Maintenance)

Amag: Yazilimin surddrilebilirligini saglamak, hatalari gidermek ve yeni 6zellikler eklemektir. Yazilim
kullanima alindiktan sonra, zamanla gesitli glincelleme ve iyilestirme gereksinimleri ortaya ¢ikar. Bu
asamada yazilimda tespit edilen hatalar duzeltilir, kullanici geri bildirimlerine goére iyilestirmeler yapilir
ve gerekli yeni 6zellikler eklenir.

Ciktilar: Glncellenmis, hatasiz ve iyilestirilmis yazilim strimleri.

5.  W.E. Deming’in TKY Yaklasimi ve 14 ilkesi

W.E. Deming bircok kisi tarafindan TKY’nin fikir babasi olarak gériilmektedir ve ikinci Diinya
Savasgr’ndan sonra kendi adiyla verilen Deming Odiilii ile, Japonlar tarafindan kaliteye katkisi resmiyet
kazanmistir. Deming’in yOnetim yaklasimi, 14 ilkeden olusmaktadir ve kalite gelisimini destekleyen
yonetim prensiplerini ortaya koymaktadir. 1981 yilinda ilk defa yayinladigi ¢galismasinda ortaya ¢ikan bu
ilkeler, Deming’in Japonya ve Amerika’da danismanlik yaparken edindidi tecrtbeler ile ortaya gikmistir
(Andersen ve dig., 1994).

Bu 14 ilke asagidaki gibidir (Canbay, 2021:9);

1. Amag Tutarlihigi Olusturun

isletmenin siirekli iyilestirimesi ve uzun vadeli basari hedeflerine odaklanarak tutarli bir amag
belirlenmesidir. Bu amag, kaliteyi surekli artirmak ve musteri memnuniyetini saglamaktir.

2. Yeni Bir Felsefe Benimseyin

isletmelerin, miisteri taleplerine duyarli, hatalari minimize eden ve rekabetci pazarda basari saglayan
modern bir kalite felsefesi benimsemeleri gerekmektedir. Deming, dedisen pazar kosullarina ayak
uydurmayi ve yenilikgi bir bakig agisini savunur.

3. Kaliteyi Denetim Yoluyla Saglama Aligkanhgini Birakin

Kalitenin sadece son asamada yapilan kontrollerle degil, tim sire¢ boyunca saglanmasi gerektigini
vurgular. Bu sayede hatalar kaynaginda azaltilir ve maliyetler dasaruldr.

4. Tek Basina Fiyati Dikkate Alarak Satin Almayi Durdurun

Mal veya hizmet satin alirken sadece duslk fiyat aramaktan vazgegilmeli; kalite, guvenilirlik ve uzun
vadeli maliyet gibi faktérler de g6z 6niinde bulundurulmaldir. lyi bir tedarikgiyle uzun vadeli is birlikleri
kurulmahdir.

5. Siirekli lyilestirme igin Sistemleri Gelistirin

Uriin ve hizmetlerde sirekli iyilestirme, maliyetleri azaltir ve miisteri memnuniyetini artirir. isletmelerde
tum sdreclerin her asamada iyilestiriimesi hedeflenmelidir.

6. Egitim Programlarina Yatirnm Yapin

Calisanlarin bilgi ve becerilerini artirmak icin sirekli egitim saglanmahdir. Egitim, isletme icindeki kalite
standartlarini ylkseltir ve ¢alisanlarin verimliligini artirir.
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7. Liderligi Gelistirin

Yonetici ve liderler, calisanlara rehberlik etmelidir. Calisanlarin verimli calismasini saglamak i¢in onlara
yol gosterilmeli ve galisma ortami iyilestirilmelidir.

8. Korkuyu Yok Edin

Calisanlarin korkusuzca fikirlerini ifade edebilecegi bir ortam yaratilmalidir. Korku, iletisimi engeller ve
¢alisanlarin potansiyellerini tam olarak géstermelerini zorlastirir.

9. Bolumler Arasi Engelleri Yikin

Farkli departmanlar arasindaki is birligini artirmak, ortak hedeflere ulagsmayi kolaylastirir. Ekip calismasi
ve bilgi paylagimi tesvik edilmelidir.

10. Sifir Hata ve Uretkenlik Taahhiitlerine Son Verin

Calisanlara gercekci olmayan hedefler vermek, is stresini artirir ve kaliteyi diigtrir. Bunun yerine,
kaliteye odaklanan uzun vadeli hedefler belirlenmelidir.

11. isgilerin Basanlarini Gururla Sergileyebilmesi igin Engelleri Kaldirin

Calisanlara, yaptiklari isi sahiplenebilmeleri ve basarilarini paylasabilmeleri icin destekleyici bir ortam
saglanmalidir. Bu motivasyonu artirir ve kaliteyi yukseltir.

12. Egitim ve Gelisime Agirlik Verin

Calisanlarin bilgi ve yeteneklerini gelistirecek egitim programlari diizenlenmelidir. Bu sayede isletmenin
tim sureglerinde kalite ve verimlilik artar.

13. Her Galigsanin Gelisiminde Destek Olun

Calisanlarin igletme hedeflerine katkida bulunabilmesi i¢in slrekli gelisimlerine destek olunmalidir.
Calisanlarin gdrevlerine katki saglayacak bilgi ve yeteneklere sahip olmalari saglanmalidir.

14. Degisim igin Bir Yonetim Yapisi Kurun

Organizasyon icerisinde surekli iyilestirme ve kalite odakli degisim sureclerini ydnetmek i¢in bir ydnetim
yapisi olusturulmalidir. Bu yapl, tim organizasyonun kalite odakl ¢alismasini destekler.

5.1. Deming'in Toplam Kalite Yaklagimi'nin One Gikan Ozellikleri

Siirekli lyilestirme (Kaizen): Deming, kalitenin bir defa saglanip birakilacak bir unsur degil, siirekli
gelismesi gereken bir hedef oldugunu vurgulamistir.

Veri Odakli Karar Verme: istatistiksel analiz ve veriye dayali karar verme, kalitenin artirilmasinda
Onemli bir unsurdur.

Calisan Katilimi: Her seviyedeki ¢alisan kalite sirecine katkida bulunmali ve 6nerilerini sunabilmelidir.

Miisteri Odakhilik: isletmeler, misteri intiyaglarini karsilamayi éncelik haline getirmelidir.
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Bu 14 ilke, Deming’in toplam kalite yonetimi yaklagsiminin temelini olusturur ve bir isletmenin kalite
hedeflerine ulagsmasinda rehber islevi gorr.

Toplam Kalite Yonetimi (TKY) yaklasimi, 6zellikle bilgi teknolojileri ve yazilim gelistirme alanlarinda
onemli avantajlar saglayan bir ydnetim modelidir. 1980’li yillarda kalitenin yalnizca kontrol edilen bir
unsur olmaktan cikip tim sirece entegre edilmesiyle birlikte uzun vadeli ve kalite odakli planlar
geligtiriimeye baslanmistir. Bu dénemde, Deming’in tanimladigi 14 temel ilke, kalite ydnetimi alaninda
kapsamli bir rehber islevi gérmus ve yazilim gelistirme sureglerine uygulanarak sektérin verimlilik, kalite
ve maliyet avantaji elde etmesine katki saglamistir.

5.2. Toplam Kalite Yonetiminin Yaziim Gelistirmede Sagladigi Avantajlar

Bilgi teknolojileri alani ve 6zellikle yazilim gelistirme, sifir hata ile ¢alismanin kritik oldugu ve surekli
gelisime ihtiyag duyulan bir sektérdir. Yazilim gelistirme suregleri olan analiz, tasarim, kodlama, test ve
bakim asamalari, Deming’in 14 ilkesi esas alinarak yUrutildiginde asagidaki avantajlar saglanir:

1. Kalite Artigi: Her asamada kaliteyi 6nceleyen TKY yaklasimi, kodlama ve tasarim asamalarindan
baslayarak tim sireglerde ylksek kaliteli Grlinler ortaya ¢ikmasini saglar. Bu, yazilim hatalarinin
daha Uretim slrecinde dnlenmesine ve nihai tGrtinln kusursuz hale gelmesine katkida bulunur.

2. Maliyetlerin Azaltilmasi: Deming’in ilkelerine dayali sureclerde, hatalarin 6nceden tespit edilmesi
ve 6nlenmesi, maliyetleri azaltir. Ozellikle test agsamasinda hatalarin diizeltiimesi yerine, kaliteyi
sure¢ boyunca entegre etmek, hata maliyetlerini en aza indirir.

3. Verimlilik ve Siirekli lyilestirme: Deming’in sirekli iyilestrme vurgusu, yazihm gelistirme
sureglerinde devamli gelisim ve gincellemeyi tesvik eder. Bu durum, yazilimin guncel kalmasini,
islevselligin artirilmasini ve son kullanici memnuniyetinin saglanmasini destekler.

4. Motivasyon ve Katilim: TKY’de g¢alisan motivasyonu ve katilimi 6n planda tutulur. Yazilim ekipleri,
belirlenen hedeflere katki saglamak icin is birligi icinde g¢alisir ve bu is birli§i sayesinde calisanlar
sure¢ boyunca aktif rol alir. Bu motivasyon, ekip icinde inovasyon ve verimliligi artirir.

5. Hata Onleme ve Risk Yénetimi: TKY, hatalar énceden tespit edip diizeltmeye yénelik stratejiler
geligtirir. Deming’in “hatalarin kaynaginda énlenmesi” vurgusu, yazilim gelistirme sire¢lerinde kalite
kontrol asamalarinin sadece test slreciyle sinirli kalmayip, analiz ve tasarim asamalarinda risklerin
belirlenmesine odaklaniimasini saglar.

6. Sonuclar ve Degerlendirme

Deming’in 14 ilkesini yazilim gelistirme sulreglerine uygulayarak kaliteyi artirmak mimkdn olur:

Amag Tutarliigi (1. ilke): Yazilim gelistirme projelerinde, uzun vadeli miisteri memnuniyeti ve giivenligi
saglamak amaciyla tutarl bir kalite yonetimi hedeflenir.

Siirekli lyilestirme (5. ilke): Yazilimda siirekli giincellemeler ve iyilestirmeler yapilir, bu da rekabetgi
avantaj saglar ve yazilimin surdardlebilirligini artirir.

Egitim ve Gelisim (12. ilke): Yazilim ekiplerine diizenli olarak egitim veriimesi, yeni teknolojilere hakim
olmalarini ve gelisen sektérde gliincel kalmalarini saglar.

Veri ve Analitik Temelli Karar Verme (4. ilke): Yazilimda kaliteye dayali kararlar almak igin veri ve
analizler kullanilir; kullanici geri bildirimleri, performans verileri gibi géstergeler karar sureclerine dahil
edilir.

Ekip Galismasi ve iletisim (9. ilke): Yazilim gelistirme ekipleri arasindaki iletisim giiclendirilir ve is
birligi tesvik edilir, boylece verimlilik artar.

Yazihm geligtirme sireglerinde yer alan kisimlar -analiz, tasarim, kodlama, test ve bakim- yukarida
bahsedildigi gibi Deming’in 14 temel ilkesi baz alinarak gergeklestirildigi takdirde ortaya ¢ikan isin
kalitesinin iyilesmesi, verimliliginin artmasi ve maliyetlerinin dismesi beklenmektedir. Bunlarin yani sira
yazihm gelistirme slreglerinin 14 ilkeye bagh hareket etmesi, surekli degisimini ve gelisimini
desteklemekte, hatalarin yapilmadan énce dniine gecilmesini saglamakta, ¢alisanlarin ve musterilerin
motivasyonunun birinci siraya almaktadir (Aguayo, 1990).

TKY’nin bilgi teknolojileri ve yazilim gelistirme alanindaki kullanimi, siirecin her asamasinda kaliteyi
artirmakta ve hata énlemeye ydnelik stratejilerle risk ydnetimini etkin hale getirmektedir. Yazilim
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gelistirme slrecglerinde TKY’nin benimsenmesiyle; hatasiz, surdarulebilir, yiksek kaliteli yazilimlar
gelistiriimesi mumkdin olur. Calisan motivasyonunu yukselterek ekip ici is birligini artiran TKY, musteri
memnuniyetine odaklanarak sektor genelinde guclu bir kalite kilttrd olusturur.
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ABSTRACT

Universities constitute the cornerstone of the economic development of a country and its people's
welfare as they transform into an information society. The transfer of solid universal knowledge to those
educated in universities and the continuation of scientific research activities that will result in innovative
inventions could be considered as “added value” for both their society and all humanity.

With this study, first of all, the phenomenon of universities in the history of humanity is briefly overviewed.
Then, the change in Turkish Universities before and after the establishment of the Republic of Turkey is
explained.

Istanbul University, formerly named Darilfiinun, was established after the foundation of the Republic of
Turkey with the supports of Mustafa Kemal Atatirk, the Ministers of Education of the time. Istanbul
University started education with an enhancement plan contributions of German refuge scholars who
fled Germany before and after the first world and took shelter in Turkey. The educational process at
Istanbul University up to date is evaluated in this paper.

From the original French copy and Turkish translation of the letter written by Professor Albert Einstein
to Gazi Mustafa Kemal Atatirk, the founder of the Republic of Turkey, it is understood that distinguished
German scientists wanted to work in universities in Turkey.

Keywords: Darulfinun, Atatirk's Higher Education Reform, Istanbul University, German Scientists who
took refuge in Turkey, Einstein's Letter to Ataturk,

INTRODUCTION

University was used in antiquity in the sense of associations of teachers and learners, and later in the
nineteenth century in the form of universitas litterarum, which refers to the whole of the sciences. The
word "university" is of Latin origin and means univeritas magistrorum et scolarium, which literally means
an association of students, teachers and lecturers,[1].

Another expression of the university is ALMA MATER. With this definition, the renewal of science is
explained, and in this way, the transformation of the knowledge produced by scientists in a way that is
the most recent and beneficial to humanity is defined. In ancient times, Plato and Aristotle opened
educational institutions and taught them in the fields of philosophy, logic, natural sciences and medicine
with great participation. Later, until the beginning of the Middle Ages, at various university-like
institutions, Turkish-Islamic scientists carried out education that could be considered as the basis of
university education. By doing so, they undertook responsibilities of great importance for the history of
humanity [2].

Professional solidarity is one of the most determining factors for the university. Professional solidarity
that should be formed by the unity of academics, students and graduates is one of the decisive
requirements at a university. Besides to goal of this collaboration in any field should aim the global
proffession.

The phenomenon of global proffession creates an environment where domestic and international
graduates can understand each other and collaborate via university.
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UNIVERSITY BEFORE THE REPUBLIC OF TURKEY

It is argued that the oldest university in Turkey is Istanbul University which was founded in 1453. With
this, the first European-style university in the Ottoman Empire is based on the Sahn-1 Seman
madrasahs, which were established by the order of Fatih Sultan Mehmet on May 30, 1453, the day after
the conquest of Istanbul, and it is argued that the establishment of Istanbul University was on this date,
[2],[3],[4].

Today, the first establishment of Istanbul University started with the establishment of Fatih Madrasa
named The Court of Eight Colleges' in English by Fatih Sultan Mehmet. It is claimed that if the Fatih
Madrasa could have been developed, it would have been similar to Oxford or Cambridge Universities.
Itis also explained that the first establishment of Istanbul University was carried out during the Tanzimat
Period and it started education in 1846 under the name of Dar-{l Fiinun (House of Sciences).

In Turkey, although was not called a university in the Western sense, higher education institutions were
established to reform the army at the time.

These were established in 1773 under the name of "Mihendislik hane-i Bahri-i Himayun", in 1796 under
the name of "Muhendislik hane-i Berri-i Himayun", in 1827 under the name of "Mekteb-i Tibbiye" and in
1834 under the name of "Mekteb-i Harbiye"[5]. In these military colleges, in addition to professional and
military knowledge, courses were given in the fields of mathematics, chemistry, physics, biology,
astronomy, etc.

In addition, information about social sciences such as history, geography, law, economics, etc. were
also taught. These military colleges have rendered great service within the scope of modernization of
the thought of Turkish society, democratic administration and modern education.

These military schools, which set a starting point and example for civilian higher education institutions,
and whose language of education was Turkish, led to the introduction of foreign languages such as
French, German and English into education programs. In addition, he pioneered the use of modern
education methods based on experience principles such as travel, observation, examination, promotion,
laboratory, etc. in teaching.

Turkey's first university in the Western sense entered the records in 1863. The lectures were given by
famous pashas and thinkers of the time. The lectures were given as lectures on physics, chemistry,
biology from the field of science and astronomy, and history and geography from the field of social
sciences, watched by the grand vizier and ministers,[6].

There was a frequent closure of Darilfinun. The reasons for this can be listed as the pressure of
conservative groups, the lack of permanent lecturers and the inadequacy of pre-university education
institutions that are suitable for student resources.

With these, Dartlfinun could not exist as an important university until the Second Constitutional
Monarchy.

ATATURK AND HIGHER EDUCATION REFORM

Atatlrk concerned people who locked higher education as one of the most important issues in the
Republic of Turkey.

The revolutions that were intended to be carried out could be sustainable in the light of science. Once
this was achieved, Turkish society could produce, develop industrially and progress culturally by the
times. To achieve this, he saw the establishment of a university with modern features as the most
important requirement.

One of the most important revolutions initiated by Gazi Mustafa Kemal Atatirk, who established the
Republic of Turkey as an independent nation-state in 1923, was the university reform which was carried
out in 1933. It aimed at a university that was only interested in science. The issues that this university
expects to analyze are; Turkey's geology, natural and economic geography, climate, flowers and plants,
anthropology of land and sea animals, history, industry and culture. While realizing these, another
important goal was; "Even foreign geniuses can't save us; We will be the ones who save ourselves. We
can benefit from the opinions and opinions of foreigners, but we must be very careful in doing so [7],[14].
In this context, the Minister of Education, Dr. Resit Galip, was given the task of putting the university
project into practice from thought. Then, a commission was established to carry out all the work
completely.

Ataturk met with university students and faculty members at every opportunity and desired the
institutionalization gathered with and development of universities according to their needs and
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requirements in the modern world. For this reason, he continuously supported Turkish universities to
carry out scientific studies that will compete with foreign universities and gave full authority to the
Ministers of Education who served during the period.

At the time of the establishment of the Republic of Turkey, a total of 1241 students were studying in 23
high schools, which constituted the source of the university, and by 1938, the number of high schools
was 82 with the number of students studying 25 thousand students,[7].

The government of the Republic of Turkey invited a German scientist named Professor Malche, who
was living in Switzerland, to Turkey within the scope of university reform studies, and Professor Malche
came to Istanbul on 16.01.1932. Professor Malche first met with the Prime Minister and the Minister of
Education. Afterwards, he held meetings with the Emini (Rector) of Dartlfiinun, the heads (Deans) of
the faculties, the lecturers and the students. In order to gather the necessary information and
documents, he followed the lectures and various teaching practices. For evaluation about these,
Dardlfiinun prepared and applied a questionnaire to be filled in by the instructors.

To assess the qualities of the university on the contemporary level, Professor Malche examined the
universities in Switzerland and France from Europe in March 1932, and the high schools in the

Netherlands for the high schools that constitute the source of the university. On May 29, 1932, Professor
Malche evaluated the results of the survey and prepared a 95-page report consisting of 49 articles. In
the "Istanbul Darilfiinun Report", education in Istanbul Dartlfiinun was evaluated as medieval and it
was stated that there was no room for research, conversation and thinking. This report describes the
lack of libraries and the lack of collaboration between existing libraries, the inadequacy of collections,
low budgets, and many other problems,[7],[8]. Atatlirk carefully read this report, which would form the
basis of university reform and the establishment of a new university in Turkey, and took notes. However,
he found Malche's proposals on higher education inadequate and spoke of a more comprehensive
"cultural planning”,[7],[9],[10].

In his report, Professor Malche stated that it was not right for Istanbul University to abandon the
university to its fate in order not to undermine its autonomy. He focused the content of his report on
teaching content and methods. In particular, he observed that lecture notes have been taught for many
years without any changes and with a lot of information. Within the scope of individual studies and
researches, it has been determined that the medieval education method, which repeats the existing and
does not have elements of thinking and discussion, is applied. During the higher education reform, it
was emphasized that there should be an intense cooperation between Darilfinun and life and
revolutionary activities. He suggested that the new University should have Faculties of Medicine, Law,
Science and Letters in the organizational structure of the new University, as in the old Darulfinun. If a
very specific goal is not defined, it is recommended to merge the Faculty of Theology and the Faculty
of Letters.

Professor Malche presented his report during the tenure of the Minister of Education Esat Bey between
27.09.1930 and 18.09.1932. The deficiencies described in the report were eliminated during the period
of Dr. Resit Galip Bey, who was the Minister of Education between 19.09.1932 and 13.08.1933, as the
Minister of Education. First of all, an important goal has been chosen to avoid failure in improvement
attempts. For this reason, it was decided to completely close the old Darilfiini and establish a new
University in its place. In this regard, the Ministry of Education of the Republic of Turkey has carried out
studies to prepare a draft law and Professor Malche has been asked to prepare a "University
Improvement Program". Subsequently, a new contract was signed with Professor Malche to advise on
the implementation of the "University Improvement Program". Thus, Professor Malche's report was
adopted as a "University Improvement Program”. The Grand National Assembly of the Republic of
Turkey approved the closure of Darulfinun and the establishment of Istanbul University on 31 May 1933
and Ankara University following it,[11]. The establishment of Istanbul University was recorded as August
1, 1933 and officially started its educational activities on November 19, 1933.

After the establishment of the Republic of Turkey, students were sent to foreign countries to be

appointed as lecturers in universities between 1927 and 1930.

Of these students, 501 students completed their education abroad with successful doctoral studies and
returned to Turkey. These young people, who studied abroad in different fields of science and returned,
were assigned to the newly established Istanbul University between 1932 and 1933. In the Republic of
Turkey, 3,147 students started their university education in the 1933-1934 academic year, and by 1947,
the number of students had nearly tripled to 10,178 students, almost fifty percent of whom were female
students[7].
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LETTER FROM ALBERT EINSTEIN TO ATATURK

German scientists, artists and politicians under the pressure of the National-Socialist dictatorship regime
under Hitler, who came to power in Germany after the First World War, took refuge in Turkey. At the
same time, this group of German scientists founded the association "OSE" in Switzerland, of which
Professor Albert EINSTEN is the honorary president.

The members of the association, scientists, have immigrated to various countries of the world and
worked in academic positions at universities. Professor Albert Einstein, who would later become a world-
famous scientist, wrote the following letter to Gazi Mustafa Kemal Ataturk, who founded the Republic of
Turkey, and announced his desire to have distinguished German scientists work at universities in
Turkey,[12].
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UNION DES SOCIETES “OSE,,

POUR LA PROTECTION DE LA SANTE Germany
DES POPULATIONS JUIVES England
(OSE Union of Communities, Bér:ir;gg]gStates
It was established for the Protection of the Health of the Jewish Population) Latvia
Honorary Committee Lithuania
Prof. A. EINSTEIN, President Poland (T.0.Z)
Prof. A. BESREDKA, Vice President-Paris Romania

Prof. RADCLIFFEN, SALAMAN, Vice President-Londra
PARIS (XVII), LE 17 September, 1933
T.R. PRIME MINISTRY REPUBLIC ARCHIVE
To the Ministry of Education
ismet
9.10.933
“Your Excellency,

As the Honorary President of the Union of Societies OSE, | have been asked to apply to His Excellency
to allow Professors and Doctors who are afraid of the developments in Germany to continue their
scientific and medical studies in Turkey. The foregoing cannot be found any longer in Germany due to
the laws that currently apply there. The majority of these scientists have vast experience, knowledge,
and scientific merits, and can be very useful when they settle in a new country.
From a large number of applicants, our Association has selected forty prominent experienced experts
and prominent scientists, and | appeal to Your Excellency to allow them to settle and work in your
country. These scientists are ready to work in any of your institutions for a year without any pay at the
behest of your government.
In supporting this application, | am honored to take the liberty to express my hope that by complying
with this request, your Government will not only demonstrate a high level of humane behavior, but also
bring added value to your own country.
Your Excellency's obedient servant,
Wet Signature (Prof. Albert Einstein) Excellency

Chairman of the Council of Ministers

of the Republic of Turkey"

GERMAN SCIENTISTS WHO HAVE CONTRIBUTED TO HIGHER EDUCATION IN TURKEY

The fact that Turkey and Germany were the Central Powers before the First World War led to
cooperation in the fields of education and culture. The German Institute of Education and Culture, with
Prof. Dr. Franz Schmidt as the director, was established in Istanbul within the body of Istanbul
Dardlfinun. Between 1915 and 1918, a total of twenty scientists from different fields of science from
Germany and Austria worked at the institute. Dr. Anschitz in Pedagogy and Psychology, Assoc. Prof.
Dr. Bergstasser in Semitic Languages, Assoc. Prof. Dr. Giese in Ural-Altaic Languages, Prof. Dr.
Lehmann Haupt in Ancient History, Assoc. Prof. Dr. Obst and Assoc. Prof. Dr. Penck in Geology and
Geography, Assoc. Prof. Dr. Leick in Botany Prof. Dr. Zarnick in Zoology, Assoc. Prof. Dr. Hoesch as
an Organic Chemist, Assoc. Prof. Dr. Arndt and Dr. Fester in Inorganic Chemistry and Technological
Chemistry, Prof. Dr. Hoffmann in the field of Economics, Dr. Fleck in the field of Finance, Prof. Dr.
Schoéborn in the field of Public Law, Assoc. Prof. Dr. Jacobi in the field of Philosophy, Dr. Nord in the
field of Civil Law, Dr. Mordtmann in the Methodology of History, Dr. Ungarn in the fields of Archaeology
and Old Coins, Assoc. Prof. Dr. Richter in the field of German Language and Literature, and Prof. Dr. J.
Wirschmidt in the field of Physics. During this period of time, when foreign scientists, whose names and
fields of expertise are described above, worked, the first serious scientific research was carried out by
young Turkish scientists such as Ziya Gokalp and ismail Hakki Baltacioglu.

After the establishment of the Republic of Turkey, Professor Malche contacted Professor Schwartz and
directed German scientists to Turkey,[3],[13]. Professor Malche and Professor Schwartz met at Ankara
Train Station and a meeting was held under the chairmanship of the Minister of National Education, Dr.
Resit Galip, with the participation of senior officials from the ministry. Since the language of diplomacy
and science in Turkey was French in those years, the language of the meeting was French. With the
decisions of this meeting, foreign professors were selected to be appointed at the newly established
Istanbul University and Ankara University in Turkey. The following study criteria have been mutually
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accepted with these foreign professors. In this context; a) The amount of the monthly salary, b) Personal
rights, c) To learn Turkish within two years, ¢) Writing books in Turkish and d) Educating young Turkish
assistants in each scientist's own field, the conditions were discussed and decided.

After this meeting, Professor Schwartz sent a telegram to Zurich in which he was very pleased with the
result and expressed in his telegram with the words "Thirty scientists, not three".

One of those who came to the Faculty of Economics at Istanbul University as a refugee faculty member
was Professor Fritz Neumark. He is one of the founders of the Faculty of Economics established at
Istanbul University,[14].

Professor Fritz Neumark came to Istanbul in October 1933, on a very special date, the tenth anniversary
of the establishment of the Republic of Turkey. He spent his most productive academic years with the
opportunities provided to him by Atatirk's Turkey and served the Republic of Turkey until 1953. One of
the most well-known economists was Professor Wilhelm ROPKE, who had the greatest influence on the
preparation of the economics learning plan.

Within the scope of the obligations of the agreement signed with the Republic of Turkey, Professor
Alexander Rustov has made great efforts in the field of writing books related to the field of scientific
expertise. In addition, his cultural-sociological articles have been translated into Turkish and published.
He stayed in Istanbul from 1933 to 1949 and was extremely grateful to Turkey.

Professor Gerhard KESSLER's live lectures have attracted students to his lectures and he has attracted
a lot of attention from the human side as well as his qualified academic activities in the form of seminars
and practices. Professor Gerhard KESSLER was interested in sociology as well as a professor of
business administration at Istanbul University and also served in the chair of social policy within the
scope of this responsibility.

Professor Alfred ISAAC, who had previously been a professor at the Higher School of Commerce in
Nuremberg in Frankfurt, realized that as a Jew he could not stay in Germany and came to Istanbul
University. Professor Alfred ISAAC, who also has pedagogical talent, has learned Turkish and has made
extraordinary efforts to get to know Turkey's laws and organizations related to business economics. It
has ensured that German business economists are included in the education program of business
economics in Turkey. Professor Alfred ISAAC was one of the first and second generation
representatives of business economics in Turkey and worked as a professor of business administration
at Istanbul University. Professor Alfred ISAAC, who is also a good flute player, and Ms. ISAAC, a unique
piano teacher, also took part in a music-related event,[14]

After the establishment of the Republic of Turkey, there were many other German scientists, politicians
and artists from different fields of science who came to Turkey on different dates. The most famous of
these are Ernst Reuter, Ernst Eduard Hirsch, Hans Reichenbach, Leo Spitzer, Erich Auerbach, Ernst
von Aster, Marchand, Rudolf Nissen, Alexander Riustow, Friedrich Dessauer, Richard von Mises, Rudolf
Belling, Curt Kosswig, Bruno Taut and Paul Hindemit, respectively.

Ernst Reuter, who returned to Germany in the years after his safe life in the Republic of Turkey, was
elected as the first Mayor of the State of Berlin in the United German Republic and served as the
President of the Social Democratic Party of Germany for a while. In addition, together with Ernst Reuter,
A. Rustow, G. Kessler, C. Kosswig, he founded the "German Freedom Association" in Istanbul in 1943,
which repeatedly denounced the attitude of the Nazi administration towards scientists.

CONCLUSION AND EVALUATION

The foundation of Istanbul University, and later Ankara University, was established with German
scientists affiliated with the charter university, who were persecuted by the repression of the Nazi regime
in Germany. In this context, the contributions of Professor Schwartz and Professor Malche have been
very important.

The developments within the scope of the University Reform in Turkey have shown the farsightedness
of the great leader of the Turks, Gazi Mustafa Kemal Ataturk, on the issue of universityization and how
accurate his comprehensive vision ideas were.

An important proof of this is the graph showing that Istanbul University, which was included in the reports
of the United States Embassy between 1930 and 1937, ranked second after Cambridge University and
ahead of Oxford University in the academic ranking of world universities [15].
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Figure 2: Istanbul University's place in the World Academic Rankings of Universities Between 1930-
1937

LITERATURE

[1] Humbold W von, “Antrag auf Errichtung der Universitaet Berlin” 1809.
[2] Kiziroglu, I., «Universite Hayatina Girig» OSTIM Teknik Universitesi Yayinlari, 2. Baski, ISBN:978-
625-8485-09-7, Ankara, 2023.
[3] Tasdemirci, Ersoy, Atatiirk Ansiklopedisi, 1933 Universite Reformu
[4] Kartunov, S., “Pullar tarafindan temsil edilen diinya ¢apindaki yliksekokullar ve egitim”, (Bulgarca ve
ingilizce: Bucwmte yunnuia n obpasosaHue no ceeta, npeactaBeHn oT dunatenusTa, Higher schools
and education around the world represented by philately) Gabrovo, 2020
[5]Tasdemirci, Ersoy, Atatiirk Ansiklopedisi, 1933 Universite Reformu.
[6] http://www.istanbul.edu.tr/siyasal/tarihce.htm
[7] Meydan, S. (2015). Turkish Enlightment. Atatiirks Smart Projects.337,1-1368. inkilap -
Press, Istanbul.
[8] Meydan, S. (2022). Key to Recent History. inkilap -Press, , istanbul, 344,65-71.
[9] Erdem, A.R. (2012).University reform under the leadership of Atatlrk: The turning Point in the
History of Higher Education and Science. BELGI.Vol 4,2,376-388.
[10] Kiziroglu, i., ATATURK'S HIGHER EDUCATION REFORM, FORESTRY EDUCATION AND ONE
OF THE MILESTONES OF THIS EDUCATION; PROF. DR. ABDULGAFUR ACATAY AND HIS 120TH.
BIRTHDAY, FEB - FRESENIUS ENVIRONMENTAL BULLETIN, Vol.32, pp.2935-2953, ISSN 1018-
4619, Vimy Str. 1e, 85354 Freising, Germany, 2023.
[11] istanbul Universitesi Kurulusu kanunu Resmi Gazete
[12] Einstein, Albert'in Mektubu, Tarkiye Cumhuriyeti Bagbakanlik Arsivi, 17 September 1933
[13] Paksoy, N. (2022). A Forgotten Savior.Philipp Schwartz. Dokumentarische Geschichte.Special
Issue.May 15, 2022
[14] Neumark, Fritz, (ceviren: Sefik Alp Bahadir) “Bogazigine Siginanlar” istanbul Universitesi,

Basim ve Yayinevi Midurligu, ISBN 975-404-776-6, istanbul 2006.
[15] ABD Elgiligi 1930-1937 Diinya Universite Akademik Siralamasi

91



4. RUMELI MUHENDISLIK EGITiIMI SEMPOZYUMU / 4nd RUMELI ENGINEERING EDUCATION SYMPOSIUM
7-8 Kasim 2024 / November 7-8, 2024
Beyoglu-Halig, ISTANBUL

Curriculum Vitae (C.V.)

Ahmet CAN

He was born in Tekirdag in 1953. He graduated from Faculty of Mechanical Engineering, Yildiz
Technical University in 1974 with the title of Mechanical Engineer. He received the Master Engineer
(Dipl.-Ing.) and Doctor Engineer (Dr.-Ing.) titles from the Institute of Energy and Process Technology of
the Berlin Technical University of (Fachbereich Energie-und Verfahrenstechnik) in 1982 and 1984,
respectively.

He received the titles Assistant Professor, Associate Professor, and Professor with the Faculty of
Engineering and Architecture, Trakya University in 1984, 1989, and 1997, respectively. He worked as
Professor at Turkish-German University in 2012 and Istanbul Arel University in 2014. He works at
istanbul Rumeli University since 2018. He is the translation author of the book HUTTE — ENGINEERING
SCIENCE, which is an indicator of the development process of German technology and standards from
the beginning to the present (Literatir Publishing House, ISBN 978-975-04-04658. www.literatur.com.tr,
Istanbul, June 2010). He has translated the 1600 Pages of HUTTE Grundlagen der
Ingenieurwissenschaften from the 32nd Edition in German into Turkish, the 11th Language of HUTTE
International Translations. Professor Can was awarded by Germany Almanya Internationes Bonn. The
book Grundlagen der Ingenieurwissenschaften, which is famous in the world as HUTTE, has been
translated into 10 different languages so far.

More than 170 national and international articles and papers have been published. He was awarded by
TUBITAK International Publication Incentive Award eight times thanks to eight of them.

92



J 4. RUMELI MUHENDISLIK EGITIMI SEMPOZYUMU / 4nd RUMELI ENGINEERING EDUCATION SYMPOSIUM
7-8 Kasim 2024 / November 7-8, 2024
Beyoglu-Hali¢, ISTANBUL

THE IMPORTANCE OF COMPUTATIONAL FLUID
DYNAMICS IN ENGINEERING PROCESSES

Ertan BUYRUK

0000-0002-6539-7614. Sivas Cumhuriyet University, Faculty of Engineering, Department of
Mechanical Engineering

Mustafa CANER

0000-0002-3674-7881. Sivas Cumhuriyet University, Faculty of Engineering, Department of
Mechanical Engineering

Deniz GOLBASI

0000-0003-0080-9996. Sivas Cumhuriyet University, Faculty of Engineering Department of
Mechanical Engineering

Yaren Su AGBABA

0009-0007-8808-3929. Sivas Cumhuriyet University, Institute of Science, Department of Energy
Science ve Technology Engineering

ABSTRACT

The application of numerical analysis methods in engineering applications continues to rise in favor as
advances in technology occur. Computational Fluid Dynamics (CFD) allows for the analysis of fluid
flow, heat transfer, chemical reactions, and other phenomena by solving mathematical equations with
the help of numerical analysis. The ability to conduct studies at low cost and quickly validate results
against experimental findings has expanded the use of CFD in the industry. Engineers learn process
analysis with computational fluid dynamics during their undergraduate education, enabling them to
offer innovative solutions in areas open to improvement in various sectors.

Key Words: Engineering, CFD, Numerical analysis

1. Introduction

With each passing day, developing technology expands its scope in the industry in terms of managing
time, financial losses, and possible risks. This situation has increased the tendency towards models that
provide mathematical expression of the system, which is one of the analysis methods related to
engineering applications. These models enable the optimization of different scales of existing structures
and similar systems by revealing the quantitative expression of critical variables in the processes.
With the help of models based on certain parameters, the effects of the factors to be analyzed in the
system can be examined. Thus, the optimum conditions of the system can be predicted to achieve high
efficiency. The more detailed the number of parameters and their specific properties are analyzed, the
complexity of the models to be created increases linearly. This complexity can affect the accuracy and
reliability of the analyzed model, as well as cause management and application difficulties for users, so
it is of great importance to choose the most appropriate mathematical methods for system modeling.
By transferring the selected mathematical methods to computer-aided simulation programs to exploit
the existing data, the numerical expression of the processes can be realized quickly and effectively.
Simulation means re-creating any kind of real process or physical system and evaluating the outputs of
these processes in detail, which allows simulations to play a critical role in the design phase of
engineering processes. One of the biggest advantages of the simulations is to minimize the time losses
experienced in the optimization processes of the systems (Giiler and imamoglu, 2020).
Utilizing computer-aided simulation programs in equipment design processes facilitates the
development of new and enhanced system designs, as well as the optimization of existing equipment
through computational simulations. This results in heightened efficiency, reduced operating costs,
substantial cost savings, expedited development times, and decreased reliance on physical
experiments. Considering that in the 1960s and 70s, supercomputers costing millions of dollars were
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used to run CFD applications that today can easily run on personal computers, the importance of the
rapid growth in computing capacity is better understood. This transformation has made numerical
technigues more accessible to academic and industrial fields and has reduced the costs of acquiring
the necessary hardware (Maliska, 2023; Tu et al. 2018).
Computational Fluid Dynamics (CFD) is the study of fluid flow through numerical simulations. It involves
using computer programs or software packages on high-speed digital computers to efficiently develop
solutions for fluid flow, heat transfer, chemical reactions, and fluid velocity in both spatial and temporal
domains. This is achieved by solving mathematical equations with the help of numerical analysis. The
presence of fluids in almost every field and their impact on system performance means that CFD has
been widely adopted by many other disciplines (Aslam Bhutta et al., 2012; Norton et al., 2007). CFD
has become a powerful and widely used method in many industries. Each solution incorporates
mathematical physics, numerical methods, user interfaces, and state-of-the-art visualization techniques.
(Norton and Sun,2006).

2. Fundamentals of Computational Fluid Dynamics

. Modelling: The geometry and fluid properties of the physical system under investigation are
determined.
. Meshing: The geometry is transformed into a mesh structure so that calculations can be

performed. This mesh is composed of various cells and represents the area where the motion of the
fluid is calculated.

. Equations: The basic equations of fluid dynamics, such as the Navier-Stokes equations, are
used to describe the behavior of the flow.

. Analysis: This equations are solved by using numerical methods. Usually techniques such as
finite difference, finite element or finite volume methods are applied.

. Interpretation of Results: The results obtained provide detailed information about the
parameters to be analyzed (Qin, 2022).

Computational Fluid Dynamics is based on computer science, fluid dynamics and mathematics (Figure
1).

Computational Engineering
Fluid Dynamics (Fluid
(CFD) Dynamics)

Computer
Science

Figure 1. The basic components of computational fluid dynamics
The traditional approach has been for experimental and analytical methods to be closely linked rather

than independent. Fluid dynamics has been utilized to aid engineers in studying flows, and designing
equipment and industrial processes. (Figure 2).

94



J 4. RUMELI MUHENDISLIK EGITIMI SEMPOZYUMU / 4nd RUMELI ENGINEERING EDUCATION SYMPOSIUM
7-8 Kasim 2024 / November 7-8, 2024
Beyoglu-Hali¢, ISTANBUL

Experimental
Fluid
Dynamics

Analytical
Fluid

Dynamics
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Computational
Fluid

Dynamics

Figure 2. Basic approaches that can be used to solve fluid dynamics problems

3. Advantages of Computational Fluid Dynamics

e Computational fluid dynamics allows the detailed study of fluid flow, weight losses, mass, and
heat transfer. In this way, engineers can optimize the performance of a system and make more
informed decisions in the design process by understanding the behavior of fluids in detail.

e CFD simulations often offer a faster and more cost-effective solution. Using virtual models
instead of costly physical prototypes and long-lasting experiments in the design stages enables
the efficient use of many factors.

e Itallows engineers to develop different scenarios from a simulated model, helping them quickly
evaluate multiple possibilities.

e It provides a detailed simulation of the model to be tested by ensuring the ambient conditions of
the measurements that may pose a danger in the physical environment. Minimizes the problems
that may arise during measurement.

e It allows us to obtain scale-independent results in the modeling process. This advantage
facilitates the application of the results of laboratory-scale experiments to large-scale systems.

¢ It helps to uncover not only the consequences but also the causes of problems in production.

e Supports design optimization processes. Simulations show the effects of design changes
instantaneously, allowing engineers to develop better, more efficient, and faster designs.

e Itis functional for engineers and students to learn fluid mechanics in practice. Can be used as
an effective training tool. (Sufer et al, 2016; Xia, and Sun 2002; Szubel, 2023).

4. Applications of Computational Fluid Dynamics

CFD has become an integral part of engineering design and analysis environments in essential
industries. The use of Computational Fluid Dynamics (CFD) as an easy-to-implement design tool
provides important information about the flow characteristics of equipment and processes needed to
improve longevity and reduce losses. Some of the application areas in the industry are:

4.1. Aerospace

Computational Fluid Dynamics plays a critical role in the aerodynamic design of aircraft, which is very

important in the aerospace industry, and in the analysis processes of these designs. It is used to optimize

the performance of the aircraft, to increase flight safety by examining the effects of airflow, to increase
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the lift of the wings, and to minimize drag. Figure 3 shows the pressure distribution on an airplane wing
(Url-1). Computational fluid dynamics is also used for cabin ventilation and air conditioning to increase
passenger comfort in airplanes. Figure 4 simulates the unsteady surface pressure distribution in forward
flight for the design and performance analysis of helicopters. (Stejil and Barakos, 2008). HAD provides
detailed information about aerodynamic performance, enabling more efficient and innovative designs.
(Spalart and Venkatakrishnan, 2016; Cao et al. 2022; Fuiji 2005; Rizzi and Luckring 2019).

Figure 3. Simulation of pressure distribution on the wing

¥ = 260° % = 270°

Figure 4. Unsteady surface pressure distribution in forward flight at different rotor azimuth angles

4.2. Agriculture and Livestock

Agriculture and livestock are crucial sectors that are fundamental to food production. It is of great
importance, both economically and environmentally, to increase productivity and develop sustainable
practices in these areas. The design and performance of the ventilation system are key to maintaining the
desired environmental conditions in intensive production systems. Numerous studies have demonstrated
the significance of airflow in enhancing production efficiency in both animal and crop production systems.
In animal production, airflow must be managed to eliminate moisture and manure gases, as well as to
provide protection against low temperatures and rain. Figure 5 depicts the ventilation of a barn housing
cows. (Norton et al.,2007).

To produce crops, it is necessary to maintain good control over the greenhouse environment and ensure
that the production system operates smoothly within the temperature range that is conducive to normal
plant growth and development during the growing season. Figure 6 shows the simulated solar flux on the
side walls and roof of the greenhouse. (Saberian and Sajadiye 2009). The physics involved and the
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precision of analysis tools determine the amount of information needed to understand environmental
variables due to the complexity of indoor production systems. In a virtual environment, numerical modeling
techniques like CFD can be used to accurately quantify the climatic variables of ventilated spaces under
various design conditions. However, the amount of computational fluid dynamic physical experimentation
can be greatly reduced, but not completely eliminated (Norton et al. 2007).

Al B C

Figure 6. Simulated solar flux on the side walls and roof of the greenhouse

4.3. Health

In recent years, the use of computational fluid dynamics in the analysis of physiological flows and
optimization of medical devices in biomedical and health research applications has increased.
Computational fluid dynamics requires an interdisciplinary approach involving healthcare professionals,
engineers, computer scientists and mathematicians to analyze physiological flows due to their
complexity. Figure 7 shows an example of CFD simulations in the Cardiovascular system and Figure 8
shows an example of CFD simulation in the Respiratory system (Basri et al. 2016). The use of CFD in
biomedical research is most commonly associated with cardiovascular medicine, followed closely by
upper and lower respiratory medicine. In research studies that examine cerebrospinal fluid, synovial
lipids, and intracellular fluid, CFD is utilized. Close collaboration between engineering, computer
science, and biomedical research experts is essential for the future development and evolution of
computational medicine (Rea, P. M. (Ed.). 2021; Basri et al. 2016).
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Figure 8. CFD simulation example in respiratory system

4.4. Automotive

For many years, CFD has been a crucial component in automotive design and manufacturing. In both
research and practice, computational fluid dynamics (CFD) has been widely adopted by the aerospace,
aerodynamics, and automotive engineering industries. As a result, CFD has become a firmly established
engineering simulation tool across various disciplines, capable of handling even the most challenging
conditions.Computational fluid dynamics has provided the ability to reduce analysis times of processes,
improve energy efficiency, optimize existing engineering components and systems to meet stringent
standards and specifications in the automotive industry, improve the in-vehicle environment, and
analyze important exterior aerodynamics in detail. In Figure 9, snapshots of the surface pressure of the
unsteady flow around a full-scale formula car and a motorcycle are simulated (Hirschel and Krause,
(Ed.) 2009). In particular, CFD has demonstrated significant and measurable results for the automotive
industry by reducing emissions through powertrain and engine analysis and improving fuel economy,
durability, and performance through aerodynamic studies (Tu et al. 2018, Hirschel and Krause, (Ed.)
2009).
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Figure 9. Snapshots of the surface pressure of unsteady flow around a full-scale formula car and a
motorcycle

4.5. Construction

Computational Fluid Dynamics plays an important role in the construction industry, especially in the
early design stages. The costs of large construction projects can run into millions of dollars, making it
critical for the construction industry to get the design process right from the start. CFD creates virtual
computer-aided models, allowing all aspects of the design to be explored in detail before the
construction process begins. In this way, analysis can be done in much less time and cost. CFD
simulations increase the reliability of the design by evaluating the aerodynamic characteristics of the
structure and its environmental interactions. Figure 10 shows the pressure distribution on the gable roof
for three different flow types (Fouad et al.2018). The additional information reinforces confidence in the
design proposal and reduces potential risks. Computational fluid dynamics makes a significant positive
contribution to project budgets by avoiding high additional costs such as over-dimensioning and
anticipated over-specification. (Tu et al. 2018; Llaguno-Munitxa et al. 2017, Fouad et al. 2018).

Figure 10. Ug farkli akis tipi igin (iggen gatida basing dagilimi

4.6. Textile

Computational Fluid Dynamics stands out as an important tool in the textile industry. Computational fluid
dynamics is widely used in fabric design, dyeing processes, and optimization of energy-intensive drying
systems in the textile industry. In Figure 11, the temperature distribution of the fabric in multiple
directions is simulated. (Shen et al. 2021). Figure 12 shows the streamlines of the flow through the
spinneret holes for different aperture ratios and different spinneret angles in the ram machine used for
drying fabrics (Sigirci and Erdogan,2022). In addition, by analyzing the flow dynamics of ventilation
systems in textile production facilities with computational fluid dynamics, the work environment and thus
the comfort conditions are improved. All these applications play a critical role in increasing efficiency
and improving product quality in textile production (Cherif et al. 2011; Sigirci and Erdodan 2022).

99



J 4. RUMELI MUHENDISLIK EGITIMI SEMPOZYUMU / 4nd RUMELI ENGINEERING EDUCATION SYMPOSIUM
7-8 Kasim 2024 / November 7-8, 2024
Beyoglu-Hali¢, ISTANBUL

(a) (b) (c)

Figure 11. Simulation of temperature distribution for fabric front (a), fabric back (b) and fabric side (c)

TR

Figure 12. Streamlines of the flow through the spinneret holes for different opening ratios and different
spinneret angles in the ram machine used for drying textile fabrics

4.7. Energy

Computational Fluid Dynamics is an important tool for increasing efficiency, safety in production, and
sustainability in the energy sector. Computational fluid dynamics is frequently applied in various fields
such as renewable energy, fossil fuels, nuclear energy, and energy storage. With the increase in global
warming, incentive plans of states to reduce the use of conventional energy sources are increasing the
importance of the renewable energy sector day by day. In renewable energy, CFD plays a critical role
in optimizing wind turbine designs and ensuring thermal management in solar energy systems. Figure
13 shows the pressure distribution on the wind turbine blade (Kaminsky et al. 2012Wind flow models
help determine turbine placement and improve aerodynamic performance, while solar collectors and
photovoltaic systems ensure efficient heat transfer. In the fossil fuel industry, which is still in heavy use,
CFD is used for the optimization of combustion processes and emission predictions. In power plants,
CFD simulations improve the design of combustion chambers and flue gas treatment systems. In
nuclear power plants, modeling coolant flows and potential failure scenarios ensures the safe operation
of the plants. Figure 14 shows the simulated diffusion locus of the Taohuajiang nuclear power plant
cooling tower (Wang et al. 2019). CFD also plays an important role in energy storage systems. In battery
technology, modeling electrolyte flow and temperature distributions improves performance; in thermal
energy storage, it optimizes the design of heat exchangers and storage tanks to ensure efficient heat
transfer (Mahdi et al. 2024; Hoéhne et al. 2010; Alaimo et al. 2015; Dixit et al. 2020; Wu et al. 2012,
Szubel, 2023).
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Figure 13. Pressure distribution in the wind turbine blade
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Figure 14. Simulated representation of the diffusion locus of Taohuajiang nuclear power plant cooling
tower

5. The Future of Computational Fluid Dynamics in Engineering

Computational fluid dynamics (CFD) is playing an increasingly prominent role in industrial applications,
and its intensive use in processes is expected to grow even stronger in the coming years. The rapid
development of computer simulation technologies is directly related to the development of CFD
techniques and models. Decreasing hardware costs and faster calculation times allow engineers to use
CFD programs more widely and effectively. These developments provide more accurate results in the
analysis of complex systems while allowing engineers to make faster evaluations during the design
process. The future position of CFD is not just a dream, but a reality expected to be realized in many
sectors. Integrating computational fluid dynamics into industrial design processes will allow the design
process to be managed from beginning to end with digital simulations instead of producing physical
prototypes in the near future. Thus, while reducing costs and ensuring efficient use of time, it will be
possible to bring innovative products to market more quickly.

Combining computational fluid dynamics with other techniques, like molecular dynamics, allows for the
investigation of interactions between atoms and molecules based on the laws of physicsin today's world,
the depletion of oil resources has made the use of advanced oil recovery methods crucial. Oil is still
heavily utilized, and as the first and second life periods of existing reservoirs come to an end, it becomes
increasingly important to implement advanced recovery techniques. Up to now, a specific and accurate
relationship that takes into account the effect of all nanoparticles on the oil recovery factor using
computational fluid dynamics has not been presented, allowing researchers to investigate nanoparticle
injection processes without much cost to study different effects such as changes in the diameter and
shape of nanopatrticles, nanoparticle concentration in the base fluid. Computational fluid dynamics has
the potential to simulate oil recovery processes at the reservoir scale. The use of simulation methods in
advanced oil recovery processes has become more preferred and important in recent years due to the
development of technology and the emergence of powerful computers. Computational fluid dynamics,
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which is a branch of fluid mechanics, is predicted to become a better method for studying and simulating
advanced oil recovery processes in the future (Jafari et al. 2020.).
In areas such as automotive, aviation, energy, and construction, the integration of CFD technologies will
make engineering designs more reliable, effective, and sustainable. In particular, the combination of
new technologies such as artificial intelligence and machine learning with CFD will further improve
simulation processes and may lead to revolutionary changes in the field of engineering. In this way, it
can be believed that in the future, the analysis and optimization of complex systems will reach a level
that is not possible today and in the past. (Tu et al. 2018; Runchal, (Ed.) 2020).

6. Results (Conclusion)

Today, with the advancement of technology, one of the analysis methods frequently used in engineering
applications is based on models that provide mathematical expressions about the system. These
models, which are used through computer-aided simulation programs, provide a great benefit to the
creation of new systems that are fast, efficient, economical, and free of safety risks, and to the
optimization of existing systems. The ability to analyze experimental applications in a computer
environment thanks to computational fluid dynamics confirms that CFD serves as a bridge between
theoretical concepts and practical applications. Integrating this into engineering education proves that it
can help students better understand basic engineering concepts by visualizing complex fluid behaviors
that are difficult to understand during engineering education and the analysis of systems that are very
difficult and costly to implement experimentally. In addition, thanks to Computational Fluid Dynamics,
students can produce new projects inspired by the solutions of processes that need optimization by
engineers in the industry by not lagging behind the developments in the industry. These projects can
contribute to raising the awareness of teamwork in students and thus improving their communication
skills in a world where people are becoming increasingly asocial. The continuous expansion of the uses
and purposes of Computational Fluid Dynamics encourages a culture of continuous learning by
informing students about new technologies and methodologies. The inclusion of Computational Fluid
Dynamics in engineering curricula enables students to become engineers with a good command of the
market, technological developments, and high analysis skills in their careers after graduation.
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ABSTRACT

The article presents a brief historical overview of the development of universities and, in particular, of
their teachers. The term "Studium generale”, defining the status of the Higher Education Institution and
its requirements for teachers and universities, has been explained. The procedures for their acquisition
and the distinguishing characteristics of each title, the selection of teachers and their pay are analyzed.
This research should stimulate the development of a new scientific direction in Bulgaria and Turkey,
related to research and applications of new methods for forming and preserving personal identity. The
scientific and applied tasks that have been implemented are the development of a model and methods
for personal professional identity, national identity and moral development in the education of
engineering disciplines.

Keyword: personal identity formation

1. Introduction

The main moments in the work of teachers are education, training and research activity in transferring
the experience, knowledge and abilities of capable and knowledgeable people to inexperienced,
ignorant or poorly knowledgeable individuals of life in depth. In different periods of history this was done
in different ways. Here the focus is on the Middle Ages, when the first universities appeared. The very
word university also means a universe, a collection of teachers and students and defines the relationship
between them, and as members of such an institution they have certain rights and obligations. These
rights and obligations are regulated by imperial, papal and state laws, decrees, regulations and
regulations for their application in the specific Higher Schools (HS). The status of study or "Studium
generale" is determined, confirmed and legitimized by a given authority and may come into effect even
after the foundation of the university and the like. The term "Studium generale" means a school with the
means to train students from local and later other regions [1]. Examples are Naples and the first decree
of Emperor Frederick Il for the purpose, Prague and King Charles IV, Tsar Boris Il for Skopje, as well
as for the decrees of the National Assembly for the establishment of HS in Bulgaria, etc. Examples of
the second variant are the University of Toulouse with the earliest decree from Pope Gregory IX in 1229,
the University of Bologna itself, which acquired such status only in 1291, the University of Paris — 77
years after its establishment in 1292, and such there are examples to this day. In the 13th century, two
privileges, one of which was the most important - funding, guaranteed the status of "Studium generale"
and were associated with it:

1. The university has the right to receive income from ecclesiastical benefactors without owning
and transacting with them, e.g. Vicenza-1204 and Pisa 1343. In 1207 Pope Innocent Ill tried to
limit this privilege only to schools with a higher standard, and the bull of Pope Honorius Il of
1219 entitled those clergy who were engaged as teachers in theological schools to receive an
income for a period of 5 years without residing in the internal dominions of the institution.

2. The Use obicva docenti privilege — the right of the successful graduate with a master's or
doctorate degree obtained from the "Studium generale" to teach and apply pedagogical
methods in any other university without taking new exams. Especially in Bulgaria, the first
"habilitations" of experienced teachers were in Chiprovtsi by the Catholic Church [2]. In the
West, this means that the university/s were required to give their graduates - masters teaching
| diplomas with universal validity. This mobility creates the large community of university
professors. Schools that do not have the possibility to issue a teaching diploma with a broad
application of the specialties have the status "Studium particulare" or local, regional ones. These
schools may be founded by bishops to meet the needs of a city or a limited area of his diocese
and are usually Catholic, (Figure 1).
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Figure. 1. The status of the university declared on its emblem in Perugia, Naples, Ingolstadt, Lublin

Later, the term "Studium generale" acquired a wider legal meaning, with the emergence of more
universities such as the one in Rome in 1244-5 when a decree of Pope Innocent IV established one in
Rome. In the next century, information about the "Studium generale" is provided by the legal code of
Alfonso X, King of Castile - Siete Partidas, which deals with the remuneration of teachers, teaching
methods, the organization of student life, examinations and the granting of degrees. Two of the
requirements for the "Studium generale" are mentioned, by which the teaching profession is defined as
a fundamental, constructive component of any university: The school must have professors teaching all
seven disciplines of the trivium and quadrivium (grammar, rhetoric, logic, arithmetic, geometry,
astronomy, music). There should also be professors of civil and canon law.

The universities of the Middle Ages in no case wanted to identify themselves as a continuation of the
church and sought their independence. The people who appeared in society as thinkers, scientists,
writers, teachers formed a new social stratum called the intelligentsia. It was characterized by the
connection between reflection and teaching itself, and in this way built not only its authority, but also its
status in society. The newly formed class laid the foundations of its existence with its attributes or
Insignies - distinctive features by borrowing key terms from the classical Latin language - master, doctor
and professor. The master's or doctorate could teach, but this was not mandatory (as between now and
up to 30% of the staff). When a degree is attached to or precedes a person's name, it means that the
holder has attained the maximum knowledge in the discipline he studied. In the late Middle Ages, the
holder of this degree also received real social prestige, which also gave him access to the world of the
privileged, nobles and wealthy people. These professors - masters or doctors began to be called
"regents"” - a term from German that means ruler and very soon became a byword even for monarchies.
In the late Middle Ages, a new type of regents appeared (mostly in the faculties of liberal arts), with a
more stable position, although of lower authority, than the regular regents in the faculties of law and
medicine. Such are the regents in colleges (lyceums). The procedure itself for acquiring one or both
degrees is supposed to have been established as early as the twelfth century, but it is possible that it
happened even earlier. It is relevant and topical to dwell on it in more detail.

The exams giving the right to a master's degree or the scientific degree of doctor consisted mainly of 3
parts. In order to obtain the right to teach, the candidate had to pass a third examination, called "public"
or "conventus". The candidate presented his thesis to everyone, followed by a debate with students on
a topic chosen by him. The term 'dissertation' is derived from the Latin word 'dissertatio’ which means
‘confrontation, debate, extensive discussion'. As for the terminology of the degrees awarded to
graduates, a master's degree is spoken of in the liberal arts, a doctorate is spoken of in law and
engineering, and in theology and medicine there are other variants. Towards the end of the 13th century,
doctoral colleges appeared, which divided their members according to a certain principle (Figure 2).
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igure. 2. Meetiﬁg of Doctors, University of Paris, Medieval Mauscript. University of Salamanka 800
Centenario. Scene of a Medieval University Hall, Laurence de Voltolina, 1355 [1]
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As for the title, rank, or office, professor (from Latin: professor "a person who is accepted as an expert
in some art or science, teacher, lecturer of the highest rank") is a university teacher and scientific
researcher, it is the most the high university academic title awarded in academic institutions [3].
Colloquially, a person with great knowledge in a given field is implied. In the 12th and 13th centuries, all
professors, with few exceptions, were clergymen. In the 13th-14th centuries, many more "secular
professors" are mentioned, and in general this trend was preserved in the 15th century. Even in the
Middle Ages, there were professors who taught subjects in two specialties, for example, civil and canon
law. Now the procedures for filling the academic position are available in the operating regulations of
each university, and in some countries they are centralized in a committee.

The question is important, how were the teachers chosen, from the point of view of the current
regulations for the activities of the universities? First of all by the Council of Faculties (this was the case
in Paris); The general meeting of the professors of the university (in Oxford and lasi, Romania) or of the
College of Doctors (in Avignon) and secondly, through a contract signed between the professor and the
university or another external institution - for example the municipality or city in which they serve as
representatives of the university. Even today, for example in Germany, the local Municipal Council
submits a request to the Ministry of Education, respectively the Parliament, and requests, as
appropriate, a professor in a given specialty for the region. In the contract, both the duties of the
teachers, the term, and their remuneration were specified. In some universities, professors are
appointed by kings or by the chancellor and his advisers. For example, again in Bologna, the rector
chose which of the most influential professors should enter the University Council.

At the end of the Middle Ages, a process began that led to the disappearance of the medieval teacher -
an intellectual. A new type of teachers appeared on the scientific and cultural scene - humanists, the
most famous of whom are Erasmus of Rotterdam and the pedagogue Jan Comenius (Figure 3). During
the 14th and 15th centuries, a large part of the university "failures”, whose dignity was trampled upon,
prepared and assisted in the disappearance of the successful teachers - intellectuals. The university
professor at the end of the Middle Ages was involved "involuntarily” in the public affairs of the city and
politics. Many of these teachers become judges, politicians, public figures, even popes, which reinforces
their desire for power. They become part of the privileged classes and begin to lose their morals after
interfering with power. In Bologna, for example, the professors were unwittingly involved in party strife
and thus lost much of their authority and dignity. In quite a few places departments are established in
which they begin to teach, taking certain salaries without receiving their fees from the students. Thus,
these professors become dependent on city, regional or federal authorities, and universities lose their
autonomy.
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Fig. 3. Postage stamps issued in honor of |. Kant, Martin Luther and J. Comenius and the Dutch
humanist Erasmus of Rotterdam [personal archive, 4]
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They begin to regulate and determine the teaching material that professors must teach, without
considering the personal abilities of the professors and the interests of science. Moreover, they begin to
impose only teachers from famous, but chosen by them, families. All this and not only led to the
Reformation of Martin Luther and the revolts of the professors in Germany, of Hildrich Zwinglis and
Heinrich Billinger in Switzerland, others in the Netherlands, etc.

The methods of payment are reduced to two: concentrated up to a certain amount for an
activity/discipline or differentiated hourly according to the classes conducted in hours. The first way is
applicable in cases where there are specified service requirements (characteristics) for the position held,
for example in Germany or beneficiaries and dictatorial regimes that determine the terms of payment.
The second, more flexible way is observed in universities that are located in countries with more liberal
laws or operate in the conditions of newly formed democracies. A detailed study of professors' salaries
is proposed in [5].

2. Exposure

Let's focus on the main topic - teaching as a profession, pedagogical skills, teaching methodology and
the teaching career. As it became clear, the guild of medieval university professors was not
homogeneous. A large part of the professors in the faculties of theology belonged to religious orders
and their mobility was limited by the regulations of the orders in which they were members. Thus, in
practice, they did not play a significant role in the life and management of the universities. The main
phenomenon observed almost everywhere in Western Europe is the gradual emergence of a group of
professional "regents". They were usually referred to as "regular" and contrasted with "extraordinary"
teachers. In principle, they were representatives of the legal, natural-mathematical and engineering
sciences. From here follows the difference, that in pedagogical terms there is a distinction in their activity.
In each discipline, there are core texts that are most important and are studied in greater depth, and
additional texts that are less fundamental and are studied more lightly. The teaching of these additional
materials was generally entrusted to masters, but sometimes to doctors. The main classes were taught
by the main regents, whose classes were held in the so-called Doctor's class or Master's class. Lectures
related to supplementary materials were usually held in the afternoon and were considered less
important and often did not even feature in the exam syllabus. This tradition has been preserved to this
day.

Information about the methods of teaching as a profession is provided by university decrees, regulations
and curricula. During the Middle Ages, teaching became a normal, full-time occupation. The main duty
of the teacher-professor was to lecture on texts from the curriculum. They were generally in the morning
and lasted, as now, from an hour and a half to two. The lecturers in the universities and colleges had to
give lectures every day. In practice, deducting weekends, religious holidays, days for solemn debates,
exams and summer vacations leaves between 130 and 150 days to run them. According to preserved
testimonies, the rectors of Roman law in Bologna included in their lectures the following elements: a
brief exposition of each chapter of the text; disclosure of the content of any law; reading the text
accompanied by reasoning; rediscovering the meaning of the text; disclosure of contradictions in content
and general notes; further explanations. The enumeration of these elements of lecturing shows that
university statutes forbade the hasty reading of complex texts and there was a strict sequence to the
study of jurisprudence. Something we can learn from today. The doctors held debates on various topics
in the afternoon or the prototype of the seminar exercises. A cardinal rule in the medieval university was
to have no more than one disputation per week. This gave the regular regents time to prepare for the
particular debate and follow the lectures. Students were required to attend, with each regent conducting
a small number of debates per year. For his preparation for the disputation, the regent must have had
in his library copies of various books. After the end of the dispute, the regent recorded the comments
and gave them for publication. This is how they spread among the students.

From a pedagogical point of view, for the strategies and techniques applied by the professors in
teaching, the latter can be divided into glossators and itinerant ones, which increased sharply after the
beginning of the Xlll century. Glossator from Latin is the name of the school of jurists that arose from
the Xl until the 13th century in Italy (Rome, Ravenna, Pavia, Verona) and France (Orléans, Montpellier,
Toulouse) in order to teach, and subsequently implement Roman law in practice as a priority. The first
doctors from Bologna and from other universities systematized their works in a single voice (Latin Glossa
ordinaria-language, speech, said something in a row, but can also mean a note in a text), and taught
disciplines such as rhetoric, literature and methodology of teaching and through legal concepts and
categories imposed it in life. Marginal (or in the margins) and interlinear glosses (or between the lines)
are distinguished especially by the way of taking notes (remarks) in the texts. For ordinary people, the
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glosses explained what legal meaning was hidden in the linguistic expression, and for the intelligentsia,
the supreme reason was expressed and reduced to the written word. Two centuries later, this group
split into postglossators (commentators) and legates. The former predominated in quantity and criticized
the humanists during the Renaissance until the beginning of the 16th century for their scholastic
approach to science. More importantly, they used new methods from other branches of knowledge such
as translating texts from Arabic. Specifically for Bulgaria, the glossators transcribed and translated
documents from the Second Bulgarian Kingdom, such as the Manasseh Chronicle, etc. Thus, they
introduced the historical-philological method of analysis in pedagogy, and for the people - they set the
beginning of a number of Codes, norms and postulates, which are the basis of the current legislation.
All this means greater freedom in teaching. Opponents of these glossators were the dogmatists
(legates), who were characterized by a dry theoretical orientation or one towards national law. What is
more important for them is that they bring Western European universities not only in Germany, but also
in the Netherlands, for example, to have rights for official consultations. You can see the prototypes of
the authorized research laboratories in the HS and the emergence of subsequent political doctrines of
the old continent and philosophical teachings. The closed way of thinking also led to the imposition of
treatises as the in-depth monographs, manuscripts and works in certain fields, rather than the rushed,
unstitched trailers in a whole and conceptual sketches as determining the scientific development of
people in the future. The habilitation works, unified texts such as decrees, compendiums, scientific
reports, etc. appeared and were approved. according to the specific needs in the different fields of
science. The conductors of thought and the bearers of knowledge were well aware that knowledge is
power and it must be cultivated. Thus, in the 17th century, two main currents were formed with a different
worldview towards the organization of the state, civil law and the imposed way of thinking - Anglo-French
and German-Swiss, and although this differentiation is not of fundamental importance, the difference is
still felt today . The Spanish (Salamanca) and Portuguese (Coimbra) universities did not accept students
from outside the Iberian Peninsula during the period under review. The consequence then is that
Enlightenment appears! There are also different trends in philosophy and the formation of self-
awareness and behavior in people. Itis about liberalism and the a prioriness of morality under Immanuel
Kant and the culmination of the spirit under Georg W. F. Hegel in Germany, as well as the naturalist
philosophers led by Isaac Newton in England. The colonization of America begins!

Subsequently, etc. appears. a historical school founded by Gustav Hugo and Friedrich Savina of the
University of Gottingen, known for its freedom and independence in learning and continued in Germany
by B. Niebuhr, Ehring, the Brothers Grimm, etc. Of course, the freedom-loving processes were also
reflected in France, before and after the Great French Revolution in 1789. This is also a consequence
of the fact that education was required not only in legal and medical sciences, but also in history,
philosophy, natural mathematical sciences, etc. The strategy of teaching in universities, not only in
France and Germany, was no longer determined by kings and centralized beneficiaries, but by the Civil
Code, the declaration of human rights, the new conditions in the economy with the introduction of rules
for trade, property, etc. Alas, not for long. With Napoleon's coming to power and his election as consul
for life, the situation changed radically. Commissions were formed, a Napoleonic code was even
adopted, which monitored and determined the consistent and logical teaching of the material, in simple
and understandable language, and introduced norms that imposed causes in the interest of power. Ten
years later, similar bills were also introduced in Germany. Naturally, opponents appeared who
developed the so-called Romanistic school. In general, Roman law is established in countries with a
Christian religion. Democracy struggled and, passing through various turning points in recent history,
still won.

Pedagogical methods of teaching for the formation of self-awareness are initially dialectical, without
references to other areas. The division into parts is introduced, the lectures are divided into those led
by professors and masters/doctors. The components of a lecture and a public debate are also defined.
Dissertations were considered as rehearsals for future teaching, other types of scientific works such as
reviews and summaries of the taught material were also introduced. We can only learn and recall the
forgotten teaching-methodical advice, scientific seminars in the departments and other similar events.
Subsequently, new methods appeared, the most basic of which is that of free scientific research, which
is still applicable today.

In modern times, the personal identity of teachers and the system of higher education are mixed with
other subjects, mainly with the vague "European culture" [6]. Common schemes of knowledge are
imposed on educated and uneducated people - simplification and dependence on material life.
Knowledge is often superficial, behind which often lies manipulation for economic, political and
ideological reasons. That is why the role of the university as an institution is very important. As an
environment for obtaining higher education, it is a reduced social environment for testing different ideals.
According to the thesis of the founder of pragmatism, C. Peirce, the university and the individual can be
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understood as open, mutually influencing systems [6]. In the university environment, the qualities of a
person's identity are formed, because the university, as smaller than society, can be more easily
managed and has mechanisms for this. There are two types of universities, the first are closed
hierarchical systems such as organization and knowledge system that traditionally teach and train
people in a conservative way. Knowledge as a key to success and development is reduced to limited
ideologies, lack of contact with reality and loss of original individuality in people. The consequence is
not in favor of the individual, who has no criteria for his own comparison and makes no claims to his
own development, but always reproaches others. The second type of universities are analogous to a
modern society open to communication because freedom is accepted as a skill for people to use. Such
a university models the construction of those who follow it flexibly towards a transition of free values
and stimulates a dynamic didactic thinking in them. Embedding such values becomes a reality and
communicates with reality. Learners themselves deal with their identity and its construction. Even in
foreign currency this freedom of action is declared. Example The University of California, USA — “In
lumine Tuo videbimuslumen” - In your world we will see the light [7], [8].

Turkey's higher education system has developed greatly over the past few decades in terms of quality
and standard. It consists of two- and four-year universities and schools of continuing education, which
are united in an autonomous Higher Education Council. In Turkey, there are about 60 state, public non-
profit and a number of private universities of rich people and foreign investors, of charitable foundations,
HEIs with different professional profiles and fees according to the quality of education, foreign education
in several institutions, e.g. in Cyprus (b .a. at least 5), and even Robert College, connected in the past
with Bulgaria. Turkey is a country with a total of over 100 universities (n.a. the data are m/u 104 — 105),
it requires great attention on the subject. The oldest university in Turkey, Istanbul Universitesi was
established in 1453. Postal documents accurately reflect events, occasions and anniversaries and prove
indisputably important moments in the development of the university (Figure 4). A stamp that was issued
on 01/03/1952, dated 1951, shows uni. in Istanbul on the occasion of the UN session on economic
agrarian studies in the Mediterranean. 25 years at the faculty of Univ. in Ankara reflects a brand since
1959. The Faculty of History and Geography and its 25th year again at the Univ. Istanbul presents a
stamp showing the date of its opening 25/07/1936-1961 Middle East Technical University METU in
Ankara and its 10 year document 3 commemorative stamps and first day cover of 15/11/1966 For 200
years of technical uni in Istanbul in 1973 an interesting stamp from a semi-postal charity issue of 100+25
kurus was validated with his emblem. Being proud of the 7th TVU in Europe is a big enough occasion.
Again for uni. in Ankara, but for 50 years of the entire VU, a stamp and a first-day envelope from
11/13/1996 were published.

{niversitesi

1946+ 19906

Fig. 4. Postal materials from Turkey on the subject of higher education
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Similarly, it is a charitable £ 15,000+2,500 - Turkish Lira, and the philatelic materials are specially on
the subject of "Education”. Jubilee 1956-2006 for directions above technical Middle East University
METU show documents with the statue in front of his building and monetary reform in the country. The
first-day envelope is dated 11/15/2006. This uni. is first in world rankings. The 100th anniversary stamp
of Fez Lyceum, showing its development, is very stylish. Last known, a commemorative block for the
240th anniversary of the pride of Turkey - TU was released in Istanbul in 2013 [13]. It is also appropriate
that the University of Istanbul Rumeli University should publish materials on the subject.

3. Discussions and Results

The importance of pedagogical preparation and especially the need for it for teachers of technical and,
in particular, technological disciplines is underestimated nowadays. The lecturers are appointed
according to the current Law on Higher Education [9] after successfully passing a competitive exam in
the main discipline in which they will teach the students. No special teaching qualification is required,
which is mandatory in secondary schools, for example vocational high schools. It is believed that if the
future teacher knows his subject well, he will be able to teach it well. The divergence of the two aspects
is great, and the acquisition of pedagogical skills is not only a matter of accumulated experience. The
lectures of a good pedagogue and a teacher good in his profession have a much stronger and more
effective effect on the students he teaches. Every professor at a university is first and foremost a teacher.
That is why pedagogical training is necessary for the acquisition of teaching-methodical skills and activity
control, especially for young teachers. This research should stimulate the development of a new
scientific direction for Bulgaria and Turkey, related to research and applications of new methods for
forming and preserving personal identity. The scientific and applied tasks that have been implemented
are the development of a model and methods for personal professional identity, national identity and
moral development in the education of engineering disciplines, presented in detail in [10,11,12]. In a
more particular methodological aspect, the research is a foundation for specific scientific study and
interpretation of the concepts of personal and national identity in the conditions of a dynamically
developing social environment.

University life includes many other duties besides teaching. These were and are religious ceremonies,
customary and, on some specific occasion, assemblies, holidays and solemn rituals, generally activities
required by career and academic life. As now, teachers also held administrative positions - rector, dean,
fee collectors, etc. Their mandates were for one year and could be held consecutively for several years
by professors in a regular position. And now there are countries like Turkey and Belarus, in which rectors
are approved and appointed by the president. In order to end the practice of authoritarian occupation of
positions, mandates were introduced, most often for 4 years. Duties of administrators included
preparation and maintenance of documentation, solving problems of various nature in education and
representing the university to the public. Now these duties are united in the modern words attestation,
accreditation, public relations. These administrative duties were and are entrusted to older and influential
people, not being the same for different teachers as they are now. However, not all teachers zealously
performed their duties, not all were serious and responsible enough, as they are now. It is significant
that the professors most often outsourced only one part of their program, awarded degrees to candidates
who did not deserve them, tried to use the students for opportunistic purposes, etc. All this made it
necessary, especially in Bologna, to create a group of students - the prototype of the Student Council -
to monitor, control and expose teachers with an unprofessional attitude to work. Toward the end of the
Middle Ages, this lack of interest intensified enormously, almost leading to a war between students and
professors. Various control systems and mechanisms for student democracy are emerging in academia.
Currently, the Student Council is the main body and is present in regulations, general meetings, various
councils, etc.

The role of professors in HS for acquiring knowledge and forming consciousness in people is extremely
important. In most cases, this determines the worldview, actions in the future and their status in society.
An activity done with heart, dedication and humanity. It is by no means the most important how and in
what ways this is implemented and achieved. Let's not impose dogmas known from history with various
dictators, regimes and propaganda. Let's also forgive people without scientific degrees or high academic
positions, even though working in such an institution requires it by law. After all, Leonardo da Vinci is a
genius even without a defended thesis, and master Usta Collio Ficheto is a great builder and architect
without a double habilitation. The conductors of thought and the bearers of knowledge must, however,
be well aware that knowledge is the highest human endowment and it must cultivate the thinking, skills
and abilities of the people. For the upbringing of free and independent people with their own opinion,
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actions based on personal and professional qualities and a cognitive attitude towards oneself regarding
nationality. In short — with self-awareness.

4. Conclusions

4.1. The intelligentsia laid the foundations of its existence with its attributes or Insignies - distinctive
features by borrowing key terms from the classical Latin language - master, doctor and professor. The
term "Studium generale", defining the status of the Higher Education Institution and its requirements for
teachers and universities, has been explained. The procedures for their acquisition and the
distinguishing characteristics of each title, the selection of teachers and their pay are analyzed.

4.2. The university professor at the end of the Middle Ages became involved in public affairs and politics,
and a new type of professor appeared on the scientific and cultural scene - humanists. From a
pedagogical point of view, there is a distinction in their activity. The methods, the material, the time of
teaching have changed. The teaching profession was regulated by decrees with the duties of teachers.
From a pedagogical point of view, for the strategies applied by professors in teaching, the latter are
divided into glossators and itinerant ones, which increased sharply after the beginning of the 13th
century. Two centuries later, this group is divided into post-glossators (commentators) and legates
(dogmaticts ). In the 17th century, two main currents were formed with a different worldview towards the
organization of the state, civil law and the imposed way of thinking - Anglo-French and German-Swiss.
The strategy of teaching in universities is no longer determined by kings and centralized beneficiaries,
but by the Civil Code, the Declaration of Human Rights, the new conditions in the economy with the
introduction of rules on trade, property, etc.

4.3. The role of the professors in VU for the formation of national and professional consciousness is
decisive. Pedagogical methods of teaching for the formation of self-awareness are initially dialectical,
without references to other areas. Subsequently, new methods appeared, the most basic of which is
that of free scientific research. In modern times, personal identity and the system of higher education
are mixed with other subjects. As an environment for obtaining higher education, the university is a
reduced public environment for the formation and testing of various ideals and qualities of a person's
identity. Bearers of knowledge should be well aware that knowledge is the highest human endowment
and it should cultivate people's thinking, skills and abilities to educate them as free and independent
people with their own opinion, actions based on personal and professional qualities and cognitive
attitude to himself about nationality.
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Summary

The most important harmony in engineering education is between mathematics and natural sciences.
Within this framework, the trainees should be educated in a way that is open to innovations by using
their existing knowledge and experience. In this process, the most important issue to be emphasised is
to reach fresh information by following technological and scientific developments and making new
designs and discoveries. For this reason, as in other branches of science, the concepts of science and
knowledge production gain importance in engineering. In order to ensure this, university education levels
have been established and universities have been opened. In this study, the history of engineering
education is mentioned. In this context, the role of Anatolian geography in the historical process has
been emphasised.

Information about engineering types has been shared; information about MUDEK has been given.
Information about some of the institutions that supervise engineering and technology education
programmes is given by focusing on the issues necessary for the good execution of the engineering
education system. Some general information about engineering education in Turkey and Germany is
given.

Key words: Engineering education, types of engineering, MUDEK, engineering in Germany

1. The Concept of Science

The role of academic studies in universities, where engineering knowledge is produced, in the
process of social development and reaching higher levels cannot be disputed. In the development of
science and the university, there is diversity, continuity and the spread of innovations by eliminating the
unsuitable, that is, the old. Engineering science produced in universities has to prioritise facts, not data.
The most important problematic of today is the establishment of settlements and the prioritisation of a
life style that overcomes the difficulties of living with earthquakes. Especially the environmental
problematic, the threat to biodiversity due to global warming and climate change. It is necessary to put
this on the agenda, to create an environment for discussion and to put on the agenda what measures
can be taken. Engineering sciences play an important role in minimising the damage. Academic studies
should also meet the needs of the layers of society. The issue of where scientific studies should start
and where they should end should be determined very well.

Engineering sciences often use the memory of science. Consistency and rationality,
comprehensibility and non-contradiction with reality are always expected here. When T.H.Huxley says
that science is a trained and organised common sense, he actually means this situation. The main
reason why scientists are interested in science is their insatiable curiosity and desire to know and
understand the world they live in better. Another reason is the desire to use science as a means of
controlling the power and resources of the world. We can first see the existence of human communities
desiring this desire in Anatolia. It is seen that the first steps of the urbanisation culture and settlement
stage, which is related to engineering, started in Anatolia as in the examples of Karahan and Gdbekli
Tepe. It is understood that the phenomenon of urbanisation emerged 8000 years ago and reached the
highest dimensions with engineering applications in the excavations in Catalhdylk (Kizirodlu, 2023,
p.137).
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2. History of Engineering Sciences (MBT)

The development and evolution of the history of engineering over time has been demonstrated
by studies carried out in Mesopotamia, especially in the region between the Tigris and Euphrates. Itis
known that the Sumerians, who established civilisation in this locality, carried out the first known
engineering works in the world. It is assumed that the engineering works that emerged during the
Babylonian and Assyrian periods constitute the firsts. When we look at today's construction laws, we
come across some articles in which the draft law compiled by the Babylonian king Hammurabi is valid.

MBT goes back to prehistoric times. Like most branches of science, it takes its origin from
Anatolia and its people. Goébekli Tepe, where the advanced culture of Mesopotamia was experienced,
and Karahan Tepe, the world's oldest settlement 15 000 years ago BC, also developed an important
high culture and met with construction (engineering, static) elements. Here, too, 250 ‘T’ shaped standing
stones (Figure 1) and a 2.5 m high human statue
have been found. In the early advanced civilisations of Mesopotamia about 6000/15000 years BC, the
first engineers were trained in temple and palace schools. The first sciences, including mechanics, a
fundamental discipline for many engineering sciences as technical mechanics, originated in ancient
Anatolia.

Looking at the historical background of the engineering profession, it is possible to understand
that the oldest education and practices of this profession are in Anatolia, from the ruins in Gébekli Tepe
n Tepe (Figure 1).

S

\

.

Figure 1. It is possible to e vry high level of engineertng elements in the world's oldest settlement,
Karahan Tepe and Gobekli Tepe.

Engineering education is nowadays the latest engineering education to meet new requirements.

It has preferred to look for ways to use technologies. Especially electronics, computer, internet and
robotics technology, microelectronics, nanotechnology, communication and transport technology have
been developed. In engineering education, some questions should be answered. It is possible to give
them in the following main categories:

1- What is the importance of interdisciplinary teaching in engineering education in universities?

2-What is the level of education in universities and universities of applied sciences in Turkey
and Germany?

3- Which effects and framework conditions of higher education are important in this context?
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4- Which goals are associated with the integration of interdisciplinary teaching and which are
there obstacles?

5- At universities and universities of applied sciences in Turkey and Germany
How is interdisciplinary teaching currently organised?

6-In universities and universities of applied sciences in Turkey and Germany
What options are used to organise teaching?

7- The diversity of technical degree programmes in Turkey and Germany in terms of
how it develops

8- Interdisciplinary orientation and networking?

9- How is interdisciplinary education ideally integrated into engineering education in the future?

10- Innovative approaches to future-oriented education in Turkey, Germany and abroad .Are
there models that can serve as examples of approaches?

The human brain has chosen to develop the latest innovations by revealing its creative ability.
Today, it is seen that the societies that make the best use of the existing knowledge have achieved new
technological developments. Here, it has gained importance to transfer the existing information analysis
and application processes from generation to generation. Thus, the daily needs of humanity have started
to be met. With this accumulation of knowledge and experience, new structures, processes and products
have been tried to be obtained. This situation is an engineering subject. It has been observed that many
innovations have emerged in terrestrial, aquatic and atmospheric environments with the start of work on
issues that require technical knowledge and equipment such as public works such as roads, bridges,
high-rise buildings, agriculture, nutrition, food, physics, chemistry, ecology, electricity, electronics,
aircraft, ships, automation, engines, development of construction machinery. The chronology of some
important technological developments achieved by mankind is shown in Table 1.

Table 1. Chronology of Technological Discoveries (Ozgep, 2007; Alpaarslan ,2011; Kiziroglu, 2023)

13 000 BC The first applications of engineering in Anatolia at Karahan Tepe

11 000 BC Construction of the houses of faith at Gébekli Tepe using massive columns

5000-7000 BC Discovery of algebra; Sumerians used writing for the first time

4240 BC: The first way in which events could be precisely dated. This began with the Egyptians'
introduction of the calendar, the use of numerals, the prioritisation of geometry, statics and architecture,
and the development of structural systems.

Around 3200 BC: The Sumerians of Mesopotamia were the first society to use writing and to draw a
picture of the wheel.

Around 3000 BC: Babylonians invented the abacus, the first adding machine.

Around 1300 BC: Syrians develop their own alphabet

700 BC: In Lydia (in present-day Turkey), money was used for the first time to buy and sell goods.
Around 10 BC: Roman architect Vitruvius designs a crane.

800- 999 AD: A monk invented the mechanical clock, and in the House of Knowledge opened in
Baghdad, Ibn Sina and EI Bruni conducted important research in medicine and pharmacy. El Bruni was
the founder of the science of geodesy.

Around 1000: The Chinese used gunpowder to make fireworks and send signals.

Around 1045: Pi Cheng invented the portable printing press in China. 11th century: the first university
opened.

1400-1500s: Johannes Gutenberg's printing presses revolutionised book production. As a result,
information about new inventions spread. Ali Kusgu conducted research in astronomy and mathematics
and became the founder of Mechanics. Al-Jazari developed the first robotic prototype and laid the
foundation of Cybernetics,

1569: The Flemish cartographer Mercator developed a new method of map-making.

1592: Galileo built a telescope that magnified objects 30 times.

1614: Scottish mathematician John Napier invented the logarithm ruler.

1642: Blaise Pascal invented an adding machine for his father to use for tax calculations.

1643: Evangelista Torricelli invented what is now called a mercury barometer to measure air pressure.

1656: Christian Huygens designed a precision pendulum clock based on Galileo ‘s ideas. 1665: Robert
Hooke ‘s drawings in his book Small Observations demonstrate the power of the new microscopes and
for the first time the concept of the Cellula “cell” enters science.
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1668: Isaac Newton built the first mirror telescope.

1698: Thomas Savery built the first steam engine, which was used to pump water out of flooded mines.

1733: The ‘flying shuttle’, invented by an English weaver, doubled the amount of cloth one person could
produce in a day.

1783: Marquis de Jouffroy d'Abbans floated the first steamship.

1783: The Montgolfier Brothers successfully flew a hot air balloon.

1801: The Nautilus, a submarine, made its first voyage. Alexander von Humboldt laid the foundations
of physical geography and ecology as a result of his travels in South America and Russia.

1804: Richard Trevithick built the first steam locomotive travelling on rails.

1814: Friedrich Konig developed the steam printing press, which was much faster than the manual
printing press. 1815: Humphry Davy invented a miner's lamp that made working in mines much safer.

1819: Augustus Siebe designed a pressurised diving suit, enabling people to dive deeper

19.-20.-21.century The beginning of the science industrial revolution. Watson and Crick Biotechnology,
Genetic Engineering, Human Genome Project and advances in Gene Technology, DNA Sequence
Analysis and Bioinformatics. Development of computer programs to be used in the storage and analysis
of biological data. J.Presper Erchert and John W. Mauchly developed the first fully electronic digital
computer with high processing speed digital development),

An institution at the level of a Technical School was established for modernisation. During the
Nizam-1 Cedid movement and the renewal process, with Selim Il (1789-1807), an Engineering School
named Mihendishane-i Cedide was established in 1793 for the training of gunsmiths and artillerymen.
This institution started education in 1806 under the name of the Imperial Land Engineering School
(MUhendishane-i Berri-i Himayin).

Schools for engineers were established in France, including the Ecole polytechnique. In the
19th century, many engineering schools were established in German-speaking countries. Some of these
were upgraded to technical colleges, which were granted the right to award doctorates around 1900,
thus becoming academically equal to universities.

3. Engineering Education in Turkey

The engineer can put forward new ideas and approaches for industry and technology. It changes
the life of the society and makes it open to innovations with the methods it gives and applies. Engineering
is a systematic of thought and is a mathematical thinking skill. Engineering can synthesise all the
information obtained through science with reason and experience to produce formations that are
beneficial to humanity. Engineering is to utilise science, economy, time and physical resources in the
best way and to search for optimum solutions. By using engineering logic, the most basic aim of
engineering is to economically utilise natural resources and power for the benefit of humanity.

In the 20th century a large number of new disciplines emerged - mostly specialisations of
existing fields or developments at the interfaces between existing fields. At the same time, the scientific
process has also increased, which has been strengthened by computer-aided technologies such as the
finite element method. In Turkey in 1926, engineers who graduated after four years of education were
given the title of high engineer. Darulfiinun was closed in 1933 with a law and became Istanbul University
and started education. Istanbul Technical University was established with the civil engineering law, one
of the most modern and comprehensive university laws of the period in which it was established. The
history of engineering universities started with the Tanzimat period. For students studying in this branch,
it has become one of the main duties of universities providing engineering education to raise their mental
and personal abilities to the highest level from the current point and to provide all kinds of research and
training in order to train graduates and scientists who have knowledge in their field. At that time, the
higher education institution opened under the name of Istanbul University undertook to train engineers.
While the number of graduates was very low at that time, the Faculty of Electricity, one of the first
faculties of the higher engineering schools, which was organised as Istanbul Technical University, was
opened. In 1937, 18, in 1938, 7 and in 1939, 6 people graduated as electromechanical engineers. In
1937, the electronics department and the Communication Branch were merged in the field of
electromechanics, resulting in the graduation of 7 electromechanical engineers and 6 electrical
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engineers in 1940, and 11 electrical and electromechanical graduate engineers in 1942. In the
1942/1943 academic year, the departments of aeronautical engineering and naval civil engineering were
opened.

Institutions undertaking engineering education have implemented programmes to increase and
develop the mental and individual abilities of the students studying there. These programmes should be
at the level of developing the design skills of individuals and increasing their design skills. Graduate
engineers who are trained at this level should be trained at the level that meets the creative and current
conditions in undergraduate and graduate education levels. In our country, which is in the earthquake
zone, the necessity of earthquake resistance of constructions should be internalised by the students
receiving engineering education. It is expected that the skills within the framework of mathematics and
basic sciences for the application of engineering knowledge should be activated. Analysing an
investment that will be the product of the engineering profession and interpreting the results of the
analysis are the most basic approaches.

An engineer plans, develops and optimises technical systems and processes in order to solve
problems and increase efficiency in a variety of fields and events.

The job title ‘engineer’ can be obtained by completing a degree in engineering. With the education to
be received here, it will be possible to compete with engineers from other countries.

Engineers are highly sought after in the labour market. Today, different engineers are needed
in Europe, America and naturally in Turkey. In fact, since the need for some branches of engineering
(computing, nanotechnology, robotics, software, etc.) is high, the demand for engineers trained in these
branches is increasing day by day.

Table 2. Registered employment rate of bachelor's degree graduates by fields of education and training,
2022 (TurkStat, 2023)

Education and training areas

Fields of education and training Total(%) TotalMale(%). Female(%)
Natural sciences, mathematics and statistics 71.8 80.4 66.1
Information and communication technologies 76.2 781 728

Engineering, manufacturing and construction 78.4. 80.4 74.8
Agriculture, forestry, fisheries and veterinary 68.6 74.0 59.5

It is thought that the unemployment rate of 12,8% in engineering and engineering jobs in Table
2 is due to the lack of qualified engi neers. It is not known what percentage of the engineers who have
jobs other than 12.8% in Table 2 are working in their own professions. Many engineers who cannot find
a job turn to different fields and thus push aside the vocational education they have received throughout
their university life. The registered employment rate of bachelor's degree graduates was 71.7% in 2022
(TurkStat, 2023). While the registered employment rate of bachelor's degree graduates was 71.1% in
2021, this rate was 71.7% in 2022. While the registered employment rate for associate degree graduates
was 63.0% in 2021, this rate was calculated as 64.9% in 2022.

The departments with the highest registered employment at undergraduate level were special

education teaching (96.0%), medicine (94.3%), electrical teaching (91.3%), electronics teaching (90.6%)
and automotive teaching (90.1%).
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The undergraduate programme with the highest registered employment rate was special
education teaching with 96.0%. Mechanical engineering is the oldest branch of engineering with the
widest field of study. Although brand new branches such as metallurgy, shipbuilding, aircraft, aircraft,
industry, automotive, mechatronics have emerged in the last half century, the width of the field has
narrowed very little.

4. Access to Information

- To the extent of today's possibilities, each individual needs new and advanced information. is
possible. This was not possible half a century ago. Because it was not at all easy or even possible to
access the computer and the information produced with it. Today, however, it is possible for every
individual to access information sources at home, in his/her pocket or in his/her organisation with his/her
computer, without limitations and without much expense. In other words, the cost of access to
information has fallen considerably.

- Tools and equipment used in education processes, in other words in engineering education

also improved. We can say that the overhead projector (presentation of lecture notes prepared by using
various coloured highlighters on transparent transparencies) and the slide machine are now a thing of
the past. In spite of all these, the blackboard and chalk are still up to date even in the most advanced
universities (such as MIT or Harvard).

In addition to these, e-learning environments are very current; that is, education can be given
online without the need for the teacher and learner to be in the same environment. As a matter of fact,
many of our friends and different universities have shared their courses online with their students during
the covid period. | would like to state that great progress has been made in this sector (I would like to
share a memory with you, | was assigned to establish a Science Education Department at Hacettepe
University where courses were given in German. Five German Prof. were assigned to give lectures in
the department. Some of our friends who had completed their doctoral studies in Germany were also
contributing. We applied to Heidelberg University with the idea that we could do online education, but
when we were asked for one hundred and fifty thousand marks, we gave up (now it is free). Online
education may not be necessary in classical branches of engineering education (civil, mechanical,
electrical/electronic, physics and chemistry); however, it may be recommended to switch to online
education in some specific and current engineering branches such as systems engineering, genetic
engineering, bioengineering, energy engineering, software engineering, robotic field engineering.

- Engineer (Ing.), for specialists with a degree in technology or engineering
is a protected professional title. In Germany, the professional title ‘engineer’ may only be used by
persons who have completed a university degree in science or technology. Training as an engineer can
take place at technical colleges, universities, universities of applied sciences or as a dual study
programme at a vocational academy.
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5. What does an engineer do?

Engineers, as technicians with an academic degree, are responsible for solving technical
challenges and make a decisive contribution to the development and implementation of innovations in
various technical fields. Their role covers a wide range of tasks and responsibilities, which may vary
depending on specialisation and sector.

Engineers are often called upon to develop new technological solutions or to improve existing
technologies.

They conduct extensive research to improve their work. They analyse data, conduct
experiments and use their findings to develop practical and efficient solutions. Both in Germany and
Turkey, the basic principles of engineering education have been developed in this direction. These
principles are taken into account in the engineering education process in all developed countries of the
world. Education programmes are developed accordingly.

6. Types of Engineering

Engineering prepared by the Association of German Engineers for the 4th quarter of 2023
According to the scale, engineers are divided into eight occupational categories

-Engineering professions in raw material production and extraction

-Engineering professions in plastics production and the chemical industry
-Engineering professions in metal processing

-Engineering professions in the field of mechanical and automotive engineering
-Energy and electrical engineering

-Engineering professions technical research and production control

-Engineering professions construction / surveying / building technology, architecture
-Other engineering professions

Both in Germany and in Turkey, engineering disciplines are very specialised. The following list provides
information about the engineering specialisations and types of engineering courses currently offered.

Typical specialisations in engineering are mechanical engineering, electrical engineering
(control engineering, telecommunications engineering, radio engineering, systems engineering),
renewable energy engineering, optical engineering, automotive engineering, process engineering and
civil engineering. There are also interdisciplinary specialisations that combine engineering with other
disciplines such as chemistry or economics, for example chemical engineering (biomolecular
engineering, genetic engineering) or industrial engineering, materials engineering (metallurgical
engineering, ceramics engineering, polymer engineering, crystal engineering, corrosion engineering).
This diversity reflects the breadth and depth of engineering and shows how engineers contribute
significantly to technical development and innovation through their expertise. Over time, a broad
spectrum of engineering specialisations has developed in both Turkey and Germany, and units of study
have evolved accordingly: For example,

7. How much does an engineer eaarn?

In 2024, an engineer will earn an average of €55,698 gross per year. For engineers Thestarting
salary is €46,557 gross per year. Average annual gross salary of engineers with more than 20 years of
professional experience It is €69,931. Engineers' salaries vary depending on experience, specialization
and industry. Current data for 2023, based on surveys of more than 1,400 engineers by Jobvector,
provides information on average salaries in various engineering disciplines

8. How Should Engineering Education Be?
The contribution of knowledge produced with various supports and studies in the education
stages to the society should be ensured. This value creation should be beneficial to the development

and progress of the society.
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Sharing the knowledge and innovations produced by classical university education with the
layers of society already constitutes the most basic logic of university education. In other words, it is the
most basic duty of the first, second and third generation universities that undertake the stages of
education, research and transfer of the knowledge produced to the society to fulfill these duties by
considering the requirements of the age.

Within this framework, we can say that the number of institutions implementing programs has
reached over 600 in the world, which is designed to include at least various stages (the number of
students receiving engineering education in 1274 programs in 219 engineering faculties operating within
various universities is 350 thousand as of the 2014-2015 period. The number of graduates receiving the
title of engineer every year is 35 thousand. Approximately 4 million graduates are produced from the
existing 60 thousand engineering schools in the world. ,. However, we must train students with such an
up-to-date and contemporary engineering program that our graduates can compete with foreigners who
have received the same professional education. As of 2015, there are 75 different engineering programs
in 33 different types of faculties. In order to ensure this, our graduates, who will undergo education and
applications with the latest methods and methods, will be able to compete with foreigners in every
subject. Countries and universities that ensure this will also undertake an important mission:

In particular, curriculum renewal, on-site application and the best supervision of internships will
make engineering education competitive.

Engineering education, which is rated with the most up-to-date methods and evaluation
practices every year, is subject to evaluations on both national and international scales. Thus,
information about institutions that offer engineering education will be useful both for students who will
choose these educations for the first time and for communication with the industrial sector.

It will inform those who are devoted to engineering education about the social contribution of
the institution in recent years and will also help them explain the mission they will undertake in the future.
It will inform the relevant people about the recognition, transparency and efficiency of the institution. In
this process, it is extremely important for the relevant engineering unit to achieve a quality assurance
standard.

Instead of a system based on memorization, it is expected that the path and systems followed
in education will be realized at a competitive level, the audio-visual (practice and learning by doing)
system will be emphasized. In fact, this should be an application that should be given only before the
university period.

This is where MUDEK, the national accreditation agency that is specific to the kind of practice that
educational institutions, especially those providing engineering education, implement, come into play.

9. What is MUDEK?

MUDEK is an independent and civil initiative recognized by the Council of Higher Education
(YOK) responsible for the accreditation of engineering education in Turkey. It is an agency that prioritizes
shedding light on international practices where there is both national and international educational
competition and undertakes an informative mission. MUDEK evaluation criteria are grouped under 10
headings (Platin, 2011):

1. Criterion; Students,

2. Criterion; Program Educational Objectives,

3. Criterion; Program Outcomes,

4. Criterion; Continuous Improvement,

5. Criterion; Education Plan,

6. Criterion; Teaching Staff,

7. Criterion; Infrastructure,

8. Criterion; Institutional Support and Financial Resources,
9. Criterion; Organization and Decision-Making Process,
10. Criterion; Program-Specific Criteria
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MUDEK became a Washington Accord Member (Signatory) in 2011. All programs it accredits
have been recognized as equivalent by other Washington Accord members since 2011. MUDEK has
been authorized to issue the EUR-ACE Bachelor Label since 2009 (Accreditation list, 2018).

- It should be acted with the awareness that engineering is a professional and occupational field.

- In the context of scientific education of engineers, the focused function of interdisciplinary
knowledge and basic qualifications will primarily be to use the knowledge that has already been acquired
and that will be acquired in the future.

- It is aimed to think about the social and societal aspects of one's own actions in harmony with
the professional, personal and social aspects of the working world,

- In order to be able to transfer and apply this knowledge to people outside the engineering
discipline, i.e. to their interlocutors, in an appropriate way.

- They should be able to categorize critically beyond their own expertise and professional
boundaries.

- They should be able to constantly update their knowledge by using new media and taking into
account social developments, and

- To keep and protect the knowledge at a level that is accessible and connectable to other
disciplines.

11. Accreditation Practices:

When we look at the Undergraduate Programs Accredited by MUDEK as of October 01, 2018,
it is possible to see that a total of 277 engineering departments of 53 different universities from state
and foundation universities have received accreditation. Considering that there are currently 201
universities in total, the number of accredited universities is insufficient. While quality studies are being
carried out in higher education institutions on the one hand, it would be appropriate to complete the
preparations for accreditation on the other hand.

The accreditation process is a work that takes the time and energy of employees who can be
carried out on a voluntary basis with devotion. For this reason, university senior managements should
help faculty members improve the necessary issues and take precautions in the issues they see as
problems with the accreditation process (such as heavy course loads, excessive number of students
per faculty member, inadequate physical environments, inadequate monitoring and evaluation studies,
insufficient consultation of students and faculty members, deficiencies in quality assurance issues).

12. Suggestions for Improving Engineering Education

A systematic change should be made in engineering education in our country and every stage
from primary school to university should be evaluated by experts according to the needs of the society.

a-The basic engineering sciences that form the basis of engineering should be given due
importance in course planning, theoretical and practical information in basic and vocational courses
should be carried out together,

b-Teachers and students should always be in communication.

c- It is very important for a quality engineering education to start from high school.

d-It is obvious that an engineer who starts his vocational education in high school and continues

it at university and graduates will be more qualified than someone who only gains his
professional skills at the faculty.

A quality engineering education is absolutely necessary to eliminate the employment problem
in engineering and engineer jobs. There are over 600 engineering schools, faculties or institutions
providing engineering education in the world and there are 1-2 million people receiving education from
these schools. 50% of these are in China and 25% in India. In that case, it is necessary to go through
educational processes that will compete with these people. More than 30 thousand graduates are being
produced from more than 170 engineering faculties in Turkey. In other words, it is necessary to compete
with those who receive engineering education both in Turkey and abroad. Therefore, curriculum
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improvement and multi-faceted educational practices that meet the needs and requirements of the day
are essential.

For about 30 years, developed countries have been carrying out intensive studies to rapidly
reshape engineering education and similar developments need to be implemented urgently in our
country, and these studies should be started without delay in a way that also fulfills the requirements of
the Bologna process.

If new technologies are followed in engineering education and theory and sufficient practice are
given importance, quality can be increased. Since qualified engineers will be trained as a result of a
quality engineering education, new labor fields will open up automatically and existing open labor fields
will be closed with qualified engineers.

13-Engineering Education in Germany
Mechanical Engineering is involved in the production of almost every product and element we
use in our daily lives. It is among the indispensable elements of the construction sector. The path to

success in both mechanical engineering and other engineering branches mentioned above is,

a

Interning in good institutions,

b- Being disciplined,

c- Hardworking and
¢- Curious during the internship,
d- Participating in groups in technology competitions,

e- Giving importance to foreign languages and
f- Being proficient in computers are the points to be kept in the forefront in terms of profession.

The engineering education system in Germany is known for its high standards, applied
approach and strong emphasis on research and development, especially in the field of engineering.
Universities in Germany such as Munich Technical University, Berlin Technical University,
Braunschweig Technical University, RWTH Aachen University and Karlsruhe Institute of Technology
are among the most prestigious institutions offering programs in this field.

They provide a blend of theoretical knowledge and practical experience, ensuring that students
are well prepared for the challenges of the automotive industry. This system is designed to ensure that
students not only gain theoretical knowledge, but also develop the practical skills and real-world
experience necessary to excel in the field. In Germany, automotive engineering, civil, industrial, etc.
engineering programs typically include a mix of theoretical study and practical applications. Courses
cover various aspects of automotive engineering, including design, mechanics, electronics, and
materials science.

This program includes an intensive curriculum based on mathematics, physics, and engineering
principles. Students must develop a broad range of knowledge and technical skills to solve complex
engineering problems, develop innovative designs, and work on automotive technologies. The
curriculum is frequently updated to match the latest technological developments and industry needs.
Undergraduate programs in Engineering, including Automotive Engineering, in Germany typically take
3-4 years to complete. This is consistent with the general duration of undergraduate engineering
programs in the country.

Within the framework of the “Socrates Program”, which aims to create awareness of European
Union citizenship and entered into force in 1995, and the “Erasmus” model, which constitutes the part
related to higher education, Turkish engineering students can continue their education in some
European countries. The aim of this project is to educate the masses that will create and sustain
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international integration in the 21st century. The increasing borders between countries due to these
movements and transitions in the fields of education and profession, which are seen on a global and
regional scale, make international institutionalization mandatory. As a result, education systems will be
affected, and the mutual recognition of diplomas to be received, “accreditation” (co-creditation-diploma
equivalence) and professional institutionalizations that regulate the use of the subject and professional
authority right are gaining an international dimension. The approval, acceptance or definition of the
qualifications of educational institutions at an international level within the framework of a standard; in
other words, in countries where the “accreditation” system is in force, the “right to use a diploma” and
the “authority to practice the profession” will be granted. Our Turkish engineering students should benefit
from this.
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ABSTRACT

Parkinson's disease is a chronic brain disorder that affects millions of people worldwide. It occurs when
cells in the brain that produce dopamine, a chemical that controls movement, die or are damaged. This
condition triggers Parkinson's disease by causing problems with movement, balance, and posture.
Diagnosing Parkinson's disease with traditional methods is time-consuming, tiring, and prone to manual
errors. For this reason, various artificial intelligence (Al) technologies have been developed to detect
symptoms of Parkinson's and similar diseases. This article proposes a handwriting prediction model for
the diagnosis of Parkinson's disease. The proposed model combines Deep Transfer Learning with a
cosine annealing scheduler and uses the L2 regularization method to prevent overfitting. The model is
based on a VGG16-based Convolutional Neural Network (CNN) architecture. This model, trained using
the PaHaW dataset containing handwriting samples of Parkinson's patients and healthy individuals,
achieved the highest average accuracy of 73.33%.

Keyword: Parkinson’s, handwriting, VGG16, cosine annealing, Transfer Learning

1. Introduction

Parkinson's disease occurs when damage to brain nerve cells reduces dopamine levels. It shows
uncontrolled symptoms such as hand tremors, muscle stiffness, loss of balance, shrinkage in
handwriting, sleep disorders and body leaning forward. It is a slowly progressing neurological disease.
This disease, which is mostly seen in people over the age of 60, is among the degenerative, or
progressive, disease groups of the brain.

The traditional diagnosis of the disease is usually based on the evaluation of clinical symptoms. The
Unified Parkinson's Disease Rating Scale (UPDRS); is one of the most widely used clinical rating scales
that evaluates various motor symptoms of the patient such as facial expression, writing, walking,
speaking and drawing. However, this method can lead to incorrect classification. Because non-motor
symptoms in the early stages of Parkinson's are mild and motor evaluation is difficult with only
observation.

With the development of technology, Al has offered new opportunities in the diagnosis and management
of neurological diseases such as Parkinson's.

The second section of the article includes a literature review. The methodology of the study is explained
in the third section. The results of the data set used with the proposed methodology are presented in
the fourth section. In the fifth section, the general results, deficiencies and future research topics of the
study are discussed. In this context, a VGG16-based CNN model for the diagnosis of Parkinson's
disease was proposed using the PaHaW dataset consisting of hand-drawn spiral and wave patterns.
VGG16 was preferred among pre-trained models because it is faster, requires less computational power
and performs better on small data sets. In the proposed model, the performance of the model was tried
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to be increased and overfitting was prevented by using the cosine annealing scheduler, L2 regularization
method and data augmentation techniques.

2. Literature

There have been many studies on the use of Al in medicine and healthcare [1-4]. Recently, more and
more academic researchers have been trying different machine learning and deep learning algorithms
in classification tasks to detect various neurological diseases such as Parkinson's [5-8, 16]. Many
studies are being conducted to detect diseases more accurately and quickly, especially by using Al
models that analyze magnetic resonance imaging (MRI) and positron emission tomography (PET)
results. In addition, there are studies on the analysis of handwritten images in the diagnosis of
Parkinson's disease. Haller et al. [9] developed a system that helps detect Parkinson's disease using
MRI and DTI (Diffusion Tensor Image) data. The study aimed to make Parkinson's diagnosis more
precise and at an individual level by analyzing fine structural changes in the brain. The dataset used in
the study consists of 40 suspected Parkinson's patients. The researchers evaluated the DTI data with
Support Vector Machine (SVM) analysis and achieved 97% accuracy at the individual level. Although a
powerful SVM model was used in the study, its generalization ability was limited due to the small data
set. In addition, the model carries the risk of overfitting. It has not been widely tested in a clinical setting.
In the last three years, studies using deep transfer learning in DaTScan analysis have also been
conducted. DaTScan is injected into the patient and then scanned with special imaging equipment to
detect the disease [10]. This technique is also used as an effective method in the diagnosis of
Parkinson's disease [11].

Zham et al. [12] proposed an index that combines speed and pen-pressure (CISP) to distinguish different
stages of Parkinson's disease. The aim of the study was to develop a computer-aided spiral drawing
method to assess the disease severity of Parkinson's patients. A total of 55 people, 28 healthy control
group members and 27 Parkinson's patients, participated in the study. The disease severity of
Parkinson's patients was assessed with the Unified Parkinson's Disease Rating Scale (UPDRS) and the
Hoehn and Yahr (H&Y) Scale. As a result of the classification made with simple statistical methods,
CISP showed a successful performance with 79.1% accuracy in both distinguishing Parkinson's patients
from healthy individuals and determining the severity levels of the disease. In addition, in this study, the
data was analyzed in real time during the drawing; instant results could be obtained. However, CISP
was not successful enough in measuring the severity levels and did not monitor the advanced stages of
the disease. Therefore, it is not known how effective the method will be in long-term monitoring. Pereira
et al. [13] developed a model for early diagnosis of the disease by analyzing the writings of Parkinson's
patients using computer vision techniques. The HandPD dataset, which included a total of 55
participants consisting of 37 Parkinson's patients and 18 healthy individuals, was used in the study. A
handwriting test was conducted in which the participants were asked to draw Archimedean spirals and
waves. The dataset was based on spiral drawings and contained a total of 373 samples. Classical image
processing techniques such as blur filters and mathematical morphology were used to process the
images and digitize the handwritten traces (Handwritten Trace - HT). Zhang-Suen Thinning Algorithm
was applied to extract the skeleton of spiral and handwritten traces. Three different classifiers were used
for the diagnosis of the disease, and the Naive Bayes classifier showed the best performance with an
accuracy rate of 78.9%. This handwritten diagnosis method provided lower cost and faster results
compared to expensive methods such as MRI. However, the imbalanced and insufficient dataset used
limited the generalization ability of the model. In addition, it was predicted that the model could be
improved by using more advanced features and data augmentation techniques instead of basic visual
and kinematic features.

Basnin et al. [14] presented a model that analyzes micrographic static handwritten drawings for the early
diagnosis of Parkinson's disease. Micrographic disorders seen in Parkinson's patients, especially
changes in handwriting such as shrinkage and tremors, formed the basis of this diagnostic method. In
the study, two different global data sets were combined to create a data set consisting of 136 Parkinson's
patients and 36 healthy individuals. This data set, which contains a total of 808 handwritten images, was
used to evaluate the severity of the disease. VGG-16 architecture was used with the Transfer Learning
method for the diagnosis of Parkinson's disease. VGG-16 is a pre-trained model and its last layers were
re-trained with Parkinson's data. In addition, the generalization ability of the model was improved by
using data augmentation techniques. This model provided 90.63% training accuracy and 91.36% test
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accuracy. The small difference between training and test accuracy indicates that the model provides a
good fit. However, data set imbalance and the risk of over-fitting were stated as shortcomings of the
model. Das et al. [15] also investigated an improved method to detect Parkinson's disease through
images drawn by patients manually. In order to achieve higher accuracy, they combined histograms of
oriented gradient features (HOG) and discrete wavelet transform coefficients (DWT). These techniques
showed significant success in determining critical coefficients and extracting relevant information. They
achieved higher accuracy in disease detection using machine learning methods and emphasized the
effectiveness of Random Forest and Support Vector Machine (SVM) classifiers, especially in spiral
pattern images. However, the two different datasets used in the study were relatively small. It was
observed that the generalization ability of the model could be increased by using larger and more diverse
datasets. It was also noticed that DWT and HOG used in image-based analysis may not be able to
capture some fine details. Therefore, it was suggested that more complex deep learning methods could
be more effective in this regard. Shaban [17] proposed the use of a fine-tuned VGG19 model for
diagnosis based on spiral and wave handwriting patterns. The dataset used in the study consisted of
102 wave and 102 spiral images. Image rotation, one of the data augmentation techniques, prevented
the model from over-learning. 10-fold cross-validation was applied to the CNN model used in the study,
and 88% and 89% accuracy was obtained for wave and spiral images, respectively. The article stated
that the shortcomings of the model could be limited generalization ability due to the small size of the
dataset. Therefore, it was stated that the model should be tested with larger datasets. It was also stated
that handwriting analysis alone may not be sufficient for early-stage diagnosis of Parkinson's disease.
Huang et al. [18] used Deep Transfer Learning for early diagnosis of Parkinson's disease. They applied
six deep learning models, namely VGG16, VGG19, ResNetl18, ResNet50, ResNet101 and ViT, on hand-
drawn datasets to classify the disease. The dataset consists of hand-drawn spiral and wave images.
The size of the images was expanded with AugMix and PixMix data augmentation techniques to
increase the performance, accuracy and generalization ability of the models. In addition, a cosine
annealing scheduler was used to improve the learning process of the models, especially in image
classification tasks. According to the results of the study, the VGG19 model achieved the highest
average accuracy of 96.67%. However, the shortcomings of the model include the small dataset and
the difficulty of diagnosing early-stage Parkinson's disease. In the early stage, Parkinson's patients may
sometimes not show obvious symptoms such as tremors, which can make diagnosis difficult. In the
literature review, it is seen that handwritten images stand out as an alternative and effective method for
diagnosing Parkinson's disease. However, research in this area is relatively few.

3. Methodology

Figure 1 provides an overview of the methodology of our study.

=

PaHaW

Figure 1. Proposed model architecture.

As seen in Figure 1, the model used Transfer Learning and data augmentation techniques to diagnose
Parkinson's using handwritten data. The final output of the model with VGG16-based CNN structure is
a binary classification where 0 indicates healthy and 1 indicates Parkinson's disease. The development
stages of the model are listed below.

3.1. Data Preprocessing

In this study, the PaHaW dataset obtained from Kaggle, which includes handwriting samples of
Parkinson's patients and healthy individuals, was used. The dataset is relatively small. It consists of 102
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wave and 60 spiral pattern images. Each pattern group includes training and test images of healthy
individuals and Parkinson's patients. The detailed content of the PaHaW dataset is shown in Table 1,
and a sample section is shown in Figure 2.

Table 1. PaHaW dataset

Spiral Wave
Testing Healthy Parkinson’s Healthy Parkinson’s
15 images 15 images 15 images 15 images
Training Healthy Parkinson’s Healthy Parkinson’s
15 images 15 images 36 images 36 images
SERRNY pespi ariwing sl Parkinson patient drawing spiral
( k\ \“/’ // / \ ‘\\ l\v“‘// ) ) // J | ) / \ (Y}
\ \\‘ ! /,/ NN -A_/_,. & Neat \ A
N T 0 K-’/(/— \ \

Healthy people drawing wave

\;“" \ fl 'q‘. ‘,/ﬂ ﬂ \
\ 1 ol

“}15‘15" ,’"/H :

Parkinson patient drawing wave

Figure 2. A sample section from PaHaW dataset.

The images of the PaHaW dataset, the cross-section of which is given in Figure 2, were subjected to
data preprocessing processes consisting of several steps before being fed to the model. One of these
processes is the resizing of the data. Since images of different sizes cannot be processed in the same
model, all images must be given to the input layer of the model in a fixed size. Accordingly, all images
were resized to 128x128 pixels. In addition, since a relatively small dataset was used in the developed
model, the data augmentation method was applied. With this process, new images were created by
changing the images in the training dataset with various methods such as rotation, zooming and
panning. Thus, the model tried to learn this diversity by seeing more diversity. With this method, the
generalization ability of the model was increased and it was prevented from memorizing only the
examples in the training set. By ensuring that the data is randomly transformed in each epoch, it was
aimed for the model to see different data examples each time. In this way, it was aimed for the model
to perform real learning instead of memorizing the general structure of the data. Figure 3 shows the
training examples augmented with ImageDataGenerator.

Figure 3. Spiral and wave training examples with ImageDataGenerator augmentation.
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This model performed binary classification. Each image was classified as either Parkinson's disease or
healthy. Since it was a binary classification, the class labels were determined as 0 (healthy) and 1
(Parkinson's disease). The model labeled each image as 0 (healthy) or 1 (Parkinson's disease). Training
the model on image data in mini-batches optimized memory usage while also speeding up the training.
In our study, 32 images were given to the model at each step and the model was updated with each
batch, making the training process more efficient and stable. In addition, the output of the convolution
layers is usually multi-dimensional (2D or 3D) tensors; these data should be converted to a one-
dimensional vector before passing to the fully connected (Dense) layers. This process is called
flattening, and in our study, the multi-dimensional (3D) data coming from the convolution layers was
converted to a one-dimensional vector and given to the fully connected layers.

3.2. Utilization of VGG16 Transfer Learning Model

VGG16 is a deep CNN model. Since it is trained on large data sets, it can extract general features very
well. It is especially successful in recognizing important patterns in image data thanks to its convolution
and pooling layers. CNN, like VGG186, is used in image classification, object detection and similar image-
based tasks. The convolutional structure of the CNN architecture provides successful results by
capturing local features in images. In our model, Transfer Learning was applied using the convolutional
structure of VGG16, and a customized CNN was created with fully connected layers added on top.
Thanks to the convolutional layers of VGG16, image data was processed and a specialized classification
was made in the last layers. In our study; The VGG16 model was loaded with pre-trained weights
(PaHaW), and the first layers were frozen to preserve the pre-trained information of the model. Only the
last 4 layers were released and re-trained. Over-learning was tried to be prevented with L2 regularization
and dropout techniques. In this sense, L2 regularization is a technique used to prevent overfitting in
machine learning models. This technique penalizes the weights of the model, making the model more
balanced and more generalizable. It prevents the formation of excessively large weights by limiting the
complexity of the model. In addition, L2 regularization adds an additional term to the loss function. This
term is based on the sum of the squares of the weights of the model. It is applied to a loss function as
follows:

L2 loss = originalloss + A * Zw? (@¢Y)

In equation (1); L2 loss represents the default loss function of the model, 2w? represents the sum of the
squares of all weights of the model, and A (lambda) represents the L2 regularization parameter. The A
parameter determines the strength of the regularization. A large A increases the regularization while
restricting the weights more. In this sense, L2 regularization tries to reduce the weights of the model
towards zero. Since it is based on the sum of the squares of the weights, large weights are penalized
and these weights are reduced. In this way, a simpler and more balanced structure of the model is
formed. Thus, the generalization ability of the model is increased by preventing overlearning of the
model. The dropout technique is an effective regularization method used to prevent overfitting in
machine learning and deep learning models. This technique randomly selects and disables certain
neurons in the neural network at each training step (each mini-batch). In other words, some of the
neurons are temporarily not included in the training during training. This way, the model learns with
different groups of neurons at each training step and prevents it from becoming overly dependent on
certain neurons or features. In our proposed model, Dropout is applied after each fully connected
(Dense) layer. 70% of the neurons in the layers are randomly disabled at each training step. This ratio
provides a strong regularization to prevent the model from over-learning, while allowing the model to
learn with only 30% of the neurons at a time.

3.3. Cosine Annealing Schedule

Cosine annealing schedulers, which are effective learning rate schedulers, play an important role in
improving the performance of machine learning models, especially in image classification. In this
context, Loshchilov and Hutter [19] argued that the cosine function regulates the learning rate, helps a
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model to converge optimally, and prevents overfitting. In our proposed work, the cosine annealing
scheduler starts with a high learning rate that gradually decreases according to a cosine curve until a
predetermined minimum is reached. Then, the learning rate is increased again to a higher value. This
cycle is repeated iteratively to allow the model to explore various local minima within the error landscape.
The learning rate for cosine annealing in the ith run in each cycle is given in equation (2) below. Here
nimin and nimax define the learning rate ranges. Tcur indicates the number of epochs performed [18].

. 1 . .
M=y + 5 (thar = M) * (1 + cos(

* 1)) (2)

Tcur
i

T,

This approach has been shown to be effective when used with data augmentation techniques. In other
words, by dynamically adjusting the learning rate with Cosine Annealing, better generalization and a
more stable optimization process are achieved during training.

3.4. Model Optimization and Training

In this section, the Adam optimizer was created using the updated learning rate with Cosine Annealing.
Thus, the model was compiled with the Adam optimizer.

In this section, the model was trained on the spiral and wave dataset. The model was trained by including
the data generator that feeds the training data, the number of steps to be taken in each epoch, the test
dataset used to validate the model, the number of validation steps, the early stopping and the learning
rate adjuster.

Some metrics were used to evaluate the performance of our model. These metrics helped us understand
how well the model performed in the training and validation processes.

The most basic metric used in our model is the accuracy metric. This metric is the most widely used
performance measure in binary classification problems. It helps to understand the overall success of the
model. In this context, accuracy shows the ratio of the correct predictions made by the model to the total
predictions. Training accuracy expresses the success of the model on the training dataset, while
validation accuracy shows the performance of the model on the validation dataset. This allows us to
understand how well the model generalizes to data other than the training data.

During the training process, training accuracy and validation accuracy were continuously calculated and
reported. Thus, the performance of the model on both the training and validation sets was closely
monitored.

Another important metric used to evaluate the success of the model is the loss function. Since
Parkinson's disease and healthy status are considered as two classes in our code, the
binary_crossentropy loss function is used. The loss function is a metric that measures the accuracy of
the model's predictions. It is an indicator of the errors the model makes in each prediction. The formula
for this loss function is given in equation (3).

N
] 1
Binary Crossentropy = _NZ(YL‘IOQ(PL‘) + (1 —=y)log(1—p))) 3)

i=1

As can be seen in formula (3);

yi: True class (Parkinson's disease or healthy)

pi: The probability estimate of the model belonging to that class (output obtained from sigmoid activation)
N: Indicates the total number of samples. Thus, the closeness of the model's predictions to the real
values is measured. A low loss function indicates that the model's predictions are close to the real
values.

In addition, Learning Rate Scheduler and Early Stopping callbacks were used to optimize the loss
function and prevent over-learning. Early Stopping; When the model's validation loss did not improve at
the end of 20 epochs, it ensured that the training process was stopped early. Thus, over-learning of the
model was prevented. Learning Rate Scheduler dynamically adjusted the learning rate with the cosine
annealing method. Thus, the learning process of the model was optimized and the loss function was
reduced more effectively.

131



J 4. RUMELI MUHENDISLIK EGITIMI SEMPOZYUMU / 4nd RUMELI ENGINEERING EDUCATION SYMPOSIUM
7-8 Kasim 2024 / November 7-8, 2024

Beyoglu-Halig, ISTANBUL
The evaluation metrics of our proposed model are shown in Table 2, the performance change observed
during the training process as a result of several important epochs is shown in Table 3, and the model
performance with graphics is shown in Figure 4.

Table 2. Performance criteria of the developed model

Validation Loss
18.74

Validation Accuracy
73.33%

Training Accuracy
87.50%

Table 3. Performance change observed during the training process

Epoch Number Validation Accuracy Validation Loss
Epoch 1 50.00% 18.7319
Epoch 10 56.67% 16.9498
Epoch 20 73.33% 15.4959
Epoch 50 73.33% 18.7438

Training and Validation Accuracy - Spiral Training and Validation Loss - Spiral

=

valigation Less

Training and Validation Accuracy - Wave Training and Vabdation Loss - Wave

191 —— Traming Less

Figure 4. Accuracy and loss curve of VGG16 on spiral and wave dataset.

3.5. Model Performance

In our study, there were difficulties in accessing sufficient, high-quality and accurate patient data due to
confidentiality and ethical rules. Therefore, handwriting samples of 17 Parkinson's patients obtained
from the internet and 8 healthy individuals obtained from our environment were used for estimation
purposes. As a result of the estimation process applied to our model, the accuracy was determined as
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52.94%. The confusion matrix and classification report for estimation are shown in Figure 5 and Figure
6.

Confusion Matrix - 9 Correctly Classified Parkinson Patients, 5 Healthy Individuals.

Healthy
|
«
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True Class

Parkinson

Healthy parkinson
Predicted Class

Figure 5. Confusion Matrix for Prediction.
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Figure 6. Classification Report for Prediction.

According to the evaluation techniques in Table 2 and Table 3 and the performance change observed
during the training process, the validation accuracy of the model is around 73.33%. This rate shows that
the model is quite successful in the classification task on the validation dataset. However, the validation
loss of the model is slightly high in the last epochs. This situation shows that the model may need more
fine-tuning or different regularization methods. If it is desired to increase the validation accuracy even
more, it is clear that improvements can be made to the model (e.g., applying less dropout or changing
the learning rate). Based on these results, the performance of the model on the validation set is quite
reasonable, but some more work needs to be done on the validation loss. The accuracy rate of the
model trained with data from Parkinson's and healthy individuals for handwritten images that it has never
seen is 52.94%. This rate is shown in Figure 5. Since some of the prediction examples given to the
model were selected from the PaHaW dataset due to difficulties in data supply, it shows that the obtained
results can be considered partially correct. Accordingly, 5 healthy individuals were classified correctly,
while the remaining 3 healthy individuals were classified incorrectly. In addition, 9 Parkinson's patients
were classified correctly, while the remaining 8 Parkinson's patients were classified incorrectly.
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4. Conclusion

In this study, a model was developed for the diagnosis of Parkinson's disease by handwriting analysis.
The results show that the model exhibited a reasonable performance with an accuracy rate of 73.33%.
The aim was to diagnose Parkinson's disease by classifying handwriting samples. However, due to data
supply limitations, the size of the dataset used remained small, which limited the generalization ability
of the results.

The model was supported by Transfer Learning and data augmentation techniques using a VGG16-
based CNN. Techniques such as L2 regularization and dropout were applied to prevent over-learning.
The accuracy rate of 73.33% obtained at the end of the training process shows that the model exhibits
satisfactory performance in general diagnosis. However, the high validation loss value indicates that the
model needs to be improved and additional regularization methods can be used.

In conclusion, these findings show that the model can be used in the diagnosis of Parkinson's disease.
However, the performance of the model can be increased and its generalization capacity can be
improved with more and higher quality data. Future studies should focus on larger datasets in order to
test the applicability of the model in wider clinical settings and to improve its performance.
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ABSTRACT

In order to fully address the low efficiency problem associated with current PV technology, many studies
have been conducted and studies are ongoing by researchers and academicians around the world on
the potential of photovoltaic-thermal or PV/T systems. The history of this hybrid PV/T system-based
technology dates back 30 years and the word PV/T consists of the words [PV (photovoltaic) + T
(thermal)]. It is aimed to efficiently use solar radiation, which is dissipated as waste heat in PV cells and
causes a decrease in the efficiency of PV cells. In this study, air-based, liquid-based, phase change
material (PCM)-based and heat pipe-based thermal methods available for thermal management in PV/T
collectors are discussed.

Keywords: Photovoltaic-thermal (PV/T), phase change material (PCM), heat pipe

1. Introduction

The content of photovoltaic-thermal (PV/T) technology can be grouped into reducing the operating
temperature of PV modules, improving the overall energy efficiency of the system, and minimizing the
space requirement and system cost. A categorical description of different PV/T techniques with their
possible applications is shown in Figure 1.

Reducing the operating
temperature of PV

modules
Why Improving
PV/T energy
efficiency

Minimizing space
requirements
and system costs

Figure 1. Purpose of use of PV/T techniques.

Photovoltaic thermal or PV/T systems are integrated systems that maintain the operating temperature

of PV panels within the desired range and produce heat and electrical work. Studies have proven that

an increase in cell temperature reduces the performance of PV modules, that PV modules convert only

5-20% of incoming solar radiation into useful work, and that a significant portion of the radiation is
137



J 4. RUMELI MUHENDISLIK EGITIMI SEMPOZYUMU / 4nd RUMELI ENGINEERING EDUCATION SYMPOSIUM
7-8 Kasim 2024 / November 7-8, 2024
Beyoglu-Hali¢, ISTANBUL

converted into heat, damaging the PV cells [1-3]. The working principle of the PV/T system is to use the
waste/excess heat that increases the operating temperature of the PV module with a suitable
mechanism placed on the back of the PV module. In the absence of proper thermal management, the
surface temperature of the PV module can reach up to 85 °C [4]. PV/T techniques used especially in
buildings with air, liqguid PCM and heat pipe are shown categorically in Figure 2. PV/T systems are
created by combining a photovoltaic panel and a flat plate solar thermal collector in a single unit.

PV/T
|

' __ Type ) ( Applications
. o Head @ @ i @ i
Air Liguid PCM . _ Salar Thermoslectric
based based based e ‘ Building ‘ ‘ dislation ‘ ‘ generatar ‘

Figure 2. Categorical description of different PV/T techniques.

2. Different Applications of PV/T Systems for Thermal Energy Management Teknikleri

Current techniques for thermal energy management can be listed as follows:

- Air-based PV/T systems

- Liquid-based PV/T systems

- PCM-based PVIT systems

- Heat pipe-based PV/T systems

2.1. Air Based PV/T Systems

These systems use air for heat transfer. The mass flow rate of air plays an important role in reducing
the cell temperature and increasing the overall energy efficiency of the system. However, the biggest
disadvantage of these systems is the low thermal conductivity and the difficulty of processing large
volumes of air. In the study conducted by Saygin et al., the PV panel was placed inside an air collector
(a wooden frame with 2 cm thick, black painted inner surfaces) instead of a thermal absorber [5] (Figure
3). They aimed to use the excess heat for thermal applications by regulating the air flow at the top and
bottom of the module in the best way. They conducted experiments by keeping the PV panel and the
glass cover of the air collector at different distances (3, 5 and 7 cm). The highest electrical efficiency
was obtained in the system with a distance of 5 cm, while the highest thermal efficiency was obtained
in the system with a distance of 3 cm.
Data Loggers

Upper and lower gaps

Figure 3. Experimental setup of air-based PV/T collector [5].
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2.2. Liquid Based PV/T Systems

These systems offer the widest technical options for thermal regulation since they have different
absorber and fluid types [6]. They are more advantageous due to their higher thermal conductivity and
lower volume requirements compared to air-based systems. Khelifa et al. have created a hybrid PV/T
system for water heating with a plate and tube type thermal absorber integrated at the back of the PV
and have realized its mathematical model [7] (Figure 4). The proposed system consists of a PV module,
upper glass cover, Tedlar layer, 130 cm long plate and tube type thermal absorber made of galvanized
steel. Water is used as the heat transfer fluid and insulation is provided at the bottom and side parts of
the system to minimize thermal losses. As a result, a significant decrease (15-20%) in the operating
temperature of the PV is observed, while the outlet temperature of the water increases from 24 °C to 40
°C.

Glass

Cell PV

Figure 4. Hybrid PV/T system for water heating [7].

Nanofluids, which are liquid fluids, are more effective in reaching the desired heat transfer and thermal
conductivity range with their varying shapes, sizes and types. Another method is to use more than one
nanoparticle with a base fluid for better thermal regulation and consists of hanoparticles suspended in
water [8]. Karami and Rahimi [9] investigated the nanofluid [water+Boehmite (AIOOH xH O) 2 ] based
PVIT system for straight and spiral flow channels (Figure 5). The results show that the use of nanofluid
significantly reduces the operating temperature of the PV module, and the highest module temperature
drop for straight channel and spiral channel design is 18.33 °C and 24.22 °C, respectively. It was also
found that the electrical efficiency is 20.57% and 37.67%, respectively.

(@) (b)
Figure 5. (a) Straight channel flow design (b) spiral channel flow design [8].

2.3. Phase Change Material (PCM) Based PV/T Systems

In recent years, the use of PCM in thermal energy management based applications has become quite
widespread. The thermal energy transfer of PCM occurs during the charging or discharging (melting or
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solidification) process, where the state or phase of the material changes from liquid to solid or from solid
to liquid. Initially, a PCM is sensibly heated to its saturated state, i.e. melting/solidification, after which it
absorbs its latent heat at constant temperature until the PCM is completely melted [9]. Stropnik and
Stritih [10] investigated whether the electrical efficiency and power output of a photovoltaic panel can
be increased by using phase change materials (PCMs). Figure 6 shows the experimental setup using
reference PV and PV-PCM. It was revealed that the maximum temperature difference observed on the
panel surface of the PV-PCM system during the day is 35.6 °C higher than the maximum temperature
difference on the reference PV panel surface. It was also calculated that there would be an annual
increase of 7.3% in the electrical output of the PV-PCM system.

(a) (b)
Figure 6. Installation with (a) conventional PV and (b) modified PV using PCM [10].

2.3. Heat Pipe Based PV/T Systems

One of the methods used to obtain thermal performance is heat pipe based PV/T systems. The PV
module is connected to the evaporator section of the heat pipe with a waste heat conductive material,
and thus the produced vapor is lifted to the condenser section of a heat pipe with less density, thus
releasing its latent heat. The condensed liquid falls back to the evaporator section and the heat transfer
cycle continues [11]. Hu et al. proposed two types of heat pipe based PV/T systems to evaluate the
thermal performance at different inclinations: wickless and wire mesh [12]. The experimental setup of
the study is shown in Figure 7. In this system, the waste heat is transferred to the evaporation section
of the heat pipe and then transferred to the cooling water pipe through the condensation section. As a
result, it was found that the wickless heat pipe system is more sensitive to the inclination angle than the
wire mesh system. Thermal efficiencies were found to be 52.8% and 51.5% for wickless and wire mesh
heat pipes at 40 °C inclination angle, respectively.
water inlet copper sheathing

water outlet

cooling water pipe
insulation layer

heat pipe

1500 mm

| aluminum plate

PV cells

880 mm

Figure 7. Schematic of heat pipe based water heating system [12].
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4. Results and Evaluation

The present study presents an evaluation of methods in the field of thermal energy management in PV/T
collectors. PV/T based systems are methods applied to generate heat and work in a single integrated
unit, thus achieving energy savings and higher energy efficiency. The graphical representation of the
techniques studied after 2010 is shown in Figure 8 [13]. It is understood that liquid based PV/T systems
are more efficient than air based PV/T systems in terms of efficient thermal management. It is
understood that FDM and heat pipe based PV/T systems need to be further developed for commercial
use.

45
40 ® Air based PV/T
g .
2 30 ‘ ® Liquid based PV/T
€ 25 () \
(&
2 20 10% PCM based PV/T
S 15 16%
g 10 46% ® Heat Pipe based
5 PV/T
0 28%

Classification of PV/T Systems

Figure 8. Graphical representation of the usage of the examined techniques after 2010 [13].
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SUMMARY

Renewable energy sources (RES) are among the critical elements that reduce environmental impacts
while improving the quality of life of individuals. Integration of RESs in engineering education is vital to
train future experts. However, deficiencies in current education programmes make it difficult to achieve
sustainable energy goals and prevent the full realisation of the potential in this field. Renewable energy
education plays a central role in raising public awareness and encouraging individuals to actively
participate in the sector. Country examples emphasise the importance of integrating renewable energy
topics into education systems. As a result, renewable energy education not only provides technical
knowledge, but also enables individuals to effectively take on their role in this field.

Keywords: Renewable energy sources, education, awareness, sustainability

1. Introduction

Energy is a fundamental element that directly affects the quality of life of both individuals and societies.
Everything we use in our daily lives is linked to energy consumption; therefore, energy efficiency and
the use of sustainable resources are of great importance. The transition to renewable energy sources
will not only reduce the impact on the environment, but will also support economic growth and create
new job opportunities. In addition, access to energy plays a critical role in ensuring fundamental rights
such as education, health and social equality. Therefore, energy management and use are a
determining factor in shaping our future.

Teaching renewable energy sources in engineering education is of vital importance in terms of training
experts who will develop sustainable solutions for the future. In today's world where energy demand is
increasing and urgent problems such as climate change are emerging, engineers' knowledge of
renewable energy technologies plays a critical role in both reducing environmental impacts and ensuring
energy security. Renewable energy courses integrated into educational programs provide students with
the ability to follow innovations in this field, develop design skills and integrate energy systems. Thus,
graduates can contribute to society by providing clean and sustainable energy solutions.

The importance of education in the renewable energy sector is directly related to the need to raise
awareness, to develop expertise and to guide individuals towards active participation in the renewable
energy sector. In this context, the current educational deficiencies are a matter of concern. In order to
achieve renewable energy targets and promote a well-equipped workforce, it is critical to address these
neglected elements and integrate the educational component into strategic planning. A comprehensive
and sustainable approach should aim not only to provide technical knowledge but also to provide
individuals with the necessary competencies to play an effective role in this field.

Education plays a critical role in the energy transition in terms of raising awareness, training individuals
and orienting sector actors towards renewable energy [1]. Renewable energy education ranges from
formal education and vocational training at schools and universities to non-formal education in local
communities and public awareness raising activities [2]. This multifaceted approach ensures that all
segments of society are informed about renewable energy sources, thereby promoting the adoption and
implementation of sustainable energy practices.
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In many countries, renewable energy education systems are of paramount importance. Germany is
frequently cited as a model for best practices in this area, having established a comprehensive
educational framework that integrates renewable energy topics into the curricula of schools, universities,
and vocational training programs [3]. Similarly, Denmark has developed specialized educational
programs designed to foster research and development in renewable energy, particularly in the offshore
wind sector, with the goal of stimulating innovation and economic growth [4]. Japan has also taken
significant strides by implementing educational initiatives aimed at raising awareness of energy issues
and promoting the utilization of renewable energy sources, especially solar and wind energy [5]. In the
United States, a variety of renewable energy education initiatives have been developed at national,
state, and local levels, targeting students, educators, and communities to highlight the benefits of
renewable energy and encourage its adoption. Additionally, numerous universities and colleges across
the country offer comprehensive training on a wide array of renewable energy technologies and
applications [6]. This collective effort underscores the vital role of education in shaping a sustainable
energy future.

1.1. Literature Summary

Renewable energy education plays a critical role in the development of sustainable energy systems.
Education programmes encourage individuals and communities to transition to renewable energy
solutions by increasing both technical knowledge and public awareness. Furthermore, research in this
area focuses on how renewable energy technologies can be taught more effectively and on developing
strategies to increase their adoption in society. Renewable energy education is not limited to engineering
and technical knowledge, but also includes disciplines such as politics, economics and environmental
science. Renewable energy education is an important tool to raise awareness of both individuals and
societies about sustainable energy solutions for the future. Developments in this field will form the basis
for strategic approaches that will contribute to the energy transition and the fight against climate change.
Garg and Kandpal [8] conducted a study focusing on renewable energy education and the challenges
in developing countries. It was stated that educational opportunities for renewable energy and its use
are critical for providing educated human resources of all ages. It was also noted that undergraduate
education and postgraduate courses are not sufficient in these countries. In developing countries, it is
common for those who want to gain sufficient knowledge to go to other countries. One of the obstacles
in the field of renewable energy is the high unemployment potential in these countries. It was stated that
individuals who have received training in renewable energy are needed to overcome this problem. It is
also emphasized that the subject of renewable energy should be added to the curriculum by classifying
it according to age. The authors state that the lack of materials and the rapidly increasing energy demand
in developing countries make renewable energy education difficult. Therefore, it is stated that
educational programs should be planned meticulously and the subject should be understood in all its
aspects. It was concluded that it will take time to establish an effective educational process in the field
of renewable energy sources.

Kandpal and Garg [9] aimed to draft a course curriculum on RES. The authors believe that education is
one of the most effective ways to find solutions to the problems faced by society and emphasize the
importance of informative and creative approaches in renewable energy education. They also argue that
the target audience of energy education should include the entire society. The objectives of energy
education are listed as follows:

-To raise awareness among students about the nature and causes of the current energy crisis.

-To provide information about the types of renewable and non-renewable energy sources.

-To change students' attitudes and values towards energy resources.

-To help them understand the implications of different types of energy on policy measures.

-To enable them to propose alternative strategies to solve the energy crisis in the future.

According to the authors, renewable energy education should be provided at different levels in schools,
colleges, universities and other academic institutions. Certificate and diploma programs should be
supported by specialized training in the production, equipment and maintenance of renewable energy
systems. Four-year energy engineering programs should include courses on renewable energy and its
conservation to meet the manpower needs in this field. In developing countries, especially in India,
university-level renewable energy education programs are increasing, but the orientation in this field is
inadequate. It was stated that renewable energy curricula are prepared by considering appropriate
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disciplines, but efforts to develop them are few. In addition, the importance of independent
undergraduate courses at university level and the importance of educational materials and appropriate
textbooks was emphasized.

The authors [10] aim to raise awareness among students about the nature of the energy crisis, to provide
information about renewable and non-renewable energy sources, to teach them to evaluate the effects
of renewable energy on society. They argued that energy education should be included especially in
physics and engineering departments.

Benchikh [11], in his study on global renewable energy education and training programs, emphasized
the importance of renewable energy education by emphasizing current and future energy needs. It was
stated that a multidisciplinary education is necessary in the training of renewable energy experts. This
information is about the current renewable energy capacity and future potential and how this information
will be used in practice. The author stated that the training programs of energy experts should be
prepared carefully and emphasized that energy is a critical need for societies. It was also noted that the
need for renewable energy will increase due to future ecological risks and economic policies. It was
stated that well-educated experts should be trained to overcome this situation, but the current training
programs are inadequate. It was also stated that the importance of renewable energy is not emphasized
enough, university programs do not specialize in this field and there is a general lack of information.
Bhattacharya [12] has drawn attention to the need for renewable energy education at the university level
and the increasing importance of this field. Jain et al. [13] conducted a study examining the needs,
current status and proposed educational programs for renewable energy education in Botswana.
Zografakis et al. [14] identified energy attitudes at different levels of education by recording energy-
related behaviors of students and parents and demonstrated the contribution of these behaviors to
energy education. Jennings [15] described courses in renewable energy science, engineering, policy
and technician education and discussed the training of professionals conducting research in this field.
Kandpal and Broman [2] conducted a study that emphasizes the global recognition of the necessity for
renewable energy education across all levels. Their research underscores the establishment of
university programs focused on renewable energy technologies and related disciplines in numerous
countries worldwide over the past three decades.

Lucas et al[16] analysed global data on renewable energy to understand the global supply of education,
and examined the shortage of qualified personnel that is hampering the expected development of the
renewable energy market. The results show that this shortage is particularly acute in developing
countries and that there is a mismatch between the education system and industry demand. They also
found inconsistencies in the relevance of the curriculum. They observed a shift towards online education.
Zhang et al [17] showed that per capita oil reserves are negatively correlated with the development of
renewable energy policies, while education and political globalisation have a positive impact on energy
efficiency and renewable energy policies. These studies highlight the complex interplay of urbanisation,
education and globalisation shaping energy consumption and policy decisions.

Daoudi [18] assesses the importance of renewable energy education in the Moroccan context within the
2030 Energy Transition Project. His paper analyses the role of education in driving the energy transition
and training initiatives for specific target groups. It also explores pedagogical approaches, learning tools
and training issues needed by trainers. The importance of community engagement and awareness is
also emphasised, along with the implications for the Sustainable Development Goals (SDGs) in
Morocco.

2. University Education

Higher education and research institutions conduct comprehensive and multidisciplinary studies on
innovative energy technologies, energy policies and socio-economic impacts of renewable energy
sources (RES). These institutions aim to develop new solutions that support the energy transition by
examining the design, applicability and impact of renewable energy systems. They also provide data
and analyses that play a critical role in the formulation of energy policies and identify best practices and
strategies in this field. This research contributes to the achievement of sustainable development goals
at both local and global levels, shedding light on issues such as energy security, economic growth and
environmental sustainability. In this way, higher education and research institutions build knowledge that
will enable informed decisions to be made in the field of renewable energy and encourage society to
participate effectively in energy transformation processes. These endeavors significantly contribute to
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the generation of new knowledge and foster innovation within the sector [19]. By integrating
interdisciplinary approaches, these institutions enhance our understanding of the complexities
surrounding renewable energy, facilitating the development of effective strategies and solutions that
address contemporary energy challenges.The integration of education and research processes paves
the way for both the transformation of theoretical knowledge into practice and the development of
innovative applications in the sector. In this context, the role of academic institutions is critical in the
design and implementation of sustainable energy solutions.

Numerous higher education institutions provide comprehensive degree programs at the undergraduate,
master's, and doctoral levels in fields such as energy systems engineering, energy management, and
electrical engineering, among others [20]. The primary aim of these programs is to equip students with
advanced technical knowledge and skills, while also fostering a deep understanding of the economic,
social, and environmental dimensions of renewable energy.

Through these curricula, students develop expertise in the design, implementation, and maintenance of
renewable energy systems. They engage with critical topics such as energy policy, economics,
environmental assessment, and sustainable development. This multidisciplinary approach ensures that
graduates acquire a holistic understanding of renewable energy, thereby adequately preparing them to
address the complex challenges and opportunities present in the sector. Ultimately, this educational
framework not only enhances individual competence but also contributes to the advancement of
sustainable energy solutions.The undergraduate, graduate and doctoral programs offered in energy
systems engineering, energy management, electrical engineering and related fields aim to provide
students with both deep technical knowledge and economic, social and environmental perspectives.
These programmes provide a broad knowledge of energy policy, energy economics and sustainable
development, as well as practical skills in the design, implementation and maintenance of renewable
energy systems.

Using a multidisciplinary approach, these programmes equip graduates to tackle the complex
challenges of the renewable energy sector, while encouraging them to be competent enough to evaluate
opportunities in the sector. In this context, students not only gain technical knowledge but also develop
an in-depth understanding of environmental impact assessment and sustainability principles. .

3. Renewable Energy Education in Tiirkiye

Acikgdz [21] conducted a study on renewable energy education in Turkey and emphasized the
importance of these trainings in transferring renewable energy resources to the future in our country and
around the world. He observed that the subject of energy was not covered in depth enough in
engineering disciplines, and only superficial aspects were addressed. Therefore, he argued that a more
detailed education model was needed. He also stated that teaching basic concepts at school level and
using short-term courses and mass media could be beneficial in order to increase public awareness. He
emphasized that energy technology education should be provided at university level and the importance
of providing deeper knowledge transfer at the master's level. Finally, he stated that short-term trainings
in the field of renewable energy were also important and that supporting such studies could be beneficial
in terms of dissemination.

Kecebas and Alkan [22] emphasized the importance of renewable energy education by addressing
formal and informal education methods. Yumurtaci and Kegebas [23] discussed the necessary actions
to promote renewable energy systems and education in higher education institutions in Turkey,
explained the current educational deficiencies and offered suggestions for improvement.

Karabulut et al. [24] conducted a study on renewable energy education in universities in Turkey. In this
study, a survey was conducted to obtain information about the teaching of renewable energy sources
and was applied to students studying at various universities. The research findings showed that subjects
such as geothermal, solar and wind energy were taught at the master's level, while other renewable
energy sources were taught at the undergraduate level. However, it was determined that undergraduate
education was limited to attracting the interest of students. In addition, it was understood that the most
comprehensive information on renewable energy was obtained in engineering faculties, but this
information was generally superficial and encyclopedic. In line with these findings, it was concluded that
renewable energy education in universities in Turkey was not at a sufficient level. This situation leads
to inadequate practical skills of graduates and therefore to unemployment problems. In addition, it was
stated that the preparation and acquisition of materials used in renewable energy education is costly.

146



4th RUMELI ENGINEERING EDUCATION SYMPOSIUM
November 7-8, 2024 / November 7-8, 2024
Beyoglu-Hali¢, ISTANBUL

As a result, the lack of a special program for renewable energy education and the scarcity of experts to
provide this education were emphasized. The research revealed that renewable energy education is
inadequate and that more importance should be given to this area. In their study, Kecebas and Alkan[25]
presented suggestions and expectations for the development of educational programs suitable for all
age groups in Turkey and also suggested programs to increase public awareness.

4. The Role of Education in the Renewable Energy Industry

Education plays a critical role in the development of a sustainable society, and RES engineering
education also has an important place. As a tool to promote social change, this education creates
awareness about new technologies and provides engineering candidates with the necessary knowledge
and skills.

RES engineering education contributes to society by both building confidence in technologies and
ensuring that these technologies are used effectively. However, the renewable energy industry often
overlooks the need for engineering education and the role it plays in building market development and
confidence. As in high-technology sectors such as computing and aviation, renewable energy
engineering must be strengthened through education.

The main functions provided in renewable energy engineering education are:

To deepen understanding of technology by increasing public awareness,

To improve consumer confidence,

To train qualified technical personnel for the design, installation and maintenance of renewable energy
systems,

Training engineers who will develop innovative systems and technologies,

Training engineers and analysts who are knowledgeable about the sector and can produce effective
policies,

Training of experts who will provide consultancy and support to future customers.

Experience shows that engineering programs that emphasize these areas are successful in the
competitive, high-tech marketplace, while those that neglect to invest in knowledge and education face
failure even if they have good products.

5. Results and Evaluation

The provision of continuous and participatory training in higher education and professional practice
processes is essential to foster creativity and innovation. In this context, it is necessary to establish an
effective communication network with engineering faculties and professional organisations and to
organise joint seminars and publications in the short term. Such cooperation will support specialisation
in the sector by increasing the exchange of knowledge and experience in the field of renewable energy.
In the following stages, it is important to provide courses on energy management, renewable energy
systems and technologies in relevant educational institutions. In addition, training and certification of
designers and manufacturers in these areas will contribute to raising standards in the sector. Renewable
energy can only be introduced in depth with comprehensive and systematic training; therefore, the
content of the training, the qualifications of the trainers, the quality of the training documents and
materials, the level of training and the validity of the diplomas stand out as critical issues.

Education is provided by faculties of education, institutes and research centers, and researchers and
educators specialized in renewable energy give lectures through sub-departments affiliated to these
institutions. Educational materials at universities include books, translations, lecture notes and current
research results. In addition, computer databases, special software and simulations are important tools
that support educational processes. Models and laboratory equipment increase the quality of education
by providing practical experience.

In higher education institutions, engineering or similar departments offer courses on renewable energy
at both undergraduate and graduate levels. While these programs aim to provide students with more in-
depth knowledge in the field of renewable energy, the fact that no certificates or diplomas are given
affects the quality of education and professional standards in this field. Therefore, continuous updates
and improvements are required to increase the quality of renewable energy education and to provide
more equipped individuals to the sector.
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6. Conclusion

Energy is a vital element that directly affects the quality of life of individuals and societies. Everything
we use in our daily lives is linked to energy consumption; therefore, energy efficiency and the use of
sustainable resources are of great importance. The transition to renewable energy sources not only
reduces environmental impacts, but also supports economic growth and creates new job opportunities.
In addition, access to energy plays a critical role in ensuring fundamental rights such as education,
health and social equality. Therefore, energy management and use are a decisive factor in shaping our
future.

Teaching renewable energy sources in engineering education is of vital importance in terms of training
experts who will develop sustainable solutions. Increasing energy demand and urgent problems such
as climate change require engineers to have knowledge about renewable energy technologies.
Renewable energy courses integrated into educational programs provide students with the ability to
follow innovations, develop design skills and integrate energy systems. In this way, graduates can
contribute to society by providing clean and sustainable energy solutions.

Renewable energy education is directly related to the need to raise awareness, develop expertise and
encourage individuals to actively participate in the renewable energy sector. However, current
educational deficiencies are a matter of concern. In order to achieve renewable energy targets and
promote a well-equipped workforce, it is critical to address the overlooked elements and integrate the
educational component into strategic planning. A comprehensive and sustainable approach should aim
not only to provide technical knowledge but also to provide individuals with the necessary competencies
to play an effective role in this field.

Education has a crucial role to play in this energy transition. It raises awareness, trains individuals and
prepares industry players to embrace renewable energy. Renewable energy education covers a wide
range of areas, from formal education in schools and universities to vocational training, from non-formal
education in local communities to public awareness activities. This multi-faceted approach ensures that
all segments of society are informed about renewable energy sources and encourages the adoption of
sustainable energy solutions.

Country examples highlight the importance of renewable energy education. Germany has developed a
robust system that integrates renewable energy topics into educational curricula. Denmark has created
educational programs that support innovation in the offshore wind sector. Japan offers training that
encourages adoption of resources such as solar and wind energy. The United States has developed
several local renewable energy education initiatives.

As a result, renewable energy education provides both technical knowledge and helps individuals
effectively undertake their roles in this field. In this context, the deficiencies of existing education
programs need to be addressed and awareness of renewable energy needs to be increased. Education
is a critical element to ensure sustainable growth of the renewable energy sector.
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ABSTRACT

In recent years, lithium ion batteries have been used in many areas in daily life and the performance of
batteries varies according to temperature. Both the heat release of the batteries during charging and
discharging and high ambient temperatures increase the temperature of the batteries and this affects
the performance of the battery. In order to obtain maximum efficiency from batteries, battery thermal
management systems should be used to keep the temperature of the batteries within a certain
temperature range.

In this study, the researches on the performance of batteries according to temperature are examined
and the performance of the batteries outside the optimum operating temperature region is evaluated
and it is explained why battery thermal management systems are needed.

Keywords: Lithium ion battery, battery thermal management system, temperature dependent
performance

1. Introduction

Nowadays, the use of fossil fuels is no longer preferred by countries due to the decrease in reserves,
increase in energy demand, increase in fuel prices and the harmful effects of fossil fuels on the
environment; instead, the use of vehicles using more environmentally friendly energy sources is
encouraged. In this context, interest in electric vehicles has increased in recent years and sales of
electric vehicles have reached record levels. Electric vehicles play an important role in achieving a clean
environment in the future by increasing energy efficiency and reducing fossil fuel consumption [1].
Approximately 1 in 4 of the new vehicles sold worldwide in 2023 will be electric vehicles [2]. Different
types of batteries such as nickel-cadmium, nickel-metal hydride, nickel-metal hydride, lead-acid and
lithium ion are used as power sources in electric vehicles. Among these batteries, lithium ion type
batteries are more preferred than other battery types due to their high energy storage density, long
battery life, low weight and low self-discharge rate [3]. Although lithium ion batteries have these
advantages, they also have some disadvantages such as their performance changing according to
temperature and generating high heat in charging/discharging state [4,5].

Lithium ion batteries release high levels of heat during charging or discharging due to the internal
resistance of the battery and the reactions occurring in the battery, which causes an increase in battery
temperature and a decrease in battery efficiency [6].

There are two important criteria for obtaining the highest level of efficiency from batteries. The first of
these is that the battery cell temperature should be in an optimum range, and the second is that the
temperature inside the battery module should be as uniform as possible. In some studies [7,8,9], it has
been determined that the battery cell temperature should be kept in the range of 15°C-40°C as shown
in Figure 1. In addition, in order to get the highest efficiency from the battery module and to keep the
battery life at maximum level, the maximum temperature difference within the battery module should be
kept below 5°C [10,11,12,13,14,15]. Therefore, in order to use the batteries with maximum life and
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efficiency, the batteries must be kept within the desired temperature range and the battery module must
be thermally managed for this purpose. Many researchers have tested battery cells outside the optimum
operating temperature range and examined the changes in battery performance with respect to
temperature. In this study, the studies on the variation of the performance of batteries with respect to
temperature are analysed and the necessity of thermal management of battery modules with battery
thermal management systems is revealed by examining the performance of batteries outside the
optimum operating temperature region where they exhibit maximum efficiency.
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Figure Hata! Belgede belirtilen stilde metne rastlanmadi.. The effect of temperature on charging and
discharging states in lithium ion battery systems [16].

2. Variation of Battery Performance According to Temperature

In many studies, battery cells or modules have been tested at different ambient temperatures and
different discharge rates, and the performance of the batteries has been investigated with respect to
temperature.

It has been determined that a high amount of heat accumulation in the battery can initiate a series of
chemical reactions in the battery and as a result, it can cause an additional increase in the battery
temperature and cause explosions [17]. In case the ambient temperature is around 45°C, if the heat
generated in the battery module is not removed from the module quickly, the high temperature value
causes a rapid decrease in battery life and safety problems such as thermal leaks [18,19,20]. In the
researches, it has been determined that each 1°C increase in the battery temperature above the
permissible operating temperature causes the battery life to decrease by approximately 2 months [21].
In their study, Shim et al. found that a lithium ion battery loses 65% of its initial capacity after 140
charge/discharge cycles at 60°C, as shown in Figure 2, while this rate is only 4% in cycle tests at 25°C
room temperature [22].

Ramadass et al. Sony 18650 model lithium ion batteries were tested at room temperature, 45°C, 50°C
and 55°C. After 500 charge/discharge cycles, a decrease of approximately 22.5% in capacity was
observed in the tests performed at room temperature, while this rate increased to 26.46% in the tests
performed at 45°C ambient temperature and to 70.56% in the tests performed at 55°C ambient
temperature [23]. Wu et al. 650 mAh capacity lithium ion batteries were kept at 60°C ambient
temperature for 60 days and it was found that the battery capacity decreased to 20 mAh [24]. Carnovale
et al. determined that the battery life reached 2300 cycles at 20°C ambient temperature, 1000 cycles at
50°C ambient temperature and less than 500 cycles at 60°C ambient temperature in charge/discharge
cycle tests performed with lithium ion batteries at different temperatures [25].
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Figure 2. Charge/discharge cycle performance of lithium ion batteries at 25°C and 60°C

In addition, if the battery temperature reaches 80-100°C, the thermal runaway process starts and
causes the risk of explosion in the battery [26]. High temperatures trigger exothermic reactions that
generate heat as shown in Figure 3, causing the battery temperature to increase further and reach a
level that melts the separator layer between the anode and cathode electrodes in the battery, which is
usually made of polyethylene or polypropylene material, causing short circuit of the anode and
cathode electrodes and initiating the thermal runaway process and causing battery explosions.

Increa§|ng Temperature
Reaction Rise
Speed
K Heat ;
Generation

Figure 3. Thermal Runaway Process

3. Conclusion

Lithium ion batteries release heat both during charging and discharging due to the reactions inside the
battery and the internal resistance of the battery. This heat increases the temperature of the battery and
affects the performance of the battery. Many studies have been carried out to examine the effect of
temperature on battery performance and it has been determined that the batteries perform best in the
range of 15-40°C and when the temperature difference within the battery module is less than 5°C. In
the tests of the batteries outside this temperature range, it was determined that each 1°C increase in
battery temperature shortens the battery life by 2 months, the battery capacity decreased by 65% in
tests performed at 60°C for 140 charge discharge cycles, and the battery capacity decreased by
approximately 70% in tests performed at 55°C for 500 charge discharge cycles. These results show that
battery performance and capacity exhibit a performance that varies according to temperature, therefore,
in order to obtain maximum efficiency from batteries and to keep battery life at maximum level, batteries
should be kept in the optimum temperature range by using battery thermal management systems.
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ABSTRACT

The purpose of this paper is to outline the relationship between Total Quality Management and
engineering education and to examine the impact of Total Quality Management on software
development processes. The relationship between Total Quality Management and engineering
education enables the establishment of a quality-oriented education system, the adoption of a
continuous improvement culture and the equipping of graduating engineers with quality management
skills. TQM contributes to the graduation of engineering students as quality-oriented professionals with
knowledge, skills and ethical values, creating positive impacts at both individual and societal levels. The
PDCA Cycle (Plan-Do-Check-Act) developed by W. Edwards Deming , a model used in the continuous
improvement process , was also discussed in the study. In line with the information obtained, it was
concluded that the use of total quality management in the field of information technologies and software
development improves quality at every stage of the process and makes error prevention strategies and
risk management effective.

Keywords: Total Quality Management (TQM), Software Development Processes (SDP), Engineering
Education, Software Development Life Cycle (SDLC), PDCA Cycle

1. Introduction
1.1 Total Quality Management

Total Quality Management (TQM) is a quality-oriented management approach at all levels of the
organization. Its main objective is to increase customer satisfaction and achieve sustainable competitive
advantage in the long term. TQM focuses not only on product or service quality, but also on continuous
improvement of all processes of the organization, increasing efficiency and ensuring satisfaction.

This management model is based on many different principles and encourages the participation of all
employees. As a management doctrine, total quality management aims to improve quality in all areas
where it is applied. The aim of total quality management is to improve the quality of the service provided
in the areas where it is applied, in line with the wishes and expectations of the interlocutors (customers,
etc.) who will test the quality. This in turn depends on increasing productivity in general.

In the doctrine of total quality, in order to increase quality and productivity, the objectives such as
employee satisfaction, motivation and rewarding, using success measurement and evaluation methods,
perfecting the organization, giving importance to teamwork, benefiting from the experiences of high
performing organizations, creating strategies and similar objectives are emphasized (Aktan, 2012).

In the field of software development, which consists of processes where total quality management can
be applied - and where a proper work will definitely emerge if it is applied - process management has
become essential for demonstrating quality. Process management is a set of activities carried out for
continuous and regular monitoring and development of processes (Yavuz & Senttirk, 2013).
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1.2. Basic Elements in Total Quality Management (TQM) Applications

In Total Quality Management (TQM) practices, the core elements form the basic building blocks needed
to improve quality in a sustainable way. For TQM to be successfully implemented, these elements must
be actively implemented at all levels of the organization. Here are the basic principles of TQM:

Table 1. W. E. Deming's 14 Principles

BASIC ELEMENTS OF TOTAL QUALITY
MANAGEMENT

Customer orientation
Continuous improvement
Full participation

Decision Making Based on Data and
Measurements

Leadership and responsibility of top

management

Process Oriented Approach

Systematic Approach

Training and Development
Cooperation and Communication
Error prevention, not fault finding

Extending quality control to all processes

1.2.1. Customer Orientation

e Customer satisfaction is the most important success criterion in TQM. This element aims to
understand and meet the expectations of internal and external customers. The customer makes
the final assessment of quality, so products and services must meet customer expectations.

e Customer feedback is used as a guide for improvements in products and services.

1.2.2. Continuous Improvement

e The philosophy of continuous improvement, which is at the heart of TQM, is based on the
understanding that every process and activity is open to improvement. The term Kaizen, which
comes from Japanese management philosophy, refers to improving an organization's
performance in small but continuous steps.

e Continuous improvement reduces error rates, increases efficiency and makes quality more
sustainable.
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Full Participation

TQM requires the adoption of a quality approach at all levels of the organization, not just at the
management level. Every employee is encouraged to participate in the quality process and the
necessary training is provided for this participation.

Teamwork ensures that individual contributions are transformed into a collective synergy. Thus
all employees are involved in the process

. Decision Making Based on Data and Measurements

TQM requires the use of data analysis and statistical methods in decision making. Analytical
evaluation of data in the decision-making process enables problems to be identified more
accurately and solutions to be found.

Control charts, graphs and measurement tools used in quality management are effective
methods for monitoring the performance of organizational processes.

Leadership and Responsibility of Top Management

Top management commitment to the TQM process is critical to embedding a quality culture
throughout the organization. Managers set quality goals and motivate employees towards these
goals.

When leaders lead by example and adhere to quality management principles, all employees
become more committed to the process.

Process Oriented Approach

TQM ensures quality in all business processes, not just products or services. Each process is
evaluated in terms of inputs and outputs and process improvement activities are carried out.
This approach increases consistency by controlling variability in processes and contributes to
maintaining the final quality.

Systematic Approach

TQM ensures that all parts of the organization work in harmony with each other and as a whole.
The organization is seen as a system and sub-processes within this system are continuously
evaluated in relation to each other.

The system working in harmony with each other increases organizational efficiency and
facilitates the achievement of quality targets.

. Training and Development

In TQM, training of employees is important in terms of their contribution to quality. Continuous
training programs are organized to increase the knowledge, skills and competencies of
employees.

Training enables employees to become more aware and competent about quality processes
and to actively participate in process improvement activities.

Cooperation and Communication

Communication and cooperation between departments within the organization is important to
achieve successful results in TQM. This element accelerates the quality management process
by enabling information to be shared more quickly and accurately.
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e Good communication helps to reduce errors and make quality management more effective.

1.2.10. Error Prevention, not Fault Finding

e TOQM encourages efforts to detect and eliminate defects in advance. Thus, factors that may
reduce quality are identified in advance and measures are taken.
e By using proactive quality control tools, defects are kept to a minimum.

1.2.11. Extending Quality Control to All Processes

e Itembraces the need for businesses and organizations to extend quality control to all processes,
not just the end product. Preventive control, data collection and analysis, improvement activities,
responsibility sharing and continuous training are important strategies for this principle. By
extending quality control to all processes, we aim to prevent errors, increase efficiency and
continuous improvement. Businesses that apply these principles achieve higher quality
standards, increase customer satisfaction and gain competitive advantage. (Erdem, 2023)

In Total Quality Management, these elements are processed as a whole. TQM aims to increase
organizational efficiency and competitiveness through continuous improvement of processes with a
customer satisfaction-oriented approach, participation of all employees in the process and data-driven
decision-making processes.

1.3. Total Quality Management Tools and Techniques

TQM uses many tools and techniques to make the process more efficient and improve it:
PARETO Analysis: Used to identify important problems.

Fishbone Diagram: A technique used to analyze the root causes of problems.

Control Charts and Graphs: Used to observe process variability.

Process Maps: Shows the process flow step by step to understand the process in detail (Aktan, 2012)
2. The Relationship Between Total Quality Management (TQM) and Engineering Education

The relationship between Total Quality Management (TQM ) and engineering education contributes
to the development of high standards of engineers for both industry and society by ensuring that future
engineers adopt a quality management approach. The basic principles of TQM can be used to improve
quality at every stage of engineering education. This relationship aims to establish a quality-oriented
engineering education system and to ensure that graduating engineers are effective and efficient in
their professional lives.

2.1. Quality Standards in Engineering Education

Engineering education requires that the programs offered by an institution conform to international
standards and include both academic and industrial knowledge and skills. TQM ensures that the
curriculum is continuously updated and improved in accordance with these standards.

Accreditation (e.g. ABET - Accreditation Board for Engineering and Technology) and an education that
meets quality standards ensures that engineers have universal knowledge and skills. TQM ensures
quality by guiding these accreditation processes.
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2.2. Continuous Improvement and Educational Excellence

The continuous improvement principle of TQM can also be applied in engineering education. Training
programs are continuously updated based on student feedback, academic performance evaluations and
industry needs. This ensures that the curriculum is updated according to the changing needs of the
industry and technological innovations.

With a Kaizen (continuous improvement) culture in engineering education institutions, education,
teaching methods and infrastructure can be continuously improved. This improves both the learning
experience of students and the quality of education.

2.3. Customer Orientation and Stakeholder Satisfaction

The customer orientation principle of TQM recognizes students and industry stakeholders as
"customers" in engineering education. Students' satisfaction and meeting the needs of the industry
becomes important. This increases the employability of graduates and ensures that education programs
are aligned with the industry.

Educational institutions contribute to the development of students by taking into account innovations in
the field of engineering and market demands. Industry cooperation ensures that students are taught the
knowledge and skills they will need.

2.4. Data Driven Decision Making and Quality Measurement

Within the scope of TQM principles, data-driven decision making is used to measure success in
engineering education. The quality of education is evaluated by regularly analyzing criteria such as
student performance, graduation rates, and job placement rates.

Data-driven decision making enables objective evaluation of education programs and necessary
improvements are made in the light of data.

2.5. Teamwork and Leadership Training

Engineering education can be designed in accordance with the TQM principles of teamwork and
leadership development. Teamwork is important for engineers to work effectively on projects and to
develop leadership skills.

Group projects, teamwork activities and leadership trainings can be organized for engineering students
to prepare them for professional life. This supports the TQM approach of encouraging participation and
collaboration at the organizational level.

2.6. Problem Solving and Innovation

TQM also contributes to providing engineering education with a structure that encourages problem
solving and innovation. Students are encouraged to develop solutions to quality problems and
educational programs are created that enhance their ability to deal with real-life problems.

Skills such ascreativity, critical thinking and innovation are incorporated into the engineering curriculum,
supporting students to develop innovative solutions.
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2.7. Total Quality Management Training

Engineering students' knowledge of TQM principles enables them to apply these principles to the work
environment in their future professional lives. Quality management education enables engineers to be
effective in process management, quality control and improvement processes.

Engineers who learn TQM principles can contribute to quality management processes in the workplace
and increase productivity by improving problem solving competencies.

2.8. Environmental and Social Responsibility Awareness

TQM's principle of responsibility towards society and the environment contributes to the training of
students in engineering education as individuals committed to environmental sustainability and ethical
values. It increases sensitivity to issues such as sustainable engineering and environmentally friendly
production processes.

Total Quality Management (TQM) is a quality-oriented management approach at all levels of the
organization. Its main objective is to increase customer satisfaction and achieve sustainable competitive
advantage in the long term. TQM not only focuses on product or service quality, but also manages all
processes of the organization towards continuous improvement, increased productivity and employee
satisfaction. This management model is based on many different principles and encourages the
participation of all employees.

3. William Edwards Deming and the Plan-Do-Check-Act (PDCA) Cycle

Born in 1900, William Edwards Deming was an American engineer with specializations in electricity,
physics and mathematics, and has done much work in the field of total quality management. He worked
as a consultant in the USA and Japan. The 14 principles and the PUKO cycle he put forward in the field
of TQM have formed the basis for many studies and have been used and continue to be used in many
areas in practice (Erdem, 2023).

The PDCA Cycle (Plan-Do-Check-Act) developed by W. Edwards Deming is a quality management
model used in the continuous improvement process. Deming developed this cycle to help organizations
improve their processes in a systematic way. The PDCA Cycle is used as an important tool, especially
in quality and productivity improvement approaches such as Total Quality Management (TQM), Six
Sigma and Lean Management.

Stages of the PDCA Cycle

The PDCA Cycle consists of four stages and each stage aims to improve quality by identifying and
solving problems in processes:

Figure 1. W. E. Deming's PDCA Cycle

The PDCA Cycle

ACT

160



4. RUMELI MUHENDISLIK EGITiMi SEMPOZYUMU / 4rd RUMELI ENGINEERING EDUCATION SYMPOSIUM
7-8 Kasim 2024 / November 7-8, 2024
Hali¢, ISTANBUL

Plan (Plan):

The first stage involves making a plan in line with a set goal. At this stage, the current situation is
analyzed, areas for improvement are identified and a target is defined. What needs to be done to achieve
the target, resources and strategies are identified. In addition, the criteria and indicators to be used in
the improvement process are selected. For example, to increase efficiency in a production process,
indicators such as production time or error rate can be determined.

Implement (Do):

The steps identified in the planning phase are implemented at this stage. Changes or improvements are
tested on a small scale and the results are observed. In this phase, which can also be called the trial
phase, data on the process is collected. This provides an important source of data for further analysis.
For example, an improvement in the production process can be tested on a specific machine or a work
shift.

Check:

In this phase, the data obtained during the implementation process is analyzed and the results are
evaluated. Comparisons are made with the targets set and the extent to which the planned
improvements have been achieved is examined. Measurement and analysis are carried out to check
the accuracy of the results obtained and to identify any errors or deficiencies. For example, it is checked
whether there is an expected increase in efficiency or decrease in errors as a result of the improvement.

Take Measures (Act):

After analyzing the results obtained in the control phase, if the improvement has been successful, this
process is standardized and applied throughout the organization. A specific procedure is developed to
make the improvement permanent. If the targeted results have not been achieved or if further
improvements seem possible, the cycle is restarted. The knowledge gained at this stage is used in the
next planning process. For example, if the improvement is successful, the new process is integrated
into the overall procedures of the organization.

This cycle is repeated to continuously analyze processes, identify errors, identify opportunities for
improvement and ensure that processes become more efficient. The PDCA Cycle provides a roadmap
for continuous improvement and quality management and enables businesses to continuously achieve
better results (Deming, 2020).

4. Software Development Life Cycle

Although code writing comes to mind when it comes to software, any project related to software consists
of many processes. All the parts of the software during both production and usage are defined as the
software development life cycle (Kagar, 2019:1).

Software is a product when considered as an output, and like products, software development also has
a life cycle. This cycle is not unidirectional or linear, but consists of several main stages.

The Software Development Life Cycle (SDLC) is a systematic approach that covers the process from
planning to maintenance of software. The SDLC is phased to ensure that the software is developed with
quality, efficiency and in accordance with the targeted requirements. Each phase contains important
steps for the success of the software and transitions to other phases with specific deliverables. The main
phases of the Software Development Life Cycle are listed below.

161



4. RUMELI MUHENDISLIK EGITiMi SEMPOZYUMU / 4rd RUMELI ENGINEERING EDUCATION SYMPOSIUM
7-8 Kasim 2024 / November 7-8, 2024
Hali¢, ISTANBUL

1. Requirement Analysis

Objective: To collect and analyze the requirements of the user or customer to determine the scope and
objectives of the project. In this phase, it is determined which functions the software should fulfill. To
fully understand the user's needs, requirements analysts and project stakeholders come together for
detailed meetings.

Outputs: Requirements document, project scope and preliminary requirements analysis.
2. System Design

Objective: To create the architecture and design of the software in accordance with the collected
requirements. In line with the information obtained from the requirements analysis, the technical
structure, data flow and architecture of the software are determined. Details such as database structure,
user interface design and design of software modules are created at this stage.

Outputs: High level system design documents, data flow diagrams and database design.
3. Development/Coding

Objective: Programming the software in accordance with the requirements and design. At this stage,
developers start writing code according to the system design. The coding process may vary according
to the software development methodology (Agile, Waterfall, Scrum, etc.). During coding, attention is
paid to clean code writing, code standardization and security measures. Programming language,
software development environment, selection of software development tools, database management
system are realized during coding (Yilmaz, 2007).

Outputs: The completed version of the software (first working version).
4.Testing

Objective: To verify that the software is error-free, conforms to user requirements and works securely.
After the coding phase is completed, the software is tested. The testing phase aims to check the
functionality, reliability and performance of the software. Many different tests (unit testing, integration
testing, acceptance testing, security testing, etc.) are applied.

Outputs: Test reports and updated software with corrected bugs.
5.Deployment

Objective: To make the software that has passed the test phase usable by real users. Once the software
has been successfully tested, it is transferred to the live environment. In large-scale projects, a beta
version or partial deployment is usually done at this stage. Users are allowed to test the software in a
real environment and feedback from end users is obtained.

Outputs: Software running in a live environment and user feedback.
6. Maintenance and Update

Objective: To ensure sustainability of the software, fix bugs and add new features. After the software is
put into use, various update and improvement requirements arise over time. At this stage, bugs identified
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in the software are fixed, improvements are made based on user feedback, and necessary new features
are added.

Outputs: Updated, bug-free and improved software versions.
5. W.E. Deming's TQM Approach and 14 Principles

W.E. Deming is considered by many to be the father of TQM and his contribution to quality was
recognized by the Japanese with the Deming Award, named after him after the Second World War.
Deming's management approach consists of 14 principles and sets out management principles that
support quality improvement. Published in 1981 for the first time, these principles emerged from
Deming's experiences as a consultant in Japan and the United States (Andersen et al., 1994).

These 14 principles are as follows (Canbay, 2021:9);
e Create Consistency of Purpose

It is the continuous improvement of the business and setting a consistent goal by focusing on long-term
success goals. This goal is to continuously improve quality and ensure customer satisfaction.

e Adopt a New Philosophy

Businesses need to adopt a modern quality philosophy that is sensitive to customer demands, minimizes
errors and ensures success in a competitive market. Deming advocates keeping pace with changing
market conditions and an innovative perspective.

e Break the Habit of Ensuring Quality through Inspection

It emphasizes that quality should be ensured throughout the entire process, not just through checks at
the final stage. This reduces errors at source and lowers costs.

e Stop Purchasing Based on Price Alone

When purchasing goods or services, it is important not only to look for low prices, but also to consider
factors such as quality, reliability and long-term cost. Long-term cooperation should be established with
a good supplier.

e Develop Systems for Continuous Improvement

Continuous improvement in products and services reduces costs and increases customer satisfaction.
Businesses should aim to improve all processes at every stage.

e Investin Training Programs

Continuous training should be provided to increase the knowledge and skills of employees. Training
raises quality standards within the business and increases employee productivity.

e Develop Leadership

Managers and leaders should guide employees. In order to ensure that employees work efficiently, they
should be guided and the working environment should be improved.
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e Destroy Fear

Create an environment where employees can express their ideas without fear. Fear hinders
communication and makes it difficult for employees to reach their full potential.

e Break Down Interdepartmental Barriers

Increasing cooperation between different departments makes it easier to achieve common goals.
Teamwork and knowledge sharing should be encouraged.

e End Zero Defect and Productivity Commitments

Giving employees unrealistic goals increases work stress and reduces quality. Instead, set long-term
goals that focus on quality.

e Remove Barriers So Workers Can Proudly Showcase Their Achievements

Employees should be provided with a supportive environment so that they can take ownership of their
work and share their successes. This increases motivation and improves quality.

e Emphasize Training and Development

Training programs should be organized to improve the knowledge and skills of employees. In this way,
quality and efficiency increase in all processes of the business.

e Support the Development of Each Employee

Continuous development of employees should be supported so that they can contribute to business
objectives. Ensure that employees have the knowledge and skills to contribute to their duties.

e Build a Management Structure for Change

A management structure should be established to manage continuous improvement and quality -
oriented change processes within the organization. This structure supports the quality-oriented work of
the whole organization.

5.1. Highlights of Deming's Total Quality Approach

Continuous Improvement (Kaizen): Deming emphasized that quality is not something to be achieved
once and left alone, but a goal that must be continuously improved.

Data-driven Decision Making: Statistical analysis and data-driven decision making is an important
element in improving quality.

Employee Participation: Employees at all levels should be able to contribute to the quality process and
offer their suggestions.

Customer Orientation: Businesses should make meeting customer needs a priority.
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These 14 principles form the basis of Deming's total quality management approach and serve as a guide
for an organization to achieve its quality goals.

The Total Quality Management (TQM) approach is a management model that provides significant
advantages, especially in the fields of information technology and software development. In the 1980s,
long term and quality-oriented plans started to be developed as quality was integrated into the whole
process rather than being only a controlled element. In this period, the 14 basic principles defined by
Deming served as a comprehensive guide in the field of quality management and contributed to the
sector's productivity, quality and cost advantages by applying them to software development processes.

5.2. Advantages of Total Quality Management in Software Development

The field of information technology, and software development in particular, is a sector where working
with zero defects is critical and continuous improvement is needed. When software development
processes consisting of analysis, design, coding, testing and maintenance are carried out based on
Deming's 14 principles, the following advantages are achieved:

e Quality Improvement: The TQM approach, which prioritizes quality at every stage, ensures a high
quality product in all processes starting from the coding and design stages. This contributes to
preventing software errors even during the production process and ensuring that the final product
is flawless.

e Reduces Costs: Early detection and prevention of errors in processes based on Deming's
principles reduces costs. Integrating quality into the entire process instead of correcting errors,
especially during the testing phase, minimizes error costs.

e Efficiency and Continuous Improvement: Deming's emphasis on continuous improvement
encourages continuous development and updating in software development processes. This
supports keeping the software up to date, increasing its functionality and ensuring end-user
satisfaction.

e Motivation and Participation: In TQM, employee motivation and participation are at the forefront.
Software teams work collaboratively to contribute to the set goals and through this collaboration,
employees take an active role throughout the process. This motivation increases innovation and
productivity within the team.

e Error Prevention and Risk Management: TQM develops strategies to detect and correct defects
in advance. Deming's emphasis on "preventing defects at the source" ensures that quality control
stages in software development processes are not limited to the testing process, but focus on
identifying risks in the analysis and design stages.

6. CONCLUSIONS

By applying Deming's 14 principles to software development processes, it is possible to improve quality:
- Consistency of Purpose (Principle 1) : Software development projects aim for consistent quality
management to ensure long-term customer satisfaction and security.

- Continuous Improvement (Principle 5): Continuous updates and improvements are made to the
software, providing competitive advantage and increasing its sustainability.

- Training and Development (Principle 12): Regular training for software teams ensures that they are
up to date with new technologies and stay current in an evolving industry.

- Data and Analytics Based Decision Making (Principle 4): Data and analytics are used to make
quality-based decisions in software; indicators such as user feedback and performance data are
included in decision-making processes.

- Teamwork and Communication (Principle 9): Communication between software development
teams is strengthened and collaboration is encouraged, thus increasing productivity.

If the parts involved in software development processes - analysis, design, coding, testing and
maintenance - are carried out based on Deming's 14 basic principles as mentioned above, it is expected
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that the quality of the resulting work will improve, productivity will increase and costs will decrease. In
addition to these, software development processes based on the 14 principles support continuous
change and development, prevent mistakes before they are made, and prioritize the motivation of
employees and customers (Aguayo, 1990).

The use of TQM in the field of information technology and software development improves quality at
every stage of the process and makes risk management effective through error prevention strategies.
By adopting TQM in software development processes, it is possible to develop error-free, sustainable,
high quality software. TQM increases employee motivation, enhances team cooperation and creates a
strong quality culture throughout the sector by focusing on customer satisfaction.
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