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Insansiz Hava Araclarina Yonelik Toplumsal Alg1 Calismalarinin
Bibliyometrik Incelemesi
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Oz

Bu calisma, insansiz hava araclarina (IHA) yonelik toplumsal algi kavramin ele alan literatiirdeki arastirmalari,
bibliyometrik analiz yOntemiyle incelemeyi amaclamaktadir. Arastirma, 2010-2025 yillar1 arasinda
yayimmlanmus Ingilizce yaymlar1 kapsamakta olup, mahremiyet, endise ve etik gibi konulara odaklanan
calismalari igermektedir. Calisma kapsaminda, Scopus, Web of Science ve Google Scholar veri tabanlarinda,
onceden belirlenmis anahtar kelimeler araciligiyla sistematik bir literatiir taramasi yiiriitilmiistiir. Literatiir
taramasi kapsaminda kullanilan veri tabani sorgulari i¢in arama dizinleri tanimlanmis, tarama siiresince gegerli
olacak dislama kriterleri belirlenmistir. Bu siireg, PRISMA akis semasi ile gorsellestirilmistir. VOSviewer
yazilimi ile gerceklestirilen veri analizi sonucunda, anahtar kelime analizi, cografi dagilim ve atif durumu gibi
bulgular elde edilmistir. Ayn1 zamanda elde edilen verilere gore ¢alismalarin yillik bilytime hizinin %33,99
olmasi bu alandaki aragtirmalarin hizla arttigini ve konuya olan ilginin giderek yiikseldigini gostermektedir.
Ortalama dokiiman yasinin 3,78 yil olmasi, literatiirdeki ¢aligmalarin bilylik dlgiide giincel oldugunu ve
konunun dinamik bir aragtirma alam olarak gelistigini gostermektedir. Bu veri, IHAlara yonelik toplumsal
alg1 aragtirmalarinin halen evrim gegirmekte oldugunu ve bilimsel literatiirde 6nemli bir hareketlilik icerdigini
isaret etmektedir. Bu ¢aligma, konunun mevcut durumunu analiz ederek literatiirdeki bosluklari tespit etmekte
ve gelecekteki disiplinler arasi arastirmalara yon vermektedir.

Anahtar Kelimeler: Algi, Bibliyometrik Analiz, insansiz Hava Arac1, Toplum
JEL Smmiflandirma: L93, 033, D83.

Bibliometric Review of Public Perception Studies on Unmanned Aerial
Vehicles

Abstract

This study aims to examine the literature on the concept of public perception toward unmanned aerial vehicles
(UAVs) through a bibliometric analysis method. The research covers English-language publications published
between 2010 and 2025, focusing on topics such as privacy, concern, and ethics. As part of the study, a
systematic literature review was conducted using predefined keywords in the Scopus, Web of Science, and
Google Scholar databases. Search indices for database queries were defined, and exclusion criteria to be applied
during the screening process were established. This process was visually represented using a PRISMA flow
diagram. As a result of the data analysis carried out with the VOSviewer software, findings such as keyword
analysis, geographical distribution, and citation status were obtained. In addition, the annual growth rate of
publications was found to be 33,99%, indicating a rapid increase in research in this field and a growing interest
in the topic. The average document age of 3,78 years suggests that the literature is largely up to date and that
the topic is developing as a dynamic research area. These findings indicate that research on public perception
of UAVs is still evolving and that there is significant academic activity in this area. By analysing the current
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state of the literature, this study identifies existing research gaps and provides direction for future
interdisciplinary studies.

Key Words: Perception, Bibliometric Analysis, Unmanned Aerial Vehicle, Society

JEL Classification: L93, 033, D83.

GIRIS

Insamiz Hava Araci (IHA) teknolojisi, giiniimiizde toplumlar i¢in giderek daha énemli hale
gelmektedir. Bu teknolojilerin sundugu yetenekler, farkli uygulamalarda (arama kurtarma,
tarim, lojistik gibi) kullanim alanlarin1 genisletirken, ayni zamanda toplumda bu
teknolojilere dair algilarin da sekillenmesine yol agmaktadir. Gelisen teknolojilerin
toplumsal etkilerinin anlagilmasi ve bu siiregte ortaya ¢ikan endise, gizlilik, giivenlik ve etik
meselelerin sistematik olarak degerlendirilmesi, gelecekte gelistirilecek politika ve

diizenlemelerin saglam temellere dayanmasi agisindan biiylik 6nem tasimaktadir (Tepylo,
Straubinger ve Laliberte, 2023).

[HA’larin kullanim alanlarindaki artisgin gelecekte ¢ok daha hizli bir sekilde olacagi
ongoriilmektedir. Akademik literatlirin ve gecmis uygulamalarin degerlendirilmesi,
teknolojik ilerlemenin yonlendirilmesi ve toplumsal alginin bigimlendirilmesi agisindan
kritik bir rol oynamaktadir. Dolayisiyla, gecmiste yapilmis caligmalarin sistematik bicimde
degerlendirilmesi, hem mevcut bilgi birikiminin ortaya konulmasi hem de yeni arastirma
firsatlarinin belirlenmesi agisindan biiyiik nem tagimaktadir (Sabino vd., 2022).

Bu calismada, IHAlara yénelik toplumsal algi literatiiriinii bibliyometrik olarak analiz
edebilmek igin 2010-2025 yillar1 arasinda yayimlanan Ingilizce kaynaklar, Google Scholar
(Scholar, 2025), Scopus (Scopus, 2025) ve Web of Science (Web of Science, 2025) veri
tabanlar1 araciligiyla taranmistir. Calismada verilerin se¢imi, arama stratejisi ile dahil etme
ve hari¢ tutma kriterleri, PRISMA (Preferred Reporting Items for Systematic Reviews and
Meta-Analyses — Sistematik Derlemeler ve Meta-Analizler i¢in Tercih Edilen Raporlama
Ogeleri) modeline dayali olarak olusturulmustur. PRISMA, analiz siirecinde seffaflig
artirmak ve elde edilen bulgularin tutarli bir bicimde raporlanmasini saglamak amaciyla
gelistirilmis metodolojik bir rehberdir. Bu rehbere uygun olarak, aragtirmanin temel sorusu
ve konusu net bir bigimde tanimlanmakta; daha sonra incelemeler ve yayinlarin belirlenmesi,
secim kriterleri ile dahil edilme siireglerini igceren PRISMA akis diyagrami kullanilarak
secilecek yayinlar tespit edilmektedir (Page vd., 2021).

Bu calisma kapsaminda, yontem boliimiinde belirtilen anahtar kelimeler dogrultusunda
asagidaki aragtirma sorularina yanit aranacaktir.

1. THA’lara yonelik toplumsal algiy: ele alan yaymlarin yillara gore dagilimi nasildir?

2. [llgili yaymnlarmn cografi dagilim (iilkelere gére) nasil sekillenmektedir?

3. Bualanda en ¢ok atif alan ¢alismalar ve en ¢cok yayin yapan dergiler hangileridir?

4. En aktif yazarlar ve kurumlar kimlerdir, aralarindaki is birligi ve atif iliskileri
nasildir?

5. Segilen yayinlar arasinda en sik kullanilan anahtar kelimeler nelerdir?

Calismada, ITHA’larmn toplumsal algi bakimindan incelendigi ¢alismalarin kapsamli bir
bibliyometrik analizi gergeklestirilerek, bu alandaki c¢alismalar hakkinda nicel veriler
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sunulmas1 amaglanmaktadir. Literatiirdeki bosluklarin ve potansiyel arastirma alanlarinin
ortaya konmasiyla, IHA teknolojisinin sosyal boyutlarna iliskin gelecekteki akademik
caligmalara stratejik bir yon verilmesi hedeflenmektedir.

Bu dogrultuda, literatiirdeki mevcut egilimler, en etkili yazarlar, iilkeler, dergiler ve is birligi
aglar1 gibi birgok degisken analiz edilerek, IHA’larin toplumsal algi boyutuna yonelik
derinlemesine bir bakis saglanmasi hedeflenmektedir.

Calismanin ikinci boliimiinde, IHA teknolojilerine iliskin mevcut akademik literatiir
kapsaml1 bigimde ele alinmus, 6zellikle THA larin farkli sektorlerdeki kullanim alanlar1 ve
toplumda yarattig1 algiya dair ¢calismalar analiz edilmistir. Bu boliimde, toplumsal alginin
mahremiyet, giivenlik ve risk gibi temalarla nasil sekillendigi degerlendirilmistir.

Uciincii boéliimde ise bibliyometrik analiz yontemi detayli bigimde agiklanmis; anahtar
kelime se¢imi, arama stratejisi ve hari¢ tutma kriterleri belirtilmistir. Ayrica, veri toplama
stirecinde kullanilan veri tabanlari (Scopus, Web of Science ve Google Scholar) ile analizde
yararlanilan yazilimlar (VOSviewer, Bibliometrix) tanitilmistir.

Dordiincii boliimde, secilen yayinlara iligskin tanimlayic istatistikler, yayimnlarin yillara ve
ilkelere gore dagilimi, anahtar kelime analizi, en ¢ok atif alan yayinlar, konu alanlar1 ve is
birligi aglar1 gibi veriler tablo ve sekillerle gorsellestirilerek sunulmustur.

Besinci ve son bdliimde ise bulgular 1s18inda kapsamli bir degerlendirme yapilmis, elde
edilen sonuglar tartisilmig ve gelecekteki arastirmalara yonelik onerilerde bulunulmustur. Bu
sayede, IHA’lara yonelik toplumsal algi konusunun daha genis ve disiplinler arasi bir
perspektiften ele alinmasina katki sunulmasi amaglanmaigtir.

1. LITERATUR TARAMASI

Insansiz hava araclar1 (IHA), miirettebat veya yolcu tasimayan, kamera ve cesitli teknik
ekipmanlar i¢eren, uzaktan kumanda edilebilen ya da otonom olarak ugus gerceklestirebilen
hava araglaridir (Martinez ve Cardona, 2018). Son yillarda teknolojik gelismelerle birlikte
[HA’larin hem ticari hem de ozel alanlarda kullanimi artmistir. IHA’lar tarimsal
faaliyetlerde, arama-kurtarma, yangin sondiirme, havadan goriintii elde etme ve kargo
tasimaciligi  faaliyetlerde ©&nemli roller iistlenmektedir. Ornegin, arama-kurtarma
operasyonlarinda kaybolan bireylerin tespiti ve felaket aninda risk altindaki kisilerin
sayisinin belirlenmesi gibi kritik bilgiler saglanmaktadir. IHA’larm sundugu bu gesitli
avantajlar, onlarin modern toplumda giderek daha fazla entegre edilmesine olanak tanimakta
ve bu araglarm etkinligini artirmaktadir. Gelisen teknolojiler sayesinde, IHA’larin
potansiyeli daha da genislemekte ve gelecekte daha fazla alanda kullanilmalari
beklenmektedir (Wang, Mutzner ve Blanchet, 2023).

[HA teknolojileri, kullanim amaglarina ve yayginlik diizeyine bagli olarak toplumsal algiy1
dogrudan etkileyen bir unsur haline gelmistir. [HAlara ydnelik toplumsal algi, ¢ok sayida
faktoriin etkisiyle sekillenmektedir. Bu alginin sonuglar1 ise bireylerin ve toplumlarin
teknolojiyi nasil degerlendirdigi ve benimsedigiyle yakindan iliskilidir. Toplumsal algi, bir
toplumun belirli bir konu, grup veya olguya yonelik gelistirdigi diisiinceler, duygular ve
tutumlarin toplamidir. Bu kavram, bireylerin ve gruplarin sosyal etkilesimleri ve deneyimleri
sonucunda sekillenmektedir. Toplumsal algi su unsurlar icermektedir (Rice vd., 2018):

85



e Bireylerin bir konu hakkinda sahip oldugu bilgi ve inanglar,
e Belirli bir konuya kars1 hissedilen duygusal tepkiler (6rnegin: korku, gliven, endise),
e Bireylerin bir konuya kars1 gelistirdigi olumlu veya olumsuz tutumlar.

[HA’lara yénelik algi, literatiirde ¢ok boyutlu bir sekilde incelenmekte olup bu boyutlar
arasinda emniyet kaygilari, mahremiyet, erisim kolayligi, toplumsal kabul ve teknolojik
yenilik 6n plana ¢ikmaktadir. Del-Real ve Diaz-Fernandez (2021) galismalarinda sahil
kurtarma IHAlarinn insan cankurtaranlara gére daha avantajli oldugunu vurgulamislardir.
IHA’larin daha genis alanlar1 kontrol edebilme kabiliyeti, hiz yetenegi ve insan kurtaricilar
icin c¢ok tehlikeli olabilecek kosullar altinda calisip daha fazla can kaybinin &niine
gecebilecegi belirtilmistir. Caligmada gerceklestirilen anket ile katilimcilarin %52,3 {iniin
kurtarma IHA’lar1 kullanilsa bile plaja gitmeye devam edecegini, %47,8’inin ise plaja
gitmeyecegini soyledigi belirtilmistir. Kurtarma {HA’larinin toplumda kabul gérmesinin
orta diizeyde oldugu yorumlanmastir.

Komasova, Tesar ve Soukup (2020) ¢alismalarinda, aginalik hipotezinin, kullanic1 grubunda
daha diisiik risk algis1 ve daha yiiksek onay ile iliskilendirildigi belirtilmistir. Ancak THA
teknolojisinin artan kullanilabilirliginin, algilanan riskleri azaltacagi ya da farkli kullanim
bicimlerinin onay oranimi artiracagi sonucuna ulasilmadigr vurgulanmistir. Calisma
sonucuna goére IHA kullaniminin artmasi, algilanan risklerin azalmasini saglamadig
belirtilmistir.

EiBfeldt vd. (2020) calismalarinda, Almanya’da sivil IHA’larin kabulii iizerine yapilan
ulusal bir ¢calismanin sonuglarini aktarmistir. Almanya’da kurtarma ¢alismalarinda gorev
alacak IHA lara kars1 olumlu tutum sergilenirken eglence, reklam ve paket teslimat1 gibi
amaglar i¢in kullannrminda yaridan fazla katilimer tarafindan kabul gormedigi
vurgulanmigtir. Bu ¢aligmalar toplumun IHA’lara yonelik tutumlarmi ve bu tutumlarin
sebeplerini anlamaya yonelik 6nemli sonuglari agiklamaktadir.

Durak (2024) ¢aligmasinda hava yolu stratejilerine yonelik literatiirii bibliyometrik olarak
yontemle incelemistir. Web of Science veri tabaninda ‘‘airline’” ve ‘‘strategy’’ anahtar
kelimeleriyle yalnizca 6zetler temelinde yapilan taramada 637 ¢alismaya ulasilmis ve secilen
471 caligma iizerinden 1991-2022 yillar1 arasindaki yayinlar degerlendirilmistir. Yayin
egilimleri, en ¢ok atif alan makaleler, etkili yazarlar, dergiler, ortak yazarlik iliskileri
incelenmis; VOSviewer ile ag ve yogunluk haritalar1 olusturulmustur. Hava yolu
stratejilerine yonelik akademik ilginin 6zellikle son yillarda artig1 vurgulanmistir.

Uzgor, Savas ve Kafali (2024), havacilikta ¢evre yonetiminin literatiirde yeterince ele
alinmadigini tespit etmistir. Bu eksikligi gidermek amaciyla ¢evresel stirdiirebilirlik konulu
caligmalar bibliyometrik yontemle incelenmistir. Analizde, R tabanli Bibliometrix yazilimi
kullanilmis, baslik, 6zet ve anahtar kelimeler {izerinden tarama yapilmistir. Teknik alanlar
disarida birakilmis, yalnizca hava tagimaciliginin yonetimsel yoniine odaklanan caligsmalar
degerlendirilmistir. Yayin ve atif sayilarina iligskin temel istatistikler sunulmustur.

Kumar ve Dulloo (2024) c¢alismalarinda, havacilik endiistrisinde siirdiirebilirlik konulu
akademik makaleleri bibliyometrik analiz yontemiyle incelemistir. Veriler *‘stirdiirebilirlik’’
ve ‘“‘havacilik’’ anahtar kelimeleriyle Web of Science veri tabanindan elde edilmistir.
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Analizde, R programindaki Bibliometrix eklentisi kullanilmis ve yalnizca Ingilizce yayinlar
dikkate alinmistir. 2001-2023 yillar1 arasini kapsayan calismada siirdiirebilirlik, cevresel,
sosyal ve ekonomik boyutlariyla ele alinmistir. Sonuglarda 2022 ve 2023 yillarinda
yayimlanan ¢alismalarin sayisinda belirgin bir artis oldugu tespit edilmis, bu artisin ¢evresel
farkindaligin yiikselmesi ve pandemi sonrasi kaynak verimliligi arayisiyla iligkili oldugu
vurgulanmistir.

Altintas, Acikel ve Turhan (2024) tarafindan gergeklestirilen ¢calismada, 2003—2022 yillar
arasinda yayimlanan IHA odakli akademik yaymnlar, emniyet odakli bir bakis agisiyla
bibliyometrik yontemle incelenmistir. Dimensions veri tabanindaki yayinlar yil, yazar, iilke
ve kurum gibi kriterlere gore filtrelenmis; analizde VOSviewer yazilimi kullanilmistir.
Calismalarin  biliylik c¢ogunlugunun 2021 yilinda yayimmlandigini ortaya koymustur.
Yaymlarin agirlikli olarak ABD (Amerika Birlesik Devletleri) kaynakli oldugu ve en fazla
atif alan kurumun Florida Universitesi oldugu tespit edilmistir.

Falcao ve arkadaslar1 (2021), Brezilya’da hava tagimaciligi alaninda gergeklestirilen
akademik ¢alismalar1 bibliyometrik yontemle analiz ederek, literatiiriin genel egilimlerini ve
arastirma bosluklarini ortaya koymay1 hedeflemistir. Arama filtreleri anahtar kelimelerle
siirlandirilmigtir.  Calismalarin = %86’sinin  hava yollari ve havaalanlar1 konusuna
odaklandigini; bunlarin %47’ sinden fazlasinin ekonomi temelli oldugunu ortaya koymustur.
Ugaklar ve hava seyriiseferi %14, kargo tasimaciligi ise %3 oraninda yer almistir.

Raza, Ashrafi ve Akgunduz (2020) ¢alismasinda hava yolu gelir yonetimi literatiiriinii
bibliyometrik analizle inceleyerek sektoriin trend belirleyici konularini, en etkili yazarlar ile
kurumlart tespit etmistir. 2008-2018 donemini kapsayan sistematik literatiir incelemesi
kapsaminda, SCOPUS veri tabanindan toplanan ¢aligmalar degerlendirilmistir. Yaynlarin
cogunlugu ABD kaynakli olup Cin, Almanya, Hindistan, ingiltere ve Kanada takip etmistir.
Ayrica analiz edilen ¢aligmalarin cografi dagilimi ve temalarmna iliskin 6nemli egilimler
tespit edilmistir.

Li vd. (2023) calismasinda havacilikta karbon emisyonlarina iligkin yayinlar: bibliyometrik
yontemle haritalayarak analiz etmistir. Scopus veri tabaninda 1992-2021 arasinda
indekslenen c¢aligmalar, CiteSpace yazilimi kullanilarak degerlendirilmistir. Yazarlar
arasinda giiclii is birligi baglantilarinin olmadig: tespit edilmistir. Ayrica ABD, Birlesik
Krallik, Cin, Almanya, Kanada ve Avustralya’nin bu alanda en aktif iilkeler oldugu
vurgulanmigtir.

Sorsa ve Bona-Sanchez (2024) ¢alismalarinda, hava yolu endiistrisinde kurumsal sosyal
sorumluluk konusundaki akademik yayinlar1 bibliyometrik yontemle incelemis ve alandaki
gelismelerle gelecek egilimleri vurgulamistir. Bibliometrix ve VOSviewer yazilimlariyla
yapilan analizlerde, ¢alismalarin son yillarda belirgin bir sekilde artig1 tespit edilmistir.
2008-2023 arasinda elde edilen veri seti, yillik ortalama %20,79 biiyiime ile konunun 6nem
kazandigin1 gostermistir.

Burak ve Kiisbeci (2024) ¢alismasinda, 2007-2023 yillar1 arasinda Web of Science veri
tabaninda yayimlanan nesnelerin interneti ve havacilik konusundaki yayinlar1 bibliyometrik
yontemlerle analiz etmistir. Eg-yazar, es-atif, bibliyografik eslestirme ve anahtar kelime
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gecis analizleri gerceklestirilmis, VOSviewer ve Biblioshiny araclariyla gorsellestirme
saglanmistir. Nesnelerin interneti ve havacilik alanindaki yayinlarin son yillarda artigini,
heniiz bilimsel olgunluga ulagsmadigin1 ve yeni ¢alismalar i¢in dnemli potansiyel tasidigini
ortaya koymustur.

Okine, Zarei ve Roggow (2024) ¢alismalarinda, 10191 yayindan olusan veri seti kullanilarak
havacilik glivenligi literatiiriinii  sistematik bi¢imde incelemistir. VOSviewer ve
Bibliometrix R paketi ile yapilan bibliyometrik analizde atif alan kaynaklar, dergiler,
yazarlar ve anahtar kelimeler tespit edilmistir. En fazla yayin ve atif alan kaynaklarin
Havacilik, Uzay ve Cevre Tibbu ile Giivenlik Bilimleri alanlarinda oldugu belirlenmis, ABD,
Cin ve Ingiltere’nin en ¢ok yayma sahip iilkeler oldugu vurgulanmustir.

Bakir vd. (2022), calismasinda 1975-2020 yillar1 arasinda havalimani hizmet kalitesi
alaninda yapilan calismalar1 bibliyometrik analizle incelemis ve literatiirdeki egilimleri
ortaya koymustur. Web of Science Core Collection veri tabaninda yapilan taramada 312
calismadan kriterlere uygun 100 ¢alisma analiz edilmistir. R tabanli Bibliometrix yazilimiyla
gerceklestirilen analizde, Journal of Air Transport Management dergisinin alanda Oncii
oldugu belirlenmis; en yiliksek katkinin Cinli arastirmacilar tarafindan saglandigi ve
calismalarin biiyiik dl¢iide uluslararasi is birligine dayandigi vurgulanmustir.

Dixit ve Jakhar (2021) ¢alismasinda bibliyometrik analizle havalimani kapasite yonetimi
literatiiriinii incelemistir. ABD, Cin ve Ingiltere en ¢ok yayma sahip iilkeler olarak
belirlenmis, Journal of Air Transport Management dergisi alanin baslica kaynagi olarak 6ne
cikmistir. Ayrica slirdiiriilebilirlik ve havalimani is birligi gibi yeni temalarin 6nem
kazandig: tespit edilmistir.

Tanriverdi ve Durak (2022) caligmasinda, hava yolu is modeliyle ilgili literatiirii analiz
etmek amaciyla SCI-Expanded, SSCI, ESCI ve WoS Core Collection veri tabanlarinda
anahtar kelimelerle tarama yapilmis ve 1078 kayit elde edilmistir. Bu aragtirmalara ait yazar
adi, yaym yili, atif sayisi ve DOI bilgileri toplanarak veri seti CiteSpace yazilimina
aktarilmistir. Yinelen kayitlar otomatik olarak c¢ikarildiktan sonra diglama kriterleri
dogrultusunda kitaplar, konferans bildirileri ve Ingilizce dis1 yayinlar elenmis bdylece 652
calisma bibliyometrik analiz i¢in secilmistir.

See vd. (2023) ¢alismalarinda havaalani verimliligi ve iiretkenligine yonelik literatiirii daha
iyl kavrayabilmek amaciyla bibliyometrik analiz yontemiyle gerceklestirilmistir. Analiz
stirecinde ortaya ¢ikan yazarlar, kurumlar, iilkeler, is birligi aglar, etkili dergiler ve en ¢ok
atif alan makaleler belirlenmistir. Anahtar kelime analizleriyle literatiirde 6ne ¢ikan
arastirma temalar1 ortaya konmustur. Yayinlarin yillik bliylime oraninin %10,96 oldugu ve
1999-2019 doneminde artis gosterdigi tespit edilmistir. Calismalarin yarisinin Avrupa,
%21,88’inin ise Asya havalimanlarina odaklandig1 goriilmiistiir.

Dinger vd. (2024) c¢alismalarinda 2001-2023 yillar1 arasinda siirdiiriilebilir havacilik
alanindaki egilimleri belirlemek amaciyla bibliyometrik bir analiz gergeklestirmistir. Web
of Science’da indekslenen 726 yaym VOSviewer ile incelenmis, anahtar kelime, atif ve es
yazarlilik analizleri uygulanmigtir. Calismalarin  6zellikle 2020-2023 doneminde
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yogunlastigini ve “‘slirdiiriilebilir havacilik yakit’’ temasinin 6ne ¢iktigini1 géstermistir. En
cok atif alan iilkenin ABD oldugu tespit edilmistir.

Literatiir incelendiginde, IHA teknolojilerinin toplum tarafindan nasil algilandigina iliskin
yapilan ¢aligmalarin sayica siirli oldugu ve 6zellikle bu konuyu sistematik bigimde ele alan
kapsamli bibliyometrik analizlerin eksik kaldig1 gériilmektedir. Mevcut ¢alismalarin biiyiik
bir kismu1 belirli temalarla siirli kalmakta, bu da {HA'larm toplumsal boyutunu genis
perspektiften ele alan biitiinciil bir degerlendirmeyi zorlastirmaktadir.

Bu baglamda, s6z konusu ¢aligmanin temel amaci, IHA’lara yonelik toplumsal algryi,
bibliyometrik analiz yontemi kullanarak disiplinler arasi bir yaklasimla incelemek ve
literatlirdeki 6nemli bir boslugu doldurmaktir. Arastirma kapsaminda 2010-2025 yillari
arasinda yaymmlanmis Ingilizce akademik yayinlar sistematik olarak taranmis, THA’lara
iliskin toplumsal alginin nasil sekillendigi, bu konudaki akademik egilimlerin hangi
yonlerde yogunlastig1 ve zaman igerisinde nasil bir degisim gosterdigi ortaya konulmustur.

Yayinlar iizerinde yapilan analizlerde, anahtar kelime kullanimlari, atif iligkileri, yazar ve
kurum is birlikleri, yayin yapilan iilkeler gibi temel degiskenler dikkate alinarak, alandaki
yapisal oriintiiler gorsellestirilmistir. Elde edilen veriler dogrultusunda, IHA’lara yonelik
toplumsal alg1 alanindaki ¢aligmalarin cografi dagilimi, atif yogunlugu, tematik egilimleri
ve bilimsel ig birligi aglar1 detayli sekilde analiz edilmistir.

Bu c¢alisma, yalnizca mevcut durumu tespit etmekle kalmamis; ayni zamanda ileride
yapilacak arastirmalara yon gosterecek potansiyel arastirma bosluklarini da ortaya koyarak,
[HA teknolojisinin sosyal boyutlarina iliskin bilimsel bilgi iiretimini destekleyecek nitelikte
bir katki sunmaktadir.

2. YONTEM

Calismada, mevcut aragtirmalar sistematik bir yaklasimla bibliyometrik analiz yontemiyle
degerlendirilmistir. Bibliyometrik analiz, bir arastirma alaninin giincel durumuna dair
bicimsel ve nicel veriler elde etmek i¢in kullanilan, gorsellestirme yazilimlart araciligiyla
akademik egilimleri takip etmeyi saglayan analitik bir metottur. Bibliyometrik analiz,
iilkelerin, yazarlarin, iiniversitelerin ve bilimsel belgelerin liretkenligini degerlendirmeye
olanak tanimaktadir. Bu analiz, arastirma alanlarindaki gii¢lii ve zayif yonleri belirlerken,
literatiirdeki bosluklari, is birligi aglarini, potansiyel firsatlari ve belirli bir alanda iiretilen
sonuglarin genis kapsamli etkilerini nicel veriler aracilifiyla sunar. Bu sayede
arastirmacilara konu ile ilgili bilgi kazanma olanagi saglar (Dirik, Eryilmaz ve Erhan, 2023).
Bibliyometrik analiz, bilimsel yaymnlarin basliklari, anahtar kelimeleri, yazarlar1 ve atif
yapilan referanslar gibi cesitli bibliyografik verileri inceleyen bir tekniktir. Ayrica, akademik
ve sektorel arastirmalarda, arastirma alanlarindaki egilimleri, iligkileri ve gelismeleri
anlamaya yonelik etkili bir arag olarak kullanilir (Arslan, 2022).

3.1. Anahtar Kelime Secimi, Arama Stratejisi ve Hari¢c Tutma Kriterleri

Bu caligma kapsaminda kullanilan anahtar kelimeler, arastirma amacina uygun olacak
sekilde titizlikle segilmis ve literatiirde IHA lara yonelik toplumsal algiyr yansitan temel
kavramlar1 kapsayacak bi¢cimde belirlenmistir. Anahtar kelimelerin se¢ciminde, alan yazinda
yaygin olarak kullanilan terimler ile konuya iligkin kavramsal biitiinliigii saglayan ifadelerin
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dahil edilmesine 6zen gosterilmistir. Boylece, literatiir taramasinin kapsami genisletilerek,
ilgili ¢aligmalara sistematik ve biitiinciil bir sekilde ulagilmas1 hedeflenmistir. Tablol1.’de,
caligmalarin baslik, anahtar kelime ve Ozet bolimlerinde; “UAV” (Unmanned Aerial
Vehicle - Insansiz Hava Araci), “UAS” (Unmanned Aircraft System - Insansiz Hava
Sistemi), “RPAS” (Remotely Piloted Aircraft System - Uzaktan Kumandali Hava Araci
Sistemi), “DRONE” (Drone - IHA) ve “PERCEPTION” (Alg1) arama kavramlari, “ve” ile
“ya da” seklindeki mantiksal operatorlerle birlikte kullanilmistir.

Tablo 1. Arasgtirmaya Dahil Edilen Arama Dizinleri

Arama Secenegi Arama Dizini
*UAYV ya da *UAS ya da *RPAS ya da
Baslik- Anahtar Kelime -Arama Dizini *DRONE ve * PERCEPTION

Veri tabanlarinda anahtar kelimeler ve mantik operatorlerinin kullanimi ile elde edilecek
yayinlarin, c¢aligmamiza uygun olmayanlari belirlemek amaciyla, dislanan dizinler
belirlenmistir (Tablo 2).

Tablo 2. Aragtirmadan Diglanan Arama Dizinleri

Arama Secenegi Hari¢ Tutulan Arama Kriteri
*Military (Askeri) ve *Technical (Teknik) ve
Baslik- Anahtar Kelime -Arama Dizini *Design (Tasarim)

Tablo 3’te, literatiir taramasinda kullanilan hari¢ tutma kriterleri belirli kavramsal ¢er¢eveler
dogrultusunda, A-F harf araliklariyla kategorize edilerek sunulmustur. Bu cergcevede, A-B
harfleri Insansiz Hava Araglari, C-D harfleri Algi, E-F harfleri ise Teknik Kriterler
basliklarina karsilik gelmektedir. S6z konusu merkezi kavramlar, arastirma kapsaminin
netlestirilmesi ve uygun yayinlarin se¢ilmesini saglamak amaciyla yapilandirilmigtir. Her bir
kavramsal kategoriye iliskin hari¢ tutma oOlgiitleri asagida ayrintili olarak agiklanmaktadir.

Tablo 3. Hari¢ Tutma Kriterleri

Merkezi Kavram Hari¢ Tutma Kriterleri
Insansiz Hava Araglar A. IHA ile ilgili bilgilere yer verilmistir fakat
teknik veya tasarim konularina deginilmistir.

B. Yayinda teknolojik algilar yer almaktadir
fakat direkt olarak IHA lara yonelik degildir.
Algt C. Yayinda teknolojik algilar yer almaktadir
fakat direkt olarak IHA lara yonelik degildir.
D. Alg1 kavrami topluma yonelik olarak degil
IHA’larmn sensor algis1 olarak ele alinmistir.

Teknik Kriterler E. Yayn dili Ingilizce degildir.

F. Calismanin tam metin hali mevcut degildir.

3.2. Arastirma ve Veri Toplama Siireci

Literatiir taramas1, 20102025 yillar1 arasinda yayimlanmis ingilizce yayinlar1 kapsayacak
sekilde Google Scholar arama motoru ile Scopus ve Web of Science gibi akademik veri
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tabanlart kullanilarak gergeklestirilmistir. Google Scholar platformu, dogrudan analiz
edilebilir bir veri ¢iktis1 sunmadigi i¢in bu kaynaktan veri toplama siireci manuel olarak
yiriitiilmiistiir. Belirlenen anahtar kelimeler kullanilarak ilgili yayinlar taranmis, uygun
goriilen caligmalarin kiinyeleri manuel olarak kaydedilmistir. Ardindan bu veriler, analiz
edilebilir hale getirilmek tizere RIS formatina doniistiiriilmiis ve diger veri tabanlarindan
elde edilen kayitlarla birlestirilmistir.

Daha 6nce yapilmis bazi bibliyometrik caligmalarda ise yalmizca tek bir veri kaynagi
kullanilmis olmasi, kapsam agisindan belirli sirliliklar dogurmustur. Ornegin, Florido-
Benitez (2023) calismasinda sadece Web of Science veri tabani kullanilarak havalimanlari
ve hava yollar1 konulu yaymlart incelemis, Google Scholar gibi alternatif kaynaklar
kullanilmadig i¢in bu durum ¢alismanin sinirliliklar arasinda belirtilmistir. Benzer sekilde
Le (2024) ¢alismasinda da yalnizca Scopus veri tabani temel alinarak havacilik sektoriinde
goniillii karbon dengelemeleri konusundaki literatiirii analiz etmistir. Bu baglamda, Web of
Science gibi diger veri tabanlarinda yer alan 6nemli ¢alismalarin disarida kalmasina neden
olabilecegi vurgulanmistir. Bu calismada ise birden fazla veri tabani kullanilarak literatiir
kapsami1 genisletilmis bdylece elde edilen sonuclarin giivenirligi ve temsiliyeti artirilmaya
calisilmigtir.

Secilen anahtar kelimelerle yapilan arama sonucunda toplam 2933 yayina ulasilmistir.
Calismada yinelenen, ¢alisma konusuna uygun olmayan, Ingilizce olmayan, ézet halinde
olan (tam metni yer almayan) ¢alismalar hari¢ tutulmustur. Sekil 1’de sunulan PRISMA akis
semasina gore, belirlenen dahil etme ve hari¢ tutma kriterleri dogrultusunda toplam 98 yayin
analiz kapsamina alinmistir.
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Sekil 1. PRISMA Akis Semasi
3.3. Arastirma Verilerinin Analizi

Calismada toplanan verilerin analizi ve gorsellestirilmesi VOSviewer paket programi
kullanilarak gercgeklestirilmistir. VOSviewer, biiylik 6l¢ekli bibliyografik verileri analiz
edebilme ve bu verileri gorsel temsiller haline doniistiirebilme yetenegine sahip bir
yazilimdir. Program, bilimsel yayinlar, dergiler, yazarlar ve anahtar kelimeler gibi cesitli
bilesenler arasindaki iligkileri gorsellestirmeye olanak tanimakta; bu sayede ilgili aragtirma
alanlarindaki egilimlerin ve is birligi aglarinin anlagilmasina katki saglamaktadir (Dereli,
2024).

3. BULGULAR

Secilen ¢alismalarin tanimlayici istatistikleri, yillara gére dagilimi, anahtar s6zciik analizi,
iilkelere gore dagilimi, en ¢ok atif yapilan yayinlari, konu dagilimi, kurumlarin atif baglari,
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yazarlarin ortak atif analizi, yaymlandig1 dergilere dair bilgiler analiz edilerek bu bdliimde
tablo ve sekillerle bu boliimde sunulmustur.

Tablo 4’te yer alan temel verilere gore secilen toplam 98 yayin bulunmaktadir.
Dokiimanlarin ortalama yas1 3.78 ve konuya dair calismalarin biiylime hizi yillik
%33,99°dur. Dokiimanlarin yasi, incelenen belgelerin yaymlandigi tarihten itibaren
hesaplanan ortalama siiresidir. Biiyiime orani, bir arastirma alaninin ne kadar hizla gelistigini
ve bu alanla ilgili ilginin arttigin1 gésterir. Yiiksek bir bliylime orani, genellikle o alanda yeni
bulgularin, teknolojilerin veya kavramlarin ortaya ¢iktigini, arastirmacilarin bu konulara
yatirim yaptigin1 ve dolayisiyla bilimsel birikimin hizlandigimi gostermektedir. Her bir
dokiimanin ortalama atif orani1 22.57dir. Toplam kaynakg¢a referans sayis1 5531°dir. Toplam
361 yazarmn temsil edildigi veri setinde yer alan c¢alismalardan 5°i tek yazarlidir. Tek
yazarlilik, bir eser veya akademik ¢alismanin yalnizca bir yazar tarafindan kaleme alinmis
olmast durumunu ifade etmektedir. Uluslararasi is birligi ile tiretilen eser oran1 %28,57 dir.
Bu oran arastirma alaninda is birliginin 6nemini ve farkli iilkelerden arastirmacilarin birlikte
calisma egilimini gostermektedir. Uluslararasi is birlikleri bilgi aligverisini kolaylastirarak
kaynaklarin etkin kullanimini miimkiin kilmakta ve farkli perspektiflerin bir araya
gelmesiyle arastirma kalitesini artirmaktadir.

Tablo 4. Tanimlayic Istatistikler

Secilen Caligsma Sayisi 98
Dokiimanlarin Ortalama Yas1 3.78
Yillik Biiylime Hiz1 %33,99
Dokiiman Basina Diisen Atif Sayisi 22.57
Kaynakcada Atif Verilen Eserlerin Toplam Sayis1 5531
Yazar Sayist 361
Tek Yazarli Calisma Sayisi 5
Uluslararast Is Birligiyle Uretilen Eser Orani %28,57

Arastirmamiza konu olan yayimlarin yillara gére dagilimi incelendiginde, 2024 yilinda en
fazla sayida ¢alismanin yapildig: goériilmektedir. Bu yil icerisinde 25 c¢alismaya ulasilmasi
konuyla ilgili alandaki artan ilgi ve arastirma faaliyetlerinin bir gostergesidir. Sekil 2°de
dagilim detayli olarak sunulmaktadir.
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Sekil 2. Segilen Yayinlarin Yillara Gére Dagilimi

Sekil 3’te, yayincilarin anahtar kelimeleriyle olusturulan analiz sunulmaktadir. Bu analiz
ilgili alandaki temel kavramlarin gorsel bir temsilini saglar ve kelimelerin goriilme sikligina
dayali olarak 6nem derecelerini ortaya koyar. Analiz sonuclarina gére en sik rastlanan
terimler arasinda “drones” (IHA), “uav” (IHA), “perception” (algi), “acceptance” (kabul)
yer almaktadir. Bunun yani sira “public perception” (kamu algis1), “technology acceptance”
(teknoloji kabulii) gibi terimleri de 6nemli bir yere sahip olup, arastirmalarin sosyal kabul
ve teknolojik benimseme konularina odaklandigini géstermektedir. Son olarak “risk
perception” (risk algisi) kavrami, bu alandaki risk algisini ve yonetimini vurgulayan bir diger
onemli terimdir. Bu anahtar sézclik analizi, arastirma alanindaki egilimleri ve odak
noktalarin1 daha iyi anlamamiza yardimci olmaktadir.

deliverdrones

commerdgl drones

uavs

seallirity

. public perception
barriers

technology acceplance

nisk perception

perceived benelits drone deli@ryServices

unmanned aerial vehicle
Lechnelogy d ro ne dr

urban ajggnobility
v accwncew

attifhde
uas

uav regulation

drone use

18 es public perceptions
1% ._\_:\\

\ perceiwd risk

unmanned aerial vehicles

droné'deliveries

Sekil 3. Anahtar S6zciik Analizi
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Caligmalarin cografi dagilimi, her iilkeye ait yayin sayilarina gore siniflandirilarak Sekil 4°te
diinya haritas1 iizerinde gorsellestirilmistir. Sekilde sunulan cografi dagilim, yayinin
gerceklestirildigi iilkenin bilgilerine gore manuel olarak siniflandirilmis ve Microsoft Excel
araciligiyla gorsellestirilmistir. Bu veriler, VOSviewer analizinden bagimsiz olarak
olusturulmustur. Arastirma kapsamindaki 98 yayinin cografi dagilimina bakildiginda, bazi
tilkelerin 25 yayina kadar katki sagladigi, bazilarinin ise yalnizca 1 yayinla temsil edildigi
goriilmektedir. Calismalarin en yogun sekilde gerceklestirildigi iilke 25 yayin ile ABD’dir.
ABD’yi sirastyla Birlesik Krallik (16), Almanya (9) ve Cin (8) takip etmektedir.

Caligma Sayisi

25
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2
b - 4 < l

3 1
8
1

Sekil 4. Calismalarin Ulkelere Gore Dagilimi

Incelenen yayinlarin atif alma durumlar Sekil 5°te gdsterilmektedir. Tabloya gore yayinlar
arasinda en yiiksek atif alan yayin Rao, Gopi ve Maione (2016) yaptig1 ‘“The societal impact
of commercial drones’’ isimli makale olmustur. Bu makalede ticari IHA’larin toplumsal
algilarin1 inceleyerek IHA teknolojisinin giivenlik, gizlilik, hava sahasi diizenlemeleri ve
hukuki sorumluluk alanlarinda yarattig1 firsatlari, riskleri ve endiseleri ele almaktadir.
[HA’larm ticari ve sivil uygulamalarda kullaniminin artmast tarim, teslimat, film yaprm gibi
alanlarda devrim yaratirken; carpisma riskleri ve gizlilik ihlalleri gibi endiselere yol actig1
aciklanmaktadir. Diizenleyici g¢ercevenin yetersizligi, teknolojinin hiziyla ayni oranda
ilerlememesi hem isletmeler hem de bireyler i¢in sorunlar meydana getirdigi belirtilmistir.
Calisma sonug olarak THA larmn etkili ve giivenli kullanimi i¢in diizenlemeler, egitim ve is
birliginin 6nemini vurgulamaktadir.

95



wachenheim c. (2021)

rao b (20’] 6) sham r(2022)

reddy | (2010] eiRfeldth (2020)
lin tan Lk (2021)

lidyniq&,(ZOW)
klauserf. (2017)

1o . (2023 . "
tepylo n. (2023) clothlet; ra. (201 5) @ khan (2019)

rice s.42018)

torija a.j. (2020)

del-real«. (2021)

: 7 heen m.&j. (2018)
nelson ji. (2019)

Sekil 5. En ¢ok Atif Yapilan Yayinlar

Caligmalarin konu alanlarina gore dagilimi Tablo 5°te sunulmus olup, en fazla yaymn Sosyal
Bilimler alaninda gerceklestirilmistir. Bu alan1 sirasiyla Miihendislik, Bilgisayar Bilimleri
ve Isletme, Yonetim ve Muhasebe izlemektedir. Arastirmamizin odaklandig:i yaymlar
arasinda, en popiiler konu alanimnin Sosyal Bilimler oldugu goriilmektedir. Bu bulgular,
aragtirma toplulugunun hangi disiplinlere daha fazla yaym yapildigin1 gostermektedir.
Toplumsal dinamikleri ve insan davraniglarini analiz etmede Sosyal Bilimler belirleyici bir
role sahiptir. Bununla birlikte, teknolojik gelismelerle es zamanli olarak farkl: disiplinler de
yonetim ve karar destek sistemlerinin gelistirilmesine katki saglamaktadir.

Tablo 5. Secilen Yayinlarin Konu Dagilimi

Konu Alam Yayin Sayisi
Sosyal Bilimler 41
Miihendislik 34
Bilgisayar Bilimleri 28
Isletme, Yonetim ve Muhasebe 26

Kurumlarin atif analizi, bir arastirma alaninda hangi kurumlarin 6ne ¢iktigini ve aralarindaki
bilimsel etkilesim diizeylerini belirlemeye yardimci olmaktadir. Bu baglamda, en fazla atif
alan galigmalarm Salford Universitesi, Appalachian State Universitesi, Purdue Universitesi
ve Syracuse Universitesi kaynakli oldugu tespit edilmistir. Kurumlar arasi atif aglar1 Sekil
6’da detayl sekilde gosterilmistir.
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Sekil 6. Kurumlarin Atif Baglari

Sekil 7'de sunulan Yazarlarin Ortak Atif Analizi (Co-citation of Co-authors), belirli bir
arastirma alaninda yazarlar arasindaki iligkileri ve bilimsel etkilesimleri incelemeyi
amaglamaktadir. Ayn1 yayinda birlikte atif alan farkli kaynaklar, "ortak atif" (co-citation)
olarak tanimlanir. Yapilan analiz sonucunda, en fazla ortak atif alan yazarlar Hwang, J.,
Davis, F.D. ve Kim, J.J. olarak belirlenmistir.

nakadai, k.

watkins, s.

wang, n. L
EWY- '.WJ-

caucwd,j.r. wang, f.y.
Sekil 7. Yazarlarin Ortak Atif Analizi

Sekil 8’de goriildigi lizere, “Technology in Society” dergisi, arastirma alaninda en fazla
yayma sahip dergi olarak one cikmaktadir. Bu dergi, yalnizca teknolojinin toplumsal
etkilerini ele alan makalelere degil, ayn1 zamanda bilim ve teknolojinin entegrasyonu, dijital
dontisiim, sosyal degisim, etik tartismalar ve yenilik¢i diisiince gibi ¢ok disiplinli konulara
da ev sahipligi yapmaktadir. Literatiirdeki yiiksek yaymn sayis1 ve atif orani, derginin
alandaki akademik etkisini ve gorlinilirliiglinii ortaya koymaktadir. Bu baglamda,
Technology in Society dergisi, IHA’lara yonelik toplumsal algi gibi teknoloji-toplum
etkilesimini konu alan ¢alismalarda siklikla bagvurulan bir kaynak niteligindedir.
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Sekil 8. Segilen Calismalarin Yayinlandigi Dergiler
4. TARTISMA VE SONUC

Bu ¢alisma, IHAlara y&nelik toplumsal alg1 calismalarinin bibliyometrik incelemesi baslig
altinda, THA ve alg1 kavramlarmna dair literatiiriin kapsamli bir nicel analizini sunmay1
amaglamaktadir. Bu sayede IHA’lara yonelik toplumsal algi arastirmalarinin genel
egilimleri, yayin sayilari, cografi dagilimi, 6nde gelen yazarlar ve is birlikleri gibi temel
bilesenler ortaya konmustur. Calisma ilgili alandaki arastirma dinamiklerini ve gelisim
siireclerini anlamaya yonelik 6nemli bir kaynak olusturmay1 hedeflemektedir.

Secilen c¢alismalarin 2020 itibariyle artis gosterdigi ve 2024 yilina kadar belirli
dalgalanmalarin yasandigr gozlemlenmistir. 2024 yilinda calismalarin zirve yaptigi
donemine ulagsmistir. 2025 yilinda ise bu arastirma ve caligmalarin daha da artmasi
beklenmektedir. Ayrica, ¢aligma 2025 yilinin ilk aylarini kapsadigi i¢cin 2024 ten sonra bir
diisiis oldugu yoniinde yanilgiya kapilmamak 6nem tasimaktadir. Dokiimanlarin ortalama
yast 3,78 ve konuya dair ¢alismalarin biiyiime hiz1 yillik %33,99 olmast bu fikrin kaniti
niteligindedir.

Anahtar kelime analizinden elde edilen bulgular, THA’lara yonelik toplumsal alginin
ozellikle “‘kabul”’, “‘alg1’’, “‘giivenlik’’, “‘risk”’, ‘‘mahremiyet’’ ve ‘‘teknoloji kabulii’’ gibi
temalar cergevesinde sekillendigini ortaya koymaktadir. ‘‘Perception (alg1)’” ve
“‘acceptance (kabul)’> gibi kavramlarin yiiksek siklikla kullanilmasi, bireylerin bu
teknolojiyi nasil algiladiklarini ve bu alginin benimseme diizeyleri {izerindeki etkilerine
isaret etmektedir. Bu durum, bireylerin teknolojiyi benimsemelerinde algilanan fayda,
kullanim kolayligi ve giiven unsurlarmin belirleyici oldugunu gostermektedir. Ozellikle
“public perception (toplum algis1)” ve “risk perception (risk algis1)” terimlerinin 6ne
cikmasi, THA’lara yonelik toplumsal kabuliin yalmzca bireysel diizeyde degil, kamu
giivenligi ve toplumsal degerler perspektifinden de tartisildigin1 gostermektedir. Bu
cercevede, IHA teknolojilerinin yalnizca teknik yeterliligiyle degil, toplumun kiiltiirel
kodlar1, deger sistemi ve giiven diizeyiyle de yakindan iliskili oldugu anlasilmaktadir.
Dolayistyla, IHA larin yaygmn kabul gdrebilmesi i¢in miihendislik ¢dziimlerinin yaninda,
toplumsal alg1 yonetimi ve kamusal iletigsim stratejilerinin gelistirilmesi kritik dnemdedir.
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Gelecekte yapilacak arastirmalarin, bu kavramlarin etkilesimini daha derinlemesine
inceleyen disiplinler arasi yaklasimlar igermesi; ozellikle karsilastirmali, deneysel ve
kiiltiirel baglam1 gozeten ¢alismalara yonelmesi onerilmektedir.

[HA lara yonelik toplumsal alg1 calismalar1 agirlikli olarak ABD, Birlesik Krallik, Almanya
ve Cin gibi gelismis iilkelerde yogunlagsmaktadir. Bu durum, bu iilkelerin teknoloji ve sosyal
etkiler alaninda daha fazla kaynak ayirdigini gosterirken, gelismekte olan iilkelerdeki
toplumsal algi dinamiklerinin yeterince incelenmedigini ortaya koymaktadir. Cografi
cesitliliginin smirli olmasi, farkli kiiltiir ve sosyoekonomik yapilarla IHA algisinin
anlagilmasi icin karsilastirmali ¢alismalarin ve uluslararast is birliklerinin artirilmasi
gerekliligine isaret etmektedir. Bu nedenle, gelecek aragtirmalarin bolgesel farkliliklart g6z
oniinde bulundurarak, IHA teknolojilerinin toplumsal etkilerini daha kapsamli
degerlendirmesi onemlidir.

[HA lara yonelik toplumsal algi ¢alismalarinin konu dagilimi incelendiginde, en fazla yaym
Sosyal Bilimler alaninda yogunlagmaktadir. Bu durum, THA teknolojilerinin toplumsal
kabulii, algis1 ve insan davranislar1 lizerindeki etkilerinin anlasilmasinda sosyal bilimlerin
kritik bir rol oynadigini gostermektedir. Sosyal bilimlerin yani sira miihendislik, bilgisayar
bilimleri ve isletme yonetimi gibi disiplinli bir yaklagim gerektirdigini ortaya koymaktadir;
teknolojik gelismelerin teknik boyutlarinin yani sira, bu teknolojilerinin yonetim siirecleri
ve insan faktorii iizerindeki etkileri de es zamanli olarak ele alinmaktadir. Bu baglamda, IHA
teknolojilerinin toplumsal entegrasyonunda disiplinler arasi is birliginin artirilmasi,
aragtirmalarin kapsamini ve uygulama alanlarin1 genisletmek adina 6nem tasimaktadir.
Gelecekte ozellikle sosyal bilimlerin rehberliginde, teknik disiplinlerle birlikte yiiriitiilecek
calismalarin artmasi, IHA’larin toplumsal kabuliiniin ve siirdiiriilebilir kullaniminin
saglanmasina katki sunacaktir.

Yazarlarin ortak atif analizleri, [HAlara ydnelik toplumsal algi alaninda Hwang, J., Davis,
F.D. ve Kim, J.J. gibi belirgin aragtirmacilarin oncii rol oynadigim1 gostermektedir. Bu
durum, alanda giiglii bir teorik altyapinin ve bilgi paylasiminin varligini ortaya koyarken,
ayni zamanda daha genis disiplinler arasi ig birliklerinin ve yeni perspektiflerin gelismesine
olanak tamima ihtiyacim1 da vurgulamaktadir. Ote yandan, ‘‘Technology in Society”’
dergisinin bu alanda en fazla yayina sahip platform olmasi, IHA teknolojilerinin toplumsal
etkilerinin sosyal ve Kkiiltlirel boyutlariin anlagilmasi agisindan bu tiir disiplinler arasi
odaklarinin Onemini gostermektedir. Bu baglamda, alandaki Oncli dergilerin ve
arastirmacilarin desteklenmesi; yeni katilimcilarin tesvik edilmesi ve disiplinler arasi
calismalarin artirilmasi, IHAlarin toplumsal kabulii ve entegrasyonunun daha kapsamli bir
sekilde ele alinmasina katk1 saglayacaktir.

IHA teknolojisi halen gelismekte olan bir alan olup, bu durum séz konusu teknolojiye iliskin
bilimsel arastirmalarda belirgin bir artisa yol agmaktadir. Hem teknik hem de toplumsal
boyutlartyla ¢ok disiplinli bir arastirma alami haline gelen IHA’lar, 6zellikle son yillarda
artan kullanimiyla birlikte daha fazla akademik ilgi gérmeye baslamistir. Bu baglamda,
alandaki mevcut bilgi birikimini sistematik bigimde degerlendirmek ve gelecekte yapilacak
aragtirmalara veri temelli bir zemin sunmak amaciyla bibliyometrik analiz yontemi tercih
edilmistir. Bu analizle, literatiirdeki yayin egilimleri, konu dagilimlar, cografi katkilar ve
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One cikan arasgtirma temalar1 gibi nicel veriler ortaya konularak, ileride yiiriitiilecek
akademik caligmalara yon gosterecek bir kaynak olusturulmasi hedeflenmistir.
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Abstract

In the early 1990s, aircraft accidents caused by human factors in aircraft maintenance tasks became an
important agenda item in the aviation sector. In this context, as a result of studies conducted by Transport
Canada employee Gordon Dupont and his teammates in 1993, twelve human factors that caused aircraft
maintenance workers to make mistakes were identified, and these factors were named the Dirty Dozen. In the
long process from the emergence of the Dirty Dozen model to the present day, there have been organizational
and technological changes worldwide that could affect the performance of aircraft maintenance workers. For
this reason, in recent years, it has been observed that some of the world's leading aircraft maintenance
organizations have been using new approaches in human factors training. One of these new approaches is the
Filthy Fifteen model put forward by Hawker Pacific Aerospace. However, it is seen that the studies in the
literature on the Filthy Fifteen are extremely limited. In this context, the aim of this study, which is carried out
theoretically, is to first examine the Dirty Dozen model, which is integrated with the concept of human factors
in the aircraft maintenance sector, then to examine in detail the theoretical structure of the Filthy Fifteen model,
which expands the Dirty Dozen, and to discuss the current human factors that can be added to the Filthy Fifteen
model in the conclusion section. It is thought that the study will make an original contribution to the literature
on human factors in the aircraft maintenance sector.

Key Words: Filthy Fifteen, Dirty Dozen, Aircraft Maintenance, Human Factors, Aviation
JEL Classification: M10, M14, M19

Ucak Bakim Sektoriinde Giincel Insan Faktorleri Yaklasimlar: Kirli

Diizinenin Kirli Onbes’e Dontisiimii

Oz

1990’1 yillarin basinda ugak bakim gorevlerinde insan faktorlerinden kaynakli ucak kazalari havacilik
sektoriinde dnemli bir giindem olmustur. Bu kapsamda 1993 yilinda Transport Kanada ¢alisan1 Gordon Dupont
ve takim arkadaglar1 tarafindan yapilan ¢alismalar sonucunda ucak bakim c¢aliganlarinin hata yapmasina neden
olan on iki insan faktorii tespit edilmis ve bu faktorlere Kirli Diizine ad1 verilmistir. Kirli Diizine modelinin
ortaya ¢ikmasindan giiniimiize kadar gegen uzun siire¢ i¢inde ugak bakim galisanlarinin performanslarini
etkileyebilecek diinya ¢apinda orgiitsel ve teknolojik degisimler yasanmustir. Bu nedenle son yillarda diinyanin
onde gelen bazi ugak bakim organizasyonlarmin insan faktorleri egitiminde yeni yaklagimlar kullandig
goriilmektedir. Bu yeni yaklagimlardan biri Hawker Pacific Aerospace firmasi tarafindan 6ne siiriilen Kirli On
Bes modelidir. Ancak Kirli On Beys ile ilgili literatiirdeki ¢aligmalarin son derece sinirl oldugu goriilmektedir.
Bu kapsamda teorik olarak yiiriitiilen bu ¢alismanin amaci, 6ncelikle ugak bakim sektoriinde insan faktorleri
kavramryla biitiinlesmis olan Kirli Diizine modelini ele almak; sonra Kirli Diizineyi genisleten Kirli On Bes
modelinin teorik yapisini detayli olarak incelemek ve sonu¢ kisminda Kirli On Bes modeline eklenebilecek
giincel insan faktorlerini tartismaktir. Caligmanin ugak bakim sektoriinde insan faktorleri ile ilgili literatiire
0zgiin bir katki yapacagi diigtiniilmektedir.
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INTRODUCTION

The aviation sector, which is an important part of the transportation sector worldwide, is
growing in line with globalization and technological developments. The aviation sector has
arespected place in the eyes of countries today as it allows people and cargo to be transported
faster and safer than before (Coban, 2019). By its nature, all operations in the aviation sector
are carried out within the framework of international rules. Therefore, safety is an
indispensable requirement in aviation operations. Aviation safety defines the conditions
required for activities in the sector to take place in an environment where all risks are defined
and minimized (Gerede, 2005). Thanks to the strict safety rules applied, air transportation
has become the most reliable type of transportation worldwide today (Koornneef, Verhagen
& Curran, 2016).

The aircraft maintenance sector is an important sector that directly contributes to the timely
and safe performance of flight operations in airline transportation. Aircraft maintenance
tasks, which are an integral part of the aviation sector, are carried out within a complex
system that includes many inputs such as people, materials and technology (Coban, 2017).
Maintenance technicians, who perform many different and difficult tasks, often have to work
in teams and communication. The main task of aircraft maintenance technicians is to keep
aircraft in a flight-worthy condition at all times (FAA, 2008). Maintenance technicians are
at the center of aircraft maintenance tasks. Technicians perform different tasks such as
maintenance, repair, control, troubleshooting and revision on mechanical and avionic
systems. Maintenance technicians can work in groups in closed maintenance hangars or they
can work alone in dynamic and riskier environments such as flight lines (Zaharevitz, 1980).

It is possible to constantly encounter serious incidents and accidents during sectoral
commercial activities around the world. As a result of these accidents, many people lose
their lives or are injured. In addition, commercial enterprises suffer serious financial losses
(Ergai, Cohen, Sharp, Wiegmann, Gramopadhye & Shappell 2016). When the causes of
accidents in the aviation sector are examined; it is seen that accidents are caused by the
interaction of environmental, technological, organizational and human factors.
Technological factors that cause aircraft accidents refer to technical malfunctions in a system
or part. Conditions such as weather conditions, noise, heat and lighting are included in
environmental factors. Factors such as inadequate procedures, lack of training,
communication problems and management style are some of the organizational factors that
cause accidents (Reason, 1990).

Human factors in aviation, as a concept directly related to the job performance of aviation
employees, brings a systematic perspective to aviation safety (Lyssakov & Lyssakova,
2019). Human factors is an interdisciplinary concept that attempts to examine how people
interact with equipment, physical environment, organizational rules and other people in the
same environment in work. As in most sectors, in the aviation sector, where the concepts of
safety and security are extremely important, the concept of human factors is directly related
to the performance of employees. Understanding the human factors that cause accidents
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continues to be one of the biggest challenges of the aviation sector (Reason, 1990). Today,
while the number of accidents caused by technological factors has decreased, the number of
accidents caused by human factors has increased significantly and constitutes more than 80%
of total accidents (Piwek, 2018).

Aircraft maintenance tasks are aviation activities that are mostly carried out under difficult
working conditions and time pressure due to commercial concerns of airline companies and
have the potential to produce many errors (Reason & Hobbs, 2003). The performance of
aircraft maintenance workers is greatly affected by the scope of the task and the design of
the parts to be maintained. In terms of aviation safety, maintenance errors may not be seen
until the system or part being maintained fails. However, these maintenance errors, which
are mostly hidden, can later cause aircraft accidents that can lead to serious loss of life and
property. In 1988, the disintegration of the fuselage of a Boeing 737 commercial passenger
aircraft belonging to Aloha Air in Hawaii during flight revealed that errors caused by human
factors in the aircraft maintenance sector can have fatal consequences (Coban, 2017).

After the Aloha Air accident, studies on human errors in aircraft maintenance tasks have
increased worldwide since the early 1990s. The most striking of these studies is the “Dirty
Dozen” model developed by Gurdon Dupont, who worked at Transport Canada in 1993
(Coban & Aydogdu, 2020). According to this model, there are 12 basic human factors that
cause aircraft maintenance workers to make mistakes (Dupont, 1997). Over time, the Dirty
Dozen has been accepted worldwide as a convenient and easy method for explaining human
errors not only in the aircraft maintenance sector but also in other sectors.

More than thirty years have passed since the emergence of the Dirty Dozen model in the
1990s, and during this long process, organizational and technological changes have occurred
worldwide that may affect the performance of aircraft maintenance workers. It is seen that
these changes have been reflected in the human factors training curricula of some of the
world's leading maintenance and repair training organizations in recent years. Therefore, it
is possible to see human factors approaches that expand the Dirty Dozen model in recent
years. One of these new approaches is the “Filthy Fifteen” model proposed by Hawker
Pacific Aerospace (HPA) in 2016. However, it is seen that the studies in the literature on
Filthy Fifteen are extremely limited.

Based on this gap in the literature, this study sought an answer to the question "What is
the content of the Filthy Fifteen model, which expands the Dirty Dozen model in the aircraft
maintenance sector today, but has limited literature?" with the theoretical review method.
Theoretical reviews are studies that aim to contribute to the literature by systematically and
impartially scanning, evaluating and synthesizing studies conducted on the same subject to
find an answer to the research question determined on a specific subject (Cinar, 2021). The
basic stages of theoretical review studies, which require a preparation process similar to
research articles, are as follows in terms of method: Determining the research question and
purpose, conducting a literature review from the specified databases, evaluating the data
obtained from the literature, and analyzing and interpreting the findings. A classic theoretical
review study has three main sections: introduction, literature review and evaluation,
discussion and conclusion (Ozer & Gorgiilii, 2020).
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In this context, the study first examined the Dirty Dozen model, which is integrated with the
concept of human factors in the aircraft maintenance sector, by scanning the Scopus, Web
of Science, EBSCO and Google Scholar databases between September and December 2024.
Then, the theoretical structure of the Filthy Fifteen model, which expands the Dirty Dozen,
was examined in more detail. In the discussion and conclusion section, a discussion was
made on the existing human factors that could be added to the Filthy Fifteen model, and
suggestions were made for future studies. To ensure the reliability and validity of the study,
the findings obtained from the literature review were presented to the reader by the
researcher in an unbiased, transparent and systematic manner in line with experts' opinions
in the fields of aviation and aircraft maintenance.

1. DIRTY DOZEN IN THE AIRCRAFT MAINTENANCE SECTOR

The increase in accidents and incidents caused by aircraft maintenance errors in the late
1980s and early 1990s was a notable development in the aviation industry worldwide. In
1993, during a period when aircraft maintenance errors came to the fore, Gordon Dupont, an
aircraft maintenance engineer at Transport Canada, and his teammates examined nearly
2,000 incident and accident reports that had occurred in the aircraft maintenance sector in
previous years due to human errors. Dupont's study was also contributed to by the Canadian
Department of Defense, the Royal Canadian Air Force and members of an industry liaison
committee. As a result of their seven-month study, Dupont and his teammates revealed the
12 most common human factors that cause employees in the aircraft maintenance sector to
make errors and named all of these factors the Dirty Dozen (Mellema, 2018).

At the end of this study, Dupont suggested that the errors made by aircraft maintenance
workers were mostly related to one or more factors in the Dirty Dozen. Dupont also stated
that there was a series of safety nets related to each factor that made up the Dirty Dozen.
Safety nets are practices or procedures designed to reduce the probability of any factor
turning into an actual incident or accident. The Dirty Dozen made a big splash in the
aviation industry at the time it was released. The human factors that make up the Dirty Dozen
are presented in Table 1.

Table 1. Dirty Dozen in Aircraft Maintenance Sector

1 | Lack of Communication 7 | Lack of Resources

2 | Complacency 8 | Pressure

3 | Lack of Knowledge 9 | Lack of Assertiveness
4 | Distraction 10 | Stress

5 | Lack of Teamwork 11 | Lack of Awareness

6 | Fatigue 12 | Norms

Source: (Dupont, 1997).

Due to the increase in aircraft accidents due to maintenance errors worldwide, Dr. Bill
Shepherd, an FAA officer, initiated a series of meetings in the early 1990s to investigate
human factors-related problems in aircraft maintenance operations. In these meetings held
between 1993 and 1997, Dupont presented the Dirty Dozen to an international consortium
jointly supported by the USA, Canada and the UK (Dupont, 1997). The Dirty Dozen quickly
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became widely accepted as a framework for examining aircraft maintenance worker errors
in the aviation industry worldwide in the period following 1997 and spread rapidly. Within
just a few years, Dirty Dozen posters adorned the walls of many aircraft maintenance
facilities in and outside the USA and Canada. The Dirty Dozen was approved and included
in the publications of world-renowned aviation authorities such as the Federal Aviation
Administration (FAA), European Aviation Safety Agency (EASA), Australian Civil
Aviation Safety Authority (CASA) and Transport Canada. During this period, the FAA
defined the Dirty Dozen as “twelve human factors that reduce the ability of people to
perform safely and effectively in maintenance operations and that can lead to errors.” The
Dirty Dozen comprised most of the human factors section of the FAA’s Aircraft
Maintenance Technician Handbook (FAA, 2008). In addition, the Dirty Dozen has become
a part of the basic human factors training conducted by the world’s leading aircraft
maintenance training organizations such as Delta TechOps, Lufthansa Technik, and Aveos.
The rapid spread of the Dirty Dozen in the aircraft maintenance sector was due to the idea
that it was based on scientific data and experience, along with effective marketing methods
(posters, etc.) (Mellema, 2018).

Compared to the models developed for human factors adopted by the aviation industry, such
as Edwards’ (1988) SHEL Model, Reason’s (1990) Swiss Cheese Model, Human Factors
Analysis and Classification System-Maintenance Extension (HFACS-ME), Boeing’s
Maintenance Error Decision Aid (MEDA), Maintenance Line Operations Safety
Assessments (M-LOSA), and the intensive research behind these models, the origin and
development of Dupont’s Dirty Dozen may be more modest. Although scientific studies that
take the aircraft maintenance sector as an example regarding all or part of the human factors
that make up the Dirty Dozen (Latorella & Prabhu, 2000; Hobbs & Williamson, 2003;
Patankar & Taylor, 2008) are limited in the literature, there are scientific studies in the
healthcare sector that reveal that the Dirty Dozen contributes to the solution of human
performance problems in complex and highly technical surgical areas (Marquardt,
Treffenstadt, Gerstmeyer & Gades-Buettrich 2015; Mellema, 2018). Despite the limitations
of the Dirty Dozen regarding its scientific aspect, it is possible to say that it presents a logical
and easy model to explain the mistakes and violations made by aircraft maintenance workers
worldwide and therefore is closely identified with the aircraft maintenance culture. The
twelve basic human factors that make up the Dirty Dozen are explained below in order.

1.1. Lack of Communication

Communication refers to the process of transferring a message or information from a sender
to the target receiver. For effective communication, both the sender and the receiver must
have communication skills. Communication skills include verbal behaviors such as using
the right words at the right time, active listening, appropriate tone of voice and choice of
communication tool, as well as body language such as gestures, facial expressions, gazes
and written communication (Chatzi, Martin, Bates & Murra, 2019). Communication, which
is effective in social interactions between individuals in every area of life, is also one of the
most important tools for effective and safe organizational performance and preventing stress
in teamwork in business sectors that carry out complex operations, involve constant risk and
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work under high pressure (Vieria, Santos & Kubo, 2014). Communication is at the focal
point of teamwork as one of the most important components that provide the connection
between people, systems, processes, structures and technology in all sectors (Dickinson &
Mclntyre, 1997). A lack of communication refers to the failure to communicate, receive, and
provide the information needed to complete a task. A lack of communication occurs when
individuals have misperceptions about what is being said or done (Shorrock, 2007). Effective
communication is an essential element for the safety and security of aviation operations.
Therefore, all aviation personnel have the responsibility to communicate effectively.
Otherwise, a lack of communication can lead to disasters in aviation operations (Vieria et
al., 2014).

Lack of communication is a significant human factor that can lead to faulty or inadequate
maintenance. Maintenance technicians may be in contact with many employees, such as the
pilot, ground handling workers, and spare part suppliers, while performing their duties.
There is a potential for misunderstandings or breakdowns in communication with these
employees. However, communication gaps, especially when more than one maintenance
technician is working on an aircraft as a team, are riskier and can result in a maintenance
error or aircraft accident (FAA, 2008). Shift change is a critical process in the aircraft
maintenance sector where communication problems can occur. Often, a partially completed
maintenance task during a shift is transferred from the technician who finished the job at the
end of the shift to the technician who is coming to the next shift. Lack of communication
that may occur during shift handovers can be seen verbally, in writing, or a combination of
the two. For example, failure to communicate with the team coming to the day shift about
an unfinished task during the night shift may cause technicians coming to the shift to assume
that a task that was not done has been done (Dupont, 1997). Some studies in the literature
show that written communication during maintenance tasks may cause more errors than
verbal communication. This is because it is easy to obtain any explanation from the other
party in verbal communication, but more difficult in written communication (Shukri, Millar,
Gratton & Garner 2016)

As a precaution against communication deficiencies; maintenance technicians should
communicate effectively with each other; never assume anything, always consult with
teammates and provide feedback that messages are received and understood; keep written
records to eliminate doubts about maintenance tasks; communicate to each other the tasks to
be done and completed through briefings and discuss them if necessary (Dupont, 1997). In
addition, during shift and task changes, continuing a task started by someone else after a
face-to-face meeting, if possible, reviewing the steps related to the operations performed
with checklists and always performing tasks according to approved maintenance procedures
can prevent communication deficiencies (FAA, 2008).

1.2. Complacency

Complacency can be defined, in general terms, as a temporary or long-term psychological
condition that causes a decrease in attention, alertness and awareness of dangers in an
individual due to the confidence and satisfaction that an individual feels in himself (Dekker,
2003). Complacency is an insidious human factor that can cause judgment errors in
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technicians due to the constant repetition of many maintenance tasks and controls (Dupont,
1997). Complacency is a condition that develops over time in the aircraft maintenance sector.
As a maintenance technician gains knowledge and experience over time, his self-confidence
and satisfaction with himself and his performance will develop. If a technician does not
record the work he has done during a maintenance task or signs a task that he has not done,
this is a sign of complacency. Especially in repetitive and control-based tasks, if the
technician fails to find a fault several times, this may cause him to become self-confident
and complacent in subsequent tasks. In such cases, the maintenance technician may think
that the relevant procedure is not important, and some malfunctions and faults may be
overlooked. Failure to detect the malfunction may cause an accident (FAA, 2008). Fatigue
may also affect the individual's complacency behavior. For example, technicians who are
tired after long maintenance tasks may gradually decrease their probability of noticing
stimuli or faults in the visual fields, and this may delay the technicians' reaction times
(Petrilli, Roach, Dawson & Lamond, 2006).

As a precaution against complacency in maintenance tasks; the maintenance technician
should always comply with approved maintenance procedures, use checklists, train himself
to find errors or faults in control tasks, focus mentally on his task, give equal importance to
all control elements; never assume undone or unchecked work, never sign for these works,
and learn from the mistakes of others (Dupont, 1997; FAA, 2008).

1.3. Lack of Knowledge

In the aviation sector, aircraft and the systems and equipment that support the operation of
these vehicles are extremely complex and integrated. Therefore, maintenance technicians
can't perform their duties effectively and safely without basic technical training, sufficient
experience and current information based on documents. In addition, due to rapidly changing
technology, there is a risk that technicians' technical knowledge may become outdated. In
this context, lack of knowledge is a human factor that can cause errors and violations due to
differences in aircraft technologies, inability to follow updates in airworthiness and
maintenance procedures (EASA, 2015). In today's constantly changing world, maintenance
technicians must have the necessary knowledge about the tasks they perform. Otherwise,
lack of knowledge can lead the technician to misinterpret current situations and make unsafe
decisions (FAA, 2008). When lack of knowledge is combined with the "I can do this" self-
confidence of most maintenance technicians, more serious and risky results can occur
(Dupont, 1997).

Different precautions can be taken against the lack of knowledge factor that may cause
incorrect behaviors in maintenance technicians. First of all, receiving training on the subject
in which there is a deficiency seems to be the most basic precaution against a lack of
knowledge (Nzelu, Chandrahan & Pereira, 2018). In addition, performing all maintenance
tasks according to approved and current maintenance documents; consulting a technician
who has experience in the maintenance task in question in cases of doubt; contacting the
representative of the aircraft manufacturer if there is no experienced technician; constantly
emphasizing professional development; sharing your knowledge with your colleagues;
avoiding working on assumptions and memorization can prevent errors and violations that
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may arise from lack of knowledge (Dupont, 1997; EASA, 2015). Rather than causing an
incident or accident by performing a maintenance task incorrectly due to a lack of
knowledge, delaying that task may be a more logical course of action for a technician.

1.4. Distraction

Distraction is a situation that takes the individual away from the task they are doing, even
for a moment, and can be caused by anything. Our minds work faster than our hands.
Therefore, a distracting factor can quickly distract an individual from the work they are doing
(Nzelu et al., 2018). Distraction is a human factor that causes a technician to leave their job
both physically and mentally for any reason and is responsible for approximately 15% of all
maintenance errors (Dupont, 1997). Distracting factors are inevitable in the work
environment where aircraft maintenance tasks are performed. These factors can disrupt the
maintenance process and cause the technician to miss details. Distracting factors can occur
in physical and mental forms. For example, high noise levels in the maintenance hangar,
requests for assistance from other technicians, a new aircraft being pulled into the hangar,
and safety issues that require urgent attention, as well as administrative tasks, social
conversations, or even responding to a phone call from the technician's wife can cause
distraction (EASA, 2015). Regardless of the work environment, personal situations that are
difficult to resolve, such as a family or financial problem, can also constantly occupy the
technician's mind while working, causing distraction and inefficient maintenance tasks.

By nature, a technician should be aware of the many distractions that occur during an aircraft
maintenance task and should take precautions against this situation. First, when attention is
distracted, it is a logical practice to go three steps back from the task being performed and
start from that point. It is useful to use a detailed written procedure and to sign only the tasks
that have been completed, and to mark the place where the task was left off when leaving
the task due to distraction (FAA, 2008). A technician should be aware that a disconnected
part is a sign that the job was not completed. Similarly, when a part is installed in
maintenance tasks, other technicians who perform that task tend to think that the job is done.
In such cases, the installed part should be given sufficient torque and, if necessary, tied with
a safety wire to avoid erroneous results. This practice will show that the maintenance task
has been done correctly up to that point.

1.5. Lack of Teamwork

Teamwork can be defined as the coming together of managers and employees in an
organization to perform their duties in line with the determined organizational goals (Ergiin
& Eyisoy, 2018). Common goals, mutual effective communication, structured relationships,
leadership style, trust and common values are indispensable elements for effective and
successful performance of teams (Proehl, 1996). In this context, lack of teamwork refers to
the failure of a team to achieve the determined goals (Mellema, 2018). Since many tasks in
aviation depend on teamwork, a single employee cannot be held solely responsible for the
results of all tasks. An employee who does not contribute to teamwork can lead to unsafe
situations. For this reason, for the tasks to be performed for their purpose, each member of
the team must trust and support each other (https://skybrary.aero).
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As in every field of aviation, many different and complex tasks in the aircraft maintenance
sector require the teamwork of maintenance technicians within the framework of certain
rules. Therefore, maintenance tasks that directly and significantly contribute to a safe flight
operation must be performed in communication and based on teamwork (Coban, 2017). In
particular, information sharing between technicians, coordination of maintenance tasks, shift
change process, and troubleshooting tasks in aircraft, together with the flight crew, are
important maintenance activities that require teamwork. Therefore, teamwork is an
important phenomenon inherent in maintenance tasks (CAP 715, 2002). Since lack of
teamwork is directly related to lack of communication, it is an important human factor that
can cause incorrect behavior in maintenance tasks (Dupont, 1997). The primary duty of
maintenance technicians is to ensure the airworthiness of the aircraft. In this respect,
airworthiness can be achieved by all maintenance technicians working as a team towards a
common goal. Lack of teamwork can lead to faulty communication, which can complicate
maintenance tasks and negatively impact aircraft airworthiness (FAA, 2008).

Team members should know how each other works, their performance levels, their strengths
and weaknesses, and support each other when necessary to prevent maintenance errors that
may arise from a lack of teamwork. To produce a fast and coordinated solution to problems,
the roles and responsibilities of team members must be clearly defined (Nzelu et al., 2018).
In addition, it should be ensured that the assigned tasks are accepted by each team member;
communication between team members should be kept open, and the workload should be
distributed equally within the team (Dupont, 1997).

1.6. Fatigue

Fatigue is a natural response of the human body to long-term physical and mental stress.
Fatigue can be physical or mental (EASA, 2015). Fatigue is a human factor that does not
immediately manifest itself. Because an employee usually does not realize that he is tired
until it becomes excessive (Dupont, 1997). Fatigue can occur as a result of difficult physical
work, intense focus on a task, emotional concentration or an overwhelming need for sleep.
An individual can be said to be tired if there is a decrease or deterioration in any of their
cognitive abilities, decision-making, reaction time, coordination, strength and balance
abilities. Fatigue reduces alertness and the ability of the individual to focus and pay attention
to the work he is doing (FAA, 2008). Maintenance technicians are at risk of fatigue due to
reasons such as working night shifts, long and irregular task periods, complex tasks, sleep
problems due to working conditions and stress (Hobbs, Avers & Hiles 2011). A tired
maintenance technician may have symptoms such as short-term memory problems, lack of
situational awareness, distraction, abnormal mood swings, poor judgment, and a decrease in
performance standards. When these symptoms are seen, the maintenance technician is likely
to make mistakes (FAA, 2008).

To prevent errors and violations that may arise from fatigue in the aircraft maintenance
sector, the Fatigue Risk Management System (FRMS) is increasingly gaining attention from
international organizations, national aviation authorities, airline companies and maintenance
organizations. FRMS can be applied alone or as part of the Safety Management System
(FAA, 2010). Within the scope of FRMS, inefficient periods, especially during maintenance
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tasks performed during the night shift, should be determined by taking into account the
reality of the circadian rhythm and long and tiring shifts that may cause maintenance
technicians to make mistakes should be avoided (Coban, 2019). As in all living things,
physical, mental and behavioral changes seen in humans occur in a cycle. This cycle is called
the circadian rhythm. Circadian rhythm affects many physical and mental variables such as
body temperature, blood pressure, heart rate, attention, and alertness. Since the circadian
rhythm drops from 2 a.m. to the early hours of the morning, it is extremely dangerous to
perform during these hours. Therefore, planning complex and tiring maintenance tasks that
are contrary to the circadian rhythm can lead to accidents (FAA, 2008; Coban, 2019).

It is not a realistic goal to reduce fatigue to zero during maintenance tasks. What is important
is to keep the risks of fatigue as low as possible (Stewart & Holmes, 2008). In addition, being
aware of the symptoms of fatigue that occur in both yourself and your teammates during
maintenance tasks, planning critical and complex tasks according to your circadian rhythm,
sleeping and exercising regularly, and asking your teammates to help you control yourself
during complex tasks are important measures to combat fatigue (Dupont, 1997). The main
cause of fatigue is a lack of sleep. Therefore, adequate and restful sleep, free from drugs or
alcohol, is a human necessity to prevent fatigue (FAA, 2008).

1.7. Lack of Resources

The main task of aircraft maintenance technicians in the aviation sector is to keep the aircraft
in a commercial aircraft fleet well-maintained at all times. To perform this task safely,
maintenance technicians need different resources. Resources such as labor, time, tools,
equipment, and maintenance documents are vital for the performance of maintenance tasks
(EASA, 2015). Lack of resources may prevent the maintenance technicians from completing
their tasks due to a lack of supplies and support. In some cases, the available resources may
be low in quantity, and sometimes the resources may be of poor quality. Appropriate
resources in terms of quantity and quality will increase the chance of completing
maintenance tasks correctly and safely the first time. On the other hand, poor quality and
insufficient resources may cause serious incidents and accidents during maintenance tasks
(FAA, 2008).

A maintenance organization needs to have the right and sufficient resources to do its job
safely and in a planned manner. Otherwise, the work will proceed in an improvised manner
and will be open to unsafe situations. Components are not the only resources needed to
perform a maintenance task correctly, but they often cause frequent problems. Hand tools
that are not suitable for the task during maintenance, damaged and uncalibrated are another
source of problems. Such tools should be repaired or replaced with new ones as soon as
possible. In addition, technical documentation is another critical resource that can cause
problems in the maintenance sector. Because how maintenance tasks are to be performed is
stated in technical documents (FAA, 2008; EASA, 2015). No matter which commercial
maintenance organization an aircraft maintenance technician works in, there may be times
when they experience a lack of resources and therefore are hesitant to complete the
maintenance task. In such cases, the average technician tends to complete the task by saying
“I can do it” and therefore feels proud (Dupont, 1997). However, it should not be forgotten
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that such situations, where there is a lack of resources, may have negative consequences in
terms of safety.

Aircraft maintenance organizations can take various precautions to prevent employee errors
that may arise from a lack of resources. Since technicians are the most valuable and error-
prone resource of maintenance organizations, planning a sufficient number and quality of
manpower for the workload created by maintenance tasks is indispensable to prevent unsafe
situations that may arise from resource insufficiency (Padil, Said & Azizan, 2018). During
maintenance tasks, technicians must learn to use existing resources effectively and
efficiently. If existing resources are not suitable for maintenance tasks, resource
arrangements should be made proactively. In this context, first of all, suspicious areas where
resource insufficiency may occur should be well identified before starting the maintenance
task. Then, before starting the task, the inventory of the necessary parts should be taken,
ordered and stocked if necessary. Thus, resource arrangement positively affects the
airworthiness of aircraft by saving both time and money. In addition, it is necessary to keep
technical documents constantly up to date and to contact the supervisor or manufacturer's
representative in case of document deficiencies (FAA, 2008; Dupont, 1997).

1.8. Pressure

In civil aviation, the tight flight schedules and commercial concerns of commercial airlines,
and in military aviation, the effort to immediately neutralize sudden security risks often
cause aircraft maintenance technicians to work under pressure (Coban & Aydogdu, 2020).
In the aviation sector, to ensure that scheduled flights can be carried out without disruption
and in a sustainable manner, periodic maintenance must be carried out on time, unplanned
maintenance is resolved immediately, and the aircraft is returned to flight as soon as possible.
To reduce costs during economic crises, airlines prefer to fly aircraft more intensively rather
than having them remain in maintenance for a long time. Due to such commercial concerns,
the aircraft maintenance sector is constantly under time pressure (Yazgan & Kavsaoglu,
2017).

Time pressure is a psychological condition that occurs when an individual has little time to
perform their job (Coban & Aydogdu, 2020). Time pressure occurs as a natural consequence
of working in a dynamic work environment, and some pressure can motivate employees to
do their job. However, when time pressure begins to hinder the ability to complete tasks
correctly, it becomes overwhelming. This pressure can be caused by a lack of resources,
especially in the maintenance sector, and makes it difficult to cope with the workload (FAA,
2008). Maintenance technicians working under time pressure may experience negative
behaviors such as stress, decreased performance in complex tasks, filtering important
information, forgetfulness, and incorrect evaluation (Zakay, 1993). The majority of studies
on time pressure reveal that time pressure negatively affects the decision-making process.
When the literature is examined, it is seen that increased and perceived time pressure reduces
teamwork, creativity, self-efficacy, motivation, performance, and negotiation efficiency; It
has been observed that it increases burnout, stress and physical problems (Dreu, 2003; Giiran
& Giiler, 2019; Bozaci, 2019). In a study conducted by Coban and Aydogdu (2020), it was
seen that time pressure increases the technostress level of aircraft maintenance technicians.
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The aircraft maintenance sector is a sector where technicians need to make fast and accurate
decisions without making mistakes, and is directly responsible for flight safety. In this
context, maintenance technicians working under pressure can prevent unsafe situations by
taking some precautions. First of all, from an organizational perspective, a maintenance
organization should not compromise on work quality and safety due to time pressure.
Technicians should be aware that they can make mistakes while working under pressure.
Unrealistic maintenance tasks, which put safety at risk and need to be done in a certain time
frame, should be shared with managers, and a different action plan should be created if
necessary (FAA, 2008; EASA, 2015). Maintenance technicians experiencing time pressure
should express their concerns, ask for help from their teammates, and, if necessary, be able
to say “No” in unsafe situations (Dupont, 1997). In addition, maintenance organizations
should distribute the workload equally so that technicians do not experience time pressure,
and plan a sufficient number of technicians and resources for each task (Coban, 2019).

1.9. Lack of Assertiveness

Assertiveness can be defined as the ability to express our thoughts, feelings, beliefs and
needs positively and productively. Being assertive is a human characteristic that is different
from being aggressive. Lack of assertiveness is the inability of an individual to express their
feelings and thoughts with self-confidence (EASA, 2015). The average maintenance
technician is not an assertive person, and most of the time, their job does not require being
assertive. However, when something goes wrong with their job and they encounter problems,
technicians need to be assertive (Dupont, 1997). Being assertive requires talking about
problems when things are not going well, especially in hierarchical organizational structures
(Nzelu et al., 2018). Assertiveness is not a skill that comes naturally to every individual.
However, it is a critical skill for maintenance tasks to be performed effectively and safely.
Maintenance technicians need to be assertive in expressing problems, unsafe situations, or
concerns about the job they encounter. In this context, a lack of assertiveness may cause
maintenance technicians not to convey a concern about instructions, processes, or the actions
of others. Failure to warn about a wrong or incorrect application due to timidity can lead to
fatal consequences (FAA, 2008).

To be assertive in maintenance tasks, technicians can exhibit some positive behaviors.
Addressing maintenance managers by stating the problem, explaining what the
consequences of the problem will be, producing possible solutions to the problem, and
getting feedback from teammates about the problem can be seen as assertive behaviors.
Instead of dealing with multiple problems with management or teammates, it is necessary to
focus on one problem at a time. It is also important to support the problem you are trying to
explain to people with visual documentation and real evidence (FAA, 2008). Establishing
direct, honest and open communication and respecting the thoughts and needs of others can
only be achieved by not deviating from our standards. Unassertive maintenance technicians
may have to comply with the decision of the majority, knowing that they are wrong or risky
(Dupont, 1997). In addition, maintenance technicians should allow their teammates to voice
the problems they see and should always be open to constructive criticism. As technicians
exhibit assertive behaviors, they will contribute to the emergence and resolution of problems
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in maintenance tasks, as well as realize that their self-confidence has improved and will
contribute to the safety of maintenance tasks.

1.10. Stress

Selye (1956), one of the pioneer scientists on stress, defined stress as the general reaction of
an individual to various environmental stimuli. Selye defined stimuli that create a series of
reactions in an individual as stressors. In other words, stress is the effort that a person exerts
beyond their physical and psychological limits due to negative conditions in the social and
physical environment (Ciiceloglu, 1994). Stress is a phenomenon that has become a part of
daily life in today's modern world, and it can become excessive. The important thing is to be
able to recognize when stress has become excessive (Dupont, 1997). Most people encounter
stressful situations while doing their daily routines. Stress is a factor that affects human
behavior and their interactions with other people. Stress is not a situation that occurs on its
own. For stress to occur, the environmental conditions in which a person is located must
affect the person (Giiclii, 2001).

Aircraft maintenance technicians in the aviation sector are professional workers working
under stress. One of the most important sources of this stress is the financial concerns of
commercial airline companies. Maintenance technicians must perform their tasks flawlessly
and on time, against any delays or cancellations that may occur in commercial flights. This
commercial pressure often stresses technicians (Yazgan & Kavsaoglu, 2017). The constantly
changing technological environment, the need to receive training on new equipment,
working in dark and narrow spaces, insufficient resources for maintenance tasks, shift work
and long working hours are significant sources of stress in the aircraft maintenance sector.
In addition, a serious accident that may occur due to faulty maintenance is always a
significant source of stress for maintenance technicians (FAA, 2008).

It is possible to categorize the stress sources that may affect aircraft maintenance technicians
under three headings: physical, psychological and physiological. Inappropriate ambient
temperature, high noise, inadequate lighting, and limited, closed, and dark spaces are
important physical environmental stress sources. (CAP 715, 2002). Problems experienced
with managers and other employees at work, communication conflicts, financial problems,
marital and private life issues are among the psychological stress sources. Poor physical
condition, illness, malnutrition, lack of sleep, fatigue, and unplanned shift systems are factors
that create physiological stress in maintenance technicians (EASA, 2015). Aircraft
maintenance technicians can manage the stress they are exposed to by taking various
precautions. Being aware of how stress affects your job; stopping during work and looking
at the problem that causes stress logically; preparing a logical action plan and implementing
this plan; temporarily leaving work and taking a break; asking for help from your colleagues,
exercising; sleeping regularly, eating a balanced diet and establishing a work-life balance
can reduce stress in the workplace (Dupont, 1997; FAA, 2008).

1.11. Lack of Awareness

Awareness can be defined as the ability of an individual to correctly identify factors related
to themselves and their environment, to comprehend the meanings of these factors, and to
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predict their effects shortly (CAP 715, 2002). Situational awareness is the awareness of the
aircraft system and environmental conditions in which a technician is working in aircraft
maintenance. Maintenance technicians must be aware of visual conditions such as metal
fatigue, loose or missing parts, oil or fluid leaks, tire wear, and improperly functioning parts,
as well as the status of the observed systems while working (Endsley & Robertson, 2000).
Lack of awareness can be defined as the inability to recognize all the consequences of an
action or the lack of foresight. Lack of awareness is frequently seen in experienced
maintenance technicians who cannot fully consider the possible consequences of the tasks
they perform. Because there are many repetitive tasks in the aircraft maintenance sector.
Doing repetitive tasks over and over can eventually lead to problems such as complacency,
lack of attention, and failure to recognize environmental conditions in experienced
technicians. These problems can cause maintenance technicians to act incorrectly (Dupont,
1997; FAA, 2008). Not being aware of the full consequences of your situation and actions
can lead to narrow-mindedness and a lack of understanding of the impact of your actions on
others.

Maintenance technicians can prevent incorrect behaviors that may be caused by a lack of
awareness by taking some precautions. First of all, since attention is closely related to
situational awareness, technicians can maintain their attention by following workplace
procedures such as checklists and effective communication. Constantly monitoring the work
environment, creating possible task scenarios, thinking about what could happen in the event
of an accident, asking your teammates to check your work, and approaching each task as if
it were the first time can increase maintenance technicians' situational awareness (Dupont,
1997; EASA, 2015).

1.12. Norms

A human being, who is a social being, continues their life as a part of a certain community
or group. For relationships to proceed in an orderly manner in the societies to which people
belong, it is necessary to comply with the norms (Eroglu, 2015). Norms are general rules
that guide the behaviors of people belonging to a group or community. Norms can be in two
forms: formal and informal. While formal norms are written, such as laws, regulations and
procedures, informal norms are unwritten (igli, 2002). It is also possible to see many written
and unwritten norms that guide the behaviors of employees in the aircraft maintenance
sector. Unwritten norms, in particular, normally show the shortcut of doing things. Unwritten
norms are generally developed to solve problems with uncertain solutions. As the norms
become increasingly fixed over time, new members who join the group accept the norms.
Although norms are rarely changed, the experiences gained by technicians over time can
shape norms (FAA, 2008).

Unsafe norms can be seen in the aircraft maintenance sector that negatively affect the
behavior of employees and lead to inefficiency. Working from memory without complying
with maintenance documents, resorting to shortcuts, not following procedures, and signing
uncompleted maintenance tasks are some of the unsafe norms. However, a behavior
generally accepted by technicians can be accepted as a norm even if it is not a standard
procedure (EASA, 2015). In order not to encounter an unsafe situation caused by norms,
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maintenance technicians must always work according to maintenance documents and be
aware that not every norm is correct (Dupont, 1997).

2.  TRANSFORMATION OF DIRTY DOZEN INTO FILTHY FIFTEEN

Years after the Dirty Dozen was proposed by Gordon Dupont in 1993, three more human
factors were added to the Dirty Dozen in the human factors training provided to aircraft
maintenance personnel by HPA in 2016, and the concept of the “Filthy Fifteen” emerged
(Maggie & Grower, 2016). HPA is an aircraft maintenance company that provides
maintenance, repair and overhaul services on landing gear and hydraulic systems for all
major aircraft types, including models of major aircraft manufacturers such as Airbus,
Boeing, Bombardier and Embraer, as well as helicopters. HPA has been operating under
Lutfansa Technik, a subsidiary of Lutfansa, the flag carrier airline of Germany, since 2002
(https://en.wikipedia.org).

The three human factors that HPA added to the Dirty Dozen and created the Filthy Fifteen
are: not admitting limitations, lack of operational integrity, and lack of professionalism.
These three human factors are seen as typical reasons why aircraft maintenance technicians
deviate from company processes and procedures and make mistakes or violations, just like
the components that make up the Dirty Dozen (Maggie & Grower, 2016). It is thought that
the Filthy Fifteen model (Figure 1), which HPA developed and uses in human factors
training to promote aviation safety, will help identify and prevent risks that may arise from
new technological changes, regulations, and human resources changes in the aircraft
maintenance sector. This updated framework can be seen as a tool that lists the basic job
responsibilities of professional employees, especially in aircraft maintenance and aviation,
as well as in other maintenance and repair sectors. The three human factors that were added
to the Dirty Dozen and created the Filthy Fifteen are explained below.

Lack of Lack of : q Lack of
Communication Complacency Knowledge DISIEEIEL Teamwork
i Lack of Lack of
Fatigue Resources Pressure e Stress
" Lack of
Lack of Not Admitting : Lack of
Awareness Mo Limitations Ofﬁtgzt;%gal Professionalism

Figure 1. Filthy Fifteen in Aircraft Maintenance Sector
2.1. Not Admitting Limitations

People exhibit performance while performing a certain job or task in their daily lives.
Performance can be expressed as the ability to perform a task according to set standards.
According to another definition, performance is a concept aimed at determining the outputs
of a targeted task in terms of quantity or quality (Dogan, 2020). The component of Filthy
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Fifteen, not accepting limitations, emphasizes that every person has some limits that affect
their performance while performing their activities or jobs in both daily and business life
(https://skybrary.aero).

There are many components, both mechanical and electronic, such as systems, equipment or
parts that make up a large aircraft or an ordinary small technological device. Each of these
components has a certain capacity, performance level and some limitations while performing
their duties. Similar to mechanical devices, some factors limit the performance of people
while performing their duties. When compared to the performance values of a device with
certain limits, it may be difficult to determine exactly which values a person's performance
and limitations are between. However, it is possible to say that exposure to extreme situations
will cause limitations in human performance. Aircraft maintenance technicians and
managers need to consider the physical and cognitive abilities and limitations of a person
when evaluating their own and others' performance (CAP 715, 2002).

People perceive the outside world using their senses of sight, hearing, touch, smell and taste
and direct their behaviors accordingly. However, the two most important senses in aviation
activities are sight and hearing. Most of the data required to evaluate the position and balance
of a flier in the sky or to direct the interaction and behavior of aviation workers, such as air
traffic controllers and maintenance technicians, with the environment is obtained through
the eyes and ears. There is a certain threshold point for the sensory organs to activate. For
example, aminimum light level is required for the eyes to see. Ears, on the other hand, cannot
hear sounds below a certain pressure level. The sensory threshold can vary from sense organ
to sense organ and from person to person, and can also be affected by environmental factors.
Incorrect or misleading data transmitted to us by our eyes and ears is a significant source of
concern for aviation sector workers (Campbell & Bagshaw, 2002). Both the need for a
certain threshold point for the senses to be activated and the fact that the sensory threshold
Is affected by individual factors and environmental conditions can be considered as factors
limiting individual performance.

As in many aviation activities, maintenance technicians must have a certain level of vision
to perform maintenance tasks that rely on visual inspection safely. Many maintenance tasks
require the use of both distance and near vision. However, eye defects such as myopia,
hyperopia, astigmatism, and cataracts, which personnel experience especially due to the
aging process, can cause limitations in performance (CAP 715, 2002). In addition to visual
performance, some factors affect hearing performance. The hearing performance of the
human ear varies according to the frequency and intensity of the sound. The sound frequency
range that a young person can hear varies between 20-20,000 hertz, while the highest
sensitivity is approximately 3,000 hertz. However, people can normally hear between 20-
120 decibels. However, sounds between 50-70 decibels are the sound intensity that is more
easily heard by the ear. Ear infections, earwax, eardrum damage, and especially the aging
process are important factors that limit hearing performance caused by the person. However,
noise is an important environmental factor that limits hearing performance (Campbell &
Bagshaw, 2002).
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Data provided by the sensory organs is analyzed through the information processing process
and converted into meaningful information. Information processing is a process consisting
of five stages: detection, perception, decision making, behavior, and feedback. According to
information processing theory, people not only react to stimuli from their environment, but
also process the data they receive. The scope and capacity of the brain and nervous system
are extremely effective in the information processing process (Wang, Liu & Wang, 2003).
In the aircraft maintenance sector, where there are many risks and complex tasks,
information processing is a process in which personnel are prone to making mistakes. In
addition to cognitive problems such as memory problems, lack of attention, and insufficient
perception, many factors such as lack of education, inexperience, anxiety, psychological
problems, physical illnesses, lack of communication, lack of motivation, and environmental
conditions can limit the information processing of personnel in aircraft maintenance tasks
(Salas, Jentsch & Maurino, 2010). If maintenance technicians ignore these limitations and
try to quickly evaluate environmental inputs and take action, and therefore overlook a small
detail, the consequences can lead to serious accidents.

One of the reasons behind aircraft maintenance technicians’ refusal to accept their physical
and cognitive limitations may be their professional mindset. Aircraft maintenance
technicians are known for having an “I can do this” mindset that motivates them to perform
exceptionally due to the challenging tasks and environmental conditions they face. “I didn 't
receive proper training in this subject. However, | have a lot of experience. | can figure out
how to do this job without formal training. How difficult can this job be? After all, | have a
maintenance license. Having a license shows that | can do this. | am strong. | can work for
days, months, and long hours without much sleep. I will sleep only when I am dead” is a
dominant mindset that often motivates aircraft maintenance technicians regardless of the
difficulties they face while doing their job. However, this mindset can backfire in some cases
and cause the maintenance technician to go beyond their limits (Maggie & Grower, 2016).

The reason why aircraft maintenance technicians do not accept limitations may also be due
to national and professional culture. In a qualitative study conducted by Biike¢ and Coban
(2023) on aviation employees on the factors affecting a just culture, it was observed that the
fatalistic approaches (God willing, nothing will happen to me) exhibited by employees in
Turkish and Middle Eastern cultures due to their national culture and religious beliefs
encouraged aircraft maintenance technicians to go beyond the rules; at the same time, aircraft
maintenance technicians tried to solve unsafe situations within themselves due to their
professional culture and therefore avoided reporting behavior. Aircraft maintenance
employees often perform by being exposed to intense physical and cognitive workload in a
work environment dominated by challenging environmental conditions, time pressure, shift
work, sleeplessness, fatigue and insufficient resources (Coban, 2019). When working in
challenging work conditions and organizational and individual resources are insufficient,
technicians may take the initiative and go beyond existing limits. The successful completion
of the performance exhibited by going beyond the limits will prepare the ground for the
maintenance technician to go beyond the limits again in similar situations and will increase
their self-confidence. As a result, in such a situation, the maintenance technician will
probably tend to go beyond the limits. In this context, for aircraft maintenance tasks to be
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performed effectively and safely, employees must be transparent and honest, free from ego
in accepting their limits. Not accepting the limits can decrease individual performance and
can cause serious damage to teammates and expensive aircraft and equipment in various,
risky and crowded work environments such as aircraft maintenance hangars and flight lines
(https://skybrary.aero).

The examination and analysis of the physical, emotional and cognitive limits of humans are
a vital part of human factors training. According to the EASA Part-147 regulation in the
European Union countries and the Aircraft Maintenance Training Organizations Instruction
(SHT-147, 2022) in Turkey, to obtain an aircraft maintenance license, it is necessary to take
Module 9-Human Factors Training specified in the Aircraft Maintenance Personnel License
Instruction (SHT-66, 2013). The second part of this module addresses the physical and
cognitive performance and limits of a person and covers topics such as vision, hearing,
information processing, attention, perception, memory, claustrophobia and physical access.

In addition to human factors training, aircraft maintenance technicians themselves can take
some precautions to accept their individual and environmental limitations. “Being aware of
physical, cognitive and technical limitations; watching for warning signs from your body
while working; keeping your ego under control; accepting your lack of knowledge about
your job; always working according to correct work procedures; taking breaks while
working; getting work-related support when needed and living a healthy lifestyle ” can help
an employee accept and manage their limitations at work (https://skybrary.aero).

2.2. Lack of Operational Integrity

Integrity is a virtuous person characteristic that includes behaviors such as expressing the
truth by leaving individual interests aside and prioritizing social benefit, doing the right thing
under all circumstances, being reliable and avoiding harm (Selim, 2022). Integrity means
doing the right thing every time, regardless of whether others are watching or not.
Operational integrity, or in other words, “business ethics,” generally refers to being aware
of what is right and wrong in the workplace and always doing the right thing. Business ethics
also reveal what is right and wrong in the process of producing goods and services by
businesses (Dogan, 2009). In an approved maintenance organization, business ethics means
complying with the regulatory requirements and approved maintenance procedures of
international and national authorities that guide the aviation sector, and also strictly adhering
to moral values (Maggie & Grower, 2016). Deviating from these procedures, rules and
values can be defined as a lack of operational integrity.

Lack of operational integrity and business ethics can lead to routine and spontaneous
situational violations, which are frequently seen in maintenance technicians. In cases where
challenging organizational conditions such as time pressure, insufficient equipment, lack of
resources and excessive workload arise, an approach lacking in operational integrity such as
It was a little out of tolerance last time but it worked; I can go out of tolerance again, no
problem” will bring about violations and unsafe behaviors (Maggie & Grower, 2016). In the
aircraft maintenance sector, it is common for maintenance technicians and engineers to take
part in more than one task and be responsible for those tasks without knowing whether they
have been completed completely. For example, a technician may have a control task in
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another maintenance task while performing a maintenance task. Often, due to personnel and
time constraints, the responsible technician may tend to risky behavior such as approving
the maintenance exit without checking how the work done in control tasks has been
completed. In such a case, due to operational integrity, the technician must fully check
whether the work has been done according to the procedures. In this context, business
integrity can be seen as a professional employee characteristic that eliminates risky behavior
(CASAA, 2013).

There may be different reasons that lead employees to unethical behavior in commercial
organizations. The pressure to achieve certain organizational goals due to commercial
concerns, the failure of the top management of the organization to prioritize ethical values,
conflicts of interest between functional departments and employees within the organization,
excessive self-confidence and arrogance seen in employees, etc. may cause both the
organization itself and the employees individually to deviate from ethical rules and honesty
(Dogan, 2009). In this context, when because aircraft maintenance organizations, as
commercial organizations, have certain organizational goals and profit expectations, often
work under time pressure, and maintenance technicians may act in line with their interests,
it should not be forgotten that behaviors that deviate from business ethics and may put safety
at risk may be seen in the aircraft maintenance sector.

In the aircraft maintenance sector, the negative consequences of behaviors that are far from
organizational procedures and ethical values may not be immediately visible, as they are in
the flight crew. The flight crew's work environment is extremely variable during the flight
process, from the aircraft leaving the apron to completing its flight and parking on the apron
again. During this process, the flight crew's mistakes can be actively and immediately seen,
while the consequences of their mistakes and violations can be extremely fatal. Compared
to the flight crew, maintenance technicians work individually or as a team, especially in
maintenance hangars, in more stable environmental conditions (Sian, Robertson & Watson,
2017). The fact that they are mostly alone while performing maintenance on a part or device
can cause the technicians' possible mistakes and violations to be overlooked and remain
hidden. The consequences of technicians' unsafe behaviors are mostly hidden, as they can
be seen either during quality checks at the end of maintenance or during flight. In addition,
iIf maintenance errors are noticed in a process before the aircraft is released for flight, these
errors are easier to compensate for and less damaging in terms of their consequences, and
erroneous behaviors can be tolerated. The nature of aircraft maintenance tasks can lead to
complacency, overconfidence, and the belief that deviation from organizational and ethical
rules poses little risk to maintenance technicians. In this case, deviation from operational
integrity can insidiously permeate maintenance technicians’ behaviors.

In aircraft maintenance organizations, measures can be taken against a lack of operational
integrity at both organizational and individual levels. At the organizational level,
organizations should determine their own business and ethical values and share them with
their employees. When the corporate websites of many traditional and low-cost airlines such
as United Airlines, Air France, Air China, Japan Airlines, Turkish Airlines, Lufthansa, Easy
Jet and Southwest are examined in the aviation sector, it is possible to see that business and
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ethical values are shared with both society and employees. However, simply sharing these
values is not enough. In the next process, whether employees act according to these values
should be checked by organizational control mechanisms. For this mechanism to work, a
senior management approach that prioritizes ethical values and strong organizational
policies and processes is needed. According to Maggie and Grower (2016), employees can
take some individual measures to ensure operational integrity in the aviation sector.
“Knowing what integrity is and displaying honest behavior, being consistent with what is
said and what is done, reporting mistakes honestly, always thinking about the safety and
security of those we are in contact with and responsible for, and acting according to
organizational and correct procedures under all circumstances” are some of the measures.

2.3. Lack of Professionalism

The third human factor that HPA included in the Filthy Fifteen is a lack of professionalism.
Professionalism can be defined as the expertise, knowledge, skills and behaviors exhibited
in a certain field. The nature of professionalism includes dynamism and effort. In addition,
professional employees are people who do a job for money. To evaluate whether a person is
a professional, it is necessary to look at whether they meet certain criteria in the field they
are interested in (Altiok & Ustiin, 2014). According to Pavalko (1971), theoretical
knowledge load, connection with basic social values, commitment to the profession,
education period, cooperation awareness, serving the community and work ethics are defined
as the basic criteria of professionalism. Professionalism can develop as long as professional
employees fulfill their job responsibilities at the highest level.

Although technological tools and equipment are widely used in aircraft maintenance tasks,
the main determining factor in the correct and safe performance of maintenance and repair
tasks is maintenance technicians (Padil et al. 2018). Individuals who want to work in the
aircraft maintenance sector, after completing the training required by international or the
aviation authorities of the country they are in, are authorized to work on a certain type of
aircraft, engine or aircraft system with the license or certification they earn (Zaharevitz,
1980). SHY-66, SHY-145 and SHY-147 regulations published by the General Directorate
of Civil Aviation in Turkey are the basic national regulations that guide the theoretical
training, professional experience and licensing processes of aircraft maintenance
technicians. Factors such as the fact that aviation operations are subject to strict international
regulations, that safety and security are the two main priorities of aviation activities, that
errors and violations lead to fatal and major financial consequences, that expensive
technological tools are used in the aviation sector, and that aviation employees are required
to perform their duties by receiving legal and valid training have turned aircraft maintenance
technicians, as well as all aviation sector employees, into professional employees.

Many professional jobs have their rituals, cultures, norms and jargon. Since ancient times,
taking an oath has been one of the rituals practiced to start many traditional and professional
professions worldwide. Taking an oath means making a promise on a certain subject or
confirming the truth of a certain statement by presenting a sacred value or being as a witness.
In addition to public duties such as membership in parliament, presidency, and military
service, taking an oath is frequently seen when starting traditional professions such as
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lawyers, doctors and pharmacists. In many Western countries, doctors take the Hippocratic
Oath as a symbol of their commitment to maintaining a set of ethical rules and standards
when starting their profession (Avsar, 2012). Similar to the Hippocratic Oath of doctors, the
Maintenance Technician Oath, written in 1941 by American Jerome Lederer, a pioneer in
aviation safety, is known to be extremely effective in the professional behavior of
technicians in the aircraft maintenance sector. The text of this oath first appeared on the back
cover of the first issues of the Flight Safety Foundation's Aviation Technicians Bulletin in
1953 and became extremely popular. At that time, many technicians from Tokyo to
Frankfurt, Canada to Puerto Rico wrote letters asking for copies of this oath to hang on the
walls of their workplaces and offices. This can certainly be seen as evidence that aircraft
maintenance technicians are a professional profession (Maggie & Grower, 2016). The text
of the maintenance technician oath written by Jerome Lederer is presented below.

“Upon my honor, | swear that | shall hold in sacred trust the rights and privileges conferred
upon me as a certified mechanic. Knowing full well that the safety and lives of others are
dependent upon my skill and judgment, I shall never knowingly subject others to risks which
I would not be willing to assume for myself, or for those dear to me. In discharging this trust,
| pledge myself never to undertake work or approve work which | feel to be beyond the limits
of my knowledge, nor shall I allow any non-certificated superior to persuade me to approve
aircraft or equipment as airworthy against my better judgment, nor shall I permit my
judgment to be influenced by money or other personal gain, nor shall | pass as airworthy
aircraft or equipment about which I am in doubt, either as a result of direct inspection or
uncertainty regarding the ability of others who have worked on it to accomplish their work
satisfactorily. | realize the grave responsibility which is mine as a certified airman to
exercise my judgment on the airworthiness of aircraft and equipment. | therefore pledge
unyielding adherence to these precepts for the advancement of aviation and for the dignity
of my vocation.” (https://skybrary.aero).

Professionalism is a phenomenon that reveals the basic professional character of all aircraft
maintenance workers, especially technicians. Professionalism is also a combination of expert
skills, personal feelings and attitude towards the job for an aircraft maintenance worker.
Professionalism in the aircraft maintenance sector can be interpreted as the desire to take
responsibility for the safety of passengers traveling on aircraft and the airworthiness of
aircraft above individual interests (CASAA, 2013). From this perspective, business integrity
and professionalism are two concepts that are interconnected like symbiotic twins. Integrity
is the cornerstone of professionalism, and it is not possible to achieve professionalism
without integrity. The factors that can be seen as the basic components of professionalism in
the aircraft maintenance sector are listed in Table 2.
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Table 2. Basic Components of Professionalism in the Aircraft Maintenance Sector

1 | Discipline Following approved procedures to perform a given task.
2 | Communication Keeping team members informed of progress and developments.
3 | Teamwork Working together well to resolve problems and maintain control.
4 | Knowledge Having deep understanding of aircraft systems and their operation.
5 | Expertise Retaining and transferring knowledge and skills
6 | Situational Awareness Knowing what is happening around you.
7 | Experience Calling upon prior training and knowledge to assess new situations.
8 | Decision Making Taking correct decisive actions.
Allocating resources to ensure control of the larger situation while
9 Resource Management . .
specific problems are being addressed.
10 | Prioritization Setting safety above personal concerns.

Source: (CASAA, 2013).

The physical and technical aspects of aircraft maintenance tasks seem relatively simple and
can be easily understood. However, it can be difficult to define and understand the concept
of professionalism that separates a superior maintenance worker from an average one.
Professionalism is a situation that is obvious when seen. It is possible to understand the
professionalism of an aircraft maintenance technician not only from their technical skills but
also from their situational awareness, coordinated teamwork and ability to make the right
decisions. Professionalism also emphasizes the individual's self-control over themselves to
avoid and protect themselves from risky behaviors. Maintenance technicians with high self-
control can make conscious and correct decisions for safety (Maggie & Grower, 2016).

Professionalism is of central importance for the integrity of aircraft maintenance processes,
production quality, and safe and successful results. The 4C Concept, which reflects four
basic characteristics that stand out for aviation professionals, is taught in the human factors
training provided by HPA. The components that make up the 4C Concept are: Having
sufficient knowledge and skills in one's field (Competence), Commitment to a higher goal
(Commitment), Being in control of one's work (Control), and Communication, whether
written, verbal or in any form (Communication). HPA emphasizes that the internalization
and application of these basic competencies are of vital importance and offers a series of
recommendations to maintenance technicians to protect against a lack of professionalism.
These recommendations are: “Work with passion in your work, share your knowledge, use
approved parts, materials and technical documents/data; use appropriate equipment, tools
and vehicles; be extremely meticulous about quality and always follow the right
procedures.” (Maggie & Grower, 2016).

A maintenance technician must know and apply the countermeasures that correspond to each
item of the Filthy Fifteen while performing their job to be a complete professional. For
example, the technician must not hesitate to be assertive and manage stress, as well as avoid
distractions and complacency. A technician should not take any maintenance task for granted
and should give each task the same attention and care as he does to complex tasks. It is
known that most accidents in the aircraft maintenance sector are not caused by complex
technical problems, but by simple and preventable mistakes, such as not tightening a nut
enough. Professional technicians readily admit their mistakes. A technician who is trained
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and licensed to perform maintenance tasks is disciplined and assertive in his work, which
demonstrates his professionalism. In addition, a professional technician should share this
situation with his managers without hesitation when he has doubts about whether he can
perform his job safely and effectively. In this way, management can ensure that the
technician receives the necessary support or training when needed. In this context, each
technician is encouraged to always do their best through continuous learning and
professional development (Maggie & Grower, 2016).

Professionalism is a charismatic situation that can both guide the safety culture of the
maintenance organization and be guided by the safety culture, and adds value to the
maintenance technician. Professionalism in aircraft maintenance operations can be
developed in single-person maintenance tasks as well as in team or inter-team tasks. It is a
sign of professionalism that each technician involved in maintenance tasks is aware of the
stage of their task and how far they have progressed since the beginning of the task. Good
communication among professional employees reduces the possibility of making risky
decisions. However, making a risky decision should not be seen as a lack of professionalism.
Because there is always a risk in the nature of aviation activities. What is important is to
minimize these risks and carry out the activities safely. The trust that a professional
employee has in his teammate should not replace good communication, situational
awareness and control. A professional maintenance technician should always keep the motto
“trust does not prevent control” alive in his mind. In this context, a professional technician
should never sign a job that he has not done, examined or checked.

As a result, both operational integrity and professionalism should be important topics in the
human factors training curriculum for aircraft maintenance technicians. However, the
implementation of professionalism in the workplace is largely the responsibility of each
individual. Maintenance technicians need to embrace operational integrity and professional
values and take pride in their practice. This is a process that begins in the technician’s heart
and is instilled in his mind by the hands that touch and work on the aircraft and its
components (Maggie & Grower, 2016).

3. DISCUSSION AND CONCLUSION

In the aviation sector, where the concept of safety is extremely important, aircraft accidents
caused by the errors of aircraft maintenance technicians became an important agenda item
worldwide in the early 1990s. In this context, as a result of studies conducted by Transport
Canada employee Gordon Dupont and his teammates in 1993, 12 human factors that cause
employees in the aircraft maintenance sector to make mistakes were identified, and these
factors were named the Dirty Dozen. After the Dirty Dozen model emerged, it was accepted
worldwide as a simple and widespread model for understanding and solving accidents
caused by human errors, first in the aircraft maintenance sector and then in other sectors
where safety and security are extremely important.

In the nearly thirty years since the Dirty Dozen model emerged, the conditions brought about
by globalization and technological changes have also been reflected in the working
environment and work behaviors of aircraft maintenance technicians. In this context, HPA,
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one of the world's leading aircraft maintenance, repair and training organizations, has
updated and expanded the factors that cause aircraft maintenance workers to make mistakes
while doing their job and has proposed the Filthy Fifteen model. In this model, three more
human factors have been added to the human factors in the Dirty Dozen. These factors are:
Not Admitting Limitations, Lack of Operational Integrity and Lack of Professionalism.

It can be said that the human factors in the Filthy Fifteen cause aircraft maintenance
technicians to make mistakes, and these factors are interrelated. First of all, aircraft
maintenance tasks are an aviation operation based on teamwork and -effective
communication. Therefore, it is likely that a lack of communication will reduce the team
performance of maintenance technicians and cause fatal errors. The experience that
technicians gain over time can cause complacency in maintenance tasks, and complacency
can reduce assertiveness and awareness, causing unsafe situations to be overlooked.
Commercial concerns of airline companies and workplace norms that encourage unsafe
practices will increase pressure, stress and fatigue in maintenance workers and cause errors.
This fatigue can be physical and mental. Distracting factors commonly seen in the aircraft
maintenance work environment can reduce the situational awareness of technicians and
trigger erroneous behaviors. The variable structure of the aircraft maintenance work
environment and constant exposure to technological changes can cause a lack of knowledge
and awareness in technicians.

Human factors such as norms, stress, lack of resources, lack of knowledge, fatigue, pressure,
and lack of assertiveness included in the Filthy Fifteen can mostly be seen as factors
originating from organizational policies and commercial concerns. Human factors such as
lack of communication, complacency, distraction, lack of teamwork and lack of awareness
can mostly be seen as individual factors originating from technicians. However, it can be
said that some human factors originate from both organizational and individual reasons.
When the last three human factors that are added to the Dirty Dozen and form the Filthy
Fifteen are examined, factors such as pressure, stress, complacency, lack of information and
resources can cause technicians to go beyond their limits and compromise their work
integrity. It is a fact that operational integrity forms the basis of professionalism. When a
maintenance technician acts with awareness of the factors that cause them to make mistakes,
they exhibit professional behavior.

Maintenance technicians can make their work environment safer by taking some precautions
against the human factors in the Filthy Fifteen. Effective communication, emphasis on
teamwork, working according to organizational procedures and maintenance documents, not
signing a job that has not been done, paying attention to physical and mental health, sharing
problems with managers, working within the framework of ethical rules and integrity, and
always acting professionally can prevent or minimize the misconduct of aircraft maintenance
technicians.

The Filthy Fifteen, which has offered a current perspective in recent years to explain human
factors seen in the aircraft maintenance sector, can be updated according to the changes
experienced in today's business life. In this context, technostress can be seen as a source of
stress affecting the performance of many employees in the modern age and as a current
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human factor that can cause aircraft maintenance workers to make mistakes. Technostress
refers to the stress experienced by employees due to problems such as the effort to perform
many tasks using information and communication systems, constant exposure to excessive
workload due to these technologies, system updates, constant need for relearning, software
and hardware failures (Tarafdar, Tu & Nathan, 2011). Factors such as technological
complexity in the workplace, increasing workload, adaptation process to changing
technology, age and experience of the technology user, organizational pressures, and
changing job roles are among the factors affecting technostress (Tiiren, Erdem & Kalkin,
2015). Techno-overload, techno-invasion, techno-complexity, techno-insecurity and techno-
uncertainty can affect the job performance of aircraft maintenance technicians as sub-
dimensions of technostress (Tarafdar et al., 2011).

Aircraft maintenance technicians have to navigate more complex interfaces and dense data
flows in maintenance tasks today due to developing technology. In addition, the flow of
information from multiple sources through maintenance manuals, digital dashboards and
communication tools can overwhelm technicians. In this context, overload and information
flow resulting from the use of technology can create technostress in maintenance technicians
and limit their ability to see critical maintenance stages and faults (Reason & Maddox, 1995;
Coban & Aydogdu, 2020). When the literature is examined, it is possible to see studies on
the relationship between technostress and job performance in the aircraft maintenance sector.
In a study conducted by Alam (2016) on pilots and maintenance technicians in Pakistan, it
was found that technostress reduces team performance; in a study conducted by Coban and
Aydogdu (2020) on 177 aircraft maintenance technicians in Turkey, time pressure increased
technostress; and in another study conducted by Tiiren et al., (2015) in Turkey, it was seen
that 32% of employees in the aviation sector experienced technostress. In a quantitative
study conducted by Erdem and Sokmen (2022) on 331 aircraft maintenance technicians
working in four different cities in Turkey, it was reported that the technological complexity
dimension of technostress negatively affected the work efficiency of the technicians.
However, in another quantitative study conducted by Kizilcan, Hosgor and Gilingordii (2023)
with the participation of 112 personnel working in ground services at Antalya Airport in
Turkey, it was found that moderate perceived technostress did not affect work performance.

In addition to the technostress studies mentioned above, it has been observed that significant
technological changes and innovations have recently been experienced in the aircraft
maintenance sector to perform maintenance tasks more efficiently. One of these
technological innovations, predictive maintenance, focuses on proactively predicting
failures and increasing efficiency in maintenance tasks by using data analytics, machine
learning, advanced algorithms and sensor technologies (Daily & Peterson, 2017). Aircraft
maintenance companies face great difficulties, especially when examining aircraft exterior
surfaces during the maintenance needs assessment process. The aircraft maintenance sector,
which wants to solve this difficulty, equips maintenance hangars with specially designed
robotics and automation systems. One of the notable developments is the use of drones for
efficient and fast aircraft inspections. The use of drones in maintenance tasks can reduce
maintenance times by up to 90%. Easyjet has saved significant time by using Blue Bear
drones in maintenance tasks. Airbus uses visual cameras and obstacle detection sensors in
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addition to special drones in maintenance tasks (Reed, 2019). Developed by New Zealand-
based Invert Robotics, a versatile and crawling robot can cling to wet and dry aircraft
surfaces and provide maintenance engineers with high-resolution images of the aircraft's
condition. It is possible to see that the world's leading aircraft engine manufacturers and
maintenance companies, such as Rolls-Royce, Pratt & Whitney, GE Aviation, and Lufthansa
Technik, are turning to environmentally friendly robotic technologies in engine maintenance
and inspection. In addition, big data analytics and blockchain technology are important
technological innovations used in aircraft maintenance processes to make optimum resource
allocation, reduce risks, perform safe maintenance, and provide transparent maintenance
records (Olaganathan, 2024).

It is thought that the current and intense technological changes seen in the aircraft
maintenance sector will contribute to the more effective, efficient and safe performance of
maintenance tasks and that these technological changes will increase in the coming years.
However, these changes are likely to create a need for more technological skills and training
for aircraft maintenance technicians compared to the past. In this context, many factors such
as not being able to follow rapidly changing and updated technological innovations, being
constantly exposed to technological complexity, the need for frequent updates of
technological tools, the need to analyze intensive data under time pressure, and software and
hardware problems can come together to create technostress in maintenance technicians.

Technostress can indirectly lead to perceptions of excessive workload, cognitive fatigue, loss
of motivation, burnout, low job performance, intention to leave the job, and job
dissatisfaction in maintenance technicians (Tarafdar, Tu, Ragu-Nathan & Ragu-Nathan,
2007). Moreover, technostress can be related to many human factors included in the Filthy
Fifteen. First of all, a maintenance technician experiencing technostress is likely to have
problems with communication, teamwork, attention, and situational awareness. The time
pressure caused by the commercial pressures of the airline company can increase technicians'
perception of technostress. Constant exposure to intense technological processes and
complexity can exhaust technicians mentally and physically, as well as push them beyond
their limits and lead them to unprofessional behaviors.

Within the scope of the research in the literature, it is possible to see technostress in the
aircraft maintenance sector as a human factor that is independent of other stress sources and
negatively affects employee performance. In this context, the “Dirty Sixteen” model, which
can be created by adding technostress to the Filthy Fifteen, can be a current approach to
understanding errors caused by human factors in the aircraft maintenance sector. The
development of the Dirty Sixteen model, including the Dirty Dozen and Filthy Fifteen, is
presented in Figure 2.
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Figure 2. Dirty Sixteen Model in Aircraft Maintenance Sector

The Dirty Sixteen model, which also includes technostress, can be an important human
factors examination model not only in the aircraft maintenance sector but also in the flight,
maintenance and air traffic operations of civil and military aviation. The use of technology
in both the civil and military aviation sectors is quite high. In particular, technological
materials, devices and equipment are frequently used in military aircraft maintenance
activities, where maintenance technicians are at the center (Coban & Aydogdu, 2020). In
addition, the advanced avionics features of military jet aircraft and the high technology of
today's advanced smart ammunition can create technostress in military aviation, especially
in flight, maintenance and ammunition loading teams. It can be said that technostress is
affected by many human factors and affects many human factors. In this context, apart from
the aviation sector, the Dirty Sixteen model can be used as an important tool to examine
human factors in sectors such as energy, software, automotive and health, which involve
high technology and where employee errors have extremely serious negative consequences.

This study, which examines the Dirty Dozen and Filthy Fifteen models developed to
examine human factors in the aircraft maintenance sector in light of literature review, may
have limitations due to being a theoretical review. To overcome these limitations, this
theoretical review can be supported by conducting quantitative and qualitative studies on the
effects of the three new human factors added to the Dirty Dozen and current human factors,
such as technostress, on aircraft maintenance technicians. In this context, which of the
sixteen human factors, including technostress, affect the performance of maintenance
technicians the most and whether technicians and maintenance managers are aware of the
four newly added human factors to the model, can be investigated through face-to-face
interviews. In addition, scale studies can be conducted on whether the Filthy Fifteen and
Dirty Sixteen can be separated into dimensions within themselves. It is thought that this
study will bring a current perspective to the literature on human factors in the aircraft
maintenance sector and shed light on future research.
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Oz

Havacilik sektoriinde siirdiiriilebilirlik kavrami ¢evresel, ekonomik ve sosyal olmak {izere ii¢ temel boyuta
sahiptir. Emisyon azaltimi, yakit verimliligi ve maliyet etkinlik gibi konular siirdiiriilebilirligin ¢evresel ve
ekonomik boyutunu, yolcu memnuniyeti, ¢alisanlarin sagligi ve toplumla kurulan uyumlu iliskiler sosyal
boyutu olup sektoriin basarisini dogrudan etkilemektedir. Siirdiiriilebilirligin sosyal boyutuna yapilan
yatirimlar, miisteri memnuniyetinden calisan verimliligine, toplumsal marka bilinirliginden marka itibarina
kadar genis bir yelpazede olumlu etkiler yaratarak sektoriin genel siirdiiriilebilirlik performansini1 da olumlu
etkilemektedir. Bu nedenle, havacilik sektoriinde sosyal siirdiiriilebilirligin saglanabilmesi i¢in kamu, 6zel
sektor ve akademik ¢evreler arasinda koordineli ¢aligmalar yiiriitiilerek farkindalik artirilmalidir. Bu baglamda
bu bildiri ¢aligmasinin amaci, havacilik sektoriinde siirdiiriilebilirligin sosyal boyutunu yolcu konforu, ¢alisan
saglig1 ve toplumla uyumlu faaliyetler ¢ercevesinde ulusal ve uluslararasi uygulamalar 1s181inda incelemektir.
Havacilik sektoriinde faaliyet gosteren onde gelen havayolu sirketlerinin ve havalimanlarinin sosyal
stirdiiriilebilirlik kapsamindaki uygulamalarini incelemek amaciyla tasarlanan aragtirmada dékiiman analizi
tekniginden yararlanilmigtir. Aragtirma bulgular1 gelecekte gergeklestirilecek caligmalara katki saglayacagi
i¢in 6nemlidir.

Anahtar Kelimeler: Havacilik sektori, siirdiiriilebilirlik, siirdiiriilebilirligin sosyal boyutu.

JEL Smmiflandirma: M10, M19.

Sustainability in Aviation: Importance and Applications of the Social
Dimension

Abstract

The concept of sustainability in the aviation sector has three basic dimensions: environmental, economic, and
social. Issues such as emission reduction, fuel efficiency, and cost-effectiveness are the environmental and
economic dimensions of sustainability, at the same time, passenger satisfaction, employee health, and
harmonious relations with society are the social dimensions that directly affect the sector's success. Investments
made in the social dimension of sustainability create a wide range of positive effects, from customer satisfaction
to employee productivity and from social brand awareness to brand reputation, and thus positively affect the
overall sustainability performance of the sector. Therefore, to ensure social sustainability in the aviation sector,
awareness should be increased by coordinating studies between the public, private sector, and academic circles.
In this context, this paper aims to examine the social dimension of sustainability in the aviation sector within
the framework of passenger comfort, employee health, and activities compatible with society in light of studies
in the relevant literature and national and international practices. For this purpose, to make a description with
a situation analysis on the topics within the scope of the research, the studies in the relevant literature will be
examined using the systematic literature review method. Since it aims to define and classify existing studies in
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an orderly manner toward a specific topic or question, the research model is descriptive. Document analysis
technique was used in the research designed to examine the social sustainability practices of leading airline
companies and airports operating in the aviation sector. The research findings are important as they will
contribute to future studies.

Key Words: Aviation industry, sustainability, social dimension of sustainability.

JEL Classification: M10, M19.

GIRIS

Isletmelerin ekonomik amaglarina ulasirken cevre ve sosyal sorumluluk bilinciyle hareket
etmesi siirdiiriilebilirlik kavramiyla agiklanmaktadir. Isletmeler siirdiiriilebilir ve karli bir

sekilde faaliyetlerine devam ederken i¢inde bulunduklar1 ¢evreyi de g6z Onilinde
bulundurduklarinda siirdiiriilebilir bir toplum i¢inde katki saglamaktadirlar.

Ikinci Diinya Savasi sonrasi tiim diinyada hizla tiikenen kaynaklar nedeniyle Roma Kuliibii
tarafindan hazirlanan bildirge ile siirdiiriilebilirlik konusu giindeme gelmeye baslamistir.
Roma kuliibiiniin stirdiiriilebilirlik kavramina dikkati ¢ekmesinin ardindan diinya ¢apinda
cevre konusuna oOnem verilmesinin temeli Birlesmis Milletler Cevre ve Kalkinma
Konferans1 ve UNEP’in faaliyete ge¢cmesi olarak kabul edilmektedir (Alpman ve Yalgin,
2017: 2). Siirdiiriilebilir kalkinma kavramini ilk kez resmi sekilde irdeleyen Brundtland
Raporu (1987) siirdiiriilebilirligi cevresel, ekonomik ve sosyal olmak iizere {i¢ temel alan
altinda yapilandirilmistir. Isletmelerin siirdiiriilebilir olabilmesi i¢in ekonomik, sosyal ve
cevresel boyutta dikkate almasi gereken unsurlar asagida siralanmistir (Torum ve Kiigiik
Yilmaz, 2009: 49):

e Ekonomik stirdiiriilebilirlik: Karlilik ve verimlilik.
e Sosyal siirdiiriilebilirlik: Esitlik ve toplumsal sorumluluk.
e (evresel siirdiirtilebilirlik: Dogal kaynaklar ve ¢evre.

Isletmelerin siirdiiriilebilirlik odaginda gelisebilmeleri igin bir yandan karli ve verimli
olmaya odaklanirken diger yandan toplumsal sorumluluklarini yerine getirmeleri ve iginde
bulunduklar1 g¢evreye zarar vermeden ve kaynaklari tiiketmeden faaliyetlerini devam
ettirmeleri gereklidir.

Hangi sektorde olursa olsun siirdiiriilebilir olmak i¢in mevcut niifusun gereksinimleri
karsilanirken gelecekteki ihtiyaglarin saglanmasi amaciyla kaynaklarin tiikketilmemesi ve
korunmasi gereklidir (Frangapoulos, 2006). Isletmeler sistem yaklasimi icinde faaliyetlerini
gergeklestirdiklerinden i¢inde bulunduklar1 ¢evreden bagimsiz olarak diisiintilemezler. Bu
nedenle igletmelerin biiyliylip gelismelerine paralel olarak gevresel ve sosyal sorumluluklart
da artmaktadir, bu da siirdiiriilebilirlik kavraminin ¢ok daha fazla 6nem kazanmasina sebep
olmustur. Siirdiiriilebilirlik kavrammin 6nem kazanmasinin bir diger sebebi de yeni
jenerasyonlarin ¢evreye olan yiikksek duyarhiliklari ve sosyal sorumluluk konusuna
gosterdikleri hassasiyetleridir.

Bu baglamda bu ¢aligmasinin amaci havacilik endiistrisinde sosyal siirdiiriilebilirligin teorik
temellerini, 6nemini ve sektordeki yenilik¢i uygulamalar1 akademik literatiir 1s131inda
sistematik olarak incelemektir. Bu ¢alisma, havacilik sektoriinde siirdiiriilebilirligin sosyal
boyutunun genellikle goz ardi edildigini ampirik verilerle desteklemektedir. SHGM (2023)
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istatistiklerine gore Tiirkiye'de havacilik sektdriinde kadin ¢alisan oraninin %20 gibi diisiik
bir seviyede kalmasi ve sosyal siirdiiriilebilirlikle ilgili calismalarin toplam stirdiiriilebilirlik
arastirmalarinin yalnizca %15'ini olusturmasi (IATA, 2023) siirdiiriilebilirligin sosyal
boyutu ile ilgili ¢alisilmasi1 gerektigini ortaya koymaktadir. Bu arastirma sosyal boyutun
thmal edilen ancak kritik 6neme sahip bir alan oldugunu vurgulamasi, havalimanlar1 ve
havayollariin  mevcut uygulamalarini degerlendirerek gelecekte gergeklestirilecek
caligmalara katki saglamasi agisindan ilgili literatiire katki saglamaktadir.

1. KAVRAMSAL CERCEVE

Her gecen giin gelisen ve dijitallesen diinyamizda ulagimin ve ticaretin hizli bir sekilde
gerceklesmesini saglayan havacilik sektorii de artan bir ivmeyle gelismekte ve tercih
edilmektedir. Havacilik sektoriiniin gelisiminin ulusal gelisime olan olumlu katkilari
tilkelerin siirdiiriilebilirligini de desteklemektedir. Havacilik sektorii, kullanilan yakitlarin
cevreye verdigi zarar, karbon ayak izi ve cevresel kaynaklarin kullanimi nedeniyle
stirdiiriilebilirlik tartismalarinda 6ne ¢ikan sektorlerdendir. Havacilik sektorii paydaslarina
sagladigi katkilarin yani sira ¢evreye zarar verme acisindan da biiyiik tehlikeler icermektedir.
Basta karbondioksit olmak iizere bir¢ok zehirli gazin salinimi hem ¢evre hem de insanlar
acisindan olumsuz etkilere sahiptir. Bu olumsuz etkileri yok etmek amaciyla Uluslararasi
Hava Tasimacilig1 Birligi (IATA) tarafindan siirdiiriilebilir havacilik yakitlar: kullanilmasi,
cevreyi korumak adina aksiyonlar alinmasi ve 2050 yil1 itibariyle net sifir karbon emisyonu
olmasi gerekliligi gibi siirdiiriilebilirligi destekleyen hedefler belirlenmistir (IATA, 2023).

Devlet Hava Meydanlar isletmesi (DHMI) siirdiiriilebilir bir Diinya hedefini desteklemek
amactyla “Isletme hizmetleri gevre politikas” uygulamaktadir. Isletme hizmetleri cevre
politikas1 kapsaminda; sifir atik, sera gazi saliminin azaltilmasi, mevcut enerji kaynaklarinin
verimli kullanimi, tiim paydaslarin ¢evre bilinci ve sorumlulugunun arttirilmasi igin
egitimlerle desteklenmesi, diger yonetim sistemleriyle entegre g¢evre yoOnetim sistemi
faaliyetleri diizenlenmesi hedeflenmektedir (DHMI, 2023).

Tiirkiye'de faaliyet gdsteren ulusal havayollart Tirk Hava Yollari, Pegasus ve Sun Express
sirdurilebilirlik ~ konusuna  duyarlilik  gostererek  siirdiiriilebilirlik  politikalar
uygulamaktadirlar. Cevresel siirdiiriilebilirlik kapsaminda optimum rota planlamasi, hafif
kabin ekipmanlar1 kullanim1 gibi aksiyonlarla yakit tasarrufu saglamaya calisiimaktadir.
Karbon emisyonlarinin azaltilmas1 amaciyla yakit verimliligi i¢in aksiyonlar alinmaktadir.
Ormegin; THY biinyesindeki ugak filosunu genglestirerek daha az yakit tiiketen ve diisiik
emisyonlu Airbus A350 ve Boeing 787 gibi yeni nesil ucaklarla ucuslarini gerceklestirmeye
calismaktadir. THY 2025 yili hedefleri arasinda stirdiiriilebilir havacilik yakiti (SAF)
kullanimin belirli rotalarda arttirmayi planlamistir. Kabinde kullanilan atik malzemelerin
azaltilmasi yoluyla sifir atik projesine destek verilmesi, elektrikli yer araglar1 kullanima,
yenilebilir enerji uygulamasi, THY Teknik biinyesinde yer alan giines panelleriyle enerji
verimliliginin desteklenmesi gibi aksiyonlarda cevresel ve ekonomik siirdiiriilebilirligi
desteklemektedir.

2023 yil sonu itibartyla Tiirkiye’de faaliyet gosteren 232 adet Hava Tagima isletmesi ve
262.925 ¢alisan bulunmaktadir. 2003 yilinda havacilik sektoriinde 65.000 ¢alisan istthdam
edilirken gecen yillarla birlikte artan havayolu isletmeleri, genisleyen ucus ve baglanti
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noktalar1 ve ugak bilet fiyatlarindaki esneklikler sayesinde havacilik sektorii hizla biliylimiis
ve sektor cirosu ise 2003-2022 doneminde 16 kat artmistir (SHGM, 2024). Havacilik
sektoriliniin lilke ekonomisine sagladig: yliksek katkiya ragmen hem akademik ¢aligmalarda
hem de havayolu uygulamalarinda siirdiiriilebilirlik kapsaminda sosyal boyuttan g¢ok
cevresel ve ekonomik boyutlar iizerinde duruldugu goriilmektedir. Siirdiiriilebilirlik
kavramini havacilik sektoriinde incelerken yalnizca g¢evresel etkilerle siirli kalmayip,
sosyal adalet, calisan haklari, toplumsal katilim ve yerel kalkinma gibi sosyal boyutlar1 da
degerlendirmek gereklidir.

2. YONTEM

Havacilik sektoriinde faaliyet goOsteren oOnde gelen havayolu sirketlerinin  ve
havalimanlarinin sosyal siirdiiriilebilirlik kapsamindaki uygulamalarini incelemek amaciyla
tasarlanan arastirmada dokiiman analizi tekniginden yararlanilmistir. Dokiiman analizi,
mevcut yazili materyallerin sistematik bigimde incelenmesi yoluyla bilgi elde edilmesini
saglayan bilimsel bir tekniktir (Y1ildirim ve Simsek, 2021). Arastirma kapsamindaki veriler
ilgili havayolu sirketlerinin kurumsal internet sitelerinde yayimlanan siirdiiriilebilirlik
raporlari, yillik faaliyet raporlari, basin biiltenleri ve kurumsal sosyal sorumluluk projelerine
iligkin tanitim materyalleri ile ulusal ve ulusararasi kuruluslar tarafindan yayimlanan
bagimsiz denetim raporlari gibi ikincil kaynaklardan elde edilmistir. Ayrica haber portallari
ve medya biiltenleri, uygulamalarin kamuoyuna yansima bigimlerini gérmek agisindan
destekleyici bilgi kaynagi olarak degerlendirilmistir.

Analize dahil edilecek havayolu sirketleri belirlenirken; uluslararas: faaliyet gostermeleri,
son 5 yil iginde (2020-2025) siirdiiriilebilirlik temali rapor yayimlamig olmalari, sosyal
stirdiiriilebilirlik konularinda (¢alisan haklari, toplumsal cinsiyet esitligi, engelli bireylere
erigim, misteri haklar1 vb.) veri sunmus olmalari ve kamuoyuna acik ve dogrulanabilir
kaynaklara sahip olmalar1 6l¢iitleri temel alinmustir.

Toplanan veriler, betimsel igerik analizi yontemi ile degerlendirilmistir. Igerik analizi, yazili
ve gorsel materyallerde yer alan temalari sistematik bir bigimde kodlamaya ve yorumlamaya
olanak taniyan bir analiz teknigidir (Krippendorff, 2004).

Sosyal boyutta siirdiiriilebilirlik Elkington (1997) tarafindan "Uglii sarmal model",
kapsaminda Orgiitsel vatandaglik baglaminda ele alinmaktadir. Havacilik sektoriinde sosyal
boyut ise insan kaynaklar1 yonetimi (Cook ve Billig, 2023), toplumsal erisilebilirlik ve
sosyal sorumluluk (Bows, Anderson ve Upham, 2009), esitlik ve kapsayicilik (ICAO, 2021),
tiiketici haklar1 ve erisilebilirlik (Gossling ve Humpe, 2021) olmak iizere dort temel
bilesende incelenmektedir. Arastirma kapsaminda verilere ulagsmak i¢in havacilikta sosyal
boyutun dort temel bileseni temel alinarak asagidaki kod temalar1 ve alt kod kategorileri
olusturulmustur:

e Insan kaynaklar1 yonetimi: Is giivenligi, {icret politikas1, sendikal haklar

o Esitlik ve kapsayicilik: Kadin galisan orani, yonetici pozisyonlarindaki kadin temsili

e Toplumsal erisilebilirlik ve sosyal sorumluluk: Engelli bireylerin erisimi ve sunulan
0zel hizmetler, gitim, saglik, ¢cevre, genglik, toplum yararina projeler
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e Tiiketici haklar1 ve erisilebilirlik: Geri bildirim sistemleri, sikdyet yonetimi, miisteri
destek uygulamalari

Aragtirma siirecinde kullanilan kodlama sistemine ait 6rnek veri igerigi Tablol’de yer

almaktadir:

Ana Kod

insan
Kaynaklan

Yonetimi

Esitlik ve
Kapsayicihik

Toplumsal
Erisilebilirlik

Tiiketici
Haklan

Tablo 1 Kodlama siireci 6rnek veri icerigi

Alt Kod

Psikolojik
destek

programlari

Kadin pilot

istthdami

Engelli
erisim

hizmetleri

Ugus iptali

tazminati

Ornek Veri Alintisi

Tirk Hava Yollar1 kokpit ve kabin

ekiplerine yonelik psikolojik  destek

programlari uygulayarak ekiplerin
psikolojik

hedeflemektedir.

saglamlarini arttirmayi1

Tiirkiye’nin ilk kadin havayolu Genel
Miidiirii olarak gérev yapan Giiliz Oztiirk
2023 yilinda goreve bagladiktan sonra
Pegasus’ta %4 olan kadin pilot istihdam
%8’e, Pegasus biinyesinde gorev alan
kadin yonetici sayisi ise %24’ten %30’a

yiikselmistir.

IGA istanbul Havaliman1 "Engelsiz
Havaliman1" projesi kapsaminda engelli
yolcular i¢in ©6zel kontuar ve bekleme
salonlar1 bulunmakta, akilli telefonlarda
yer alan uygulamalar araciligiyla gérme
engelliler sesli

icin yonlendirme

saglanmakta, erisilebilir yol ile
hissedilebilir ylizey uygulamasi sayesinde
yiirimede kolaylik desteklenirken, sessiz
ortamda olmak isteyen yolcular i¢in “Cok

Ozel Misafir Odas1” bulunmaktadir.

Sivil Havacilik Genel Miidiirliigii (SHGM)

tarafindan  hazirlanan  yolcu  haklarn
konusundaki diizenlemeler mevcut olsa da

ucus iptallerinden kaynaklanan tazminat
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Raporu (2022)

Pegasus Basin

Biilteni (2025)

iGA
Proje
(2022)

Engelsiz

Raporu

TUDEF Raporu
(2023)



haklar1 yolculugun {i¢ saatten fazla
gecikmesi durumunda 600 EURQO’ya kadar
tazminat hakki verse de siirecin isleyisi
konusunda halen sorunlar ve gecikmeler
yasanmaktadir ~ (Tiketici ~ Dernekleri

Federasyonu, 2023).

Yukarida siralanan kod ve alt kod tanimlamalar1 dogrultusunda veriler sistematik olarak
analiz edilmis ve temalar altinda bulgulara donistiiriilerek hem niteliksel hem de
karsilastirmali analiz yapilmasina olanak taninmustir.

3. BULGULAR
3.1. insan Kaynaklar1 Yonetimi

Gliniimiizde insanlar ¢aligtiklar1 kurumlarin ¢evreyi korumasina ve tiim paydaslarina katki
saglamasina dnem vermektedir. IBM IBM Institute for Business Value (2022) “Balancing
sustainability and profitability” raporunda potansiyel adaylarin %67 sinin siirdiirtilebilirlik
stratejileri olan ve cevreyi korumaya onem veren kurumlarda calismayi tercih ettigini
vurgulamaktadir. Kurumlardaki siirdiilebilirlik uygulamalari ise alimda adaylar1 cekmek i¢in
etkileyici bir role sahiptir.

Havacilikta siirdiiriilebilirligin sosyal boyutu kapsaminda insan kaynaklar1 yonetiminde
havacilik sektoriinde gorev alan kokpit, kabin ve yer isletme kapsaminda ¢alisan kisilerin
calisma kosullarinin iyilestirilmesi yer almaktadir. Havacilik sektorii 7 giin 24 saat mesai
saatine sahip olmasi ve i¢inde yliksek risk ve stres barindirmasi nedeniyle siirdiiriilebilirligi
olumsuz etkileyen ozelliklere sahiptir. Yogun calisma saatleri ve stresli ¢alisma ortami
nedeniyle ¢alisanlarin fizyolojik ve psikolojik sagliklar1 olumsuz etkilenebilmektedir. Bu
etkileri minimize edebilmek amaciyla insan kaynaklari yonetimi kapsaminda havacilik
sektoriinde alinan bazi 6nlemler bulunmaktadir:

e Tiirk Hava Yollar kokpit ve kabin ekiplerine yonelik psikolojik destek programlari
uygulayarak ekiplerin psikolojik saglamlarini arttirmayr hedeflemektedir (THY
Siirdiiriilebilirlik Raporu, 2022).

e Hava-Is sendikasi tarafindan havalimani ¢alisanlarmin calisma sartlarmmn
iyilestirilmesi amaciyla aksiyonlar alinmaktadir. Ancak taseron calisanlarin is

giivencesi ve calisma sartlar1 konusunda halen gelisime ag¢ik yanlar mevcuttur.
(Hava- s, 2023).

e Delta Havayollar1 (ABD) adil iicret politikas1 uygulama ve ¢alisanlarina enflasyona
yenik diismeyecekleri oranda zam yapmanin yani sira kar paylasimi da yapmaktadir
(Delta, 2024). Ayrica 2023 Ocak ayinda baslatilan “Acil Durum Tasarruf Programi”
kapsaminda 21.500 Delta ¢alisan1 ¢evrimigi egitim, bire bir kogluk ve acil durum
tasarruf giivenlik ag1 araciligiyla mali refahlarini gliglendirmistir (Delta, 2023).

e Heathrow Havalimani (Ingiltere) Heathrow Academy biinyesinde issizlere ve
genglere ticretsiz havacilik egitimleri verip, uygun olanlar1 ige alarak hem egitimi
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hem de yerel isttihdami desteklemektedir. Uyguladiklar1 maas politikasinda tim
calisanlarina asgari iicretin iizerinde maas verilmektedir (Heathrow Employment ve
Skills Academy, 2025).

Kopenhag Havalimanit (Danimarka) tamamen karbon notr olma hedeflerini
calisanlarina kadar indirerek ¢alisanlarin bisikletle ulasimini desteklemektedir
(Copenhagen Airport, 2025).

3.2. Toplumsal Erisilebilirlik ve Sosyal Sorumluluk

Havacilik sektorii toplumun biitliniine hitap eden yapisiyla toplumsal erisilebilirlik ve sosyal
sorumluluk kapsaminda hem havayollari hem de havalimanlari bazinda aksiyonlar

planlanmaktadir:

IGA Istanbul Havalimani "Engelsiz Havaliman1" projesi kapsaminda engelli yolcular
icin Ozel kontuar ve bekleme salonlar1 bulunmakta, akilli telefonlarda yer alan
uygulamalar aracilifiyla gérme engelliler ic¢in sesli yonlendirme saglanmakta,
erisilebilir yol ile hissedilebilir yiizey uygulamasi sayesinde yiirimede kolaylik
desteklenirken, sessiz ortamda olmak isteyen yolcular igin “Cok Ozel Misafir Odas1”
bulunmaktadir (istanbul Havalimani, 2022).

Tiirkiye ve Diinya’da tiim havalimanlarinda ticretsiz tekerlekli sandalye hizmetleri
ve gérme engelli yolcular i¢in destek hizmetleri verilmektedir.

THY “Okula uguyoruz” projesi kapsaminda dezavantajli konumda olan illerdeki
Ogrencilerin okullarina {icretsiz seyahatini saglamaktadir (THY, 2022).

Dogal felaketlerde (deprem, sel, yangin vb.) ilgili bolgelere THY tarafindan iicretsiz
ulagim ve nakliye hizmetleri sunulmaktadir. THY hizmet verdigi bolgelerdeki yerel
isletmelerden de hizmet alim1 yapmaktadir (THY, 2022).

Emirates (Birlesik Arap Emirlikleri) havayolu ve THY erisilebilir seyahat
kapsaminda gorme ve isitme engelli yolcular1 Braille kabin dokiimanlari
kullanmakta ve isaret dili egitimli personel calistirmaktadir. Otizmli yolculara 6zel
hizmet verebilmek amaciyla hem yer hem de kabin ekiplerine egitim veren tek
havayoludur. Diinya’nin ilk otizm sertifikali havayolu olmak i¢in aksiyonlar
almaktadir (Emirates, 2025).

Kopaenhag havalimaninda (Danimarka) taktil yollar ve sesli navigasyonla engelli
erigilebilirligi saglanmaktadir (Copenhagen Airport, 2025).

Changi Havalimani (Singapur) "Jewel Changi" projesi ile havalimani iginde orman,
selale ve sosyal dinlenme alanlar1 olusturup, bu alanlarda konserler, sanat sergileri

ve egitim programlar1 diizenleyerek toplumsal Katilimi yesil alanlarla
desteklemektedir (Changi Airport, 2025).

3.3. Esitlik ve Kapsayicihk

Esitlik ve kapsayiciligin havacilik sektoriinde temel gostergelerinin basinda cinsiyet esitligi,
engelli istthdami ve kiiltiirel ¢esitlilik gelmektedir. Tiirk havacilik tarihine basarilariyla adini
yazdirmig bir¢ok Tiirk kadin bulunmaktadir. Bunlarin basinda Tiirkiye’de tek basina ilk
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ucusu gergeklestirien kadin pilot Bedriye Tahir Gokmen, ilk kadin pilot sehidimiz Eribe
Hiirkus, Diinya ve Tiirk tarihinde ilk savas pilotu olan Atatiirk’iin manevi kiz1 Sabiha
Gokgen gelmektedir (Kuyucak, 2020). Gegmisten giinlimiize gelindiginde ise teknik
pozisyonlarda calisan sayisinin az oldugu, kadinlarin yogun ¢alistig1 alanlarin ise kabin ve
yer hizmetleri oldugu goriilmektedir (Assefa, 2019). Tiirkiye’de havacilik sektoriinde kadin
calisan oran1 %20 gibi cok diisiik bir seviyededir (SHGM, 2022). Ozellikle evlenip ¢ocuk
sahibi olmay1 diisiinen ya da ¢cocuk sahibi olan kadinlar annelik gérevleri nedeniyle havacilik
sektorlinlin 7 giin 24 saat ¢alisma modeline uyum saglamada zorlanmakta ve bu konuda
yogun stres yasamaktadirlar (Mouton ve Morrison, 2022). Esitlik ve kapsayicilik
kapsaminda havayollarinda alinan bazi 6nlemler bulunsa da say1 olarak yetersiz olarak
degerlendirilebilir:

e THY kadin pilot istthdamini arttirmak amaciyla kadinlara 6zel ise alim ve egitim
programlari diizenlemektedir. THY kadin pilot oran1 2023 yil sonu itibariyle %10
oranina yiikselmistir (THY, 2022).

e Tiirkiye nin ilk kadin havayolu Genel Miidiirii olarak gorev yapan Giiliz Oztiirk 2023
yilinda goreve bagladiktan sonra Pegasus’ta %4 olan kadin pilot istthdami1 %8’e,
Pegasus biinyesinde gorev alan kadin yonetici sayist ise %24’ten %30’a
yiikkselmistir. Pegasus’un ucaklarina ¢alisanlarinin  kizlarinin  ismini  vermesi
uygulamasi da sektorde oncii ve halen devam eden toplumsal cinsiyet esitligini
destekleyen 6nemli bir uygulamasidir (Pegasus, 2025).

e ABD’de Ohio merkezli bir kurulus olan ve diinyada kadin havacilarin
yetistirilmesine destek olan “Women in Aviation International (WAI)” Uluslararasi
Havacilikta Kadin Kurulusu Tiirkiye’de Mart 2024’te faaliyetlerine baslamistir.
Kurulusun ilk ve en 6nemli amaci Tiirkiye’de havacilik sektoriinde kadin istihdamini
IATA’nin da hedefledigi gibi ilk asamada %25 oranina c¢ikarmak olarak
belirlenmistir (Ozbek, 2024).

e KLM (Hollanda) havayollar1 "Kadin Liderligi ve Cesitlilik" konusunda istihdam
ettikleri kadin pilot oramini1 artirma amaciyla "Fly She Can" programini
uygulamaktadir (KLM, 2025).

e Qantas (Avustralya) havayollar1 yerli topluluklarla is birligi yaparak aborjin
kiiltiiriinli  destekleme amaciyla ugaklarinda yerli sanat¢ilarin  eserlerini
kullanmaktadir. Qantas havayollar1 yasadiklari, ¢alistiklari, ugtuklar1 topraklarin ve
su yollarinin “Geleneksel koruyucularini” takdir etmek, gegmisteki ve giintimiizdeki
yaslilara saygilarini sunmak icin “Flying Art” projesini baglatmis ve ilk Airbus A220
ucaklarin1 Aborjin temali boyatmislardir. 1994 yilindan beri, “Flying Art” (Ugan
Sanat) serisi araciligiyla filolarinda alt1 ugak Aborijin sanatgilar ve temsilcileriyle is
birligi yapilarak boyanmistir. Ayrica yerli Avustralyalilara istthdam saglamaktadir
(Qantas, 2025).

e Delta (ABD) havayollar kiiltiirel ¢esitlilik ve esitlik kapsaminda siyahi ve azinlik
pilot adaylarina burs destegi saglamaktadir (Delta, 2025).

142



Akduman, G. ve Karahan, G. (2025). Havacilikta siirdiiriilebilirlik: Sosyal boyutun 6nemi ve uygulamalari. Journal of Aviation Research,
7(2), 135-148.

Yavuz ve Aslan (2024) tarafindan havacilik sektoriinde kadin ¢alisanlarin firma karliligina
etkisini Tiirk Hava Yollar1 6rnegi ilizerinden analiz etmek amaciyla yapilan arastirma
sonucunda kadin c¢alisanlarin istthdam oraninda %1 oraninda bir artigin isletme karliligin
%0,21 oraninda pozitif olarak etkiledigi bulgusuna ulasilmistir. Bu arastirma sonucu da
kadin calisanlarin havayolu isletmelerine olumlu katkilar1 oldugunu gozler Oniine
sermektedir. Giingor (2023) tarafindan siirdiiriilebilir havacilik konusunu kadin yoneticilerin
bakis ac¢isindan incelemek amaciyla nitel olarak yapilandirilan arastirma sonucunda
havacilik sektoriinde gorev alan kadin ¢alisanlarin en temel sorunlari esnek olmayan ¢alisma
programlar1 nedeniyle ailedeki gorevlerini yerine getirememesi sonucu yasadiklari stres ve
erkek egemen calisma kiiltiirii oldugu belirlenmistir.

3.4. Tiiketici Haklar ve Erisilebilirlik

Havacilik sektoriinde yasanan ugus rotarlari, ugus iptalleri, bilet fiyatlandirmast ve ugus
degistirme ya da bilet iptal politikalar1 gibi etkenler tiiketici haklar1 ve erisilebilirlik
kapsaminda degerlendirilmektedir (Gossling ve Humpe, 2021). Sivil Havacilik Genel
Midiirligii (SHGM) tarafindan hazirlanan yolcu haklart konusundaki diizenlemeler mevcut
olsa da ucus iptallerinden kaynaklanan tazminat haklar1 yolculugun {i¢ saatten fazla
gecikmesi durumunda 600 EURO’ya kadar tazminat hakki verse de siirecin isleyisi
konusunda halen sorunlar ve gecikmeler yasanmaktadir (Tiiketici Dernekleri Federasyonu,
2023).

4. TARTISMA VE SONUC

Havacilik sektorii, ICAO verilerine gore Diinya ¢apinda hizmet veren 5000’den fazla ticari
havayolu, 17500 tanesi ticari yolculara acik olmak iizere toplam 41.000°den fazla
havalimani, 290°dan fazla IATA kayitli havayolu ve Tiirkiye kapsaminda hizmet veren 56
havalimani ile kiiresel ulasimin en Onemli parcalarindan biridir. Havacilik sektoriinde
stirdiirtilebilirlik gevresel ve ekonomik boyutlari yaninda sosyal boyuta da sahip olsa da
yogunluklu olarak c¢evresel ve ekonomik boyutlara odaklanilarak aksiyon alindig
gorilmektedir. Tirk Hava Yollar1 (THY), ulusal bayrak tasiyici havayolumuz olarak
Tiirkiye’de siirdiirtilebilirlik konusunda Oncli bir rol {istlenmis olup 2025-2030
siirdiiriilebilirlik hedeflerinde; 2030’°a kadar karbon emisyonlarimi %30 azaltmak,
stirdiiriilebilir havacilik yakit1 (SAF) kullanimini yayginlastirmak, tiim operasyonlarda "Sifir
Atik" hedefine ulagmak gibi ¢evre ve ekonomi ile ilgili faaliyetlerin yaninda sadece bir tane
sosyal etki ile ilgili “kadin pilot oranini %20’ye ¢ikarma” hedefi belirlemistir.

Siirdiiriilebilirligin sosyal bileseni “insan” boyutunu igermektedir ve havacilik sektoriiniin
gelecegi icin stratejik bir onceliktir. Tiirkiye’de siirdiiriilebilirligin sosyal boyutlar1 olan
insan kaynaklar1 yonetimi, toplumsal erisilebilirlik, esitlik ve tiiketici haklar1 alanlarinda
aksiyonlar alinmis olsa da iyilestirilmesi gereken bircok alan bulunmaktadir. Havacilikta
stirdiiriilebilirligin sosyal boyutu incelendiginde uygulamalarin yetersiz kaldig:i alanlar
tedarik zincirindeki sosyal riskler, Koronaviriis salgini sonrasi sektordeki daralma ve is
giivencesizliginin olugsmasi ve dijitallesmeyle birlikte artan otomasyon ve yapay zeka
kullanim1 olarak siralanabilir.
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Elkington’un (1997) ortaya koydugu “ii¢lii sarmal” modeli uyarinca, sosyal boyut cevresel
ve ekonomik siirdiiriilebilirligin  tamamlayicisidir.  Ancak havacilik  sektoriinde
stirdiiriilebilirlik ¢ogunlukla karbon emisyonlarinin azaltilmasi ve maliyet verimliligi
ekseninde degerlendirilmekte, bu da sektdrde calisan memnuniyeti, toplumsal katki ve
tiikketici haklar1 gibi konularin ikincil planda kalmasma neden olmaktadir (Gdssling ve
Humpe, 2021). Oysa ki siirdiiriilebilirligin sosyal boyutlari kurum performans ve ekonomik
stirdiiriilebilirlik tizerinde olumlu etkilere sahiptir. Bu baglamda Yavuz ve Aslan (2024)
tarafindan THY kapsaminda yapilan arastirma sonucuna gore kadin pilot oranindaki %1'lik
artisin karhihigr %0.21 artirdigi, Mouton ve Morrison (2022) tarafindan 15 havayolunda
gerceklestirilen arastirmaya gore psikolojik destek programlarinin galisan verimliligini %18
arttirmast  bulgulart sosyal siirdiiriilebilirligin - kurumsal performans ve ekonomik
stirdiirtilebilirlik tizerindeki olumlu etkilerini gostermektedir. Bu ¢alismanin bulgular1 da
havacilik sektoriinde stirdiiriilebilirligin sosyal boyutunun ¢evresel ve ekonomik boyutlara
kiyasla hala gorece ihmal edildigini ortaya koymaktadir. Sosyal siirdiiriilebilirligin temel
bilesenleri olan insan kaynaklar1 yonetimi, toplumsal erisilebilirlik, esitlik ve kapsayicilik
ile tiiketici haklar1 alanlarinda sinirli sayida iyi uygulama bulunsa da, bu uygulamalarin
sektorde yayginlagmadigi ve sosyal sorumluluk projesi ¢apinda kaldigi goriilmektedir.

Esitlik ve kapsayicilik konusundaki eksiklikler, oOzellikle kadin ¢alisan oraninin
disiikligiiyle kendini gostermektedir. Toplumsal erisilebilirlik ve sosyal sorumluluk
baglaminda IGA ve Emirates havayollarinin engelli bireylerin seyahat deneyimini
tyilestirmeye yonelik adimlarinin tiim sektor genelinde standartlastirilmas: gerekmektedir.
Changi ve Kopenhag Havalimanlari gibi 6rneklerde goriildiigii gibi, havalimanlarinin sosyo-
kiiltiirel yagam alan1 olarak da yapilandirilmas: sosyal siirdiiriilebilirlige yeni bir boyut
kazandirmaktadir. Tiiketici haklar1 agisindan ise, SHGM’nin diizenlemeleri 6nemli olmakla
birlikte uygulamadaki gecikmeler ve yolcu memnuniyeti diizeyinin diistikliigii, sistemsel
lyilestirme ihtiyacini gdstermektedir.

Bu arastirma stirdiirtilebilir havacilik i¢in uygulama 6rnekleri kapsaminda bilgi ve 6rnekler
sunarken ikincil kaynaklara dayanmasi ve sosyal siirdiirtilebilirlik uygulamalarinin sektorel
etkilerini nicel verilerle destekleyememesi nedeniyle sinirliliklara sahiptir. Gelecek
aragtirmalarda, havayolu ¢alisanlart ve yolcularla anket veya miilakatlar yapilarak nitel
veriler toplanabilir. Havayollar1 ve havalimani yoneticileri ile goriigmeler yapilarak nitel
arastirmalar yapilmasi, havacilik sektorii ve akademisyenlerle birlikte ortak ¢oziim
calistaylarin diizenlenmesi daha ayrimtili ve genellenebilir sonuglara ulasilmasim
destekleyecektir. Havacilik sektoriinde sosyal boyutta stirdiiriilebilirlik saglanmasi igin
asagida oneriler sunulmustur:

e Insan Kaynaklari Y&netimi kapsaminda; Calisanlarin fiziksel ve psikolojik
sagliklariin desteklenmesi i¢in 1yi olus programlarinin hazirlanarak uygulanmasi ve
bu sayede c¢alisanlarin stresi etkin yOnetilme becerilerinin ve psikolojik
saglamliklarinin arttirilmasi, havalimanlarinda gorev alan taseron calisanlarin
sendikal haklarmin arttirillmasi, siirdiiriilebilirlik stratejilerinin  sadece web
sitelerinde ve siirdiiriilebilirlik raporlarinda yazmasi yaninda uygulamalarin da
paylasilarak stirdiiriilebilirligin siireglere nasil entegre edildiginin gosterilmesi
yoluyla paydaslarda giiven yaratilmasi (is ilanlarinda ¢evre dostu yazmak yerine
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yenilebilir enerji ile ¢alisiyoruz gibi ger¢ek uygulama sonuglarinin paylasilmast),
stirdiiriilebilirlik konusunda farkindalik yaratmak i¢in verilen egitimlerin (¢evre
dostu uygulamalar, sifir atik bilinci, enerji verimliligi vb.) arttirilmasi,
stirdiiriilebilirligin ¢alisanlar tarafindan desteklenmesi i¢in goniillii stirdiiriilebilirlik
takimlar1  kurularak  siirdiriilebilirlik  temasli  etkinlikler  diizenlenmesi,
stirdiiriilebilirlik hedeflerinin ¢alisan ve yonetici boyutuna indirgenmesi.

o Esitlik ve kapsayicilik kapsaminda; havacilik sektoriinde kadin istihdamini arttiracak
projelerin yapilandirilarak uygulanmasi, engelli kisilerin havacilik sektoriinde
calismasini tesvik eden projeler ve ¢alisimlara imkan verecek ortamlarin yaratilmasi.

o Tiiketici haklar1 ve erisilebilirlik kapsaminda; Ucgus iptal ve rotar siireglerinde
tilkketici haklar1 konusunda yolcularin bilgilendirilmesi ve uygulanan siireglerin
havayolundan bagimsiz standart hale getirilmesi, yolcu sikayetlerimin 1ilgili
havayoluna hizli ulastirilip ¢ézlimlenmesi i¢in gerekli prosediir ve politikalarin
yapilandirilarak denetlenmesi.

e Cinsiyet esitligi kotalarinin yasal diizenlemelerle desteklenmesi.

e Havaliman1 gelistirme projelerinde sosyal etki degerlendirmesi zorunlulugu
getirilmesi
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Abstract

This study aims to understand the motivations of Aviation Management students in Turkey and their career
trends after graduation. The study examines how the growth of the aviation industry and the demand for
qualified labor force in this field affect students’ major preferences and career planning. In the study, data were
collected through a questionnaire developed for Aviation Management students and the data obtained were
evaluated using Multiple Correspondence Analysis (MCA). This method offers the opportunity to analyze the
relationships between categorical variables in depth. The findings will reveal the basic dynamics behind the
demographic, socio-economic and individual factors affecting students’ major preferences, as well as their
sectoral tendencies. The results of the research are expected to contribute to the development of educational
policies for the aviation sector and to the achievement of students’ career goals.
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Havacihik Yénetimi Boliimii Ogrencilerinin Meslek Yonelimlerine iliskin

Coklu Uyum Analizi Calismasi

Oz

Bu ¢aligma, Tiirkiye'deki Havacilik Yonetimi boliimii 6grencilerinin boliim tercih nedenlerini ve mezuniyet
sonrast kariyer egilimlerini anlamay1 amaglamaktadir. Arastirma, havacilik sektdriiniin biiylimesi ve bu
alandaki nitelikli is giiciine olan talebin 6grencilerin boliim tercihlerini ve kariyer planlamalarini nasil
etkiledigini incelemektedir. Calismada, Havacilik Yonetimi boliimii 6grencilerine yonelik gelistirilen bir anket
araciligiyla veri toplanmis ve elde edilen veriler Coklu Uyum Analizi (Multiple Correspondence Analysis-
MCA) yontemiyle degerlendirilmistir. Bu yontem, kategorik degiskenler arasindaki iligkileri derinlemesine
analiz etme imkani1 sunmaktadir. Bulgular, 6grencilerin boliim tercihlerini etkileyen demografik, sosyo-
ekonomik ve bireysel faktorlerin yam sira, sektdrel yonelimlerinin arkasindaki temel dinamikleri ortaya

koyacaktir. Arastirma sonuglarinim, havacilik sektdriine yonelik egitim politikalarinin gelistirilmesine ve
Ogrencilerin kariyer hedeflerine ulagsmasina katki saglamasi beklenmektedir.

Anahtar Kelimeler: Kariyer, Havacilik Yonetimi, Coklu Uyum Analizi, Egitim.
JEL Simiflandirma: 121, 126.
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INTRODUCTION

Career can be defined as a series of positions achieved by employees throughout their lives,
especially advancing in the same profession, receiving more and more monetary rewards
and responsibilities. In other words, it can be seen as progressing in the same field of work
over a large period of time (Bakioglu, 1996: 10). From a developmental perspective, a career
is the sum total of every event in an individual's professional journey throughout his/her life
(Vondracek, 1998). Career is the field in which an individual will progress in public or
private working life, pursued and worked to achieve success (Aytag 1997: 17). The concept
of career has organizational and individual dimensions. Career development of individuals
in terms of the organization enables them to work in the organization as experts in their field
and to produce solutions to problems, and this is important for the effectiveness of the
organization. Career development for the individual will ensure the creation of a happy
working environment in the organization and thus increase job satisfaction (Bakioglu &
Inandi, 2001: 514).

Career planning can be defined as a set of events, professional preferences and personal
development processes that an individual encounters throughout life (Vondracek, 1998).
This process is influenced by individuals' educational experiences, social environment and
economic status. Seving (2010) states that career choices are shaped not only by individual
characteristics but also by environmental factors such as family, friends and social pressures.

The aviation sector stands out as a strategic area that is growing rapidly on a global scale
and contributes significantly to the economic development of countries. In countries like
Tiirkiye, where the development of the aviation industry continues at a rapid pace, the need
for qualified human resources is increasing (Kaksa & Soycan, 2022: 123; Ulufer Kansoy,
2023: 25). In this context, the role of higher education institutions providing education in the
field of aviation has become quite critical. Aviation Management departments contribute to
the development of the sector and enable individuals to realize their career goals by training
individuals equipped with knowledge and skills in line with sectoral expectations (Bilkay,
2021). As of 2024, more than 35 universities in Tiirkiye offer undergraduate programs in
Aviation Management, indicating the growing academic and sectoral interest in this field
(YOKATLAS, 2024). However, studies to understand the motivations of students studying
in this field and their career intentions after graduation are quite limited (Sen, 2019; Kiraci
& Bayrak, 2014; Durmus & Tokyay, 2021).

In recent years, Tiirkiye has become an increasingly important country in the international
arena by making significant progress in the field of aviation with the advantages of its
geographical location. The long-term advancement of the civil aviation industry in Tiirkiye,
characterized by rapid population growth and urbanization, significant tourism potential, and
its emergence as a regional trade center, is of paramount importance (Bakir et al., 2017). A
number of legal regulations and standards have been introduced for the development of the
Turkish Civil Aviation Sector in the national and international arena and for the sector to be
carried out in a safe, reliable, high quality, open and transparent manner. By introducing
policies based on competition and safety in the airline transportation service, national
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competitiveness has been increased and the country's economic and social development
process has been accelerated (Battal et al., 2006).

Located at the intersection of Asia, Europe and Africa, Tiirkiye has managed to become an
important hub between these continents and is taking important steps to sustain this with
major investments such as Istanbul Airport and SMARTIST (Turkish Airlines Cargo Hub
Project) (Aksoy & Dursun, 2018: 1061). In such a growing sector, companies want to close
the personnel gap with educational institutions that provide qualified education in this field.
This has led to an increase in the demand for aviation schools and especially the aviation
management department, which is the most common department in this field. Students turn
to this field with the desire to contribute to the rapid expansion of the sector (Durali &
Ozdamar, 2021).

This study investigates the reasons affecting the departmental preferences of Aviation
Management students in Tiirkiye and their career goals after graduation. The study aims to
analyze the socio-economic and demographic characteristics of the students and the effects
of these characteristics on their preferences and orientations. The questionnaire used as a
data collection tool includes questions to understand students’ educational motivations,
perceptions about the sector and career expectations. The collected data were analyzed using
Multiple Correspondence Analysis (MCA). This method provides in-depth information
about students’ preferences and tendencies by analyzing the relationships between
categorical variables in detail (Johnson & Wichern, 2007).

When the literature is examined, it is seen that there are many studies examining the career
tendencies of students in different fields such as tourism, engineering and health, but
research focusing on aviation management students is quite limited (llgaz & Giizel, 2019;
Ates, 2016; Daku, 2021; Ternavska et al., 2023; Costa et al., 2025; Ying, 2025). This study
aims to fill this gap in the literature by providing a unique perspective on the educational
and career preferences of students in the field of Aviation Management. It is anticipated that
the findings of the study will contribute to the development of educational policies for the
aviation sector and help students to direct their career goals more consciously.

In this context, the research is looking for answers to the following questions:

* RQ1: What are the factors that influence Aviation Management students to choose
this department?

« RQ2: What are the factors that influence the sectoral tendencies of Aviation
Management students?

+ RQ3: What is the effect of external factors on aviation management students to
continue to work in the aviation industry?

This study is one of the first comprehensive analyses to understand the educational and
career preferences of Aviation Management students. In particular, a detailed examination
of the factors affecting the preferences of students studying in a dynamic field such as
Aviation Management will contribute to a better understanding of both individual and
sectoral needs. The results of the research will not only shape the individual career planning
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of the students, but also shed light on the development of strategies to create qualified human
resources for the aviation sector. This research, which aims to fill the gap in the literature, is
a valuable reference for reviewing aviation education policies and adopting student-centered
approaches. The findings are expected to contribute to a sustainable understanding of
education and career planning in the aviation sector.

1. THEORETICAL BACKROUND

Education is recognized as one of the most fundamental tools for individuals to reach their
career goals by improving their knowledge, skills and competencies. Especially higher
education is a process in which individuals shape their professional preferences and prepare
for the world of work. In this process, individuals' educational experiences, social
environment and economic conditions have a direct impact on their career choices
(Istanbullu Dinger et al., 2013). Career planning involves individuals setting lifelong goals
by evaluating their strengths and weaknesses and plays an important role in meeting sectoral
needs as well as personal development. Walker and Gutteridge (1990) define career planning
as the process of creating action plans in line with short, medium and long-term goals by
analyzing individuals' competencies.

The selection of a career is a significant matter in the developmental journey of young
individuals, as it is linked to both beneficial and adverse psychological, physical, and socio-
economic disparities that extend beyond adolescence into adulthood (Robertson, 2014;
Bubi¢ & Ivanisevi¢, 2016). When an individual is planning their career and determining the
field they want to work in, it is important to assess in which sector or job position they can
perform best based on their current skill set, educational background and experiences. To
assess this, it may be useful to use a multiple correspondence analysis (MCA). Such an
analysis can offer a data-driven approach to determining one's career path. MCA is
associated with the development of statistical science and the evolution of regression
analysis. In particular, statistics and regression analysis have been shaped over time by the
work and contributions of statisticians such as Francis Galton, Karl Pearson, Ronald Fisher,
Jerzy Neyman, Egon Pearson (Clausen, 1998; Suner & Celikoglu, 2008). While career
planning helps an individual to determine a career path that is compatible with his/her goals,
values and abilities, MCA allows him/her to evaluate the most suitable sectors or job
positions to achieve these goals. In this way, one's career planning can be more knowledge-
based and goal-oriented (Aytag, 2005).

In the literature, the factors affecting career choices are generally considered in two main
groups: individual and environmental. Individual factors include interests, personal
competencies and the professional values that the individual assigns to himself/herself, while
environmental factors include family, social environment, educational policies and
economic conditions (Kaynak, 1996). Seving (2010) states that social norms, economic
expectations and social environment have a strong influence on individuals’ career choices.
In a fast-growing field such as the aviation sector, understanding the factors affecting
students’ career planning is of great importance for sectoral sustainability.

Aviation Management is a discipline that aims to train qualified individuals to meet the
various operational and managerial needs of aviation, a complex and dynamic sector.
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Students studying in this department aim to specialize in areas that require technical
knowledge such as air transportation, logistics management, safety and security. However,
the high standards and sectoral expectations required by this education cause students to face
various factors that affect their education process and career planning (Kozak, 2009). Factors
such as limited internship opportunities, foreign language proficiency and financial
difficulties can make it difficult for students to achieve their career goals after graduation
(Richardson, 2008).

To further conceptualize the motivations behind such preferences, this study is grounded in
Holland’s Theory of Vocational Personalities and Work Environments. According to
Holland (1997), individuals tend to select career paths that match their personality traits. The
theory defines six personality types: Realistic, Investigative, Artistic, Social, Enterprising,
and Conventional (RIASEC). Aviation Management students often demonstrate
“Enterprising” and “Realistic” characteristics due to the operational and decision-making
nature of the industry. Those with an interest in administrative or support services may also
reflect “Conventional” traits. Framing the analysis within this theoretical model enhances
the understanding of students’ department choices and career intentions.

In addition, Donald Super’s (1990) Life-Span, Life-Space Theory views career development
as a lifelong process shaped by evolving self-concepts and life stages. University students
are typically in the "exploration stage," during which they begin to define their career goals
and assess educational paths. Variables such as age, class level, and academic progression—
used in this study—align with Super’s model.

Lastly, Krumboltz et al. (1976) Social Learning Theory of Career Decision Making
emphasizes that career choices are influenced by environmental factors, observational
learning, and chance events. In the context of this research, elements such as family
background in aviation, internship experience, and exposure to the industry can be seen as
learned influences shaping students’ career orientations. Integrating these three perspectives
enables a deeper understanding of how personality, developmental stage, and experiential
learning jointly impact career-related decisions

2. PREVIOUS STUDIES

There are studies on students’ career orientations in different contexts. Some of these studies,
including but not limited to these, are listed as follows:

Akis Roney and Oztin (2007) conducted research involving a sample of 450 Turkish
university students in the field of tourism to examine their perceptions of careers in tourism.
The results indicated that, overall, participants’ perceptions were neutral. The findings
indicated that the aspiration to pursue studies in tourism, the intention to engage in a tourism
career post-graduation, and relevant work experience are significant elements influencing
their perception of a career in tourism. Unal and Baran (2012) conducted a study on pre-
service teachers and found that the relationship between the satisfaction of pre-service
teachers with their choice of profession and their desire to develop themselves professionally
is regulated entirely by the efforts they plan to make professionally.

153



Akoglan Kozak and Dalkiranoglu (2013) examined the career orientations of Anadolu
University graduate students. The research data were analyzed with t-test and chi-square test.
As a result of the research, it was revealed that the students were not adequately guided in
their career preferences and made their preferences according to traditional patterns. In
addition, another finding of the study was that financial concerns override career
opportunities. Kirac1 and Bayrak (2014) conducted their research on the employment and
career status of civil aviation undergraduates with a survey model. In the study, it was
concluded that ensuring the job satisfaction of employees in terms of wages will make
significant contributions to aviation safety. In addition, the finding that a significant number
of civil aviation graduates are employed in a job related to aviation is one of the other
findings of the study.

Ates (2016) examined the factors affecting the career start preferences of students studying
in the field of aviation with the scale developed by Adigiizel (2008). The effects of family
members, relatives, legal factors, individual characteristics, economic and social
expectations, occupational characteristics, economic and political environment on career
plans were analyzed on average basis. As a result of the research, it was concluded that the
mother has the most influence among the family members of higher education students
studying in the field of civil aviation in Tirkiye. Another result of the research is that
teachers are the most important factor in the initial stage of career planning.

Ilgaz and Giizel (2019) conducted a study on the career continuity of tourist guidance
students. In the study, findings were obtained by MCA method about the desire of tourism
guidance students who study tourism at undergraduate level to continue their careers.
Kiigiikoglu et al. (2020) conducted their research on the career and entrepreneurship
orientations of vocational school students with a mixed method system in which qualitative
and quantitative research methods were used together in order to determine the career
preferences of Vocational School students taking entrepreneurship courses and the share of
entrepreneurship career in these tendencies. As a result of the research, the highest rate of
career preference among the students was determined as the private sector with 39.80% and
it was concluded that Vocational School students consider factors such as working
conditions, job security and regular income while choosing between the public sector and
entrepreneurship. Durmus and Tokyay (2021), in their research on the occupational
preference tendencies of Aviation Management undergraduate students, included the
measurement of preference tendencies and the analysis of the professions that students are
interested in outside the department.

Daku (2021) conducted a study to examine the relationship between aviation students'
happiness towards career guidance courses and its impact on career decision-making self-
efficacy. The study found that academic satisfaction, future time perspective and clarity of
career success criteria increased students' career decision-making self-efficacy, which in turn
had a positive effect on happiness. In a similar vein, Ternavska et al. (2023) have highlighted
the pivotal role of educational and professional motivations in shaping the career choices
and academic preferences of future aviation professionals. Costa et al. (2025) examined the
personal, cognitive and contextual factors that shape young people's interest in the aviation
industry, using the Social Cognitive Career Theory (SCCT) to reveal how the interaction of
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self-efficacy beliefs, outcome expectations and personal goals play a role in career choice.
In her 2025 analysis of the factors affecting student happiness towards career guidance
courses, Ying (2025) states that academic satisfaction and proactive personality are
important factors that positively affect students' career decisions and happiness. The extant
literature indicates that the factors influencing the career interests of young people in a
specific field, such as the aviation sector, are shaped by a multidimensional interaction.
Furthermore, educational and psychological factors supported from an early age appear to
strengthen career choices.

The fact that there is not enough research on the vocational orientations of Aviation
Management Department Students in the literature constitutes the motivation of the current
study. On the other hand, it is seen that few studies in the field of aviation management have
been evaluated through YOK Atlas data. As a result of the detailed literature review, no
MCA research study on vocational orientations of aviation management students was found.
In addition to the foreseen scientific contributions, it is thought that the research will provide
academic and sectoral contributions due to the methodology used and the characteristics of
the targeted research audience. In addition to these, the fact that no research has been
conducted on behalf of this department before will fill the gap in the literature. In order to
provide a clearer overview of previous studies, a summary table is presented below. Table 1
outlines the methods, findings, and thematic focus areas of related research that support the
context of this study.

Table 1. Summary of Previous Studies

Author(s) and | Scope Method Key Findings Thematic
Year Focus
Greenacre Correspondence MCA MCA is effective for | Method
(2007) analysis in practice analyzing multi-dimensional | Justification
categorical data
Pendergrass Career choice factors | Mixed Interest, family influence, and | Career
(2008) and academic | Methods academic performance affect | Planning
success choices
Wen & Chen | Mapping airline | MCA MCA helps visualize | Methodological
(2011) competition via competition between airlines | Contribution
MCA using categorical data
Steckel et al. | Career choice | Survey Reputation and  program | Institutional
(2018) motivations in quality influence student | Motivation
aviation science decisions
Ilgaz and Giizel | Career tendencies of | MCA Demographic and  socio- | Career
(2019) tourism economic  factors  affect | Planning
undergraduate student preference
students
Kiigiikoglu et | Career and | Mixed Working  conditions, job | Career
al. (2020) entrepreneurship qualitative security and regular income is | orientation
orientations of | and important while choosing
vocational  school | quantitative | between the public sector and
students methods entrepreneurship
Durmus & | Career Preferences | Survey Socio-demographic variables | Demographics,
Tokyay (2021) | of Auviation affect program choices Preferences
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Management
Students
Yavag et al. | Evaluation of | Survey& Internship satisfaction | Practical
(2021) Internship Observation | impacts career orientation Education
Experiences in
Aviation Education
Daku (2021) Career Aspirations of | Survey and | Students determine their | To understand
Collegiate Auviation | Interview career goals by prioritising the | the factors that
Students values of staying close to | shape the career
family and friends aspirations  of
university
aviation
students
Ternavska et al. | Educational and | Literature Motivational factors play a | Theoretical
(2023) professional review decisive  role in  the | study
motivations of future educational and professional
aviation specialists preferences of individuals in
career choices
Costa et al. | Analyse the career | Literature Career interest is formed by | Conceptual
(2025) development review the interaction of self- | Analysis
processes efficacy, expectations and
goals
Ying (2025) Modelling and | Survey Academic satisfaction, future | Career
analysing perspective and career success | Guidance
psychological and clarity increase self-efficacy Course
educational  factors Happiness
affecting student
happiness  towards
career guidance
courses

3. METHODOLOGY

This study aims to explore the factors influencing Aviation Management students’ selection
of their department and their career aspirations post-graduation. The study aimed to identify
the demographic characteristics of the students, their educational preferences, and the factors
influencing their career aspirations. The study employs a quantitative research method,
utilizing a questionnaire technique for data collection.

The study group of the research consists of students studying in the department of Aviation
Management at different universities across Tiirkiye. The study group was determined by
convenience sampling method. It can be said that accessibility to the research group and time
constraints were effective in the selection of this method. Within the scope of the study, 1050
students enrolled in the 2024-2025 academic year were reached and 990 valid responses
were obtained from these students.

The data collection tool to be used in the Multiple Correspondence Analysis of Aviation
Management Department Students’ Occupational Orientations is the questionnaire used in
Ilgaz and Giizel's (2019) study on tourism students. The questionnaire form used in the study
was adapted to the aviation management department and finalized by taking expert opinions.

The questions in the survey are; gender, age, family income level, city where the family
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lives, place of residence, foreign language level, internship status, reason for choosing the
department, grade, grade point average, preference status of this department if the exam is
taken again, department preference order, traveling by plane before starting school, tendency
to work in the field of aviation after graduation, whether there is an airport in the city where
the family lives, evaluation of whether the courses taken are sufficient to work in the sector,
whether the effects of epidemics such as covid-19 affect the perspective on the profession,
whether there are enough businesses to work in the field of aviation.

The survey form consisted of multiple-choice questions. The data were analyzed using
Multiple Correspondence Analysis (MCA). MCA extends Correspondence Analysis (CA)
and facilitates the analysis of relationship patterns among multiple categorical dependent
variables. This can be viewed as a generalization of principal components analysis for
categorical variables instead of quantitative ones. MCA has been (re)discovered multiple
times, leading to the identification of equivalent methods under various names, including
optimal scaling, optimal or appropriate scoring, binary scaling, homogeneity analysis,
scalogram analysis, and quantification method (Abdi & Valentin, 2007: 1).

MCA is employed to analyze a collection of observations characterized by nominal
variables. Each nominal variable comprises multiple levels, with each level represented as a
binary variable. Gender, categorized as male and female, represents a nominal variable with
two distinct levels. For a male participant, the model would be represented as 0 1, while for
a female participant, it would be represented as 1 0. The data table comprises binary columns,
with each nominal variable represented by a single column assigned the value “1”. MCA can
accommodate quantitative variables by recoding them into categories. A score ranging from
-5 to +5 can be categorized as a nominal variable with three levels: below 0, equal to 0, or
above 0. In this scheme, the value 3 is represented by the pattern 0 0 1. The coding scheme
for MCA indicates that each row maintains an identical sum, whereas for CA, each row
possesses the same weight (Abdi & Valentin, 2007: 2).

CA and MCA are multivariate exploratory methods for exploring and visualizing categorical
data. Dimensionality reduction techniques can be viewed as a generalization of principal
component analysis for categorical variables. CA and MCA offer graphical depictions of the
rows and columns in a contingency table (CA for two categorical variables) or a cross-table
(MCA for multiple categorical variables) (Hsu, Wu & Chen, 2022: 4). Consequently,
examining the typology of variables, categories, or individuals allows for the identification
of relationships among variables or categories and similarities among individuals. MCA
represents a particular application of CA to multivariate categorical data, which is encoded
as an indicator matrix or Burt matrix (Nenadic & Greenacre, 2005).

The MCA used in this study is a method that allows a deeper understanding of individuals’
preferences and orientations by analyzing the relationships between categorical variables.
MCA visualizes the relationship between different variables, allowing for a clearer
interpretation of the results. This method, which is frequently used in educational research,
is an effective tool for understanding students’ major preferences and career goals (Johnson
& Wichern, 2007). The MCA method, which has been successfully applied in studies
examining student trends in the tourism and health sectors, plays a critical role in
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understanding the effects of demographic and socio-economic factors (llgaz & Giizel, 2019;
Ates, 2016).

The use of Multiple Correspondence Analysis (MCA) in this study is justified by the nature
of the variables, which are primarily categorical. MCA enables the simultaneous analysis
and visual representation of the relationships between several categorical variables, making
it a suitable method for uncovering patterns in educational and social science data
(Greenacre, 2007).

While other methods such as chi-square tests or factor analysis could also be applied, they
are limited in their capacity to provide a multidimensional view of associations among
multiple categorical variables. For instance, chi-square tests focus only on pairwise
relationships, and factor analysis is typically designed for continuous variables. In contrast,
MCA offers both a statistical and graphical interpretation of the data, which is essential for
understanding complex interactions such as those present in students’ career preferences
(van der Heijden et al., 1997). This methodological choice aligns with previous research that
applied MCA in educational and career-related contexts.

The data collection process consisted of providing face-to-face questionnaires and online
forms to students who consented to participate in the study. The study’s purpose and scope
have been disclosed to the students, and participant confidentiality was guaranteed. The data
collection process lasted approximately four weeks. The data collected were analyzed
utilizing the SPSS software. The analysis involved calculating frequency and percentage
distributions of the participants’ demographic characteristics using descriptive statistics.
This method facilitated the visualization of the relationships among the reasons for selecting
a major, demographic factors, and career objectives. The analysis results were interpreted to
address the research questions and identify the factors influencing students’ preferences. The
findings are organized to facilitate both theoretical and practical implications.

4. FINDINGS
4.1.Descriptive Statistics

Within the scope of the study, 20 questions were asked to the students of aviation
management department. A total of 990 questionnaires, including first class (247), second
class (237), third class (279) and fourth class (227) students, were returned and the data were
included. Within the scope of the study, firstly, frequency analysis of the survey data was
performed. Then, multiple correspondence analysis was performed to determine the
relationships between variables. Frequency analysis was conducted on the answers given by
the participants to the survey questions. Percentage and frequency distributions of the data
related to frequencies are given in Table 2.
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Table 2. Descriptive Statistics

Variables Items Frequency Percent
Gender Male 392 39,6
Female 598 60,4
18-20 219 22,1
Age 21-22 491 49,6
23-24 252 25,5
+25 28 2,8
Dicle University 64 6,5
Alanya Alaaddin Keykubat University 23 2,3
Amasya University 43 4,3
Balikesir University 53 5,4
Mugla Sitki Kogman University 27 2,7
Erciyes University 57 5,8
Erzincan Binali Yildirim University 50 51
Eskisehir Teknik University 19 1,9
University Giimiishane University 46 4,6
1gdir University 24 2,4
Iskenderun Teknik University 115 11,6
Kastamonu University 158 16,0
Kocaeli University 90 9,1
Malatya Turgut Ozal University 20 2,0
Necmettin Erbakan University 50 51
Samsun University 13 1,3
Sel¢uk University 106 10,7
Isparta Siileyman Demirel University 32 3,2
Below 350 202 20,4
350-500 289 29,2
Income (USD) 351-650 182 184
651-850 123 12,4
Airport Existence at | Airport Exist 770 77,8
Family City No Airport 220 22,2
City Center 546 55,2
Current place of Suburb 31 3.1
residence County 311 31,4
Small town 23 2,3
Village 79 8,0
Poor 408 41,2
Foreign Language Medium 484 48,9
Level Good 91 9,2
Very Good 7 0,7
. Intern Done 280 28,3
Internship Status No Intern 710 717
Family working Aviator Exist 103 10,4
status in the aviation | No Aviator 887 89,6
industry
Family 50 51
Teacher 92 9,3
Selection Cause Love Aviation 466 47,1
Job Opportunity 247 24,9
Randomly 135 13,6
First Choice 379 38,3
2-5 343 34,6
Preference Order 6-10 149 15,1
11-23 91 9,2
Last Choice 28 2,8
Travelling by plane | Travel Air Before 462 46,7

159




Any Travel by Air 528 53,3

- Choice Again 725 73,2

Repeated Choice "o o Choice 265 26,8
Working in the Continue Aviation Career 838 84,6
aviation sector after | Undecided 126 12,7
graduation No Career 26 2,6
. Low 55 5,6

iiﬁ;gi;ade POt " Medium 580 58,6
High 355 35,9

1 247 24,9

Class 2 237 23,9
3 279 28,2

4 227 22,9

- Courses Enough 412 41,6
?g{ﬁls(;l:ncy of Undecided 258 26,1
Courses Not Enough 320 32,3

Covid19 etc effective 220 22,2

Covid-19 etc. Effect | Undecided 158 16,0
Covid19 etc not effective 612 61,8

. Firms Enough 390 39,4
E';L"W'\I'e”drgger Noidea 212 21,4
Not Enough Firms 388 39,2

Table 2 presents the frequency values of the survey conducted on the demographic
characteristics, department preferences and career orientations of Aviation Management
students in Tiirkiye. These data include information on various socio-economic factors such
as age, gender, income level, and whether the students have a family member working in the
aviation industry. In addition, information on students’ reasons for choosing their program,
whether they have done an internship or not, their foreign language proficiency level and
their career goals after graduation are also presented.

Of the survey participants, 39.6% were male and 60.4% were female. This rate indicates that
women are more interested in Aviation Management than men and that the gender balance
in the industry may be changing. This finding may serve as a preliminary indicator for future
studies on female representation in the sector. When we look at the age groups, 49.6% of the
students are between the ages of 21-22. This shows that the Aviation Management
department appeals to a young age group and career plans are largely shaped in this age
range. In addition, since this age group is still in the early stages of their education process,
it can be said that their expectations about the sector and their career goals can be shaped
more.

Looking at the university distribution, 16.0% of the participants were from Kastamonu
University, and there were participants from other universities with different rates. This
shows that the Aviation Management department has become widespread throughout
Tirkiye and the interest in the sector has increased, while the fact that the participants come
from various universities reveals that the demand for this department is spread over a wide
geography. When we look at the distribution by income level, 29.2% of the students earn
between 350-500 USD. This finding suggests that students’ living expenses and education
costs may be associated with their preferences. The distribution in other income groups
reveals that the interest in aviation management is widespread in different socio-economic
groups. The rate of individuals working in the aviation sector in the family is 10.4%. This
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rate shows that students’ ties with aviation are largely based on personal preferences and that
their interest in the sector is shaped by individual preferences and passions rather than
familial factors.

When the reasons for choosing the department are analyzed, 47.1% of the students chose
this department because they like aviation. This reveals that personal interest and passion
play a decisive role in their choice of department. The rate of internship remained at 28.3%,
indicating that there is a lack of practical experience in the sector and that students need
more practical experience. It was observed that most of the foreign language proficiency
level (48.9%) was at intermediate level. This finding indicates that language knowledge
plays an important role in the aviation industry, but students need to improve their language
skills. In terms of career goals after graduation, 84.6% of the students stated that they plan
to pursue a career in the aviation sector. This rate indicates a high interest in career
opportunities in the aviation sector.

Finally, the fact that 22.2% of the students stated that their career perspectives were
negatively affected by the effects of pandemic diseases such as Covid-19 on the sector
reveals that the negative effects of the pandemic on the aviation sector have significantly
shaped students’ career plans and their perspectives on the sector. The data in Table 2
provides an important overview of the demographic structure of Aviation Management
students, their reasons for choosing the department and their career orientations. This data
will constitute an important resource in shaping educational policies related to the sector,
making strategic decisions regarding the educational processes of students and developing
strategies for the labor force needs in the sector.

4.2.  Multiple Correspondence Analysis

Variables were grouped and MCA was performed in five groups. The variable of desire to
continue a career after graduation, which constitutes the purpose of the study, was included
in all five analyses. Information on the first analysis, the multiple fit analysis of the variables
of desire to continue career, gender, age and income level, is given below.

Table 3. Discriminant Measures for Gender, Age, Income, Aviation Career and Current
Place of Residence

Variables Dimensions
1 2

Working in the aviation sector after graduation ,293 ,040
Gender ,152 ,011
Age ,315 ,147
Income ,351 ,525
Current place of residence ,209 ,483
% of Variance 26,400 24,143

Table 3 presents the discriminant measures for the variables. The results obtained from the
table show the effects of variables such as gender, age, income and career continuity on
students’ career choices. Income level has the highest variance explanation rates in both
dimensions (35.1% and 52.5%). Residence status is the variable with the highest explanatory
power in the second dimension. This indicates that socio-economic conditions are a
determining factor, especially for students studying in a costly sector such as aviation. The
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age variable has a strong effect on the first dimension (31.5%), but its effect on the second
dimension is relatively lower (14.7%). This suggests that students’ age plays an important
role in understanding their career orientation, but may have a more limited effect than other
factors. While the gender variable made a low contribution in the first dimension (15.2%),
it was almost ineffective in the second dimension (1.1%). This suggests that gender is less
determinant in career choices compared to other demographic factors. Career continuity has
a significant contribution in the first dimension (29.3%), while its effect in the second
dimension is quite low (4.0%). This finding indicates that students’ career goals are strongly
related to the variables represented in the first dimension (income and age). Following the
presentation of the dimensions, Figure 1 shows the MCA analysis of the related variables.
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Figure 1. Cloud Map of First Group of Variables (Authors Evaluation)

According to the data obtained from the graph in Figure 1, the relationship between age,
income level, gender and career tendencies of students is clearly demonstrated. In terms of
age groups, it is seen that students in the 18-20 age group generally prefer to continue their
careers, whereas individuals aged 25 and above mostly do not have career plans. In terms of
income level, low-income individuals (below 350 USD) prefer to live in rural areas, while
high-income individuals (+850 USD) generally prefer to live in urban centers. Regarding
the gender variable, male students show a more pronounced tendency to pursue a career,
while female students are more likely to be undecided or not favorable to career plans.
Finally, when the type of residence is examined, it is found that individuals living in small
cities and urban centers have higher income levels, whereas individuals living in rural areas
are generally in the low-income group. These findings indicate that individual and
environmental factors significantly affect students’ career tendencies and preferences.
Following this information, Table 4 presents the findings of the discrimination criteria
related to the family status of the students.
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Table 4. Discriminant Measures for Aviation Career, Family Residence, Existence of
Airport, Family Working Status and Travelling by Plane

Variables Dimensions
1 2

Working in the aviation sector after graduation ,030 ,506
Existence of airport in the family place ,600 ,001
Family Place of Residence ,506 ,002
Family working status in the aviation industry ,002 ,544
Travelling by plane ,181 ,021
% of Variance 26,380 21,479

As a result of the analysis, it is seen that the variables are divided into two main dimensions.
The first factor explains 26.38% of the total variance and shows the relationship between the
environment where the individual lives and career continuity. The variables with the highest
values in this dimension are “Existence of airport in the family place” and “Family Place of
Residence”. This can be considered as a factor showing the connection between the
geographical location of the individual and aviation. The second factor explains 21.479% of
the total variance and stands out as a dimension related to the individual's family's
relationship with aviation and future career plans. The variables with the highest values in
this factor are “Working in aviation after graduation” and “Family working status in the
aviation industry”. This shows how an individual's family background and career goals can
affect his/her tendencies in the field of aviation. In addition, the variable “I traveled by plane
before starting school” has a low relationship with both factors. This shows that the variable
cannot be placed under a distinct dimension and can be considered as an independent
variable within the scope of the research. Following the presentation of the discriminant
measures, Figure 2 shows the results of the MCA between family status and career
continuity.

Joint Plot of Category Points

2 O Career_Aviation
Mo Career I Family_Ace
Family_Airport
O Family_Awistor
3 Travel_Air

Ayiator Exist
(e

Dimension 2

Trivel Air Before

Continue Aviation Ca
Mo Airport Othe L

. irport Exist ~.. __ "
Any T | by Ai i Cities Contain Big A
ny Travel by Air 4 -

Undgcided
o

T T T T T T
15 10 05 00 05 10 15

Dimension 1

Variable Principal Normalization.

Figure 2. Cloud Map of Second Group of Variables (Authors Evaluation)

Figure 2 shows the distributions between students’ career continuation status in aviation
management and their family background and travel experiences. The variable “Career
Aviation” is associated with the other variables at an intermediate point. In particular, there
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Is a significant dissociation between “Family working status” (aviator in the family) and
“Career Aviation”. This shows that the family history of aviation profession is poorly
reflected in the career plans of the students. The variables “Family Airport” (having an
airport in the area where the family lives) and “Travel Air Before” (having traveled by air
before) show a stronger relationship with the option to continue an aviation career. This
suggests that air travel experience or being close to an airport may affect students’ career
choices. On the other hand, the fact that the “Undecided” category is far away from the other
variables indicates that individuals in this group may have more independent preferences. In
conclusion, the data in the graph and the table show the impact of different variables on
students’ career planning in detail. Although career choices are influenced by family and
environmental factors, it is understood that these interactions are weak in some cases. Table
5 presents the discrimination criteria of the analysis conducted to define the relationship
between career continuity and the reason for, order of, and re-preference status of the
department.

Table 5. Discriminant Measures for Aviation Career, Selection Cause, Preference Order
and Repeated Choice

Variables Dimensions

1 2
Working in the aviation sector after graduation ,514 ,286
Selection Cause ,516 AT7
Preference Order ,219 ,380
Repeated Choice ,600 ,009
% of Variance 46,249 28,790

According to the findings presented in Table 5, it is seen that the variables are grouped into
two main dimensions. The first dimension explains 46.249% of the total variance and has a
strong relationship with the variables related to individuals’ reasons for choosing the
department and career plans after graduation. In this context, it is seen that the variable “If I
were to take the exam again, [ would choose this department again (Repeated Choice)” has
the highest loading value of .600. This shows that individuals’ commitment to and
satisfaction with their preferred department is strongly related to this factor. Similarly, the
variable “Career Aviation” has a high value of ,514. This shows that individuals’ post-
graduation career expectations and department preferences are significantly grouped under
the same dimension. The second dimension explains 28.790% of the total variance and is
related to individuals® preference rankings and reasons for choosing the department. For
example, the variable “Selection Cause” (What is your reason for choosing this department?)
shows a strong connection with this factor with a load value of .477. This shows that the
motivation of individuals in choosing a department can be considered as an independent
factor. In addition, the variable “Preference Order” (Indicate your preference ranking) has a
moderate relationship with the second factor with a value of .380. This indicates that
individuals’ preference ranking is related to their reasons for choice but has a relatively low
relationship with their direct career goals. Figure 3 shows the MCA conducted to define the
relationship between career continuity and the reason, order and re-preference status.
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The graph shows the distribution of students’ decision to pursue an aviation career and other
categorical variables. The category “No Career” (not considering an aviation career) is
located in a distant and independent position from the other variables. This shows that
students who do not intend to pursue an aviation career exhibit a different profile. The “First
Choice” and “Love Aviation” categories are located very close to the “Career Aviation”
variable. This shows that the interest in aviation and the fact that the department is among
the first choices have a strong influence on the decision to continue an aviation career. The
fact that the variable “Repeat Choice” is close to the same region as “Career Aviation”
supports the tendency of students with clear career plans to choose this department again.
The categories “Randomly” and “Last Choice” are in the same area as “No Career”,
indicating that these students have unclear career goals or limited interest in aviation. In
conclusion, the findings show that decisions towards an aviation career are clearly related to
interest, order of preference and propensity to choose again, whereas other factors such as
family influence are less determinant. Table 6 presents the discrimination criteria of the
analysis that presents the relationship between career persistence and variables indicating
the academic status of the student in university life such as internship, foreign language level,
grade point average.

Table 6. Discriminant Measures for Aviation Career, Class, Grade, Intern and Language

Variables Dimensions
1 2

Working in the aviation sector after graduation ,085 ,118
Internship ,687 ,023
Grade ,310 275
Class ,749 ,388
Language ,027 434
% of Variance 37,188 24,742
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As a result of the analysis, it is seen that the variables are grouped in two main dimensions.
The first dimension explains 37.188% of the total variance and has a strong relationship with
internship, grade level and academic achievement. In particular, the “Grade” variable has
the highest value in the first dimension with a factor load of .749. This shows that the grade
level of the student has the strongest relationship with this factor compared to other variables.
Similarly, the variable “Internship” has a very strong relationship with the first factor with a
loading value of .687. This shows that the student’s grade level and internship status are
significantly grouped under the same factor and that progress in the educational process is a
determining factor. The variable “Grade Point Average (Grade)”, which represents academic
achievement, shows a moderate relationship with the first factor with a loading value of .310,
while it is also related to the second factor with a loading value of .275. This shows that
academic achievement is related to both the educational process and other individual
variables. The second dimension explains 24.742% of the total variance and shows a stronger
relationship with students’ foreign language knowledge and academic goals. In particular, it
is seen that the variable “Foreign Language Level (Language)” has a higher connection with
the second factor with a loading value of .434. This shows that the foreign language level of
the student can be considered as an independent factor from other academic and vocational
variables. Figure 4 shows the MCA results of the relevant variables.
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Figure 4. Cloud Map of Fourth Group of Variables (Authors Evaluation)

Figure 4 shows the categorical distribution of students according to various variables.
According to the results of the MCA, students’ class level and internship status stand out as
the most determining factors in the first dimension. Class level and internship status
variables have high loadings in the first dimension, indicating that they are important
indicators of students’ academic progress and their relationship with the sector. Language
level is a more determinant variable in the second dimension. This indicates that it can be
associated with students’ academic achievements or professional competencies. Academic
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achievement level (Grade) has a moderate loading in both dimensions, indicating that
students’ overall academic performance is in a balanced relationship with different variables.
Looking at the positions of the category dots, it is seen that students who have done an
internship are generally in a similar position with students who have high academic
achievement and are considering continuing their career in the aviation sector. The
positioning of the “Intern Done” category in the positive first dimension suggests that
students who have completed an internship are generally career-oriented individuals.
However, the positive position of “No Career” in the first dimension indicates that students
who do not consider a career are differentiated from other variables. The high position of the
category “Very Good” in the second dimension, which includes students with high language
proficiency, suggests that it may be directly related to academic achievement or professional
competencies. On the other hand, students with low academic achievement and those with
low grade level show a similar distribution with individuals who have not done an internship.
The categories “Poor” and “Low” are positioned in the negative first dimension and low
second dimension, suggesting that these students have limited academic achievement and
sectoral experience. In conclusion, the results of the multiple correspondence analysis
indicate that students who are considering a career in aviation are generally individuals who
have high grade level, are academically successful and have internship experience. On the
contrary, it is observed that students with low academic achievement, those who have not
completed an internship and those who do not intend to pursue a career in the sector are in a
different position. These findings reveal that students’ academic and professional
development processes have a strong relationship with each other. Table 7 presents the
discrimination criteria for the relationship between career continuity and some external
factors.

Table 7. Discriminant Measures for Aviation Career, Courses, Covid and Firm Number

Knowledge
Variables Dimensions
1 2

Working in the aviation sector after graduation ,346 ,351
Sufficiency of courses ,445 ,062
Covid-19 etc. Effect ,343 ,400
Firm Number Knowledge ,407 ,263
% of Variance 38,532 26,894

According to the results of the analysis, students’ perceptions of the aviation sector and
various factors related to the sector are addressed in two main dimensions. The first
dimension explains 38.53% of the total variance, while the second dimension explains
26.89%. This shows that the first dimension is more determinative on issues such as
students’ future expectations and educational competence in the aviation sector. When the
loadings of the variables to the dimensions are analyzed, it is seen that the statement “I plan
to work in aviation after graduation” has moderate loadings in both dimensions (0.346 and
0.351). This shows that students’ career plans can be associated with both general
professional perception and sectoral opportunities. Students’ views on whether the courses
they have taken are sufficient for working in the sector (I think the courses I have taken are
sufficient for working in the sector) has a high loading in the first dimension (0.445). This
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situation reveals that students think that their education programs are a critical factor in terms
of preparation for the sector. However, in the second dimension, the effect of this variable is
quite low (0.062), meaning that this opinion is less related to other dimensions of
professional perception.

The variable on whether infectious diseases such as Covid-19 negatively affect the
perception towards the aviation profession (loadings of 0.343 and 0.400) has a significant
effect on both the first and second dimensions. This finding suggests that the pandemic is an
important factor shaping the perception towards the aviation sector and may affect students’
career plans. Finally, the perception of whether there are enough businesses to work in
aviation after graduation (“There are enough businesses to work in aviation) has a high
loading especially in the first dimension (0.407). This shows that employment opportunities
in the sector have a direct impact on students’ professional expectations. In general, the
analyzed variables reveal that external factors such as education quality, employment
opportunities and pandemic play an important role in shaping students’ professional
perceptions towards the aviation sector. The fact that students find the courses they take
sufficient and think that there are sufficient job opportunities in the sector stands out as an
important source of motivation for their career plans. However, the negative impact of global
crises such as Covid-19 on the perception of the profession brings along uncertainties about
the future of the sector. Figure 5 shows the results of the MCA for these variables.
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Figure 5. Cloud Map of Fifth Group of Variables (Authors Evaluation)

In the graph, students’ views on career plans for the aviation sector, the adequacy of the
courses they take, the impact of Covid-19 on professional perception and job opportunities
in the sector are analyzed in two main dimensions. While the first dimension reflects the
clarity and orientation of students’ views, the second dimension reveals their approaches to
uncertainty and variable factors. The graph shows that the category “No Career” has the
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lowest position in the first dimension. This shows that students who do not intend to pursue
a career in aviation are clearly differentiated from other variables and have a different
perspective towards the profession. It is observed that the “Undecided” category is clustered
at different points in both the first and second dimensions. This shows that students
experience uncertainty about the sector and that different factors may be effective in their
decision-making processes. In particular, it is seen that there are differentiations as “Courses
Enough” and “Courses Not Enough” regarding the adequacy of the courses.

It is understood that students who find the courses sufficient have a clearer stance on finding
a job in the sector and continuing their profession, while those who find them insufficient
are more indecisive. It is noteworthy that students are divided into two regarding the impact
of Covid-19. While the category “Covid19 effective” represents the students who think that
the pandemic has negatively affected their perception of their profession, the category
“Covidl9 etc. not effective” shows the students who think that these effects are not
important. The fact that students who find Covid-19 effective are more closely positioned
with the “Courses Not Enough” and “Not Enough Firms” categories suggests that the
pandemic may have increased concerns about the quality of education and employment
opportunities. Students who think that there are enough businesses in the sector are clustered
in the lower right region with the category “Firms Enough”, while those who think that there
are not enough job opportunities are located further to the left. This reveals that the
perception of job opportunities is directly related to students’ career expectations. In general,
the graph shows that there are significant differences in students’ views on the aviation sector
and that factors such as educational qualification, the effects of Covid-19 and job
opportunities shape these perceptions. Undecided students are mostly located in the middle
and upper regions, while those with clear views are generally located at the extremes of the
graph. These findings reveal that sector-related uncertainties and individual experiences
significantly affect the perception of the profession.

5. DISCUSSION, CONCLUSION AND RECOMMENDATIONS

This study aims to examine the attitudes of Aviation Management students towards their
profession and the factors affecting these attitudes. The aviation sector has a growing and
changing structure both worldwide and in Tiirkiye (Gursoy & Chi, 2020). However, despite
this growth, career opportunities in the sector carry various uncertainties, especially for new
graduates. Analyses have shown that the main factors affecting students’ professional
preferences and willingness to stay in the sector are related to academic experiences,
internship opportunities, language proficiency and employment opportunities in the sector.
It was found that students expressed different opinions on the adequacy of the courses taken.
Students who found the courses insufficient generally expressed concerns about the industry
and emphasized that academic programs should be more aligned with industry expectations.
Similarly, a study conducted by Richardson (2008) revealed that students studying in the
fields of tourism and aviation have difficulties in the sector due to the lack of practical
training. Therefore, it is important for aviation education institutions to increase the
opportunities for practical training. In addition, it has been observed that internship
experience plays a critical role in the decision to stay in the sector. While students who did
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not do an internship were more ambivalent about pursuing a career in the sector, students
who had an internship experience had a clearer attitude about continuing in the sector. This
finding is also observed in the research on the tourism sector conducted by Kozak (2009)
and reveals that practical experiences in the sector are decisive on career choice. Similar
results were reported by Yavas et al. (2021), who emphasized the effect of internship on
students’ career orientation.

One of the main reasons for students not considering a career in the aviation sector is their
perception that there are not enough employment opportunities in the sector. Previous studies
have also shown that graduates' uncertainty about finding a job, especially in fields with
volatile market conditions such as aviation and tourism, can negatively affect their
professional motivation (llgaz & Giizel, 2019). Therefore, the ties between industry
representatives and educational institutions need to be strengthened and students need to be
more aware of the industry. Finally, it was observed that the uncertainties created by global
crises such as Covid-19 had an impact on students’ career planning. The stoppages in the
aviation and tourism sectors during the pandemic caused individuals planning to pursue a
career in these fields to reconsider their decisions (Gursoy & Chi, 2020). Therefore, the
impact of the crises experienced in the sector on long-term professional plans should be
examined in more depth.

The findings of this study align with the theoretical framework discussed earlier. For
example, the relationship between program preferences and variables such as gender, age,
and internship experience support Holland’s (1997) vocational personality theory, in which
individuals choose environments that fit their personality types. Students drawn to aviation
due to its operational and leadership characteristics may reflect "Enterprising” and
"Realistic" types. Similarly, age and class level are variables closely related to Super’s career
development theory Super (1990), which views students in this age group as being in the
"exploration” stage—assessing possibilities and shaping their professional identities. The
observation that older students and those with more experience are more career-oriented
reflects this model. Furthermore, Krumboltz’s social learning theory helps interpret the
impact of environmental and experiential factors Krumboltz et al. (1976) such as having a
family member in the aviation sector, prior exposure to air travel, and internships. These
experiences likely contribute to the formation of students’ career decisions through
observational learning and perceived reinforcement. Thus, the study’s results are consistent
with the multi-dimensional nature of career development as described in these theoretical
approaches. All these findings suggest that the content of Aviation Management education
should be more aligned with sectoral expectations. Educational institutions should develop
closer relationships with industry stakeholders to facilitate students’ adaptation to business
life. In addition, students need to be better informed about job opportunities in the sector in
order to reduce their perception of occupational uncertainty. Future studies should focus on
strengthening the link between industry and education and identifying measures to help
students make more informed career planning.

The limited information in the literature on the educational and career preferences of
Aviation Management students increases the importance of this study. The rapidly
increasing demand for qualified labor force in the aviation industry requires a more
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conscious shaping of educational policies in this field. In this context, the findings of this
study will provide a valuable resource to better understand the needs in the sector and support
students in achieving their career goals. More effective planning of education processes and
the development of student-oriented approaches can make significant contributions to
sectoral sustainability. Since the data was collected solely from Turkish universities,
generalization of the results to other cultural or institutional contexts should be approached
with caution.

Significant findings were obtained in the context of the variables determined in the study.
However, these findings need to be examined in detail with different methods. In particular,
mixed studies using both qualitative and quantitative research methods can contribute to a
deeper understanding of students’ attitudes towards the sector. For example, the factors
affecting students’ decisions to pursue a career in the aviation industry can be elaborated in
the context of gender. In previous studies, it has been revealed that the reasons why female
students move away from some professions are related to factors such as the stress level of
the profession, its social status and its impact on family life (Aloudat, 2017). Similarly, the
factors affecting the career expectations of female students in the aviation sector can be
examined. In addition, due to the impact of the Covid-19 pandemic on the aviation sector,
students’ perceptions of occupational uncertainty should be investigated in detail. For
example, Gursoy and Chi (2020) stated in their study that the pandemic had negative effects
on the career planning of individuals working in the tourism and aviation sectors. Similarly,
long-term longitudinal studies can be conducted to understand students’ attitudes towards
the sector after Covid-19. Finally, the research can be repeated in the future with larger
samples and the career expectations and perspectives of aviation management students from
different universities can be examined comparatively.

The results of this study can inform several policy and educational practices. First,
universities offering Aviation Management programs should consider strengthening career
guidance services to support students in the exploration stage of their development.
Personalized counseling may help students better understand their career profiles and match
them with relevant industry roles. Second, the integration of practical training and mandatory
internships into the curriculum can significantly enhance students’ readiness for aviation
careers. Institutions should collaborate with airlines and ground handling companies to offer
structured, supervised internship experiences. Third, considering the importance of foreign
language proficiency in the global aviation industry, universities should reinforce language
training, especially English, within aviation programs. Lastly, sectoral stakeholders and civil
aviation authorities may use these findings to better understand the future workforce and
design initiatives (e.g., scholarship programs, mentorship opportunities, early talent
recruitment) that align with students’ expectations and motivations.

As with any research, this study also has some limitations. Due to time and resource
constraints, the data of the study is limited to a specific sample group of aviation
management students. Therefore, it should be cautious about the generalizability of the
findings. Future studies can increase the comparability of the findings by including a larger
sample of students from different universities. Similar limitations were also mentioned in
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the study conducted by Alkan and Kahraman (2021). The researchers emphasize that studies
conducted with students from a specific university may be insufficient to make generalizable
inferences about the sector. Therefore, it is recommended that mixed-method studies that
include the views of professionals working in the sector should be conducted in future
research. In addition, the variables used in the study were limited to certain factors. Cultural,
economic and personal factors that may affect students’ professional attitudes can be
addressed in a broader framework and contribute to future studies.
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Abstract

Gas turbine engines are critical components in aerospace, power generation, and industrial applications,
consisting of complex rotating and stationary parts subject to extreme mechanical, thermal, and aerodynamic
loads. A key component in modern gas turbines is the rotor blisk, which combines the blades and disk into a
single unit. Due to its complex geometry and harsh operating conditions, the rotor blisk experiences significant
mechanical stresses that must be accurately calculated to ensure reliability, safety, and optimal performance.
Traditional methods, such as finite element analysis (FEA), are widely used to calculate stress distributions
under various loading conditions. However, FEA is computationally expensive, especially when analyzing
multiple scenarios for different operating conditions. This computational cost can become a bottleneck in
iterative design studies and real-time decision making. To address this challenge, this study proposes a novel
approach that uses deep learning to predict stresses in rotor blisks under varying loads. A deep neural network
(DNN) was trained on FEA-generated stress data to learn the relationships between input parameters and
resulting stress distributions. The Al-based model was validated using unseen load scenarios for radial, axial,
and tangential stress distributions and maximum-minimum stress results, with a maximum deviation of 6% to
15% from FEA results. In addition, the Artificial Intelligence (Al) approach reduced the computational cost by
13,000 times faster than FEA by predicting results instead of solving complex equations. The Al approach
enables rapid stress predictions and facilitates real-time design iteration and optimization. These results
highlight the transformative potential of Al in engineering simulation, enabling faster, more efficient structural
assessments and advancing the optimization of gas turbine components in the aerospace and energy industries.

Key Words: Artificial Intelligence (Al), Finite Element Analysis (FEA), Gas Turbine Engine, Rotor Blisk,
Deep Learning

JEL Classification: C45, C63.

Gaz Tiirbinli Motorlarda Rotor Blisk icin Yapay Zeka Tabanh Gerilme

Tahmini

Oz

Gaz tiirbinli motorlar; havacilik, enerji iiretimi ve endistriyel uygulamalarda kritik bilesenler olup, asiri
mekanik, termal ve aerodinamik yiiklere maruz kalan karmasik doner ve sabit parcalardan olusmaktadir.
Modern gaz tiirbinlerinin temel bilesenlerinden biri, kanatlar1 ve diski tek bir biitiin halinde birlestiren rotor
blisktir. Karmasik geometrisi ve zorlu ¢aligma kosullar1 nedeniyle rotor blisk, giivenilirligin, emniyetin ve
optimal performansin saglanabilmesi i¢in dogru bir sekilde hesaplanmasi gereken 6nemli mekanik gerilmelere
maruz kalmaktadir. Sonlu elemanlar analizi (SEA) gibi geleneksel yontemler, farkli yiikleme kosullarinda
gerilme dagilimlarint hesaplamak i¢in yaygin sekilde kullanilmaktadir. Ancak, SEA o6zellikle farkli ¢aligma
kosullar1 i¢in ¢oklu senaryolarin analizinde hesaplama agisindan maliyetli olup, bu hesaplama yiikii
tekrarlamali tasarim ¢aligsmalarinda ve ger¢ek zamanl karar vermede bir darbogaz haline gelebilmektedir. Bu
zorlugun istesinden gelmek amaciyla, bu ¢alisma rotor blisklerde farkli yiikler altinda gerilmeleri tahmin
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etmek icin derin &grenme kullanan yeni bir yaklasim Onermektedir. Bir derin sinir ag1 (DSA), giris
parametreleri ile ortaya ¢ikan gerilme dagilimlart arasindaki iligkileri 6grenebilmek i¢in SEA tarafindan
tiretilmis gerilme verileri {izerinde egitilmistir. Yapay zeka tabanli model, radyal, eksenel ve tegetsel gerilme
dagilimlar1 ile maksimum-minimum gerilme sonuglari icin goériilmemis yiikk senaryolar1 kullanilarak
dogrulanmis ve SEA sonuglarina kiyasla %6 ila %15 arasinda maksimum sapma gostermistir. Ayrica, yapay
zeka yaklagimi karmagsik denklemleri ¢6zmek yerine sonuglari tahmin ederek SEA’ya kiyasla hesaplama
maliyetini 13.000 kat azaltmistir. Yapay zeka yaklasimi, hizli gerilme tahminleri yapilmasimi miimkiin
kilmakta ve gercek zamanli tasarim yinelemelerini ve optimizasyonu kolaylastirmaktadir. Bu sonuglar,
miihendislik simiilasyonunda yapay zekanin doniistiiriicii potansiyelini vurgulamakta, daha hizli ve daha
verimli yapisal degerlendirmeleri miimkiin kilmakta ve havacilik ile enerji endiistrilerinde gaz tiirbini
bilesenlerinin optimizasyonunu ilerletmektedir.

Anahtar Kelimeler: Yapay Zeka (YZ), Sonlu Elemanlar Analizi (SEA), Gaz Tirbinli Motor, Rotor Blisk,
Derin Ogrenme

JEL Smiflandirma: M10, M19.
INTRODUCTION

Gas turbine engines are integral components in a wide range of industries, including
aerospace, power generation, and industrial sectors. They are designed to operate under
extreme mechanical, thermal, and aerodynamic loads, where high efficiency, reliability, and
performance are of paramount importance (Mane et. al, 2023). These engines consist of
complex rotating and stationary components that work in tandem to convert energy into
mechanical power. Among these components, the rotor blisk which combines the disk and
blades into a single structure plays a critical role. Rotor blisks are typically used in
compressors, as they offer significant advantages such as weight reduction, enhanced
aerodynamic performance, and improved thermal management (Kumar, 2013). The
integration of the disk and blades into a single unit eliminates the need for traditional
fastening methods, resulting in a more streamlined and efficient design, as shown in Fig. 1.

Figure 1. Compressor rotor blisk

Source: Bandini et. al, 2024

Due to their complex geometry and harsh operating conditions, rotor blisks are subjected to
substantial mechanical stresses. These stresses are a result of various factors, including
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rotational speed, aerodynamic forces, and thermal expansion effects, all of which vary
depending on the engine’s operating conditions. The accurate calculation of these stresses is
essential for ensuring the component’s reliability, preventing fatigue failures, and optimizing
its lifespan (Elhefny & Megahed, 2018). Traditional methods such as finite element analysis
(FEA) are widely used to perform stress analysis under different loading conditions. FEA is
a powerful tool that provides high-fidelity results by breaking down complex geometries
into smaller, manageable elements and solving the governing equations. However, while
FEA is highly accurate, it is computationally expensive, particularly when multiple loading
scenarios must be analyzed. As a result, this computational burden limits the feasibility of
real-time analysis and optimization in many engineering applications, hindering timely
design decisions and innovation (Zhang et. al, 2016).

In recent years, artificial intelligence (Al) has emerged as a promising solution to accelerate
structural simulations and address the limitations of traditional methods like FEA. Al-driven
models, particularly those based on machine learning (ML), have shown the potential to
reduce the computational cost associated with structural analysis without compromising
accuracy. These models, often referred to as surrogate models, are trained on large datasets
generated through FEA or experimental testing. Once trained, they can predict stress
distributions under various loading conditions much faster than traditional FEA, thus
enabling real-time simulations (Shivaditya et. al, 2022). In particular, deep learning, a subset
of Al, has demonstrated significant promise due to its ability to capture complex, non-linear
relationships between input parameters and output results. Several studies have applied
machine learning-based methods in fields such as structural health monitoring, material
property prediction, and topology optimization, showcasing their ability to streamline design
and analysis processes (Plevris & Papazafeiropoulos, 2024). However, despite the growing
body of research on Al applications in engineering, the use of Al for stress prediction in
structural components under varying operational conditions is still an emerging field.

The application of Al in gas turbine engineering has already shown considerable potential
in improving performance and reducing maintenance costs. For instance, one study reviewed
Al applications in condition assessment and fault detection, noting the success of machine
learning models in enhancing the reliability of turbine systems (Zhao et. al, 2021). Similarly,
another study introduced a hybrid temporal convolutional network—autoencoder model for
real-time fault detection, improving diagnostic accuracy in gas turbine systems (Guo et. al,
2021). Other studies have proposed deep learning-based models for predicting low-cycle
fatigue life in turbine blades (Zhu et. al, 2022), optimizing turbine blisk temperature
distributions (Wang et. al, 2022), and enhancing fault detection under noisy conditions (Chen
et. al, 2022). One study applied dynamic neural networks to diagnose engine failures at an
early stage, while another leveraged Al-driven topology optimization to enhance the
performance of compressor rotor blisks, improving their strength and efficiency [13,14]. A
convolutional neural network (CNN) approach has been proposed for probabilistic low-cycle
fatigue life prediction of turbine blisks, demonstrating significant accuracy improvements
over conventional methods (Fei et. al, 2024). A comprehensive review of machine learning
strategies in turbine cooling design optimization has also been conducted, emphasizing the
role of surrogate models in reducing simulation time and design complexity (Li et. al, 2024).

179



Furthermore, a reduced-order modeling technique based on deep learning has been
introduced to predict unsteady pressure fields on turbine blades, substantially decreasing
computational effort while maintaining high fidelity (Joachim et. al, 2025). Another study
investigated reinforced symbolic learning with logical constraints for predicting turbine
blade fatigue life, integrating interpretability with predictive performance (Li et. al, 2024).
In addition, recent reviews have focused on Al-driven frameworks for predictive
maintenance and diagnostics in turbomachinery, addressing fault detection, anomaly
prediction, and reliability enhancement (Bunyan et. al, 2025).

These studies underscore the growing recognition of AI’s potential to optimize turbine
systems and improve their performance across various stages of the life cycle, from design
and operation to maintenance and failure prediction. Despite these advancements, the
application of Al in predicting the stress distribution of complex components like rotor blisks
under varying operational conditions remains an open challenge. Traditional FEA methods
require detailed geometric models and significant computational resources, which makes it
difficult to apply these methods in iterative design processes and real-time decision-making.
Deep learning-based approaches, on the other hand, offer a potential solution by enabling
faster and more efficient simulations.

This study introduces a novel deep neural network (DNN) approach for predicting stress in
rotor blisks subjected to a variety of loading conditions, including rotational speed, gas
pressure, and thermal loads. By training the DNN model using comprehensive FEA-
generated stress data, the model effectively learns the complex, non-linear relationships
between these input parameters and the resulting stress distributions. This research addresses
the existing gap by demonstrating how Al can significantly accelerate stress prediction for
critical aerospace components, thereby overcoming the computational limitations of
traditional FEA for design optimization and real-time assessment. Once trained, the model
can provide rapid predictions, with a maximum deviation of just 15% from traditional FEA
results, while reducing computational costs by approximately 3300%. This dramatic
reduction in computational load makes real-time design optimization feasible and opens up
new possibilities for rapid prototyping and iterative design processes in gas turbine
engineering. Moreover, the DNN-based approach provides an efficient way to perform
sensitivity analysis, enabling engineers to explore the effects of different loading conditions
on the component's performance without the need for extensive FEA simulations.

The main objectives of this study are:

e Todevelop arobust deep learning model for accurate stress prediction in rotor blisks
under varying operational conditions.

e To demonstrate the significant computational efficiency gains of the Al-based
approach compared to traditional FEA.

e To provide a framework for integrating Al into the design and analysis workflows of
gas turbine components, facilitating faster design iterations and optimization.

e Toanalyze and compare the radial, tangential, and axial stress distributions predicted
by the DNN with high-fidelity FEA results, identifying the model's strengths and
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limitations in capturing complex stress patterns.

The subsequent sections of this paper are organized as follows: Section-2 details the material
and methods, including the finite element analysis of the blisk model and the architecture of
the deep learning model. Section-3 presents the results and a comprehensive discussion of
the stress predictions. Finally, Section-4 provides the conclusions drawn from this study and
outlines potential avenues for future research.

1. MATERIAL AND METHOD
1.1. Finite Element Analysis of the Blisk Model

The finite element method (FEM) is a numerical technique widely used for solving complex
engineering problems involving structural, thermal, and dynamic analyses. It discretizes a
continuum domain into smaller subdomains, known as finite elements, connected at nodes,
thereby transforming partial differential equations into a system of algebraic equations that
can be solved computationally. The general governing equation of motion in FEM for a
dynamic system is expressed can be expressed as given in Equ. 1 (ANSYS, 2024).

[M]{u} + [C1{i} + [K]{u} = {F} (1)

Where M is the mass matrix, C is the damping matrix, K is the stiffness matrix, u is the
displacement vector, and F represents the external force vector. Depending on the problem
type, static or dynamic equilibrium conditions are enforced to obtain the solution. Since
external forces does not vary with time in this study, inertial and damping effects are
neglected and the general governing equation of motion becomes as given in Equ. 2.

[K1{u} = {F} (2)

In this study, FEA was employed to simulate the behavior of a blisk model under operational
conditions typically encountered in high-pressure compressor rotors. The geometry of the
blisk was generated using SpaceClaim, and the numerical simulations were carried out using
ANSYS Mechanical. To reduce computational costs while still capturing the key structural
behaviors, a one-blade sector representation of a 70-bladed blisk was chosen for the finite
element (FE) model. To replicate the behavior of the full blisk assembly without simulating
all 70 blades, cyclic symmetry boundary conditions were applied to the boundary faces of
the sector model as shown in Fig. 2. The model was meshed using 22,400 SOLID185 linear
hexahedron elements, which were selected for their suitability in accurately capturing the
complex geometries and stresses of the blisk while maintaining computational efficiency
and constrained in both the axial and tangential directions from the forward side face of the
disc bore and constrained only in tangential direction from aft side of the disc bore to
simulate the physical boundary conditions of the actual component as shown in Fig. 3.
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Figure 2. Compressor rotor blisk: 360° model (left), Cyclic secfor model (right)

The material used in the simulations was assumed to be isotropic and temperature-
dependent, reflecting the characteristics of high-performance titanium alloys commonly
used in compressor rotor blisks. This choice allows for the incorporation of the temperature-
induced variations in material properties, such as Young’s modulus, Poisson’s ratio, and
thermal expansion, which are critical when assessing the blisk’s performance under the
extreme conditions encountered in turbine operation.

The loading conditions applied to the model were designed to simulate the real operational
environment of high-pressure compressor rotors in gas turbine engines. These included
centrifugal forces, represented by varying the rotational speed between 0 to 12,000 RPM,
and aerodynamic loads, modeled by gas pressures ranging from 0 MPa to 0.5 MPa. To
capture the effects of temperature that occur during engine operation, thermal loads were
applied, with temperatures ranging from 0°C to 1,500°C, simulating both the thermal
expansion of the material and the resulting stress redistribution within the structure as shown
in Fig. 4. Geometric nonlinearity was taken into account in numerical simulations.
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Figure 3. Compressor rotor blisk: FE model (left), Boundary conditions (right)
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Figure 4. Applied loads for rotor blisk model: Rotational velocity (left), Gas pressure
(middle), Temperature (right)
The solution phase involved performing static analyses to evaluate stress distributions at
different load cases. A total of 10 distinct load cases were examined to obtain a
comprehensive dataset, which could later be used for further validation and potential deep
learning applications as shown in Table 1. The key performance indicators extracted from
the results included radial, tangential, and axial stresses for the blisk sector under various
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loading conditions. These findings provide valuable insights into the structural integrity and
operational safety of the compressor rotor, contributing to the optimization of its design and
performance.

Table 1. Applied loading conditions for the blisk model

Rotational Velocity Gas Pressure Temperature
(RPM) (MPa) (°C)
0 0.25 0

0 0 1000
500 0.01 50
1000 0 0
2500 0.03 150
4000 0.2 250
5000 0.08 450
7000 0.12 600
10000 0.3 850
12000 0.5 1500

1.2. Deep Learning Model

Artificial neural networks (ANNSs) are computational models inspired by the human brain,
consisting of interconnected units called perceptron. A perceptron is the fundamental
building block of an ANN, mimicking biological neurons by receiving weighted inputs,
applying an activation function, and producing an output using Equ. 3 as shown in Fig. 5.
When multiple perceptron is organized into layers, they form an ANN, which can learn
patterns from data and make predictions. Deep learning refers to a subset of machine learning
where ANNSs contain multiple hidden layers, enabling them to model complex and highly
nonlinear relationships in data. These deep networks are particularly effective in tasks such
as image recognition, natural language processing, and engineering simulations (Al-
Mahasneh et. Al, 2018).
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Figure 5. A biological neuron (left), a perceptron (right)
Source: Melina et. al, 2023

In this study, a deep neural network (DNN) was developed to predict the stress distribution
in the rotor blisk, leveraging FEA-generated data under various operating conditions. The
methodology and model architecture are comprehensively detailed as follows:
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« Data Preprocessing:

The input features (RPM, aerodynamic pressure, temperature) and output stress components
(radial, tangential, axial) were normalized to the range [-1, 1] to enhance convergence and
training stability. The dataset was divided into nine subsets for training and one subset for
validation. Additionally, an unseen load case was reserved to rigorously assess the model's
generalization capability.

» Neural Network Architecture:

The model comprises an input layer accepting normalized parameters, followed by four fully
connected hidden layers, each containing 256 neurons. The activation function used in all
hidden layers is the Rectified Linear Unit (ReLU), which transforms negative input values
to zero while keeping positive values unchanged. This function is computationally efficient
and helps mitigate the vanishing gradient problem, making it a preferred choice for deep
networks. The output layer employs a linear activation function that preserves the continuous
output values. These activation functions are defined in Equations 4 and 5.

* Training and Optimization:

Training minimizes the Mean Squared Error (MSE) loss function (Equation 6), which
calculates the mean of the squared differences between predicted and actual values. MSE is
widely used in regression problems involving continuous variables, as it penalizes larger
errors more heavily. The optimization uses the RMSProp algorithm (Equation 7), which
dynamically adjusts the learning rate for each parameter, improving stability and
convergence on the validation dataset. The learning rate is set to 0.001, balancing gradual
convergence and avoiding excessive fluctuations. The model is trained for 500 epochs to
ensure sufficient learning of complex data patterns while monitoring validation loss. These
hyperparameters, summarized in Table 2, were carefully selected to optimize the model’s
performance and enhance its generalization ability.
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Table 2. Hyperparameters for the deep learning model

Wiy1 = We —

Hyperparameter Value
Number of Layers 4
Neurons per Layer 256
Activation Function RelLU, Linear
Loss Function MSE
Optimizer RMSProp
Learning Rate 0.001
Epochs 500

For the validation, a single validation load set was utilized to assess the convergence of the
model. The evaluation metric used to measure model accuracy is the Mean Squared Error
(MSE). A lower MSE indicates improved model accuracy and better alignment with the
actual data. Figure 8 presents the evaluation of loss and MSE on both the training and
validation sets. The trends depicted in the graphs provide key insights into the network's
learning behavior. At the beginning, with a limited number of epochs, MSE values are
relatively high, showing that the network struggles to accurately capture the complex
relationships between the input and target variables. As the number of epochs increases, a
steady decrease in MSE is observed, which is in line with the expected behavior as the
network continuously adjusts its weights and biases. This ongoing adaptation improves the
network’s ability to more accurately predict the free response of the test bench. To validate
the DNN model, the predictions made by the trained model using the validation dataset were
also checked as shown in Fig. 7.
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Figure 7. Training and validation loss through epochs (left), predicton of nodal radial
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The proposed framework follows a structured pipeline comprising several key steps as
shown in Table 3: data generation via FEA simulations, data preprocessing and
normalization, deep neural network training, and final stress prediction.

Table 3. Workflow Stages for Al-Based Stress Prediction

Step No Stage Description
1 Data Generation | Stress data were generated by finite element simulations
. Data were normalized and split for training and

2 Preprocessing o
validation

3 Model Architecture A deep neural network W|_th four hidden layers was
established

4 Training The network was trained over 500 epochs

5 Prediction The model predicts stresses quickly for given inputs

6 Evaluation Accuracy was validated on unseen data

2. RESULTS AND DISCUSSION

This study investigates the stress distribution in a compressor rotor blisk subjected to
centrifugal, gas pressure, and thermal loads using both finite element analysis (FEA) and
deep neural networks (DNNSs). Radial, tangential, and axial stress components were analyzed
under ten different load cases, and the results were supplied to the DNN for training. The
model was subsequently tested on an unseen load case, with its predictions compared to FEA
results.

Radial stress distribution exhibited a characteristic gradient along the blisk, with maximum
stress concentrations occurring near the root of the blade due to the transition in cross-
sectional geometry as shown in Fig. 8. FEA results indicated a maximum radial stress of
1770.3 MPa, whereas the DNN-predicted value for the same location was 1789.5 MPa,
demonstrating a relative error within an acceptable range. The minimum radial stress was
observed at the root of the blade, where tensile and compressive stresses balanced out due
to centrifugal loading effects, with FEA predicting -257.69 MPa and the DNN predicting -
228.96 MPa. The overall radial stress distribution predicted by the DNN closely followed
the FEA solution, with minor deviations attributed to the interpolation behavior of the neural
network in regions with high stress gradients.
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Figure 8. Compressor rotor blisk radial stress results: FEA (left), Al prediction (right)

Tangential (hoop) stresses, which primarily result from centrifugal forces acting on the
rotating structure, showed peak values in the vicinity of disk upper bore region due to the
accumulation of rotational inertia as shown in Fig. 9. FEA simulations revealed a maximum
tangential stress of 790.13 MPa, while the DNN prediction yielded 661.68 MPa, showing a
slight underestimation. The minimum tangential stress was located near the inner hub region,
where compressive forces counterbalanced the tensile effects, with FEA predicting -257.32
MPa and DNN predicting -294.99 MPa. Despite the minor discrepancies, the overall stress
distribution trends were accurately captured by the DNN, reinforcing its capability to
generalize stress patterns under unseen conditions.
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Figure 9. Compressor rotor blisk tangential stress results: FEA (left), Al prediction (right)

Axial stress, influenced by both thermal expansion and mechanical loads, exhibited its
highest values near the disk-blade interface, where constraints on radial expansion induce
tensile stress as shown in Fig. 10. FEA results showed a peak axial stress of 327.94 MPa,
whereas the DNN-predicted value was 288.83 MPa, indicating a slight underestimation. The
minimum axial stress was recorded at the lower disk section, with FEA predicting -418.86
MPa and the DNN predicting -422.89 MPa, demonstrating strong agreement in compressive
stress regions. The stress distribution across the component followed a consistent trend, with
the DNN capturing the overall pattern effectively, though minor deviations were observed
in localized stress concentrations.
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Figure 10. Compressor rotor blisk axial stress results: FEA (left), Al prediction (right)

A key advantage of the DNN approach was its significant reduction in computational time.
The trained neural network predicted stress distributions in 0.005 second, compared to 50
seconds required for a single FEA run. This computational speed-up makes the DNN method
highly suitable for real-time applications such as optimization, digital twins, and structural
health monitoring. Future work will focus on improving prediction accuracy through refined
training strategies, expanding the dataset with additional load cases, and incorporating
physics-informed machine learning techniques to enhance generalization. Additionally,
integrating uncertainty quantification methods will provide confidence intervals for the
DNN predictions, further increasing its reliability in engineering applications.

The findings from this study confirm the promising potential of deep learning as a powerful
tool for accelerating stress analysis in complex engineering components. While minor
discrepancies exist between DNN predictions and FEA results, particularly in highly
localized stress concentration regions, the overall accuracy and the substantial reduction in
computational time underscore the practical applicability of this approach.
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Additionally, the main findings and their comparison with existing literature are summarized
as follows and presented in Table 4:

e The deep neural network (DNN) model accurately predicted radial, tangential, and
axial stresses within a maximum deviation of 15% compared to finite element
analysis (FEA), confirming its capability to generalize under unseen loading
conditions.

e The DNN approach achieved a computational speed-up exceeding 13,000 times
compared to conventional FEA, highlighting its potential for real-time structural
analysis and optimization.

e The significant reduction in computational storage requirements (from
approximately 34 MB for FEA results to 0.36 MB for the DNN model) supports the
feasibility of deploying this model in resource-constrained environments.

e Minor discrepancies in stress concentration regions indicate opportunities for further
refinement, possibly through enhanced training datasets or physics-informed
machine learning techniques.

e Compared to previous studies focused on fatigue life prediction [10], temperature
distribution [11], and topology optimization [14], this study uniquely presents full-
field stress prediction with a considerably higher speed-up, thereby extending the
application of Al in gas turbine blisk analysis.

e The proposed framework lays the foundation for integration with digital twin
technologies and structural health monitoring systems, which require rapid and
reliable stress predictions.

Table 4. Summary of key findings and comparison with literature

Finding Description Comparison with Literature
Stress prediction Maximum deviation of 15% for radial, Comparable accuracy to [10],
accuracy tangential, and axial stresses [11], [14]
Computational speed Prediction time of 5 ms compared to 66 s for Significantly higher speed-up
FEA (~13,200% speed-up) than prior studies
Storage efficiency Model size 0.36 MB vs. 34.25 MB for FEA Enables lightweight
results deployment
Applicability to unseen | Successful generalization to previously unseen Demonstrates robustness
load cases load conditions beyond training data
Potential for real-time Suitable for design iteration, optimization, Extends Al utility in gas
application digital twins, and structural health monitoring turbine component analysis

3. CONCLUSION

This study demonstrates the potential of combining finite element analysis with deep
learning for efficient stress prediction in the complex geometry of rotor blisks used in gas
turbine engines. By leveraging FEA to model the blisk’s structural behavior under realistic
loading conditions, a high-fidelity dataset was created that includes various combinations of
centrifugal forces, aerodynamic loads, and thermal effects. The application of cyclic
symmetry allowed for computational efficiency, reducing the need to simulate the full blisk
geometry while maintaining accuracy. The obtained FEA results served as the foundation
for training a deep learning model capable of predicting stress distributions in rotor blisks
under different operational conditions. The deep learning model, trained on the FEA dataset,
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exhibited strong predictive capabilities, providing a rapid alternative to traditional FEA
simulations. In comparison, to survey stress results for each node with the traditional FEA
approach requires 66 seconds for only one loading condition, whereas DNN predicts stress
results for each node within only 5 milliseconds. Moreover, traditional FEA requires 34250
kilobytes disk storage whereas DNN only requires 363 kilobytes. By reducing the time
required to perform complex simulations, this approach holds great promise for improving
design optimization and life prediction of gas turbine components, which are critical in
aerospace and energy industries. The deep learning model’s ability to predict stress with high
accuracy offers a powerful tool for structural engineers, reducing reliance on
computationally expensive and time-consuming FEA simulations. Through this research, we
have also shown the potential of Al-enhanced numerical simulations, where the integration
of deep learning can significantly reduce analysis time without sacrificing accuracy.

Future studies can focus on enhancing the deep learning model by exploring more advanced
neural network architectures, such as convolutional or recurrent networks, to better capture
spatial and temporal dependencies. Expanding the dataset to include a wider range of
operational conditions and failure modes will also improve model accuracy. Further
validation through experimental testing and the use of transfer learning for different
geometries and conditions could make the model more adaptable.

This study successfully addresses the computational bottleneck associated with traditional
FEA methods by proposing an accurate and efficient Al-based stress prediction framework
for rotor blisks. The demonstrated speed-up and reduced storage requirements underscore
the practical utility of this approach for real-time engineering applications and iterative
design processes. The insights gained pave the way for more efficient and robust design of
critical gas turbine components, contributing to advancements in aerospace and energy
sectors.
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Abstract

The aim of the study was to investigate the Aviation English needs of ab-initio air traffic controllers by applying
a needs analysis model from the field of English for Specific Purposes, which emphasizes three key
dimensions: lacks, wants, and necessities. The participant group comprised 86 ab-initio air traffic controllers
who were enrolled in course-based and university-based undergraduate education programs in Tiirkiye. The
data were collected using a structured questionnaire employing a 5-point Likert scale. The results revealed that
the highest average score was in the want dimension (M= 3.9163), indicating a strong internal motivation to
improve Aviation English skills. The necessity dimension followed (M= 3.6964), showing that participants
recognized the importance of meeting professional language requirements. The lack dimension received the
lowest score (M= 3.5388), suggesting a moderate level of perceived language deficiencies. These findings
point to the need for training programs that balance personal motivation with regulatory and operational
standards. A well-designed Aviation English program should integrate learners’ goals with the communication
demands of the profession to enhance both language development and aviation safety.

Key Words: Air Traffic Controller, Aviation, Aviation English, Aviation English Training, Needs Analysis.
JEL Classification: 120, M10, M19.

Ogrenci Hava Trafik Kontrolorlerinin Havacilik Ingilizcesi

Thtiyaclarimin Incelenmesi

Oz

Calismanin amaci, 6zel amach ingilizce alaninda gelistirilen ve eksiklikler, istekler ile gereklilikler olmak
lizere Ui¢ temel boyutu vurgulayan ihtiya¢ analizi modeli araciligiyla dgrenci hava trafik kontrolérlerinin
havacilik ingilizcesi ihtiyaglarini incelemektir. Aragtirmanin katidlimer grubu Tiirkiye’de kurs ve
iiniversitelerde lisans programlarina kayitli 86 dgrenci hava trafik kontrolériinden olugsmaktadir. Veriler 5
dereceli Likert 6lgegi kullanan yapilandirilmis bir soru formu araciligiyla toplanmistir. Bulgular en yiiksek
ortalama puanin istek boyutunda oldugunu gostermektedir (M= 3.9163). Bu durum havacilik ingilizcesi
becerilerini gelistirmeye yonelik giiglii bir i¢sel motivasyonu isaret etmektedir. Bunu katilimcilarin mesleki dil
yeterliliklerini kargilama gerekliligini fark ettiklerini ortaya koyan gereklilik boyutu izlemektedir (M= 3.6964).
En diisiik puani alan eksiklik boyutu ise (M= 3.5388), algilanan dil yetersizliklerinin orta diizeyde oldugunu
gostermektedir. Bu bulgular kisisel motivasyon ile diizenleyici ve operasyonel standartlar arasinda bir denge
kuran egitim programlarina duyulan ihtiyaci isaret etmektedir. Etkili bir havacilik ingilizcesi programi
Ogrenenlerin bireysel hedeflerini meslegin iletisimsel gereklilikleriyle biitiinlestirerek hem dil gelisimini hem
de havacilik emniyetini artirmay1 hedeflemelidir.

Anahtar Kelimeler: Hava Trafik Kontrolorleri, Havacilik, Havacilik Ingilizcesi, Havacilik ingilizcesi Egitimi,
Ihtiya¢ Analizi.
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INTRODUCTION

Aviation is a dynamic industry that supports economic growth and social development by
connecting people, countries, and cultures. These global connections help facilitate trade,
promote tourism, and encourage cooperation between developed and developing regions
(Camelia & Mihai, 2010). The development of aviation began with the first successful flights
in the early twentieth century and has continued to advance through constant innovation and
a strong focus on safety (Lohmann & Pereira, 2020). Important achievements such as the
Wright brothers’ first flight played a key role in shaping the early stages of the industry.
Over time, aviation has become a complex global system supported by modern engineering
(Raju et al., 2019), international regulations (Abeyratne, 2016; Paschke & Lutter, 2018), and
standardized operational practices (Singh, Sharma & Parti, 2024). Alongside these technical
and structural improvements, the growing complexity of the aviation environment has also
shown the importance of clear and effective communication among professionals from
diverse cultural and linguistic backgrounds. Within this dynamic industry, air traffic
controllers hold an important responsibility in maintaining the safety and systematic
management of air traffic operations. These professionals come from diverse cultural and
linguistic backgrounds, which makes effective communication and coordination essential in
ensuring safe and efficient air traffic services.

Charged with managing the safe and orderly movement of aircraft, air traffic controllers are
often required to make decisions under considerable time pressure, balancing the competing
goals of selecting the best possible option and doing so within a limited time frame (Johnson,
Payne & Bettman, 1993). This decision-making process demands not only technical
competency but also the effective use of cognitive abilities and social integrative skills to
guide aircraft and organize a safe and efficient flow of traffic (Sanne, 2001). In addition to
these operational competencies, communication emerges as a fundamental determinant of
performance. To optimize the effectiveness of pilot-controller interactions, standardized
aviation phraseology, English language competency, and domain-specific knowledge are
essential components (Hamzah, 2021). In this regard, the development of professional
competencies such as the correct use of standardized phraseology, listening comprehension,
sustained concentration, and the ability to deliver instructions that are accurate, clear, and
concise is essential for reducing communication errors and strengthening aviation safety
(Yang, Chang & Chou, 2023). Although technological innovations such as data link
communication, sophisticated air traffic control displays, and other advanced systems have
significantly enhanced the technical infrastructure of air traffic control, the human element
remains central to the system’s effectiveness (Rodgers, 2017).

The aim of the study is to fill that gap by examining the Aviation English needs of ab-initio
air traffic controllers in Tiirkiye, drawing on a needs analysis framework that differentiates
among necessities, lacks, and wants. Particular attention is given to the role of personal
motivation and professional expectations in shaping these needs, as well as to how ICAO’s
global standards intersect with local training practices and cultural dynamics. The findings
are expected to guide curriculum designers, support ESP practitioners in evaluating and
enhancing pedagogical strategies, and contribute to the development of contextually relevant
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course materials that promote motivated, effective, and standardized communication in air
traffic control.

1. LITERATURE REVIEW

Effective communication between air traffic controllers and pilots continues to be a
fundamental component of aviation safety, as even minor errors in verbal exchange can lead
to serious consequences (Prinzo & Britton, 1993). A key part of controller-pilot
communication is the readback-hearback loop as shown in Figure 1, where pilots repeat
instructions and controllers confirm their accuracy (Prinzo, Hendrix & Hendrix, 2008). The
effectiveness of the loop depends on communication competency, including the correct use
of standard phraseology, clear speech, and mutual understanding. Deficiencies in these skills
can lead to misunderstandings and compromise safety. Therefore, enhancing communication
competency is essential for ensuring the effectiveness and integrity of this safety-critical
exchange.

Listen

Air traffic controller’s hearback Pilot’s readback

Listen | Transmit

Figure 1. Readback-hearback Loop Between Air Traffic Controllers and Pilot

Considering the high stakes of air travel, the importance of standardized communication
cannot be overstated. Graddol (2006) states that nearly 75% of flights occur between
countries where English is not the main language, highlighting the significance of
communication proficiency in Aviation English, especially for those participating in
international aviation operations. Historical accidents, most notably the 1977 Tenerife
disaster, clearly demonstrate how miscommunications can lead to catastrophic outcomes
(Billings & Cheaney, 1981). In this particular incident, which remains the deadliest accident
in aviation history, ambiguous phraseology and non-standard communication between the
cockpit crew and air traffic control contributed to a fatal runway collision between two
Boeing 747 aircraft. This tragedy highlighted the urgent need for globally harmonized
aviation language protocols and strict adherence to standard phraseology. Subsequent
accidents have further reinforced the critical role of effective communication in maintaining
aviation safety. For example, the 1990 Avianca Flight 052 crash near New York was
attributed in part to the flight crew’s failure to communicate fuel emergency status in clear
and assertive terms, which resulted in a misinterpretation by air traffic controllers and
ultimately led to fuel exhaustion and a fatal crash (Helmreich, 1994). Similarly, the 1995
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crash of American Airlines Flight 965 near Cali, Colombia, which caused the death of all
163 people on board, involved multiple contributing factors. Although the primary cause
was identified as a navigation error by the American pilots, the Spanish-speaking air traffic
controller failed to provide appropriate instructions. This failure was attributed to
insufficient proficiency in English, and it was later acknowledged that more effective
communication might have prevented the accident (Tajima, 2004). The 1996 Charkhi Dadri
mid-air collision over India between Saudi Arabian Airlines Flight 763 and Kazakhstan
Airlines Flight 1907 was caused by a breakdown in communication, compounded by limited
English proficiency and non-compliance with air traffic control instructions. The 2006
collision at Brazil’s upper airspace between Gol Transportes Aéreos Flight 1907 and a
business jet, Embraer Legacy 600, also exposed the consequences of inadequate phraseology
use and loss of situational awareness due to communication lapses (Mathews et al., 2023).

These tragic events prompted the aviation industry to increasingly adopt standardized
phraseology and communication protocols aimed at minimizing ambiguity and enhancing
clarity in operational contexts (Drayton & Coxhead, 2023). English has emerged as the de
facto language of international aviation, a position shaped by significant historical
developments in global air transport and reinforced by linguistic characteristics that promote
precision and brevity in professional discourse (Alderson, 2011; Krasnicka, 2016). As the
designated lingua franca within the aviation sector, English serves a fundamental role in
facilitating effective and reliable communication among pilots, air traffic controllers, and
other aviation personnel operating in linguistically diverse environments (Campbell-Laird,
2004). Within this framework, Aviation English has developed as a specialized linguistic
register designed to address the communicative and safety-related demands of aeronautical
operations. In contrast to general English, Aviation English is defined by a controlled lexicon
and formulaic structures that support unambiguous, concise, and context-specific exchanges
during critical phases of flight (Tosqui-Lucks & de Carvalho, 2020). The codified nature of
this communicative variety enables the mitigation of language-related misunderstandings
and contributes to the standardization of communication across multicultural settings,
thereby strengthening safety margins. Furthermore, effective proficiency in Aviation
English extends beyond lexical knowledge to encompass phonological accuracy, prosodic
features, and adherence to institutionalized communicative routines, all of which are integral
to maintaining situational awareness and coordinated decision-making under time-
constrained and high-stress conditions (Rankov, Jovanovi¢, & Kapor, 2024). Accordingly,
operational competency in both general and Aviation English is recognized as an essential
professional qualification that directly influences the efficiency and safety of international
aviation operations (Rashid & Teslenko, 2020).

Given its distinct communicative characteristics and critical operational role, Aviation
English has been the subject of various scholarly definitions that reflect different disciplinary
perspectives and practical considerations. While Aiguo (2008) defines Aviation English as
a branch of English for Specific Purposes (ESP) with a clear focus on the aviation field,
covering both standardized phraseology and plain language, Estival and Farris (2016)
emphasize its functional nature, highlighting its use by both native and non-native English
speakers in operational communication. In a similar context, Feak (2013) considers Aviation

198



Tuncal, A. (2025). Investigating the aviation English needs of ab-initio air traffic controllers. Journal of Aviation Research, 7(2), 195-215.

English to be a spoken variety shaped by international guidelines, national policies, and
instructional content. Moder (2012), on the other hand, conceptualizes Aviation English as
the intersection of two forms: one that is simplified yet detailed for use in unexpected
situations, and another that is limited and routine-based, both regulated through professional
standards. Supporting this perspective, Cutting (2011) highlights that aviation professionals
use standard features of English, including pronunciation, structure, and interaction, but
these are adapted to meet the specific needs of aviation tasks and contexts. Aviation English
cannot be considered a native language, as its use requires specific training and adherence
to operational standards, regardless of the speaker’s native proficiency in English (Seiler,
2009).

Recognizing the safety risks posed by miscommunication, international aviation authorities
have emphasized the need for standardized language use. The International Civil Aviation
Organization (ICAO) has played a central role in setting global Aviation English standards.
Following several incidents in the late 1990s, ICAO identified inadequate English
proficiency among pilots and air traffic controllers as a critical safety concern. This led to
major regulatory amendments in 2003, a training and assessment manual in 2004, and the
adoption of standardized testing systems in 2007 (ICAO, 2010). ICAO’s Language
Proficiency Requirements define minimum expectations based on the ICAO Rating Scale.
Operational Level 4 is the baseline for certification and requires reassessment every three
years, while Level 6 allows permanent qualification. The scale includes six components:
pronunciation, grammar, vocabulary, fluency, comprehension, and interaction. At Level 4,
speech may reflect accent but remains intelligible; grammar and vocabulary are adequate for
standard operations; fluency may include some hesitation without disrupting flow; and
comprehension is generally accurate in routine contexts. Interaction, in particular, involves
timely and appropriate responses, as well as the ability to manage dialogue and resolve
misunderstandings through effective communication strategies (Alderson, 2009).

In order to meet the ICAO-mandated proficiency standards, educational frameworks have
increasingly relied on ESP methodologies tailored to aviation contexts. Training in ESP is
designed to meet the specific academic or professional requirements of learners,
emphasizing meaningful themes and real-world communicative tasks. Aviation English, as
a specialized branch of ESP, focuses on the linguistic needs of aviation professionals by
offering task-based and domain-specific content (Rochmawati, 2017). Due to the high-stakes
nature of aviation communication, such training must extend beyond general language
training to incorporate technical terminology, standardized phraseology, and intercultural
competency (ICAO, 2010).

At the core of effective ESP training lies a thorough needs analysis (Rahman, 2015). This
process is essential for identifying learners’ existing proficiency, specific competencies
required by their target context, and their personal goals and expectations (Basturkmen,
2010; Demirdoken, 2019). Needs analysis allows educators to tailor training content by
determining learners’ strengths, weaknesses, skills, and prior experiences with the English
language (Sally & Pradana, 2019). Moreover, the process of needs analysis involves several
stages, including problem definition, data collection planning, and the sequencing of relevant
procedures (Brown, 2016). Contemporary approaches to ESP highlight the importance of
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defining the target situation and studying the environment in which learners apply their
language skills (Otilia & Brancusi, 2015). This ensures that the course content is both
context-sensitive and learner-oriented. By grounding curriculum development in the
principles of communicative competency, needs analysis helps to design a syllabus that
reflects learners’ needs (Astika, 1999). Additionally, needs analysis contributes directly to
the construction of relevant learning tasks. Task design should stem from a clear
understanding of learners’ communicative needs within a particular professional domain or
learner community (Malicka, Gilabert Guerrero & Norris, 2019). In this respect, needs
analysis acts as a bridge between theoretical curriculum planning and practical language
training, ensuring that learners acquire language skills that are immediately applicable to
their future tasks. This learner-centered and systematic approach allows ESP training to
become more effective, relevant, and aligned with the demands of specific professions such
as aviation.

Considering the central role of needs analysis in ESP curriculum development, various
theoretical models have been proposed to structure this process. Among them, one of the
most influential was introduced by Hutchinson and Waters (1987), who categorized learners’
needs into three main components: necessities, lacks, and wants. In this model, "necessities"
refer to the essential skills and knowledge required for successful performance in a given
target situation. "Lacks" point to the gaps between the learner’s current abilities and these
target requirements, whereas "wants" relate to the preferences and motivations expressed by
learners themselves or identified by professionals involved in the educational process. This
tripartite framework allows for a more comprehensive understanding of learner profiles and
facilitates the design of tailored training programs. Beyond individual learner analysis, needs
assessment also serves broader institutional goals. It enables educational stakeholders to
examine the current state of curricula, programs, and teaching practices with a view to
strategic improvement (Karababa & Karagiil, 2013; Lambert, 2010). In this sense, needs
analysis is not limited to language training but becomes a valuable tool for program
evaluation and long-term planning. Moreover, the outcomes of a well-conducted needs
analysis contribute to more effective course design by identifying learning barriers, defining
course objectives, and selecting or adapting training materials (Ali & Salih, 2013;
Macalister, 2012; Mahmoud, 2014; Wu, 2012). This process supports educators in aligning
course content with both learners’ actual needs and the communicative expectations of their
target contexts. In domains such as aviation English, where communicative clarity and
operational precision are vital for safety, the importance of a robust needs analysis becomes
even more pronounced. However, the limited availability of domain-specific and
contextually appropriate teaching materials continues to be a challenge. By incorporating
multiple stakeholder perspectives, needs analysis provides a structured foundation for
designing targeted courses. This approach helps address learning gaps by clarifying learner
objectives and enabling instructors to prioritize training content accordingly (Dudley-Evans
& St John, 1998; Lertchalermtipakoon, Wongsubun, & Kawinkoonlasate, 2021).

Given the growing demands of the global aviation industry, the need for highly competent
air traffic controllers who can communicate effectively in English has become increasingly
evident. In Tirkiye, as in many other countries, Aviation English is integrated into the ab-
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initio training phase to prepare future controllers for the linguistic demands of operating in
international airspace. However, the success of this training depends largely on how well it
reflects the specific linguistic and contextual needs of learners. To ensure such alignment,
conducting a comprehensive needs analysis is essential. Without a clear understanding of
the learners’ communicative requirements, there is a risk that training programs may fall
short of preparing controllers for real-world operational scenarios. Although Aviation
English curricula are commonly shaped by the ICAO language proficiency requirements,
the extent to which these standards are met in local contexts remains underexplored.

Despite this, existing research in the field of aviation communication and language has
primarily focused on identifying and analyzing deviations from standardized phraseology
(Cardosi, 1994; Cardosi, Brett & Han, 1996; Hamzah & Fei, 2018; Howard, 2008;
Molesworth & Estival, 2015; Morrow, Lee & Rodvold, 1993; Morrow, Rodvold & Lee,
1994; Prinzo, 1996), which are recognized as key contributors to communication
breakdowns in aviation operations. Further attention has also been paid to the role of clarity
and pronunciation in ensuring mutual intelligibility, particularly in international and
multilingual flight operations (Hamzah, 2021; Jenkins, 2000). These findings highlight the
importance of designing training content that not only prioritizes correct phraseology but
also addresses pronunciation and other operational aspects of communication. Despite this,
limited research has addressed these needs within the Turkish context, particularly from the
perspective of ICAO language proficiency requirements. Although Demirdoken (2019) and
Sirin and Inan (2024) conducted a study exploring the ICAO language proficiency
requirements for ab-initio pilots, no comparable research appears to have been carried out
for ab-initio air traffic controllers. Given that effective communication in aviation is a shared
responsibility between pilots and controllers, examining the language needs of both parties
is critical. Therefore, identifying the specific linguistic challenges faced by ab-initio air
traffic controllers represents an important step toward improving communication
competency and promoting compliance with ICAO standards within the cultural and
institutional context of Tiirkiye.

2. METHODOLOGY
2.1. Population-Sample

The study population consists of 240 ab-initio air traffic controllers currently enrolled in
training programs at institutions authorized by the Directorate General of Civil Aviation of
Tirkiye, namely the General Directorate of State Airports Authority, Eskisehir Technical
University, and Istanbul Nisantas1 University. At the General Directorate of State Airports
Authority, ab-initio air traffic controllers begin their course based-training after graduating
from university and meeting certain entry requirements. On the other hand, those studying
at Eskisehir Technical University and Istanbul Nisantas1 University receive undergraduate
education in air traffic control, where both operational training and Aviation English are part
of the curriculum.

A convenience sampling method was employed for data collection. The data were gathered
through an online questionnaire, which was distributed to participants via social media
platforms commonly used by ab-initio air traffic controllers. Data collection took place
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between October 2024 and April 2025. A total of 86 respondents completed the survey in
full, and no data loss was observed.

2.2. Research Purpose

The study focuses on ab-initio air traffic controllers, who are in the early stages of their
professional training and are currently developing the communication skills needed for their
future roles in aviation. As clear and effective communication is essential for aviation safety,
it is important to understand the level of Aviation English proficiency these trainees possess
and to identify the specific areas where they experience difficulties. By examining their
needs, the study aims to provide insights that can support the development of more targeted
and effective language training programs. Grounded in the needs analysis model proposed
by Hutchinson and Waters (1987), the research distinguishes among three dimensions of
need: necessities, lacks, and wants. The primary goal of the research is to analyze the
Aviation English needs of ab-initio air traffic controllers by identifying the challenges they
face, the language skills they consider most important, and the aspects of training that can
be improved. The study also aims to explore how personal motivation and professional
expectations shape learners’ perceptions of their language needs. Ultimately, the study aims
to help improve the overall communication competency of future controllers, supporting
safer and more efficient air traffic operations. By aligning training design with both learner
motivation and industry standards, the findings are expected to contribute to more effective
and context-specific Aviation English education.

2.3. Research Instruments

Information Form: The demographic information form included items designed to gather
information on participants’ gender, age, and ab-initio training type.

Aviation English Needs Analysis Questionnaire: The Aviation English Needs Analysis
Questionnaire, developed by Demirddken (2019), was used in the study. The questionnaire
consists of 29 items divided into three sections, based on the classification by Hutchinson
and Waters (1987), who categorized target needs into three types: lacks, wants, and
necessities. The first section, comprising six items, aimed to identify learners’ lacks,
meaning the language skills they currently do not possess but need for the target situation.
The second section, consisting of five items, focused on learners’ wants, referring to the
specific language skills they wish to acquire based on their own interests and goals. The third
section, which included eighteen items, was designed to explore the necessities, that is, the
language skills that are considered essential for functioning effectively in the target situation.
All items were rated on a five-point Likert scale (1 = Strongly Disagree, 5 = Strongly Agree).
The Cronbach's alpha value for the questionnaire was calculated as 0.893, indicating high
reliability.

2.4. Ethical Approval

Ethical approval for the study was granted by the Ethics Committee of International Science
and Technology University. The approval was issued during the committee meeting held on
October 18, 2024, under the decision number 202410-01.

3. FINDINGS

202



Tuncal, A. (2025). Investigating the aviation English needs of ab-initio air traffic controllers. Journal of Aviation Research, 7(2), 195-215.

The demographic characteristics of the participants are presented in Table 1. In terms of
gender distribution, 59.3% of the participants were male (n = 51), while 40.7% were female
(n = 35). Regarding the type of ab-initio training pursued, 53.5% of the participants (n = 46)
were enrolled in undergraduate education programs, whereas 46.5% (n = 40) were receiving
course-based training. It is important to note that at the time of data collection, the
participants had not yet completed their training programs and were still actively engaged in
their educational processes. With respect to familiarity with Aviation English, 86.0% of the
participants (n = 74) reported being familiar with the concept, while 14.0% (n = 12) indicated
unfamiliarity. Similarly, when asked about their knowledge of ICAO language standards in
aviation, 81.4% (n = 70) stated that they were familiar, whereas 18.6% (n = 16) reported a
lack of familiarity.

The participants’ mean age was 23.07 years (SD = 2.78). The relatively low standard
deviation indicates that the age distribution was concentrated around the mean, reflecting a
high degree of homogeneity among the participants.

Table 1. Demographic Characteristics of the Participants

Frequency Percent

Gender Female 35 40.7

Male 51 59.3
Ab-initio training type University-based undergraduate education 46 53.5

Course-based training 40 46.5
Are you familiar with Aviation Yes 74 86.0
English? No 12 14.0
Are you familiar with ICAO language Yes 70 81.4
standards in aviation? No 16 18.6

The Kaiser-Meyer-Olkin (KMO) and Bartlett's Test are presented in Table 2. KMO measure
of sampling adequacy was calculated as .761, indicating a moderate level of sampling
adequacy for conducting factor analysis. According to Kaiser (1974), a KMO value above
.70 is considered acceptable, suggesting that the sample size is sufficient to produce reliable
factors. Bartlett’s Test of Sphericity was found to be statistically significant (¥2(406) =
1424.77, p < .001), confirming that the correlation matrix was not an identity matrix. This
result indicates that the variables are significantly correlated and therefore suitable for factor
analysis (Bartlett, 1954). Additionally, the cumulative percentage of variance explained by
the extracted factors was 50.322%. In exploratory factor analysis, a cumulative variance
above 50% is generally considered acceptable in the social sciences, as it reflects a
satisfactory level of explanation of the total variance by the identified factors (Streiner,
1994). Therefore, the data were considered appropriate for further factor analysis
procedures.

Table 2. KMO and Bartlett's Test

Kaiser-Meyer-Olkin Measure of Sampling Adequacy. 761
Bartlett's Test of Sphericity Approx. Chi-Square 1424.773
df 406
Sig. .000

An exploratory factor analysis (EFA) was conducted to identify the fundamental structure
of the Aviation English needs among ab-initio air traffic controllers. The factor loadings,
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means (M), and standard deviations (SD) of each item are presented in Table 3. The
exploratory factor analysis revealed a three-factor structure consistent with the theoretical
framework of the original questionnaire. The first factor, labelled as Lacks, had factor
loadings ranging from .460 to .793. The second factor, labelled as Wants, showed loadings
between .552 and .674, while the third factor, labelled as Necessities, had loadings ranging
from .388 to .786. All loadings exceeded the generally accepted minimum threshold of .30,
which indicates that the items adequately represent their respective latent constructs
(Biiytikoztiirk, 2020, Cassidy, 2016; Field, 2013).

Among all items, the highest mean score was observed for the item "I can ask for
clarification when I do not understand other people in terms of Aviation English” (M = 4.13,
SD = 0.682). This result suggests that participants feel confident in using communication
strategies to resolve misunderstandings during interactions. This was followed by "Oral
communication is vital for me to be competent in Aviation English" (M = 4.03, SD = 0.818)
and "I can ask for confirmation when a misunderstanding occurs™ (M = 4.02, SD = 0.735),
indicating a strong perceived importance of effective oral interaction skills in aviation
contexts. On the other hand, the lowest mean score was found for the item "1 need to improve
my reading comprehension skill to meet the Aviation English language standards” (M =
3.15, SD = 1.079). This may imply that participants perceive their reading abilities as
relatively sufficient or consider them less critical compared to speaking and listening skills.
This was followed by "I need to improve my pronunciation more than the other skills in
Aviation English" (M = 3.20, SD = 1.038) and "I can maintain fluent speech even in
emergency/abnormal situations” (M = 3.38, SD = 0.738), suggesting that fluency under
pressure and pronunciation are seen as more challenging areas or lower priorities in their
current learning needs.

Table 3. Means (M), Standard Deviations (SD), Factor Loadings, and Factor Distributions

M SD F1 F2 F3

Lacks 1.I need to improve my pronunciation more 3.20 1.038 .663
than the other skills in Aviation English.
2. I need to be a more fluent speaker of 3.83 935 .694
Aviation English.
3. I need to break through the difficulty of 3.74 7185 460

understanding different accents of aviators.

4. I need to improve my listening skill to meet 3.67 900 793
the Aviation English language standards.

5. Ineed to improve my reading 3.15 1.079 .597
comprehension skill to meet the Aviation

English language standards.

6. I need to improve my oral communication 3.64 .867 792
skill to meet the Aviation English language
standards.
Wants 7. It is essential for me to comprehend what I 3.81 819 .552

read in order to meet the Aviation English

language standards.

8. It is essential for me to comprehend oral 3.92 .843 .669
messages in order to meet the Aviation English

language standards.

204



Tuncal, A. (2025). Investigating the aviation English needs of ab-initio air traffic controllers. Journal of Aviation Research, 7(2), 195-215.

9. It is vital for me to understand written 3.85 976 .674
aviation documents in order to meet the

Aviation English language standards.

10. It is vital for me to understand aviation- 3.97 774 .615
related speeches in order to meet the Aviation

English language standards.

11. Oral communication is vital for me to be 4.03 .818 .603
competent in Aviation English.

Necessities  12. I can speak Aviation English fluently. 3.52 .808 433
13. I can pronounce Aviation English terms 3.85 712 .603
correctly.

14. My Aviation English accent is intelligible 3.78 .693 435
for other aviators.

15. I can have good control of sentence 3.57 .695 514
patterns in Aviation English.

16. My knowledge of Aviation English terms is 3.42 677 .388
enough to understand audio files related to

Aviation English.

17. My knowledge of Aviation English terms is 3.76 .650 .658
enough to express myself to other aviators.

18. My knowledge of Aviation English terms is 3.65 763 710
enough to explain an emergency/abnormal

situation.

19. I can communicate with other aviators 3.74 706 174
effectively.

20. I can maintain fluent speech even in 3.38 738 786
emergency/abnormal situations.

21. I am a fluent English speaker in terms of 3.48 7163 183
aviation.

22. 1 can respond to the questions of other 3.73 .562 .631
aviators appropriately.

23. 1 can maintain effective communication 3.69 .619 .628
when [ speak Aviation English.

24. 1 can easily understand a speech related to 3.73 .640 430
aviation.

25. 1 can ask for clarification when I do not 4.13 .682 .559
understand other people in terms of Aviation

English.

26. I can easily inform other aviators on a topic 3.73 .658 .678
related to aviation.

27. My knowledge of Aviation English terms is 3.69 .690 702
enough to explain a problem.

28. I can ask for confirmation when a 4.02 735 574
misunderstanding occurs.

29. I can express myself in black and white 3.66 .806 12
easily.

The mean scores, standard errors, and normality test values for the three dimensions of the
Aviation English Needs Analysis are shown in Table 4. According to the findings, the
highest mean score was observed in the wants dimension (M = 3.9163), followed by
necessities (M = 3.6964) and lacks (M = 3.5388). This pattern suggests that ab-initio air
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traffic controllers placed more emphasis on what they personally desire to improve in
Aviation English, rather than on what they objectively lack or what is required by the job.
The normality of the data was evaluated based on skewness and kurtosis values. As
suggested by Tabachnick and Fidell (2013), values between -1.5 and +1.5 for both skewness
and kurtosis indicate an acceptable level of normality. In the study, all three dimensions met
this criterion. Specifically, the skewness and kurtosis values for lacks were .111 and -.336;
for wants, .070 and -.785; and for necessities, -.162 and .219. These results confirm that the
data were approximately normally distributed and therefore suitable for further parametric
statistical analyses.

Table 4. Mean, Std. Error and Normality test

Mean  Std. Error  Skewness  Kurtosis

Aviation English Needs Analysis- Lacks 3.5388 07528 11 -.336
Aviation English Needs Analysis- Wants 3.9163 .07068 .070 -.785
Aviation English Needs Analysis- Necessities 3.6964 .04794 -.162 219

The reliability analysis results, shown in Table 5, indicate high internal consistency for each
dimension. The Cronbach’s alpha coefficients were .838 for the lacks dimension, .831 for
the wants dimension, and .912 for the necessities dimension. The overall reliability for the
entire questionnaire was found to be .881. According to Nunnally and Bernstein (1994), a
Cronbach’s alpha value above .70 is considered acceptable, and values above .80 indicate
good reliability. Therefore, it can be stated that the Aviation English Needs Analysis
Questionnaire demonstrated strong internal consistency across all dimensions and overall.

Table 5. Reliability Statistics

Cronbach's Alpha
Aviation English Needs Analysis Questionnaire- Lacks Dimension .838
Aviation English Needs Analysis Questionnaire- Wants Dimension 831
Aviation English Needs Analysis Questionnaire- Necessities Dimension 912
Aviation English Needs Analysis Questionnaire .881

The results of the independent samples t-test comparing Aviation English needs between
two distinct training modalities are presented in Table 6. Analysis indicates that course-based
trainees reported slightly elevated mean scores across all dimensions, with values of 3.5542
for lacks, 3.9350 for wants, and 3.7556 for necessities. In contrast, ab-initio undergraduate
trainees demonstrated marginally lower means of 3.5254, 3.90, and 3.6449 for the respective
categories. Despite these numerical differences, statistical testing confirmed the absence of
significant between-group differences (p > .05) in any of the assessed need dimensions,
suggesting equivalent perceived requirements for Aviation English proficiency regardless of
training approach.

Table 6. t-test Air Traffic Control Training Based of Aviation English Needs Analysis

Training Modalities n Mean Std. Deviation t P
Lacks University-based undergraduate education 46 3.5254 7377 -.190 .859
Course-based training 40 3.5542 .60903
Wants University-based undergraduate education 46 3.9000 71274 -246 .807
Course-based training 40 3.9350 59120

Necessities  University-based undergraduate education 46  3.6449 48524 -1.153 252
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Course-based training 40 3.7556 .39037

4. DISCUSSION

The study offers important insights into the Aviation English needs of ab-initio air traffic
controllers. The participants formed a demographically homogeneous group, which allowed
the data to be interpreted consistently. Although they had not yet completed their formal
training, many of these ab-initio air traffic controllers were already familiar with Aviation
English and ICAO language standards. This early exposure may reflect a growing awareness
of the importance of English communication in aviation, even at the initial stages of training.
Language proficiency is a key factor in ensuring the safety and efficiency of air traffic
operations (Barbieri, 2015).

Given the participants’ existing familiarity with standard phraseology and regulations, it was
important to examine their language needs in a more systematic way. To achieve this, the
study employed the needs analysis model developed by Hutchinson and Waters (1987),
which categorizes language needs into three components: necessities (target situation), lacks
(present situation), and wants (learning situation). The mean scores obtained for each
component were 3.9163 for wants, 3.6964 for necessities, and 3.5388 for lacks.

The finding that ab-initio air traffic controllers scored highest in the “wants” category
suggests a strong motivation to improve their English language skills, primarily driven by
personal interest and career development goals. This result is consistent with previous
studies emphasizing the importance of motivation in ESP learning. For instance, Alizadeh
(2016) highlights that motivation plays a central role in successful language acquisition,
particularly in professional contexts where language proficiency is closely linked to
performance outcomes. Similarly, Tomak and Paveli¢ (2017) found that learners who rated
their English proficiency higher were also more motivated to learn the language, highlighting
the link between perceived competency and motivation. In the specific context of air traffic
control, where clear and accurate communication is critical for safety, such motivation
becomes even more valuable. Furthermore, learner motivation can be enhanced through
well-structured training design. As shown by Kabdrgalinova et al. (2023), effective
motivation strategies in ESP settings contribute to more active and goal-oriented learners.
Conversely, demotivating factors such as outdated teaching methods and lack of relevance,
as identified by Hotak et al. (2024), may hinder progress. Therefore, the high motivation
levels observed in the study should be supported by modern, context-specific, and learner-
centered training programs to ensure sustained engagement and improved communication
performance in operational environments.

Following this, the relatively high score observed in the “necessities” category suggests that
the participants are aware of the external expectations of their future profession. Among
these expectations, English language proficiency stands out as a critical requirement for
ensuring safe and effective communication in international aviation. Language-related
communication failures between pilots and air traffic controllers have been identified as
contributing factors in approximately 70% to 80% of aviation accidents (Yan, 2013). This
finding highlights the need to prioritize English language training in air traffic control
education. In addition to its role in safety, English proficiency is also essential for developing
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the professional communication skills required for accurate and clear information exchange,
both verbally and in writing (Satvindar Singh, Cheong & Rahman, 2021). Furthermore, the
ICAO (2010) has emphasized that limited English proficiency among flight crew or
controllers has played a contributing role in the chain of events leading to several aviation
accidents. Therefore, the participants’ awareness of such linguistic and operational
necessities may be interpreted as a positive indication of their orientation toward meeting
international safety standards.

In contrast to the others, the “lacks” category received the lowest score, pointing to how
participants assess their current skills in relation to the expected performance level. As
Hutchinson and Waters (1987) explain, this dimension identifies the gap between what
learners can currently do and what they need to be able to do. This low score may not indicate
a lack of needs, but instead shows that learners have difficulty recognizing their own
deficiencies. Self-assessment in second language testing has shown mixed results and can
serve as an alternative to formal assessment, but its accuracy largely depends on the learner’s
familiarity with the skill being assessed (Ross, 1998). Without adequate training or reflective
practice, learners may not be able to identify their language gaps effectively (Sadler, 1989).
In addition, social desirability bias may also play a role, especially in contexts like Tiirkiye,
where learners may avoid admitting weaknesses in self-reports (Crowne & Marlowe, 1960).
These factors suggest that low “lacks” scores might not only indicate limited awareness but
also reflect socio-cultural and instructional variables, which should be considered when
designing Aviation English training programs.

Even though the mean scores for wants (M= 3.9163) and lacks (M= 3.5388) were relatively
close, the higher score for wants suggests that learners are more aware of what they want to
learn than of the areas they actually need to improve. Ab-initio air traffic controllers often
show strong interest and motivation to learn; however, they may not clearly understand
which specific skills require development. This situation may result from learners focusing
more on their personal interests or what they find relevant, instead of making an objective
assessment of their current weaknesses. The difference between perceived needs and actual
skill gaps is widely recognized in research on goal-based learning. While intrinsic
motivation, especially when related to learning goals, helps learners stay committed over
time (Rawsthorne & Elliot, 1999), it may not be enough to ensure accurate self-evaluation
of skill levels. Even highly motivated learners may continue learning with enthusiasm while
overlooking important weaknesses. For this reason, training programs should include
structured feedback and assessment tools to help learners identify and improve their specific
areas of need. This approach can ensure that learner motivation is aligned with real learning
goals.

Lastly, the comparison between training environments revealed no statistically significant
differences in the needs perceptions of ab-initio air traffic controllers from university-based
and course-based programs. This consistency suggests that, regardless of educational setting,
learners share similar views about their Aviation English needs. One possible explanation is
the common exposure to ICAO phraseology and international communication standards
(ICAO, 2010), which likely shapes a shared understanding of required language
competencies across institutions.
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5. CONCLUSION

The study aimed to investigate the Aviation English needs of ab-initio air traffic controllers
in Tiirkiye by applying a needs analysis model that distinguishes between lack, want, and
necessity. The results revealed that personal motivation (wants) was the most dominant
factor, followed by awareness of professional obligations (necessities) and a moderate
perception of existing deficiencies (lacks). These findings highlight the importance of
designing training programs that not only fulfill external regulatory requirements but also
align with learners’ internal motivation. When training content reflects both professional
standards and individual learning goals, it can promote more effective and sustainable
language acquisition.

In addition, the findings are consistent with ICAO’s (2010) emphasis on standardized
language proficiency as a foundation for safety and operational efficiency in aviation.
Although learner enthusiasm is high, the study reveals a need for objective language
assessments to complement self-reported evaluations. A training model that combines
learners’ perceptions with performance-based data may enhance communication
effectiveness, promote safety, and support long-term career development in the aviation
field.

5.1. Theoretical and Practical Implications

Theoretically, the study reinforces the importance of distinguishing among lack, want, and
necessity in needs analysis frameworks, as advocated by Hutchinson and Waters (1987). The
findings emphasize that effective ESP course design must integrate both subjective learner
perspectives and objective professional standards, particularly in contexts where safety and
operational clarity are vital, such as air traffic control.

Practically, the study suggests that Aviation English training programs should:

- Leverage learners’ motivation: Incorporate engaging and context-specific materials
that build on learners’ high internal drive to improve their English skills. This
emphasis reflects the prominent role of the “want” dimension in the findings.

- Align with professional requirements: Emphasize the necessity of meeting ICAO
(2010) and other aviation-specific language proficiency standards. Adhering to such
standards supports both operational safety and international communication
efficiency.

- Use objective assessments: Complement self-reported needs with initial diagnostic
evaluations and performance-based tests. This combination helps address actual
language deficiencies and reduces the risk of overestimating or underestimating
competency based on self-perception.

A comprehensive and competency-based training approach that combines personal learning
goals with professional communication demands is essential for optimizing language
development among air traffic controllers. Such integration contributes to both individual
career advancement and overall aviation safety.
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5.2. Limitations and Future Research

Several limitations should be acknowledged. First, the study relied on self-reported data,
which may be influenced by biases such as overconfidence or limited self-awareness. To
strengthen future findings, researchers are encouraged to include objective language
assessments, such as standardized proficiency tests or operational communication
simulations.

Second, the sample of the study consisted of 86 ab-initio air traffic controllers in Tiirkiye.
Although this provides valuable insights within a national context, the limited sample size
restricts the generalizability of the results. Future research could expand the scope by
conducting similar studies in different countries using comparable tools, which would allow
for cross-cultural comparison and broader applicability.

Third, the study adopted a cross-sectional design, capturing a single point in time. Future
research may benefit from a longitudinal approach to observe how English language needs
change over time, particularly after formal training or on-the-job experience. Additionally,
incorporating qualitative methods, such as interviews or focus group discussions, could
provide a more nuanced understanding of learner motivation, perceived challenges, and
training expectations beyond what quantitative data alone can reveal.

Fourth, the study did not account for contextual variables such as institutional training
policies, instructor qualifications, or variations in local operational language environments
across different training facilities. These contextual factors can significantly influence
learners' perceptions of language needs and their actual communication performance. Future
research could adopt a more ecological approach by integrating institutional data or
conducting multi-site comparisons to examine how organizational settings mediate language
learning outcomes.

210



Tuncal, A. (2025). Investigating the aviation English needs of ab-initio air traffic controllers. Journal of Aviation Research, 7(2), 195-215.

REFERENCES

Abeyratne, R. (2016). Regulation of Air Transport. Springer International Pu.

Aiguo, W. (2008). Reassessing the position of Aviation English: From a special language to
English for Specific Purposes. Ibérica: Revista de la Asociacion Europea de Lenguas
para—Fines Especificos (AELFE), 15, 151-164.

Alderson, J. (2011). The Politics of Aviation English Testing. Language Assessment
Quarterly, 8, 386 - 403.

Alderson, J. C. (2009). Air safety, language assessment policy, and policy implementation:
The case of aviation English. Annual Review of Applied Linguistics, 29, 168-187.

Ali, H. I., & Salih, A. (2013). Perceived views of language teachers on the use of needs
analysis in ESP materials writing. English Language Teaching, 6(3), 11-19.

Alizadeh, M. (2016). The impact of motivation on English language learning. International
Journal of Research in English Education, 1(1), 11-15.

Astika, G. (1999). The role of needs analysis in English for specific purposes. TEFLIN
Journal, 10(1), 31-47.

Barbieri, B. (2015). Aviation English: History And Pedagogy. Journal of Teaching English
for Specific and Academic Purposes, 2, 615-623.

Bartlett, M. S. (1954). A note on the multiplying factors for wvarious yx 2
approximations. Journal of the Royal Statistical Society. Series B (Methodological),
296-298.

Basturkmen, H. (2015). Developing courses in English for specific purposes. Springer.

Billings, C. E., & Cheaney, E. S. (1981). Information transfer problems in the aviation
system (No. A-8567).

Brown, J. D. (2016). Introducing needs analysis and English for specific purposes.
Routledge.

Biiyiikoztiirk, S. (2020). Sosyal Bilimler Icin Veri Analizi El Kitabu: Istatistik, Arastirma
Deseni, SPSS Uygulamalari ve Yorum (27. Baski). Ankara: Pegem Akademi.

Camelia, G., & Mihai, S. (2010). The economic and social benefits of air transport. Ovidius
University Annals, Economic Sciences Series, 10(1), 60-66.

Campbell-Laird, K. (2004). Aviation English: a review of the language of International Civil
Aviation. International Professional Communication Conference, 2004. IPCC 2004.
Proceedings., 253-261.

Cardosi, K. M. (1994). An analysis of tower (local) controller-pilot voice communications
(No. DOT-VNTSC-FAA-94-11). United States. Department of Transportation.
Federal Aviation Administration.

Cardosi, K. M., Brett, B., & Han, S. (1996). An Analysis of TRACON (Terminal Radar
Approach Control) Controller-Pilot Voice Communication (No. DOT-VNTSC-FAA-
96-7). United States. Department of Transportation. Federal Aviation
Administration.

Cassidy, S. (2016). The academic resilience scale (ARS-30): A new multidimensional
construct measure. Frontiers in Psychology, 7(1787), 1-11.

211



Crowne, D. P., & Marlowe, D. (1960). A new scale of social desirability independent of
psychopathology. Journal of Consulting Psychology, 24(4), 349-354.

Cutting, J. (2011). English for airport ground staff. English for Specific Purposes, 31(1), 3-
13.

Demirdoken, G. (2019). Ready for Take-Off: An Aviation English Needs Analysis Study in
Turkey (Unpublished Master's Thesis). Bahgesehir University, Graduate School of
Educational Sciences, Istanbul, Turkiye.

Drayton, J., & Coxhead, A. (2023). The development, evaluation and application of an
aviation radiotelephony specialised technical vocabulary list. English for Specific
Purposes, 69, 51-66.

Dudley-Evans, T., & St John, M. J. (1998). Developments in English for specific purposes.
Cambridge university press.

Estival, D., & Farris, C. (2016). Aviation English as a lingua franca. In S. T. Masi, F. G.
Amprimo, G. Ferrairs, & J. E. Priano (Eds.), Aviation English: A Lingua Franca for
Pilots and Air Traffic Controllers (pp. 1-21).

Feak, C. (2013). ESP and speaking. In B. Paltridge & S. Starfield (Eds.), The handbook of
English for specific purposes (pp. 35-53). Wiley-Blackwell.

Field, A. (2013). Discovering Statistics Using IBM SPSS Statistics (Fourth Edition).
London: Sage

Graddol, D. (2006). Why Global English may Mean the End of “English as a Foreign
Language”. United Kingdom: British Council.

Hamzah, H. (2021). Clarity and pronunciation of ab-initio air traffic controller. Aviation,
25(4), 252-261.

Hamzah, H., & Fei, W. F. (2018). Miscommunication in Pilot-controller Interaction. 3L:
Southeast Asian Journal of English Language Studies, 24(4).

Helmreich, R. L. (1994). Anatomy of a system accident: The crash of Avianca Flight
052. The international journal of aviation psychology, 4(3), 265-284.

Hotak, S., Hekmat, A. M., Kamal, M. M., & Rogmal, S. (2024). Investigating English for
Specific Purpose (ESP) learners’ perspectives towards factors causing demotivation
in ESP classes. JETLEE: Journal of English Language Teaching, Linguistics, and
Literature, 4(1), 13-26.

Howard, J. W. (2008). “Tower, am I cleared to land?”’: Problematic communication in
aviation discourse. Human communication research, 34(3), 370-391.

Hutchinson, T., & Waters, A. (1987). English for Specific Purposes: A Learning Centred
Approach. Cambridge: Cambridge University Press.

International Civil Aviation Organization (ICAO). (2010). Doc 9835- AN/453- Manual on
the Implementation of ICAO Language Proficiency Requirements, Second Edition.

Jenkins, J. (2000). The phonology of English as an international language. Oxford
University Press

Johnson, E. J., Payne, J. W., & Bettman, J. R. (1993). Adapting to time constraints. In Time
pressure and stress in human judgment and decision making (pp. 103-116). Boston,
MA: Springer US.

212



Tuncal, A. (2025). Investigating the aviation English needs of ab-initio air traffic controllers. Journal of Aviation Research, 7(2), 195-215.

Kabdrgalinova, S., Kenzhebekova, A., Mirzoyeva, L., Manapbayeva, Z., & Daineko, Y. A.
(2023). Motivating students in learning English for specific purposes (ESP). In
DTESI (workshops, short papers).

Kaiser, H. F. (1974). An Index Of Factorial Simplicity. Psychometrika, 39(1), 31-36.

Karababa, Z. C., & Karagiil, S. (2013). A needs analysis for learners of Turkish as a foreign
language. Education and Science, 38(170), 361-371.

Krasnicka, 1. (2016). English with Flying Colors: The Aviation English and the International
Civil Aviation Organization. Studies in Logic, Grammar and Rhetoric, 45, 111 - 124.

Lambert, C. (2010). A task-based needs analysis: Putting principles into practice. Language
Teaching Research, 14(1), 99-112.

Lertchalermtipakoon, P., Wongsubun, U., & Kawinkoonlasate, P. (2021). Need analysis:
English language use by students in the tourism and hospitality and industry. English
Language Teaching, 14(3), 59-71.

Lohmann, G., & Pereira, B. A. (2020). Air transport innovations: A perspective
article. Tourism Review, 75(1), 95-101.

Macalister, J. (2012). Narrative frames and needs analysis. System, 40, 120-128.

Mahmoud, S. S. (2014). A framework for investigating foundation year students’ needs in
general English in KAU: Needs analysis extended to curriculum development.
Journal of Language Teaching and Research, 5(2), 335-342.

Malicka, A., Gilabert Guerrero, R., & Norris, J. M. (2019). From needs analysis to task
design: Insights from an English for specific purposes context. Language Teaching
Research, 23(1), 78-106.

Mathews, E., Carson, J., Brickhouse, A., & Valdes, E. (2023). Language as a Factor In
Aviation Accidents and Serious Incidents: A Handbook for Accident Investigators ed.
3. https://commons.erau.edu/db-lhuft-book/3/ (Accessed on 19 Apr 2025).

Moder, C. L. (2013). Aviation English. In B. Paltridge & S. Starfield (Eds.), The handbook
of English for specific purposes (pp. 227-242). Wiley Blackwell.

Molesworth, B. R., & Estival, D. (2015). Miscommunication in general aviation: The
influence of external factors on communication errors. Safety science, 73, 73-79.

Morrow, D., Lee, A., & Rodvold, M. (1993). Analysis of problems in routine controller-pilot
communication. The International Journal of Aviation Psychology, 3(4), 285-302.

Morrow, D., Rodvold, M., & Lee, A. (1994). Nonroutine transactions in controller-pilot
communication. Discourse processes, 17(2), 235-258.

Nunnally, J., & Bernstein, 1. (1994). The Assessment of Reliability. Psychometric Theory,
3, 248-292.

Otilia, S. M., & Brancusi, C. (2015). Needs analysis in English for specific purposes. Annals
of the Constantin Brancusi University of Tdargu Jiu, Economy Series, 1(2), 54-55.

Paschke, M., & Lutter, C. (2018). Regulatory Framework of Global Aviation. Biokerosene:
Status and Prospects, 59-92.

Prinzo, O. V. (1996). An analysis of approach control/pilot voice communications (No.
DOT/FAA/AM-96/26). United States. Department of Transportation. Federal
Aviation Administration.

213


https://commons.erau.edu/db-lhuft-book/3/

Prinzo, O. V., & Britton, T. W. (1993). ATC/pilot voice communications: a survey of the
literature.
https://www.faa.gov/sites/faa.gov/files/data_research/research/med _humanfacs/oa
mtechreports/AM93-20.pdf (Accessed on 19 Apr 2025).

Prinzo, O. V., Hendrix, A. M., & Hendrix, R. (2008). Pilot English language proficiency
and the prevalence of communication problems at five US air route traffic control
centers (No. DOT/FAA/AM-08/21). United States. Department of Transportation.
Federal Aviation Administration. Office of Aviation. Civil Aerospace Medical
Institute.

Rahman, M. (2015). English for Specific Purposes (ESP): A Holistic Review. Universal
Journal of Educational Research, 3(1), 24-31.

Raju, D., Eleswarapu, L., Saiv, R., & Nath, V. (2019). Study and design of smart embedded
system for aviation system: a review. Nanoelectronics, Circuits and Communication
Systems: Proceeding of NCCS 2017, 573-590.

Rankov, D., Jovanovi¢, T., & Kapor, N. (2024). The challenges of aviation communication:
Aspects of using aviation English. Megatrend revija, 21(1), 201-216.

Rashid, Q. J., & Teslenko, N. (2020). Professionally oriented English teaching of future
aviation industry professionals. Universal Journal of Educational Research, 8(11B),
5768-5778.

Rawsthorne, L. J., & Elliot, A. J. (1999). Achievement goals and intrinsic motivation: A
meta-analytic review. Personality and Social Psychology Review, 3(4), 326-344.

Rochmawati, L. (2017, August). Adapting ICAO Language Aspects into Learning Activities
In Esp Course Construction for Air Traffic Controller. In International Conference
on English Language Teaching (ICONELT 2017) (pp. 97-102). Atlantis Press.

Rodgers, M. (2017). Human factors impacts in air traffic management. Routledge.

Ross, S. (1998). Self-assessment in second language testing: A meta-analysis and analysis
of experiential factors. Language Testing, 15(1), 1-20.

Sadler, D. R. (1989). Formative assessment and the design of instructional systems.
Instructional Science, 18(2), 119-144.

Sally, S., & Pradana, S. A. (2019). A need analysis English for business course. English
Education: Jurnal Tadris Bahasa Inggris, 12(2), 139-146.

Sanne, J. (2001). Creating Safety in Air Traffic Control. Administrative Science Quarterly,
46, 345.

Satvindar Singh, R. K., Cheong, C. Y. M., & Rahman, N. A. A. (2021). Spoken and Written
Communication Needs of Aviation Management Trainees. International Journal on
Social and Education Sciences, 3(3), 535-547.

Seiler, W. (2009). English as a lingua franca in aviation. English Today, 25, 43-48

Singh, S., Sharma, S. K., & Parti, R. (2024). Role of Aviation Infrastructure in Aviation
Operation. In New Innovations in Al, Aviation, and Air Traffic Technology (pp. 212-
245). IGI Global.

Sirin, P. & Inan, T.T. (2024). Safety in focus: Analyzing aviation English competency
among ab-initio pilots. Collegiate Aviation Review International, 42(2), 41-62.

214


https://www.faa.gov/sites/faa.gov/files/data_research/research/med_humanfacs/oamtechreports/AM93-20.pdf
https://www.faa.gov/sites/faa.gov/files/data_research/research/med_humanfacs/oamtechreports/AM93-20.pdf

Tuncal, A. (2025). Investigating the aviation English needs of ab-initio air traffic controllers. Journal of Aviation Research, 7(2), 195-215.

Streiner, D. L. (1994). Figuring out factors: the use and misuse of factor analysis. The
Canadian Journal of Psychiatry, 39(3), 135-140.

Tabachnick, B.G. & Fidell, L.S. (2013). Using Multivariate Statistics (6th Ed.). Boston:
Allyn & Bacon.

Tajima, A. (2004). Fatal miscommunication: English in aviation safety. World Englishes,
23(3), 451-470.

Tomak, T., & Paveli¢, M. (2017). Motivation towards studying English for specific purposes
among students of medical and healthcare studies. Jahr — European Journal of
Bioethics, 8, 151-170.

Tosqui-Lucks, P., & de Carvalho, A. L. B. (2020). Aeronautical English: Investigating the
nature of this specific language in search of new heights. The Especialist, 41(3).

Wu, Y. (2012). An empirical study on needs analysis of college business English course.
International Education Studies, 5(2), 216-221.

Yan, R. (2013). Assessing the English language proficiency of international aviation staff.
The Companion to Language Assessment, 1, 484-496.

Yang, H. H., Chang, Y. H., & Chou, Y. H. (2023). Subjective measures of communication
errors between pilots and air traffic controllers. Journal of Air Transport
Management, 112, 102461.

Bu eser Creative Commons Atif-GayriTicari 4.0 Uluslararasi Lisansi ile lisanslanmistir.

215


http://creativecommons.org/licenses/by-nc/4.0/

	JAR_7-2_1
	JAR_7-2_2
	JAR_7-2_3
	JAR_7-2_4
	JAR_7-2_5
	JAR_7-2_6

